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Abstract

Aims The effects of ipragliflozin, the first sodium-glucose co-transporter 2 inhibitors (SGLT21i) launched in Japan in 2014,
and with dipeptidyl peptidase-4 inhibitors (DPP-4i) on glycemic control and metabolic changes were investigated compre-
hensively on various conditioned type 2 diabetes (T2DM) by evaluating various clinical parameters in a real-world setting.
Materials and methods A total of 101 patients with T2DM aged 20-80 years with 7.0% <HbA1c < 10.0% were followed in
this 52-week, open-label, prospective, real-world, multicenter study.

Results HbAlc decreased significantly in all groups. In ipragliflozin using groups, body weight, waist circumference, blood
pressure, HOMA-IR, AST, ALT, y-GTP, uric acid and leptin levels decreased, in contrast, HDL-cholesterol, total ketone
bodies, blood urea nitrogen, creatinine, RBC, hemoglobin and hematocrit levels increased, however, in DPP-4i sole group,
no significant trends were observed in these parameters. Change in leptin positively correlated with insulin, while change in
total ketone bodies inversely correlated with ALT in ipragliflozin using groups. Fasting active gastric inhibitory polypeptide
levels decreased in ipragliflozin sole group. Glucagon showed no changes. No significant safety concerns were observed in
this study.

Conclusions Ipraglifiozin is useful and safe, showing some contrastive effects on several clinical parameters which are not
shown with DPP-4i, resulting several clinical benefits. The co-administration of ipragliflozin and a DPP-4i has a better clini-
cal outcome than either single-agent therapy.

Keywords Dipeptidyl-peptidase-4 inhibitors - Ipraglifiozin - Obese type 2 diabetes - Real-world multicenter clinical trial

Introduction

Diet therapy is essential for the treatment of diabetes,
however, it is somewhat difficult to perform it properly for
patients with diabetes, especially with obese type 2 diabe-
tes (T2DM). Sodium-glucose co-transporter 2 inhibitors
(SGLT2i) have emerged as novel anti-hyperglycemic agents
that reduce body weight by initial dehydration and succes-
sive activation of lipid metabolism, followed by glucose
over-excretion in urine, suppressing tubular reabsorption of
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glucose with SGLT?2 inhibition. Reducing body weight leads
to improving insulin resistance and glycemic control in dia-
betic patients [1]. Because of this unique pharmacological
mechanism, it was expected that SGLT2i might be able to
overcome overeating obese patients with diabetes [2].
Dipeptidyl peptidase-4 inhibitors (DPP-4i) prolong
physiological incretin levels by inhibiting DPP-4, benefit-
ing patients with T2DM [3], especially Asian [4, 5]. Owing
to the different pharmacological mechanisms of each agent,
observing their individual and combined effects, a synergis-
tic or offsetting interaction between the two agents and addi-
tional benefits of their use are expected in treating diabetes.
In Japan, ipraglifiozin was the first SGLT2i to receive
approval for use in 2014. Just after launched this agent, we
planned and started a real-world multicenter trial: study
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about glucose and lipid metabolism of dipeptidyl pepti-
dase-4 inhibitor versus ipragliflozin in inadequately con-
trolled type 2 diabetes (LEVELUP trial) for evaluating the
safety and efficacy of this agent.

As the influence of SGLT2i on adipocytokine, incretin,
and glucagon is also interesting, we examined additionally,
besides common clinical parameters, changes in the levels of
adiponectin, leptin, active glucagon-like peptide 1 (GLP-1),
active gastric inhibitory polypeptide (GIP), glucagon and
total ketone bodies, expecting some novel interesting find-
ings might be obtained in a real-world clinical setting.

Materials and methods
Trial design

This was an open-label, prospective, real-world multi-
center clinical intervention study conducted at 11 facilities
in Japan. A total of 101 patients among 112 were enrolled
between October 2014 and September 2016, provided writ-
ten informed consent, were allocated to receive DPP-4i
(Group D), ipragliflozin (Group I), or DPP-4i and ipragli-
flozin (Group D +1), and were followed for 52 weeks (w).

To elucidate the effects of ipragliflozin on glycemic con-
trol and metabolic changes, we examined the plasma glu-
cose levels and other various clinical parameters related to
metabolic change, and adipocytokine, incretin, and glucagon
levels in a real-world clinical setting.

This study was performed in compliance with the Decla-
ration of Helsinki and the ethical guidelines for medical and
health research involving human subjects and was conducted
with approval (the approval number 326, dated on August
28, 2014) from the Ethics Committee, Hiroshima Red Cross
Hospital & Atomic-bomb Survivors Hospital (UMIN-CTR:
UMINO000015372).

Participants

Inclusionary criteria were: (1) aged 20-80 years, (2) T2DM
with inadequate control despite treatment for at least
12 weeks (3) on dietary and exercise therapy only or on anti-
diabetic agents other than SGLT2i for more than 12 weeks
and (4) 7.0% <HbA1c < 10.0%.

Patients with a history of treatment with a consistent
DPP-4i for less than 6 consecutive months were enrolled
in Group D, while DPP-4i-naive patients were enrolled in
Group I. Patients with insufficient efficacy of treatment with
DPP-4i for more than 6 months were enrolled in Group D+1.
Paying attention to dehydration or sarcopenia for elders was
appealed at that time, in consequence, patients enrolled in
Group I were obese and younger than other groups.

The patients with (1) type 1 diabetes mellitus, (2) severe
ketosis, diabetic coma, (3) severe infection, recent or pend-
ing surgery, or serious trauma, (4) history of hypersensitiv-
ity to the agents used in the study, (5) renal dysfunction
(serum creatinine: male > 1.5 mg/dL, female > 1.3 mg/dL, or
eGFR < 30 mL/min/1.73 m?), (6) serious liver dysfunction,
(7) serious cardiovascular complication, (8) on SGLT2i,
insulin, or GLP-1 receptor agonists, and (9) pregnant or
lactating women were excluded.

Treatment and endpoints

DPP-4i (any of those chosen by attending doctors) and/or
ipragliflozin 50 mg was administered orally once a day for
52 weeks Changes in the HbAlc levels at 52 w were con-
sidered the primary endpoint. Secondary endpoints included
changes in the levels of plasma glucose (fasting or postpran-
dial), body weight, waist circumference, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), fasting serum
insulin, Homeostatic Model Assessment of Insulin Resist-
ance and of p-cell function (HOMA-IR, HOMA-p), low-
density lipoprotein cholesterol (LDL-C), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), non-HDL-
C, additional parameters (high molecular weight [HMW]
adiponectin, leptin, active GLP-1, active GIP, glucagon
and total ketone bodies [acetoacetate + beta-hydroxybu-
tyrate 4+ acetone]). Aspartate transaminase (AST), alanine
transaminase (ALT), and gamma-glutamyl transferase (y
GTP) for liver function, blood urea nitrogen (BUN), cre-
atinine (Cr) and eGFR for renal function, uric acid (UA),
creatinine phosphokinase (CK), red blood cell (RBC), hemo-
globin (Hb), hematocrit (Ht), white blood cell (WBC). plate-
let (P1t) and mineral balance (Na, K, Cl) were also examined.
Adverse events (AEs) were recorded during the study period.

Because additional examinations were optional, not all
patients underwent them. Measurement methods included
the latex immunoturbidimetric assay for HMW adiponectin
(LSI Medience Corp., Tokyo, Japan), double-antibody radio-
immunoassay for leptin (Millipore, Burlington, MA, USA),
and enzyme-linked immunosorbent assay (ELISA) for active
GLP-1 (Millipore) and active GIP (Immuno-Biological Lab-
oratories Co, Ltd, Gumma, Japan). Glucagon was obtained
at fasting and measured by the sandwich ELISA (Mercodia
Inc, Winston-Salem, NC, USA). Adipocytokine and incre-
tin were obtained also at fasting because the sampling was
performed simultaneously for glucagon.

During the study, other oral antidiabetic agents were
available to add to or change patients’ regimen at the dis-
cretion of investigators only, in case of efficacy or safety
concerns. Patients were allowed to continue daily use of
concomitant drugs (e.g., antiplatelets, antihypertensives,
or antihyperlipidemics), however, they were advised not to
discontinue or change these medications, and not to start
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any new therapy or consume any supplementary food dur-
ing the study.

Statistical analyses

In this study, we examined using changes from baseline in
all clinical parameters. The demographic and baseline data
for analysis were obtained from patients treated with a study
agent at least once. SAS 9.4® software (SAS Institute Inc.,
Cary, NC, USA) was used for the analysis. P <0.05 was
adopted as statistically significant. The mixed effect models
for repeated measures [6] was used to compare changes over
time within each group (baseline vs 12 w, 24 w, 36 w, 52
w), and multiplicity was adjusted with the Dunnett method
[7]. The analysis of covariance [8] with adjustment was
used for comparing changes from baseline between groups,
whereas multiplicity was adjusted with the Tukey method
[9]. Because of the different baseline patient characteris-
tics between 3 groups, the obtained data were adjusted at
baseline for age, body weight and HbAlc. The relationship
between changes in clinical parameters was assessed using
Pearson’s correlation coefficient.

Results
Patient demographics

A total of 101 patients were treated in Group D (n=28),
Group I (n=23), or Group D+1 (n=50) (Fig. 1). Of the
patients analyzed, 26 discontinued the study treatment
because of withdrawal of consent, moving or transferring
hospitals, or use of prohibited agents owing to worsening
of symptoms.

Patient demographics of each group are shown in Table 1.
At baseline, body mass index (BMI) of patients in each
group was more than 25.0 kg/m? and patients in Group I
were the most obese (BMI=29.0+4.6) and younger than
the other groups (p <0.001 vs D, p=0.021 vs D + I). In
body weight and BMI, significant difference was observed
between Group D and I (p=0.023, p=0.007 for each). The
most common concomitant medications used during the
study included biguanides (56.4% of patients), followed by
sulfonylureas (31.7%), a-glucosidase inhibitors (15.8%),
glinides (8.9%), antihyperlipidemic agents (65.3%), and
antihypertensive agents (49.5%).

Efficacy

Laboratory tests at baseline and changes from baseline
(12 weeks, 24 weeks, 36 weeks, 52 weeks) are shown in
Table 2.

In HbA Ic levels, statistically significant reductions were
observed from 12 w until 52 w continuously in all groups
(Fig. 2). In body weight, significant reductions in Groups
I and D +1 were statistically greater than those in Group
D (Fig. 3a). Likewise, in waist circumference, significant
reductions were observed from 12 w until 52 w continuously
in Groups I and in Group D+1 at 24 w and 52 w (Fig. 3b).
SBP levels significantly reduced at 24 w in Group I, and
from 12 w until 52 w continuously in Group D +1, and the
reduction was significantly greater than in Group D (Fig. 3c).
DBP levels significantly reduced at 24 w and 36 w in Group
D, at 24 w and 52 w in Group D +1 (Fig. 3d). HOMA-IR
reduced significantly at 12 w and 52 w in Group I, at 24 w,
36 w and 52 w in Group D +1 (Fig. 3e), and HOMA-f sig-
nificantly increased at 52 w in Group D +1 (Fig. 3f). HDL-C
was significantly increased in Group I at 36 w (Fig. 5a).
Non-HDL-C, LDL-C and TG levels showed no significant

Patients analysed

n=101
Group D Group | Group D+I
n=28 n=23 n=50
| |
Completed n=23 Completed n=18 Completed n=34

Discontinued

n=5s

Discontinued  n=5

Discontinued

n=16

Fig. 1 Patient dispositions. Group D, treated with DPP-4 inhibi-
tor, included patients with less than 6 consecutive months of DPP-4i
treatment and no history of change in DPP-4i at the time of enroll-
ment; Group I, treated with ipragliflozin, included patients with no
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Table 1 Patient characteristics

All Group D Group I Group D +1
n (%) 101 (100.0) 28 (100.0) 23 (100.0) 50 (100.0)
Male, n (%) 63 (62.4) 20 (71.4) 13 (56.5) 30 (60.0)
Female, n (%) 38 (37.6) 8 (28.6) 10 (43.5) 20 (40.0)
Duration of T2DM (years)* 10.9+8.6 11.0+84 6.6+6.8 12.7+8.8
Age (years)* 57.0+12.7 62.6+109 498+135 57.1+11.9
HbAlc (%)* 8.38+1.18 8.49+1.60 8.06+0.91 8.47+1.03
Body weight (kg)* 74.7+16.6 69.7+11.8 785+14.7 75.6+19.1
BMI (kg/m?)?* 27.5+4.5 25.8+3.3 29.0+4.6 27.8+4.8
Waist circumference (cm)* 96.1+9.6 93.1+12.0 98.1+8.0 96.0+9.6
Complication, n (%)
Cerebrovascular or Cardiovascular disorder 8(7.9) 4(14.3) 1(4.3) 3(6.0)
Renal disorders 23 (22.8) 8 (28.6) 3 (13.0) 12 (24.0)
Hepatic disorders 32 (31.7) 6(21.4) 10 (43.5) 16 (32.0)
Hypertension 57 (56.4) 17 (60.7) 10 (43.5) 30 (60.0)
Dyslipidemia 84 (83.2) 23 (82.1) 21 (91.3) 40 (80.0)
Concomitant medication, n (%)
Antidiabetic agents 89 (88.1) 28 (100.0) 11 (47.8) 50 (100.0)
DPP-4i 78 (77.2) 28 (100.0) 0(0.0) 50 (100.0)
Biguanide 57 (56.4) 12 (42.9) 10 (43.5) 35 (70.0)
Sulfonylurea 32 (31.7) 4 (14.3) 5(21.7) 23 (46.0)
o-Glucosidase inhibitor 16 (15.8) 1(3.6) 2(8.7) 13 (26.0)
Glinide 9(8.9) 3(10.7) 1(4.3) 5(10.0)
SGLT?2i (exclusive of ipragliflozin) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Thiazolidine 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Antihypertensive agents 50 (49.5) 14 (50.0) 8 (34.8) 28 (56.0)
Antihyperlipidemic agents 66 (65.3) 16 (57.1) 17 (73.9) 33 (66.0)
Antithrombotic agents 13 (12.9) 5(17.9) 2(8.7) 6(12.0)
Antihyperuricemic agents 12 (11.9) 4(14.3) 3(13.0) 5(10.0)

DPP-4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium glucose cotransporter 2 inhibitor; T2DM, type 2
diabetes mellitus; BMI, body mass index

*Mean=+SD

changes in any group throughout the study period. Although
significant baseline difference were observed in AST and
ALT between Group D and I (p <0.05 for each) and between
Group I and D+1 (p <0.05 for each), AST increased at 36
w in Group D, but decreased significantly from 12 w until
52 w continuously in Groups I and in Group D +1 at 24
w, 36 w, 52 w, and statistically significant differences were
observed in both groups at 52 w compared with Group D
(Fig. 4a). ALT decreased significantly from 12 w until 52 w
continuously in Group I, and in Group D+1 at 24 w, 36 w,
52 w, and significant differences were observed compared
with Group D (Fig. 4b). vy GTP decreased significantly in
Groups I at 12 w, 24 w, 36 w, and in Group D +1 through-
out the study period, but showed no significant changes in
Group D (Fig. 4c). BUN increased significantly in Group I
at 24 weeks and in Group D +1 throughout the study period,
but showed no significant changes in Group D (Fig. 4d).
Serum creatinine increased significantly in Group I at 12

w and in Group D +1 at 24 w (Fig. 4e). eGFR decreased
significantly only in Group D +1 at 24 w (» <0.0001). UA
significantly decreased only in Group I at 52 w (Fig. 4f).
RBC, Hb, and Ht increased significantly from 12 w until 52
w continuously in Groups I and D +1, and statistically signif-
icant differences compared with Group D were observed in
Group D +1 (Fig. 5b, ¢). Change in Hb inversely correlated
with y GTP at 52 w in Group I (Fig. 7a), while in Group D,
positively correlated (Fig. 7b) and in Group D +1, offset-
ting an inverse correlation in Group I, a positive correlation
between changes in RBC and ALT was observed (r=0.749,
p=0.033). WBC, PIt, CK and mineral balances showed no
distinct changes in any group throughout the study period.
The data of additional examination and insulin along the
clinical course are shown in Table 3. HMW adiponectin
decreased significantly from 12 w until 52 w continuously
in Group D, while in Group I and in Group D +1, tended
to increase not significantly (Fig. 6a). Leptin decreased
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Fig.2 Change in HbAlc on the time course of treatment. DPP-4,
dipeptidyl peptidase-4; HbAlc, hemoglobin Alc. Data are mean+ SD
and were adjusted at baseline. P values denote differences between
baseline data versus week 12, 24, 36, and 52 data (***p<0.001;
*#p <0.01; *p<0.05)

significantly in Group I at 12 and 24 w, and in Group D +1
at 12 w, while increased significantly in Group D at 36 w
(Fig. 6b). Significant positive correlation was observed
between changes in leptin and insulin at 36 w in Group D+1
(Fig. 7¢c), however, in Group I, no significant correlation
was observed. For incretin, fasting active GLP-1 showed no
changes in any group (Fig. 6¢). Despite the fasting condi-
tion, active GIP decreased significantly in Group I at 24 w
and 52 w (Fig. 6d). Insulin level at baseline in Group I was
higher than that in Group D, but there was no significant
difference. Significant difference in change from baseline
was observed only in Group I at 52 w (Table 3). Glucagon
showed no significant changes in any group (Fig. 6e). Total
ketone bodies significantly increased in Group I at 36 w,
whereas no significant changes were observed in Group D
(Fig. 6f). Significant inverse correlation between changes in
total ketone bodies and ALT was observed in Group I from
12 w until 52 w (Fig. 7d), and similarly inverse correlation
between total ketone bodies and AST was observed in Group
Iat 36 and 52 w (r=-0.742, p=0.035, r=-0.987, p <0.001
for each point). No other significant correlation between
changes in each additional examination data was observed.

Safety

AEs occurred in 17.9% (n=35) of patients in Group D,
8.7% (n=2) in Group I, and 20.0% (n=10) in Group D +1,

@ Springer

although none of the events was related to the agents used
in this study.

Discussion

Among lifestyle modification, proper diet therapy is essen-
tial for the treatment of diabetes, especially for T2DM. In
addition, the responsiveness to antidiabetic agents includ-
ing DPP-4i considerably varies in the patients with T2DM,
although Japanese people are generally better responders to
DPP-4i compared with the population of European ances-
try [10]. The BMI was higher in the patients in Group I,
and they were presumably associated with insufficient life-
style modification including proper diet therapy. Since the
patients demonstrating insufficient efficacy of DPP-4i were
preferentially recruited in Group D +1I according to the allo-
cation criteria, they were supposed to be poor responders
to DPP-4i. In this study, HbAlc levels were significantly
improved in all groups in a real-world setting. These results
suggest that ipragliflozin could improve the glycemic control
in the patients with obesity and insufficient lifestyle changes.
Although the patients in Group D +1 failed to achieve ade-
quate improvement in HbA1c levels with preceding treat-
ment with DPP-4i, they exhibited comparable reduction of
HbAc levels like Group D. Moreover, ipraglifiozin showed
the additional beneficial efficacy on several clinical param-
eters, which DPP-4i did not. Taken together, ipragliflozin
could be one of the next additional medication strategies in
the patients with insufficient glycemic control with DPP-4i,
and the combination therapy of ipragliflozin and DPP-41i is
useful. Significant positive correlation between changes in
leptin and insulin was observed only in the patients with
combination treatment (Group D +1I), suggesting merit of
the combination therapy.

As for lipid metabolism, ipragliflozin (Group I) improved
significantly only HDL-C levels, but showed significant
decrease in AST, ALT andyGTP. Moreover, ipragliflozin
(Group I and Group D +1) significantly decreased body
weight, waist circumference, blood pressure, HOMA-IR,
uric acid and leptin levels, suggesting that ipragliflozin could
reduce insulin resistance according to the metabolic cascade
initiated from the energy deprivation followed by glucose
over-excretion in urine, inhibiting SGLT2 and lead to the
improvement not only in glycemic control but also in lipid
metabolism including the amelioration of hepatic steatosis.
In contrast, ipragliflozin (Group I and Group D +1) increased
BUN, Cr, RBC, Hb, Ht and total ketone bodies levels. In
addition, a significant inverse correlation was found between
changes in liver function tests and changes in total ketone
bodies and Hb in the patients treated with ipragliflozin.
These results suggest that the elevation of these data sup-
posed to be some other beneficial effects of ipragliflozin,
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possibly endorsing clinically several studies on kidney Significant decrease of fasting active GIP levels with
[11-17] and hematopoietic function [18]. In the combina-  ipragliflozin (Group I) is interesting. In obese peo-
tion therapy, above-mentioned inverse correlation changed  ple, especially in obese patient with T2DM, the fast-
to positive one. It might be offsetting effect of both agents. ing insulin levels and the fasting GIP levels are a little

@ Springer



372

F. Sawano et al.

Fig.4 Changes in alanine
aminotransferase (IU/L) (a),
aspartate aminotransferase
(IU/L) (b), y glutamyl trans-
peptidase (IU/L) (¢), blood
urea nitrogen (mg/dL) (d),
serum creatinine (mg/dL) (e),
uric acid (mg/dL) (f). Data are
mean + SD. P-values denote dif-
ferences between baseline data
versus week 12, 24, 36, and 52
data (***p <0.001; **p<0.01;
*p <0.05) and between DPP-4
inhibitor versus ipragliflozin or
DPP-4 inhibitor and ipragliflo-
zin (###p <0.001; ##p <0.01;
#p <0.05)

higher compared with ordinary people [19]. Ipragliflozin
improved obesity related parameters in obese patients,
reducing the elevated fasting insulin levels, which might
be the reason of this results.
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No changes in glucagon were noted in this study. Similar
to this study, reports of canaglifiozin [20] and tofogliflozin
[21] have noted no increases in glucagon levels, but other

previous studies have described increased glucagon levels
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after treatment with dapagliflozin [22], empaglifiozin [23]
and luseogliflozin [24]. Both ipragliflozin and canagliflozin
are five-membered rings with low selectivity for SGLT?2. It
has also been reported that glucagon secretion from alpha

cells, in which no SGLT?2 is expressed, of the pancreatic
islets are suppressed via the SGLT1 inhibition effect [25].
However, some studies have reported increased gluca-
gon levels with canagliflozin [26], further examination of
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changes in glucagon levels after treatment with SGLT2iare  renal reabsorption of glucose by SGLT2i extends to cen-
still warranted. tral nervous system (CNS) like “entero-insular-central

There is a possibility that the metabolic cascade initi-  axis”, but no clinical data in this trial could elucidate this
ated from the energy deprivation followed by inhibiting
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Fig.7 Correlations between change in y glutamyl transpeptidase
(IU/L) and change in hemoglobin (g/dL) in Group I (a), and in Group
D (b), and between change in leptin (mg/mL) and change in insulin
(pU/mL) in Group D+1 (c), and between change in total ketone bod-

hypothesis, although ipragliflozin made some influence on
leptin, which is known concerned with CNS [27].

The limitation of this study comes from small number
of the patients and a real-world setting, however, the lat-
ter brought out several interesting and important clinical
information.

In conclusion, ipragliflozin, an SGLT2i, is safe and
effective in the treatment of T2DM, at least through
improving insulin resistance, resulting several clinical ben-
efits. Moreover, the combination treatment of ipragliflozin
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ies (pmol/L) and change in alanine aminotransferase (IU/L) in Group
I (d). The relationship between the changes was assessed using Pear-
son’s correlation coefficient

with a DPP-4i is useful in the patients with insufficient
glycemic control with single agent, owing to synergistic,
offsetting and complementary effects, and should be indi-
cated from the early stage of medication therapy.
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