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ABSTRACT

Introduction: STELLA-LONG TERM is a post-
marketing surveillance study evaluating the
safety and effectiveness of ipragliflozin in Japa-
nese patients with type 2 diabetes mellitus.
Methods: Patients were classified by age at
ipragliflozin initiation (\ 65 and C 65 years),
and elderly patients were subclassified by base-
line body mass index (BMI)\25.0 or C 25.0 kg/
m2. Incidence of adverse drug reactions (ADRs)
and effectiveness were evaluated over 3 years.
Results: Among 11,051 patients, 7894 (71.4%)
were aged \ 65 years and 3157 (28.6%) C
65 years. The 3-year ADR incidence was similar

in patients aged C 65 (19.04%) and \65 years
(19.36%; P = 0.701). Serious ADRs were more
frequent in the subgroup C 65 years (2.79% vs
1.55%; P\0.001). In terms of ADRs of special
interest, a significantly greater proportion of
elderly patients had skin complications (2.22%
vs 1.62%, P = 0.033), renal disorders (2.28% vs
1.51%, P = 0.005), hypoglycemia (0.73% vs
0.43%, P = 0.048), or malignant tumors (1.01%
vs 0.24%, P\0.001), while the incidence of
polyuria/pollakiuria (5.97% vs 4.47%,
P = 0.002) and hepatic disorders (1.39% vs
0.73%, P = 0.004) was significantly higher in
non-elderly than elderly patients. In patients
aged C 65 years, the incidence of ADRs was
higher when baseline BMI was C 25 kg/m2 ver-
sus\25 kg/m2 (24.40% vs 17.68%; P\0.001).
Glycosylated hemoglobin, fasting blood glu-
cose, and body weight significantly decreased
from baseline in both age groups at each eval-
uation up to 3 years (all P\0.001).
Conclusions: Ipragliflozin was well tolerated
and effective for 3 years in routine clinical use
in elderly and non-elderly patients, although
elderly patients had a higher rate of serious
ADRs. No new safety concerns were identified.
Clinical Trial Registration: ClinicalTrials.gov
identifier NCT02479399.
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Key Summary Points

Why carry out this study?

The STELLA-LONG TERM observational
study investigated the safety and
effectiveness of ipragliflozin in Japanese
patients with type 2 diabetes during
3 years of real-world use.

This prespecified subgroup analysis
investigated outcomes in STELLA-
LONG TERM among patients aged
\65 years and C 65 years, since elderly
people represent a high proportion of the
Japanese population.

What was learned from this study?

Long-term ipragliflozin therapy was well
tolerated and effective in all elderly
patients, including those in the 75 years
and older age group and those with a
baseline body mass index\ 25 kg/m2.

No new safety concerns were identified,
but the incidence of serious adverse drug
reactions was significantly higher in
elderly than non-elderly patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14124275.

INTRODUCTION

Ipragliflozin was the first sodium–glucose
cotransporter 2 (SGLT2) inhibitor to be
approved in Japan for the treatment of patients
with type 2 diabetes mellitus [1]. The approval
was based on several randomized controlled
trials in which ipragliflozin, as monotherapy or

in combination with other antidiabetic agents,
improved glycemic control [1–7].

The average age of patients with diabetes in
Japan is increasing. In a 2018 survey, 72.5% of
patients who were strongly suspected of having
diabetes were aged C 65 years and 33.5% were
aged C 75 years [8]. Given the high proportion
of elderly people in Japan, and concerns raised
regarding the safety of SGLT2 inhibitors in
elderly patients, it was deemed necessary to
confirm the safety of ipragliflozin in elderly
Japanese patients [9]. The STELLA-ELDER study
showed that 16.9% of patients aged C 65 years
who were receiving ipragliflozin during routine
clinical practice developed adverse drug reac-
tions (ADRs) over 1 year of treatment, with
most of these events developing within the first
30 days of treatment [9, 10].

STELLA-LONG TERM (Specified drug use
resulTs survEy of ipragLifLozin treAtment in
type 2 diabetic patients: LONG-TERM use) was a
3-year post-marketing surveillance study
designed to investigate the safety and effec-
tiveness of long-term ipragliflozin therapy in
routine clinical practice in Japan. Several sub-
group analyses were conducted, including the
comparison of effectiveness and safety in
elderly (aged C 65 years) versus non-elderly
patients.

Subgroup analyses of STELLA-LONG TERM
using 3- and 12-month interim data showed
significant decreases from baseline in mean
glycated hemoglobin (HbA1c), fasting plasma
glucose (FPG), and body weight with ipragli-
flozin in both elderly and non-elderly patients
[11, 12]. The incidence of ADRs was similar in
the two age groups (C 65 and \ 65 years);
however, significantly more elderly than non-
elderly patients experienced a serious ADR at
3 months (0.8% vs 0.5%, P = 0.019) [12] and
12 months (1.4% vs 0.8%, P = 0.002) [11], and
no new safety concerns were identified com-
pared with pre-approval clinical trials.

Here, we report the subgroup analysis of the
safety and effectiveness of ipragliflozin in
elderly versus non-elderly Japanese patients
from the final, 3-year results of the STELLA-
LONG TERM study.
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METHODS

STELLA-LONG TERM was a 3-year, observa-
tional, multicenter post-marketing surveillance
study in Japanese patients with type 2 diabetes
mellitus (ClinicalTrials.gov identifier
NCT02479399). The study design and methods
have been previously described [13]. Briefly,
data from patients who were first prescribed
ipragliflozin between July 17, 2014 and October
16, 2015 at participating clinical sites were
included. Patients received ipragliflozin 50 mg
once daily, before or after breakfast. Increasing
the dose to 100 mg once daily was permitted if
the treating physician judged the efficacy of the
lower dose to be insufficient. A lower dose was
also permitted, with caution advised in patients
with severe hepatic impairment.

This study was conducted in compliance
with Japanese Good Post-marketing Study
Practice (GPSP) regulations and the study pro-
tocol was approved by the Ministry of Health,
Labour and Welfare of the Japanese govern-
ment. All medical institutions that agreed to
provide data signed a contract with Astellas
Pharma Inc. The review board that approved
the study waived the need for consent, as
anonymous data were collected via electronic
survey forms from clinical settings.

Assessments

Data in this analysis were compared in two age
categories: elderly (C 65 years) versus non-
elderly (\ 65 years), and non-elderly versus two
elderly subgroups (65 to \ 75 years and
C 75 years). Data were also compared between
patients with a baseline body mass index (BMI)
of\25 versus C 25 kg/m2. Safety data collected
included the incidence of ADRs [categorized
according to Medical Dictionary for Drug Reg-
ulatory Activities—Japanese translation (Med-
DRA/J) version 22.0] and ADRs of special
interest during treatment, with ADRs defined as
adverse events (AEs) for which a causal rela-
tionship to ipragliflozin could not be excluded.

In addition, changes in vital signs and labo-
ratory parameters were monitored in the safety
analysis population, including heart rate, white

blood cell (WBC) count, red blood cell (RBC)
count, hemoglobin, hematocrit, blood urea
nitrogen (BUN), serum albumin, serum crea-
tinine, sodium, chloride, potassium, calcium,
phosphorus, magnesium, serum ketone body
levels, fasting C-peptide, estimated glomerular
filtration rate (eGFR), pH, urinary albumin, and
urinary creatinine levels.

Effectiveness outcomes included changes
from baseline in HbA1c, FPG, and body weight.
Changes in HbA1c were also compared in
patients with a baseline level of \8% ver-
sus C 8%. Additionally, changes in vital signs
and laboratory parameters, including fasting
insulin, BMI, waist circumference, systolic
blood pressure (SBP), diastolic blood pressure
(DBP), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phos-
phatase (ALP), gamma-glutamyl transpeptidase
(c-GTP), total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), triglycerides, uric
acid, and total bilirubin were analyzed in the
effectiveness analysis population.

Data were collected at baseline and 1, 3, 6,
12, 24, and 36 months after treatment was
initiated.

Statistical Analysis

The rationale for sample size calculations for the
primary analysis has been defined previously
[13]. The safety analysis population included
patients who received at least one dose of ipra-
gliflozin, had no registration violations, and
had data available for at least one visit after
baseline. The effectiveness analysis set was the
safety population excluding patients who were
noncompliant with treatment, had unclear
efficacy assessment data or missing baseline or
post-baseline data for HbA1c, serum fasting
insulin, or FPG.

Categorical variables are presented as num-
ber and proportions (%) and continuous vari-
ables as mean ± standard deviation (SD).
Patient demographic and clinical data for the
different age groups or BMI categories were
compared using the chi-squared test, two-sam-
ple t test, or one-way analysis of variance as
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appropriate. Changes from baseline in labora-
tory variables were analyzed using the one-
sample t test. For descriptive purposes only,
baseline demographic and ADR data were
compared with those from STELLA-ELDER [9].

All statistical analyses were performed using
SAS software version 9.4 (SAS Institute, Cary,
NC, USA).

RESULTS

Patient Disposition

A total of 11,424 patients were registered from
2431 medical institutions, and survey forms
were collected for 11,289 patients. The safety
analysis set included 11,051 patients, while the
effectiveness analysis set included 8763
patients. Details of reasons for exclusion from
the two analysis populations are described in
the final report of the overall STELLA-
LONG TERM study [14].

Patient Characteristics

In the safety analysis set, 7894 patients were
aged \65 years (mean age 51.2 years) at base-
line; 3157 were aged C 65 years (mean age
71.3 years; Table 1) and of these, 752 were aged
C 75 years (Supplementary Table S1). Com-
pared with the elderly group (C 65 years), a
significantly higher proportion of non-elderly
patients (\ 65 years) were men (63.6% vs 53.5%
of elderly patients; P\ 0.001), and significantly
fewer had HbA1c\8% (50.1% vs 59.5% of
elderly patients; P\ 0.001; Table 1). In the
effectiveness analysis set, the mean HbA1c at
baseline was 8.17% in patients aged\65 years
and 7.77% in patients aged C 65 years
(P\0.001).

Elderly patients had a longer mean duration
of diabetes (10.16 vs 7.22 years; P\0.001), and
a significantly higher proportion of elderly
patients had complications at baseline (87.5%
vs 83.6%; P\0.001). Non-elderly patients had a
significantly higher mean body weight (81.92 vs
67.57 kg; P\ 0.001), BMI (29.90 vs 26.76 kg/

m2; P\ 0.001), and eGFR (85.56 vs 70.56 mL/
min/1.73 m2; P\0.001) than elderly patients.

Baseline characteristics from STELLA-ELDER
[9] are provided in Table 1 for comparison.

Safety

In the safety analysis set, 2129 patients
(19.27%) had at least one ADR (Table 2).

In the first age category analysis (\65
vs C 65 years), the incidence of ADRs was simi-
lar between non-elderly and elderly patients
(19.36% vs 19.04%, P = 0.701). A significantly
greater proportion of elderly than non-elderly
patients had a serious ADR (2.79% vs 1.55%,
P\ 0.001). When assessing ADRs of special
interest, a significantly greater proportion of
elderly patients had skin complications (2.22%
vs 1.62%, P = 0.033), renal disorders (2.28% vs
1.51%, P = 0.005), hypoglycemia (0.73% vs
0.43%, P = 0.048), or malignant tumors (1.01%
vs 0.24%, P\ 0.001). The incidence of polyuria/
pollakiuria (5.97% vs 4.47%, P = 0.002) and
hepatic disorders (1.39% vs 0.73%, P = 0.004)
was significantly higher in non-elderly than
elderly patients.

ADR data from STELLA-ELDER are provided
in Table 3 for comparison [9].

Supplementary Table S2 summarizes the
ADRs and ADRs of special interest according to
the second age category analysis (patients aged
\65, 65 to \ 75, and C 75 years). The inci-
dence of any ADR was lower in patients aged
C 75 years than in those aged \65 or 65 to
\75 years (P = 0.035), while the incidence of
serious ADRs was significantly higher in
patients aged 65 to\ 75 or C 75 years than in
those aged\ 65 years (P\ 0.001).

Elderly patients (C 65 years) with a
BMI\25 kg/m2 had a significantly lower inci-
dence of ADRs than those with a BMI C 25 kg/
m2. In the C 65 years age group, the incidence
of ADRs was 17.68% in patients with a BMI of
\25 kg/m2 and 24.40% in those with a BMI of
C 25 kg/m2 (P\ 0.001); respective values were
19.81% and 25.27% (P = 0.017) in the 65 to
\75 years age group, and 11.43% and 20.60%
(P = 0.014) in the C 75 years group. Among
patients with a baseline BMI\25 kg/m2, a
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Table 1 Patient baseline characteristics in the safety analysis population (first age category analysis) of STELLA-
LONG TERM and in STELLA-ELDER

STELLA-LONG TERM STELLA-ELDER
[9]< 65 years ‡ 65 years P valuea

All, n 7894 3157 8505

Sex, n (%)

Male 5023 (63.6) 1690 (53.5) (1)\ 0.001 4181 (49.2)

Female 2871 (36.4) 1467 (46.5) 4324 (50.8)

Age, years

Mean ± SD 51.2 ± 9.0 71.3 ± 5.5 72.3 ± 5.9

Median (range) 52.0 (14–64) 70.0 (65–95)

65 to\ 75, n (%) – 2405 (76.2) 5800 (68.2)

C 75, n (%) – 752 (23.8) 2705 (31.8)

Body weight, kg, mean ± SD (n) 81.92 ± 17.35

(6015)

67.57 ± 12.01

(2157)

(2)\ 0.001 67.5 ± 12.9

BMI, kg/m2

Mean ± SD (n) 29.90 ± 5.44

(5548)

26.76 ± 4.07

(1944)

(2)\ 0.001 27.0 ± 4.56

\ 25.0, n (%) 883 (11.2) 690 (21.9) (1)\ 0.001 1762 (20.7)

C 25.0, n (%) 4665 (59.1) 1254 (39.7) 3306 (38.9)

Unknown 2346 (29.7) 1213 (38.4) 3437 (40.4)

Duration of diabetes, years

Mean ± SD (n) 7.22 ± 5.74

(5417)

10.16 ± 7.79

(1831)

(2)\ 0.001 10.6 ± 7.52

\ 5, n (%) 2124 (26.9) 469 (14.9) (1)\ 0.001 1177 (13.8)

C 5, n (%) 3293 (41.7) 1362 (43.1) 4150 (48.8)

Unknown, n (%) 2477 (31.4) 1326 (42.0) 3178 (37.4)

Complications, n (%)

Yes 6603 (83.6) 2762 (87.5) (1)\ 0.001 6917 (81.3)

No 1232 (15.6) 367 (11.6) 1477 (17.4)

Unknown 59 (0.7) 28 (0.9) 111 (1.3)

eGFR, mean mL/min/1.73 m2 ± SD (n) 85.56 ± 19.35

(4762)

70.56 ± 17.96

(1935)

(2)\ 0.001 69.7 ± 19.4
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significantly greater proportion of elderly vs
non-elderly patients in the first age category
analysis (C 65 vs\65 years) had a serious ADR
(2.75% vs 1.36%, P = 0.048; Table 3). Within
the BMI\25 kg/m2 group, patients aged
C 75 years had a significantly lower incidence
of ADRs than those aged \65 or 65 to
\75 years (P = 0.043; Table 3).

Both non-elderly and elderly patients (\65
vs C 65 years; first age category analysis) in the
safety analysis cohort showed significant
decreases from baseline to 3 years in WBC
count (- 275.0 ± 1447.8/lL and - 148.7 ±

1323.7/lL, both P\ 0.05) and eGFR

(- 3.18 ± 12.24 mL/min/1.73 m2 and - 2.21 ±

10.74 mL/min/1.73 m2, both P\0.001; Table 4).
In both non-elderly and elderly patients,

significant increases from baseline to 3 years
were observed in mean RBC count (both
P\ 0.001), hemoglobin levels (both P\0.001),
hematocrit (both P\0.001), BUN (both
P\ 0.001), serum creatinine (both P\0.001),
sodium (both P\0.001), chloride (both
P\ 0.001), and phosphorus (both P\ 0.05;
Table 4).

When comparing the magnitude of change
between the two age groups, WBC count
(P\0.05), and eGFR (P\ 0.05) were

Table 1 continued

STELLA-LONG TERM STELLA-ELDER
[9]< 65 years ‡ 65 years P valuea

HbA1c, %

Mean ± SD (n)b 8.17 ± 1.51 (6413) 7.77 ± 1.24 (2313) (2)\ 0.001 7.84 ± 1.33 (6853)

\ 8%, n (%) 3958 (50.1) 1877 (59.5) (1)\ 0.001 4381 (51.5)

C 8%, n (%) 3473 (44.0) 1009 (32.0) 2747 (32.3)

Unknown 463 (5.9) 271 (8.6) 1377 (16.2)

Initial dose of ipragliflozin, n (%)

25 mg 879 (11.1) 541 (17.1) –c 1152 (13.5)

50 mg 6999 (88.7) 2613 (82.8) 7344 (86.3)

100 mg 13 (0.2) 2 (0.1) 9 (0.1)

Other 3 (0.04) 1 (0.03) 0

Daily dose of ipragliflozin, mg,

mean ± SD (n)
48.34 ± 8.39

(7894)

46.73 ± 9.91

(3157)

(2)\ 0.001

Dose changes during treatment, n (%)

25 mg to 25 mg 602 (7.6) 419 (13.3) (1)\ 0.001 856 (10.1)

25 mg to 50 mg 242 (3.1) 102 (3.2) 263 (3.1)

50 mg to 50 mg 6765 (85.7) 2514 (79.6) 7168 (84.3)

50 mg to 100 mg 121 (1.5) 41 (1.3) 78 (0.9)

Other 164 (2.1) 81 (2.6) 140 (1.6)

BMI body mass index, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, SD standard deviation
a P values across subgroups assessed by (1) chi-squared test or (2) two-sample t test; no statistical comparison between
groups was made for specific complications
b Mean HbA1c values were from the effectiveness analysis set
c No P value was calculated when at least one element of the contingency table was\ 10

1364 Diabetes Ther (2021) 12:1359–1378



significantly more reduced in non-elderly
(\65 years) than in elderly patients (C 65 years;
Table 4).

Changes from baseline in vital signs and
laboratory parameters in patients aged 65 to

Table 2 Adverse drug reactions in the safety analysis population (first age category analysis) of STELLA-LONG TERM, in
pre-approval clinical trials, and STELLA-ELDER

ADRs, n (%) Pre-approval
(n = 1669) [2–7]

STELLA-LONG TERM STELLA-ELDER
(n = 8505) [9]All

(n = 11,051)
< 65 years
(n = 7894)

‡ 65 years
(n = 3157)

P valuea

Any ADR 549 (32.89) 2129 (19.27) 1528 (19.36) 601 (19.04) 0.701 1438 (16.9)

Serious ADR 14 (0.8) 210 (1.90) 122 (1.55) 88 (2.79) \ 0.001 127 (1.5)

ADRs of special interest

Polyuria/

pollakiuria

168 (10.0) 612 (5.54) 471 (5.97) 141 (4.47) 0.002 170 (2.0)

Volume

depletion

73 (4.5) 243 (2.20) 167 (2.12) 76 (2.41) 0.345 266 (3.1)

Skin

complications

59 (4.0) 198 (1.79) 128 (1.62) 70 (2.22) 0.033 269 (3.2)

Renal disorder 76 (4.8) 191 (1.73) 119 (1.51) 72 (2.28) 0.005 118 (1.4)

Urinary tract

infection

29 (1.8) 170 (1.54) 115 (1.46) 55 (1.74) 0.271 118 (1.4)

Genital

infection

32 (2.0) 161 (1.46) 126 (1.60) 35 (1.11) 0.053 166 (2.0)

Hepatic disorder 17 (1.0) 133 (1.20) 110 (1.39) 23 (0.73) 0.004 19 (0.2)

Cardiovascular

disease

16 (1.0) 67 (0.61) 50 (0.63) 17 (0.54) 0.562 24 (0.3)

Hypoglycemia 22 (1.4) 57 (0.52) 34 (0.43) 23 (0.73) 0.048 58 (0.7)

Malignant

tumor

4 (0.2) 51 (0.46) 19 (0.24) 32 (1.01) \ 0.001 11 (0.1)

Cerebrovascular

disease

4 (0.2) 48 (0.43) 29 (0.37) 19 (0.60) 0.090 36 (0.4)

Ketone body

related events

11 (1.0) 7 (0.06) 6 (0.08) 1 (0.03) –b 2 (0.02)

Fracture 0 4 (0.04) 4 (0.05) 0 –b 2 (0.02)

Lower limb

amputation

0 0 0 0 –b 0

No. of patients (%) are shown
ADR adverse drug reaction
a Chi-squared test for difference between BMI subgroups
b No P value was calculated when at least one element of the contingency table was\ 10
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\75 years and C 75 years are shown in Sup-
plementary Table S3.

Effectiveness

Over the 3 years, mean HbA1c was significantly
decreased from baseline (P\0.001) at each time
point in non-elderly and elderly patients for first
age category analysis (Fig. 1a), as well as in the
subcategories of elderly patients aged 65 to\75
years and C 75 years (Supplementary Fig. S1). At
3 years, the mean ± SD change from baseline in
HbA1c was - 0.69 ± 1.30% in patients aged
\65 years, and- 0.60 ± 1.09% in patients aged
C 65 years. When analyzed by baseline HbA1c
category, mean HbA1c was significantly
decreased from baseline at each time point in
patients with baselineHbA1c\8% andC 8%, in
both non-elderly and elderly patients (Fig. 1b, c).

When data for elderly patients were analyzed
according to baseline BMI (\ 25 vs C 25 kg/m2),
in both BMI categories, mean HbA1c was sig-
nificantly (P\ 0.001) reduced from baseline at

each time point in patients aged C 65 years
(Fig. 2a), 65 to \ 75 years (Fig. 2b), and
C 75 years (Fig. 2c). In patients aged C 65 years,
the mean ± SD change in HbA1c from baseline
at 3 years was - 0.61 ± 1.05% in those with a
baseline BMI\25 kg/m2 and - 0.58 ± 1.08%
in those with a baseline BMI C 25 kg/m2.

Over the 3-year study, mean body weight
was significantly (P\0.001) reduced from
baseline at each time point in patients aged
\65 and C 65 years (Fig. 3a), and in those aged
65 to 75 years and C 75 years (Supplementary
Fig. S2a). After 3 years, the mean ± SD change
in body weight was - 3.34 ± 4.54 kg in patients
aged \ 65 years and - 2.99 ± 3.55 kg in
patients aged C 65 years.

When analyzed by baseline BMI category,
mean body weight was significantly reduced
from baseline at all time points in patients with
a baseline BMI\25 kg/m2 and C 25 kg/m2

across all age categories (\65 and C 65 years,
Fig. 3b, c; and \ 65, 65 to \ 75 years and
C 75 years, Supplementary Fig. S2b and c).

Table 3 Adverse drug reactions by BMI and age in the safety analysis population

Elderly patients, by BMI category

‡ 65 years (n = 1944) 65 to < 75 years (n = 1536) ‡ 75 years (n = 408)

BMI P valuea BMI P valuea BMI P valuea

< 25 kg/
m2

(n = 690)

‡ 25 kg/
m2

(n = 1254)

< 25 kg/
m2

(n = 515)

‡ 25 kg/
m2

(n = 1021)

< 25 kg/
m2

(n = 175)

‡ 25 kg/
m2

(n = 233)

Any

ADR

122 (17.68) 306 (24.40) \ 0.001 102 (19.81) 258 (25.27) 0.017 20 (11.43) 48 (20.60) 0.014

Serious

ADR

19 (2.75) 47 (3.75) 0.247 15 (2.91) 39 (3.82) 0.362 4 (2.29) 8 (3.43) –b

Patients with a BMI < 25 kg/m2, by age

< 65 years
(n = 883)

‡ 65 years
(n = 690)

P valuea 65 to < 75 years
(n = 515)

‡ 75 years
(n = 175)

P valuea

ADR 159 (18.01) 122 (17.68) 0.867 102 (19.81) 20 (11.43) 0.043

Serious ADR 12 (1.36) 19 (2.75) 0.048 15 (2.91) 4 (2.29) –b

No. of patients (%) are shown
ADR adverse drug reaction, BMI body mass index
a Chi-squared test for difference between BMI subgroups
b No P value was calculated when at least one element of the contingency table was\ 10
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In the first age category analysis, mean ± SD
FPG was significantly (P\0.001) reduced from
baseline to 3 years by - 29.3 ± 50.5 mg/dL in
patients aged\65 years and - 27.5 ± 49.1 mg/
dL in patients aged C 65 years (Table 5). In both
non-elderly and elderly patients in the first age
category effectiveness analysis, there were also
significant reductions from baseline in fasting

insulin, BMI, waist circumference, SBP, DBP,
uric acid, and liver function markers (AST, ALT,
c-GTP, and ALP), as well as significant
improvements in lipid parameters (triglycerides,
total cholesterol, LDL-C, and HDL-C; Table 5).
The changes from baseline were significantly
greater for patients aged \ 65 years than
C 65 years for AST (P\0.05) and ALT

Fig. 1 Mean ± standard deviation (SD) changes in
glycated hemoglobin (HbA1c) by age in a the effectiveness
analysis population, b patients with baseline HbA1c\

8%, and c patients with baseline HbA1c C 8%.
Tables show the absolute mean ± SD values at baseline
and 3 years. *P\ 0.001 vs baseline (one-sample t test)
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(P\0.001); there were no other between-group
differences.

Changes in vital signs and laboratory mark-
ers in the effectiveness analysis population in
patients aged 65 to\75 years and C 75 years are
shown in Supplementary Table S4.

DISCUSSION

In this subgroup analysis of the large, 3-year
STELLA-LONG TERM post-marketing surveil-
lance study, ipragliflozin treatment was well

Fig. 2 Mean ± standard deviation (SD) changes in
glycated hemoglobin (HbA1c) by BMI (\ 25
vs C 25 kg/m2) in elderly patients: a patients aged
C 65 years, b patients aged 65 to\75 years, and c patients

aged C 75 years. Tables show the absolute mean ± SD
values at baseline and 3 years. *P\ 0.001 vs baseline (one-
sample t test)
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tolerated and effective in both elderly and non-
elderly Japanese patients with type 2 diabetes.
Of the [11,000 patients included in STELLA-
LONG TERM, approximately 29% were aged
C 65 years. As may be expected, compared with
non-elderly patients, elderly patients had a

significantly longer duration of diabetes at
baseline, were more likely to have complica-
tions, and had a significantly lower mean body
weight, BMI, and eGFR. Additionally, a signifi-
cantly greater proportion of elderly than non-
elderly patients had an HbA1c\8% at baseline.

Fig. 3 Mean ± standard deviation (SD) changes in body
weight by age in a the effectiveness analysis population,
b patients with a baseline BMI\ 25 kg/m2, and c patients

with a baseline BMI C 25 kg/m2. Tables show the
absolute mean ± SD values at baseline and 3 years.
*P\ 0.001 vs baseline (one-sample t test)
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In comparison with the 1-year STELLA-
ELDER Japanese post-marketing study, elderly
patients in STELLA-LONG TERM had a numeri-
cally similar baseline mean body weight, BMI,
eGFR, duration of diabetes, and proportion of
patients with an HbA1c C 8%; whereas the
proportion of patients with complications at
baseline was numerically higher among elderly
patients in the current study than those in
STELLA-ELDER [10].

In the current study, the incidence of ADRs
was similar in patients aged\ 65 years (19.36%)
and in those aged C 65 years (19.0%). These
proportions are greater than those reported in
the 1-year interim results of this study, when
14.8% of non-elderly and 14.2% of elderly
patients had at least one ADR [11]; the latter
incidence in elderly patients was lower than
that after 1 year of treatment in STELLA-ELDER
[10]. A significantly greater proportion of
elderly versus non-elderly patients had a serious
ADR in both this final 3-year analysis (2.79% vs
1.55%) and the 1-year analysis (1.4% vs 0.8%) of
STELLA-LONG TERM [11]. The most likely
explanation for the difference in ADR rates
between STELLA-ELDER and the current study
lies in the timing of the two studies. Ipragli-
flozin was approved in Japan in April 2014 and
the registration period for the STELLA-ELDER
study was the first 3 months after ipragliflozin
was introduced. The Japanese Diabetes Society
(JDS) published recommendations on the
proper use of SGLT2 inhibitors in June 2014
(updated again in 2020 [15]), after registration
for STELLA-ELDER had begun. Patients were
registered in the STELLA-LONG TERM between
July 2014 and October 2015, after publication of
the JDS recommendations, which probably
influenced prescribing practices, particularly in
elderly patients.

When assessing ADRs of special interest, in
both this analysis and the 1-year analysis, the
incidence of skin complications, renal disorder,
and hypoglycemia was higher in elderly than in
non-elderly patients, while polyuria/pollakiu-
rua and hepatic disorders were more common
in non-elderly patients [11].

In this final report, the incidence of malig-
nant tumors was significantly higher in elderly
patients, and the incidence was higher than

that observed in the 1-year interim report [11].
Over 3 years in the overall safety analysis pop-
ulation, the incidence of malignant tumors
reported as an ADR was 0.46%; 0.24% in
patients aged \65 years, and 1.01% in those
aged C 65 years (P\0.001), whereas in the
1-year analysis, malignant tumors were diag-
nosed in 0.2% of patients aged\65 years and
0.3% of those aged C 65 years (P = 0.079) [11].
The increase in incidence from 1 to 3 years is
not surprising, given that in the general popu-
lation the incidence of malignant tumors
increases with a longer period of observation.
Although it is difficult to compare studies with
different designs, the main report of the final
STELLA-LONG TERM compared the incidence
of malignant tumors in the safety population
with that in the J-DOIT3 study [16] and found
that it was lower in STELLA-LONG TERM than
in Japanese patients receiving conventional
standard care for type 2 diabetes [14].

The higher incidence of hypoglycemia in the
elderly patients in this trial may possibly be
explained by these patients having a lower BMI
than non-elderly patients. Kidney function
often deteriorates with age, which may explain
the higher incidence of renal disorders in the
elderly patients in this trial. On the other hand,
data from international clinical trials suggest
that SGLT2 inhibitors have renoprotective
effects, which may benefit elderly patients
[17–19]. Further research is warranted to con-
firm this effect in Japanese patients [19]. Such
research should include a comparator agent so
that the effect of SGLT2 inhibitors on renal
function in elderly Japanese patients can be
confirmed.

Compared with younger individuals, elderly
patients are also more prone to particular skin
conditions, such as pruritus, infections, and
eczema [20, 21], and these may be exacerbated
by medical comorbidities such as diabetes or by
concomitant medications [20]. This may
explain the higher incidence of skin complica-
tions in the elderly patients in this trial.

The treatment of frail older patients with
diabetes must be carefully managed [22, 23].
Compared with elderly patients without dia-
betes, sarcopenia/muscle mass loss appears to be
accelerated in elderly patients with diabetes
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[24]; thus, we paid careful attention to older
patients with a lower BMI. In elderly patients in
this study, the incidence of ADRs was signifi-
cantly lower in patients with a baseline
BMI\25 kg/m2 than C 25 kg/m2. Among
elderly patients with a BMI\ 25 kg/m2, the
incidence of ADRs was significantly lower in
patients aged C 75 years than in those aged 65
to \ 75 years, suggesting that there is no
increased risk of ADRs among the older frail
population.

Statistically significantly greater decreases in
WBC and eGFR were observed in non-elderly
compared with elderly patients in this study.
However, in both cohorts, mean values at the
study endpoint were still well above those that
would indicate even mild renal impairment or
leukopenia. Further, studies of some other
SGLT2 inhibitors (empagliflozin [25], tofogli-
flozin [26]) in Japanese patients have also
shown decreases in eGFR.

In addition to confirming the long-term
safety of ipragliflozin in a real-world setting,
this trial showed ipragliflozin to be effective in
both elderly and non-elderly patients.
Throughout 3 years of treatment, mean HbA1c
and body weight were reduced from baseline at
every measured time point in both age groups.
These significant reductions in mean HbA1c
were observed regardless of whether baseline
HbA1c was \8% or C 8%. Significant reduc-
tions in mean HbA1c were also recorded in
those aged C 75 years, regardless of whether
their baseline BMI was\ 25 kg/m2 or C 25 kg/
m2.

This study was not without limitations. The
main objective of post-marketing surveillance
studies is to collect real-world data on the safety
and effectiveness of a drug from as many
patients as possible. As such as study, STELLA-
LONG TERM had a single-arm, observational
methodology and was carried out in routine
clinical practice; therefore, it lacked a control
arm and the results may have been influenced
by variables other than the study treatment
(such as the use of other antidiabetic drugs or
selection bias in the use of ipragliflozin in
elderly patients). Further, patients who com-
pleted or discontinued the study were not fol-
lowed up, and these missing data need to be

taken into account when interpreting our
results. Finally, we did not specifically investi-
gate factors relevant to sarcopenia or frailty in
the elderly subgroup.

CONCLUSION

In this subgroup analysis of the final results of
the 3-year STELLA-LONG TERM trial, ipragli-
flozin was well tolerated and effective in both
elderly and non-elderly patients, and no new
safety concerns were identified. The incidence
of serious ADRs was significantly higher in
elderly than non-elderly patients. Additionally,
long-term ipragliflozin therapy was well toler-
ated and effective in all elderly patients,
including those aged C 75 years and with a
baseline BMI\25 kg/m2.
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