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ABSTRACT
Aims/Introduction: The present study analysis was carried out to evaluate the safety
and efficacy of tofogliflozin, a sodium–glucose cotransporter 2 inhibitor, in Japanese
patients with type 2 diabetes mellitus in real-world clinical practice.
Materials and Methods: This was a 3-year non-interventional observational study of
patients with type 2 diabetes mellitus newly administered tofogliflozin who were uncon-
trolled on current therapy. We carried out a 12-week interim analysis of tofogliflozin as
part of 3-year post-marketing surveillance study. The incidence of adverse drug reactions
was evaluated as a safety end-point. As efficacy end-points, glycated hemoglobin and
bodyweight were evaluated.
Results: A total of 6,897 patients were enrolled. Tofogliflozin significantly reduced mean
changes from baseline glycated hemoglobin (-0.63%, P < 0.0001) and bodyweight (-
2.02 kg, P < 0.0001). The change in glycated hemoglobin and bodyweight reductions in
response to tofogliflozin was consistently observed in all body mass index subgroups.
Adverse drug reactions occurred in 345 of 6,712 patients (5.14%). There was a low inci-
dence of adverse drug reactions known to be associated with sodium–glucose cotrans-
porter 2 inhibitors, and they were reported as non-serious. The incidences of polyuria/
pollakiuria were higher in patients aged ≥65 years than <65 years, and were significantly
different among estimated glomerular filtration rate subgroups. Urinary tract and genital
infections occurred more frequently in women than in men.
Conclusions: Tofogliflozin was well tolerated, and no emerging new safety concerns
were observed. Tofogliflozin significantly improved glycemic control with no impact on
bodyweight gain. The short-term administration of tofogliflozin is considered to have a
favorable benefit–risk profile in Japanese patients with type 2 diabetes mellitus.

INTRODUCTION
Type 2 diabetes mellitus is a complex metabolic disorder char-
acterized by an imbalance between insulin secretion and insulin

activity associated with chronic hyperglycemia1. The primary
aim of diabetes management is to control blood glucose as
close as possible to the normal level, and thereby prevent the
onset and the progression of micro- and macrovascular compli-
cations associated with hyperglycemia2–6. Comprehensive
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consideration of patient characteristics, such as age, obesity and
complications, and the profile of glucose-lowering agents, such
as efficacy/safety and mechanism of action of glucose-lowering
agents, are important for selecting appropriate therapeutic
options for patients with type 2 diabetes mellitus. Currently,
insulin secretagogues, thiazolidinediones, biguanides and a-glu-
cosidase inhibitors as oral antidiabetic drugs, as well as insulin
products and glucagon-like peptide-1 receptor agonists, are
widely used for the treatment of type 2 diabetes mellitus in
many countries including Japan7–9. However, despite the large
options to manage diabetes, a large portion of patients is cur-
rently uncontrolled10. In addition, it is well known that unfa-
vorable side-effects, such as relatively high incidence of
hypoglycemia events11 and weight gain12, are observed in the
treatment of patients with type 2 diabetes mellitus. Therefore,
new types of glucose-lowering agents aimed at improving glyce-
mic control, without increasing bodyweight and with a good
safety profile, are required for the long-term treatment of
type 2 diabetes mellitus patients. Recently, new oral sodium-
glucose co-transporter 2 (SGLT2) inhibitors have been
approved as a novel therapeutic option for type 2 diabetes mel-
litus13,14. SGLT2 inhibitors improve glycemic control by
increasing urinary glucose excretion through inhibition of renal
glucose re-absorption, regardless of insulin secretion14–17. Also,
SGLT2 inhibitors are considered to have the potential to
address some of the remaining unmet needs to lower the risk
of hypoglycemia and weight gain associated with treatment
with existing glucose-lowering agents, such as insulin prod-
ucts12,13. Therefore, SGLT2 inhibitors are expected to serve as
new therapeutic options for type 2 diabetes mellitus.
Tofogliflozin, an SGLT2 inhibitor, was approved in Japan as

a treatment for type 2 diabetes mellitus in 201418,19. The good
efficacy and safety profiles of tofogliflozin were shown in Japa-
nese patients with type 2 diabetes mellitus in previous studies,
including randomized trials20–22. As urinary glucose excretion
depends on the degree of estimated glomerular filtration rate
(eGFR), diabetes patients with renal impairment are less likely
to respond to SGLT2 inhibitors23. In “Recommendations on
appropriate usage of SGLT2 inhibitors” issued by a Japanese
expert committee in May 2016, it was recommended that care-
ful attention be paid to serious adverse drug reactions (ADRs)
of SGLT2 inhibitors, including hypoglycemia, urinary tract and
genital infections, ketoacidosis, dehydration, and skin disor-
ders24. However, as there is only limited information from clin-
ical trials on SGLT2 inhibitors in Japanese patients, and clinical
experience with long-term treatment using SGLT2 inhibitors is
limited as compared with existing glucose-lowering agents, fur-
ther information on the long-term safety and efficacy of tofogli-
flozin in a large number of Japanese patients in real-world
clinical practice is required for achieving optimal management
of type 2 diabetes mellitus.
The present analysis was carried out to evaluate the early

safety and efficacy of tofogliflozin at 12 weeks after starting
treatment in Japanese patients with type 2 diabetes mellitus.

METHODS
Patients and survey method
The Japanese Study of Tofogliflozin with Type 2 Diabetes Melli-
tus Patients/Long Term (J-STEP/LT) was designed as a prospec-
tive, 3-year observational and multicenter post-marketing study,
and was co-sponsored by the manufacturers (Sanofi K.K. and
Kowa Company, Ltd.) to evaluate the safety and efficacy of two
tofogliflozin hydrate products, Apleway� 20-mg tablet (Sanofi
K.K., Tokyo, Japan)18 and DEBERZA� 20-mg tablet (Kowa
Company, Ltd., Nagoya, Japan)19. The overall study period was
planned from September 2014 through February 2019. As a part
of this long-term study, we evaluated the early safety and efficacy
of tofogliflozin at 12 weeks after the initiation of treatment. This
study was carried out using a centralized registration system for
patients with type 2 diabetes mellitus newly treated with tofogli-
flozin. A total of 6,897 patients were enrolled between September
2014 and November 2015.
The study was carried out in accordance with the ethical prin-

ciples of the Declaration of Helsinki and Good Post-marketing
Study Practice without intervening in the dosage and administra-
tion of tofogliflozin. The patients’ consent and approval of study
protocol by each participating center’s institutional review board
in Good Post-marketing Study Practice are not required, and we
did not obtain patients’ consent. The approved dosages and
administration in the package of Apleway� 20-mg tablet18 and
DEBERZA� 20-mg tablet19 are described as follows: “normally,
tofogliflozin (20 mg, once daily) in adults is orally administered
once daily before or after breakfast.”

Survey items
The safety and efficacy data were collected from patients using
an Electronic Data Capture system in a post-marketing study.
Demographic and baseline characteristics collected were sex,
age, duration of diabetes, glycated hemoglobin (HbA1c), fasting
plasma glucose (FPG), plasma C-peptide, height and
bodyweight, plasma creatinine (Cr) for calculating eGFR (mL/
min/1.73 m2) = 194 9 Cr-1.094 9 age-0.287 (men) or 194 9

Cr-1.094 9 age-0.287 9 0.739 (women), complications, pre-treat-
ment with glucose-lowering agents, daily doses and treatment
duration of tofogliflozin, and concomitant glucose-lowering and
non-glucose-lowering agents. We also collected the information
on incidences of ADRs including those defined as special inter-
est (hypoglycemia, polyuria/pollakiuria, volume depletion-
related events, urinary tract infection [UTI], genital infection
and skin disorders), laboratory test values including eGFR, vital
signs (systolic and diastolic blood pressures, and pulse rate) and
urinalysis results, as well as efficacy data (HbA1c, FPG, plasma
C-peptide, bodyweight and waist circumference) after tofogliflo-
zin treatment.

Safety
The incidence of ADRs, including those of special interest, clin-
ical laboratory data, vital signs and urinalysis, was evaluated as
safety end-points. ADRs were defined as adverse events that
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were considered to be related to the investigational drug. Multi-
ple occurrences of the same events in one patient were counted
only once. The incidence of ADRs, the period of ADR occur-
rence, severity and outcomes of administering the investiga-
tional drug were collected from the initiation of tofogliflozin
treatment until 12 weeks after the initiation of treatment. The
causal relationship of the investigational drug with adverse
events and the severities of these events were assessed by the
investigators at each facility. Individual ADRs were coded
according to the Medical dictionary for regulatory activities
(MedDRA) version 20.0, and classified according to System
Organ Class and Preferred Term. Clinical laboratory (hemato-
logical and biochemical) values, vital signs and urinalysis results
were evaluated at baseline, and at 4 and 12 weeks after the ini-
tiation of tofogliflozin treatment, or at the last observation car-
ried forward (LOCF). In subgroup analysis, the influences of
age, sex and eGFR at baseline on the incidences of hypo-
glycemia, polyuria/pollakiuria, volume depletion-related events,
UTI, genital infection and skin disorders defined as ADRs of
special interest were evaluated.

Efficacy
The efficacy of tofogliflozin was evaluated based on mean
changes from baseline in HbA1c, FPG, plasma C-peptide,
bodyweight, waist circumference, body mass index (BMI) and
eGFR. These efficacy parameters were measured at baseline,
and at 4 and 12 weeks after the initiation of tofogliflozin treat-
ment, or at the LOCF. In the subgroup analyses, the influences
of baseline eGFR and BMI on HbA1c and bodyweight after
tofogliflozin treatment were evaluated at the LOCF.

Statistical analyses
The safety analysis population was defined as all patients for
whom electronic case report forms were collected, excluding
those with no visits after the first administration of tofogliflozin.
The efficacy analysis population included all patients in the
safety analysis population, excluding those with no efficacy data.
The mean differences in HbA1c, FPG, plasma C-peptide, body-
weight, waist circumference, BMI and eGFR from the baseline
to the LOCF were analyzed using the paired t-test. In subgroup
analyses, patient background factors that affected ADRs of spe-
cial interest were analyzed using Fisher’s exact test, which was
used when background factors to be studied were recorded
using nominal scales, and the Cochran–Armitage test for those
of an ordinal scale. All the tests were carried out with a signifi-
cance level of 5%. The statistical analyses were calculated using
statistical analysis software (SAS) version 9.3 (SAS Institute
Japan Ltd., Tokyo, Japan).

RESULTS
Patient disposition
The patient disposition is shown in Figure 1. A total of 6,897
Japanese patients at 1,258 study sites were enrolled, and elec-
tronic case report forms were collected from 6,818 patients. In
total, 6,712 patients, excluding 106 patients (enrolment failure
in 64 patients and no visit after the first treatment in 42
patients), were evaluated as the safety analysis population, and
6,321 patients, excluding 391 patients lacking efficacy data, were
evaluated as the efficacy analysis population. A total of 641
patients (9.55%, no duplicate patients) in the 6,712 safety analy-
sis population discontinued tofogliflozin treatment. The main

Patients enrolled:

eCRFs were collected:

Safety analysis population :

Efficacy analysis population :

Excluded from efficacy analysis
due to no efficacy data:

Excluded from safety analysis:
    Enrolment  failure:
    No visit after the first treatment:

eCRFs were not collected:

6,897 patients

6,818 patients

6,712 patients

6,321 patients

79 patients

106 patients
64 patients
42 patients

391 patients

Figure 1 | Patient disposition. eCRFs, electronic case report forms.
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reasons for treatment discontinuation were adverse events (208
patients, 3.10%), no visit (163 patients, 2.43%), patient choice
(140 patients, 2.09%) and insufficient or no response (83
patients, 1.24%).

Patient characteristics
The patient characteristics of the safety analysis population are
shown in Table 1. Of 6,712 patients, 60.8% were men. The
mean age – standard deviation (SD) was 56.9 – 12.2 years,
and 1,896 patients (28.3%) were aged ≥65 years. The mean
duration of diabetes – SD was 8.20 – 6.40 years. The mean
BMI – SD was 28.7 – 5.02 kg/m2, and a BMI of ≥25 kg/m2

was observed in 4,329 patients (64.5%). The mean HbA1c at
baseline was 8.00 – 1.48%. The mean eGFR – SD at baseline
was 82.5 – 22.4 mL/min/1.73 m2, and the proportion of
patients with eGFR of <90 mL/min/1.73 m2 was 48.3%. As for
diabetic complications, the rates of patients with diabetic
retinopathy, nephropathy and neuropathy were 7.97, 21.0 and
9.24%, respectively. A total of 5,221 patients (77.8%) received
concomitant glucose-lowering agents. The majority of patients
used oral antidiabetic drugs, including mainly dipeptidyl pepti-
dase-4 inhibitors (55.8%), biguanides (40.6%) and sulfonylureas
(26.6%), and the mean number of concomitant oral antidiabetic
drugs per patient at baseline was 2.0 – 1.0. Insulin products,
glucagon-like peptide-1 receptor agonists and diuretics were
used by 11.2, 3.31 and 6.26% of patients, respectively. The base-
line demographic and metabolic characteristics for the efficacy
analysis population were similar to those of the safety analysis
population (data not shown).

Table 1 | Baseline demographic and metabolic characteristics (safety
analysis population)

Patient characteristic n (%)

Total no. patients 6,712 100.0
Sex

Men 4,083 60.8
Women 2,629 39.2

Age (years)
Mean – SD 56.9 – 12.2
<18 2 0.03
18 to <65 4,814 71.7
≥65 1,896 28.3
65 to <75 1,404 20.9
≥75 492 7.33
Unknown 0 0.00

Duration of diabetes (years)
Mean – SD 8.20 – 6.40
<1 271 4.04
1 to <10 2,288 34.1
≥10 1,409 21.0
Unknown 2,744 40.9

BMI at baseline (kg/m2)
Mean – SD 28.7 – 5.02
<22.0 331 4.93
22.0 to <25.0 878 13.1
25.0 to <30.0 2,410 35.9
≥30.0 1,919 28.6
Unknown 1,174 17.5

HbA1c at baseline (%)
Mean – SD 8.00 – 1.48
<6.5 623 9.28
6.5 to <7.0 948 14.1
7.0 to <8.0 2,136 31.8
≥8.0 2,704 40.3
Unknown 301 4.48

eGFR at baseline (mL/min/1.73 m2)
Mean – SD 82.5 – 22.4
<30 13 0.19
30 to <45 148 2.21
45 to <60 538 8.02
60 to <90 2,544 37.9
≥90 1,706 25.4
Unknown 1,763 26.3

Complications
Diabetic complications
Yes 1,879 28.0
Diabetic retinopathy 535 7.97
Diabetic nephropathy 1,410 21.0
Diabetic neuropathy 620 9.24
Hepatic diseases
Yes 1,966 29.3
Renal disease
Yes 584 8.70
Cardio- and cerebrovascular diseases
Yes 687 10.2
Cardiovascular diseases 550 8.19

Table 1 | (Continued)

Patient characteristic n (%)

Cerebrovascular diseases 124 1.85
Concomitant glucose-lowering agents

No 1,434 21.4
Yes 5,221 77.8

OADs
Mean – SD 2.0 – 1.0
DPP-4 inhibitors 3,745 55.8
Biguanides 2,728 40.6
Sulfonylureas 1,782 26.6
Rapid-acting insulin secretagogues 310 4.62
Thiazolidinediones 870 13.0
a-glucosidase inhibitors 753 11.2
SGLT2 inhibitors 0 0.00
Others 2 0.03

Insulin products 754 11.2
GLP-1 receptor agonists 222 3.31
Diuretics 420 6.26

BMI, body mass index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated
glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, gly-
cated hemoglobin; OADs, oral antidiabetic drugs; SD, standard devia-
tion; SGLT2, sodium-glucose co-transporter 2.
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Safety
The incidences of all ADRs and all ADRs of special interest are
shown in Tables 2 and 3, respectively. ADR was reported in 345
(5.14%) of 6,712 patients. The most common ADRs of special
interest (indicated by † in Tables 2 and 3) were pollakiuria (38
patients, 0.57%), followed by hypoglycemia (25 patients, 0.37%),
cystitis (21 patients, 0.31%), pruritus genital and dehydration (16
patients each, 0.24%), and UTI (14 patients, 0.21%). Most ADRs
were non-serious, and serious ADRs were reported in 30 patients
(0.45%). The serious ADRs were UTI and acute myocardial
infarction (3 patients each, 0.04%), and dehydration and hypo-
glycemia (2 patients each, 0.03%). Of 25 patients (0.37%) who
experienced hypoglycemia, including two patients (0.03%) with a
serious event, eight patients (0.12%) and eight patients (0.12%)
were co-treated with insulin products and sulfonylureas at the
occurrence of hypoglycemia, respectively. The information
regarding the severity of hypoglycemia, patient outcome and con-
comitant use of antidiabetic drugs at the occurrence of hypo-
glycemia in 25 patients with hypoglycemia (including two
patients with serious hypoglycemia) is shown in Table S1. Also,
of 24 patients with volume depletion-related events, two patients
(0.03%) were co-treated with diuretics. Three patients (0.04%)
died during the study period, but these deaths (suicide [two
patients] and pancreatic cancer [one patient]) were considered by
the investigators to be unrelated to tofogliflozin. Furthermore,
ADRs leading to treatment discontinuation are shown in
Table S2.
In subgroup analyses, the influences of age, sex and eGFR at

baseline on the incidences of ADRs of special interest were

Table 2 | Overall summary of the incidences of adverse drug reactions
(safety analysis population)

Incidence of ADRs‡

Non-serious
and serious

Serious

Total no. patients 6,712
Total no. patients with ADRs 345 30
Incidence rate of ADRs 5.14% 0.45%

SOC
PT Incidence of ADRs, n

(%)

Infections and infestations 78 (1.16) 6 (0.09)
Cystitis† 21 (0.31) 1 (0.01)
Pneumonia 1 (0.01) 1 (0.01)
Pyelonephritis acute† 1 (0.01) 1 (0.01)
Sepsis† 1 (0.01) 1 (0.01)
Septic shock† 1 (0.01) 1 (0.01)
Urinary tract infection† 14 (0.21) 3 (0.04)
Vulvovaginal candidiasis† 9 (0.13) –
Genital infection† 12 (0.18) –

Neoplasms benign, malignant and
unspecified (including cysts and polyps)

1 (0.01) 1 (0.01)

Pancreatic carcinoma 1 (0.01) 1 (0.01)
Immune system disorders 3 (0.04) 1 (0.01)

Anaphylactic shock 1 (0.01) 1 (0.01)
Metabolism and nutrition disorders 45 (0.67) 4 (0.06)

Dehydration† 16 (0.24) 2 (0.03)
Hypoglycemia† 25 (0.37) 2 (0.03)

Psychiatric disorders 3 (0.04) 1 (0.01)
Insomnia 1 (0.01) 1 (0.01)

Nervous system disorders 23 (0.34) 4 (0.06)
Brain stem infarction 1 (0.01) 1 (0.01)
Cerebral hemorrhage 1 (0.01) 1 (0.01)
Depressed level of consciousness† 1 (0.01) 1 (0.01)
Dizziness 9 (0.13) –
Lacunar infarction 1 (0.01) 1 (0.01)

Cardiac disorders 16 (0.24) 7 (0.10)
Acute myocardial infarction 3 (0.04) 3 (0.04)
Angina pectoris 1 (0.01) 1 (0.01)
Cardiac failure 2 (0.03) 1 (0.01)
Cardiac failure congestive 1 (0.01) 1 (0.01)
Myocardial infarction† 1 (0.01) 1 (0.01)

Gastrointestinal disorders 25 (0.37) 2 (0.03)
Melaena 2 (0.03) 1 (0.01)
Pancreatitis chronic 1 (0.01) 1 (0.01)

Hepatobiliary disorders 12 (0.18) 2 (0.03)
Chronic hepatitis 1 (0.01) 1 (0.01)
Hepatic function abnormal 8 (0.12) 1 (0.01)

Skin and subcutaneous tissue disorders 34 (0.51) 1 (0.01)
Rash† 9 (0.13) –
Skin ulcer† 1 (0.01) 1 (0.01)

Renal and urinary disorders 63 (0.94) 3 (0.04)
Nocturia† 7 (0.10) –
Pollakiuria† 38 (0.57) –

Table 2 | (Continued)

SOC
PT Incidence of ADRs, n

(%)

Urinary retention 1 (0.01) 1 (0.01)
Renal impairment 3 (0.04) 1 (0.01)
Acute kidney injury† 1 (0.01) 1 (0.01)

Reproductive system and breast disorders 26 (0.39) –
Pruritus genital† 16 (0.24) –

Congenital, familial and genetic disorders 1 (0.01) 1 (0.01)
Phimosis 1 (0.01) 1 (0.01)

General disorders and administration site
conditions

19 (0.28) –

Malaise 7 (0.10) –
Investigations 32 (0.48) 1 (0.01)

Blood potassium decreased 1 (0.01) 1 (0.01)
Urine ketone body present 7 (0.10) –

Individual adverse drug reactions (ADRs) were coded according to
Medical Dictionary for Regulatory Activities version 20.0 and classified
according to System Organ Class (SOC) and Preferred Term (PT). †ADRs
of special interest. ‡Seven or more patients (≥0.1%) or one or more
patients with serious ADR.
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evaluated (Figure 2). A higher incidence of polyuria/pollakiuria
was observed in patients aged ≥65 years than in patients aged
<65 years, and the difference in the incidence was significant
(P = 0.0174). There were no significant differences in the inci-
dences of hypoglycemia, volume depletion-related events, UTI,
genital infection and skin disorders between patients aged
<65 years and ≥65 years. UTI and genital infection were more
common in women than in men (P < 0.0001), but no signifi-
cant differences were observed in other ADRs of special interest
between men and women. There was a significant difference in
the incidence of polyuria/pollakiuria among eGFR subgroups
(P = 0.0414), and the incidence tended to be higher in patients
with eGFR <60 mL/min/1.73 m2 than patients with
eGFR ≥60 mL/min/1.73 m2. There were no significant differ-
ences in the incidence of other ADRs of special interest among
eGFR subgroups.
Detailed clinical laboratory testing and urinalysis results are

shown in Table S3. Increases in hemoglobin, hematocrit, Na, Cl,
Mg, phosphorus levels and high-density lipoprotein cholesterol,
and decreases in total cholesterol, non-high-density lipoprotein
cholesterol, triglyceride and uric acid levels from baseline to the
LOCF were observed (P = 0.0330 to P < 0.0001).

Efficacy
The effect of tofogliflozin on HbA1c, FPG, bodyweight, BMI and
eGFR is shown in Table 4. Tofogliflozin significantly reduced
HbA1c and FPG, and mean changes from baseline to the LOCF
in HbA1c and FPG were -0.63 – 1.11% (P < 0.0001) and -
31.9 – 59.2 mg/dL (P < 0.0001), respectively. Bodyweight, waist
circumference, BMI and eGFR were also decreased after tofogliflo-
zin treatment, and the mean changes from baseline were -
2.02 – 2.57 kg (P < 0.0001), -0.75 – 0.95 kg/m2 (P < 0.0001)
and -1.49 – 11.0 mL/min/1.73 m2 (P < 0.0001) for bodyweight,
BMI and eGFR, respectively.
In the subgroup analyses, the influences of baseline eGFR and

BMI on HbA1c and bodyweight in patients treated with tofogli-
flozin were evaluated (Figure 3). Tofogliflozin produced clinically
meaningful reductions in HbA1c ranging from 0.30 to 0.88% in
patients with baseline eGFRs 30 to <45 (-0.30 – 1.15%,
P = 0.0029), 45 to <60 (-0.45 – 1.08%, P < 0.0001), 60 to <90
(-0.56 – 1.06%, P < 0.0001) and ≥90 mL/min/1.73 m2

Table 3 | Incidence of all adverse drug reactions of special interest
(safety analysis population)

ADRs of special interest Incidence of ADRs, n (%)
Non-serious and serious

Total number of patients 6,712
Hypoglycemia 25 (0.37)

Hypoglycemia 25 (0.37)
Polyuria/pollakiuria 50 (0.74)

Pollakiuria 38 (0.57)
Nocturia 7 (0.10)
Polyuria 4 (0.06)
Urine output increased 1 (0.01)

Volume depletion-related events 24 (0.36)
Dehydration 16 (0.24)
Thirst 6 (0.09)
Depressed level of consciousness 1 (0.01)
Dry mouth 1 (0.01)
Myocardial infarction 1 (0.01)
Acute kidney injury 1 (0.01)

Urinary tract infection 40 (0.60)
Cystitis 21 (0.31)
Urinary tract infection 14 (0.21)
Urethritis 2 (0.03)
Cystitis-like symptom 2 (0.03)
Pyelonephritis acute 1 (0.01)
Sepsis 1 (0.01)
Septic shock 1 (0.01)

Genital infection 56 (0.83)
Pruritus genital 16 (0.24)
Genital infection 12 (0.18)
Vulvovaginal candidiasis 9 (0.13)
Balanoposthitis 4 (0.06)
Vulvar erosion 3 (0.04)
Genital candidiasis 3 (0.04)
Vaginal infection 2 (0.03)
Vulvitis 2 (0.03)
Candida infection 2 (0.03)
Balanitis candida 1 (0.01)
Genital herpes 1 (0.01)
Prostatitis 1 (0.01)
Vulvovaginal pruritus 1 (0.01)
Genital infection female 1 (0.01)

Skin disorders 32 (0.48)
Rash 9 (0.13)
Pruritus 5 (0.07)
Eczema 5 (0.07)
Dermatitis 2 (0.03)
Rash erythematous 2 (0.03)
Rash pruritic 2 (0.03)
Drug eruption 1 (0.01)
Erythema 1 (0.01)
Seborrhoeic dermatitis 1 (0.01)
Skin disorder 1 (0.01)
Skin erosion 1 (0.01)
Skin ulcer 1 (0.01)

Table 3 | (Continued)

ADRs of special interest Incidence of ADRs, n (%)
Non-serious and serious

Urticaria 1 (0.01)
Pruritus generalized 1 (0.01)

Individual adverse drug reactions (ADRs) were coded according to
Medical Dictionary for Regulatory Activities version 20.0 and classified
according to System Organ Class and Preferred Term.
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Figure 2 | Incidences of adverse drug reactions (ADRs) of special interest by baseline age, sex and estimated glomerular filtration rate (eGFR) after
tofogliflozin treatment. (a) Age subgroups. (b) Sex subgroups. (c) eGFR subgroups. The statistical analysis in (a) and (b) was determined by Fisher’s
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(-0.88 – 1.24%, P < 0.0001), respectively, but did not reduce
HbA1c in 13 patients with eGFR <30 mL/min/1.73 m2

(0.05 – 0.76%, P = 0.8033; Figure 3a). Tofogliflozin significantly
reduced bodyweight from baseline in all eGFR subgroups (-1.56
to -2.06 kg, P = 0.0031 to P < 0.0001; Figure 3b). Tofogliflozin
produced clinically meaningful reductions in HbA1c ranging
from 0.50 to 0.65% in all subgroups regardless of baseline BMI
(each P < 0.0001; Figure 3c). Tofogliflozin significantly reduced
bodyweight from baseline in all BMI subgroups (-1.18 to -
2.42 kg, each P < 0.0001; Figure 3d).

DISCUSSION
The present study analysis was carried out to evaluate the
early safety and efficacy of tofogliflozin at 12 weeks after start-
ing treatment in Japanese patients with type 2 diabetes melli-
tus in real-world clinical practice. Tofogliflozin was well
tolerated, and the occurrences of confirmed hypoglycemia,
polyuria/pollakiuria, volume depletion-related events, UTI, gen-
ital infection and skin disorders defined as ADRs of special
interest were generally similar to those seen in response to
tofogliflozin or other SGLT2 inhibitors in previous stud-
ies17,20–22,25–28. Unexpected safety concerns related to tofogliflo-
zin were not identified. Clinically meaningful reductions in
HbA1c, FPG and bodyweight were observed in patients trea-
ted with tofogliflozin.
As for safety, the most common ADR of special interest

observed in the present study analysis was pollakiuria, followed
by hypoglycemia, cystitis, UTI, pruritus genital and dehydra-
tion. These ADRs were already known to be associated with
tofogliflozin and other SGLT2 inhibitors in previous stud-
ies17,20–22,25–28. The incidence of confirmed hypoglycemia in
these studies was reported to be low due to their insulin-inde-
pendent actions29. The incidence of hypoglycemia was also low
in the present analysis, reported in just 25 patients (0.37%),
including two patients (0.03%) with a serious event, regardless
of age, sex or eGFR at baseline. Most of these patients had
been concomitantly treated with insulin products (8 patients,
0.12%) and sulfonylureas (8 patients, 0.12%), which might have
contributed to hypoglycemia induction. Similarly, the incidence

rates of hypoglycemia occurring with other SGLT2 inhibitors,
such as dapagliflozin, empagliflozin and canagliflozin
monotherapy, were generally low, but an increased incidence of
hypoglycemia was observed when SGLT2 inhibitors were given
in combination with insulin products or sulfonylureas17. There-
fore, when tofogliflozin is used in combination with insulin
products or sulfonylureas, dose reductions of these glucose-low-
ering agents to minimize the risk of hypoglycemia are recom-
mended18,19.Pollakiuria was the most common ADR observed
in the present study analysis (38 patients, 0.57%), and the inci-
dence of polyuria/pollakiuria was higher in patients aged
≥65 years than those aged <65 years, and/or tended to be
higher in patients with eGFR <60 mL/min/1.73 m2 than in
correspondent other subgroups. However, we could not draw
definitive conclusions regarding the effects of low eGFR on
polyuria/pollakiuria because of the small number of incidences
(eGFR 30 to <45 mL/min/1.73 m2, 2 patients; and eGFR 45 to
<60 mL/min/1.73 m2, 9 patients).Volume depletion-related
events were observed in 24 patients (0.36%), and no significant
differences in these events were observed among any of the
subgroups based on age, sex or eGFR at baseline. In the sub-
group analysis of the Japanese post-marketing study, ipragliflo-
zin significantly increased the incidence rates of volume
depletion with advanced age (≥75 years), low BMI, impaired
renal function and diuretic use30. In the present study, the inci-
dence rates of volume depletion were higher in tofogliflozin-
treated patients with low eGFR (30 to <90 mL/min/1.73 m2)
than in those with higher eGFR (≥90 mL/min/1.73 m2). The
effects of impaired renal function and diuretic use on volume
depletion could not draw definitive conclusions because of the
small number of incidences (ADRs with renal impairment: 3
patients; and diuretic use in those with volume depletion: 2
patients). The effects of age on volume depletion also could not
draw definitive conclusions because of the small sample sizes
and different subgroup. Considering that 420 patients in total
had been concomitantly treated with diuretics, but the majority
of these patients did not experience volume depletion-related
events, diuretics were unlikely to have much impact on the
induction of such events. More UTIs and genital infections

Table 4 | Effect of tofogliflozin on glycated hemoglobin, fasting plasma glucose, bodyweight, body mass index and estimated glomerular filtration rate

Items At baseline 4 weeks 12 weeks LOCF Change from baseline
to LOCF

Paired t-test

HbA1c (%) 8.00 – 1.48 (6,120) 7.61 – 1.22 (4,997) 7.34 – 1.13 (5,469) 7.38 – 1.17 (6,137) -0.63 – 1.11 (5,973) P < 0.0001
FPG (mg/dL) 170.0 – 64.4 (3,232) 142.8 – 47.0 (2,487) 137.7 – 45.4 (2,738) 138.3 – 46.0 (3,291) -31.9 – 59.2 (2,884) P < 0.0001
Bodyweight (kg) 77.9 – 16.7 (5,312) 76.7 – 16.5 (4,445) 75.9 – 16.2 (4,659) 76.0 – 16.4 (5,241) -2.02 – 2.57 (5,011) P < 0.0001
BMI (kg/m2) 28.9 – 5.01 (4,893) 28.5 – 4.94 (4,112) 28.1 – 4.86 (4,270) 28.2 – 4.91 (4,785) -0.75 – 0.95 (4,624) P < 0.0001
eGFR (mL/min
/1.73 m2)

82.5 – 22.4 (4,727) 79.3 – 22.5 (3,306) 81.0 – 22.0 (3,869) 80.9 – 22.3 (4,622) -1.49 – 11.0 (4,079) P < 0.0001

Values presented as mean – standard deviation. Numbers of patients are in parentheses. BMI, body mass index; eGFR, estimated glomerular filtra-
tion rate; FPG, fasting plasma glucose; LOCF, last observation carried forward; HbA1c, glycated hemoglobin.
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Figure 3 | The influences on glycated hemoglobin (HbA1c) and bodyweight by estimated glomerular filtration rate (eGFR) and body mass index
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were observed in women than in men after tofogliflozin treat-
ment, and these findings were generally similar to those of
tofogliflozin and other SGLT2 inhibitors obtained in previous
studies17,27,28. Based on these safety results, tofogliflozin was
considered to be well tolerated. However, as elderly diabetes
patients have reduced renal function and delayed recognition of
dehydration symptoms, such as thirst, compared with younger
patients, close safety monitoring of these patients after tofogli-
flozin treatment might be required18,19.
As for efficacy, clinically meaningful reductions of HbA1c,

FPG and bodyweight in response to SGLT2 inhibitors have
been reported in type 2 diabetes mellitus patients from both
Japan and Western countries17–22. In the present study analysis,
significant reductions in HbA1c, FPG and bodyweight with
tofogliflozin were observed at 12 weeks after starting treatment,
being comparable with those obtained with tofogliflozin in
1,506 Japanese elderly diabetes patients in a prior 12-week
interim analysis27. Therefore, tofogliflozin is expected as a new
glucose-lowering agent achieving not only glycemic control, but
also weight reduction. Obesity is particularly well known as one
of the major risk factors for the development of type 2 diabetes
mellitus 31, and the rising prevalence rates of type 2 diabetes
mellitus are associated with the global increases in overweight
and obese patients32. In Japan, the percentages of men and
women who are overweight/obese (BMI ≥25 kg/m2) according
to a report from the Ministry of Health, Labour and Welfare in
2015 were 29.5 and 19.2%, respectively33. Therefore, control of
the disease by treatment in terms of not only glycemic level,
but also bodyweight, is important for the management of
type 2 diabetes mellitus. In the subgroup analysis by BMI, there
were significant reductions in mean changes from baseline in
HbA1c and bodyweight after tofogliflozin treatment in all sub-
groups. These results show that tofogliflozin can contribute to
the management of type 2 diabetes mellitus, especially for over-
weight/obese patients. As urinary glucose excretion depends on
the degree of eGFR, diabetes patients with renal impairment
are less likely to respond to SGLT2 inhibitors23, and canagliflo-
zin is recommended for patients with eGFR of ≥45 mL/min/
1.73 m234. In our subgroup, tofogliflozin significantly reduced
HbA1c and bodyweight in all eGFR subgroups, except for those
with severely reduced eGFR (<30 mL/min/1.73 m2). Overall,
the efficacy results in the early assessment of the present study
analysis suggest that tofogliflozin produces clinically meaning-
ful improvements of glycemic control and bodyweight in
patients with type 2 diabetes mellitus. Recently, the clinical
benefit of several SGLT2 inhibitors on cardiovascular outcome
in type 2 diabetes mellitus patients of has been shown in
clinical studies, and consistent effects were also shown in a
wide range of subgroups35,36. In addition, the cardiovascular
benefit of the SGLT2 inhibitors class was shown in real-
world practice37,38. Considering the evidence stated above and
results obtained in this analysis, which are similar to those of
other SGLT2 inhibitors, tofogliflozin might also have clinical
benefit on cardiovascular outcome. However, this would need

to be confirmed in a cardiovascular outcome clinical trial of
tofogliflozin.
The present study analysis had some limitations. J-STEP/LT

is an observational study carried out in a real-world clinical
practice. Therefore, the evidence level is not comparable with
that of other randomized clinical studies carried out with the
application of strict criteria for patient selection, dosage and
administration of the investigational drug, and safety/efficacy
evaluation points. Another limitation is that the observation
period was limited to 12 weeks after the initiation of tofogliflo-
zin treatment, but this long-term (3 years) observational study
is currently ongoing and, on completion, we plan to report the
results of long-term tofogliflozin treatment. Furthermore, as the
present study was carried out in a real-world clinical setting,
the use/handling of concomitant drugs, such as sulfonylureas
and insulin preparations, was not stipulated. Therefore, we
could not rule out the possibility that HbA1c and weight
change might have been affected by such concomitant drugs.
We cannot draw definitive conclusions regarding the effects of
impaired renal function and diuretic use on volume depletion
because of the small sample size.
In conclusion, the safety and efficacy of tofogliflozin during

12 weeks after the initiation of treatment in 6,712 Japanese
patients with type 2 diabetes mellitus was evaluated in a real-
world clinical practice by carrying out an early analysis of a long-
term post-marketing study. Tofogliflozin reduced HbA1c and
bodyweight significantly. ADRs observed in the present study
analysis were generally similar to those of tofogliflozin and other
SGLT2 inhibitors identified in previous studies, and no new
safety concerns were found. The beneficial efficacy and safety
profile of tofogliflozin might contribute to better management of
type 2 diabetes mellitus, especially for overweight/obese patients,
and provide a potential therapeutic option as monotherapy and
combination therapy, especially with insulin treatment.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Occurrence of hypoglycemia (adverse drug reactions).
Table S2 | Occurrence of adverse drug reactions leading to treatment discontinuation.
Table S3 | Clinical laboratory test values after treatment with tofogliflozin.
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