W) Check for updates

Received: 10 January 2024 Revised: 23 May 2024 Accepted: 30 May 2024
DOI: 10.1111/dom.15717

ORIGINAL ARTICLE WILEY

Dual add-on therapy of gemigliptin and dapagliflozin
in patients with type 2 diabetes inadequately controlled
with metformin alone: The SOLUTION 2 study

Kyung Ah Han MD? | You-Cheol Hwang MD?2 | Shin Je Moon MD3 |

Ho Chan Cho MD* | Hye Jin Yoo MD® | SungHee Choi MD® | Suk ChonMD’ @ |
Kyoung-Ah Kim MD® | Tae Nyun Kim MD? | Jun Goo Kang MD1° |

Cheol-Young Park MD*! | Jong Chul Won MD?'? | Eunjoo ChoBS™® |

Jeongyun Kim MS*® | Kyong Soo Park MD 4

Division of Endocrinology and Metabolism, Nowon Eulji Medical Centre, Eulji University, Seoul, South Korea
2Division of Endocrinology and Metabolism, Kyung Hee University Hospital at Gangdong, Seoul, South Korea
3Division of Endocrinology and Metabolism, Hallym University Kangnam Sacred Heart Hospital, Seoul, South Korea
“Division of Endocrinology and Metabolism, Keimyung University Dongsan Hospital, Daegu, South Korea

SDivision of Endocrinology and Metabolism, Korea University College of Medicine, Seoul, South Korea

®Division of Endocrinology and Metabolism, Seoul National University Bundang Hospital, Seongnam, South Korea
7Division of Endocrinology and Metabolism, Kyung Hee University Hospital, Seoul, South Korea

8Division of Endocrinology and Metabolism, Dongguk University llsan Hospital, Dongguk University School of Medicine, Goyang, South Korea
?Division of Endocrinology and Metabolism, Inje University Haeundae Paik Hospital, Busan, South Korea

1%Division of Endocrinology and Metabolism, Hallym University Sacred Heart Hospital, Seoul, South Korea
*Division of Endocrinology and Metabolism, Kangbuk Samsung Hospital, Seoul, South Korea

12Djvision of Endocrinology and Metabolism, Inje University Sanggye Paik Hospital, Seoul, South Korea

13| jfe Sciences, LG Chem, Ltd, Seoul, South Korea

14Department of Internal Medicine, Seoul National University Hospital, Seoul, South Korea

Correspondence
Kyong Soo Park, MD, Department of Internal Abstract
Medicine, Seoul National University

Hospital, 101 Daehak-ro, Jongno District,
Seoul, 03080, South Korea. therapy (GEMI + DAPA) to metformin in type 2 diabetes (T2D) patients who had

Email: kspark@snu.ac.kr

Aim: To evaluate the efficacy and safety of gemigliptin and dapagliflozin dual add-on

inadequate glycaemic control on metformin alone, compared with a single add-on of
Funding information either gemigliptin (GEMI) or dapagliflozin (DAPA) to metformin.

LG Chem, Ltd. Materials and Methods: In this randomized, double-blind, double-dummy, active-
controlled, parallel-group, phase 3 study, 469 T2D patients treated with a stable dose
of metformin for 8 weeks or longer were randomized to receive GEMI + DAPA
(n = 157) and either GEMI (n = 156) or DAPA (n = 156). The primary endpoint was
change in HbA1c levels from baseline at week 24.

Results: Baseline characteristics including body mass index and T2D duration were
similar among groups. At week 24, the least square mean changes in HbA1c from
baseline were —1.34% with GEMI + DAPA, —0.90% with GEMI (difference

between GEMI 4 DAPA vs. GEMI —0.44% [95% confidence interval {Cl}: —0.58%
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1 | INTRODUCTION

Type 2 diabetes (T2D) is characterized by a complex pathophysiol-
ogy, involving multiple underlying defects leading to impaired glu-
cose homeostasis and various complications. Over the past few
decades, an increased understanding of T2D pathophysiology has
led to the development of various antihyperglycaemic agents with
different mechanisms, providing an opportunity to choose the
appropriate medication for each T2D patient.2? The recent guide-
lines®* highlight the importance of early intensified management of
T2D patients who do not meet their treatment goals. This approach
positively influences disease progression management, decreases the
risk of complications and extends the treatment failure time. Addi-
tionally, these guidelines emphasize a holistic approach, including
not only glycaemic control, but also the management of cardiovas-
cular risk and weight.>*

Therefore, early intensification after the failure of metformin
monotherapy, which is generally recommended as the first-line ther-
apy, can be beneficial for achieving better glycaemic control and
extending the duration of sustained glycaemic control in T2D
patients.>#

In the context of the comprehensive management emphasized
by recent guidelines, intensified therapy using sodium-glucose co-
transporter-2 (SGLT-2) inhibitors and dipeptidyl peptidase-4
(DPP-4) inhibitors may be a useful treatment option. SGLT-2 inhib-
itors are widely used for their glucose-lowering properties,
achieved by suppressing glucose reabsorption and increasing its
excretion at the renal proximal tubule. Additionally, they offer
known cardiovascular and renal benefits, while carrying a low risk
of weight gain.>® DPP-4 inhibitors are also widely used for their
ability to reduce fasting and postprandial glucose levels, which is
accomplished by inhibiting the degradation of incretin peptides
(e.g. glucagon-like peptide-1), resulting in increased insulin secre-
tion and reduced glucagon secretion. They offer the added advan-
tages of minimal risk of hypoglycaemia and weight neutrality.”””

Considering the different mechanisms of action and benefits of the

to —0.31%], P <.01) and —0.78% with DAPA (difference between GEMI + DAPA
vs. DAPA —0.56% [95% Cl: —0.69% to —0.42%], P < .01). Both upper Cls were less
than 0, demonstrating the superiority of GEMI + DAPA for lowering HbA1lc. The rates
of responders achieving HbA1c less than 7% and less than 6.5% were greater with
GEMI + DAPA (84.9%, 56.6%) than with GEMI (55.3%, 32.2%) and DAPA (49.3%,
15.3%). The incidence rate of adverse events was similar across groups, with low inci-
dence rates of hypoglycaemia, urinary tract infection and genital infection.

Conclusions: These results suggest that the addition of GEMI + DAPA to metformin
as triple combination therapy was effective, safe and well-tolerated, especially for

T2D patients who experienced poor glycaemic control on metformin alone.

dapagliflozin, DPP-4 inhibitor, metformin, SGLT-2 inhibitor, type 2 diabetes

drugs, the dual combination of SGLT-2 and DPP-4 inhibitors with
metformin is complementary and expected to result in an improved
glucose-lowering effect, with low risks of hypoglycaemia and
weight gain. In addition, the beneficial effect of SGLT-2
inhibitors'®-* and the neutral effect of DPP-4 inhibitors*>*¢ on
cardiovascular or renal risk/progression, proven in large clinical tri-
als, support their combination therapy.®

Gemigliptin is a potent DPP-4 inhibitor, and its efficacy and

safety have been evaluated in clinical trials,*”~22

including a study
that showed the additive glycaemic effect of gemigliptin in patients
with T2D that was inadequately controlled with metformin and
dapagliflozin.?® In this study, the primary objective was to demon-
strate the superiority of dual gemigliptin and dapagliflozin add-on
compared with the single add-on of either gemigliptin or dapagli-
flozin in patients with inadequately controlled T2D receiving met-
formin alone. Additionally, we investigated whether the
combination of gemigliptin and dapagliflozin exhibited similar bene-
fits and characteristics as other drugs in the DPP-4 and SGLT-2
inhibitor classes.

2 | MATERIALS AND METHODS

21 | Study design and population

This was a randomized, double-blind, double-dummy, active-
controlled, parallel-group, phase 3 study. Major inclusion criteria
included T2D patients aged 19 years or older, HbAlc of 7%-11%, and
on stable metformin treatment (> 1000 mg/day) alone for 8 weeks or
longer before screening. Major exclusion criteria included patients
with an estimated glomerular filtration rate (eGFR) of less than
60 mL/min/1.73m?, New York Heart Association Class Il-IV conges-
tive heart failure, acute and unstable heart failure or arrhythmia
requiring treatment, hepatic disease, body mass index (BMI) more
than 40 kg/m? and uncontrolled hypertension. The detailed inclusion

and exclusion criteria are presented in Table S1.
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2.2 | Treatment and intervention

Eligible patients participated in the 2-week run-in period and received
one tablet each of the placebo gemigliptin and dapagliflozin once daily
in a single-blinded manner. After the run-in period, those patients
who met the randomization criteria (on a stable dose of metformin
> 1000 mg/day and a run-in medication adherence rate > 70% during
the run-in period) were randomized to receive 50 mg of gemigliptin
and 10 mg of dapagliflozin (GEMI + DAPA) and either 50 mg of gemi-
gliptin (GEMI) or 10 mg of dapagliflozin (DAPA) in a 1:1:1 ratio. Strati-
fied block randomization with two stratification factors (HbAlc
[<85% or >85% and eGFR [<90or 290 mL/min/1.73m?] at
screening) was performed using an interactive web response system.
After randomization, the patients received investigational products,
which were assigned to each group once daily for 24 weeks. Along
with the investigational products, a consistent dose of metformin was
administered prior to screening as a background treatment without
any dose adjustment. Visits were scheduled at screening, at the start
of the single-blind run-in, at randomization, and at week 6, 12, 18 and
24. Efficacy and safety were evaluated at week 6, 12, 18 and 24. Dur-
ing the study, if the patients were inadequately controlled with the
investigational drugs, the investigators were allowed to provide res-
cue therapy at their discretion. The SOLUTION 2 study
(NCT04255238) was conducted in compliance with the International
Council for Harmonization Good Clinical Practice and the Declaration
of Helsinki and was approved by the Institutional Review Board
(Seoul National University Hospital, H-2003-015-1106, etc.). All
patients or their designees signed an informed consent form before

participation.

2.3 | Study endpoints

The primary endpoint was the change in HbA1c level from baseline at
week 24. Secondary endpoints included evaluations of changes in
HbA1c, fasting plasma glucose (FPG), fasting lipid variables, eGFR, albu-
minuria (data not presented), body weight and waist circumference dur-
ing the 24-week treatment period (hereafter, treatment period).
Additionally, secondary endpoints encompassed the proportion of
patients achieving HbA1c less than 7% (< 53.0/mol) or less than 6.5%
at week 24, and the proportion of patients who received rescue ther-
apy. Safety, including treatment-emergent adverse events (TEAEs), the

incidence of hypoglycaemia, and vital signs, was assessed.

24 | Statistical analyses

In total, 468 patients (156 per group) were planned, allowing for a
15% dropout rate. The assumed effect size of the change in HbAlc at
week 24 was —0.40%, calculated based on previous clinical studies of
gemigliptin monotherapy!” and DPP-4 inhibitors and SGLT-2 inhibi-
tors in T2D patients,24 with a common standard deviation of HbA1c

change estimated at 1.0%. Given these assumptions, the planned

sample size would vyield greater than 80% power with a significance
level of .025 to detect the superiority of the GEMI + DAPA group
over the GEMI and DAPA groups. Demographic and efficacy analyses
were performed using the full analysis set, which included all patients
who received at least one dose of the study treatment and underwent
assessment of their HbAc1 levels assessed at baseline and at least
once thereafter, following the intent-to-treat principles. Patients who
received the study treatment at least once were included in the safety
analysis set, which was used for safety analyses.

A mixed-effects model was used to analyse the difference in
HbA1c reduction between each group, with HbAlc change as a
dependent variable; treatment group, baseline HbA1c, baseline eGFR,
visit and interaction (between visit and treatment group) as fixed
effects; and patient as a random effect. HbAlc changes from baseline
(least square [LS] mean and standard error), two-sided 95% confi-
dence interval [Cl], and P value for the mean difference between
treatment groups (GEMI + DAPA vs. GEMI, GEMI + DAPA
vs. DAPA), were calculated. The superiority of the GEMI + DAPA-
group compared with the GEMI and DAPA groups was proven if both
upper limits of the 95% Cls were less than 0.

For the HbA1c responder rates, odds ratio, 95% Cl and P value
for the responder rate difference between groups were calculated
using logistic regression with baseline HbA1c and baseline eGFR as
covariates. All statistical analyses were performed using SAS software
(version 9.4; SAS Institute, Cary, NC). Comparisons between groups
were performed using a two-sample t-test or Wilcoxon rank-sum test,
and comparisons among groups were performed using analysis of var-
iance or the Kruskal-Wallis test for continuous variables and the chi-
square test or Fisher's exact test for categorical variables. The

Shapiro-Wilk test was used to assess data normality.

3 | RESULTS

3.1 | Disposition and baseline characteristics

From June 2020 to March 2022, 469 patients who met the inclusion
and exclusion criteria were randomized. Of the 469 randomized patients
from 39 study sites in the Republic of Korea, 467 (155 [98.7%)],
156 [100.0%] and 156 [100.0%] patients in the GEMI + DAPA, GEMI
and DAPA groups, respectively) received the study treatment at least
once. More than 90% of patients in each group completed the treat-
ment period (Figure 1). Baseline characteristics were generally similar
across the groups. Their mean age ranged from 57.9 to 58.5 years. The
mean baseline HbA1c ranged from 7.80% to 7.87%, T2D duration ran-
ged from 7.8 to 8.9 years and the background metformin dose ranged
from 1280.8 to 1362.7 mg/day (Table 1).

3.2 | Efficacy endpoints

After the treatment period, the addition of GEMI + DAPA to metfor-
min resulted in a significant reduction in HbA1c levels compared with
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»  Withdrawal by subject (23)

Randomization failure (N = 5)
---» » Failure to meet randomization criteria (2)
* Other (3)

Randomized
N =469
v v
GEMI+DAPA GEMI DAPA
N=157 N=156 N=156
Early withdrawal (N =2)
» Failure to meet I/E criteria (1) [€------------ , I
»  Withdrawal of consent (1) Received Received Received
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Early withdrawal (N =7) ——— —
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* Withdrawal of consent 3) | | *_Other (1)
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* Other (2)

v Y
Completed study Completed study Completed study
N =148 N=150 N =142

FIGURE 1 Study disposition. DAPA, dapagliflozin; GEMI, gemigliptin; I/E, inclusion/exclusion.

TABLE 1 Demographics and baseline characteristics - FAS.

GEMI + DAPA GEMI DAPA
(N = 152) (N =152) (N = 150) P value®
Age (y)° 57.9+104 58.5+10.9 58.1+9.9 Not significant
Male (%) 83 (54.6) 84 (55.3) 83 (55.3)
Weight (kg) 69.3+13.0 69.0+11.2 69.0 +11.4
BMI (kg/m?)° 257 +3.6 257 + 3.4 257 +37
HbA1c (%) 7.80 £ 0.86 7.85 £0.85 7.87 £0.83
HbA1c (mmol/mol) 61.8+9.4 624+93 62.6+9.1
FPG (mg/dL) 149.7 + 34.6 150.8 + 32.9 151.7 +33.1
Duration of T2D (y)° 7.8+57 8867 89+64
eGFR (mL/min/1.73m?) 94.8 +19.6 94.6 + 16.7 98.0+ 238
Metformin dose (mg/day) 1304.8 + 359.1 1280.8 + 409.8 1362.7 + 392.6

Note: Data are means + SD or n (%).

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; DAPA, dapagliflozin; eGFR, estimated glomerular filtration rate; FAS, full analysis set;
FPG, fasting plasma glucose; GEMI, gemigliptin; SD, standard deviation; T2D, type 2 diabetes.

2The P value for mean difference among groups was obtained from ANOVA or the Kruskal-Wallis test for continuous variables and the chi-square test or
Fisher's exact test for categorical variables.

bValues from screening.

either GEMI or DAPA to metformin. The LS means for HbAlc change DAPA groups, respectively, and HbAlc was significantly reduced at
from baseline were —1.34% (—14.6 mmol/mol), —0.90% (—9.8 mmol/ week 24 in all three treatment groups (P <.01). The 95% CI for
mol) and —0.78% (—8.6 mmol/mol) for the GEMI + DAPA, GEMI and between-group differences in HbAlc change was —0.58% to —0.31%
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FIGURE 2 A, LS mean (SE) of HbA1c change at week 24 B,
Responder rate of patients who achieved HbA1c less than 6.5%,

and C, Responder rate of patients who achieved HbA1c less than 7%
at week 24 - FAS. Cl, confidence interval; DAPA, dapaglifiozin; FAS,
full analysis set; GEMI, gemigliptin; LS, least square; SE, standard
error.

(—6.3 to —3.4 mmol/mol) in GEMI 4+ DAPA versus GEMI and —0.69%
to —0.42% (—7.5 to —4.6 mmol/mol) in GEMI + DAPA versus DAPA.
Both upper Cls were less than 0, showing the superiority of GEMI
+ DAPA as an add-on to metformin (Figure 2A, Table 2). The mixed-
effects model suggested that all prespecified fixed effects, except for
baseline eGFR, significantly affected the changes in the HbAlc
level (P < .01).

In addition to the HbA1c change from baseline at week 24, the
HbA1c and FPG changes during the treatment period also supported
the superior glycaemic control observed in the GEMI + DAPA group.

HbA1c and FPG levels in the GEMI + DAPA group were significantly
reduced compared with those in the GEMI and DAPA groups at all
evaluated time points up to week 24 (P < .01 for all time points)
(Figure S1A,B).

Additionally, the percentage of patients who achieved HbA1c less
than 6.5% after the 24-week treatment period was significantly
greater in the GEMI + DAPA group than in the GEMI and DAPA
groups (56.6%, 32.2% and 15.3% in the GEMI + DAPA, GEMI and
DAPA groups, respectively; P < .01 for both comparisons) (Figure 2B).
Similarly, 84.9% of patients on GEMI + DAPA achieved HbA1c less
than 7.0% at week 24, and the percentages were significantly greater
than those in patients on either GEMI (55.3%) or DAPA (49.3%) (both
P < .01) (Figure 2C). During the treatment period, only a few patients
received rescue therapy (two patients [1.32%] in the GEMI + DAPA
group and one patient [0.66%)] in the GEMI group). Regarding fasting
lipid variables, a significant increase in high-density lipoprotein choles-
terol and a decrease in triglycerides were observed in the GEMI +
DAPA and DAPA groups; however, a significant increase in total cho-
lesterol was observed in the DAPA group (Table 2).

Compared with that in patients treated with GEMI (LS mean
of —0.2 kg), the change in body weight at week 24 was significant in
patients treated with GEMI 4 DAPA (LS mean of —2.4 kg), similar to
the weight loss in those treated with DAPA (LS mean of —2.6 kg).
Similarly, patients in the GEMI + DAPA group, similar to those in the
DAPA group, exhibited a notable reduction in waist circumference
compared with those in the GEMI group (Table 2).

Mean baseline eGFR was 94.8, 94.6 and 98.0 mL/min/1.73m? in
the GEMI + DAPA, GEMI and DAPA groups, respectively, and most
of the patients exhibited normal kidney function at baseline. After the
treatment period, mean eGFRs were 90 mL/min/1.73m? or higher in
all groups, and no specific changes in renal function were identified
in patients from any group (Table 2).

3.3 | Safety
The proportion of patients who experienced at least one TEAE during
the treatment period was similar across groups. Most of the reported
TEAEs were mild or moderate in intensity, and only a few patients
experienced severe TEAEs. The proportion of patients who experi-
enced at least one adverse drug reaction and serious adverse event
was similar across the groups; no death was reported. Despite the sig-
nificant decrease in HbAlc levels in the GEMI + DAPA group com-
pared with those in either the GEMI or DAPA groups, the incidence of
hypoglycaemia reported by patients was low and generally consistent
across all treatment groups. Four (2.6%), three (1.9%) and one (0.6%)
patients in the GEMI + DAPA, GEMI and DAPA groups, respectively,
experienced hypoglycaemia. Most events were classified as level
1 (Table 3); all hypoglycaemic events recovered on the same day that
occurred and none required additional treatment. No patients discon-
tinued treatment because of a hypoglycaemic event.

Events in accordance with urinary tract infection (UTI) were
reported in two patients each on GEMI (1.3%) and DAPA (1.3%), and
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TABLE 2 Efficacy endpoints - FAS.

GEMI + DAPA GEMI DAPA
(N =152) (N =152) (N = 150)

HbA1c (%)
Baseline 7.80 £ 0.86 7.85+0.85 7.87 £0.83
Change from baseline at week 24° —-1.34 £ 0.05 —-0.90 £ 0.05 —0.78 + 0.05
P value® <.01 <.01 <.01
Difference® —0.44 £ 0.07 —0.56 £ 0.07
95% Cl of difference (—0.58, —0.31) (-0.69, —0.42)
P value® <.01 <01

HbA1c (mmol/mol)
Baseline 618+94 624 +93 62.6 +£9.1
Change from baseline at week 24° —14.6 £ 0.5 -9.8+0.5 -8.6+0.5
P value® <.01 <.01 <.01
Difference® —-4.8+0.7 —-6.1+£0.7
95% Cl of difference (—6.3, —3.4) (—7.5, —4.6)
P value® <.01 <.01

FPG (mg/dL)
Baseline 149.7 £ 34.6 150.8 £ 32.9 151.7 £33.1
Change from baseline at week 24° -39.1+16 -19.8+ 1.6 —284+1.6
P value® <.01 <.01 <.01
Difference® -19.4+23 -10.7 23
95% Cl of difference (—23.8, —14.9) (—15.2, —6.3)
P value® <.01 <.01

TC (mg/dL)
Baseline 147.0 £ 30.2 151.1 £ 33.2 149.9 + 32.5
Change from baseline at week 24¢ 1.6+1.9 12+20 6.3+20
P value® NS NS <0.01
Difference® 04+28 —47+28
95% Cl of difference (—5.0, 5.8) (—10.1, 0.8)
P value® NS NS

LDL-C (mg/dL)
Baseline 81.2+249 84.1+29.8 83.2+280
Change from baseline at week 24° -1.0+1.7 -15+1.7 27+17
P value® NS NS NS
Difference® 0.5+24 -38+24
95% Cl of difference (-4.2,5.2) (-8.5,1.0)
P value® NS NS

HDL-C (mg/dL)
Baseline 49.1+£13.3 493 +12.3 491 +11.7
Change from baseline at week 24° 25+0.6 -0.2+0.6 3.6+0.6
P value® <.01 NS <.01
Difference® 27+08 -1.0+0.8
95% Cl of difference (1.0, 4.3) (—2.7,0.6)
P value® <.01 NS

Triglycerides (mg/dL)
Baseline 144.9 + 120.3 1452 +70.3 143.0+75.5
Change from baseline at week 24¢ —-17.2+9.6 171+ 9.6 —-11.2+9.6
P value® <.01 NS <.05
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TABLE 2 (Continued)

GEMI + DAPA
(N =152)

Difference®
95% Cl of difference
P value®

Body weight (kg)
Baseline 69.3+13.0
Change from baseline at week 24°¢ —24+0.2
P value® <.01
Difference®
95% Cl of difference
P value®

Waist circumference (cm)
Baseline 89.3+9.7
Change from baseline at week 24° -21+03
P value® <.01
Difference®
95% Cl of difference
P value®

eGFR (mL/min/1.73m?)
Baseline 94.8 £19.6
Change from baseline at week 24° —-28+0.9
P value® <.01

Difference®
95% Cl of difference

P value®

GEMI DAPA

(N = 152) (N = 150)
—-343+13.6 —-6.0+13.6
(-60.9, —-7.6) (-32.7,20.7)
<.05 NS
69.0£11.2 69.0+114
—-0.2+0.2 —2.6+0.2
NS <.01
—22+0.2 0.2+0.2
(-2.7,-1.8) (-0.3,0.7)
<.01 NS

88.6 9.1 88.7+94
-04+0.3 -23+03
NS <.01
-1.7+04 0.3+04
(-2.5,-1.0) (-0.5,1.1)
<.01 NS

94.6 £16.7 98.0 £ 23.8
-3.2+0.9 —-28+10
<.01 <.01
0.3+13 -0.1+13
(-2.3,2.9) (2.7, 2.6)
NS NS

Note: Data are means + SD or otherwise specified.

Abbreviations: Cl, confidence interval; DAPA, dapagliflozin; eGFR, estimated glomerular filtration rate; FAS, full analysis set; FPG, fasting plasma glucose;
GEMI, gemigliptin; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; LS, least square; NS, not significant; SD,

standard deviation; SE, standard error; TC, total cholesterol.

®The P value for the mean difference within groups obtained from a paired t-test or Wilcoxon signed rank test.
The P value for the mean difference between groups was obtained from the mixed-effects model.

°LS means * SE; difference: GEMI + DAPA — GEMI or DAPA.

none were reported in patients who received GEMI + DAPA
(Table 3). Except for one patient in the DAPA group, all the other
events were mild in intensity. One patient in the DAPA group
reported severe acute pyelonephritis 22 days after the initiation of
study treatment, and the investigator considered this event to be
related to the study treatment. The patient recovered after appropri-
ate treatment, but withdrew from the study. All UTI-related events
were resolved during the treatment period.

The adverse events associated with genital infection were
assessed, including not only reported cases explicitly categorized as
genital infections, but also symptoms such as perineal pruritus sugges-
tive of a potential genital infection. Events in accordance with genital
infection were reported in three female patients on GEMI + DAPA
(1.9%) and six female patients on DAPA alone (3.8%) (Table 3). In the
DAPA group, a patient who reported mild vaginal infection recovered

after treatment and continued the study without treatment

interruption. All genital and vulvovaginal pruritus cases in the DAPA
group resolved without further treatment. However, one patient in the
DAPA group who reported vulvovaginal candidiasis and genital pruritus
with moderate intensity discontinued the study treatment, despite
recovery after treatment for vulvovaginal candidiasis. In the GEMI
+ DAPA group, all cases of genital infection, including genital pruritus
and vulvovaginal pruritus, resolved during the treatment period, and no
patients in the GEMI + DAPA group discontinued treatment because
of genital infection. No patients reported volume depletion (Table 3).
Regarding blood pressure, both systolic blood pressure (SBP) and
diastolic blood pressure (DBP) significantly decreased in patients on
GEMI + DAPA (means of —4.7 and —2.1 mmHg, respectively) and in
patients on DAPA alone (means of —4.4 and —2.9 mmHg, respec-
tively) at week 24, whereas no change in SBP and DBP was observed
in patients on GEMI alone (means of —1.6 and —1.4 mmHg,

respectively).
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TABLE 3 Summary of treatment-emergent adverse events - SAF.
GEMI + DAPA GEMI DAPA
(N = 155) (N = 156) (N = 156)
Patients with at least one AE 38 (24.5) 51(32.7) 43 (27.6)
Patients with at least one ADR 10 (6.5) 7 (4.5) 20(12.8)
Patients with at least one SAE 4 (2.6) 2(1.3) 2(1.3)
Patients with at least one SADR 0 0 1(0.6)
Patients with at least one AE leading to discontinuation 0 1(0.6) 3(1.9)
Patients with at least one AE in accordance with UTI 0 2(1.3) 2(1.3)
Considered related by investigator 0 1(0.6) 2(1.3)
Cystitis 0 2(1.3) 1(0.6)
Pyelonephritis acute 0 0 1(0.6)
Patients with at least one AE in accordance with genital infection 3(1.9) 0 6(3.8)
Considered related by investigator 3(1.9) 0 6(3.8)
Vaginal infection 0 0 1(0.6)
Vulvovaginal candidiasis® 0 0 1(0.6)
Pruritus genital® 2(1.3) 0 3(1.9)
Vulvovaginal pruritus 1(0.6) 0 2(1.3)
Patients with at least one AE in accordance with volume depletion 0 0 0
Patients with at least one hypoglycaemia® 4 (2.6) 3(1.9) 1(0.6)
Level 1 4(2.6) 3(1.9) 0
Level 2 0 1(0.6)° 1(0.6)
Level 3 0 0 0

Note: Data are n (%).

Abbreviations: ADR, adverse drug reaction; AE, adverse event; DAPA, dapagliflozin; GEMI, gemigliptin; SADR, serious adverse drug reaction; SAE, serious

adverse event; SAF, safety analysis set; UTI, urinary tract infection.

?One patient in the DAPA group reported both vulvovaginal candidiasis and genital pruritus.

bHypoglycaemia was classified into three levels with level 1 (plasma glucose level of < 70 mg/dL), level 2 (plasma glucose level of < 54 mg/dL) and level 3
(events with severe cognitive impairment requiring external assistance for recovery).

“Level 2 hypoglycaemia was reported by the patient in the GEMI group who had previously reported level 1 hypoglycaemia. Both events recovered on the

same day they occurred.

4 | DISCUSSION

T2D is a progressive condition,?> necessitating timely treatment inten-
sification to aid in the long-term management of T2D patients requir-
ing intensified treatment>* This study suggests that a triple
combination of the dual add-on of gemigliptin and dapagliflozin to
metformin may be an effective treatment option because of its effec-
tiveness and tolerance.

The primary objective of this study was to show the superior gly-
caemic control of GEMI + DAPA compared with that of either GEMI
or DAPA in terms of HbAlc change from baseline at week 24. After
the treatment period, the addition of GEMI + DAPA to metformin sig-
nificantly reduced HbA1c levels compared with either GEMI or DAPA
to metformin. Additionally, the probability of having patients who
achieved HbA1c less than 7.0% and less than 6.5% was significantly
greater in the GEMI + DAPA group than in the GEMI and DAPA
groups. A significant FPG reduction was observed in patients treated
with GEMI + DAPA compared with those treated with either GEMI
or DAPA during the treatment period.

The use of SGLT-2 inhibitors promotes glucosuria, thus reducing
glucose toxicity and body weight, and enhancing natriuresis, thereby
lowering blood pressure.®>?¢ At week 24, a significant reduction in
weight and waist circumference was observed in both the GEMI
+ DAPA and DAPA groups, which included dapagliflozin in combina-
tion. This suggests that the weight-reducing effect of dapagliflozin
persists even when combined with gemigliptin, which is known to be
weight-neutral.® Additionally, the reduction in blood pressure
observed with dapagliflozin was maintained when combined with
gemigliptin, which was associated with nearly neutral changes in
blood pressure.?® Both SBP and DBP were significantly reduced
in patients treated with GEMI + DAPA or DAPA.

These results are generally consistent with those of other clinical
trials on the triple combination of DPP-4 and SGLT-2 inhibitors as a
dual add-on to metformin.?*2” The HbA1c reduction at week 24 in
empagliflozin (10 and 25 mg) and linagliptin as an add-on to metfor-
min was —1.08% and —1.19% (baseline HbAlc: 7.95% and 7.90%),
respectively.?* The adjusted mean HbA1c reduction from baseline at

week 24 was —1.47% when 5 mg of saxagliptin and 10 mg of
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dapagliflozin were added to metformin in T2D patients with a mean
baseline HbA1c of 8.93%.%” In addition, a similar trend of decrease in
body weight and blood pressure was observed with the dual add-on
of DPP-4 and SGLT-2 inhibitors and the single add-on of a SGLT-2
inhibitor.242”

The incidence rates of events associated with UTI and genital
infections were low in all groups. The use of SGLT-2 inhibitors is
associated with an increased risk of genital infection or UTI com-
pared with other classes of antidiabetic medications.>* Incidences
of UTI and genital infection are commonly reported with the use of
dapagliflozin and are listed in the warnings and precautions of the
dapagliflozin label.?® According to clinical trials, this risk of genital
infection is more frequently reported in women than in men and is
generally not severe.?® Additionally, studies have suggested that an
increase in glucosuria caused by SGLT-2 inhibitors is associated with
an increased risk of genital infections, and to a lesser degree,
UTIs.2? In this study, the incidence rate of UTI and genital infection
was low in the triple combination group where GEMI + DAPA was
added to metformin, consistent with the results of a trial on the tri-
ple combination of saxagliptin and dapagliflozin as a dual add-on to
metformin.?”

Intensified treatment offers the potential for more rapid attain-
ment of glycaemic goals and longer-lasting glycaemic control.
However, the increased risk of hypoglycaemia can pose a signifi-
cant barrier to its adoption.®>* Hypoglycaemia is one of the factors
that affects treatment burden, leading to a negative impact on
adherence to therapy.2® DPP-4 and SGLT-2 inhibitors are antidia-
betic medications with a low risk of hypoglycaemia.>* In a previ-
ous study on the triple combination of gemigliptin, dapagliflozin
and metformin, gemigliptin was added to dapagliflozin and metfor-
min for T2D patients, and a significant glycaemic reduction was
achieved with a low incidence rate of hypoglycaemia (0.6%).2% Sim-
ilarly, triple therapy with GEMI + DAPA added to metformin
resulted in a significant number of patients achieving a target
HbAlc level (<6.5% or <7%) with a lower risk of mild
hypoglycaemia.

These results suggest that triple combination therapy with GEMI
+ DAPA can be an effective intensified treatment option with favour-
able safety and tolerability profiles. However, it is important to weigh
the potential benefits of triple combination therapy in terms of cost
and risk. Clinicians may decide whether or when to start triple combi-
nation therapy on a case-by-case basis, considering the patient's indi-
vidual needs, preferences and response to treatment, as well as
financial considerations and the presence of national/regional reim-
bursement policies.

This study had a few limitations. Although this study showed a
potent glycaemic effect over a short period, long-term glycaemic
durability could not be assessed because of the short follow-up
period. Further studies are warranted to investigate the glycaemic
durability of triple combination therapy as an early and intensified
treatment. Additionally, this study excluded patients with an eGFR of
less than 60 mL/min/1.73m?, following the label recommendations in

2019. This exclusion criterion may limit the generalizability of the

findings to patients with impaired renal function. However, it is worth
mentioning that patients who had an eGFR of less than 60 mL/
min/1.73m? during the treatment period continued to receive the
study treatment. Additionally, triple combination is prescribed to
patients with an eGFR of 45 mL/min/1.73m? or higher in a real-life
setting, and its clinical outcomes will be updated accordingly. Despite
these limitations, this was the first study to use a randomized, double-
blind and active-controlled design with a large sample size to evaluate
and compare the efficacy and safety of the dual add-on of GEMI
+ DAPA as an early intensified treatment with a single add-on of
either GEMI or DAPA in patients with poor glycaemic control treated
with metformin alone.

Taken together, in T2D patients who had inadequate glycaemic
control when on metformin alone (> 1000 mg/day), the intensified
treatment—addition of GEMI + DAPA to metformin—provided robust
glycaemic control with no noticeable safety issues. Therefore, the
GEMI + DAPA add-on to metformin may offer a safe and superior
glycaemic-lowering efficacy in those patients who experience inade-
quate control with metformin alone as an early initiation of combina-
tion therapy.
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