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Aim: To confirm the superiority, compared with placebo, of adding liraglutide to pre-existing basal insulin analogue + metformin in adults with
inadequately controlled type 2 diabetes [glycated haemoglobin (HbA1c) 7.0-10.0% (53-86 mmol/mol)].

Methods: In this 26-week, double-blind, parallel-group study, conducted in clinics or hospitals, 451 subjects were randomized 1:1 to once-daily
liraglutide 1.8mg (dose escalated from 0.6 and 1.2 mg/day, respectively, for 1 week each; n=226) or placebo (n=225) added to their pre-existing
basal insulin analogue (>20 U/day) + metformin (>1500 mg/day). After randomization, insulin adjustments above the pre-study dose were not allowed.
The primary endpoint was HbA1c change.

Results: After 26 weeks, HbA1c decreased more with liraglutide [—1.3% (—14.2 mmol/mol)] than with placebo [—0.1% (—1.2 mmol/mol); p < 0.0001].
More subjects on liraglutide reached HbATc targets: <7.0% (59% vs 14%; p < 0.0001) and <6.5% (43% vs 4%; p < 0.0001) using slightly less insulin
(35.81U vs 40.11U). Greater decreases from baseline (estimated treatment differences vs placebo; p <0.0001) occurred in fasting plasma glucose
(=1.3 mmol/l), seven-point glucose profiles (—1.6 mmol/l), body weight (=3.1kg) and systolic blood pressure (—5.0 mmHg). Transient gastrointestinal
adverse events (nausea: 22.2% vs 3.1%) and minor hypoglycaemia (18.20% vs 12.4%) were more frequent with liraglutide than placebo, and pulse
increased (4.5 beats/min) compared with placebo. No severe hypoglycaemia or pancreatitis occurred.

Conclusions: Adding liraglutide to a basal insulin analogue &+ metformin significantly improved glycaemic control, body weight and systolic blood
pressure compared with placebo. Typical gastrointestinal symptoms and minor hypoglycaemia were more frequent with liraglutide.
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treatment options that can improve glycaemic control with
greater efficacy, safety and convenience.
Glucagon-like peptide-1 (GLP-1) is an incretin hormone

Introduction

Achieving and maintaining individualized glycaemic tar-

gets, minimizing the risk of hypoglycaemia and preventing
complications present challenges in the management type 2
diabetes [1]. Most patients with diabetes eventually require
insulin therapy [2,3]. The benefits of basal insulin combination
therapy have been well documented [4,5]; however, insulin
therapy increases the risk of hypoglycaemia and often leads

to weight gain [6], leaving an unmet need for additional
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that augments insulin secretion and suppresses glucagon secre-
tion in a glucose-dependent manner [7]; thus, GLP-1 receptor
agonists decrease fasting plasma glucose (FPG), postprandial
glucose (PPG) and body weight, with a low risk of hypogly-
caemia [8]. These drugs are generally well tolerated, apart from
mostly transient gastrointestinal adverse events (AEs) during
initiation [2]. GLP-1 receptor agonists may, therefore, fulfill the
need for additional antidiabetic therapies.

There is evidence that combination therapy with GLP-1
receptor agonists and basal insulin has benefits, including
weight loss and greater patient satisfaction [9-13]; however,
the sequencing of basal insulin versus GLP-1 receptor agonists
is not well established, and different combinations of basal
insulin and GLP-1 receptor agonists have not been adequately
evaluated.

Liraglutide, a once-daily human GLP-1 analogue approved
in Europe, the USA and other countries, lowers glycated
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haemoglobin (HbAlc) by up to —1.5% (—16.4 mmol/mol), and
induces weight loss with a low risk of hypoglycaemia. Liraglu-
tide also improves lipid and blood pressure profiles, although
slight increases in pulse rate have been reported [13-20].
While a large proportion of subjects achieved HbAlc targets
with liraglutide, adding insulin detemir to liraglutide further
reduced HbA1c in those not achieving glycaemic control with
liraglutide alone [21,22]. Moreover, in a study of patients with
HbAlc >7% (53 mmol/mol), the reverse sequence [adding
liraglutide to basal insulin (degludec)] was effective in further
lowering HbAlc [0.3% (3.3 mmol/mol) greater than when
insulin aspart was added to the largest meal], and also in
inducing weight loss, with less hypoglycaemia [23].

The aim of the present study was to investigate the efficacy,
tolerability and safety, versus placebo, of adding liraglutide
1.8 mg to a stable dose of basal insulin analogue (glargine or
detemir) + metformin for 26 weeks.

Subjects and Methods
Subjects

This study included men and women (aged 18-80years)
with inadequately controlled type 2 diabetes [HbAlc 7-10%
(53-86 mmol/mol)] and body mass index (BMI) 20-45 kg/m?.
All subjects were treated with stable doses of basal insulin
analogue (glargine or detemir; >20U/day)+ metformin
(>1500 mg/day) for at least 8 weeks before enrolment (Supple-
mental Data, File S1).

Trial Design and Interventions

The trial was conducted in 76 office- or hospital-based sites
in Argentina, Canada, Finland, Germany, India, Mexico, the
Netherlands, Serbia and the USA between 10 September 2012
and 22 October 2013. Protocol amendments occurring after the
start of the study are described in Supplemental Data of File S1.
Protocols, amendments and informed consent documents were
approved by local independent ethics committees and the trial
was conducted in accordance with Good Clinical Practice [24]
and the Declaration of Helsinki [25].

The study was registered with ClinicalTrials.gov (identifier:
NCT01617434).

The trial period was 29 weeks: 2 weeks of screening, 26 weeks
of treatment and a 1-week follow-up period (Figure S1, File
S1). Subjects were randomized 1: 1 to receive a once-daily dose
of liraglutide 1.8 mg or placebo. Randomization was strati-
fied according to screening HbAlc (<8.0% vs >8.0%), met-
formin treatment (yes/no) and type of basal insulin analogue
(insulin glargine vs insulin detemir). Liraglutide or placebo
was initiated at the equivalent dose of 0.6 mg/day and the dose
was increased in weekly increments of 0.6 mg to a final dose
of 1.8 mg/day, which was then continued unchanged for the
remainder of the study. The trial site personnel, subjects and
sponsor remained blinded until trial completion.

The study medication (liraglutide or placebo) was injected
subcutaneously once daily at a consistent time of day, and was
added to the subject’s stable pre-study basal insulin analogue
regimen + metformin; before inclusion in the study, a subject’s
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insulin dose had to remain stable for at least 8 weeks. For sub-
jects with baseline HbAlc <8.0%, insulin dose was reduced by
20% at randomization to reduce the potential risk of hypogly-
caemia. Up-titration of insulin to no higher than the pre-study
dose was allowed during weeks 3-8. Otherwise, the insulin dose
was kept at a stable, pre-study dose level throughout the trial.
Down-titration was allowed for any subject at any time if there
was a risk of hypoglycaemia (Tables S1-S3, File S1).

Assessments and Endpoints

The primary endpoint of the study was change in HbAlc from
baseline to week 26. Secondary efficacy endpoints included the
percentage of subjects reaching HbAlc <7 or <6.5%, and com-
posite endpoints of HbAlc <7% with no weight gain and/or
no hypoglycaemia. The change from baseline to week 26 in
FPG (>8 h without food and drink, except water), seven-point
self-measured plasma glucose (SMPG) values, basal insulin
dose (recorded subject diaries), body weight, BMI, blood pres-
sure, lipids and treatment satisfaction [Diabetes Treatment
Satisfaction Questionnaire (DTSQ)] [26] were also included.
Safety assessments included AEs, hypoglycaemic episodes and
laboratory variables including lipase and amylase levels. Hypo-
glycaemic episodes were classified according to the American
Diabetes Association definition [27] and an additional cate-
gory of minor hypoglycaemia [plasma glucose <3.1 mmol/l
(56 mg/dl) or blood glucose <2.8 mmol/l (50mg/dl)]. Con-
firmed hypoglycaemia was defined as minor hypoglycaemia
and/or severe hypoglycaemia (a subject being unable to treat
him/herself).

Statistical Analysis

The sample size was determined according to that needed
to demonstrate the superiority of liraglutide vs placebo with
regard to mean change in HbAlc using a significance level
of 5% and a two-sided test. The calculations were based on
the assumptions that the mean difference between treatment
groups was at least 0.4% and the standard deviation was 1.3%.
A sample size of 223 subjects per treatment arm was needed to
achieve a power of 90%.

Unless otherwise stated, efficacy endpoints were analysed
using the full analysis set (all randomized subjects who received
>1 dose of trial product and who provided at least one baseline
and one post-baseline efficacy value). Details of the statistical
methods are provided in the Statistical Analyses section of
file S1.

The safety analysis set included all subjects who received >1
dose of liraglutide or placebo. Minor and severe hypoglycaemic
episodes were analysed using a negative binomial regression
model.

Results
Subject Disposition

Of the 721 subjects screened, 451 were randomized to receive
liraglutide (226 subjects) or placebo (225 subjects; Figure S2,
File S1). One subject in the liraglutide group was randomized

doi:10.1111/dom.12539 | 1057



DIABETES, OBESITY AND METABOLISM

Table 1. Baseline demographics. mean of the PPG increments of the seven-point SMPG profiles
[—0.9 mmol/l vs —0.4 mmol/l; ETD: —0.6 mmol/l (95% CI —0.9;

Liraglutide —0.2); p <0.0001] compared with placebo. Accordingly, more

1.8mg/day  Placebo subjects achieved HbAlc targets with liraglutide than with

(n=225) (n=225) placebo [59.2% vs 14.0% for HbAlc <7% (p < 0.0001); 42.9%

vs 3.6% for HbAlc <6.5% (p < 0.0001); Table 2]; similar results

Mean + s.d. age, years 59.3+9.2 57.5+11.1 . )
Mean =+ s.d. duration of diabetes, years 12.1+7.1 12.1+6.8 were seen for all composite endpomts (P <0.0001 for all).
Women/men, % 46.7/53.3 39.6/60.4 At baseline, the observed geometric mean basal insulin
Mean =+ s.d. weight, kg 90.24+20.0 91.9+19.3 analogue doses for the liraglutide and placebo groups were
Mean + s.d. BMI, kg/m? 323456 322457 40.51U (0.46IU/kg) and 40.5IU (0.451U/kg), respectively.
Mean +s.d. HbAlc After 26 weeks of treatment, the ratios of the estimated mean
% 82+0.8 83+09 insulin dose to baseline were 0.87 and 0.98 in the liraglutide
1/mol 66.3 +8.8 67.0+£9.8 &
oY mo P xS DE and placebo groups, respectively. On average, subjects on
Mean + s.d. FPG . . . .
mmol/l 6 Yy liraglutide used an 11% lower basal insulin analogue dose at
mg/dl 14984520 147.84 522 26 weeks than those on placebo [estimated‘treatment ratio
Metformin: no/yes, % 8.0/92.0 6.7/93.3 (ETR) 0.89 (95% CI 087, 092), P <0.0001 (Flgure 1C)]
Basal insulin analogue: insulin 33.3/66.7 32.0/68.0 From baseline to week 26, body weight was reduced
detemir/insulin glargine, % more with liraglutide than with placebo [-3.5kg vs —0.4kg;
Basal insulin analogue dose* (coefficient 40.5 (0.61) 40.5 (0.52) ETD —-3.1 kg (95% CI —3.9; —2.4); p <0.0001 (Figure 1D)],
of variation), IU which was accompanied by concomitant decreases in BMI
2. 2 .
BMI, body mass index; FPG, fasting plasma glucose; s.d., standard devia- (-1.3 kg/m2 vs —0.2kg/m*; ETD —1.1kg/m* (95% CI —1.4;
tion. —0.9); p<0.0001] and waist circumference [—3.8cm vs
*Geometric mean. —09cm; ETD —-3.0cm (95% CI —4.0; —1.9); p <0.0001
(Table 2)]. A greater reduction in systolic blood pressure was
in error and was withdrawn before receiving the study drug. ~ seen with liraglutide compared with placebo [—5.8 mmHg

A greater percentage of subjects on liraglutide completed the ~ vs —0.8mmHg; ETD —50mmHg (95% CI =7.5; —2.6);
study (84.5%) compared with those on placebo (77.3%). Twelve P <0.0001], but no difference was observed between the treat-
out of 225 (5.3%) subjects on liraglutide and 3 out of 225  ment groups for diastolic blood pressure (Table 2). Statistically
(1.3%) on placebo withdrew because of an AF; gastrointestinal significant reductions in total cholesterol, LDL cholesterol,
disorders were the most common AEs leading to withdrawal in ~ very-low-density lipoprotein (VLDL) cholesterol and triglyc-
the liraglutide group. erides were observed with liraglutide compared with placebo;
no statistically significant differences were observed between
treatments for HDL cholesterol or free fatty acid levels (Table 2).

Subjects on liraglutide reported higher overall treatment
The baseline characteristics of the study population were  gatisfaction (p<0.0001) as assessed by the DTSQ, with lower
balanced between the treatment groups except for gender  perceived hyperglycaemia (p <0.0001) and similar perceived
[more women on liraglutide (46.7%) than on placebo (39.6%); hypoglycaemia compared with subjects on placebo (p =0.83;
Table 1]. Table 2).

Baseline Characteristics

Efficacy Endpoints Safety Endpoints

After 26 weeks of treatment, HbAlc was reduced more with ~ The percentage of subjects reporting AEs was greater with
liraglutide than with placebo added to a basal insulin ana-  liraglutide than with placebo (69.3% vs 58.2%; Table 3).
logue + metformin [-1.3% (—14.2mmol/mol) vs —0.1%  Gastrointestinal symptoms were the most commonly reported
(=1.2mmol/mol)], with an estimated treatment difference AEs with liraglutide (41.3% vs 16.9%), while infections and
(ETD) of —1.2% or —13.0 mmol/mol [95% confidence interval  infestations were the most commonly reported AEs with
(CI) —1.4; —1.0% or —15.2; —10.8 mmol/mol]; p <0.0001 placebo (30.7% vs 24.4% for the placebo and liraglutide
(Figure 1A). A sensitivity analysis using analysis of covariance  groups, respectively). Serious AEs (SAEs) were reported by
with last observation carried forward (LOCF) showed a similar 4.9 and 3.1% of subjects in the liraglutide and placebo groups,
ETD to that obtained by mixed model for repeated measures  respectively. There were significantly more confirmed hypogly-
[-1.1% or —12.0 mmol/mol (95% CI —1.3; —1.0 or —14.2;  caemic episodes reported with liraglutide than with placebo,
—10.8 mmol/mol)]; p < 0.0001. with an ETR of 2.00 (95% CI 1.03; 3.89); p=0.04 (Table 4).

Levels of FPG decreased more from baseline to week  The observed rates of confirmed minor hypoglycaemia were
26 with liraglutide than with placebo [-1.4mmol/l vs  also higher for subjects on liraglutide in both HbAlc strata
—0.2mmol/l; ETD: —1.3mmol/l (95% CI -1.7; —0.9);  (Table 4). For subjects with baseline HbAlc <8.0%, the appar-
p<0.0001 (Figure 1B)]. Additionally, the liraglutide group  ent difference versus placebo was primarily seen during the
had greater decreases in mean glucose derived from  initial weeks of the trial when up-titration of insulin was
seven-point SMPG profiles [-2.6 mmol/l vs —1.0 mmol/L ETD:  allowed (data not shown). The overall rate of hypoglycaemia
—1.6 mmol/l (95% CI —2.0; —1.2); p <0.0001] and estimated according to the American Diabetes Association classifications
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Figure 1. Primary and secondary outcomes from randomization to 26 weeks. Estimated mean change [standard error of the mean (s.e.m.)] in (A) glycated
haemoglobin (HbA1c) and (B) fasting plasma glucose (FPG), (C) ratio of the mean basal insulin analogue dose to baseline and (D) estimated mean change
(s.e.m.) body weight with liraglutide (closed circles) or placebo (open squares).

was also higher with liraglutide than with placebo (640 vs 419
episodes per 100 patient-years of exposure, respectively). No
severe hypoglycaemic episodes were reported in either group
during this trial.

From baseline to week 26, an increase in pulse was
observed with liraglutide versus placebo [+3.2beats/min
vs —1.3beats/min; ETD: 4.5 beats/min (95% CI 2.8; 6.4);
p <0.0001 (Table 2)].

At screening, 17 (7.6%) subjects on liraglutide and 19 (8.4%)
subjects on placebo had amylase levels > upper limit of normal
(ULN). The estimated mean amylase levels after 26 weeks of
treatment were 62.68 and 55.91 U/l in subjects on liraglutide
and placebo, respectively. Using a mixed model for repeated
measures, the ETR to baseline of amylase levels after 26 weeks
was 12% higher with liraglutide than with placebo [1.12 (95%
CI 1.07; 1.18); p < 0.0001], although the mean values for amy-
lase stayed within the normal range for both groups throughout
the trial. No subject in either treatment group in this study had
amylase levels >3 X ULN at any visit.

Similar numbers of subjects in both treatment groups had
lipase levels > ULN at screening: 24 (10.7%) and 26 (11.6%)
subjects on liraglutide and placebo, respectively. The estimated
mean lipase levels after 26 weeks of treatment were 50.68 and
35.72 U/l in subjects on liraglutide and placebo, respectively.
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Using a mixed model for repeated measures, the ETR to base-
line of lipase levels after 26 weeks was 42% higher with liraglu-
tide than with placebo [1.42 (95% CI 1.30; 1.55); p < 0.0001],
although the mean values for lipase stayed within the normal
range for both groups throughout the trial. During the trial, 7
(3.1%) subjects on liraglutide and 3 (1.3%) subjects on placebo
had incidental increases in lipase levels to >3 X ULN; 1 sub-
ject on liraglutide had an incidental increase to >10 X ULN. All
were transient increases. One subject on liraglutide had elevated
lipase in conjunction with abdominal pain, but a computed
tomography scan confirmed that there was no pancreatitis. No
pancreatitis events were reported during the study.

Additionally, 4 (1.8%) subjects on liraglutide and 3 (1.3%)
subjects on placebo had elevated calcitonin levels (>20 ng/l)
during this trial; all but 2 of these subjects (1 in each group)
had elevated calcitonin levels (>20ng/1) before initiation of
treatment. Mean calcitonin values stayed within the normal
range for both groups throughout the trial. There were no cases
of medullary thyroid carcinomas in this trial.

A blinded external independent event adjudication com-
mittee adjudicated events of neoplasms and thyroid disease
requiring thyroidectomy (no events of the latter). One colon
adenoma, one squamous cell carcinoma of the tongue and
one pancreatic cancer (metastatic pancreatic carcinoma) were

doi:10.1111/dom.12539 | 1059
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Table 2. Additional efficacy endpoints after 26 weeks of treatment.

Liraglutide Estimated treatment
1.8 mg Placebo difference or Estimated odds
(n=225) (n=225) ratio (95% CI) ratio (95% CI) p value
Systolic blood pressure, nmHg* —5.78 —0.76 —5.02 — <0.0001
(—7.45; —2.59)
Diastolic blood pressure, nmHg* -1.19 —0.52 —0.66 — 0.41
(—2.25;0.92)
Pulse, beats/min +3.20 =131 4.51 — <0.0001
(2.59; 6.43)
BMI, kg/mz* —-1.28 -0.17 -1.12 — <0.0001
(-1.37; —0.86)
Waist circumference, cm* —3.84 —0.88 —2.96 = <0.0001
(—4.00; —1.92)
Total cholesterol, mmol/l{ 0.92 0.99 0.93 — 0.0002
(0.89; 0.96)
LDL cholesterol, mmol/lf 0.90 1.00 0.91 = 0.0013
(0.86; 0.96)
VLDL cholesterolt 0.89 0.99 0.91 — <0.01
(0.84; 0.97)
HDL cholesterol, mmol/If 0.97 0.99 0.98 — 0.16
(0.95;1.01)
Triglycerides, mmol/lF 0.90 0.99 0.90 — <0.01
(0.83; 0.97)
Free fatty acids, mmol/l} 1.02 0.99 1.03 — 0.45
(0.95;1.12)
Percentage of subjects achieving 59.2 14.0 — 8.91 <0.0001
HbAlc <7% (5.45; 14.59)
Percentage of subjects achieving 42.9 3.6 — 20.12 <0.0001
HbAlc <6.5% (9.92; 40.84)
Percentage of subjects achieving 53.5 114 — 8.95 <0.0001
HbAlc <7% with no weight gain (5.38;14.91)
Percentage of subjects achieving 458 11.4 — 6.55 <0.0001
HbA1c <7% with no (3.96; 10.84)
hypoglycaemic episodes
Percentage of subjects achieving 41.5 8.6 7.50 <0.0001
HbAlc <7% with no weight gain (4.36;12.92)
and no hypoglycaemic episodes
Overall treatment satisfaction score 0.49 0.11 0.37 — <0.0001
(0.20; 0.55)
Perceived hyperglycaemia score: —-1.67 —0.69 —0.98 — <0.0001
(=1.36; —0.60)
Perceived hypoglycaemia score: -0.17 —0.13 —0.04 — 0.83
(=0.39; 0.31)

BMI, body mass index; CI, confidence interval; n, number of subjects; VLDL, very-low-density lipoprotein.
*Estimated means, change from baseline.

FEstimated means, ratio to baseline.

FAssessed by the Diabetes Treatment Satisfaction Questionnaire.

reported in 3 subjects on liraglutide (Table 3). Two basal cell Discussion
carcinomas in 1 subject and one brain cancer (brain neoplasm)
were reported in 2 subjects on placebo (Table 3). The pan-
creatic and brain cancer cases were fatal, but both the diag-

In patients with advanced type 2 diabetes and suboptimum
glycaemic control, addition of liraglutide versus placebo to

noses and the deaths occurred approximately >2 months after stable doses of basal insulin + metformin resulted in clini-
the subjects had been withdrawn from the study. The subject cally relevant improvements in glycaemic control that were
with pancreatic cancer had been on liraglutide for 17.6 weeks achieved using slightly lower basal insulin doses. Moreover,
before withdrawal from the trial because of unrelated SAEs, liraglutide reduced body weight, systolic blood pressure and
while the subject with brain cancer had been on placebo for ~ selected lipids (total cholesterol, LDL cholesterol, VLDL

5.1 weeks. cholesterol and triglycerides) compared with placebo. In addi-
No relevant adverse changes in physical examination or ECG ~ tion, overall scores for the DTSQ improved with liraglutide
were observed in either treatment group. compared with placebo, indicating greater patient satisfaction.
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Table 3. Treatment-emergent adverse events.

Liraglutide 1.8 mg

Placebo
(n=225)

(n=225)
n %
Total AEs 156 69.3
SAEs 11 4.9
Malignant neoplasms 3 1.3
AEs reported in >5% of subjects
Gastrointestinal disorders 93 41.3
Nausea 50 222
Vomiting 20 8.9
Dyspepsia 16 7.1
Diarrhoea 24 10.7
Infections and infestations 55 24.4
Nasopharyngitis 13 5.8
Influenza 8 3.6
Musculoskeletal and connective tissue disorders 28 12.4
Back pain 12 5.3
Metabolism and nutrition disorders 31 13.8
Decreased appetite 22 9.8
Investigations 28 12.4
Lipase increased 17 7.6
Nervous system disorders 19 8.4
Headache 8 3.6

494 4918 131 58.2 370 3737
15 149 7 3.1 10 101
3 30 2 0.9 3 30
177 1762 38 16.9 52 525
62 617 7 3.1 8 81
28 279 2 0.9 3 30
20 199 2 0.9 2 20
29 289 11 4.9 14 141
85 846 69 30.7 98 990
19 189 14 6.2 16 162
11 110 26 7.1 21 212
36 358 37 16.4 47 475
13 129 12 5.3 13 131
31 309 15 6.7 32 323
22 219 5 27 5 50
36 358 17 7.6 20 202
17 169 5 2.2 5 50
23 229 23 10.2 30 303
9 90 16 7.1 20 202

%, proportion of subjects who had the specified AE; AE, adverse event; E, number of AEs; n, number of subjects with an AE (adverse event); R, event rate

per 1000 patient years of exposure; SAE, serious adverse event.

Table 4. Confirmed hypoglycaemia.

Placebo
(n=225)

Liraglutide 1.8 mg
(n=225)

n

All subjects* 41

Liraglutide 1.8 mg
(n=94)

n E

Baseline HbAlc 16
<8.0%

170 33 77 14 147 26 61

Placebo
(n=130)

Liraglutide 1.8 mg
(n=131)

Baseline HbAlc 25 19.1 94 163 14
>8.0%

108 56 99

All confirmed hypoglycaemic episodes were minor as there were no severe
hypoglycaemic episodes in this trial. %, proportion of subjects who had
confirmed hypoglycaemic episode; E, number of hypoglycaemic episodes;
n, number of subjects with a confirmed hypoglycaemic episode [minor
hypoglycaemia (plasma glucose <3.1 mmol/l (56 mg/dl) or blood glu-
cose <2.8 mmol/l (50 mg/dl)) or severe hypoglycaemia (when subject was
unable to treat him/herself)]; R, event rate per 100 patient years of exposure.
*Treatment ratio for rate of confirmed hypoglycaemic episodes (liraglu-
tide/placebo): 2.00 (95% CI 1.03; 3.89); p = 0.04.

Liraglutide was generally well tolerated, with the AE profile
being similar to that reported in previous studies adding
liraglutide to oral antidiabetic drugs [14,15,28] or insulin
[23]. Increases in gastrointestinal AEs, minor hypoglycaemia,
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amylase, lipase and pulse were observed with liraglutide versus
placebo.

As type 2 diabetes progresses, many patients eventually
require insulin therapy. Although combination of basal insulin
analogues with oral antidiabetic drugs can reduce HbAlc by
approximately —1.5% (—16.4 mmol/mol), with 50-60% of sub-
jects achieving HbAlc <7% (53 mmol/mol) if insulin is prop-
erly titrated [4,29], many patients on basal insulin regimens
do not reach or maintain HbAlc targets. There is significant
clinical inertia in the timely initiation or intensification of
insulin therapy, partly attributable to risk and fear of associated
hypoglycaemia and weight gain [6]. The results of the present
study suggest that adding liraglutide to basal insulin can reduce
HbAlc in patients inadequately controlled by insulin therapy
while simultaneously inducing weight loss. These results are
consistent with recent studies suggesting that liraglutide can
reverse insulin-associated weight gain [23,30].

With the present study design, the isolated benefits of liraglu-
tide when added to capped basal insulin analogue + metformin
were proven. Capping the basal insulin analogue dose at a level
equal to the pre-study level is, however, also a limitation of the
present study. While the subjects in this study were represen-
tative of those who would be found in real-world experience,
capping of insulin dose would not be recommended in routine
clinical practice. In this respect, a treat-to-target trial design
would be needed.

Several studies have investigated combining liraglutide
and basal insulin. The improvement in HbAlc seen after
12 weeks of treatment with liraglutide + metformin was fur-
ther enhanced (—0.5%; —5.5mmol/mol) by adding insulin
detemir over 52weeks [21,22]. Moreover, intensification of
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insulin degludec + metformin by adding liraglutide in patients ~ of recombinant GLP-1 reduces mean FPG and PPG in a
who failed to reach goal with insulin degludec alone resulted ~ dose-dependent manner [34,35].

in a significantly greater reduction in HbAlc (-0.74% vs Insulin use can often induce weight gain. In the present study,
—0.39% or —8.1 mmol/mol vs —4.3 mmol/mol), greater weight  the addition of liraglutide to basal insulin analogue resulted in
loss (—=2.8kg vs +0.9kg), and less confirmed and nocturnal  a significant reduction in weight versus placebo. Several mech-
confirmed hypoglycaemia compared with adding a single daily ~ anisms for liraglutide-induced weight loss have been identified,

injection of prandial insulin [23]. including reducing appetite [36,37] and diminishing leptin loss
In the present study, treatment with liraglutide added to  [38], the latter of which may prevent pre-diabetes in obesity.
insulin glargine or insulin detemir also provided significant and Fewer than 20% of subjects in both groups reported a

clinically relevant reductions in HbAlc and body weight, with ~ confirmed hypoglycaemic episode during the trial, and no
a low incidence of hypoglycaemia, substantiating liraglutide = severe hypoglycaemia was reported in either group. The
treatment as a valid treatment option in combination with basal ~ incidence of confirmed hypoglycaemia, while quite low, was
insulin in the management of type 2 diabetes. In further support  significantly higher with liraglutide than with placebo. The
of this notion, albeit an indirect measure, based on comparative ~ rate of confirmed hypoglycaemia was similar to that reported
glucose-lowering effect across GLP-1 receptor agonists, liraglu- ~ in trials with liraglutide added to sulphonylurea [18] and
tide + oral antidiabetic drugs was non-inferior to dulaglutide  sulphonylurea + metformin [15]. The increased incidence
for HbAlc reductions [31] and met statistical superiority = of hypoglycaemia with liraglutide, especially in those sub-
criteria in head-to-head trials against twice-daily exenatide  jects with baseline HbAlc >8% (64 mmol/mol), might have
[18], once-weekly exenatide [32], once-weekly albiglutide been attributable to several factors. Doses of basal insulin
[33] and sitagliptin [19]. Head-to-head trials are required were not reduced at randomization for subjects with baseline
to investigate the comparative effectiveness of the various  HbAlc >8% (64 mmol/mol), which might have contributed
basal insulin analogue-GLP-1 receptor agonist combination  to the increased hypoglycaemia with liraglutide. In addition,
sequences. improvement in bedtime SMPG with liraglutide might pre-

Several studies in similar populations have included an  dispose patients to more hypoglycaemia from basal insulin.
active comparator rather than a placebo control. Adding either ~ Finally, basal insulin analogue titration algorithms, based
albiglutide once weekly or insulin lispro three times daily  solely on FPG levels, might have also played a role, as the

to titrated insulin glargine + metformin and/or pioglitazone,  increments of these adjustments might have been too high for
decreased HbAlc by —0.82% (—9.0 mmol/mol) and —0.66%  some subjects.
(=7.2 mmol/mol) after 26 weeks, respectively; weight decreased Consistent with previous trials with liraglutide, an increase

with albiglutide (—0.7kg) but increased with insulin lispro  in resting pulse was observed with liraglutide. The clinical sig-
three times daily (+0.8kg) [12]. Overall, hypoglycaemia was  nificance of this elevation is unknown, but appears to be a class
more frequent with insulin lispro (38% vs 25%); this included  effect of long-acting GLP-1 receptor agonists [39-41]. Impor-
two severe episodes with insulin lispro. In patients on optimized ~ tantly, published meta-analyses of the risk of major adverse
insulin glargine and metformin, addition of either exenatide  cardiovascular events with GLP-1 receptor agonists in type 2
twice daily or insulin lispro three times daily resulted in similar ~ diabetes indicated no increased risk [42-45].
decreases in HbA1lc after 30 weeks (—1.1% or —12.0 mmol/mol) Elevations in lipase and amylase after week 26 were similar
while weight decreased by —2.5 kg with exenatide twice daily  to those reported previously [21,31,46,47]. It has been reported
but increased by +2.1kg with lispro three times daily; hypo-  that 10-20% of patients with type 2 diabetes not receiving a
glycaemia was higher with insulin lispro (41% vs 30%), while =~ GLP-1 receptor agonist can have spontaneous elevations of
nausea was greater with exenatide (47% vs 13%) [9]. Lack of an serum lipase activity [48], a finding that was also observed
active comparator is a limitation in the present study. at baseline in this study. The mechanism underlying these
Additionally, the study duration of the present study was  elevations is not known [21,49]. A similar treatment effect has
short; however, most safety and efficacy observations from  been observed with other GLP-1 receptor agonists, suggesting
the first 26 weeks of treatment in recent liraglutide phase IIIb  a class effect [31,46]. Importantly, no pancreatitis was reported
trials were generally confirmed during subsequent 26-week  in this trial.

extensions [22,28]. Based on non-clinical findings that chronic GLP-1 receptor

Long-acting GLP-1 receptor agonists such as liraglutide can ~ agonist administration in rodents is associated with increased
induce tachyphylaxis with respect to the effect on delay of gas-  calcitonin and C-cell tumour formation, monitoring of cal-
tric emptying. As delayed gastric emptying seems of impor-  citonin levels has been implemented for all liraglutide tri-

tance for limiting PPG elevations, this could potentially lead  als. Throughout this trial, mean levels of calcitonin remained
to a dominant effect on FPG levels and a weaker postprandial ~ within the normal range for both groups, consistent with a
effect for long- versus short-acting GLP-1 receptor agonists [8]. ~ previous study of >5000 liraglutide-treated subjects in whom
Nevertheless, the reduction in HbAlc observed when adding  liraglutide had no clinically significant effect on calcitonin
liraglutide to basal insulin reported here, which was attributed levels [50].

to reductions in both FPG and PPG, is the same or somewhat In summary, adding liraglutide to basal insulin therapy is a
greater than that reported for adding the short-acting GLP-1  valuable, effective and safe treatment option for patients with
receptor agonist exenatide to basal insulin [10]. This is con-  type 2 diabetes, especially when weight loss and risk of hypo-

sistent with findings that continuous subcutaneous infusion  glycaemia are major considerations. Risk of hypoglycemia can
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be minimized by reducing the previous dose of basal insulin at
the time that liraglutide is added.
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