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INTRODUCTION

ABSTRACT

Aims/Introduction: Type 2 diabetes mellitus is the leading cause of kidney failure
worldwide, but few effective long-term treatments are available.

Methods: This was an investigator-initiated multicenter prospective intervention study in
which ipragliflozin (50 mg) was administered once daily, and glycemic control, estimated
glomerular filtration rate (eGFR) and adverse events were evaluated until 104 weeks after
starting research.

Results: There were 407 patients analyzed. In the eGFR >90 group and eGFR >60 to
<90 group, eGFR had significantly decreased compared with baseline at all time points
from 4 to 104 weeks. There were significant increases in the eGFR >45 to <60 groups
compared with baseline at 36 weeks (2.3 £ 1.0) and 52 weeks (2.6 = 1.2). Comparison
between the eGFR <60, urine albumin-to-creatinine ratio >300 group and the eGFR <60,
urine albumin-to-creatinine ratio <300 group showed a greater reduction in eGFR in the
former (=54 + 24 vs 33 £ 1.1) at 12 weeks and was maintained to 104 weeks. In any
group, eGFR did not significantly decrease until 104 weeks compared with 4 weeks. The
urine albumin-to-creatinine ratio after 52 weeks and after 104 weeks was significantly
decreased compared with baseline in the eGFR >90 group.

Conclusions: Ipraglifiozin lowers eGFR and corrects hyperfiltration in patients with high
eGFR (eGFR >60). In patients with low eGFR (eGFR >30 to <60), ipragliflozin has the possi-
bility of increasing eGFR and exerting a renoprotective effect.

STOP-DKD Declaration” in an aggressive drive to combat dia-

The challenge in Japan is to prevent the introduction of dialysis
as a result of the deterioration of diabetic nephropathy. The
total number of chronic dialysis patients in Japan at the end of
2017 was 334,505, an increase of 4,896 from the previous yearl.
Diabetic nephropathy is the most common underlying disease
in dialysis patients. In October 2017, the Japan Diabetes Society
and the Japanese Society of Nephrology jointly adopted the
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betic kidney disease (DKD). Sodium-—glucose cotransporter 2
(SGLT?2) inhibitors have the potential to conquer this challenge.
SGLT2 is responsible for most of the reabsorption of glucose
filtered by the kidney. Pharmacological inhibition of SGLT2
alleviates hyperglycemia by lowering the renal glucose thresh-
old, thereby increasing excretion of urinary glucose’. In addi-
tion to reducing bodyweight and blood pressure, and
improving lipid profiles*®, it has also been reported to have a
renoprotective effect” ™.
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As mentioned in the EMPA-REG OUTCOME study'” and
the CANVAS ProgramlS, the renoprotective effect of SGLT2
inhibitors has been reported in various forms, but stratified
analysis has not yet been carried out in long-term studies of
ipragliflozin administration. We proactively collected informa-
tion on the efficacy and safety of ipragliflozin for almost
2 years, up to 104 weeks'> 1%, Here, we have used these data to
examine the effect of ipragliflozin on the kidney, from the
viewpoints of stratified analysis based on the estimated
glomerular filtration rate (eGFR) at the start of administration
of ipragliflozin, and the presence or absence of combined use
with other drugs, such as angiotensin II receptor blocker
(ARB), angiotensin-converting enzyme inhibitors or diuretics.

METHODS

Study design

This was an investigator-driven, prospective, multicenter study
evaluating the efficacy and safety of ipragliflozin as monotherapy
or combination therapy in outpatients with type 2 diabetes melli-
tus. The present study was carried out in accordance with the
study protocol, the Declaration of Helsinki and “Ethical Guidelines
for Clinical Studies” by the Health, Labor and Welfare Ministry.
The study was commenced at 33 centers in Kanagawa Prefecture,
Japan, in June 2014, with patient registration by electronic data
capture being continued until 31 August 2017. All patients pro-
vided written informed consent to enrollment in this study.

Participants
The participants were Japanese patients with type 2 diabetes
mellitus who were aged >20 years at the time of giving
informed consent and with glycated hemoglobin (HbAlc) >6.0
(National Glycohemoglobin Standardization Program value)
despite treatment for at least 12 weeks (diet alone, diet and
exercise or diet and exercise plus antidiabetic drug therapy).
Exclusion criteria were as follows: (i) a history of hypersensi-
tivity to ipragliflozin; (ii) a history of severe ketotic diabetic
coma within the past 6 months; (iii) severe infection, preopera-
tive/postoperative state or severe trauma; and (iv) severe renal
impairment. Patients who switched medications at baseline
were excluded from this analysis.

Treatment

Patients received oral ipragliflozin (50 mg once a day before or
after breakfast) for 104 weeks. Concomitant use of other SGLT2
inhibitors was not permitted. In addition, treatment with diet,
exercise or specified health foods could not be started, discontin-
ued or modified during the study period. If possible, there were
also no commencement, discontinuation or dosage changes of
medications for underlying diseases, such as antiplatelet agents,
antihypertensive drugs and lipid-lowering agents.

Evaluation
In this subgroup analysis, we evaluated the relationship between
ipragliflozin and renal function from the following points.
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1. Patient backgrounds classified into four groups (eGFR >30
to <45, >45 to <60, >60 to <90 and >90 mlL/min/1.73 mz)
according to eGFR baseline values. Cases with no baseline
eGFR were excluded.

2. Change from baseline in eGFR at 4, 12, 24, 36, 52, 78 and
104 weeks, and change from 4 weeks in eGFR at 12 weeks,
and change from 12 weeks in eGFR at 104 weeks in the
groups in point 1. The same status change in groups
divided into quartiles by the baseline value of eGFR. The
same status changes excluding the addition of antidiabetic
drugs in the groups in point 1. The same status changes
excluding the patients using diuretics medications at base-
line in the groups in point 1.

3. Change from baseline in HbAlc, systolic blood pressure
(SBP), diastolic blood pressure and BMI at 4, 12, 24, 36, 52,
78 and 104 weeks, and change from baseline in urine albu-
min-to-creatinine ratio (UACR) at 52 and 104 weeks in the
groups in point 1.

4. Annual change rate of eGFR in the groups in point 1 from
baseline to 4 weeks and from 4 to 104 weeks. The same sta-
tus change in groups divided into quartiles by the baseline
value of eGFR.

5. Change from baseline in eGFR at 4, 12, 24, 36, 52, 78 and
104 weeks in UACR >300 and UACR <300 patients within
the eGFR <60 group.

6. Multiple regression analysis of factors affecting the annual
change rate of eGFR based on the population of point 4. We
also analyzed the annual change rate of eGFR from baseline to
104 weeks only for those with data after week 8. SBP, BMI,
eGFR, HbA I, taking renoprotective drugs (ARB, angiotensin-
converting enzyme inhibitor and diuretics), age, duration of
disease and sex were used as explanatory variables.

7. The incidence of adverse drug reactions in groups in
point 1.

When two or more points of data were absent, including
baseline data, the test values for these cases are excluded from
analysis.

Statistical analysis
The data were analyzed using R version 3.5.2 (R Foundation
for Statistical Computing, Vienna, Austria, https://www.R-pro
ject.org/). Variation within groups was examined by a paired t-
test or Wilcoxon signed-rank test. ANova or the *-test was used
to compare patient backgrounds between groups, the Student’s
t-test was used to compare test values between groups and the
Tukey Kramer test or Steel-Dwass test was used to compare
test values among multiple groups. A multiple regression analy-
sis was carried out by the stepwise method using the Akaike
information criterion as a sensitivity analysis. Missing values
were supplemented by last observation carried forward, except
for UACR and the annual change rate of eGFR.

The significance level was 5% on either side. Demographic
characteristics are presented as the mean + standard deviation
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or the number of cases (%), and the observed values are pre-
sented as the mean * standard error or median (first quartile,
third quartile) for continuous variables. Multiplicity was not
considered for changes in test values within groups.

Preferred Terms from the Medical Dictionary for Regulatory
Activities, Japanese version 18.0 (Japanese Maintenance Organi-
zation, Tokyo, Japan) were used for coding adverse reactions,
and System Organ Class terms were also used.

Ethics approval and consent to participate

All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimenta-
tion (institutional and national), and with the Helsinki Declara-
tion of 1964 and later versions. We obtained approval of the
study protocol and informed consent form from the institu-
tional review board of Meiwa Hospital (Dojin Kinen Kai
Healthcare Corporation) on 17 June 2014 before the start of
the study.

RESULTS

1. Of the 458 registered patients, seven were excluded because
of suspect data, and six were excluded because of the
absence of baseline eGFR and 38 were excluded because of
switching medications at baseline, leaving 407 patients

Table 1 | Patient backgrounds
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subject to safety evaluation. The breakdown by eGFR was
as follows >90: 141 patients, >60 to <90: 210 patients, >45
to <60: 41 patients and >30 to <45: 15 patients (Table 1).

2. The transition and amount of change of eGFR based on the
eGFR at the starting point is shown in Figures 1 and SI.
eGFR had significantly decreased compared with baseline at
all time points between 4 and 104 weeks in the eGFR >90
group and eGFR >60 to <90 group. In the eGFR >45 <60
group, the eGFR at 36 and 52 weeks was significantly
higher than baseline. There was no significant change in the
eGFR >30 to <40 group. In addition, the amount of change
in eGFR at each time point in the eGFR >90 group was sig-
nificantly different (larger reductions) compared with the
eGFR >60 to <90 and the eGFR >45 to <60 groups. In the
eGFR >45 to <60 group and the eGFR >60 to <90 group, a
significant increase in eGFR was observed from 4 to
12 weeks. In each group, there was no significant change
compared with 12 weeks at all time points between 24 and
104 weeks.

In the pattern divided into quartiles by the baseline value of
eGFR, the top one-quarter group showed a significant decrease
compared with the baseline at all time points between 4 and
104 weeks (Figures S2,S3). However, in the lowest one-quarter
group, no significant change was observed. In the lower two

eGFR >90 eGFR >60 to <90 eGFR >45 to <60 eGFR >30 to <45 P
(n=141) (n = 210) (n=41) (n=15)
Age (years) 494 £ 115 572 £ 10.1 656 £ 109 669 £ 65 <0001*
Male/female 78 (55.3%)/63 (44.7%) 107 (51%)/103 (49%) 22 (53.7%)/19 (46.3%) 6 (40%)/9 (60%) 0658
Duration of disease (years) 75+62 11.1£80 119+86 157 £ 89 <0.001*
Drinker 59 (41.8%) 75 (35.7%) 18 (43.9%) 4 (26.7%) 0432
Smoker 55 (39%) 1 (29%) 8 (19.5%) 6 (40%) 0.060
Diabetic retinopathy 14 (9.9%) 29 (13.8%) 7 (17.1%) 5 (33.3%) 0.070
Cataract 12 (85%) 41 (19.5%) 9 (22%) 6 (40%) 0.002*
Diabetic neuropathy 7 (5%) 32 (152%) 3 (7.3%) 7 (46.7%) <0001%
Diabetic nephropathy 33 (234%) 57 (27.1%) 15 (36.6%) 12 (80%) <0.001*
High blood pressure 67 (47.5%) 126 (60%) 30 (73.2%) 11 (73.3%) 0.008*
Dyslipidemia 85 (60.3%) 139 (66.2%) 27 (65.9%) 11 (733%) 0595
Fatty liver 61 (43.3%) 114 (54.3%) 16 (39%) 6 (40%) 0.099
Concomitant medication
Sulfonylurea 37 (262%) 70 (33.3%) 14 (34.1%) 5 (33.3%) 0521
Biguanide 82 (58.2%) 129 (61.4%) 22 (53.7%) 9 (60%) 0.799
Thiazolidine 21 (14.9%) 32 (15.2%) 11 (26.8%) 4 (26.7%) 0.191
DPP-4 inhibitors 90 (63.8%) 129 (61.4%) 34 (82.9%) 12 (80%) 0036*
GLP-1 agonists 3 (21%) 3 (14%) 0 (0%) 0 (0%) 0.740
a-Glucosidase inhibitors 7 (5%) 27 (12.9%) 4 (9.8%) 4 (26.7%) 0017*
Glinides 7 (5%) 13 (6.2%) 3 (7.3%) 2 (133%) 0618
Insulin preparation 38 (27%) 58 (27.6%) 13 (31.7%) 9 (60%) 0054
ARB 42 (29.8%) 91 (43.3%) 21 (51.2%) 7 (46.7%) 0023*
ACE inhibitors 1 (0.7%) 4 (1.9%) 0 (0%) 2 (133%) 0.004*
Diuretic 2 (14%) 13 (6.2%) 4 (9.8%) 2 (133%) 0.040*

Data are the mean =+ standard deviation or n (%). *P < 005 (analysis of variance or x*test). ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1.
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Figure 1 | Changes in estimated glomerular filtration rate (eGFR) by starting point values. Data are mean * standard error. *P < 0.05 (vs 0 week,

paired t-test). **P < 0.05 (vs 4 weeks, paired t-test). NS, not significant.

groups, a significant increase in the eGFR at 12 weeks was
observed compared with 4 weeks. In each group, there was no
significant change compared with 12 weeks at all time points
between 24 and 104 weeks. In the analysis excluding additional
cases of antidiabetic drugs, the tendency was almost the same
as the result in cases where the relevant cases were not
excluded (Figure S4). The results were similar when excluding
diuretic use cases, too (data not shown).

3. Variations in other test values are shown in Figure 2. A
significant increase in diastolic blood pressure at 24 weeks
was observed in the eGFR >30 to <45 group (Figure 2b),
but most of the other indicators in each group showed
significant improvements. A significant decrease in UACR
was seen only in the eGFR >90 group (Figure 2d). The
only differences in the amount of change between the
groups were in diastolic blood pressure at 24 weeks and
in HbAlc.

4. Significant differences were observed in the annual change rate
of eGFR between 0—4 weeks and 4-104 weeks in the eGFR
>90 group and the eGFR >60 to <90 group (Figure 3a). In the
pattern divided into quartiles by the baseline value of eGFR,
significant differences were observed in the annual change rate
of eGFR between 0 and 4 weeks and 4 and 104 weeks in every
group, except for the lowest group (Figure 3b).

5. Comparison of patients in the UACR >300 and UACR
<300 groups in the eGFR <60 group showed a significant
decrease in eGFR in the UACR >300 group, and a signifi-
cant increase in the UACR <300 group. A significant

difference in changes was observed between the two groups
(Figure 4).

6. With regard to factors that affect the annual rate of change of
eGEFR from baseline to 4 weeks, a high eGFR value at the start-
ing point and advanced age were significant factors in the
decrease in eGFR (Table S1). However, there was no signifi-
cant factor that affects the annual rate of change of eGFR from
4 to 104 weeks. With regard to factors that affect the annual
rate of change of eGFR from baseline to 104 weeks, a high SBP
value, a high eGFR value, advanced age and being female were
significant factors in the decrease in eGFR.

7. With regard to the incidence of adverse reactions, only cystitis
occurred at a significantly higher incidence in the eGFR >30 to
<45 group. No differences among the groups were observed
with regard to other adverse events (Table S2).

DISCUSSION

In the present study, a significant decrease in eGFR was
observed in the eGFR >90 group and the eGFR >60 to <90
group, but no significant decreases were observed in the eGFR
<60 groups. With regard to stratified analysis of eGFR at the
starting point, similar reports have been made up to
6 months”™®, and a similar trend was seen in long-term admin-
istration that lasted approximately 2 years. There were 184
patients who added on antidiabetic drugs, but in the analysis
excluding additional cases of them, the tendency was almost
the same. These results show that ipragliflozin is a renoprotec-
tive drug even when administered long-term.

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

1251

J Diabetes Investig Vol. 11 No. 5 September 2020



ORIGINAL ARTICLE

Matsuba et al.

(a) 9
-+ 90<eGFR (n=135) -~ 60<eGFR <90 (n=202)

a- 45<eGFR<60(n=40) < 30<eGFR<45(n=14)

04 24 36 52 78 104 (weeks)

«90<eGFR(n=136)
45 < eGFR < 60 (n = 40)

_.60<eGFR <90 (n=204)
~30<eGFR< 45 (n=14)

04 12 24 36 52 78 104 (weeks)

http://wileyonlinelibrary.com/journal/jdi

(b) 160 « 90<eGFR(n=136) - 60<eGFR<90(n=204)
150 = 45<eGFR<60(n=39) - 30<eGFR<45(n=13)
140

—~ 130

£

c 120

S

o 110

2 100

v

Q90

8

S 80

[aa]

70
ot
04 12 24 36 52 78 104 (weeks)
(d)
1400
- 90 < eGFR =45 < eGFR < 60 --60 < eGFR < 90 =~ 30 < eGFR < 45
1200 1

v

U 1000 n=287 n=280 n=40

& n=112 n=109 n=52

= n=24 n=23 n=12

e 8001 n=5 n=5 n=0

4

2 600

D
400
200 +,~‘ y: g

0 ol
0 52 104 (weeks)

Figure 2 | Changes in glycated hemoglobin (HbATc), systolic blood pressure, diastolic blood pressure, body mass index (BMI), urine albumin-to-
creatinine ratio (UACR) by starting point values. Data are mean + standard error. eGFR, estimated glomerular filtration rate. *P < 0.05 (vs O week,

paired t-test). **P < 0.05 (vs O week, Wilcoxon signed-rank test).

In addition, there was no significant change compared with
12 weeks at all time points between 24 and 104 weeks. Signifi-
cant differences were observed in the annual change rate of
eGFR between 0 and 4 weeks and 4 and 104 weeks in the
eGFR >90 group and the eGFR >60 to <90 group. Even if
eGFR decreases significantly at the beginning of administration,
it does not continue to decrease at the same speed thereafter,
and can be used safely. According to a report on stratified anal-
ysis of eGFR with long-term administration of dapagliflozin'?,
there is a drop of about 4, particularly in the first 6 months in
the eGFR > 90 and eGFR >60 to <90 groups, followed by a
more gradual decrease. In the same study, eGFR increased min-
imally in the eGFR <60 group up to 2 years after the start of
administration, then turned to a decline thereafter. In our
study, eGFR had already decreased significantly by week 4 of
administration in the eGFR >90 (-5.4 = 1.2) and eGFR >60 to
<90 groups (3.0 £ 0.6). Subsequently, eGFR remained con-
stant. The present study lasted 2 years and the results up to
this point are similar, indicating that even if the SGLT2

inhibitor is a different type, it might show similar variations in
test values. In contrast, Kurose et al.*® reported that stratifica-
tion analysis by eGFR was carried out in a post-marketing sur-
vey of luseogliflozin, but no significant change in eGFR was
observed in any of the groups. It is unknown why there was
no significant change. However, post-marketing surveillance of
SGLT2 inhibitors in Japanese older adults, such as STELLA-
ELDER, J-STEP/EL-STUDY, was similar to the present
results”?%, They did not do stratified analysis by eGFR. How-
ever, in a population with an eGFR of approximately 70 at the
baseline, eGFR declined after 1 month and then leveled off
after rebounding. Our results are reasonable for this point.
Some patient groups must be carefully monitored. In our
analysis of the eGFR <60 patient group, we compared
changes in eGFR at UACR >300 and UACR <300, and found
a significant difference in the changes between the two
groups. The UACR >300 group showed a significant decrease
in eGFR, whereas the UACR <300 group showed a significant
increase. Yamanouchi et al.>® reported that patients with non-

1252 J Diabetes Investig Vol. 11 No. 5 September 2020
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Figure 3 | Annual change rate of estimated glomerular filtration rate (eGFR). Data are mean + standard error. *P < 005 (paired t-test). W, week.
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Figure 4 | Amount of change in estimated glomerular filtration rate (eGFR) by starting point. Data are mean * standard error. *P < 005 (vs
0 week, paired t-test). **P < 005 (Student’s t-test). UACR, urine albumin-to-creatinine ratio; W, week.

proteinuric DKD had a lower risk of CKD progression and
all-cause mortality than patients with proteinuric DKD . The
present results here were similar, and proteinuric DKD
patients required careful observation. However, even in the
case of eGFR <60, eGFR significantly increased in UACR

<300, and in stratified analysis based on eGFR at the starting
point, a significant decrease in UACR was observed in the
eGFR >90 group. Even with eGFR >60 to <90, there was a
decreasing trend in UACR, although it was not significant.
This suggests a renoprotective action.

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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We analyzed factors that affect the annual rate of change of
eGFR in three patterns at different periods. As a result, high
eGFR and advanced age at the start were significant factors in
eGFR reduction from baseline to 4 weeks. With regard to fac-
tors that affect the annual rate of change of eGFR from baseline
to 104 weeks, a high SBP value, a high eGFR value, advanced
age and being female were significant factors in the decrease in
eGFR. In a meta-analysis, Wang et al.'' reported that although
the eGFR preservation effect of SGLT2 inhibitors was not sig-
nificantly related to basic patient characteristics (age, BMI,
HbAlc, eGFR level), it was affected by drug administration
(treatment period, SGLT2 inhibitor type, SGLT2 dose). As the
Wang et al.'' report was a meta-analysis, detailed patient back-
grounds are unknown, so comparisons cannot be made. How-
ever, it was clear that age and eGFR at initiation of
administration in Japanese patients were major influences in
both the short term and long term. Sex and SBP were also
involved in long-term changes in eGFR. Regarding sex differ-
ences, we thought that the sex difference in the eGFR formula
is affected. For SBP, Imai et al** reported that the higher the
SBP, the lower the eGFR is likely to be, and Bakris et al*’
reported that proper control of blood pressure and preventing
high blood pressure leads to a slower GFR reduction rate.
There is no significant factor for the change from 4 to
104 weeks. However, we should be aware of the above vari-
ables. The concomitant use of renoprotective drugs, such as
ARB, angiotensin-converting enzyme inhibitors or diuretics,
showing no influence was also a new finding.

Excessive infiltration of glucose into tubular epithelial cells
through SGLT2 has been shown to induce expression of
inflammatory and fibrotic markers®. The vicious cycle of
SGLT?2 upregulation, and increases in blood glucose and body
fluid volume might worsen the pathophysiology of diabetic
nephropathy in a synergistic manner and contribute to the pro-
gression of renal dysfunction. SGLT2 inhibitors are thought to
exert renoprotective effects by inhibiting this. Mouse experi-
ments suggest that ipragliflozin acts directly on tubular cells by
inhibiting SGLT2, and might protect renal tubular cells from
renal damage as a result of metabolic disorders, regardless of
improvements in blood glucose level or weight loss®. This
blood glucose-independent renoprotective effect has also been
reported for luseogliflozin®®. Kidokoro et al.*® also reported that
empagliflozin increased urinary adenosine excretion and
reduced hyperfiltration through afferent arteriolar constriction,
effects that were abolished by Al adenosine receptor blockade
in mice. In addition, ipragliflozin has been reported to suppress
renal and glomerular hypertrophy, and reduce nicotinamide
adenine dinucleotide phosphate oxidase 4 expression and sub-
sequent oxidative stress in mice®. The fact that eGFR levels
were maintained without decreasing in the eGFR <60 group in
the present study suggests that this renoprotective effect con-
firmed in animal experiments might also occur in humans. As
hyperfiltration as a result of hyperglycemia occurs in the eGFR
>90 group, it is considered that the condition has been

http://wileyonlinelibrary.com/journal/jdi

corrected from an unfavorable state to a normal state. It is
thought that hyperfiltration of the glomeruli is resolved through
the macula densa by promotion of sodium reabsorption in the
tubules due to the SGLT2 inhibitory action. This point is also
supported by the fact that a significant negative correlation was
observed in eGFR values at the starting point and the amount
of change in eGFR at all time points.

With regard to the amount of change in HbAlc, it had sig-
nificantly decreased in the eGF >90 group compared with the
eGFR >60 to <90 and eGFR >45 to <60 groups. The fact that
the value at the starting point (8.38 + 1.64) was significantly
higher in the eGFR >90 group compared with the eGFR >60
to <90 (791 + 1.33) and eGFR >45 to <60 (7.40 % 0.95)
groups is a factor. Although there was a difference in the
amount of change, there were no significant differences in the
measured values between groups, and as tests within the group
also showed a significant decrease at most time points, eGFR at
the starting point is not believed to have an effect. This point
has been reported in studies of tofogliﬂozin31, and has been
reproduced here in this study of ipragliflozin. Stratification
analysis of eGFR at the starting point in patients treated with
canagliflozin showed HbAlc decreases were larger in groups
with high eGFR at the starting point, but HbAlc levels at the
starting point were almost the same at 8.2-8.3%’. This result
was obtained because of the difference in baseline values in this
examination, and it also shows that there was no excessive
reduction in blood glucose. Kashiwagi et al®® reported that
ipragliflozin significantly reduced HbAlc in patients with mild
renal dysfunction, but no significant improvement was seen in
patients with moderate renal dysfunction when compared with
placebo. The Kashiwagi et al.>® study suggests that the low level
of HbAlc (7.55 £ 0.526) at the starting point was a factor. In
the present study, HbAlc at the starting point in the eGFR >45
to <60 group was 7.40 + 0.95, which was lower than that
reported by Kashiwagi et al. However, the small number of
cases in the placebo group of the placebo-controlled studyby
Kashiwagi et al. might also be a factor. As the present study
had no control group, comparisons with other agents cannot
be made. However, we believe that results obtained from actual
clinical practice are significant, as this differs from the strictly
controlled special environment of clinical trials.

With the exception of the eGFR >30 to <45 group, which
had a small number of participants, significant reductions in
blood pressure and BMI were observed, but there were almost
no differences in the amount of change between groups. These
results are similar to the canagliflozin report’”, and have been
reproduced in the case of ipragliflozin.

Yokote et al** reported no new safety concerns in a 1-year
post-marketing study of 8,505 participants. The same applies to
the present 2-year study. The incidence of hypoglycemia in this
study was 0.49% overall. In a large-scale survey of other SGLT2
inhibitors in Japanese participants, the incidence of hypo-
glycemia was 0.32-1.07%**>**, and we believe that this inci-
dence is reasonable. However, as reported previously, although
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serious hypoglycemia was not observed during the course of
the study, serious adverse events of ketosis and dehydration
were observed. Medication was continued in all patients, even
on sick days, and we considered it crucial that thorough guid-
ance be given to promptly withdraw medication on sick days.
Although the frequency of cystitis was high in the eGFR >30 to
<45 group, in this stratified analysis of eGFR, all patients who
developed cystitis as an adverse reaction were women, and the
proportion of women in the same group was high, which is
thought to be a factor. The difference is not believed to be due
to eGFR.

There were several limitations to the present study. One was
that we could not set a control group because of a 2-year long-
term observational study in the real world. For this reason, we
discussed the difference from the previous report'®. Another
limitation was exploratory analysis, as the sample size was not
based on eGFR fluctuations.

In conclusion, ipragliflozin reduced eGFR and corrected
hyperfiltration in patients with high eGFR. This fact suggested
the possibility of increasing eGFR in patients with low eGFR
and exerting a renoprotective effect. Ipragliflozin did not
decrease the eGFR until 104 weeks compared with 4 weeks.
Ipragliflozin is a drug that can be used safely for a long time.
The renoprotective effect of ipragliflozin is not affected by reno-
protective drugs, such as ARB, and only the eGFR value at the
starting point and age were factors in the change. Although dif-
ferences in changes of HbAlc arose depending on the baseline
value, no differences as a result of eGFR at the starting point
arose in changes to blood pressure or BML
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Amount of change in estimated glomerular filtration rate.

(Japanese).

Figure S2 | Changes in estimated glomerular filtration rate (groups divided into quartiles by the baseline value of estimated
glomerular filtration rate). Data are mean * standard error.
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Figure S3 | Amount of change in estimated glomerular filtration rate (groups divided into quartiles by the baseline value of esti-
mated glomerular filtration rate).
Figure S4 | Changes in estimated glomerular filtration rate (excluding the addition of antidiabetic drugs).

Table S1 | Analysis of factors affecting annual change rate of estimated glomerular filtration rate.
Table S2 | Adverse reactions.
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