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I appreciate the interest shown in our
recent publication and thank you for
providing me with the opportunity to
address the issues raised [1].

In response to the concern that the
once-daily prandial glucagon-like peptide-
1 receptor agonist (GLP-1 RA) lixisenatide
may not provide a sufficient therapeutic
effect for a full 24 h, Ratner and colleagues
have demonstrated that lixisenatide treat-
ment significantly improves glycemic con-
trol, with comparable efficacy levels to
those observed with once- and twice-daily
treatment regimens (20 and 10 mg, respec-
tively) [2], highlighting that once-daily dos-
ing with lixisenatide is sufficient to
improve long-term glycemic control.

The assumption made in the query is
that less than 2% of the administered dose
of lixisenatide is present at the end of the
dosing period. This does not take into con-
sideration the time taken to reach the max-
imum plasma concentration, which, in the
case of lixisenatide, is approximately 2 h in
humans. Consequently, the pharmacody-
namic effect of lixisenatide is present for
significantly longer than that proposed in
Lixisenatide in treatment of Type 2 diabetes.
Furthermore, this assumption is based on
the requirement that the maximum plasma
concentration in the central compartment
represents the maximum pharmacody-
namic effect. This does not hold true for
GLP-1 RAs as they induce their effect
through a number of different target tis-
sues, for example, increasing insulin secre-
tion, suppressing glucagon activity and

slowing gastric emptying, as well as having
central and possibly peripheral effects in
the regulation of the feeling of satiety. Lixi-
senatide is a very potent and selective
GLP-1 RA with four times greater binding
affinity than that of human GLP-1 [3,4].
Exendin-4 has been shown to have a bind-
ing affinity similar to that of human
GLP-1 [5]. While no head-to-head compar-
ison of the binding affinities of GLP-1, lix-
isenatide, exenatide and liraglutide have yet
been published, data on functional activity
of these compounds on the GLP-1 recep-
tor have been presented at 73rd Scientific
Sessions of the American Diabetes Associa-
tion (ADA), 2013. In this study, lixisena-
tide, exenatide and native GLP-1 activated
the GLP-1 receptor in the RTC 6–23 cell
line with similar potency (EC50 = 4.5–8
pmol/l), while liraglutide was 100 times
less potent (EC50 = 715 pmol/l) [6].

Notably, data on the blood glucose-
lowering activity of lixisenatide 20 mg
once-daily reported by Lorenz and
colleagues demonstrated that postpran-
dial plasma glucose (PPG) was signifi-
cantly reduced from baseline to Day
28 during all meals of the day: breakfast
(p < 0.0001), lunch (p < 0.0001) and
dinner (p < 0.05) [7], showing that lixise-
natide treatment reduces PPG through-
out the day. Moreover, at the 2013
International Diabetes Federation Con-
gress, Kapitza and colleagues presented
data demonstrating that lixisenatide
plus metformin provide a greater reduc-
tion in PPG after breakfast compared
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with liraglutide plus metformin, while PPG results were com-
parable with those of liraglutide plus metformin at lunch and
dinner [8]. The same study showed that the cumulative reduc-
tion in premeal adjusted area under the curve PPG over 24 h
was significantly greater with lixisenatide plus metformin
compared with liraglutide plus metformin [8].

These data support the opinion stated in my recently pub-
lished review that lixisenatide has a long-lasting effect compared
with the sole terminal half-life in the central compartment due
to its high affinity for the GLP-1 receptor.

As demonstrated by Kapitza and colleagues, mean supine heart
rate measured 24 h after dosing decreased with lixisenatide treat-
ment and increased with liraglutide treatment [9], with no differ-
ence observed for systolic and diastolic blood pressure between
the two drugs, making it unlikely that the increase in heart rate
seen with liraglutide is a compensatory one. Furthermore, there
is insufficient evidence to conclude that lixisenatide no longer has
an effect on 24 h postadministration simply because an increase
in heart rate is no longer observed, although I do support the
conclusion that these data may warrant further investigation. The
mechanism behind the change in heart rate following administra-
tion of incretin-based treatment is currently unknown, although
increased resting heart rate has been associated with an increased
risk of death, and cardiovascular complications as an independent
risk factor in a large study of patients with Type 2 diabetes melli-
tus (T2DM) [10].

In the QT/QTc study, performed in healthy volunteers, an
increase in heart rate was observed with lixisenatide 20 mg
once-daily dosing after 2 h and up to approximately 10 h fol-
lowing lixisenatide administration. This increase ranged from
2 to 7.3 b.p.m., with the peak of 7.3 b.p.m. observed 4 h after
lixisenatide administration [11]. These effects are indeed differ-
ent from those observed in a similar study with liraglutide,
where the increase in heart rate was observed at all time points
throughout the 24-h period [12]. However, as mentioned before,
the mechanism of the effect of GLP-1 RAs on heart rate is cur-
rently unknown and certainly cannot be used as a surrogate of

their effect of glycemic control in patients with T2DM. Rather,
it could be used as an additional measure to assess the risk–
benefit ratio of potential therapeutic options for patients in
need of treatment intensification.

Finally, when considering whether a GLP-1 RA can be con-
sidered ‘prandial’ or not, the classification of a treatment as
prandial is not due to its ability to reduce the absolute value of
PPG, but the glycemic delta, that is, the difference between
postprandial and preprandial glucose, or the area under the
curve of glycemia after the meal. The long-acting GLP-1 RAs,
such as liraglutide, have only a modest impact on the glycemic
delta, whereas the short-acting GLP-1 RAs have a strong effect,
mainly due to the delay in gastric emptying they induce.
Reduction in the absolute PPG by the long-acting GLP-1 RAs
is largely via the reduction of the fasting and preprandial glu-
cose, with only a modest prandial treatment effect compared
with the short-acting GLP-1 RAs. Bearing in mind these mech-
anistic differences, the choice between the different GLP-1 RAs
should be made according to the glycemic profile of the indi-
vidual patient.

In summary, Phase III clinical trials demonstrated that lixise-
natide is an effective treatment option for patients with T2DM,
improving glycemic control, including significant reductions in
PPG excursions, especially in those not currently achieving
HbA1c targets despite ongoing therapy.
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