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1 | INTRODUCTION

with type 2 diabetes who had HbA1c levels of 7.0%-10.0% were randomized 1:1 to
receive evogliptin 5 mg (n = 102) or linagliptin 5 mg (n = 105) daily for 12 weeks. The
primary efficacy endpoint was the change from baseline HbA1c at week 12. The sec-
ondary endpoint was the change in the mean amplitude of glycaemic excursion
(MAGE) assessed by continuous glucose monitoring. In the extension study con-
ducted during the following 12 weeks, evogliptin 5 mg daily was administered to both
groups: evogliptin/evogliptin group (n = 95) and linagliptin/evogliptin group (n = 92).
Results: After 12 weeks of treatment, the mean change in HbAlc in the evogliptin
group and in the linagliptin group was —0.85% and —0.75%, respectively. The
between-group difference was —0.10% (95% Cl: —0.32 to 0.11), showing non-
inferiority based on a non-inferiority margin of 0.4%. The change in MAGE was
—24.6 mg/dL in the evogliptin group and —16.7 mg/dL in the linagliptin group. These
values were significantly lower than the baseline values in both groups. However,
they did not differ significantly between the two groups. In the evogliptin/evogliptin
group at week 24, HbAlc decreased by —0.94%, with HbA1lc values of <7.0% in
80.2% of the patients. The incidence and types of adverse events were comparable
between the two groups for 24 weeks.

Conclusion: In this study, the glucose-lowering efficacy of evogliptin was non-inferior
to linagliptin. It was maintained at week 24 with a 0.94% reduction in HbAlc. Evo-
gliptin therapy improved glycaemic variability without causing any serious adverse

events in patients with type 2 diabetes.

KEYWORDS
continuous glucose monitoringdipeptidyl peptidase-4 inhibitorevogliptinglycaemic
variabilitylinagliptintype 2 diabetes

associated with a low risk of hypoglycaemia. They can improve p-cell

function with a neutral effect on body weight. In addition, they have

Glycaemic control in patients with diabetes has been regarded as con-
trolling HbA1c to lower the average glucose level. However, HbA1c
itself does not reflect interpersonal differences in glucose levels, and
poorly predicts the risk of hypoglycaemia, which is the main impedi-
ment to intensive treatment for diabetes.? Thus far, not only lowering
HbA1c levels, but also reducing glycaemic variability, which is derived
from treatment-related hypoglycaemia and postprandial hyper-
glycaemia, have become major therapeutic goals in diabetes manage-
ment.® Continuous glucose monitoring (CGM) is now regarded as an
accurate method for the assessment of glycaemic variability.* Several
studies have shown that increased glycaemic variability assessed by
CGM was associated with diabetic complications, such as diabetic ret-
inopathy, cardiovascular complications and mortality.>~” Moreover,
increased glycaemic variability is closely associated with oxidative
stress, which can result in the development of cardiovascular
disease.8?

Dipeptidyl peptidase-4 (DPP-4) inhibitors are widely used for
patients with type 2 diabetes (T2D), mostly as a second-line treatment
after metformin treatment or as a first-line treatment in patients who

cannot tolerate metformin.'®'! Incretin-based DPP-4 inhibitors are

significant and clinically meaningful glucose-lowering effects.*? A pre-
vious study reported that DPP-4 inhibitors were associated with fewer
fluctuations in blood glucose levels in both hypoglycaemic and hyper-
glycaemic status in a glucose-dependent manner.r® Evogliptin is a
selective DPP-4 inhibitor, forming interactions with the S2-extensive
subsite of the DPP-4 active site.!* Evogliptin was shown to inhibit
>80% of the plasma DPP-4 activity within 60 minutes and the inhibi-
tory effect was sustained over 24 hours.*> Evogliptin increased post-
prandial active glucagon-like peptide-1 (GLP-1) levels by 1.5- to
2.4-fold, resulting in reduced postprandial glucose levels by 20% to
35% compared with placebo. In addition, dose adjustments of evo-
gliptin are not required in patients with renal impairment because it is
not metabolized through the kidneys. ¢ Evogliptin also showed benefi-
cial effects on the kidneys, including reductions in albuminuria and the
attenuation of renal fibrosis in preclinical studies.*”~*? Previously, sev-
eral clinical trials of evogliptin have shown strong glucose-lowering

20,21 and

effects by reducing HbAlc levels compared with placebo
sitagliptin.??
Based on these findings, we hypothesized that evogliptin, a novel

DPP-4 inhibitor, would have potent glucose-lowering effects by
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reducing glucose fluctuation and tolerability with a low risk of adverse
events (AEs). Linagliptin, another DPP-4 inhibitor, is only partially
excreted by the kidneys (6%), and mostly through the bile (85%) into
the gastrointestinal tract. Therefore, dose adjustments are not
required for patients with renal impairment.*® As favourable effects of
linagliptin on glycaemic variability and renal outcomes, in addition to
its glucose-lowering effects, have been revealed,>®>~2° the aim of this
study was to evaluate the efficacy and safety of evogliptin compared
with linagliptin as an active comparator, showing changes in HbA1lc,
CGM and renal variables for 12 weeks and an extension period of

12 weeks in inadequately controlled patients with T2D.

2 | METHODS

This was a 12-week, multicentre, randomized, double-blind, active-
controlled study, with a 12-week open-label extension study. It was
conducted at 19 different sites in Korea from September 2016
through March 2018. All participants provided written informed con-
sent. The protocol of this study was approved by the institutional
review board at each participating site. This study adhered to the
tenets of the Declaration of Helsinki. It was conducted in accordance
with the principles of Good Clinical Practice and was registered at
ClinicalTrials.gov (NCT02974504).

21 | Study participants

Eligible patients were aged 220 years, diagnosed with T2D with an
HbA1c level of 27.0% and <10.0%, with a body mass index (BMI) of
>20 and <40 kg/m?, and had not been prescribed any hypoglycaemic
medication within the last 8 weeks. Details of the exclusion criteria
are described in the Supplementary Methods (see the supporting

information for this article).

2.2 | Study design

This trial consisted of the following three periods: a 2-week, single-
blind, run-in period; a 12-week, double-blind, randomized, treatment
period; and a 12-week, open-label, extension period (Figure S1). At
visit 1 (week -2), the subjects who met the inclusion criteria without
meeting any exclusion criteria were administered evogliptin placebo
and linagliptin placebo for 14 days starting from the day of visit 1 until
the day before visit 3 in a single-blind manner. At visit 3 (week 0), the
participants were assigned randomly at a 1:1 ratio, depending on
whether their HbAlc was <8% or 28% in clinical laboratory test
results performed at visit 1, to receive evogliptin 5 mg and linagliptin
placebo (evogliptin group) or evogliptin placebo and linagliptin 5 mg
(linagliptin group) in a double-blind manner for 12 weeks. At visit
2 (3 days before visit 3) and visit 5 (3 days before visit 6), a CGM
device (iPro2, Medtronic MiniMed, Northridge, CA, USA) was
attached to the subject for 3 days. During the extension period, for

12 weeks from the day of visit 6 (week 12) to the day before visit
9 (week 24), evogliptin 5 mg was administered to both groups (evo-
gliptin/evogliptin and linagliptin/evogliptin) in an open-label manner.
At visit 8 (3 days before visit 9), a CGM device was attached to the
subject for 3 days. At visit 9 (week 24), the CGM device was removed
from the subject. To ensure the safety of subjects, metformin pre-
scription was permitted as a rescue therapy for subjects with fasting
plasma glucose (FPG) values of >270 mg/dL at visits 3, 4 and 6, sub-
jects with FPG > 240 mg/dL at visits 7 and 9, and subjects who were
deemed necessary to receive a rescue drug at the investigator's

discretion.

23 | Outcomes

The primary efficacy endpoint of this study was the change in the
mean level of HbAlc from baseline to 12 weeks after treatment with
evogliptin or linagliptin. The secondary efficacy endpoints included
the proportions of patients with HbAlc of <6.5% or <7.0% at
12 weeks, changes in FPG from baseline to 12 weeks after treatment,
and the CGM variables at 12 and 24 weeks. Using the CGM system,
the intra-day variation and inter-day variability were assessed with
changes in the mean amplitude of glucose excursions (MAGE), the
coefficient of variance (CV), the standard deviation (SD), and the mean
of daily differences (MODD). The MAGE variable allows the estima-
tion of major intra-day glucose swings while minor ones are not taken
into account.?® This variable was calculated as the arithmetic average
of the absolute value differences between consecutive glucose peaks
and nadirs when it was greater than one SD from the mean value.?’
The CV was defined as the ratio of SD to the mean and describes the
magnitude of the glucose values. The variation within them is useful
for comparing the degree of variation in subjects with different mean
glucose levels.?® The MODD is a sole index for estimating the day-to-
day glycaemic variability, which was calculated as the mean of the
absolute value differences between the glucose levels measured at
the same time of day on two consecutive days.?’ The details of the
CGM variables are described in the Supplementary Methods (see the
supporting information).

The exploratory endpoints included nitrotyrosine and 2-
thiobarbituric acid-reactive substances (TBARS) as inflammatory and
oxidative stress markers. N-acetyl-B-D-glucosaminidase (NAG), a
marker of proximal tubular damage, and nephrin, a marker for
podocyte injury, were also measured. Biochemical variables, including
creatinine, the estimated glomerular filtration rate (eGFR), and the uri-
nary albumin-to-creatinine ratio (UACR), were determined at baseline
and 12 and 24 weeks after treatment. The details of the laboratory
measurements are described in the Supplementary Methods (see the
supporting information).

AEs, serious AEs (SAEs) and adverse drug reactions (ADRs) were
recorded during the study period. Lipid variables (total cholesterol,
low-density lipoprotein [LDL] cholesterol, high-density lipoprotein
[HDL] cholesterol, and triglycerides) and liver enzymes (aspartate

aminotransaminase [AST] and alanine aminotransaminase [ALT]) at
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baseline and 12 and 24 weeks after treatment were measured. Addi-
tional details of the safety evaluation are described in the Supplemen-

tary Methods (see the supporting information).

24 | Statistical analysis

The target number of subjects to prove the non-inferiority between
evogliptin and linagliptin at a one-sided significance level of 0.025 with
a power of 90% was 85 per group, assuming a SD of 0.8 and a non-
inferiority margin of 0.40%. Considering a drop-out rate of 15%, the
number of subjects required for this study was estimated to be
100 per group. Therefore, this trial aimed to recruit a total of 200 sub-
jects with the goal of allocating 100 subjects to each treatment group.
The efficacy endpoints were analysed using the full analysis (FA) set
population (i.e. all randomized participants were treated with at least
one dose of the study medication and the participants had baseline
measurements and at least one measurement during the study period).
The 95% two-sided confidence intervals (Cls) for the mean difference
in the 12-week changes from baseline between the treatment groups
are presented, and whether the upper limit of the Cl was below the
non-inferiority margin of 0.40% was determined. The secondary analy-
sis population was the per-protocol (PP) set defined as a group of sub-
jects who met the inclusion/exclusion criteria and completed the main
study without the occurrence of any major protocol violations during
the main study. Those who received rescue therapy during the clinical
trial were excluded from the PP set. The efficacy data obtained from a
subject who received rescue therapy were processed as missing values
for the analysis from the time point at which the rescue therapy was
given to rule out the effect of the rescue drug on the efficacy end-
points. The details of how drop-outs or missing data and type 1 errors
in the presence of multiple comparisons were handled are described in
the Supplementary Methods (see the supporting information).

All continuous variables are presented as means + SDs, and cate-
gorical variables are expressed as frequencies with percentages. A
paired t-test or Wilcoxon signed-rank test was performed, depending
on the normality satisfaction status to compare the results obtained at
baseline, week 12, and week 24 within the treatment groups. For
comparisons between the two groups, a two-sample t-test or a
Wilcoxon rank-sum test was used for continuous efficacy variables
and a Chi-squared test or a Fisher's exact test was used for categorical
data, as appropriate. In addition, we performed subgroup analyses
defined by HbA1c (<8.0%, 28.0%). In principle, all statistical analyses
were performed by the two-sided test at a significance level of 5%
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Disposition of patients

Of the 246 patients screened, 207 eligible patients were enrolled, and
102 and 105 patients were randomized to the evogliptin group and

the linagliptin group, respectively. Of these randomized patients,
96 (94%) in the evogliptin group and 98 (93%) in the linagliptin group
completed the 12-week main study. Among them, 95 patients in the
evogliptin 5 mg group and 92 patients in the linagliptin 5 mg group
participated in the extension study as the evogliptin/evogliptin group
and the linagliptin/evogliptin group. Finally, 92 patients (90%) in the
evogliptin/evogliptin group and 88 patients (84%) in the linagliptin/
evogliptin group completed the 12-week extension study.

The baseline demographics and clinical characteristics of the ran-
domized patients are summarized in Table 1. The mean age of the
study participants was 56.1 + 10.4 years and 115 (55.6%) of subjects
were men. The mean baseline BMI was 26.1 + 3.4 kg/m? and the
mean baseline HbA1c level was 7.82% + 0.67% in both groups. There
were no significant differences in the baseline characteristics between
the two groups.

There was no statistically significant difference in the proportion
of subjects who were administered rescue drugs at least once
between the two treatment groups during the 12-week main study:
0 (0%) in the evogliptin group and three (2.9%) in the linagliptin
group (P =.247).

3.2 | Efficacy

Figure 1 shows that the change in HbAlc from baseline to week
12 was —-0.85% + 0.67% for the evogliptin and —0.75% + 0.87% for
the linagliptin group. A significant reduction from the baseline HbA1c
was observed at week 12 in both the evogliptin and the linagliptin
group (both P <.0001). The between-group difference was —0.10%
[95% ClI: —0.32, 0.11] and the upper limit of the two-sided 95% Cl
was 0.11%, which was below the non-inferiority margin of 0.40%,
indicating non-inferiority of the evogliptin to the linagliptin group
(Table 2). In the PP set, the between-group difference in HbA1lc at
week 12 was —0.03% [95% Cl: —0.25, 0.20], similar to that in the FA
set. The change in the mean HbAlc level from baseline to week
12, the primary endpoint of this study, was analysed using a mixed-
effects model with repeated measures (MMRM) for sensitivity analy-
sis. The MMRM included the fixed categorical effects of treatment,
visit, and treatment-by-visit interaction. We found that the between-
group difference was —0.08% [95% Cl: —0.30, 0.14], which was similar
to that in the FA set.

In the extension study, evogliptin treatment resulted in a sustained
decrease in the HbA1c levels. The change in HbAlc from baseline to
week 24 was —0.94% + 0.75% in the evogliptin/evogliptin group and
—0.83% + 0.75% in the linagliptin/evogliptin group (Table S1).

Treatment with evogliptin and linagliptin for 12 weeks decreased
the FPG by 12.8+19.5 and 154 + 34.1 mg/dL (both P <.0001),
respectively. However, the FPG values were not significantly different
between the two treatment groups (P = .325). The PP set showed sig-
nificant changes in FPG of —-12.8 + 18.8 mg/dL in the evogliptin
(n=93) and —16.5 + 36.6 mg/dL in the linagliptin group (n = 84) (both
P <.0001), with no significant difference between the groups
(P = .162). These results were similar to the results of the FA set.
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TABLE1 ‘Basellne characteristics of Evogliptin (n = 102) Linagliptin (n = 105) P-value

study population
Age (years) 56.6 (10.7) 55.6 (10.2) 6907
Sex (men), n (%) 61(59.8) 54 (51.4) .225°
BMI (kg/mz) 26.0(3.3) 26.2 (3.5) .559°
Obesity©, n (%) 59 (57.8) 60 (57.1) 919°
Duration of diabetes (years) 4.1 (4.4) 3.7(4.1) 5642
Duration of diabetes <4 weeks, n (%) 26 (25.5) 23(21.9) 544

Abbreviation: BMI, body mass index.
2P-values were derived from a Wilcoxon rank-sum test.
bp-values were derived from a Chi-square test.

°BMI > 25 kg/m?2.

7.8
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7.6 . -
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FIGURE 1 Changesin HbAlc from baseline to week 12 after
treatment

In the extension study, the change in FPG from baseline to week
24 was —11.7 £ 25.1 mg/dL in the evogliptin/evogliptin and —14.3
+ 24.6 mg/dL in the Inagliptin/evogliptin group (both P < .0001).

In subgroup analyses, significant reductions in the HbAlc and
FPG levels from baseline to week 12 were seen in patients with
HbA1c values of <8.0% and >=8.0% (Table S2). Patients with HbA1lc
values of 28.0% showed greater changes in HbAlc and FPG values
from baseline to week 12 compared with patients with HbA1c values
of <8.0%, without significant between-group differences.

Regarding the HbA1c target goal achievement rate, after week
12 administrations, a comparable proportion of patients achieved
HbA1c levels of <6.5% in each treatment group. Forty-four per cent
of the patients in the evogliptin and 36.5% of those in the linagliptin
group had HbA1c levels of <6.5% (P = .318 by Fisher's exact test).
When an HbAlc of <7.0% was used, 68.0% in the evogliptin and
67.3% in the linagliptin group met this target goal, without significant
differences between the groups (P = 1.000). The results in the PP set
were similar to those in the FA set. In the evogliptin group, 46.2%
(n = 93) achieved an HbA1lc of <6.5% versus 38.1% (n = 84) in the
linagliptin ~ group,
ences (P = .290).

without significant between-group differ-

In the extension study, among 91 subjects in the evogliptin/evo-
gliptin group, 73 (80.2%) and 44 (48.4%) had HbA1c values of <7.0%
and <6.5%, respectively. Among 86 subjects in the linagliptin/evo-
gliptin group, 61 (70.9%) and 35 (40.7%) had HbA1c values of <7.0%
and <6.5%, respectively. The proportion of subjects with HbAlc values
of <6.5% or <7.0% at week 24 was similar between the two groups.

As shown in Table 3, after 12 weeks of treatment, the CGM vari-
ables, including the mean glucose over 0-24 hours and glycaemic vari-
ability values, such as SD, MAGE, CV and MODD, significantly
decreased in both groups. The PP set showed similar results.

The proportion of time in the 70-180 mg/dL range and the time
in hyperglycaemia (>180 and >250 mg/dL) were also significantly
improved after 12 weeks of treatment in both groups. In the evo-
gliptin group, the proportion of time in the 70-180 mg/dL range
increased from 67.7% at baseline to 81.6% at week 12 (P < .0001)
and the proportion of time in hyperglycaemia (>180 mg/dL) decreased
by 13.7% (P < .0001) at week 12 from baseline. The linagliptin group
showed similar results, leading to no significant differences in these
CGM variables between the two groups.

The mean daily glucose level obtained from CGM at week
24 decreased by 24.60 + 30.61 mg/dL in the evogliptin/evogliptin
group and by 15.2 + 27.2 mg/dL in the linagliptin/evogliptin group
(both P <.0001; Table S3). The SD at week 24 decreased by 10.29
+11.91 mg/dL in the evogliptin/evogliptin group and by 6.62
+10.78 mg/dL in the linagliptin/evogliptin group (both P <.0001).
Similarly, the change in MAGE from baseline to week 24 in the exten-
sion study was —26.86 + 33.73 mg/dL in the evogliptin/evogliptin
group (P <.0001) and —13.37 + 29.67 mg/dL in the linagliptin/evo-
gliptin group (P = .0023). The CV and MODD showed similar patterns.

The eGFR and nephrin levels did not change significantly in either
group after the original 12 weeks of treatment (Table S4). The per-
centage change from baseline in the UACR at week 24 significantly
decreased by 47.27 + 262.24% in the evogliptin/evogliptin group and
by 35.28 + 258.85% in the linagliptin/evogliptin group (Table S5). Sig-
nificant reductions in urinary NAG at week 12 (P = .0289) and week
24 (P = .0026) were only observed in the evogliptin group, although
the inter-group difference was not significant. Only the evogliptin
group showed significantly greater reductions in nitrotyrosine and
TBARS (both P < .01) at week 12, but there was no significant differ-
ence between the two groups.
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TABLE 2 Baseline, week 12, and changes in the outcomes from baseline
Evogliptin Linagliptin
(n = 100) (n = 104) Difference [95% Cl] or P-value
HbA1c (%)
Baseline
Mean + SD 7.55+0.78 7.63£0.78
At week 12
Mean * SD 6.70 £ 0.73 6.88+0.91
Change from baseline to week 12 (mean + SD) -0.85 +0.67 -0.75+0.87 -0.10 [-0.32,0.11]
P-value for mean difference from baseline at week 12 <.0001* <.0001*
HbA1c response rate n (%) n (%)
<7.0% 68 (68.0) 7 0(67.3) 1.0000¢
27.0% 32(32.0) 34 (32.7)
<6.5% 44 (44.0) 38(36.5) .3182°¢
26.5% 56 (56.0) 66 (63.5)
Fasting plasma glucose (mg/mL)
Baseline
Mean + SD 1441 £ 24.7 151.1 £ 26.9
At week 12
Mean * SD 131.3 £23.0 135.7 £ 33,5
Change from baseline to week 12 (mean + SD) -12.8+19.5 -15.4+34.1 .3253¢
P-value for mean difference from baseline at week 12 <.0001° <.0001*

Abbreviations: Cl, confidence interval, SD, standard deviation.
2P-values were derived from a Wilcoxon signed-rank test.
bp-values were derived from a paired t-test.

°P-values were derived from a Fisher's exact test.

dp-values were derived from a Wilcoxon rank-sum test.

3.3 | Safety

As shown in Table 4, after 12 weeks of administration, 30 (29.7%)
patients in the evogliptin and 42 (40.0%) patients in the linagliptin
group reported AEs, regardless of study drug causality. ADRs were
observed in 4.0% of the evogliptin and 4.8% of the linagliptin group.
Two patients in the evogliptin group and three patients in the
linagliptin group had SAEs during the 12-week main study period. All
SAEs were considered to have no causal relationship with the investi-
gational product.

The hypoglycaemic events were categorized as severe
hypoglycaemia, asymptomatic hypoglycaemia, documented symptom-
atic hypoglycaemia, probable symptomatic hypoglycaemia and relative
hypoglycaemia. Asymptomatic hypoglycaemia occurred in 28 patients
(29.8%, 35 events) in the evogliptin/evogliptin group and 26 subjects
(28.9%, 41 events) in the linagliptin/evogliptin group. Documented
symptomatic hypoglycaemia occurred in two patients (2.20%, three
events) in the linagliptin/evogliptin group. Probable symptomatic
hypoglycaemia occurred in one subject (1.10%, one event) in the evo-
gliptin/evogliptin group. Total hypoglycaemia occurred in 28 patients
(29.8%, 36 events) in the evogliptin/evogliptin group and 26 patients
(28.9%, 44 events) in the linagliptin/evogliptin group.

The LDL cholesterol levels significantly decreased at week 12 in
both groups (Table S6). The AST and ALT levels significantly
decreased at week 12 only in the evogliptin group, but no significant

between-group difference was seen.

4 | DISCUSSION
In this 12-week, multicentre, randomized, double-blind, active-
controlled study, evogliptin treatment significantly decreased HbA1c
by 0.85% * 0.67%, which was non-inferior to linagliptin treatment.
After 24 weeks of treatment, the evogliptin group showed a persis-
tent decrease in HbA1c levels. Regarding the glycaemic target goal, in
the evogliptin group, 80.2% of subjects had HbA1c levels of <7.0% at
week 24. Evogliptin treatment also resulted in improved glycaemic
variability with increased glucose target ranges and decreased time in
hypoglycaemia and hyperglycaemia investigated by the CGM system.
Evogliptin was well tolerated during the entire clinical trial period of
24 weeks.

In the present study, the glucose-lowering efficacy of evogliptin
was found to be robust. HbAlc was decreased by 0.85% at week
12 and by 0.94% at week 24. During the entire 24-week study period,
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TABLE 3  Summary of changes in continuous glucose monitoring (CGM) variables from baseline at week 12

Evogliptin Linagliptin
(n = 100) (n =104) P-value
Mean glucose for 0-24 h (mg/dL)
Baseline (n, mean + SD) 82?2 164.2 + 34.2 878 165.2 +32.3
At week 12 (n, mean = SD) 77° 146.6 + 28.2 68° 142.8 + 24.8
Change from baseline to week 12 (n, mean + SD) 68 -17.3+275 62 -19.0 £ 29.9 .660°
P-value for mean difference <.0001°¢ <.0001f
SD (mg/dL)
Baseline (n, mean * SD) 822 36.8+12.0 872 362+ 126
At week 12 (n, mean =+ SD) 77° 27.8 104 68° 27.0+9.7
Change from baseline to week 12 (n, mean + SD) 68 -98+127 62 -83+11.6 482¢
P-value for mean difference <.0001°¢ <.0001¢
Mean amplitude of glucose excursions
Baseline (n, mean * SD) 827 95.1+29.4 872 90.0 + 28.5
At week 12 (n, mean * SD) 77° 71.6 £25.9 68° 70.2 £25.0
Change from baseline to week 12 (n, mean + SD) 68 —-24.6 + 345 62 -16.7 + 29.7 166
P-value for mean difference <.0001°¢ <.0001¢
Coefficient of variance (%)
Baseline (n, mean + SD) 82?2 224 +56 878 219+ 6.2
At week 12 (n, mean * SD) 77° 190+ 6.2 68° 18.8 £ 5.7
Change from baseline to week 12 (n, mean + SD) 68 -39+71 62 -3.0+6.0 4649
P-value for mean difference <.0001°¢ .0002¢
Mean of daily differences (mg/dL)
Baseline (n, mean * SD) 822 32.6 +16.0 872 31.9+11.6
At week 12 (n, mean * SD) 77° 255+11.1 68° 249 £9.6
Change from baseline to week 12 (n, mean + SD) 68 -7.2+15.6 62 -6.4+130 .759¢
P-value for mean difference .0003¢ .0002¢
Proportion of time in hypoglycaemia (< 54 mg/dL)
Baseline (n, mean * SD) 827 0.08 £ 0.58 872 0.07 £ 0.44
At week 12 (n, mean =+ SD) 77° 0.22+1.15 68° 0.24 +1.10
Change from baseline to week 12 (n, mean + SD) 68 0.06 + 1.23 62 0.17 £ 1.28 .522¢
P-value for mean difference .8750f 4688f
Proportion of time in hypoglycaemia (<70 mg/dL)
Baseline (n, mean * SD) 827 0.45 + 2.04 87° 0.69 +2.30
At week 12 (n, mean = SD) 77° 042+ 173 68° 0.65 + 2.37
Change from baseline to week 12 (n, mean + SD) 68 —-0.19 + 2.66 62 —-0.05+271 927¢
P-value for mean difference .5342f 4729
Proportion of time in range (70-180 mg/dL)
Baseline (n, mean * SD) 82?2 67.7 £26.0 872 68.1 £22.6
At week 12 (n, mean =+ SD) 77° 81.6 +22.3 68° 84.6 +18.6
Change from baseline to week 12 (n, mean + SD) 68 139 +218 62 15.0 + 23.7 .390°¢
P-value for mean difference <.0001" <.0001f
Proportion of time in hyperglycaemia (>180 mg/dL)
Baseline (n, mean % SD) 827 31.9 £26.2 872 31.2+23.1
At week 12 (n, mean + SD) 77° 18.0 225 68° 14.7 + 184
Change from baseline to week 12 (n, mean + SD) 68 -13.7+21.8 62 —-14.9 + 23.8 413¢
P-value for mean difference <.0001f <.0001f

(Continues)
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TABLE 3 (Continued)
Evogliptin Linagliptin
(n = 100) (n =104) P-value
Proportion of time in hyperglycaemia (>250 mg/dL)
Baseline (n, mean * SD) 82?2 7.2+11.0 872 6.6 +£12.7
At week 12 (n, mean + SD) 77° 26+67 68° 1.6+59
Change from baseline to week 12 (n, mean + SD) 68 -49+96 62 -3.0+10.0 .805¢
P-value for mean difference <.0001f .0014f

Abbreviation: SD, standard deviation.

3Subjects whose measurement data of 0-24 h on day —2 and day —1 at week O were all available.
bSubjects whose measurement data of 0-24 h on day -2 and day -1 at week 12 were all available.

“P-values were derived from a paired t-test.

dp-values were derived from a two-sample t-test.
¢P-values were derived from a Wilcoxon rank-sum test.
fp-values were derived from a Wilcoxon signed-rank test.

TABLE 4 Incidence of adverse events (AEs) during 12 weeks of
treatment
Evogliptin Linagliptin
(n=101) (n = 105)
AEs 30 (29.7%) 42 (40.0%)
Infections 4 (4.0%) 10 (9.5%)
Gastrointestinal disorders 4 (4.0%) 3(2.9%)
Renal and urinary disorders 0 (0.0%) 4 (3.8%)
Hypoglycaemia 13 (12.9%) 14 (13.3%)
Adverse drug reactions 4 (4.0%) 5 (4.8%)
Serious adverse events 2 (2.0%) 3(2.9%)
Documented symptomatic 0 (0.0%) 1(1.0%)
hypoglycaemia
Asymptomatic hypoglycaemia 13 (12.9%) 14 (13.3%)

FPG decreased significantly and most of the CGM variables improved
markedly from baseline to week 24.

DPP-4 inhibitors are known to cause glucose-dependent insulin
secretion and inhibit glucagon production by increasing GLP-1
levels.2° In this manner, both fasting and postprandial glucose levels
were markedly decreased by evogliptin treatment without increasing
the risk of treatment-induced hypoglycaemia. This was related to sig-
nificant improvements in glycaemic variability by evogliptin treatment
assessed by CGM.

Of note, we evaluated various measures of glycaemic variability
representing day-to-day variability and intra-day variation assessed by
CGM (SD, CV, MAGE and MODD) in this study.2?3132 All these
glycaemic variability values showed great reductions in the evogliptin
group that were comparable with the linagliptin group. Evogliptin treat-
ment resulted in significantly reduced peak daily glucose levels, area
under the curve for 2 hours after each meal (data not shown), and the
proportion of time spent in hyperglycaemia, representing its potent
effect in controlling postprandial hyperglycaemia. Several studies have
shown that postprandial glucose levels had a greater effect on HbAlc

control, as well as on glycaemic variability, than fasting glucose.3%34

A large glycaemic burden after a meal appears important in induc-
ing oxidative stress, which has a direct toxic effect on the vascular
endothelium. It can lead to the development and progression of dia-
betic complications.® In this study, evogliptin treatment showed sig-
nificant decreases in oxidative stress markers, nitrotyrosine and
TBARS, accompanied by an attenuation of glycaemic variability mainly
derived from postprandial glucose control. The presence of
nitrotyrosine in the plasma of diabetic patients is considered indirect
evidence of oxidative stress resulting from an imbalance in the ratio
of nitric oxide to peroxynitrite production.®¢ Nitrotyrosine concentra-
tions were positively correlated with plasma glucose levels, but not
with HbA1c levels.3” Also, serum levels of TBARS have been found to
be significantly increased in patients with T2D in many studies.®3?
Diabetic patients with angiopathy showed significantly higher TBARS
levels than those without angiopathy, which suggests enhanced lipid
peroxidation.*® Taken together, evogliptin treatment can be used as
an effective therapeutic strategy to control postprandial glucose
excursions and fluctuations in glucose levels and its effects might be
related to the prevention of vascular complications.

In this study, significant reductions in NAG levels at week 12 and
week 24 were only observed in the evogliptin group, although no signifi-
cant difference was found between the treatment groups. NAG, a lyso-
somal enzyme present in the proximal tubular cells, is eliminated in the
urine and appears to be a sensitive biomarker of early renal tubular
injury and is linked to glycaemic excursion in patients with T2D.*142 |n
addition, the UACR significantly decreased after evogliptin treatment for
24 weeks. These results suggest that evogliptin may have a protective
effect on the kidneys by alleviating proximal renal tubular damage, which
may be combined with the glucose-lowering effect of DPP-4 inhibition.

During the entire 24-week study period, the safety evaluation
results showed that the frequency of AEs was comparable between
the two treatment groups. Also, the incidence of SAEs that occurred
during the entire study period was very low. No serious ADRs were
observed. In particular, the evogliptin group had no documented
symptomatic hypoglycaemia during the 24-week study period. These
data support the safety and tolerability of evogliptin.
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This study has several strengths. First, this was a head-to-head
study compared with linagliptin, which has substantial data regarding
its efficacy and safety. Second, this study adopted 3-day CGM to
assess glycaemic variability. We also evaluated various measures of
glycaemic variability assessed by CGM. In addition, the number of
study participants was comparatively large and the 24-week treat-
ment completion rate was high. Lastly, an extension study was con-
ducted to confirm the findings obtained from the original study.

In conclusion, in the first 12-week original study and the 12-week
extension study, treatment with evogliptin showed robust glucose-
lowering efficacy and significant improvement in glycaemic variability
with excellent safety and tolerability in patients with T2D that were
similar to linagliptin treatment.
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