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ABSTRACT

Introduction: This study aimed to demonstrate
the beneficial effect of lixisenatide as add-on
therapy to oral antidiabetics (OADs) in type 2
diabetes mellitus (T2DM) patients in routine
clinical practice in Bulgaria.
Methods: This was a prospective, observational,
multicentre study evaluating the real-life effec-
tiveness and safety of 24-week treatment with
lixisenatide in previously uncontrolled T2DM
patients on combination therapy with

metformin and sulfonylurea on highest tolera-
ble doses.
Results: A total of 262 patients were included in
the study. Themean (± SD) age in the cohort was
56.2 ± 9.1 years. The mean duration of diabetes
was 7.3 ± 6.0 years. The mean body mass index
(BMI) was 39.7 ± 4.7 kg/m2. The mean glycated
haemoglobin (HbA1c) at baseline was
8.8 ± 1.1%. The mean fasting plasma glucose
(FPG) and postprandial plasma glucose (PPG) at
baseline were 10.5 ± 3.1 mmol/L and
12.1 ± 3.4 mmol/L respectively. The proportion
of patients achieving HbA1c\7% at study end
was 39.0% (95%CI 32.9–45.3). The proportion of
patients reaching their individual HbA1c target
was 49.0% (95%CI 42.6–55.4). The mean change
in HbA1c from baseline was - 1.3 ± 1.2%. The
meanchange inFPGwas-2.4 ± 3.0 mmol/L and
themeanchange inPPGwas-3.2 ± 3.6 mmol/L.
Themean body weight change from baseline was
- 7.2 ± 5.5 kg. The mean BMI change was
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- 2.6 ± 1.9 kg/m2. The hypoglycaemia incidence
was low: 6.1% for all hypoglycaemic events, 3.8%
for symptomatic events and 0.4% for severe
events.
Conclusions: Lixisenatide as add-on therapy to
OADs in a real-life setting led to significant
improvements in glycaemic control with low
incidence of hypoglycaemia and beneficial
weight loss. Lixisenatide was well tolerated with
few patients having adverse events or discon-
tinuing therapy. These findings are consistent
with lixisenatide’s safety and efficacy profile
established in randomized controlled trials
(RCTs).
Funding: Sanofi Bulgaria.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is amongst the
most common chronic diseases and is a growing
worldwide epidemic [1]. In 2015, the Position
Statement of the American Diabetes Association
(ADA) and the European Association for the
Study of Diabetes (EASD) put forth the new
treatment guidance with a ‘‘patient-centred
approach’’, with the primary goal of achieving
individualized glycaemic targets whilst mini-
mizing adverse effects, particularly weight gain
and hypoglycaemia [2]. An updated consensus
report on the management of hyperglycaemia
in T2DM was published in 2018 by the ADA and
EASD. Metformin remains the first-line therapy
together with comprehensive lifestyle changes
(including weight management and physical
activity). If the patient cannot maintain the
HbA1c target, the treatment advances to dual
combination with another oral glucose-lower-
ing agent or with a glucagon-like peptide-1
(GLP-1) receptor agonist. GLP-1 receptor ago-
nists are recommended when there is com-
pelling need to minimise hypoglycaemia and
for patients with compelling need to minimise
weight gain or promote weight loss. For patients
with clinical cardiovascular disease, a GLP-1

receptor agonist with proven cardiovascular
benefit is recommended. In most patients who
need the greater glucose-lowering effect of an
injectable medication, glucagon-like peptide 1
receptor agonists are preferred to insulin [3].

GLP-1-RAs are relatively new glucose-lower-
ing therapeutic class, which stimulate insulin
secretion and reduce glucagon secretion in a
glucose-dependent manner. They may decrease
gastrointestinal motility (particularly the short-
acting pharmacologic compounds) and
improve satiety [4]. Thus they provide signifi-
cant improvement in glycated haemoglobin
(HbA1c) values, with the added benefits of
promoting weight loss and low risk of hypo-
glycaemia [5]. GLP-1 RAs are categorized as
being short-acting and long-acting. Short-acting
agonists predominantly affect postprandial
plasma glucose (PPG) and delay gastric empty-
ing in a sustained manner, whereas long-acting
agents largely affect fasting plasma glucose
(FPG) and their delay in gastric emptying
appears to be subject to tachyphylaxis [6].

Lixisenatide efficacy and safety has been
evaluated in the extensive clinical development
GetGoal programme. In this clinical pro-
gramme, lixisenatide has been shown to signif-
icantly improve glycaemic control, with low
rates of hypoglycaemia and beneficial weight
effects, when administered as monotherapy, as
add-on therapy to oral agents, and in combi-
nation with basal insulin with or without oral
antidiabetic therapy [7].

Results from the GetGoal study programme
also indicate that lixisenatide has a pronounced
effect on postprandial glycaemic control. Being
a short-acting GLP-1 RA, lixisenatide’s marked
effect on postprandial blood glucose levels
seems mainly to be mediated through the
inhibition of gastric emptying [5].

For the evaluation of efficacy and safety,
randomized controlled trials (RCT) remain the
gold standard and are pivotal for regulatory
bodies in the drug approval process. However,
the intensive monitoring and education pro-
vided during the RCTs are not always repre-
sentative of daily clinical practice. Thus, the
external validity of results obtained from RCTs
needs to be confirmed in a real-life setting such
as non-interventional trials. Non-interventional
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observational studies with less restrictive inclu-
sion/exclusion criteria can include broader
populations of patients and offer an important
tool to better assess the real-world effectiveness
of a drug [8].

The objective of this study was to demon-
strate the beneficial effect of lixisenatide as add-
on therapy to oral agents in inadequately con-
trolled patients with T2D in routine clinical
practice.

METHODS

Study Design

This prospective, observational, multicentre
study evaluated the real-life effectiveness and
safety of lixisenatide as add-on to oral antidia-
betic drugs as part of routine clinical practice in
Bulgaria. Investigators were endocrinologists
from inpatient and outpatient clinical centres.
Participating sites (final number 40, about 10%
of all endocrinologists in Bulgaria) were equally
geographically distributed across the country to
ensure a good representation of the manage-
ment of T2D patients on GLP-1 RA therapy.
Patients were enrolled consecutively from the
cohort seen by the participating physicians in
their daily clinical practice. According to the
non-interventional study design, all treatments
and procedures were left to the physicians’ dis-
cretion and did not interfere with everyday
clinical practice. Lixisenatide was applied in
accordance with its approved label (Summary of
Product Characteristics, SmPC) and local reim-
bursement conditions. The data collected at
each visit was part of routine patient care and
no additional diagnostic procedures were
applied. Collected data included demographic
characteristics, diabetes history, anamnesis of
microvascular and macrovascular complica-
tions, lixisenatide and oral antidiabetic (OAD)
treatment, glycaemic variables, hypoglycaemic
and adverse events. Microvascular complica-
tions included neuropathy, nephropathy and
retinopathy. For each and every patient enter-
ing the study, investigators had to set individ-
ualized HbA1c and FPG targets based on the
patient characteristics in line with ADA/EASD

guidelines. Patients were asked to complete a
patient diary and to document any symp-
tomatic and/or confirmed hypoglycaemia they
experienced throughout the study. Confirmed
hypoglycaemia was defined as a hypoglycaemic
event confirmed by a measured blood glucose
level below 3.9 mmol/L. Symptomatic hypo-
glycaemia was defined as an event with clinical
symptoms with or without documented blood
glucose measurement. Severe hypoglycaemia
was defined as an event requiring assistance of
another person to actively administer carbohy-
drate, glucagon or take other corrective actions.
All study sites documented patient data in web-
based electronic case report forms (eCRF) at
inclusion and after 6 months of treatment with
lixisenatide.

Patients were eligible for inclusion in the
study if they fulfilled the following criteria:
(a) adult patients with T2D ([18 years age);
(b) uncontrolled (HbA1c[7.5%) on combina-
tion therapy with metformin and sulfonylurea
(SU) on highest tolerable doses or monotherapy
with metformin or SU (in case of drug intoler-
ance) before introduction of lixisenatide;
(c) now starting lixisenatide treatment or have
been treated with lixisenatide for not more than
4 weeks at the time of enrolment. Patients were
excluded from the study if they had type 1
diabetes, if they were younger than 18 or older
than 75 years old, if they were treated with
OADs other than metformin and SU or with any
insulin regimen or systemic corticosteroid, if
patients were pregnant or breast-feeding, had
severe gastrointestinal disease (severe gastro-
paresis) or creatinine clearance\30 ml/min.

The study was conducted in accordance with
the principles laid down by the 18th World
Medical Assembly (Helsinki, 1964) including all
subsequent amendments. It was approved by
the regulatory authorities and the independent
ethics committee in Bulgaria. Informed consent
was obtained from all individual participants
included in the study.

Study Endpoints

The primary endpoint was the percentage of
patients achieving HbA1c\7% after 6 months
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of treatment. Secondary endpoints included
changes in HbA1c, FPG, PPG and body weight
from baseline to study end as well as frequency
of confirmed and/or symptomatic hypogly-
caemic events. Other secondary endpoints were
the proportion of patients with at least a 0.5%
and 1.0% decrease in HbA1c level, proportion of
patients achieving their individual HbA1c and
FPG targets set by their treating physicians at
baseline, and proportion of patients who have
achieved HbA1c\ 7% and have had no symp-
tomatic hypoglycaemia and no weight gain
during the 6-month treatment period.

Statistical Methodology

As a result of the observational study design,
descriptive statistical methods were used
including measures of central tendency and
dispersion for continuous variables and num-
bers and percentages for categorical variables.
P values of these tests were interpreted in a
descriptive manner. When an inferential anal-
ysis was required, independent t test was used
for comparison of two groups, whereas ANOVA
was used in the case of more than two groups.
For variables not fitting a normal distribution
(based on Q–Q plots), Mann–Whitney test
(comparison of two groups) or Kruskal–Wallis
test (comparison of more than two groups) was
used. In the case of multiple comparison, Bon-
ferroni-corrected p value was reported. General
linear model (GLM) regression was applied to
define possible association between lixisenatide
administration and FPG and PPG mean change
from baseline. All tests were two-sided and with
a significance level of 0.05. The efficacy popu-
lation was defined as all enrolled study patients
with signed informed consent, correctly com-
pleted inclusion and exclusion criteria, and
primary endpoint variables (HbA1c measure-
ment at baseline and study end). The safety
population was defined as all enrolled study
patients with signed informed consent who
administered lixisenatide at least once. Safety-
related analyses (hypoglycaemic and adverse
events) were performed on the safety popula-
tion. All other analyses were performed on the
efficacy population.

Sample size was calculated as follows:
assuming that the proportion of patients
achieving HbA1c\7% would be around 20%, a
total number of 246 analysable patients were
needed in order to obtain a 95% confidence
interval not wider than ± 5%.

RESULTS

A total of 262 patients were included in the
study between November 2015 and December
2016 and followed up by June 2017. Out of
them 253 patients came back for the 6-month
follow-up visit and 9 patients were lost to fol-
low-up. Thirteen subjects (5% of the enrolled
population) had no entries related to the pri-
mary endpoint variable. Therefore 249 subjects
were included in the efficacy population.

Demographic and Clinical Characteristics
of the Study Population

Baseline demographic and clinical characteris-
tics are specified in Table 1. The mean age was
56.2 ± 9.1 years. The majority of patients were
between 50 and 65 years old (58.6%). Only
15.3% of the study population was at least
65 years old. The mean BMI was 39.7 ± 4.7 kg/
m2. The mean duration of diabetes was
7.3 ± 6.0 years. The mean HbA1c at baseline
was 8.8 ± 1.1%. The majority of patients had
baseline HbA1c[8%, with 45.8% between 8%
and 9% and 27.7% greater than 9%. The mean
FPG at baseline was 10.5 ± 3.1 mmol/l. All 249
patients from the efficacy population had at
least one PPG measurement at baseline—after
breakfast, after lunch or after dinner, while
32.5% of the patients had all three measure-
ments. The mean from all PPG measurements at
baseline was 12.1 ± 3.4 mmol/l.

Clinical data related to chronic complica-
tions of T2D showed a significantly higher
proportion of microvascular complications
compared to macrovascular complications
(Table 1). The most frequent microvascular
complication was neuropathy, reported in
49.8% of the patients, while the most frequent
macrovascular complication was ischemic heart
disease, reported in 12.1% of the patients.
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Overall the cohort had a high percentage of
patients (45.4%) with no complications at all.

All patients from the efficacy population
received at least one OAD treatment at baseline
(metformin or SU) and 97.6% of the patients
received both metformin and SU (Table 1). The
most frequently used OAD was metformin in
99.2% of the patients, followed by glimepiride
and gliclazide MR in 41.4% and 39.4% of the

patients respectively. The OAD usage at baseline
and their doses can be found in Supplementary
Table 1.

Real-World Effectiveness Outcomes

The proportion of patients achieving target
HbA1c\ 7% was 39.0% (95% CI 32.9–45.3).
The mean HbA1c at visit 2 was 7.5 ± 1.4%. The
mean HbA1c change from baseline to the end of
the 6-month follow-up period was- 1.3 ± 1.2%
(Fig. 1). A post hoc analysis showed that both
proportion of patients reaching HbA1c\ 7%
and mean change in HbA1c depended on the
baseline glycaemic control. Fewer patients ten-
ded to achieve HbA1c\ 7% with the increase of
baseline HbA1c, while the mean reduction in
HbA1c was greater the worse the baseline gly-
caemic control was (Figs. 2, 3). Glycaemic
response was also stratified by diabetes

Fig. 1 Mean change in HbA1c from baseline

Table 1 Baseline characteristics of the LIXODAR cohort

Mean – SD or as
indicated

Age, years 56.2 ± 9.1

Males, n (%) 119 (47.8)

Weight, kg 111.2 ± 16.0

BMI, kg/m2 39.7 ± 4.7

Diabetes duration, years 7.3 ± 6.0

HbA1c, % 8.8 ± 1.1

FPG, mmol/l 10.5 ± 3.1

PPG, mmol/l (2 h after meal) 12.1 ± 3.4

Creatinine clearance (ml/min) 100.7 ± 31.8

Oral antidiabetic drugs, n (%) 249 (100%)

Metformin and SU, n (%) 243 (97.6%)

Only metformin, n (%) 4 (1.6%)

Only SU, n (%) 2 (0.8%)

Microvascular complications

Neuropathy 124 (49.8%)

Nephropathy 6 (2.4%)

Retinopathy 11 (4.4%)

Macrovascular complications

Myocardial infarction 9 (3.6%)

Stroke/transitory ischemic

stroke

6 (2.4%)

Ischemic heart disease 30 (12.1%)

Cerebrovascular disease 9 (3.6%)

Peripheral arterial disease 11 (4.4%)

Fig. 2 Proportion of patients reaching HbA1c\ 7%,
depending on baseline glycaemic control
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duration. The HbA1c reduction in the patient
population with shorter duration of diabetes
(\10 years) was - 1.4 ± 1.2% while in the
population with longer diabetes duration
(C 10 years) the reduction was - 1.2 ± 1.2%.
However this difference was not statistically
significant (p = 0.436). Similar results have been
observed in regards to the proportion of
patients reaching HbA1c\ 7%. Numerically
more patients reached the target HbA1c at study
end in the patient population with shorter
duration of diabetes (42.3%) compared to those
in the population with longer duration of dia-
betes (31.1%). However the difference was not
statistically significant (p = 0.098).

A total of 245 patients had FPG measure-
ments after 6 months of treatment. The mean
FPG at study end was 8.1 ± 3.0 mmol/l. The
mean FPG change from baseline was
- 2.4 ± 3.2 mmol/l (Fig. 4). Numerically the
mean reduction in FPG was most pronounced

when lixisenatide was administered before
breakfast (- 2.7 ± 3.5 mmol/l) and before
lunch (- 2.7 ± 2.6 mmol/l). When lixisenatide
was administered before dinner the mean
change in FPG from baseline was
- 1.6 ± 2.8 mmol/l. However no statistically
significant difference was observed (p = 0.124).
Univariate analysis also showed no correlation
between time of lixisenatide administration and
mean change in FPG (p = 0.183). The mean FPG
changes from baseline according to the differ-
ent time of lixisenatide administration (before
breakfast, lunch or dinner) are shown in Sup-
plementary Table 2.

A total of 242 patients had PPG measure-
ments after 6 months of treatment. The mean
PPG at study end was 8.9 ± 3.2 mmol/l and the
mean change from baseline was
- 3.2 ± 3.6 mmol/l (Fig. 5). Numerically the
mean reduction in PPG was most pronounced
when lixisenatide was administered before
breakfast (- 3.6 ± 3.8 mmol/l) and before
lunch (- 3.2 ± 2.9 mmol/l). When lixisenatide
was administered before dinner the mean
change in PPG from baseline was
- 2.2 ± 3.3 mmol/l. Statistically significant
differences were observed between the before
breakfast and before dinner administration
subgroups (p = 0.041). There was no statistically
significant difference between the before lunch
and before dinner subgroups (p = 0.337). Uni-
variate analysis showed no correlation between
time of lixisenatide administration and mean
change in PPG (p = 0.586). The mean PPG
changes from baseline according to the

Fig. 3 Change in HbA1c, depending on baseline gly-
caemic control (%)

Fig. 4 Mean change in FPG from baseline

Table 2 Hypoglycaemic events

Hypoglycaemic events N (patient) %

1 10 3.8

2 2 0.8

3 2 0.8

4 1 0.4

5 1 0.4

None 246 93.9

Total 262 100.0
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different time of lixisenatide administration
(before breakfast, lunch or dinner) are shown in
Supplementary Table 3. The mean change from
baseline in the different PPG measurements
during the day (after breakfast, after lunch and
after dinner) are shown in Supplementary
Table 4.

The proportion of patients with at least a
0.5% decrease in HbA1c level was 86.7% (95%
CI 81.9–90.7). The proportion of patients with
at least a 1.0% decrease in HbA1c level was
72.7% (95% CI 66.7–78.1).

The mean individual HbA1c target value
specified by the investigators at baseline was
7.2 ± 0.6%. The mean individual FPG target
value was 6.7 ± 0.9 mmol/l. Respectively 49.0%
(95% CI 42.6–55.4) of the patients reached their
individualized HbA1c target and 35.1% (95% CI
29.1–41.4) of the patients achieved their FPG
target. The majority of patients (57%) had an
individualized HbA1c target set by the investi-
gator at baseline between 7% and 7.5%. Still
27% of the patients had an individualized
HbA1c target below 7%, while only 10% and 6%
had individualized HbA1c targets between 7.6%
and 8%, and more than 8%, respectively. The
proportion of patients reaching their individu-
alized HbA1c target at study end according to
individualized HbA1c target categories at base-
line are shown in Fig. 6. The majority of the
patients (85%) had an individualized FPG target
set by the investigator below 7.2 mmol/l (in line
with ADA/EASD guidelines). Only 14% had
individualized FPG target greater than
7.2 mmol/l.

The proportion of patients who have
achieved HbA1c\ 7% and have had no symp-
tomatic hypoglycaemia and no weight gain for
the 6-month treatment period was 36.1% (95%
CI 30.2–42.4).

The mean body weight at study end was
104.0 ± 15.6 kg. The mean body weight change
from baseline was - 7.2 ± 5.5 kg. The mean
BMI at study end was 37.1 ± 4.7 kg/m2. The
mean BMI change from baseline was
- 2.6 ± 1.9 kg/m2. More than half of the
patients managed to achieve at least 5% weight
reduction for the 6-month follow-up period,
57.8% (95% CI 51.6–63.8). The proportion of
patients with at least 3% reduction was even
higher, 83.9% (95% CI 79.0–88.1). The propor-
tion of patients who have achieved HbA1c\
7% with no symptomatic hypoglycaemia and
at least 3% weight reduction for the 6-month
treatment period was 32.5%. The proportion of
patients who have achieved HbA1c\7% with
no symptomatic hypoglycaemia and at least 5%
weight reduction for the 6-month treatment
period was 26.9%. Weight loss and change in
HbA1c were not significantly correlated (Pear-
son test, p = 0.173).

Hypoglycaemia

There were 29 hypoglycaemic events registered
for 16 subjects during the study (Table 2). A
total of 21 events in 10 patients were symp-
tomatic, while 8 events in 6 patients were
asymptomatic. In one patient two

Fig. 5 Mean change in PPG from baseline

Fig. 6 Proportion of patients achieving their individual-
ized HbA1c target at study end according to individualized
HbA1c target categories at baseline
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hypoglycaemic events required assistance.
There was no event leading to unconscious-
ness/coma, or seizure, emergency department
visit, or fulfilling the definition of a serious AE.
The hypoglycaemia incidence was 6.1% (16
patients) for all hypoglycaemic events, 3.82%
(10 patients) for symptomatic events and 0.38%
(1 patient) for severe events. All patients who
reported hypoglycaemic events throughout the
6-month follow-up period were on OAD treat-
ment with metformin and SU.

Adverse Events

There were no AEs reported at baseline in
patients who initiated lixisenatide prior to
enrolment in the study. During the entire
6-month observational period, four patients
from the safety population had reported six
non-serious treatment emergent adverse events
(two of four patients reported two events each).
All AEs were of mild intensity with an outcome
of recovered or resolved. One patient had
allergic dermatitis (reported twice) possibly
related to lixisenatide and leading to treatment
discontinuation. One patient had two gas-
trointestinal AEs, gastritis and gastroesophagi-
tis, possibly related to lixisenatide but the dose
was not changed. For the remaining two events,
the causality assessment was unrelated to
lixisenatide. There was no serious adverse event
reported. There were no deaths in the study.

Lixisenatide Treatment

Of the 249 patients included in the efficacy
population, 248 (99.6%) had the starting daily
dose of 10 lg. The maintenance daily dose was
20 lg for all of the patients. The most frequent
daily time of administration was 1 h before
breakfast (Table 3). At the 6-month follow-up
visit 215 patients (86.3%) continue the therapy
with lixisenatide. The daily dose was 20 lg for
all of the patients. A total of 34 patients (13.7%)
from the efficacy population completed the
study treatment period but did not continue
treatment with lixisenatide after that. The most
frequent reason for lixisenatide discontinuation
was the patient decision in 7.2% (18) of the

patients. Other reasons, reported in 6.5% (16) of
the patients, were mainly related to reimburse-
ment restrictions—either reduction in HbA1c
for the 6-month treatment period was B 0.5%
and treatment continuation with lixisenatide
was not approved by the health fund or patient
had to start insulin treatment (at the time of the
study combination of GLP- RA and insulin was
not reimbursed in Bulgaria). Both patient deci-
sion and other reasons were not related to
safety/tolerability issues.

DISCUSSION

Lixisenatide efficacy and safety has been com-
prehensively evaluated through the GetGoal
clinical trial programme. Lixisenatide has been
studied against placebo as monotherapy and as
adjunctive therapy to both oral antidiabetics
(OADs) and insulin. However real-world evi-
dence of lixisenatide effectiveness and safety is
lacking. RCT outcomes do not always mirror
those seen in the real world. This observational
study aimed to assess the real-life effectiveness
of lixisenatide as add-on therapy to OAD in
routine clinical practice in Bulgaria.

The baseline characteristics of the type 2
diabetic patients in the LIXODAR study were
similar to those in the phase 3 study GetGoal-S,
which evaluated the efficacy and safety of
lixisenatide in type 2 patients inadequately
controlled on a sulfonylurea with or without
metformin [9]. However in GetGoal-S the
patients were somewhat older (57.0 years), with
a longer duration of diabetes (9.1 years) and less
obese (BMI 30.1 kg/m2). The patients in our
study had higher baseline mean BMI due to

Table 3 Lixisenatide daily time of administration

Daily time of administration N %

1 h before breakfast 132 53.0

1 h before lunch 59 23.7

1 h before dinner 58 23.3

Total 249 100.0
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reimbursement restriction criteria which limit
the use of GLP-1 RA in Bulgaria only to patients
with BMI C 35 kg/m2. The mean HbA1c (8.3%)
and FPG (9.67 mmol/l) were slightly lower in
the GetGoal-S study. In GetGoal-S the majority
of patients (84%) were receiving metformin in
addition to their SU therapy at baseline [9].

In this observational study the beneficial
effect of lixisenatide on the glycaemic control,
as add-on therapy to OAD-based antidiabetic
regimen in routine clinical practice, was mea-
sured by the proportion of patients achieving
HbA1c\ 7%. At the end of study the propor-
tion of patients achieving target HbA1c\ 7%
was 39.0%. Similar results were observed in the
GetGoal-S study where the HbA1c target of
B 7.0% was achieved by 36.4% of the patients
[9]. Of note is that a slightly higher percentage
of patients achieved HbA1c\ 7% in the LIX-
ODAR cohort even though the baseline HbA1c
was higher compared to the baseline HbA1c in
GetGoal-S.

In our study the mean HbA1c change from
baseline was - 1.3%. This reduction in HbA1c is
greater compared to the GetGoal-S study where
the mean change from baseline to week 24 was
- 0.9%. The reduction observed in the LIX-
ODAR study was actually greater compared to
all phase 3 studies evaluating lixisenatide after
OAD failure [9–12]. Interestingly the mean
reduction in HbA1c observed in the LIXODAR
study was greater compared to some observa-
tional studies with other GLP-1 receptor ago-
nists. A recent retrospective cohort study using
a large US claims database showed that real-
world T2D patients initiating a GLP-1RA expe-
rienced smaller reduction in HbA1c (- 0.52%)
than reported in RCTs (- 1.30%) after
12 months of treatment [13]. The results of the
US database study can be explained by the low
compliance of patients treated with GLP-1RAs.
Only 29% of the patients were adherent to their
medications, much lower than would be
expected in RCTs. On the contrary, in our study
patient compliance was good. Only 7.2% of the
patients discontinued lixisenatide before the
6-month follow-up visit because of their deci-
sion. Moreover in all of the patients continuing
lixisenatide treatment the maintenance dose
was 20 lg. Another retrospective cohort study

evaluating the real-world effectiveness of
liraglutide and lixisenatide in UK also showed
smaller reductions in HbA1c in T2D patients
initiating a GLP-1RA in routine clinical practice
[14]. In that study the observed change in
HbA1c for 12 months was - 0.93% with
liraglutide and - 0.70% with lixisenatide. This
response is even lower having in mind the high
mean baseline HbA1c in the cohort (9.49% and
9.64% for liraglutide and lixisenatide respec-
tively). For comparison in our study the change
in HbA1c in the population with baseline
HbA1c[ 9% was - 1.8%. Unfortunately patient
compliance and adherence to therapy, which
might be a possible explanation for this lower
response, are not reported in the UK study.

In a post hoc analysis we have stratified the
glycaemic response (patients achieving target
HbA1c\ 7% and mean change in HbA1c) by
baseline glycaemic control and diabetes dura-
tion. Both parameters evaluating the glycaemic
response depended on baseline glycaemic con-
trol but did not depend on diabetes duration.
Different results have been reported in the UK
retrospective study which showed a poorer
response to the glycaemic reduction and con-
trol targets with increased diabetes duration.
This finding is consistent with previous data
reported for liraglutide; however, there is not
much data supporting this finding for lixisen-
atide. This could be explained by the fact that
lixisenatide as a short-acting GLP-1 RA pre-
dominantly affects PPG through the inhibition
of gastric emptying, which is independent from
the insulin secretion decrease observed with the
progress of T2D.

In the LIXODAR study, in addition to
improved HbA1c, there was also a decrease in
both FPG and PPG values at study end com-
pared to baseline. The mean FPG change from
baseline was - 2.4 mmol/l. Again, the reduction
in FPG, observed in our study, is greater com-
pared to all phase 3 studies evaluating lixisen-
atide after OAD failure, where the mean change
in FPG from baseline to week 24 was between
- 0.8 mmol/l and - 1.3 mmol/l [9–12].
Improvement in all postprandial blood glucose
measurements was also observed. Results
showed that reduction was the largest after
breakfast and lunch. These results correspond to
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the time of administration of lixisenatide since
53% of patients have administered lixisenatide
prior to breakfast and another 23.7% prior to
lunch in our study. However no correlations
were proved between the time of lixisenatide
administration and mean change in FPG and
PPG. Overall the decrease in PPG was more
pronounced as compared to the FPG decrease
observed. Results from the GetGoal study pro-
gramme also indicate that lixisenatide has a
pronounced effect on postprandial glycaemic
control. Compared with placebo, significant
decreases (of 3.2–7.2 mmol/L) in PPG from
baseline to week 24 have been observed. The
recent recommendations indicate that fasting
and pre-meal glucose should be maintained
at\ 7.2 mmol/L and the postprandial glucose
(PPG) at\10 mmol/L with a patient-centred
approach [2]. In our study all mean PPG values
at study end were\ 10 mmol/L; the mean PPGs
after breakfast, lunch and dinner were
9.0 mmol/l, 8.7 mmol/l and 9.0 mmol/l respec-
tively. This means that the PPG has been
reduced to target values.

The proportion of patients with at least a
1.0% decrease in HbA1c level was relatively
high (72.7%). Another recent retrospective
cohort study using administrative claims data
showed that adherent real-world T2D patients
on liraglutide were more likely to have at least a
1.0% decrease in their HbA1c compared to the
non-adherent cohort (38% vs. 32%, p = 0.022)
[15]. Still the proportion of patients experienc-
ing a 1.0% HbA1c decrease in both cohorts was
much smaller compared to our study results.
The results from our study are much closer to
the retrospective UK cohort study where the
proportion of patients with at least 1.0%
decrease in HbA1c was 76.0% for liraglutide and
63.6% for lixisenatide [14]. Still we need to have
in mind the higher baseline HbA1c in the UK
cohort which would suggest greater glycaemic
response.

In the RCTs the patients are always treated to
target HbA1c B 7%. However in real life, in line
with the patient-centred approach supported by
the international guidelines, not all the patients
are treated to HbA1c B 7%. It is interesting to
note that in the LIXODAR study the mean
individual HbA1c target value specified by the

investigators at baseline was 7.2 ± 0.6% which
is quite close to the universally accepted target.
The mean individual target value of the FPG was
6.7 ± 0.9 mmol/l which is even lower than the
recommended FPG threshold. The results
showed that 49.0% of the patients reached their
individualized HbA1c target and 35.1% of the
patients achieved their fasting blood glucose
target.

In addition to its beneficial effects on
improving glycaemic control, treatment with
lixisenatide has been shown to result in reduc-
tions in body weight compared with placebo.
Similarly in our study the average body weight
and BMI were reduced at the end of the obser-
vational period compared to baseline. Addi-
tionally this decrease was much greater
compared to the phase 3 studies evaluating
lixisenatide after OAD failure [9–12]. It should
be noted that the population in the LIXODAR
cohort was more obese than in GetGoal studies
due to reimbursement restriction criteria which
limit the use of GLP-1 RA in Bulgaria only to
patients with BMI C 35 kg/m2. Therefore a sig-
nificant effect on body weight has been
observed in this real-world study. The propor-
tion of patients with at least 3% reduction was
also very high. Actually it was approximately
twice the proportion of patients with at least 3%
weight reduction in the UK retrospective cohort
study (44.9% for the liraglutide and 40.8% for
the lixisenatide group). It is an interesting
finding as the mean BMI in the UK study was
also very high (38 kg/m2). The better patient
compliance and adherence to therapy in our
study might be a possible explanation for this
better response both in terms of HbA1c and
weight reduction. The GetGoal programme
showed that when administered as an add-on to
OAD therapy, lixisenatide does not increase the
frequency of hypoglycaemia compared with
placebo and the reported rates for severe hypo-
glycaemia are very low [9–12]. Similarly the
hypoglycaemia incidence in our study was very
low. Overall safety findings were consistent
with lixisenatide’s established safety profile.

The present study is subject to some limita-
tions. These include the observational nature of
the study and lack of a comparator arm, which
have the potential to introduce bias and
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confounding into the analysis. The population
in the study was obese, which could limit
extrapolating the results to other populations
with lower BMI. In contrast, the strengths of the
LIXODAR study include the large real-world
patient population and the prospective multi-
centre design of the study. The prospective fol-
low-up of frequency of hypoglycaemia and
adverse events ensures better reliability of data
compared to retrospective real-world studies.

CONCLUSION

The current prospective observational study
provides insights into the effectiveness and
safety of lixisenatide as add-on therapy to OAD-
based antidiabetic regimen in clinical practice
in Bulgaria.

Treatment with lixisenatide when added to
uncontrolled T2D patients on metformin and
sulfonylurea on highest tolerable doses was
associated with marked reductions in FPG and
PPG and improved overall glycaemic control
with high proportions of patients achieving
optimal HbA1c targets safely. The postprandial
effect was more pronounced. Lixisenatide
treatment also resulted in notable reductions in
body weight in a population that had a notably
high BMI (C 35 kg/m2) before treatment.

In conclusion, lixisenatide as add-on therapy
to OADs in real-life settings has led to signifi-
cant improvements in glycaemic control and
has been associated with low incidence of
hypoglycaemia and beneficial weight loss.
Lixisenatide was well tolerated with few
patients having adverse events or discontinuing
therapy. Overall, these findings are consistent
with lixisenatide’s established safety and effi-
cacy profile.
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