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ABSTRACT

GLP-1 analogues have been proven to be effective in the
treatment of type 2 diabetes mellitus. They stimulate
insulin production and secretion, and suppress glucagon
secretion, depending on the blood glucose level. They also
have an effect on the brain, enhancing satiety, and on the
gut, where they delay gastric emptying. Theoretically, in
type 2 diabetes mellitus patients, the combination of a
GLP-1 analogue with insulin seems attractive, because of
the weight loss perceived in users of GLP-1 analogues in
contrast to the weight gain seen in most patients starting
insulin therapy, leading to even more insulin resistance.
There are only a few randomised controlled trials which
have studied this combination and several uncontrolled
studies, which will be reviewed here.
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INTRODUCTION

GLP-1 analogues have been proven to be effective in the
treatment of type 2 diabetes mellitus.’ They stimulate
insulin production and secretion, and suppress glucagon
secretion, depending on the blood glucose level. They also
have an effect on the brain, enhancing satiety, and on the
gut, where they delay gastric emptying. In Europe, these
drugs are being reimbursed for use in patients with a body
mass index (BMI) of 35 kg/m? or higher, in combination
with a sulphonylurea or metformin or a thiazolidinedione,
or in triple therapy, in combination with metformin and a
sulphonylurea, or with metformin and a thiazolidinedione.

Before starting the GLP-1 analogue, it is mandatory that
the combination of metformin and a sulphonylurea has
been proven ineffective in the maximum tolerable dose.
The combination of a GLP-1 analogue and insulin is not
reimbursed in the Netherlands, although the combination
of insulin glargine and exenatide has been approved by
both the US Food and Drug Administration (FDA) and the
European Medicines Agency (EMA). In practice, this leads
to frustration in patients who have type 2 diabetes mellitus,
use insulin and are obese, and would like to use a GLP-1
analogue in combination with insulin, or even substitute
insulin for a GLP-1 analogue, because they hope to lose
weight when using these drugs and reduce their insulin
dose. The question is whether the combination of insulin
and GLP-1 analogues is effective and does have an effect on
weight, and whether this combination leads to other side
effects than use of a GLP-1 analogue alone.

Recently, several studies were published concerning the use
of GLP-1 analogues and insulin in type 2 diabetes. There
are only three randomised controlled trials and several
retrospective case series. We will discuss them here.

EFFECT OF GLP-1 ANALOGUES

GLP-1 or glucagon-like peptide 1 is an incretin secreted
from enteroglucagon-producing cells in the lower gut. It
is a gastrointestinal hormone that regulates insulin and
glucagon secretion in response to ingested nutrients.
GLP-1 stimulates insulin production and secretion,
and suppresses glucagon secretion, both in a glucose-
dependent manner. Furthermore, it has an effect on the
brain, enhancing satiety, and on the gut, where it delays
gastric emptying. GLP-1 analogues mimic the endogenous
GLP-1. They were shown to normalise blood glucose
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concentrations in the fasting state in patients with poorly
controlled type 2 diabetes with secondary failure after
sulphonylurea treatment by elevating insulin and reducing
glucagon concentrations.? Furthermore, after glucose levels
had normalised, insulin levels decreased and glucagon
levels increased despite ongoing infusion of the GLP-1
analogue.

A recent Cochrane review discussed the effects of GLP-1
analogues in patients with type 2 diabetes.® Studies
had to be randomised controlled trials of a minimum
duration of eight weeks. Comparisons that were included
were GLP-1 analogue as a third-line agent vs placebo or
another antihyperglycaemic agent, GLP-1 analogue as a
second-line agent vs placebo or another antihyperglycaemic
agent, or GLP-1 analogue vs another GLP-1 analogue. In
total, 17 randomised controlled trials with relevant data
on 6899 participants were included. Conclusions were
that GLP-1 analogues significantly improve glycaemic
control when added to dual treatment with oral antihyper-
glycaemic drugs, and can be an alternative to starting
insulin. There was an improvement of 1% in HbA1c, and
in the percentage of patients reaching the target HbA1c.
The majority of clinical trials reported a significantly
larger reduction of body weight compared with placebo.
Most commonly reported adverse events were nausea,
vomiting and diarrhoea, but these complaints were
mainly present during the initial weeks of treatment.
Hypoglycaemia was more often seen in patients on
exenatide and concomitant sulphonylurea and on 1.8 mg
liraglutide than on placebo. Beta cell function improved
with GLP-1 analogues, as was estimated by a variety of
measures such as HOMA-B, HOMA2-%B, proinsulin-to-
insulin ratio or proinsulin-to-C-peptide ratio. Exenatide in
its once weekly formulation and liraglutide were superior
to insulin glargine with regards to HbA1c improvement,
weight loss, and hypoglycaemia incidence. There were no
trials available comparing GLP-1 analogues with neutral
protamine Hagedorn (NPH) insulin. The authors said that
there were concerns regarding side effects as pancreatitis
and renal failure with exenatide, and pancreatitis and
thyroid carcinoma with liraglutide, but the studies were not
long enough to prove or dispute these concerns.

The effect of GLP-1 analogues on weight loss was reviewed
in another paper. Vilsboll et al. included 25 trials of adult
patients with or without type 2 diabetes, with a BMI of 25
kg/m* or more. Patients used exenatide twice daily (bid)
or once weekly or liraglutide once daily. Controls were
placebo, no intervention, or blood glucose lowering drugs
(including another GLP-1 analogue). The duration of the
trial had to be at least 20 weeks. All trials reported weight
loss, more in the GLP-1 analogue group than in the control
group. A random effects meta-analysis was performed
including 3395 participants randomly assigned to GLP-1
analogue and 3016 to the control group. Overall change in

body weight was expressed in a weighted mean difference
between the GLP-1 analogue and the control group and
amounted to -2.9 kg (95% CI -3.59 to -2.22). Weight loss
occurred in participants with and participants without
diabetes. There was no difference between liraglutide
and exenatide. Also, there was a reduction in systolic and
diastolic blood pressure and total cholesterol in participants
treated with a GLP-1 analogue. Again, the most frequent
adverse events were nausea, vomiting, and diarrhoea.

COMBINATION WITH INSULIN:
RATIONALE

The start of insulin therapy generally leads to an increase
in body weight. Several mechanisms underlie this effect.
First of all, there will be reduction of glucosuria, hence the
number of calories wasted by this is reduced. Secondly,
insulin has been reported to increase appetite, and thirdly,
patients need to take extra amounts of carbohydrates
when hypoglycaemia occurs. This weight gain leads to
further insulin resistance, and ultimately leads to a new
equilibrium in which a higher dose of insulin is required
for adequate glucose control. As a consequence, in daily
clinical practice many patients with type 2 diabetes need
a large amount of insulin to control their diabetes. In
this situation, very low calorie diets have been tried with
short-term success, but limited data are available about
their long-term effects.4 By addition of a GLP-1 analogue
to existing insulin therapy, patients may benefit from
the combined effects on endogenous insulin secretion,
on reduction of increased appetite, and on slowing of
gastric emptying. Taken together, on theoretical grounds,
it could be expected that there would be a reduction of
caloric intake, less pronounced postprandial blood glucose
increase, and possibly also a lower need for exogenous
insulins

PROSPECTIVE STUDIES

Unfortunately, there are only a few randomised controlled
clinical trials in patients with type 2 diabetes mellitus,
in whom a GLP-1 analogue was added to existing insulin
therapy. A first short-term, small-scale, randomised
controlled clinical trial was performed by Kolterman et
al.% This was a proof-of-concept study for the study later
published by Buse et al7 They showed a reduction in
postprandial glycaemic excursion when adding exenatide
bid in 24 participants, of whom only six were using
insulin.

Three randomised controlled trials have subsequently been
reported. The study by Arnolds et al. was a single-centre,
randomised, open-label, active comparator-controlled study
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with a three-arm parallel group design.? They studied 48
subjects with type 2 diabetes treated with insulin glargine
and metformin. These subjects were randomised to receive
additional exenatide 5 ug bid for the first two weeks, and
10 ug bid for the second two weeks, or sitagliptin 100
mg once daily, or no additional drug. After four weeks, a
standardised breakfast meal challenge was performed. The
addition of exenatide or sitagliptin led to a significantly
smaller unadjusted 6-hour postprandial blood glucose
excursion (17% reduction for exenatide, and 20% for
sitagliptin), and lowered HbA1c. Baseline HbA1c was 8.1 +
0.7% overall, 7.9% in the sitagliptin and control group, and
8.4% in the exenatide group, and dropped for exenatide
by -1.8 + 0.7, and for sitagliptin by -1.5 £ 0.7 vs -1.2 + 0.5%
points in the control group. The decrease of HbA1c in the
exenatide group was significantly larger than in the control
group. Addition of exenatide led, however, to the highest
number of adverse events (47 vs 12 and 10 in the sitagliptin
and control group respectively), mostly gastrointestinal
(56%), and one subject stopped the study because of loss of
appetite. There was no difference in hypoglycaemia rates,
which were low. Body weight decreased in the exenatide
group (-0.9 = 1.7 kg) and was stable in the sitagliptin
(0.1 + 1.6 kg) and the control group (0.4 * 1.5 kg). As was
discussed by the authors in their article, the number
of patients was relatively small, and the mean duration
of diabetes was only six years. Also, in addition to the
between-group difference in baseline HbA1c, the duration
of the study was too short to see the full effect on HbA1c,
and the open-label design represents a limitation.

The study by Buse et al. was a parallel, randomised,
placebo-controlled trial, blocked and stratified by HbA1c
level at site The trial was performed in 59 centres in
five countries in 261 participants with type 2 diabetes
who used insulin glargine alone or in combination with
metformin or pioglitazone, or both. Participants were
randomised to exenatide 10 ug bid (138 participants) or
placebo injections (123 participants). The trial lasted 30
weeks. HbA1c level decreased by 1.74% in the exenatide
group and 1.04% in the placebo group (between-group
difference -0.69%, p<o.oo1). The proportion of
participants reaching the target HbAic of 7.0% or less
was 60% in the exenatide group and 35% in the placebo
group (between-group difference 25%, p<o.oo1), and the
target HbA1c of 6.5% or less was 40% in the exenatide
group and 12% in the placebo group (between-group
difference 28%, p<o.oor1). The authors did not observe
a reduction in insulin dose, not even in the exenatide
group. The insulin dose increased by 13 units per day in
the exenatide group and 20 units per day in the placebo
group (between-group difference -6.5, p=0.030). There
was no difference in fasting plasma glucose levels between
the two groups. Body weight decreased by -1.8 kg in the
exenatide group, and increased by 1.0 kg in the placebo

group (between-group difference -2.7 kg, p<o.oo1). There
was no effect on serum lipid measurements, but there
was a significant decrease in systolic and diastolic blood
pressure, which was only observed in the exenatide
group (the between-group difference in systolic blood
pressure was 4.4 mmHg and in diastolic blood pressure
3.4 mmHg, both in favour of the exenatide group). The
rate of hypoglycaemia was similar in the two groups. In
total 26 participants in the exenatide group and 22 in the
placebo group withdrew; 13 participants in the exenatide
group and one in the placebo group withdrew because of
adverse events. Nausea, diarrhoea, vomiting, headache and
constipation occurred more in the exenatide group than in
the placebo group. Baseline characteristics differed with
regards to gender (more females in the exenatide group,
49 vs 36%), and prestudy oral antihyperglycaemic agents
used (more participants on metformin alone in the placebo
group (75 vs 66%), and more participants on metformin
plus pioglitazone in the exenatide group (17 vs 7%)), and
HbA1c levels (8.35 in the exenatide group vs 8.53% in the
placebo group). After adjustment for these variables, none
affected the primary outcomes.

In a post-hoc analysis of 137 exenatide and 122 placebo
participants of this study, it was investigated whether
baseline HbA1c, baseline body weight, and diabetes
duration had an effect on the outcome of glycaemic
control and weight loss.? Exploratory subgroup analyses
revealed that users of exenatide had greater HbAic
reductions compared with optimised insulin glargine
alone, irrespective of baseline HbA1c (p<o.oo1). Also,
greater HbA1c reductions were seen in the exenatide users
with longer diabetes duration (9-15 and >15 years) and
those with lower BMI (BMI <30 and 30-36 kg/m?) (p<o.o1).
Irrespective of baseline HbA1c or BMI, exenatide users lost
more weight than those on placebo (p<o.05). Exenatide
users with longer diabetes duration (>15 years) lost the
most weight (p<o.001).

A 38-week trial of adding liraglutide to metformin followed
by a randomised, open-label investigation of further
intensification with systematically titrated basal insulin
detemir was performed by De Vries et al.*® This study
was performed in 202 office- or hospital-based sites in
Belgium, Canada, France, Germany, Italy, the Netherlands,
Spain, the UK and the US between March 2009 and
April 2010. The trial comprised a 12-week run-in period
during which liraglutide was started and uptitrated to
1.8 mg, followed by a 26-week, randomised, two-armed,
parallel-group period for participants not achieving an
HbA1c <7.0%. Sulphonylurea use was discontinued before
the study and metformin was continued. Participants
were randomised to receive insulin detemir (randomised
treatment group) added to metformin and liraglutide,
or continued metformin and liraglutide (randomised
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control group). Participants who had achieved an HbA1c
<7.0% were the observational group. A total of 988
participants entered the 12-week run-in period, 98y
were exposed to liraglutide, 168 withdrew during the
run-in period, of whom 92 due to adverse events (76
gastrointestinal). Therefore, 821 participants entered the
26-week randomisation period, of whom 498 entered
the observational group, and 323 were randomised, 162
receiving insulin and 161 not. In total, of these 821,
8o participants withdrew, of whom 19 due to adverse
events (evenly distributed among the groups). Participants
reaching the target had a shorter diabetes duration, lower
HbA1c and fasting plasma glucose levels (FPG), and more
had been treated with metformin only before enrolment.
HbA1c was reduced by 1.3% in the observational group and
by 0.6% in the randomised groups. Body weight decreased
by 3.5-4.4 kg, FPG by 1.0-2.0 mmol/l. Nausea was the most
frequently reported adverse event in the run-in period,
but there was also one case of acute pancreatitis, and one
subject was diagnosed with papillary thyroid carcinoma.
In the randomised groups, adding insulin detemir reduced
HbA1c by a further 0.51% vs an increase of 0.02% in the
placebo group (p<o.ooo1). Mean FPG decreased by 2.1
mmol/] in the detemir group vs 0.4 mmol/l in the placebo
group. The detemir group lost 0.16 kg body weight vs
0.95 kg in the placebo group (p=0.03). HbA1c <7% was
achieved by 17 vs 43% (p<o0.0001), and =6.5% by 6 vs 18%
(p=0.0010) in the placebo and detemir group respectively.
The composite endpoint (HbA1c <7% and no weight
gain and no hypoglycaemia) was reached by 21% in the
detemir and 9% in the control group. There were not
many hypoglycaemic events and no major hypoglycaemia.
No significant changes in blood pressure and lipids were
found, except for a larger reduction in free fatty acids in
the detemir group (-o.11 vs -0.003 mmol/l, p=0.002).
More adverse events and increased lipase were found
in the detemir group, but without signs or symptoms.
HbA1c reduction was 1.1% overall in the observational
group, FPG decreased by 2.1 mmol/l, and weight by 4.8
kg. Adverse events were found in 81% of the observational
group, 49 serious of which 45 were considered unlikely to
be caused by the study drug, and without obvious pattern.
No major and 9.0% minor hypoglycaemia occurred.
The authors mention that perhaps more participants
might have reached the target HbA1c level if the run-in
period had lasted longer or with a lower FPG target
for insulin titration. Furthermore, the study used the
highest liraglutide dose; maybe there would have been
less withdrawals if it had been allowed to return to the 1.2
mg dose. Also, there was no active comparator or masked
placebo.

Until now, there are no studies in which addition of
exenatide or liraglutide to basal insulin has been compared
with another comparator. In one study (Clinicaltrials

NCTo0960661), addition of exenatide bid to existing
treatment with insulin glargine and metformin is
compared with addition of thrice-daily insulin lispro. The
results of this study are expected in the Spring of 2013.
To evaluate the differences between GLP-1 analogues
and other possible treatments, we really need long-term
comparative studies between active treatment modalities.
It can be doubted whether studies, in which the addition of
a GLP-1 analogue vs placebo is studied (as in NCTo1617434)
really will advance our knowledge about the benefits of
combined insulin/GLP-1 analogue treatment compared
with existing therapies.

UNCONTROLLED STUDIES/
OBSERVATIONS

Several uncontrolled, nonrandomised, mostly retrospective
reports derived from clinical practice have been
published.”™ Data of these studies are summarised in
table 1. Most studies reported a decrease in HbA1c, weight,
and insulin dose upon addition of GLP-1 to insulin therapy.
There are several problems with these studies. First,
participation was voluntary so there is a risk of selection
bias. No strict protocols as in randomised studies are
followed and diabetes treatment changes were individually
tailored. Glycaemic improvements in the ABCD study
were possibly attenuated by concurrent reductions in other
hypoglycaemic agents such as insulin.’® Not all data were
always available on all patients, possibly leading to bias.
Larger reductions in HbA1c and weight could possibly be
due to the additional start or intensification of lifestyle
interventions. There were no control groups, and all studies
were observational.

The ABCD trial was analysed again with patients on whom
baseline diabetes treatment details and three-month HbA1c
and/or weight data were available.>> These patients were
grouped as: Group 1 (non-insulin users, n=2427), Group 2
(insulin continued, n=927), and Group 3 (insulin stopped,
n=319). The authors found that at three months, the mean
HbA 1c reduction for Group 1 was 0.90 + 1.57% (p<0.001),
for Group 2 0.51 £ 1.51% (p<o0.001), and for Group 3 0.00
+ 1.91% (p=0.968), and weight loss was -4.1 + 4.6 kg,
-4.6 = 5.0 kg and -6.6 £ 5.2 kg (all p<o.co1). Among
insulin-treated patients, increasing insulin dose reduction
led to less HbA1c reduction, but more weight reduction.

GLP1 ANALOGUES IN TYPE 1
DIABETES

We identified a few studies which assessed the effects
of GLP-1 analogue treatment in type 1 diabetes. The
rationale is that the effect of GLP-1 on glucagon, appetite

Van der Klauw, et al. Insulin and GLP-1 analogues in treatment of diabetes.

DECEMBER 2012, VOL. 70, NO 10

439



Netherlands
TheJournal of Medicine

eraedA[3odAy
Jo saposida a1943s ON

SIUAAD
JBIPIED 0} aNP oW

9 19)® parp juaned
auQ ‘Teurnsajutorisesd
A[urewt gy S19Y10

Ul ‘gV [eUnsouL
-o131s€3 9[qeIS[0IUT

Jo asnedaq gXJ pan
-unuodsIp (%) ¥1

snuneanued pue

‘IXH 01 pamnqrLiie jJou
9IN[IeJ [BUSI ANDE
SHV SNOLIdS OM],
%0 ur eruoedA[3
-0d4y ‘{[eunsajut
-o1sed Afurews ‘qy 01
aNp PaNUNUOISIP 9T

[eunsajuronsed
Apsowr gy 03 anp
HXH ponunuodsp
(9%69¢) syuaned g¥
‘eruroedA[3od Ay (prrun
Apsour) paduatiadxa
(9401) syuanred b1

partodarioN
SIUDAD ISIOAPY

(toooro=d

‘Kep/n SEF¢S- @Al
urnsut ur 28ueyd
ueaw ‘kep/n o€+ 0}
ool- a3ue1) %97 £q
aa. ugnsutjo 1

ou € e uInsur

Jjo aured 945z “owr
¢1 e kep/n €SFES
pue ‘owr 9 1e Kep

/N SS¥16 01 06F VYT
woij { QL unsug

urnsut
paddoss syusned 11
sasop [erpueld
ATurews ‘(100°0>d)
ouwr z1-9 Je Aep

/n g ¥1- pue ‘owr
9-01e fep/n o'gI-
(ggoo=d) ns 30
UOTIENUNUOISTP 9465
(¢Soo=d)

1 0] T WIOIJ SUOT)
-Da(ur urnsur A[rep
JO I3qUINU UBTPIUL
ur 1 (99oo=d)
S9SOP UI[Nsur
[esw-a1d ueawit N 6
(1t00">d) urnsur
Teaw-a1d jo doys 955

(co >d)

SUT[NSUT POXTW
pue 3unoe-prdex
10§} JuswRIMbaI
o8esop urnsup

9sop ur[nsuy

.wv,ﬁ

9¢ 0+ 01 T'TI- 93Ul
‘(1000°0=d) 3y
6¢F 1S 1 1ySrom

owr 1 je 3y S'4Fg eI
pue ‘owr 9 1e 3y

LS FLo1 1 ySrom
aarL

UT[NSUT UT 9SBIIIIP
Ppue ssof 1y3rom
U29M12q UOTJE[1
-10D JAT)ISOJ O

Q1 191J€ 3sLI Y31
‘(10°0>d ‘100 0>d)
3z 9-ret
1yS1om uedN

(roo">d) 8y
'S 1 1ySom uedy

(to0">d)

g dnoro ur 8y
9'oF¥ 'z £q| puey
dnoi ur (100°>d)
3y g-o¥9r 9 4q 1
1ySrom £poq uesy

wy3em

(rooo o=d)
%Lo F 1t o1yqH

owr 9
1e 8H W TTF 9¢I
03 61 F 1¥1 w0y

119% d€S 1vqH
ur a8ueyd oN

O QT 19)J® ISLI
1y31[S “(0zo0=d 03
100°0>d) 95 99°0-
01 ¥S0-21yqH

ut a3ueyd UBdN

(too->d)

183 ® 19)JB 94480
Jooryqy ut
(So'=d) 94 v1Fhe
4q 3dDsY ‘(zo=d)
Sgww ¢ ¢¥e6

4q ggs ‘(ro=d)
%9'LF9T 4q D1,
‘(€o'=d) %t ¢¥5g £q
D1jo 1 ‘g dnorn
j0u Inq ‘v dnoio ug
(Loo'=d) %z 0F9'0
4q 1 orvqH

ueawl 1y dnoin

S)nsay

VUITJo 1els
19)Je pue 210Jog

IXH Jo 31Els
19)Je pue 210]9g

AXA Jo 11818
19)Je puE 210Jog

AXd Jo 11e1s
19)JE pUE 210Jog

g dnoin
SA y dnoin

uostreduio)

(panunuodsip
sem) Apnis a3
91039q HXH

pasn sjuaned ¢
S1=u

‘UTWLIOJAW F
urnsur asop-ySy
0} pappe ‘A[rep Sw

SY9aM I SUON QII0TIVIIT
owr I

paserdwod LS=u pasA[eue ogI=u
‘owr 9 pajarduiod ‘Yl1=u ‘urnsur
09I=U ‘oW TI-9 JUON 0} pappe IXT
BIED J[qEN[BAD
ou zI ‘dn-mof[oy
031350 Of ‘oW T >
AXH panunuod
-SIp 8¢ :papnxXy
(897 J0 1n0)
QQI=U ‘UInsurt
ow Lz 03 dn SUON 0} pappe XHq
(Y€1 30 1M0)
Yei=u ‘urnsut
dn-mojoj 1834 1 JuoN 0] pappe IXH

SUOSEDI JUWIOU0Dd

10 euosiad

‘9dUBINSUI 0} NP
AXH PaNunUod Aren3ar gxd
syoam 9T -sip oym sjuaned ooy oym sjuatred
dn-mofjo] uea N ¥1:g dnoin g¢ 1y dnoin
uoneInp Apms s[jonuo) saseD)

Srurp juanedino
‘MITAJI MIEYD

oI
yuenedinQ

SPI10331 [BITPIN

(orurp
juariedino)
SPI0231 [EdTPaW
IO}

(orurp
jusnyedino)
SPI033I [EIIPIIN

22INO0S ere g

¢ TI0T JUET
aAndadsornax
‘TeuonIeAIasSqO

41 O10T YeARN
Adezay

urnsu uo ured
1Y S1oMm 2A1SS9I3
-o1d pue £11s9q0
‘NG T 2dA ym
ordoad ur gxq
Jo asn [od0301d
[ESTUL]D jO iipnie
aarpadsorg

« 6007 UoOg
aanpdadsonax
‘[eUOIIBAIISqO

=1 §00T PPYJYS
aaradsonar
‘TeuonjearasqQO

. Looz
UBYJRUBMSIA
aAnpdadsornjax
‘[BUOTIEAIDSqO

Ioyne R Apmg

6r.uSNPNIS 301792ds0.492. pup pajjosuosun dysous “pastuiopuniuou o Livuiung 1 s[qef,

Van der Klauw, et al. Insulin and GLP-1 analogues in treatment of diabetes.

DECEMBER 2012, VOL. 70, NO 10

440



Netherlands
TheJournal of Medicine

"UOTDIBJUT [BIPIEIOAUI=TN :SI1IQRIP=]{ ‘SIUIPI[OZEIY )= ZL, ‘JUIYTUSIS 10U=SU 250p A[IEP [10}= (], DITBUUOIISINY) UOI)ILJSTIES JUSUIIEII], SAPRQRIJ=0SL( ‘dmssaxd
POO[q J1[01SAS=Jg§ ‘SOPLIAdA[SLII=D) ], ‘[019]SI[OYD [E10}=D) ], ‘OSEIIDUI= ‘OSEIIIIP=/ INOYIIM="0M ‘SJUIAD ISIOAPE=TY ‘SNSIOA=SA ‘Styjuow=owi ‘searnjfuoydns=ng ‘ouiSre[3=y 1o ‘apunSen=y Y[ ‘opneusxo=4Xq

(0$1.q) uewnsaz
snotaaxd yIIm ey}
SSO] PUE MO[ STt
-oed4[3od Ay onew
-o1dwiAs jo aquinu
QUIAD JTWIORIA[S
-0d At 219435 SUQ
(1217 o173 Bundagye
stsdas anoe auo ‘TN
[1E] SUO ‘B3SNEBU 7)
AV JO asnedaq asn
angdofeue I-JTH pan
-UnuodsIp $9 jo ¥

SIUAD ISIDAPE
uo ejep oN ‘sdnoid
JuLIIEaI] 10q Ul
1eruuts £>uanbaiy
eruroedA[3odAH

HV UO B1Ep ON
SJUDAD JTUIBIA[S
-0d4y jo 1aquunu ut
ast1 Juedyudis oN
Kep 1ad suon

D3[Uur 210 YIIM pUE
‘Aderoyy gxq Surmp
UT[NSUT JO 18IS )M
PA1ETDOSSE UOTIIE]
-STJESSTP JUSWIILAI],
*(969 s 12) UOTIOE]
-STJESSTp JUSTUIEaI)
pue ‘(100'0>d ‘949
sA 6) ertaed£[3odAy
{(gooro=d ‘g8z sa
§7) AV [BUNSAIUL
-onsed pey ‘(100 0>d
‘ob1 sA 1€) gXH pan
-UTwodsIp sjuarjed
Pa1BaI}-UI[NSUT IO

SJUSA9 ISIAPY

N 9°g¢ Jo ueaw e £q
1 a8e1aA® UO SISOP
urnsut ‘syusned

S uI panunuodsIp
Adezaty urnsuj

S[qe[TRAR BIEP ON

azL

130 %E¥S ‘ns o
%I'T¢ ‘UInSuI Jj0
awed (949°91) 6oz
ep/n

¥y Aq paonpax
ad.l utnsup

asop urnsup

(100°0>d) 8y 1°4 JO
ueaws € £4q | 1ySom

(100"0=d

‘B L9Fse) AXH
/1D urt “19/gX4d ut
padueypun 1y3rom

S[qe[TRAR BIEP ON

SU 90U
-I9JJTp ‘B 1'0F S S
sns1aa 8y ¢-0¥g°S

1 WySrom ueay

WSeMm

(Os.L.q) uowidax
snotaaid yIm ueyy
19y31Y uonIey
-STJES JUSUIIEI],
(100 0>d) 9401

1 TVqQH uesy

"9%0°L5 DIYqQH
PIASIYI. 9L
(100 0>d) 4L 0-
pajood 1 o1vqH
(9610°0=d) +yT1D
UEY} IXH+VTD
ut 1y31y ‘9¢ gl
HXH+VTO ‘9%e 1

+AXH ‘%18 +VT1D

31278

178 %L >21yqH
+VTD urueyl
1oy31y ud1s +F XA
PUE IXH+VTD
ur 1 o1vqH
10°0>d

I[e ‘%7 0- +¥ 1D
%6°0- +AXH
% 1I- HXH+VTD
DIVQH

100°0>d ‘940" 6
SNsIA 94T <
%1230 1 O1VqH

100'0>d
DUAIAJIP ‘Yo 0
VY60 sA %4900
F15°0 0w g 19YJE
1 oIyqH uesy
s)nsay

HXH
10 VYITJO MElS
19)Je pue 210]9g

x4
/1D sa 1D/9Xd

+VTD SNSIoA

IXH+VTD
puE +yT1D
SNsI9A +9XH

urmsup
‘oM TXT SA
uinsut pue gxXq
ym syuaned

[Te :uoT)oey

-STJES JUSUI}EDI}
pue Vv ‘HXH
Suump urmnsur
U0 J0U SA Xq
UIIM QUT[ISEQq

Je UInSur
ySrom O1yqH
uostreduro)

owr £
awn} dn-mof[oy
8eroay

owr e

Ieaf 1

SyoaM
1¢ dn-mofjoJ
UBIPIW ‘1L I

uonenp Apnig

gXH uo 1T
‘VIT UO paiiels
syuarjed o
(%9'7)

ns 10 (%6°g9)
UTULIOJ}dW

UM POUIQUIOD
‘(%71 paxrward
‘% ¢ A[uo reseq
‘94S suon

-oalur aydnynu)
UI[NSUI JO 350}
pasA[eue 19=u

(axa

/19) V1D 12358

Poppe AXH :1zI=u

(19

[AXH) AXH 1o13e

SUON Pappe VIO :Fr=u

QuoN

(AXT+V1D)
u@ﬁﬁ@WOH Uuwmﬁ_ﬁﬂ
HXH PUe V1D
‘I¢=U {(+yTD)
HXH Aq pamof[oj
V15 KHwNHQ
(+axd) vIo

4q pamor[oy FXH
‘1v1=u :sdnoid ¢
HXH PUue V1D
ﬁﬂzmﬁﬂ HOM Qumv
Ew.ﬂu QO_HQ_,HUm

SUON -21d suo 1sB3] 1Y

(wonenrut

AXH I91Je PalIels
urnsut ¥99

= U pue ‘gXq
UM SUI[2SEQ e
urnsur Sz = u)
1261=U [e10],

aXH
urmp urnsur
uo 10U 9¢6T=u

sjorjuo) Sase)

(orurp
jusnzedino)
SPI0DI [EITPIN

MIIARI MIETD SN

(oseqerep
1oedwi] sad1AI19S
UOTJEULIOJU]
a1eD) YI[edH
pare1dau ay)
9seqelep SWIep
dueINSUT

SN [eUonEN

wop3ury]
paiun ays
SSOIDE SIIIUDD
9TI WoIj
syuaned LSV

20INOoS eyeq

6 TIOT pur]
aAanpdadsonax
‘TeuonIeAIasSqO

g1 TIOT UTADT
aAandadsornax
‘TeuonIeAI?sqO

1 TIOT UIAST
aandadsornax
‘TeuonieA1asqO

o (@DEV)
110z 3uoy ],

Hpne
HXH spimuoneN
Ioyne R} Apnig

Van der Klauw, et al. Insulin and GLP-1 analogues in treatment of diabetes.

DECEMBER 2012, VOL. 70, NO 10

441



Netherlands

TheJournal of Medicine

and the GI system may assist in achieving more stable
control and reduction of body weight. A study by Raman
et al. analysed the response to a mixed meal after a
single dose of exenatide 1.25 or 2.5 ug in combination
with insulin or insulin alone in eight subjects with type
1 diabetes.?” The insulin dose was reduced by 20% in
those receiving exenatide. The authors observed reduced
postprandial hyperglycaemia (p<o.ooo01), and a lower
delta plasma glucose area under the curve in the early
postprandial period (1.25 ug vs insulin alone: p<o.008,
2.5 ug: p<o.o0oy). Gastric emptying was delayed but the
authors do not mention how much delay they found. There
was no difference in glucagon concentration between the
groups. Another study reported that liraglutide added
to insulin therapy in 14 patients with type 1 diabetes
during one week reduced mean fasting and mean weekly
glucose concentrations (p<o.o1), and reduced glycaemic
excursions, while lowering the basal and bolus insulin
dose.?2 Prior to starting liraglutide 0.6 mg, glucose control
was intensified until stable doses of insulin were reached.
The insulin dose was decreased by 25% for basal insulin
and 33% for bolus insulin at the onset of liraglutide
therapy. Six patients discontinued liraglutide after one
week, because they were not able to continue continuous
glucose monitoring due to the costs. In eight patients
liraglutide was continued for 24 weeks and increased to
1.2 and 1.8 mg daily after one and two weeks respectively.
The effects remained, HbA1c decreased from 6.5% to
6.1% (p=0.02), and they also lost body weight (-4.5 £ 1.5
kg, p=0.02). Patients reported a reduction in appetite
and food intake following liraglutide. This was not a
double-blind, placebo-controlled study. A short-term study
(4 weeks) reported that treatment with liraglutide in type 1
diabetic patients reduced the insulin dose with improved
or unaltered glycaemic control.> Ten C-peptide positive
and 10 C-peptide negative patients were treated with
liraglutide plus insulin for four weeks, and ten C-peptide
negative patients served as a control group and were
treated with insulin monotherapy. Insulin dose decreased
more in C-peptide positive patients. Total area under the
curve of glucagon after a mixed meal test followed by
exercise decreased significantly (p=0.002) in liraglutide-
treated patients. Once more, adverse events were mainly
gastrointestinal. Almost all liraglutide-treated patients
lost weight, -2.8+0.3 kg in C-peptide positive and -1.8 *
0.6 kg in C-peptide negative patients. In one retrospective
study, it is foreseen that patients with type 1 diabetes on
treatment with either continuous subcutaneous insulin
infusion (CSII) or multiple (four or more) injections of
insulin per day on continuous glucose monitoring system
(CGMS) will be included. These patients were treated with
liraglutide in addition to insulin. Data are not yet available
(NCTo1299o012).

SIDE EFFECTS

The most commonly reported adverse events in all studies
were nausea, vomiting and diarrhoea, and in most studies
these complaints were mainly present during the initial
weeks of treatment. In the study by de Vries et al.,
nausea was the most frequently reported adverse event
in the run-in period, but there was also one case of acute
pancreatitis, and one subject was diagnosed with papillary
thyroid carcinoma.*® Ryder et al. described the main
results of the ABCD nationwide exenatide audit in an
earlier article.2# They mentioned four cases of pancreatitis,
of which, after scrutiny, one could be related to the use
of exenatide, and the other three had alternate causes.
Furthermore, 14 cases of acute renal failure were reported,
six as a result of nausea, vomiting or diarrhoea resulting in
dehydration. Two had an underlying renal impairment or
nephropathy, in one there was a probable other cause, and
one could not be clarified by the contributor. In four cases
there was no reported alternative cause other than the
use of exenatide. There were 13 cases of allergy reported,
of which five anaphylactic-like reactions. In a review on
the safety and efficacy of once-weekly GLP-1 analogues,
Madsbad et al. found that gastrointestinal side effects seem
to be less with the exenatide once weekly formulation than
with exenatide bid, and less with liraglutide than with
exenatide bid, probably related to peak concentrations of
the drug.> On the other hand, antibodies seem to be most
frequent with exenatide once weekly. In studies in rodents,
C-cell hyperplasia was found during administration of
liraglutide and exenatide, but in humans there are as
yet no data indicating an association between treatment
with GLP-1 analogues and C-cell cancer. Also, cases
of pancreatitis have been published, but in most cases
patients had other factors predisposing to pancreatitis, and
the risk of pancreatitis does not seem to be higher in GLP-1
analogue users than in patients with diabetes mellitus who
are treated with other drugs.»

CONCLUSION

There is limited approval for the combination of use of
insulin and GLP-1 analogues. The FDA and EMA approved
the addition of exenatide to existing insulin glargine
treatment, either alone or in combination with metformin
and/or pioglitazone, while also the addition of insulin
detemir to existing liraglutide therapy has been approved.
However, these combinations are not reimbursed in the
Netherlands. Also, the addition of a GLP-1 analogue to
existing multiple insulin injection regimens has not yet
been approved. There is a limited amount of evidence,
but all studies available show a decline in HbA1c and in
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body weight, perhaps less in the insulin users than in
the non-insulin users, but at the same time a decline in
insulin dose, except for the study by Buse et al.” The ABCD
study showed more side effects in the insulin group.
Side effects are mainly gastrointestinal, and no new side
effects were encountered in the group of patients using a
combination of a GLP-1 analogue with insulin, compared
with users of GLP-1 analogue monotherapy or a GLP-1
analogue in combination with other oral blood glucose
lowering drugs. One has to be aware, however, that the
number of patients treated is limited, and study duration
was never longer than one year. Pancreatitis occurred
in some studies, but remained rare. There was also one
patient who was diagnosed with a small thyroid cancer.
Adding GLP-1 analogues to insulin has the benefit of
reducing HbA1c as well as weight, while we know that the
major problem with uptitrating insulin is weight gain.
Further randomised trials will be needed to confirm what
was found in these (mostly observational) studies.
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