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Aims: To evaluate the efficacy and safety of evogliptin, a newly developed dipeptidyl
peptidase-4 inhibitor, in patients with type 2 diabetes (T2D) inadequately controlled by diet
and exercise.

Materials and Methods: In this randomized, double-blind, placebo-controlled, parallel-group,
multicentre, phase Il study, 160 patients with T2D were assigned to either evogliptin 5 mg or
placebo for 24 weeks. The primary endpoint was the mean change in glycated haemoglobin
(HbA1c) from baseline to week 24.

Results: The mean baseline HbA1c levels were similar in the evogliptin and the placebo groups
(7.20% 4+ 0.56% vs 7.20% + 0.63%, respectively). At week 24, evogliptin significantly reduced
HbA1c levels from baseline compared with placebo (-0.23% vs 0.05%, respectively, P < .0001).
Additionally, the proportion of patients achieving HbAlc <6.5% was significantly higher in the
evogliptin group than in the placebo group (33.3% vs 15.2%; P = .008). The overall incidence of

adverse events, including hypoglycaemia, was similar in the 2 groups.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original
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1 | INTRODUCTION

Treatment strategies for the management of type 2 diabetes (T2D)
have been diversified since the late 2000s, and incretin-based ther-
apy is a representative example of these changes. Glucagon-like
peptide-1 (GLP-1), one of main incretin hormones, which stimulates
insulin secretion and inhibits glucagon secretion from pancreas § cells,
plays an important role in glucose homeostasis. Unfortunately, GLP-1
has a very short physiological half-life because it is rapidly degraded
by dipeptidyl peptidase-4 (DPP-4). DPP-4 inhibitors have therefore
been developed to enhance insulin secretion by preventing GLP-1
degradation.1 In real-world clinical practice, DPP-4 inhibitors have
been reported to result in a significant and clinically meaningful
reduction in glycated haemoglobin (HbA1c) with no augmentation of
weight and a low incidence of hypoglycaemia in patients with T2D.
These factors may explain the significant increase in prescriptions for
DPP-4 inhibitors.2™

Evogliptin is a novel, oral, once-daily, selective DPP-4 inhibitor
with a low potential for interaction with other simultaneously admi-
nistered drugs.® In a phase | clinical trial, plasma DPP-4 activity was
inhibited by >80% within 0.5 to 1.0 hours with each single dose of
evogliptin 5, 10 or 20 mg. The 80% inhibition of plasma DPP-4 activ-
ity was maintained over 24 hours after 10 days of evogliptin adminis-
tration at these doses.® Evogliptin does not interact with cytochrome
P450 3A4 (CYP3A4) and <35% of evogliptin is excreted in the urine.”
Analysis of the pharmacokinetics and tolerability of evogliptin in
patients with renal impairment showed that dose adjustment of evo-
gliptin was not required.? In a phase Il clinical trial, treatment with
evogliptin (2.5, 5 and 10 mg once daily for 12 weeks) significantly
reduced HbAlc levels compared with placebo, and evogliptin 5 mg
was selected for a phase Il clinical trial because of its superior
efficacy.”

Based on these findings, we conducted a phase Il trial of evo-
gliptin monotherapy. The aim of the present study was to evaluate
the efficacy and safety of evogliptin 5 mg vs placebo for 24 weeks in
patients with T2D inadequately controlled by diet and exercise.

2 | MATERIALS AND METHODS

2.1 | Study setting and design

The present study was a multicentre, randomized, double-blind,
placebo-controlled, phase Ill trial. The trial was conducted at 25 sites
in Korea (ClinicalTrials.gov Identifier: NCT02946541). The protocol

Conclusions: In this 24-week study, once-daily evogliptin monotherapy significantly improved
glycaemic control and was well tolerated in patients with T2D.

antidiabetic drug, clinical trial, DPP-4 inhibitor, phase Il study, type 2 diabetes

was reviewed and approved by the institutional review board at each
participating centre. This study was performed according to the Good
Clinical Practice guidelines and the Declaration of Helsinki. All
patients provided written informed consent prior to participation.

The study consisted of the following three periods: a 2-week
screening period; a 2-week single-blind placebo period; and a 24-
week double-blind, randomized treatment period. During the screen-
ing period, the patients were provided with counselling on diet and
exercise. After the screening period, HbAlc and safety laboratory
measurements were performed to confirm study eligibility at week
-2. Eligible patients were enrolled in the single-blind placebo period.
After the single-blind placebo period, the patients underwent baseline
evaluations and were assigned randomly in a 1:1 ratio to receive
once-daily evogliptin 5 mg or placebo for 24 weeks at week 0. The
randomization was stratified by HbAlc (<8.5% or 28.5%) measured
at week -2. Diet and exercise were reinforced during the entire study
period.

2.2 | Study participants

Eligible patients were aged 218 years and had not received any anti-
diabetic agents for 6 weeks prior to the screening. The patients were
required to have fasting plasma glucose (FPG) levels <15.0 mmol/L
and HbA1c levels of 6.5% to 10% at the screening and at week -2.
Patients were excluded if they met one or more of the following cri-
teria: type 1 diabetes; gestational diabetes; myocardial infarction or a
stroke within 6 months prior to the study screening; impaired hepatic
function; New York Heart Association class Il or IV congestive heart
failure; a prescription for insulin, GLP-1 analogues, thiazolidinediones
or DPP-4 inhibitors within 6 months prior to the study screening; a
history of coronary artery bypass surgery or gastrointestinal surgery;
serum creatinine 2124 pmol/L in women or >133 pmol/L in men; tri-
glycerides 24.52 mmol/L; a history of illegal drug or alcohol abuse in
the 2 months prior to the study screening; and treatment with sys-
temic glucocorticoids, CYP3A4 inducers or inhibitors. Additionally,
patients were excluded if they were pregnant, lactating, planning a
pregnancy, or had a body mass index (BMI) <20 or >40 kg/m?.

2.3 | Study endpoints

The primary efficacy endpoint was the mean change in HbAlc from
baseline to week 24. The secondary efficacy endpoints assessed at
week 24 included the proportion of patients achieving HbAlc <6.5%
and the change in FPG from baseline. Exploratory endpoints included

the following: changes in body weight and body fat, total cholesterol,
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LDL cholesterol, HDL cholesterol, triglycerides, free fatty acids, fast-
ing C-peptide, insulin, proinsulin, GLP-1 and gastric inhibitory poly-
peptide (GIP); changes in homeostasis model assessment of p-cell
function (HOMA-p) index, homeostasis model assessment of insulin
resistance (HOMA-IR) index, quantitative insulin sensitivity check
index (QUICKI), proinsulin/insulin ratio and insulinogenic index'®; and
changes in 2-hour glucose, C-peptide, insulin, proinsulin, GLP-1 and
GIP during an oral glucose tolerance test (OGTT). Changes in the area
under the curve (AUC)o.on were also calculated for variables from
the OGTT.

Safety was evaluated throughout the study via the assessment of
hypoglycaemic episodes, vital signs, physical examinations, safety-
related laboratory variables, and 12-lead ECGs. Treatment-emergent
adverse events (AEs) were summarized for the safety analysis and
coded using the Medical Dictionary for Regulatory Activities
(MedDRA,; version 15.0).

Laboratory analyses for efficacy were performed at a central
laboratory (Seoul Clinical Laboratories, Seoul, Korea). HbAlc levels
were measured using a Cobas Integra Tina-Quant G2 instrument
(Roche, Rotkreuz, Switzerland). Body fat was measured using dual-
energy X-ray absorptiometry. Hypoglycaemia was defined as signs
and/or symptoms consistent with hypoglycaemia with or without a
documented glucose measurement, or as plasma glucose level <3.9

mmol/L without signs or symptoms.

2.4 | Statistical analysis

The study was designed with 85% power to show the superiority of
evogliptin vs placebo on the mean change in HbA1lc from baseline to
week 24 using a two-sided a value of 0.05. A mean difference in
HbA1c change of 0.5% with evogliptin vs placebo (standard deviation
[s.d.] of 0.9) was assumed. Under this assumption, the sample size
was set at 104 patients in the evogliptin group and 52 patients in the
placebo group by considering a 15% dropout rate. Because of an
unintended treatment allocation coding error, 80 patients were
assigned to each group, resulting in 89% power at a two-sided o of
0.05 under the assumption described above. The efficacy endpoints
were analysed using the full analysis set of data, which refers to all
randomized participants treated with at least 1 dose of the study
medication and who had HbAlc measured at baseline and at least
once during the study period. The last observation carried forward
method was used for imputing missing data for all efficacy endpoints.
Baseline demographics, characteristics and efficacy endpoints are
expressed as mean =+ s.d. for continuous variables and number (per-
centage) for categorical variables. The primary efficacy endpoint was
analysed using a Wilcoxon rank sum test. The chi-squared test was
used to compare the percentages of patients who attained the target
HbA1c between the 2 groups. Continuous efficacy variables were
analysed using a 2-sample t-test or a Wilcoxon rank sum test, as
appropriate, for comparisons between the 2 groups. Formal statistical
inferences on the secondary efficacy endpoints were evaluated when
statistical significance in the primary endpoint was achieved. To
adjust for type 1 error inflation regarding the two secondary end-
points, Bonferroni correction was applied. A P value <.05 was taken

to indicate statistical significance for the primary endpoint. For the

secondary endpoints, a P-value <.025 (.05/2) was considered statisti-
cally significant. For the exploratory endpoints, no adjustment for
multiplicity was made and all reported P values were nominal. Safety
was assessed in patients who received at least 1 dose of the study
drug. For each AE, including hypoglycaemia, the chi-squared test or
Fisher's exact test was performed for comparisons between the
2 groups. The statistical software SAS (Ver. 9.3, SAS Institute, Cary,
North Carolina) was used for all statistical analyses.

3 | RESULTS

3.1 | Patient disposition

Of the 222 patients screened, 160 eligible patients were randomized
for treatment as follows: 80 patients received evogliptin and
80 patients received placebo. After excluding three patients without
efficacy data among the randomized patients, a total of 157 patients
were included in the full analysis set. In total, 147 patients
(72 patients in the evogliptin group and 75 patients in the placebo
group) completed the 24-week treatment (Figure 1). The baseline
demographics and clinical characteristics of the patients at randomi-
zation were similar in the 2 groups (Table 1). The mean HbAlc at
baseline was 7.2% in both treatment groups. Approximately 96% of
the patients had HbA1c levels <8.5%.

32 |

The mean HbA1c significantly decreased from 7.20% at baseline to

Efficacy

6.97% at week 24 in the evogliptin group. By contrast, the mean
HbA1c level increased modestly in the placebo group. As a result, the
mean change in HbAlc from baseline to week 24 was significantly
greater in the evogliptin group than in the placebo group (-0.23% vs
0.05%; P < .0001[Figure 2A]).

The proportion of patients achieving HbA1c <6.5% at the end of
the study was significantly higher in the evogliptin group than in the
placebo group (33.3% vs 15.2%; P = .008 [Figure 2B]). Although the
mean change in FPG from baseline to week 24 increased in both
groups, a numerically greater increase was seen with placebo com-
pared with evogliptin (0.008 mmol/L in the evogliptin group and
0.401 mmol/L in the placebo group [Figure 2C]).

The results from the exploratory efficacy endpoints are provided
in Table S1 and Figure S1. A numerically greater improvement was
observed in the HOMA-B index with evogliptin after 24 weeks com-
pared with placebo (4.51 vs -5.41, respectively, nominal P = .030).
The effects of evogliptin on fasting C-peptide, insulin, proinsulin,
GLP-1, GIP, HOMA-IR, QUICKI, proinsulin/insulin ratio, or insulino-
genic index were not different from those of placebo. At baseline, an
OGTT was performed in 35 patients (19 patients in the evogliptin
group and 16 patients in the placebo group), while the data for
13 patients in the evogliptin group and 10 in the placebo group were
available at week 24. The glucose AUCg oy, reductions were numeri-
cally greater in the evogliptin group compared with the placebo group
(=3.65 vs 0.69 mmol/L, respectively; nominal P = .033). The AUCq.o,

for insulin, C-peptide and active GIP increased more with evogliptin
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222 assessed for eligibility

62 excluded
47 eligibility criteria not met
12 withdrew consent

2 lost to follow-up
1 withdrawn by physician

160 underwent randomization

80 assigned to evogliptin

80 assigned to placebo

8 discontinued the trial
4 withdrew consent
2 withdrawn by physician
1 lost to follow-up
1 adverse event

5 discontinued the trial
4 withdrew consent
1 no longer interested the trial

72 completed

75 completed

FIGURE 1

than with placebo. There were no between-group differences in fast-
ing lipid variables, such as total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides and free fatty acids after 24 weeks. No evi-
dent changes in body weight and body fat were observed in the evo-

gliptin group from baseline to week 24.

TABLE 1 Baseline demographics and characteristics of the study
participants

Placebo (n = 80) Evogliptin (n = 80)

Age, years 56.8 + 9.8 57.6 + 11.0
Men, n (%) 46 (57.5) 39 (48.8)
Weight, kg 67.2 + 108 67.6 +£ 115
BMI, kg/m? 254 + 34 25.6 +£ 3.2
eGFR?, mL/min/1.73 m? 88.6 + 18.6 88.6 + 21.5
Diabetes duration®, years 4.25 + 4.10 4.74 + 3.81
<4 weeks, n (%) 28 (35) 20 (25)
>4 weeks, n (%) 52 (65) 60 (75)
HbAlc, % 7.20 + 0.63 7.21 £ 0.56
HbA1lc < 8.5%, n (%) 75 (93.8) 78 (97.5)
HbAlc 2 8.5%, n (%) 5(6.3) 2(2.5)

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtra-
tion rate; HbA1c, glycated hemoglobin. Values are expressed as mean +
s.d.

2 eGFR estimated from serum creatinine using Modification of Diet in
Renal Disease Study equation.

b Duration of diabetes was calculated as the number of years between
the day of consent and the day of diagnosis of T2D.

Flow diagram: screening, randomization and follow up

Pre-planned analyses were performed for gender, age (265 years
or <65 years), BMI (>25 kg/m? or <25 kg/m?), and the use of any
previous antidiabetic drug. The mean reductions in HbAlc from base-
line to week 24 were greater in the evogliptin group than in the pla-

cebo group (data not shown).

3.3 | Safety

Treatment-emergent AEs were reported by 33.3% of the patients in the
evogliptin group and 35.0% of the patients in the placebo group
(Table 2). Four adverse drug reactions (constipation, diarrhoea, hyper-
sensitivity and hyperglycaemia) were suspected to be related to evo-
gliptin, but the overall incidence of adverse drug reactions was low and
similar between the 2 groups. No serious AEs occurred with evogliptin,
and one serious AE (tendon rupture) was reported in one placebo recipi-
ent. The most common AEs in patients who received evogliptin
included nasopharyngitis, arthralgia and various mild gastrointestinal
disorders during the treatment period. One asymptomatic hypoglycae-
mic episode was reported in the evogliptin group, but this episode was
not suspected to be related to treatment. No clinically meaningful find-

ings emerged regarding the laboratory analyses or vital signs.

4 | DISCUSSION

Evogliptin 5 mg once-daily monotherapy for 24 weeks significantly

improved HbA1c compared with placebo in patients with T2D. The
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FIGURE 2 Primary and secondary efficacy outcomes. A, Mean
changes in HbA1c from baseline to week 24. B, Percentage of
patients with HbAlc level <6.5% at week 24. C, Mean changes in
FPG from baseline to week 24. se, standard error. *Using Wilcoxon
rank sum test. PUsing chi-squared test with Bonferroni correction
(level of significance P < .025). “Using Wilcoxon rank sum test with
Bonferroni correction (level of significance P < .025)

proportion of patients achieving HbAlc <6.5% was also significantly
greater in the evogliptin group than in the placebo group. Addition-
ally, we observed a numerically greater increase in FPG levels in the
placebo group at 24 weeks compared with the evogliptin group. The
incidence of treatment-emergent AEs was similar to the incidence in
the placebo group.

According to previous clinical trials with DPP-4 inhibitors as
monotherapy for 24 weeks, DPP-4 inhibitors have been reported to
reduce HbA1c level by 0.5% to 0.8% from baseline.**~1” Based on
these findings, the 0.23% reduction in HbAlc from baseline may indi-
cate that evogliptin is less effective than other DPP-4 inhibitors;
however, considering that the mean baseline HbA1lc levels in the

phase lll clinical trials of other DPP-4 inhibitors as monotherapy were

TABLE 2 Incidence of adverse events (AEs) reported in the 2 groups
during 24 weeks of treatment

Placebo Evogliptin
(n = 80) (n =78)
Number of patients with AEs, n (%) 28 (35.0) 26 (33.3)
Drug-related AEs, n (%) 0 (0.0) 4 (5.1)
Serious AEs, n (%) 1(1.3) 0 (0.0)
Drug-related serious AEs, n (%) 0(0.0) 0 (0.0)
AEs reported in > 3%
Nasopharyngitis, n (%) 5(6.3) 5(6.4)
Arthralgia, n (%) 0(0.0) 3(3.8)
Gastrointestinal disorders, n (%) 7 (8.8) 4 (5.1)

relatively high (7.8%-8.4%) and that higher levels of baseline HbAlc
were associated with greater declines in HbAlc with therapeutic
intervention,'®2° the results from the present study should be inter-
preted with caution, because baseline HbAlc level was 7.2%. In a
phase Il trial of evogliptin in patients with T2D whose mean baseline
HbA1c level was 7.6%, evogliptin 5 mg/d for 12 weeks had a signifi-
cant effect on HbAl1c reduction compared with the placebo group
(-0.70% vs -0.13%, respectively; P = .0002).” The effect of HbAlc
reduction in the phase Il trial appears to be similar to the effect of
other DPP-4 inhibitors.

Regarding the effect of DPP-4 inhibitors on reaching the target
HbAlc <6.5%, 16% of the patients who received gemigliptin 50 mg
monotherapy and 21% of the patients who received alogliptin 25 mg
monotherapy were reported to exhibit HbAlc <6.5% in previous
phase IIl trials.}®1* A statistical significance was observed only in the
former compared with the placebo group (16% in the gemigliptin
50 mg group vs 3% in the placebo group; P < .005). The present
study also showed that a significantly greater proportion of patients
receiving evogliptin 5 mg monotherapy achieved target HbAlc
<6.5% compared with the patients receiving placebo (33% vs 15%,
respectively; P = .008). Although a lower baseline HbAlc is asso-
ciated with a higher likelihood of attaining the target HbA1lc, the find-
ing that a significantly higher proportion of patients in the evogliptin
group achieved the target HbA1lc level of <6.5% in this study sup-
ports the significant HbAlc-lowering effect of evogliptin treatment.

Given the trend of an increased prevalence of T2D worldwide
and the decreased proportion of undiagnosed cases attributable to
of T2D with

now it is not unusual for clinicians to see patients

early detection

programmes,m’23

improvements in screening
with newly diagnosed diabetes with modestly elevated HbA1c levels
(~7%) in daily clinical practice more than they ever did before; there-
fore, the results from the present trial showing the efficacy and
safety of evogliptin 5 mg in patients with a mean baseline HbA1c of
7.2% and the finding that 25% of the evogliptin recipients had a T2D
duration of <4 weeks suggest that evogliptin may be a suitable
choice for patients with modest hyperglycaemia.

Although the exact mechanisms of DPP-4 inhibitors are less
clear, the accumulated evidence shows that DPP-4 inhibitors gener-
ally work by increasing incretin (GLP-1 and GIP) levels in the physio-
logical range and improving pancreatic p-cell function.?* In the
present study, evogliptin also improved the HOMA-f index at week
24 and increased the C-peptide AUCq_5p, and insulin AUCq_,;, levels.
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Conversely, the glucose AUCq_o, level was reduced during the OGTT.
These data, showing that evogliptin regulated postprandial glucose
through the stimulation of insulin secretion, were consistent with the
previously reported results on other DPP-4 inhibitors.2>2¢ Regarding
the insulinotropic activity by DPP-4 inhibitors, the increased active
GLP-1 AUCy.5, and active GIP AUCy.,;, levels by evogliptin, despite
the decreased levels of total GLP-1 AUCqy_,}, and total GIP AUCq_,p,,
suggest that evogliptin enhances glucose metabolism by inhibiting
degradation of the active form of GLP-1 and GIP in addition to possi-
bly affecting an inhibitory feedback mechanism.?’

The most frequently reported AEs were similar to the adverse
events typically observed with other DPP-4 inhibitors and were mild
in severity.*~17 Although one mild and asymptomatic case of hypo-
glycaemia was observed in the evogliptin group, this event was deter-
mined to be unrelated to exposure to the study drug. Pancreatitis
was also not reported in this study.

Many DPP-4 inhibitors have been approved for use in the USA,
Europe and some countries in Asia, and are being widely used for the
effective treatment of T2D worldwide. Although these clinically
approved DPP-4 inhibitors exhibit broadly similar HbAlc-lowering
efficacy and safety profiles, each DPP-4 inhibitor clearly differs in
terms of its chemical structure, selectivity for DPP-4, duration of
action, metabolism and elimination. We consider that evogliptin may
be included as one molecule for the current DPP-4 inhibitors, but
that understanding characterization of each one is needed.

In conclusion, evogliptin 5 mg monotherapy significantly decreased
HbA1c and was well tolerated in patients with T2D inadequately con-
trolled on diet and exercise. The results from the present study suggest
that patients with T2D with modest hyperglycaemia may be good can-
didates for evogliptin monotherapy. Evogliptin 5 mg once daily pro-

vides a new option for clinicians in the management of T2D.
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