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1 | INTRODUCTION

Current evidence suggests that controlling the key metrics of blood glu-
cose control (glycated haemoglobin [HbA1c], fasting plasma glucose
[FPG] and postprandial glucose [PPG]) may be required to optimize

Aim: To evaluate the pharmacodynamics of lixisenatide once daily vs sitagliptin once daily in
Japanese patients with type 2 diabetes receiving insulin glargine U100.

Materials and methods: This multicentre, open-label, phase IV study (NEXTAGE Study; Clinical-
Trials.gov number, NCT02200991) randomly assigned 136 patients to either lixisenatide once
daily via subcutaneous injection (10 pg initially increased weekly by 5 up to 20 pg) or once-
daily oral sitagliptin 50 mg. The primary endpoint was the change in postprandial glucose (PPG)
exposure 4 hours after a standardized breakfast (PPG area under the plasma glucose
concentration-time curve [AUCq.q0-4.00n]) from baseline to day 29.

Results: Lixisenatide reduced PPG exposure to a statistically significantly greater extent than
sitagliptin: least squares (LS) mean change from baseline in PPG AUCy.00-4.00n Was —-347.3
h-mg/dL (-19.3 h-mmol/L) in the lixisenatide group and -113.3 h-mg/dL (-6.3 h-mmol/L) in the
sitagliptin group (LS mean between-group difference -234.0 h-mg/dL [-13.0 h-mmol/L], 95%
confidence interval -285.02 to -183.00 h-mg/dL [-15.8 to -10.2 h-mmol/L]; P < .0001). Lixise-
natide led to significantly greater LS mean reductions in maximum PPG excursion than sitaglip-
tin (-122.4 vs -46.6 mg/dL [-6.8 vs -2.6 h-mmol/L]; P <.0001). Change-from-baseline
reductions in exposure to C-peptide, fasting glycoalbumin levels, and the gastric emptying rate
were greater in the lixisenatide than in the sitagliptin group. The incidence of treatment-
emergent adverse events was higher with lixisenatide (60.9%) than with sitagliptin (16.4%),
with no serious events or severe hypoglycaemia reported.

Conclusion: Lixisenatide reduced PPG significantly more than sitagliptin, when these agents
were added to basal insulin glargine U100, and was well tolerated.
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outcomes in patients with type 2 diabetes (T2D).! Loss of postprandial
glycaemic control occurs early in patients with T2D subsequent to
sequential loss of glycaemic control during the nocturnal fasting period.?
The absolute contribution that PPG makes to hyperglycaemia in T2D is
generally constant at different HbA1c levels, but becomes proportionately
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greater than the contribution of FPG as HbAlc decreases.? Hence, tar-
geting PPG control rather than relying on managing FPG alone may
increase the opportunity for patients to meet their recommended HbA1c
targets.1*"> Because targeting PPG control may mitigate the risk of
diabetes-related complications,1 the American Association of Clinical
Endocrinologists/American College of Endocrinology and the International
Diabetes Federation recommend a target level for 2-hour PPG of <140
mg/dL (7.8 mmol/L),* and the American Diabetes Association recom-
mend a higher target level for 2-hour PPG of <180 mg/dL
(210.0 mmol/L).”

The introduction of insulin glargine represented an advance in basal
insulin therapy, because its slow release after administration from sub-
cutaneous tissue to blood results in a relatively constant 24-hour
concentration-time profile, with no pronounced peak.? This protracted
time-action profile of insulin glargine not only allows once-daily dosing,8
but also confers similar glycaemic control to that of NPH insulin and a
lower incidence of hypoglycaemia’% however, therapy with insulin
glargine alone does not improve PPG excursions to the same extent as it
improves FPG levels.” More stringent control of PPG is also required to
maintain good glycaemic control and delay complications.

Adjunctive incretin-related therapy with either a glucagon-like
peptide-1 (GLP-1) receptor agonist or a dipeptidyl peptidase-4 (DPP-4)
inhibitor is a pharmacologically rational approach to take for patients with
T2D with suboptimum glycaemic control, despite basal insulin therapy.
Endogenous incretin  hormones mediate food-stimulated, glucose-
dependent insulin secretion that accounts for up to 60% of the insulin
secretory response after ingestion of increasing oral glucose loads.** GLP-
1 receptor agonists and DPP-4 inhibitors are, therefore, attractive candi-
dates for improving PPG control as they supplement the attenuated incre-
tin effect often observed in patients with T2D, without significantly
increasing the risk of hypoglycaemia.**~1* Conversely, in vitro data suggest
that basal insulin therapy supplementing diurnal endogenous insulin pro-
duction will allow greater p-cell recovery time to optimize the postprandial
incretin-induced endogenous insulin response.'®>~” Results of a proof-of-
concept study showed that further improvement in PPG control is possi-
ble when the GLP-1 receptor agonist exenatide or DPP-4 inhibitor sita-
gliptin was added to combination therapy with insulin glargine and
metformin.

Whereas mimetics or analogues of GLP-1 with resistance to
DPP-4 (the GLP-1 receptor agonists) provide supraphysiological stim-
ulation of the GLP-1 receptor, DPP-4 inhibitors prolong the activity
of endogenous GLP-1 (and glucose-dependent insulinotropic poly-
peptide).?? This difference in mode of action may underpin the better
glycaemic effects of GLP-1 receptor agonists compared with DPP-4

inhibitors,?%-2

as well as rationalize the beneficial non-glycaemic
effects of GLP-1 receptor agonists, including suppressed gastric emp-
tying rate, suppressed appetite, and weight loss, which are not seen
routinely with DPP-4 inhibitor treatments.2223

Lixisenatide is a short-acting GLP-1 receptor agonist confirmed to
improve glycaemic control when taken once daily in patients with T2D as
monotherapy?* and in those insufficiently controlled on a range of anti-
diabetic background therapies, including metformin, a sulphonylurea,
and/or insulin glargine, in combination with diet and exercise.2>~%° Lixise-
natide was associated with a pronounced improvement in postprandial

25-27.29 ;

hyperglycaemia compared with placebo in these studies, including

studies in Asian patients exclusively.?83° Further, lixisenatide had a
greater postprandial effect on blood glucose levels than the longer-acting
GLP-1 receptor agonist liraglutide in patients with T2D insufficiently con-
trolled on metformin, with or without insulin glargine.3232

Currently, there are no direct comparisons between the suppres-
sive effects on PPG of short-acting GLP-1 receptor agonists and DPP-4
inhibitors, in combination with basal insulin. In the present study we
compared the PPG reduction and blood glucose profile of Japanese
patients with T2D who received either lixisenatide or the DPP-4 inhibi-

tor sitagliptin adjunctive to background insulin glargine U100 (Gla-100).

2 | MATERIALS AND METHODS

2.1 | Study design

This multicentre, randomized, open-label, parallel-group, phase IV
study was conducted in 15 medical facilities across Japan between
August 2014 and November 2015. The study comprised a 2-week
screening period, a 4-week treatment period and a 3-day follow-up
period. The study was approved by the institutional review board at
each participating site, and was conducted according to the provisions
of the Declaration of Helsinki and the Good Clinical Practice Guide-
lines of the International Conference on Harmonization. All patients
provided written informed consent before participation. The NEX-
TAGE Study was registered with ClinicalTrials.gov (NCT02200991).

2.2 | Study population

Adults aged between 20 and 75 years with T2D for at least 5 years,
an HbAl1c of 7.0% to 10.0%, and a fasting blood glucose level <180
mg/dL (<10 mmol/L) at screening were included. Before screening, all
patients had been treated with a stable dose of Gla-100 for at least
3 months with or without a stable dose of a sulphonylurea.

Key exclusion criteria were: use of any antidiabetic agents (includ-
ing lixisenatide) other than Gla-100 or a sulphonylurea within 6 weeks
before the screening visit; active liver disease (alanine aminotransfer-
ase >3 times the upper limit of the normal laboratory range); positive
test for hepatitis B virus antigen and/or hepatitis C virus antibody;
clinically relevant history of gastrointestinal disease associated with
persistent nausea and vomiting, including gastroparesis, unstable and
uncontrolled gastroesophageal reflux disease within 6 months before
the screening visit; known history of drug or alcohol abuse within
6 months before the screening visit; initiation of anti-obesity agents
within 3 months before the screening visit; use of systemic glucocorti-
coids (excluding topical application or inhaled forms) for a total dura-
tion of at least 1 week within 3 months before the screening visit; and
moderate or severe renal impairment as defined by an estimated glo-
merular filtration rate of <50 mL/min/1.73 m? and/or patients on dial-
ysis. Pregnant or lactating women, and women unable to practise an

effective contraceptive method, were also excluded.

2.3 | Interventions

Patients with T2D were randomized in a 1:1 ratio to receive either

lixisenatide or sitagliptin adjunctive to Gla-100 using an interactive
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web response system and according to a predefined randomization
list. Randomization was stratified by sulphonylurea use at screening.
Similar to other studies of lixisenatide in Asian patients,?®° lixisena-
tide was titrated in a stepwise manner to 20 pg once daily. Patients
initially received a once-daily subcutaneous injection of 10 pg, which
increased weekly by 5 up to 20 pg once daily. If nausea or vomiting
was observed, the lixisenatide dose was maintained without any
increase. Sitagliptin was administered once daily as a 50-mg oral tab-
let. Both agents were administered daily for 28 days, half an hour
before breakfast.

Both groups continued with their established dosage regimen of
Gla-100, which was administered subcutaneously once daily before
breakfast or at bedtime. If the HbA1lc level at screening was <7.5%,
the Gla-100 dose was reduced by 20% at randomization; however, if
the FPG level was not controlled after reducing the Gla-100 dose, it
was increased to the level used at screening. The same dose and tim-
ing of administration of Gla-100 was maintained throughout the
study period; however, the dose could be adjusted depending on
occurrence or increased risk of hypoglycaemia. The dose of concomi-
tant sulphonylurea therapy was reduced by 225% (or discontinued
when the minimum dose was used) if HbAlc was <8% at randomiza-
tion, providing that adequate control of FPG was achieved.

The content and frequency of diet and exercise remained
unchanged from the time of provision of consent to the end of study
drug administration. At baseline (day 1) and visit 5 (day 29), all partici-
pants received a standardized breakfast (68.6 g carbohydrates, 17.6 g
protein, 17.6 g fat, 500 kcal in total, consumed within 10 minutes),
30 minutes after study drug administration.

2.4 | Endpoints and assessments

The primary objective of the present study was to compare the PPG
reduction and blood glucose profile in patients with T2D who received
either lixisenatide or sitagliptin in combination with Gla-100. The pri-
mary endpoint was the change in PPG exposure after a standardized
breakfast from baseline to day 29, where PPG exposure was defined
as the 4-hour period after the start of the standardized breakfast test
meal area under the plasma glucose concentration-time curve (PPG
AUCo.00-4:00n)- PPG AUCo.00-4.00n Was calculated, using the linear trap-
ezoidal rule and corrected by the pre-meal glucose concentration.

The secondary endpoints were changes from baseline to day
29 in maximum PPG excursion, plasma exposure to C-peptide
(AUCo.00-4:00n) and glucagon (AUCq.00-4.00n), fasting plasma levels of
1.5-anhydro-D-glucitol (1.5-AG) and glycoalbumin, and gastric empty-
ing rate. On days 1 and 29 (after the last dose of study medication),
blood sampling for measurement of pharmacodynamic variables was
performed immediately before the standardized breakfast and at
0.25, 0.5, 1, 1.5, 2, 3, 4 hours after eating. The gastric emptying rate
was calculated using the *3C acetic acid breath gas tests at specific
study sites on these same study days. Breath gas in a standardized
tolerance test was collected just before the standardized breakfast as
well as at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, 3.25,
3.5, 3.75, and 4 hours after eating. Outputs from the test data were
the time to reach peak excretion rate of *CO; (tma,) and half of total

cumulative excretion of *3CO, (ta/2p)-

Safety was evaluated via physical examination, ECGs, vital signs,
clinical laboratory tests, and adverse event (AE) reporting conducted
at screening, throughout the treatment period, and at the conclusion
of the study. Treatment-emergent adverse events (TEAEs) were
defined as AEs that developed or worsened or became serious during
the period from the first administration of study drug up to 3 days
after the last administration of study drug. All AEs were coded using
the Medical Dictionary for Regulatory Activities (MedDRA, Version
18.0) terms at the time of database lock. Specific safety information
on hypoglycaemia was recorded, including severe hypoglycaemia
(defined as an event during which someone else's help was required
to administer glucose or glucagon or perform other emergency medi-
cal treatments), and documented symptomatic hypoglycaemia
(defined as an event associated with typical hypoglycaemic symptoms
with an accompanying plasma glucose 70 mg/dL [<3.9 mmol/L]).

2.5 | Analysis populations

Safety analyses were performed on the intention-to-treat (ITT) popu-
lation, defined as all randomized patients who received 21 dose of
study drug. Efficacy analyses were performed on the modified ITT
(mITT) population, defined as the subset of patients of the ITT popu-
lation who had both a baseline measurement and 21 post-baseline
measurement of any efficacy variables.

A pharmacodynamic population was also assessed (defined as all
patients who signed the informed consent for the gastric emptying
rate test, who were randomized and exposed to 21 dose of study
drug, and who performed the gastric emptying rate test on both days
1 and 29); however, those patients whose gastric emptying measure-
ments (tmax and ty,2,) on days 1 or 29 could not be estimated by the
appropriate statistical model because of non-convergence were
excluded from the analysis of these variables.

2.6 | Statistical analysis

The primary endpoint was change in PPG AUCq.00-4.00n after a stan-
dardized breakfast from baseline to day 29. A target sample size of
148 patients (74 patients per group) was set to ensure statistical
power of 95%, assuming that the between-group difference of the
change in PPG AUC.00.4.00n in the standardized meal tolerance test
from baseline to day 29 was 150 h-mg/dL (8.3 h-mmol/L), the com-
mon standard deviation was 250 h-mg/dL (13.9 h-mmol/L) and the 2-
sided significance level was 5%.

All efficacy variables were analysed using an analysis of covari-
ance (ANCOVA) model with treatment groups and randomization
strata of screening sulphonylurea use as fixed effects, and the base-
line value of the corresponding variable as a covariate. The least
squares (LS) mean changes in each variable from baseline to day
29 for each treatment group were provided in the framework of this
model, as well as the difference between treatment groups and the
95% confidence interval (Cl) for the LS mean. The statistical test for
the primary efficacy variable was set at a (2-sided) 5% significance
level. Summaries of safety data (descriptive statistics and frequency

tables) were presented by treatment group.
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The 2 gastric emptying rate variables (t,.x and ty/o,) were ana-
lysed using a rank ANCOVA model with treatment groups and ran-
domization strata of screening sulphonylurea use as fixed effects, and
the ranked baseline value as a covariate. These variables, estimated
by the appropriate statistical model, were used in this analysis. A
sample size of 26 patients (13 patients per group) ensured 90%
power to detect a 40-minute difference in the absolute change in t;,»
of *3C-acetic acid concentration in breath gas during the gastric emp-
tying rate test from baseline to day 29 between lixisenatide and sita-
gliptin groups. This power analysis assumed a common standard
deviation of 30 minutes at a 2-sided significance level of 5%. Assum-
ing the negative impact of dropouts, a target sample size for the gas-
tric emptying rate test was determined to be 20 patients per group.

All efficacy, pharmacodynamic and safety data analyses were
performed using descriptive statistics compiled using SAS version 9.2
or higher (SAS Institute Inc., Cary, North Carolina).

3 | RESULTS

3.1 | Patient disposition, demographics and clinical
characteristics

All 136 patients randomized to the lixisenatide (n = 69) and sitagliptin
(n = 67) groups received treatment, and were included in the ITT
population (Figure 1). All but 1 patient had baseline and 21 post-
baseline efficacy measurements; hence, the mITT comprised
135 patients (lixisenatide, n = 69; sitagliptin, n = 66). Most patients in
both the lixisenatide (67 of 69 patients) and sitagliptin (66 of
67 patients) groups completed the 28-day treatment period. Two
patients from the lixisenatide group withdrew because of AEs, while
1 patient from the sitagliptin group discontinued on the patient’s

request (inability to complete study visits).

Baseline patient characteristics were similar for both treatment
groups in the ITT population with respect to gender, age, body mass
index and key blood glucose metrics (Table 1). Patients in the lixise-
natide group had slightly longer duration of diabetes (11.39 vs
9.82 years), and longer duration of treatment with Gla-100 (0.85 vs
0.44 years) and sulphonylurea (6.48 vs 4.71 years).

3.2 | Efficacy

Treatment with lixisenatide resulted in a statistically significant decrease
in PPG exposure from baseline to day 29 relative to treatment with sita-
gliptin (Table 2). The LS mean change from baseline in PPG AUCo.00-4.00n
was -347.3 h-mg/dL (-19.3 h-mmol/L) in the lixisenatide group and
-113.3 h-mg/dL (-6.3 h-mmol/L) in the sitagliptin group, yielding an LS
mean difference between the treatment groups of -234.0 h-mg/dL with
a 95% confidence interval (Cl) -285.02 to -183.00 h-mg/dL (-13.0
h-mmol/L [95% CI -15.8 to ~10.2 h-mmol/L]; P < .0001).

Lixisenatide also led to significantly greater LS mean reductions
in maximum PPG excursion than sitagliptin (-122.4 vs -46.6 mg/dL
[-6.8 vs -2.6 h-mmol/L], respectively; P < .0001). Indeed, the post-
meal glycaemic excursion that was evident in the sitagliptin group
was not observed in the lixisenatide group (Figure 2).

Treatment with lixisenatide was also associated with a reduction
in C-peptide exposure and fasting glycoalbumin levels relative to
treatment with sitagliptin, but no such statistically significant differ-
ences were detected between the 2 groups regarding changes in
plasma levels of glucagon and fasting 1.5-AG (Table 2). In the phar-
macodynamic population, gastric emptying was statistically signifi-
cantly slower in the lixisenatide group than the sitagliptin group, as
evidenced by baseline to day 29 mean changes in the gastric empty-
ing rate t,.x (baseline: 1.283 vs 1.290 hours; day 29: 3.937 vs
1.292 hours; change-from-baseline mean: 2.654 vs 0.002 hours, for

lixisenatide and sitagliptin, respectively; P = .0003) and t4,,}, (baseline:

Patients screened for eligibility
N =184

Reason for screen failure

+ Did not meet inclusion criteria: 48

N =

Patients randomized

Allocated to lixisenatide: N = 69 I

Discontinued lixisenatide: N = 2
* Adverse event: N =2

Safety (ITT): N =69
Efficacy (mITT): N =69
Pharmacodynamics: N = 20

FIGURE 1

[ Allocated to sitagiiptin: N = 67

Discontinued sitagliptin: N = 1
« Withdrawal by patients (patients
could not visit): N = 1

Safety (ITT): N =67
Efficacy (mITT): N = 66
Pharmacodynamics: N = 23

Patient disposition. AE, adverse event; ITT, intent to treat; mITT, modified ITT



TABLE1 Demographics and baseline characteristics (ITT population)
Variable Lixisenatide Sitagliptin
(N = 69) (N = 67)
Male, n (%) 41 (59.4) 44 (65.7)
Mean =+ s.d. age, years 58.5 + 10.1 58.3 £ 9.6

Median (range) duration of diabetes
mellitus, years

Mean =+ s.d. body weight, kg
Mean + s.d. BMI, kg/m?
Mean =+ s.d. HbAlc, %

Median (range) duration of treatment with
insulin glargine, years

Mean =+ s.d. daily insulin glargine dose at
screening, U

SU use at screening, n (%)

Median (range) duration of treatment with
SU, years

Mean =+ s.d. FPG, mg/dL
Mean + s.d. 2-h PPG, mg/dL
Mean =+ s.d. C-peptide, ng/mL

11.39 (5.6, 35.2)

9.82(5.2,41.1)

65.15 + 13.64 70.48 + 16.38
24.99 + 4.08 26.08 £+ 5.10
8.27 £ 0.75 8.32 + 0.80
0.85(0.3, 13.1) 0.44 (0.3, 9.8)
143 + 84 17.0 + 10.7
33 (47.8) 32 (47.8)

6.48 (0.3, 22.1)

4.71 (0.3, 27.4)

148.1 + 31.8 151.7 £ 353
308.2 + 63.4 299.1 + 58.5
1.18 (0.74) 1.12 (0.62)

Abbreviation: 2-h PPG, 2-hour postprandial glucose; BMI, body mass index; FPG, fasting plasma glucose; HbA1lc, glycated haemoglobin; s.d., standard

deviation; SU, sulphonylurea.
To convert C-peptide ng/mL to nmol/L, multiply by 0.331.
N = 66.

2.101 vs 2.161 hours; day 29: 10.247 vs 2.332 hours; change-from-
baseline mean: 8.146 vs 0.171 hours, for lixisenatide and sitagliptin,
respectively; P = .0032).

In the ITT population, there was little change in mean body
weight from baseline in the lixisenatide and sitagliptin groups (base-
line: 65.15 vs 70.48 kg; day 29: 65.11 vs 70.93 kg; mean change-
from-baseline mean: -0.41 vs +0.39 kg, for lixisenatide and sitaglip-
tin, respectively).

3.3 | Safety and tolerability

In the lixisenatide group TEAEs were reported more frequently (42 of
69 patients, 60.9%) than in the sitagliptin group (11 of 67 patients,
16.4%; Table 3), although all TEAEs were mild or moderate in severity.
Gastrointestinal disorders (particularly nausea) and hypoglycaemia
occurred more often in the lixisenatide group than in the sitagliptin group
(Table 3). TEAEs leading to permanent treatment discontinuation were
reported in 2 patients (2.9%) in the lixisenatide group and none in the
sitagliptin group. One patient in the lixisenatide group discontinued
because of dysgeusia, nausea and oral hypoaesthesia, and the other dis-
continued because of vomiting. In addition, 1 patient (1.4%) from the lixi-
senatide group had mild ECG QT prolongation. No patients experienced
severe hypoglycaemia, and the hypoglycaemic episodes that occurred in

the lixisenatide group occurred during the daytime (Table 3).

4 | DISCUSSION

In the present study involving Japanese patients with T2D treated with
stable doses of Gla-100, with or without a sulphonylurea, 28 days of
treatment with lixisenatide reduced PPG and maximal PPG excursion rela-

tive to sitagliptin. Consequently, a post-meal glycaemic excursion was

avoided in the lixisenatide group, which was not the case in the sitagliptin
group. This pronounced lowering effect of lixisenatide on PPG is consist-
ent with observations from previous studies in Asian and white
patients. 243932 Further, the PPG-lowering effect produced by lixisenatide
coincided with change-from-baseline reductions in exposure to C-peptide,
fasting glycoalbumin levels, and the gastric emptying rate, all of which
were statistically significantly greater than that observed for sitagliptin.
The principal effects of GLP-1 receptor agonists are to induce
pancreatic insulin secretion, slow gastric emptying, and suppress
postprandial glucagon secretion.2>34737 Since increases in tmax and
t1/0p Of the gastric emptying rate were observed in the lixisenatide
group vs the sitagliptin group, it is likely that slowing of gastric emp-
tying was the driver for PPG reduction in this study, rather than insu-
linotropic effects. Indeed, greater exposure to postprandial C-peptide
(and hence insulin) was observed in the sitagliptin group than in the
lixisenatide group, which is consistent with the inverse association of
C-peptide levels with glycaemic variability and with post-meal glu-
cose rise in T2D (both of which were higher in the sitagliptin
group).® In previous studies, there was a direct relationship between
PPG AUC after breakfast and gastric emptying with lixisenatide

3239 which was not observed with placebo.®”

20 pg once daily,

Similar marked improvements in postprandial glycaemic control
were observed with 24 weeks of lixisenatide in 2 randomized, placebo-
controlled studies of Asian patients with T2D inadequately controlled
on metformin or basal insulin, with or without a sulphonylurea.?%3° Our
data thus lend support to the theory that incretin-based therapies (and
GLP-1 receptor agonists in particular) appear well-suited for use in

D,28%0 as these populations are

Asian and Japanese patients with T2
predisposed to insulin deficiency rather than insulin resistance, which
may manifest via a profound underlying GLP-1 insufficiency.*® The find-

ings of the present study are also consistent with studies in Western
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TABLE2 Changes in pharmacodynamic characteristics from baseline to day 29 (mITT population)

LS mean treatment difference (95% Cl);

Variable Measurement Lixisenatide Sitagliptin P value
(N = 69) (N = 66)
Primary endpoint
PPG AUCO:00_4:00h (hmg/dL) Baseline 423.0 + 179.3 398.5 &+ 144.5 -
Day 29 (visit 5) 69.6 + 186.1 2915 + 1472 -
LS mean change from -347.3 +£ 18.14 -113.3 4+ 18.28 -234.0 (-285.02, -183.00); P < .0001
baseline
Secondary endpoints
Maximum PPG excursion, Baseline 325.9 £+ 56.2 316.8 £+ 54.5 -
mg/dL
Day 29 (visit 5) 200.7 + 60.0 272.8 + 53.7 -
LS mean change from -122.4 + 6.40 -46.6 + 6.45 -75.8 (-93.80, -57.81); P < .0001
baseline
C-peptide AUCq.00-4:00n, h Ng/ Baseline 7.9 £33 8.5+ 3.6 -
mL
Day 29 (visit 5) 3.2+ 45 93 +42 -
LS mean change from -4.8 + 047 0.9 + 0.48 -5.8 (-7.10, -4.44); P < .0001
baseline
Glucagon AUCo.00-4:00n, h pg/ Baseline 58.8 + 62.8 554 + 55.7 =
mL
Day 29 (visit 5) 17.6 + 54.2 29.8 + 58.2 -
LS mean change from -40.0 £+ 6.60 -26.8 + 6.64 -13.2 (-31.69, 5.35); P = .1620
baseline
Fasting 1.5-AG, pg/mL Baseline 405 + 3.76 4.08 + 349 -
Day 29 (visit 5) 521 + 445 576 + 4.80 -
LS mean change from 1.16 +£ 0.194 1.68 £ 0.196 -0.52 (-1.067, 0.025); P = .0612
baseline
Fasting glycoalbumin, % Baseline 22.54 + 3.61 22.13 + 347 -
Day 29 (visit 5) 20.46 + 3.28 20.87 + 3.19 -
LS mean change from -2.03 £ 0.210 -1.31 £ 0.211 -0.73(-1.318, -0.139); P = .0158

baseline

Abbreviations: 1.5-AG, 1.5-anhydro-D-glucitol; AUC, area under the curve; Cl, confidence interval; LS, least squares; PPG, postprandial glucose. Errors are
standard deviation for values at baseline and day 29, and standard error for LS mean change from baseline values. To convert glucose mg/dL to mmol/L,
multiply by 0.0555; to convert C-peptide ng/mL to nmol/L, multiply by 0.331; glucagon pg/mL is equivalent to ng/L. ANCOVA model with treatment
group (lixisenatide, sitagliptin) and randomization strata of screening sulphonylurea use (yes, no) as fixed effects and the baseline value of the correspond-
ing variable as a covariate. The comparison between groups was achieved through appropriate contrast. If values at more than or equal to 2 time points
of 1, 1.5 and 2 hours after the start of standardized breakfast were missing, AUCo.00-4.00n Was set as missing.

patients with T2D inadequately controlled on metformin or on opti-
mized Gla-100, as once-daily pre-breakfast lixisenatide was associated
with significantly greater reductions in PPG, postprandial C-peptide,
and postprandial glucagon relative to pre-breakfast liraglutide.®*%? Gas-
tric emptying was also substantially slower in the lixisenatide than the

liraglutide study group.3132

380 1 —e— Lixisenatide (Day 1) —=— Sitagliptin (Day 1)
----®---- Lixisenatide (Day 29) ----m---- Sitagliptin (Day 29)

340 1
300 +
260
220 1
180

140 4

100

Mean plasma glucose level (mg/dL)

60

Time (hours)

FIGURE 2 Mean =+ standard error PPG change from pre-meal values
at baseline and day 29. PPG, postprandial plasma glucose

Statistically significant change-from-baseline reductions in exposure
to fasting glycoalbumin levels with lixisenatide vs sitagliptin were not
accompanied by similar changes in 1.5-AG. Glycoalbumin reflects the
proportion of glycated albumin to total serum albumin and is informative
of blood glucose control over the preceding 3 weeks, whereas 1.5-AG is
a marker of glycaemia-induced glycosuria, and thus is informative of high
glycaemic variability over the hour-to-day time frame. It is possible that
the duration of action of lixisenatide administered before breakfast was
not long enough to address PPG rise after lunch and dinner, and this phe-
nomenon was captured by analysis of 1.5-AG levels only.

Both lixisenatide and sitagliptin were well tolerated in the pres-
ent study. Gastrointestinal disorders and hypoglycaemia occurred
with greater frequency in the lixisenatide than the sitagliptin group.
No new lixisenatide safety signals were identified.

The main limitations of the present study were the relatively
small sample size, lack of double blinding associated with the open-
label design, and brevity. While sitagliptin 50 mg/d is the standard
initial dosage in Japan, which is increased to 100 mg/d in patients
poorly controlled on the lower dosage, the present study was not

conducted over a sufficiently long time frame to make this decision.
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TABLE 3 Safety and tolerability (ITT population)

TEAE, n (%) Lixisenatide  Sitagliptin
(N = 69) (N = 67)
Any TEAE 42 (60.9) 11 (16.4)
Any TEAE possibly related to IMP 41 (59.4) 3(4.5)
Any TEAE possibly related to NIMP 11 (15.9) 2 (3.0
Any TEAE leading to death 0 0
Any serious TEAE 0 0
Any AE of special interest® 1(1.4) 0
TEAE leading to permanent treatment 2(2.9) 0
discontinuation
Types of TEAEs (MedDRA preferred term)®
Nausea 22 (31.9) 0
Hypoglycaemia 11 (15.9) 1(1.5)
Severe hypoglycaemia® 0 0
Symptomatic hypoglycaemia® 7 (10.1) 1(1.5)
Asymptomatic hypoglycaemia® 4 (5.8) 0
Nocturnal hypoglycaemiaf 0 0
Daytime hypoglycaemia® 11 (15.9) 1(1.5)
Vomiting 4 (5.8) 0
Abdominal discomfort 3 (4.3) 0
Constipation 3 (4.3) 0
Diarrhoea 3 (4.3) 0
Decreased appetite 3(4.3) 0
Eructation 2(2.9) 0
Pruritus 2(2.9) 0
Nasopharyngitis 2(2.9) 3 (4.5)
Dizziness 2(2.9) 0

Abbreviations: AE, adverse event; IMP, investigational medicinal product;
MedDRA, Medical Dictionary for Regulatory Activities; NIMP, non-
investigational medicinal product; TEAE, treatment-emergent adverse
event.

2Mild electrocardiogram QT prolongation.
PWith an incidence 22% in the lixisenatide group or the sitagliptin group.

“An event during which someone else’s help was required to administer
glucose or glucagon or perform other emergency medical treatments.
Severe hypoglycaemia presents with acute neurological impairment
resulting in seizure, unconsciousness or coma directly resulting from the
hypoglycaemic event.

4An event which was associated with typical hypoglycaemic symptoms
with an accompanying plasma glucose 70 mg/dL (<3.9 mmol/L).

®An event which was not associated with typical hypoglycaemic symp-
toms with an accompanying plasma glucose 70 mg/dL (<3.9 mmol/L).

fTwo definitions were used to determine the incidence of nocturnal hypo-
glycaemia based on time of day and sleep status. Nocturnal hypoglycae-
mia was defined as an event that: (1) occurred from 12:00 am until
5:59 am (whether the event occurred when the subject was awake, or if
the event woke the subject, did not need to be taken into account); and
(2) woke patients spanning from the time of sleep in the night until the
time of wake-up in the morning (before administering insulin).

€A hypoglycaemic event which occurred from 6:00 am until 23:59 pm.

It is likely that the PPG outcome data in the sitagliptin arm would
have improved had the 100 mg/d dose level been used, because sita-
gliptin over the dose range of 25 to 100 mg/d is known to reduce 2-
hour PPG in a dose-dependent manner relative to placebo.** A future
study with a larger scale and longer treatment period is required to
determine how freedom from postprandial hyperglycaemia associated

with lixisenatide affects HbA1c concentration.

In conclusion, at the doses tested, combined therapy of lixisena-
tide with Gla-100 showed greater efficacy, as indicated by a signifi-
cant reduction in PPG rise, than combined therapy of sitagliptin with
Gla-100. These data support the use of lixisenatide to address PPG
excursions when correction of PPG is insufficient with long-acting

insulin.
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