Received: 7 November 2016

Revised and accepted: 2 January 2017

DOI 10.1111/dom.12870

ORIGINAL ARTICLE

WILEY

Efficacy and safety of adding evogliptin versus sitagliptin for
metformin-treated patients with type 2 diabetes: A 24-week
randomized, controlled trial with open label extension

Sang-Mo Hong MD, PhD**

| Cheol-Young Park MSc?* | Dong-Min Hwang MD, PhD? |

Kyung Ah Han MD, PhD* | Chang Beom Lee MD, PhD> | Choon Hee Chung MD, PhD® |
Kun-Ho Yoon MD, PhD’ | Ji-Oh Mok MD, PhD® | Kyong Soo Park MD, PhD? |

Sung-Woo Park MD, PhD?

1Department of Internal Medicine, Hallym
University Dongtan Sacred Heart Hospital,
Hwaseong-si, Republic of Korea

2Department of Internal Medicine, Kangbuk
Samsung Hospital, Sungkyunkwan University
School of Medicine, Seoul, Republic of Korea

3Data Management and Clinical Statistics
Team, Dong-A ST, Seoul, Republic of Korea

“Department of Internal Medicine, Eulji
University College of Medicine, Daejeon,
Republic of Korea

>Department of Internal Medicine, College of
Medicine, Hanyang University, Seoul, Republic
of Korea

6Department of Internal Medicine, Yonsei
University Wonju College of Medicine, Wonju,
Republic of Korea

“Department of Internal Medicine, College of
Medicine, The Catholic University of Korea,
Seoul, South Korea

8Depar‘cment of Internal Medicine,
Soonchunhyang University College of
Medicine, Bucheon-si, Republic of Korea

?Department of Internal Medicine, College of
Medicine, Seoul National University, Seoul,
Republic of Korea

Correspondence

Sung-Woo Park MD, PhD, Division of
Endocrinology and Metabolism, Department of
Internal Medicine, Sungkyunkwan University
School of Medicine, Kangbuk Samsung
Hospital, Pyung-Dong, Jongro-Gu, 110-746,
Seoul, Republic of Korea.

Email: sungwo00913.park@samsung.com
“These authors contributed equally to this work.

Funding information

This study was supported by Dong-A ST Co.,
Ltd, Seoul, Republic of Korea. The sponsor
participated in the study design, data collection
and analysis of the data. The sponsor had no role

Aims: This trial consisted of a 24-week multicentre, randomized, double-blind, double-dummy,
active-controlled study and a 52-week open label extension study to assess the efficacy and
safety of evogliptin, a novel dipeptidyl peptidase-4 inhibitor, compared to sitagliptin in patients
with type 2 diabetes who have inadequate glycaemic control with metformin alone.

Methods: Adult patients with type 2 diabetes mellitus (N = 222) with HbAlc 6.5% to 11%
who were receiving stable doses of metformin (21000 mg/d) were randomized 1:1 to add-on
evogliptin 5 mg (N = 112) or sitagliptin 100 mg (N = 110) once daily for 24 weeks. The primary
efficacy analysis consisted of a comparison of the change from baseline HbAlc at week 24.
Non-inferiority was concluded if the upper limit of the 2-sided 95% confidence interval for the
HbA1c difference between treatments was <0.35%.

Results: Mean changes in HbA1c following addition of evogliptin or sitagliptin were —0.59%
and -0.65%, respectively. The between-group difference was 0.06% (2-sided 95% confidence
interval, -0.10 to 0.22), demonstrating non-inferiority. After the 52-week treatment, evogliptin
caused a persistently decreased level of HbAlc (-0.44% 4 0.65%, P < .0001). In general, both
treatments were well tolerated, with incidences and types of adverse events comparable
between the two groups. Hypoglycaemic events, mostly mild, were reported in 0.9% of
patients treated with evogliptin and in 2.8% of patients treated with sitagliptin for 24 weeks.
Conclusions: Evogliptin 5 mg added to metformin therapy effectively improved glycaemic con-
trol and was non-inferior to sitagliptin and well tolerated in patients with type 2 diabetes melli-
tus that was inadequately controlled by metformin alone.
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1 | INTRODUCTION

Dipeptidyl peptidase 4 (DPP-4) inhibitors comprise a relatively novel
pharmacological class of glucose-lowering agents that inhibit the degra-
dation of glucagon-like peptide 1 (GLP-1) and cause modest elevations
in circulating GLP-1 levels. They do not cause hypoglycaemia unless
used in combination with sulfonylureas or insulin and they also do not
cause weight gain.! Therefore, the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD)
have published consensus guidelines for pharmacotherapy to control
hyperglycaemia in type 2 diabetes, recommending DPP-4 inhibitors as
second- or first-line agents in specific situations. Likewise, the American
Association of Clinical Endocrinologists and the American College of
Endocrinology have published a consensus statement recommending
DPP-4 inhibitors as an acceptable alternative to metformin as initial
therapy.?® Moreover, DPP-4 inhibitors are currently widely used as sec-
ond line treatment for patients with type 2 diabetes (T2DM).*
Evogliptin is a novel antidiabetic agent that potently and selec-
tively inhibits DPP-4. Namyi Gu et al. reported the pharmacokinetic
and pharmacodynamic profiles of evogliptin in healthy subjects.> The
peak plasma concentration of evogliptin was reached within 4 to
5 hours. The inhibition of DPP-4 activity (>80%) was sustained for
over 24 hours, and it provided an increase in postprandial active
GLP-1 levels, 1.5- to 2.4-fold. As a result, evogliptin reduced post-
prandial glucose by 20% to 35% compared to placebo.’ And another
study reported the pharmacokinetic and pharmacodynamic profiles of
evogliptin in renal impairment; the plasma concentration of evogliptin
increased 1.98 times in severe renal impairment, but within a thera-
peutic window.® Drug administration in patients with T2DM is usually
performed over extended periods of time; therefore, an evaluation of
the safety and efficacy of these drugs over a long term is extremely
important. However, there was no more than 12 weeks of follow-up
for the study with evogliptin. Therefore, we conducted this phase I,
randomized, double-blind, active-controlled, parallel-group, multi-
centre study to determine the efficacy and safety of evogliptin com-
pared to sitagliptin for 24 weeks in Korean patients with T2DM, and
we also determined the efficacy and safety of evogliptin over an

extension period of 52 weeks.

2 | METHODS

This study consisted of a randomized, double-blind, active-controlled,
parallel-group, multi-centre, dose-confirmatory study. The study was
conducted at 24 university hospitals throughout Korea between May
2013 and November 2014 (ClinicalTrials.gov Identifier: NCT02949193).
The study was conducted in accordance with the principles of Good
Clinical Practice, and it was approved by the appropriate institutional
review boards and regulatory agencies. All patients provided written

informed consent prior to participation.

2.1 | Participants

Participants eligible for the study were patients aged 18 years and
older with T2DM who recently had experienced inadequate glycae-
mic control (6.5% < HbA1c < 11.0%) with metformin monotherapy
for more than 12 weeks and metformin > 1000 mg daily for more
than 6 weeks. The additional inclusion criterion was 20.0 kg/m? <
body mass index < 40.0 kg/m?. Exclusion criteria included type
1 diabetes mellitus, secondary diabetes or gestational diabetes;
acute myocardial infarction or stroke within 6 months; NYHA class
Ill to IV congestive heart failure, liver cirrhosis, gallbladder disease,
acromegaly, asthma, allergic dermatitis at screening; a history of cor-
onary bypass surgery or gastrointestinal tract resection surgery; spe-
cific medication (a potent inducer or inhibitor of cytochrome
P4503A4); history of insulin or glucagon-like peptide-1 analogue
treatment in the preceding 6 months (except temporary insulin
treatment for less than 2 weeks), history of use of thiazolidine-
diones or DPP-4 inhibitors in the preceding 6 months, history of
alcohol or drug abuse in the preceding 2 months, being pregnant or
nursing or suspected of being pregnant, or history of participation in
other clinical studies in the preceding 2 months. Other exclusion cri-
teria included fasting plasma glucose (FPG) = 15 mmol/L, alanine
aminotransferase (ALT) or aspartate aminotransferase
(AST) = 2.5 times the upper limit of the normal range, creatine phos-
phokinase (CPK) > 2.5 times the upper limit of normal with chest
pain or dyspnea, serum creatinine >132.60 pmol/L in men and
>123.76 pmol/L in women, clinically significant thyroid-stimulating
hormone (TSH) values outside the normal range or fasting triglycer-

ides >4.52 mmol/L at screening.

2.2 | Study design

After a 2-week screening period, eligible and consenting participants
underwent baseline evaluation and randomized sampling stratified
according to HbA1lc (using an 8.5% cut-off) into 2 parallel groups
(evogliptin 5 mg and sitagliptin 100 mg; 1:1 matching). During the
24-week treatment period after randomization, participants visited
the investigational site at weeks 6, 12, 18 and 24 (Figure 1). Those
participants, who completed the 24-week treatment period, gave
their consent to receive another extended 28 weeks of open label
treatment with 5 mg evogliptin gd. In the extended study, patients
visited the site every 7 weeks (at weeks 31, 38, 45 and 52). During
the 2-week screening and throughout the study period, patients
received the same dose of metformin as monotherapy (21000 mg
daily). During the study, patients who did not meet progressively
stricter glycaemic goals started rescue therapy with glimepiride. The
glycaemic rescue criteria were set according to US Food and Drug
Administration (FDA) guidelines.” Specifically, goals included an FPG
level >15.0 mmol/L between randomization and week 6, an FPG level

>13.3 mmol/L from week 6 through week 12 or an FPG level
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Consent Randomisation Re-consent
Evogliptin 5mg qd Evogliptin Smg qd o,
Eligible glip 24 l——' ghp 24
patients
- & 5 Double blind treatment Open-label extension Period
Keep
metformin
d
i Sitagliptin 100mg qd —| | Evogliptin 5Smgqd | —
Visit 1 Visit 2 Visit 3,4,5 Visit 6 Visit 7,8,9 Visit 10
(weeks -2) (weeks 0) (weeks 6, 12, 18) (weeks 24) (weeks 31,38,45) (weeks 52)
Screening End of study

268 patients enrolled and screened

Excluded 46 patients due to screening

failure

Randomised (n=222)

Allocated to evogliptin Smg once daily (n=112)

Intent-To-Treat
(ITT) population

set

Allocated to sitagliptin 100mg once daily (n=110)

Discontinued tratment (n=7)
Withdrawal of consent (n=1)
*  Adverse events (n=4)
*  Physician decision (n=1)
Protocol Violation (n=1)

Completed 24 weeks treatment (n=105)
Full analysis set for efficacy analysis(n=111)
Safety set for safety analysis(n=111)

Extended study with keeping evogliptin Smg once
daily (n=94)

Discontinued treatment (n=9)
Withdral of consent (n=5)
*  Adverse events (n=3)
Protocol Violation (n=1)

Completed 52 weeks treatment (n=85)
Extended full analysis set and safety set (n=93)

Discontinued tratment (n=10)
*  Withdrawal of consent (n=3)
+  Adverse events (n=3)
+  Physician decision (n=2)
Protocol Violation (n=2)

Completed 24 weeks treat t (n=100)
Full analysis set for efficacy analysis(n=106)
Safety set for safety analysis(n=108)

Extended study with switching to evogliptin Smg
once daily (n=91)

Discontinued treatment (n=2)
* Follow up loss (n=1)
*  Adverse events (n=1)

Completed 52 weeks treatment (n=89)
Extended full analysis set and safety set (n=91)

FIGURE 1 Study scheme and trial profile.

>11.1 mmol/L from week 12 through week 52. At every visit, the
patient’s weight was measured and vital signs, including systolic and
diastolic blood pressure and pulse rate, were checked. Safety was
assessed by recording adverse events (AEs), physical examinations,
haematology, serum chemistry and urinalysis from a local laboratory
at every visit and ECG monitoring at weeks 0, 24 and 52. Efficacy
was evaluated by measuring levels of HbA1lc, FPG, fasting lipid para-
meters (total cholesterol, low density lipoprotein cholesterol [LDL-C],
high density lipoprotein cholesterol [HDL-C], triglyceride [TG], free
fatty acid [FFA]), fasting insulin and C-peptide from a central labora-
tory. The homeostasis model assessment of p-cell function (HOMA-

B), the homeostasis model assessment of insulin resistance (HOMA-

IR) and the quantitative insulin sensitivity check index (QUICKI) were
used to estimate the degree of B-cell function and insulin resistance
from fasting glucose and insulin concentrations. Insulin resistance
(IR) was estimated with HOMA-IR, calculated using the following for-
mula: (fasting insulin [pU/mL] x fasting glucose [mmol/L])/22.5 and
HOMA-B was calculated using the following formula: (20 x fasting
insulin [pU/mL])/(fasting glucose [mmol/L] - 3.5).2 QUICKI was calcu-
lated using the following formula: 1/(log [fasting insulin (pU/mL)] +
log [fasting glucose (mg/dL)]).’ In this study, mean daily glucose
(MDG) was derived from the mean value of 7-point glucose measure-
ments (before and 2 hours after breakfast, lunch and dinner, and

before bedtime).
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2.3 | Study endpoints

The primary efficacy endpoint of this study was change in HbAlc
level from baseline to week 24. The secondary efficacy endpoints
were change in HbAlc level from baseline to week 52, the HbAlc
response rate (HbA1lc < 6.5%), rescue therapy rate, changes in FPG,
fasting lipid parameters (total cholesterol, LDL-C, HDL-C, TG, FFA),
body weight, fasting insulin, C-peptide, HOMA-f, HOMA-IR, QUICKI
and MDG at week 24 and week 52. Safety and tolerability were eval-
uated throughout the study up to week 52 through an interview,
physical examinations, monitoring of vital signs, safety-related labora-
tory measurements (including serum chemistry, haematology and uri-
nalysis) and 12-lead ECG. Adverse events were monitored and
evaluated for intensity (severity), duration, outcome and relationship
to the study drug. The incidence of hypoglycaemia was assessed by
reviewing patient data for signs and symptoms of hypoglycaemia, in
addition to reviewing the self-monitoring of blood glucose (SMBG)
data. Hypoglycaemic events were classified through a report of a
Workgroup of the American Diabetes Association and the Endocrine
Society.1®

Severe hypoglycaemia is defined as an event requiring the assis-
tance of another person to actively administer carbohydrates, gluca-
gon or take other corrective actions. Documented symptomatic
hypoglycaemia is defined as an event during which typical symptoms
of hypoglycaemia are accompanied by a measured plasma glucose
concentration <3.9 mmol/L. Asymptomatic hypoglycaemia is not
accompanied by the typical symptoms of hypoglycaemia, but has a
measured plasma glucose concentration <3.9 mmol/L. Probable
symptomatic hypoglycaemia is defined as an event during which
symptoms typical of hypoglycaemia are not accompanied by a plasma
glucose determination. Relative hypoglycaemia is defined as an event
during which the person with diabetes reports any of the typical
symptoms of hypoglycaemia with a measured plasma glucose concen-

tration >3.9 mmol/L, but approaching that level.

2.4 | Statistical analysis

The primary objective of the parent study (week 0-24) was to dem-
onstrate the non-inferiority of evogliptin 5 mg once daily vs sitaglip-
tin 100 mg once daily in reducing HbAlc levels from baseline until
week 24 (non-inferiority margin & = 0.35%; if the upper boundary of
the 2-sided 95% confidence interval (Cl) for the mean difference
between evogliptin and sitagliptin was less than the pre-specified
non-inferiority margin, evogliptin was assessed as being non-inferior
to sitagliptin). A sample size of 104 patients per group was estimated
to provide 80% power to prove the non-inferiority between evoglip-
tin and sitagliptin. We assumed an approximate 20% dropout rate (ie,
patients who did not complete 24 weeks of treatment). Therefore, a
total of 260 patients (in a 1:1 allocation ratio to receive evogliptin
5 mg once daily and sitagliptin 100 mg once daily) were planned to
be randomized. Efficacy analyses were based on the full analysis set
population, which consisted of all randomized patients who received
at least one dose of the study medication and who had a baseline
measurement and at least one post-baseline measurement. ANCOVA

was used to compare the primary endpoint (change in HbAlc level)

between treatment groups as a sensitivity analysis. In this analysis,
stratification factors (site, baseline HbA1c) were set as fixed effects.

Demographic and baseline characteristic data for the 2 groups
are shown as the mean, standard deviation, median, minimum and
maximum values for continuous variables, or frequencies and percen-
tages for categorical variables. For the other efficacy endpoints (FPG,
body weight, lipid parameters, HOMA-B, HOMA-IR, insulin and C-
peptide) 2 sample t-tests or Wilcoxon rank sum tests were used to
compare changes between the two groups. Tolerability and safety
data are summarized, using descriptive statistics, and the purpose of
the extended study (weeks 24-52) was to evaluate tolerability and
safety. Therefore, we conducted a descriptive analysis with extended
data. Two-sided P values < .05 were considered to be statistically sig-
nificant, and all statistical analyses were conducted using SAS version
9.3 (SAS Institute, Cary, North Carolina).

3 | RESULTS

3.1 | Patient disposition

Although 260 patients in 2 groups (evogliptin group, 130 patients;
sitagliptin group, 130 patients) were planned for randomization,
222 patients (112 patients in the evogliptin group and 110 patients
in the sitagliptin group; Intention-To-Treat [ITT]) population set)
were actually randomized. From this total of 222 patients,
105 patients (93.8%, evogliptin group) and 100 patients (90.9%, sita-
gliptin group) completed 24 weeks of treatment (Figure 1). From
among these 205 patients who completed the 24-week study,
185 patients (94 patients in the evogliptin group and 91 patients in
the sitagliptin group) agreed to the terms of participation in the
extended study. Finally, 174 patients (85 patients in the evogliptin
group and 89 patients in the sitagliptin group) completed the
extended study with evogliptin 5 mg once daily from week 24 to
week 52.

In this study, we analysed efficacy in 217 patients (111 patients
in the evogliptin group and 106 patients in the sitagliptin group; full
analysis set, FAS) who had baseline and post-baseline values of the
primary efficacy end-point and also in 184 patients (93 patients in
the evogliptin/evogliptin group and 91 patients in the sitagliptin/evo-
gliptin group; extended full analysis set, E-FAS) who agreed to partici-
pate in the extended study and had post-baseline values of the
efficacy end-point after 24 weeks (Figure 1). We also analysed safety
in 219 patients (111 patients in the evogliptin group and 108 patients
in the sitagliptin group; safety set) and in 184 patients (93 patients in
the evogliptin/evogliptin group and 91 patients in the sitagliptin/evo-
gliptin group; extended safety set) who received at least 1 dose of
the study drug and underwent 1 more data capture for safety of the
study drugs (Figure 1).

Demographic information and baseline characteristics of the ITT
population enrolled in this clinical trial are summarized in Table 1.
Mean age of the study subjects was 57.5 + 9.3 years, and 103 sub-
jects (46.4%) were men. There were no significant differences in the

subjects’ baseline characteristics (Table 1).
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TABLE1 Baseline characteristics of study participants according to treatment group (intent-to-treat population set)

Characteristic

Evogliptin (N = 112)

Sitagliptin (N = 110)

Total (N = 222)

Age (years)

Mean + SD 57.6 + 9.4
Median, minimum, maximum 58.0, 34.0, 86.0
<34 2(1.8)
35-44 8(7.1)
45-54 30(26.8)
55-64 44(39.3)
65-74 26(23.2)
75-84 1(0.9)
>85 1(0.9)
Sex (n)
Men (%) 51(45.5)
Women (%) 61(54.5)
Body weight (kg)
Mean + SD 67.5 + 13.0
Median, minimum, maximum 65.3,44.7, 130.1
Height (cm)
Mean + SD 162.1 +£ 8.5
Median, minimum, maximum 161.0, 144.0, 187.0
BMI (kg/m?)
Mean + SD 25.6 + 3.7
Median, minimum, maximum 25.2,19.2,40.1
<25 kg/m? (%) 55(49.1)
>25 kg/m? (%) 57(50.9)
Duration of diabetes (years)
Mean + SD 8.5 £+ 5.5
Median, minimum, maximum 8.0, 1.0,35.0
HbA1c (%)
Mean + SD 744 £ 0.73
Median, minimum, maximum 7.26, 6.31, 9.51
<8.5% (%) 97(86.6)
28.5% (%) 15(13.4)

573 £93 575 +93
57.0,34.0,77.0 57.0, 34.0, 86.0

1(0.9) 3(1.4)

8(7.3) 16(7.2)
37(33.6) 67(30.2)
35(31.8) 79(35.6)
27(24.5) 53(23.9)

2(1.8) 3(1.4)

0(0.0) 1(0.5)
52(47.3) 103(46.4)
58(52.7) 119(53.6)

66.1 £ 10.3 66.8 + 11.8
66.0,47.0, 96.5 65.5,44.7,130.1
161.2 + 84 161.7 +£ 8.5

159.0, 147.0, 180.0

161.0, 144.0, 187.0

253 £ 27 255 £32
25.1,20.1, 33.6 25.1,19.2,40.1
54(49.1) 109(49.1)
56(50.9) 113(50.9)
7.9 + 49 82+52
7.0,10,24.0 7.5,1.0,35.0
744 £ 0.73 744 £ 0.73
7.34, 6.41, 9.98 7.29,6.31,9.98
99(90.0) 196(88.3)
11(10.0) 26(11.7)

3.2 | Efficacy

Mean baseline HbA1c values of the evogliptin and sitagliptin groups
were 7.42% + 0.71% and 7.45% =+ 0.74%, respectively, and the dif-
ference was not statistically significant (P = .9201). Decreases in

8.0
] = Evogliptin
© Sitagliptin
] 7.45+0.74 %
=~ 7.59
E\_/ 4
0
s
o 1 6.98:0.69 %
7.0
4 6.82+0.70 %
6.81:0.68 % 6.80:0.69 %
6.5

Baseline  weeck6  week12  week18  week 24

FIGURE2 Changes in mean glycated haemoglobin (HbA1c) level
from baseline to week 24.

HbA1c value were observed in the evogliptin and sitagliptin groups
until 12 weeks, after which HbAlc values were sustained until
24 weeks (Figure 2). Evogliptin and sitagliptin decreased the HbA1c
level after treatment during 24 weeks (-0.59% + 0.61% and
-0.65% =+ 0.61%, respectively; all P < .0001) (Table 2). The difference
in HbA1c change from baseline to week 24 between the evogliptin
and sitagliptin groups was 0.06 (95% confidence interval [Cl], -0.10
to 0.22) (Table 2). The upper 95% ClI limit (0.22%) was less than the
prespecified non-inferiority margin, 0.35%, which confirmed the non-
inferiority of evogliptin to sitagliptin (Table 2). After the 52-week
treatment perod, evogliptin caused a persistent decrease in the level
of HbAlc (-0.44 £ 0.65%, P < .0001) although there was a slight
increase in HbA1lc level from week 24 to week 52 (0.15 + 0.42%,
P =.0045) (Figure S1, Supporting Information). After 24 weeks, a
similar proportion of patients reached the HbA1c target of <6.5% in
each treatment group; 38.68% (41/106) of sitagliptin-treated patients
achieved an HbA1c level <6.5% and 29.73% (33/111) of evogliptin-
treated patients achieved an HbA1c level <6.5% (P = .1645, derived
from the chi-square test) (Table 2). Among patients with an HbAlc



HONG ET AL Wl LEY 659

TABLE 2 Baseline, results at week 24 and changes in results from baseline for HbA1c, fasting plasma glucose, mean daily glucose and HOMA-f

Evogliptin Sitagliptin
Variable (N =111) (N = 106) P value
HbA1c (%)
Baseline
Mean + SD 742 +£0.71 745 + 0.74
Median, minimum, maximum 7.25, 6.31, 9.42 7.34, 6.41, 9.98
At week 24
Mean + SD 6.83 £ 0.62 6.80 £ 0.69
Median, minimum, maximum 6.77, 5.68, 9.68 6.61, 5.60, 9.68
Change from baseline to week 24 -0.59 + 0.61 -0.65 + 0.61 P = .4771 (mean difference
(Mean + SD) from sitagliptin and
evogliptin; 95% Cl, 0.06
[-0.10, 0.22])
P value for mean difference from <0.00011 <0.00011
baseline to week 24
HbA1c response rate
At week 24
<6.5% 33(29.73%) 41(38.68%) 116452
26.5% 78(70.27%) 65(61.32%)
Fasting plasma glucose (mmol/L)
Baseline
Mean + SD 7.36 £ 1.41 741 + 1.46
Median, minimum, maximum 6.99, 4.94, 12.15 7.10, 5.11, 1343
At week 24
Mean + SD 6.76 £ 1.26 6.82 + 1.56
Median, minimum, maximum 6.55, 4.50, 12.04 6.44, 4.66, 13.10
Change from baseline to week 24 -0.60 + 1.11 -0.59 + 1.47 71558
(Mean + SD)
P value for mean difference from <0.00011 <0.00011
baseline to week 24
Mean daily glucose (mmol/L)
Baseline
Mean + SD 97 9.18 + 1.98 93 946 + 2.06
Median, minimum, maximum 8.72,5.94, 15.71 9.24,5.34, 17.67
At week 24
Mean + SD 87 8.24 + 1.39 81 825+171
Median, minimum, maximum 8.07, 6.08, 12.44 7.72,5.90, 15.86
Change from baseline to week 24 81 -0.92 + 1.60 75 -130+ 171 10628
(Mean + SD)
P value for mean difference from <0.00011 <0.00011
baseline to week 24
HOMA-B (%)
Baseline
Mean + SD 110 48.34 + 28.06, 106 53.18 + 34.89
Median, minimum, maximum 41.19, 12.00, 179.32 45.14, 13.47, 237.75
At week 24
Mean + SD 110 59.58 + 33.18 104 64.54 + 38.59
Median, minimum, maximum 50.27, 7.83, 193.43 55.33, 13.62, 277.71
Change from baseline to week 24 109 11.36 + 27.92 104 11.82 4+ 29.43
(Mean + SD)
P value for mean difference from <0.0001* <0.0001* 0.37913

baseline to week 24

1 p values were derived from Wilcoxon signed rank test.
2 p values were derived from chi-square test.

3 P values were derived from Wilcoxon rank sum test.
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level 26.5% at week 24, a similar proportion of patients reached the
HbA1c target of <6.5% in each treatment group at week 52; 12.73%
(7/55) of the sitagliptin/evogliptin-treated patients achieved an HbA1c
level <6.5% and 15.38% (10/65) of evogliptin/evogliptin-treated
patients achieved an HbA1c level <6.5% (P = .6775, derived from a chi-
square test). Evogliptin and sitagliptin decreased FPG (-0.60 + 1.11
mmol/L and -0.59 + 1.47 mmol/L, respectively; all P <.0001) and
MDG (-0.92 £ 1.60 mmol/L and -1.30 £+ 1.71 mmol/L, respectively;
all P <.0001) levels from baseline through week 24. However, the
change in FPG and MDG levels from baseline to week 24 in the 2 medi-
cation groups did not show a statistically significant difference
(P = .7155 and P = .1062, respectively). After 52 weeks, the evogliptin/
evogliptin group exhibited a persistent decrease in FPG (-0.38 £ 1.19
mmol/L; P = .0048) and MDG (-1.00 + 1.69 mmol/L; P < .0001).

A subgroup analysis of HbAlc and FPG was carried out for
HbA1c levels (28.5% or <8.5%), sex (men or women), age (<65 or
265 years) and body mass index (<25 or >25 kg/m?) at screening,
and treatment effects for evogliptin and sitagliptin were not differ-
ent among all subgroups. The use of rescue medication was minimal,
with no use of rescue medication in both the evogliptin and sitaglip-
tin groups from baseline to week 24 and with 2 patients receiving
rescue medication in the evogliptin/evogliptin group from week
24 to week 52.

B-cell function, as assessed by the HOMA-B score, improved
in both medication groups at week 24. After 24 weeks, the
HOMA-B had increased by 11.36% + 27.92% (baseline vs week
24; P <.0001) in the evogliptin group and by 11.82% + 29.43%
(baseline vs week 24; P < .0001) in the sitagliptin group, but the
change in the 2 medication groups was not different (P = .3791).
Evogliptin/evogliptin treatment consistently improved p-cell func-
tion during 52 weeks (mean change from baseline to week
52, 9.21% + 26.09%; P = .0026). Unlike HOMA-B, change in fast-
ing insulin, c-peptide, HOMA-IR and QUICKI after 24 weeks was
not statistically significant in the evogliptin group (Table S1, Sup-
porting Information). HOMA-IR and QUICKI showed statistically
significant changes in the sitagliptin group (P =.0364 and
P = .0094, respectively). Comparing changes from baseline to
week 24 between treatment groups, there was no statistically sig-
nificant difference in HOMA-B, HOMA-IR and QUICKI.

All fasting lipid parameters, which included total cholesterol,
LDL-C, HDL-C, TG and FFA, did not change significantly after
24 weeks of evogliptin treatment nor after 52 weeks of evogliptin/
evogliptin treatment (Table S1, Supporting Information). The sitaglip-
tin group showed a statistically significant change in FFA from base-
line to week 24 (P = .0066) but change in total cholesterol, LDL-C,
HDL-C and TG, was not statistically significant in the sitagliptin
group. Inter-group comparison of the change from baseline to week
24 revealed that none of the fasting lipid parameters exhibited any
statistically significant difference.

After 24 weeks of treatment, mean body weight change from
baseline in the evogliptin and sitagliptin groups was -0.14 + 1.81 kg
(P =.4583) and -0.05 4+ 1.97 kg (P = .8493), respectively, and it
had not changed significantly. After 52 weeks of treatment with
evogliptin/evogliptin, body weight change was -0.12 + 1.90 kg
(P =.9691).

3.3 | Tolerability and safety

In the parent study, incidences of AE were not significantly different
between the 2 groups (P = .4337; chi-square test) (Table 3). There
were 84 adverse events (AEs) among 50 patients (45.0%) in the evo-
gliptin treatment group (n = 111) and 76 AEs among 43 patients
(39.8%) in the sitagliptin treatment group (n = 108). Adverse drug
reactions (ADRs), which might have a causal relationship with sitaglip-
tin or evogliptin, were observed more frequently in the evogliptin
treatment group (22 ADRs in 14 patients [12.6%] in the evogliptin
group vs 6 ADRs in 4 patients [3.7%] in the sitagliptin group;
P = .0164]. However, these were mostly mild ADRs, with 2 cases of
moderate ADRs (1 case in each treatment arm) and no case of severe
ADR. Seven serious AEs occurred in 6 patients (5.6%) in the sitagliptin
group (lumbar vertebral fracture, atrioventricular block complete, pros-
tate cancer, benign prostatic hyperplasia, back pain, preauricular cyst
and spontaneous abortion) and 4 serious AEs occurred in 4 patients
(3.6%) in the evogliptin group (post-traumatic neck syndrome, unsta-
ble angina, vestibular disorder and colitis). Among these, there were
no serious ADRs. The incidences of serious AE was not significantly
different between the 2 groups of the parent study (P = .5346; Fish-
er's exact test). During the extended study (week 24 to week 52) there
were no serious ADRs.

In the parent study, one hypoglycaemic event occurred in 1 case
(0.9%) in the evogliptin group and 7 hypoglycaemia events occurred in
3 patients (2.8%) in the sitagliptin group (P = .3648; Fisher's exact test)
(Table 3). One hypoglycaemic event in the evogliptin treatment group
was asymptomatic hypoglycaemia, which was also observed in 3 cases
in the sitagliptin treatment group (P =.6181; Fisher's exact test).
Documented symptomatic hypoglycaemia and probable symptomatic
hypoglycaemia were observed in 3 cases and in 1 case in the sitaglip-
tin treatment group, respectively (P = .2421 and P = .4932, respec-
tively; Fisher's exact test). The causal relationship of all hypoglycaemic
events with sitagliptin or evogliptin was “probably not” or “definitely

not” and the outcome was found to be “recovered without sequelae.”

4 | DISCUSSION

In this phase lll, randomized, double-blind, active-controlled study we
proved that adding evogliptin or sitagliptin for inadequately con-
trolled T2DM patients being treated with stable metformin therapy
would accomplish a similar improvement in glycaemic control. With
respect to HbA1c reduction, evogliptin, when added to metformin, is
not inferior to sitagliptin when added to metformin, and the 2 treat-
ment groups similarly achieved an HbA1lc level < 6.5% (evogliptin,
29.73% vs sitagliptin, 38.68%; P = .1645) and FPG reduction (evoglip-
tin, -0.60 & 1.11 mmol/L vs -0.59 &+ 1.47 mmol/L;
P = .7155) after 24 weeks. The results obtained in our study are

sitagliptin,

compatible with those of previous studies, as well as with our expec-
tations. In a previous phase Il study, evogliptin resulted in statistically
significant reductions in HbAlc compared to the placebo group after
a 12-week treatment period. Twelve weeks of treatment with evo-
gliptin 5 mg once daily decreased the HbA1c level by -0.57% (95%
Cl, -0.86, -0.29; P < .0001), which is similar to the decrease with use
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TABLE3 Summary of clinical AEs and hypoglycaemic events

Evogliptin Sitagliptin
Subjects with event (%) [95% Cl] SV Subjects with event (%) [95% Cl] 2T
From week 24 to week 52 N =111 N = 108
Adverse event 50(45.0) [35.6, 54.8] 75 43(39.8) [30.5, 49.7] Mild 58
Moderate Moderate 15
Severe Severe 3
Total 84 Total 76
Adverse drug reaction 14(12.6) [7.1, 20.3] 21 4(3.7) [1.0, 9.2] Mild 5
Moderate Moderate 1
Severe 0 Severe 0
Total 22 Total 6
Serious adverse event 4(3.6) [1.0, 9.0] 1 6(5.6) [2.1, 11.7] Mild 2
Moderate 1 Moderate 2
Severe 2 Severe 3
Total 4 Total 7
Serious adverse drug reaction 0(0.0) [0.0, 3.3] 0 0(0.0) [0.0, 3.4] 0
Hypoglycaemia 1(0.9) [0.0, 4.9] 3(2.8) [0.6, 7.9] 7
Evogliptin/Evogliptin Sitagliptin/Evogliptin
Subjects with event (%) [95% CIl  ____EY®™  Subjects with event (%) [95% Cl] et
From week 24 to week 52 N =93 N =91
Adverse event 27(29.0) [20.1, 39.4] 40 46(50.5) [39.9, 61.2] Mild 80
Moderate 10 Moderate 5
Severe 1 Severe 2
Total 51 Total 87
Adverse drug reaction 4(4.3) [1.2, 10.6] 4 3(3.3)[0.7, 9.3] Mild 5
Moderate 0 Moderate 0
Severe 0 Severe 0
Total 4 Total 5
Serious adverse event 4(4.3) [1.2, 10.6] 0 4(4.4) [1.2, 10.9] Mild 0
Moderate 7 Moderate 0
Severe 1 Severe 0
Total 8 Total 0
Serious adverse drug reaction 0(0.0) [0.0, 3.9] 0 0(0.0) [0.0, 4.0] 0
Hypoglycaemia 1(1.1) [0.0, 5.8] 0(0.0) [0.0, 4.0] 0

of other DPP-4 inhibitors (sitagliptin 100 mg, -0.55% and vildagliptin
100 mg, -0.53%).1271% In an 18-week non-inferiority trial comparing
the efficacy of saxagliptin 5 mg once daily and sitagliptin 100 mg
once daily, the adjusted mean changes in HbA1c level were -0.52%
and -0.62% in the saxagliptin and sitagliptin groups, respectively, in
inadequately controlled T2DM patients treated with metformin
alone.** In our study, mean changes in HbAlc after 24 weeks were
-0.59% (evogliptin) and -0.65% (sitagliptin). Although the mean
change in HbAlc, FPG and MDG levels from week 24 to week
52 was slightly increased (0.15%, 0.19 mmol/L, 0.05 mmol/L, respec-
tively, in the evogliptin/evogliptin group), the improvement in HbA1c,
FPG and MDG levels caused by evogliptin was sustained until week
52 (-0.44%, -0.38 mmol/L, -1.00 mmol/L, respectively).

Pancreatic B-cell dysfunction is one of the primary mechanisms of
T2DM pathogenesis.'®> Therefore, the modalities used to improve B-cell
function are a critical aspect of T2DM management. In our study, p-cell
function was estimated by HOMA-B, and evogliptin improved HOMA-f

by 11.36% + 27.92% (P < .0001) at week 24 and it was not different
from the improvement with sitagliptin (11.82% + 29.43%, P < .0001).
A recent meta-analysis of 27 double-blind, randomized, controlled trials
with sitagliptin and saxagliptin, linagliptin, alogliptin showed a similar
result; a DPP-4 inhibitor, when added to metformin, increased HOMA-
by 10.21% (95% Cl, 7.73-12.69).X¢ In a previous clinical study with evo-
gliptin, insulin secretory function, assessed by the insulinogenic index
and post-OGTT C-peptide AUCO-2h, was significantly improved at
12 weeks,'° but the effect of evogliptin on human B-cell function was
not clear after 12 weeks. In our study, evogliptin improved HOMA-$
(9.21% + 26.09%, P = .0026) up to week 52. Several studies have sug-
gested that DPP-4 inhibitors increased p-cell mass via increased p-cell
neogenesis and decreased p-cell apoptosis in young rodents.*”"*° Evo-
gliptin treatment in streptozotocin-treated mice increased the volume
density of p-cells and the number of replicating [3-ce||s.20 Evogliptin also
induces Pdx-1 expression in small B-cells, indicating neogenesis, and

some insulin-positive islet cells and ductal cells are seen.?° However,
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another study reported that vildagliptin treatment in mature rodents
failed to increase the p-cell mass.?! Moreover, in a study in humans, 3-
or 12-month treatment periods with vildagliptin or sitagliptin increased
the capacity for insulin secretion during treatment, but failed to pre-
serve the increased capacity of insulin secretion after a 2-week drug
washout period.22724 Our study showed the possible long-term effects
of evogliptin on p-cell function in humans, but additional data with a
longer follow-up and drug washout are needed.?’ In the present study,
mean changes in HOMA-IR from baseline to 24 weeks showed that
evoglipitin did not have a statistically significant effect on insulin resist-
ance (-0.17 £ 1.72, P =.1233). In a previous study among Korean
T2DM patients, another DPP-4 inhibitor (vildagliptin) had similar effects
when compared to pioglitazone.2¢

We first verified the tolerability and safety of a daily dose of evo-
gliptin 5 mg up to week 52. The incidence of AEs was similar to that
with use of sitagliptin, which is one of the most widely prescribed
DPP-4 inhibitors. The frequency of serious AEs was very low with
use of evogliptin and sitagliptin, and both treatment groups showed
no serious ADRs. Many conventional glucose-lowering agents com-
monly result in weight gain,?’ but treatment with evogliptin for
52 weeks resulted in a stable body weight (mean change,
-0.12 4+ 1.90; P =.9691). Also, the incidence of a hypoglycaemic
event during the 24-week period was very low in each treatment
group (evogliptin, 0.9% vs sitagliptin, 2.8%), and there was no case of
severe hypoglycaemia. In particular, the evogliptin group had only
1 case of asymptomatic hypoglycaemia during the 24-week period.

In conclusion, this study showed that 5 mg of evogliptin exhibits
non-inferiority to sitagliptin when added to metformin therapy. This
study also showed that adding evogliptin in patients with inade-
quately controlled T2DM who are being treated with metformin
alone is effective in lowering HbA1lc and is generally well tolerated
and safe until week 52.
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