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ABSTRACT

Introduction: This long-term post-marketing
surveillance (SAPPHIRE) collected information
on the safety and effectiveness of canagliflozin

(approved dose 100 mg) prescribed to patients
with type 2 diabetes mellitus (T2DM) in real-
world practice in Japan.
Methods: Patients with T2DM who were pre-
scribed canagliflozin between December 2014
and September 2016 were registered and
observed for up to 3 years. Safety was evaluated
in terms of adverse drug reactions (ADRs).
Effectiveness was assessed in terms of glycaemic
control. Data were also analysed across age
subgroups (\ 65, C 65 to \75, and C 75 years
old) and the estimated glomerular filtration rate
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(eGFR) categories for chronic kidney disease
(G1–G5 based on eGFR) at baseline.
Results: A total of 12,227 patients were inclu-
ded in the safety analyses and 11,675 in effec-
tiveness analyses. Overall, 7104 patients were
treated with canagliflozin for C 3 years. The
mean age, haemoglobin A1c (HbA1c), and eGFR
at baseline were 58.4 ± 12.5 years,
8.01 ± 1.49%, and 80.04 ± 21.85 mL/min/
1.73 m2, respectively. There were 1836 ADRs in
1312 patients (10.73%) and 268 serious ADRs in
225 patients (1.84%). The most common ADRs
were those related to volume depletion (1.39%),
genital infection (1.34%), polyuria/pollakiuria
(1.23%), and urinary tract infection (1.19%).
The frequencies of ADRs tended to increase with
age and stage of chronic kidney disease. The
reductions in mean HbA1c after starting cana-
gliflozin were maintained for up to 3 years with
a mean change of - 0.68% (n = 6345 at 3 years).
Maintained reductions in mean HbA1c were
observed in each age subgroup and in patients
with G1–G3b renal function.
Conclusion: This surveillance in real-world
clinical practice showed that canagliflozin pro-
vides sustained glucose-lowering effects in
patients with T2DM, including elderly patients
and patients with moderate renal impairment,
without new safety concerns beyond those
already described in the Japanese package
insert.
Trial Registration: JapicCTI-153048.

PLAIN LANGUAGE SUMMARY

Canagliflozin is a sodium–glucose cotrans-
porter 2 (SGLT2) inhibitor that lowers blood

glucose levels by increasing urinary glucose
excretion. It was approved for the management
of blood glucose levels in patients with type 2
diabetes mellitus following clinical trials. How-
ever, clinical trials may not fully represent the
safety or effectiveness of a drug in real-world
clinical practice. Therefore, a 3-year post-mar-
keting surveillance was performed in Japan to
obtain safety and effectiveness data for a large
group of 12,227 patients with type 2 diabetes
mellitus and various demographic/clinical
characteristics. Safety and effectiveness data
were collected for up to 3 years while patients
were treated with canagliflozin. Adverse drug
reactions occurred in 10.73% of patients. The
most common types of adverse drug reactions
were those related to volume depletion (body
fluid decreased), followed by genital infection,
polyuria/pollakiuria (increased urination), and
urinary tract infection. Adverse drug reactions
tended to be more common in elderly patients
and in patients with renal impairment. As
expected, canagliflozin was associated with
improvements in haemoglobin A1c, a marker of
blood glucose control, in patients with type 2
diabetes, including in elderly patients and
patients with moderate renal impairment. In
this surveillance in real-world clinical practice,
long-term treatment with canagliflozin raised
no new safety concerns beyond the information
already included in the Japanese package insert.
Canagliflozin provides sustained glucose-lower-
ing effects.

Keywords: Canagliflozin; Japan; Post-
marketing surveillance; Real-world; Safety;
Sodium–glucose cotransporter 2 inhibitor;
Type 2 diabetes mellitus
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Key Summary Points

Why carry out this study?

The SAPPHIRE surveillance registered over
12,000 patients with type 2 diabetes
mellitus (T2DM) who started treatment
with canagliflozin for the first time to
provide insight into the safety and
effectiveness of canagliflozin in real-world
clinical practice in Japan. This included
elderly patients and patients with
impaired renal function.

What was learned from this study?

The safety profile of canagliflozin was
consistent with that already described in
the Japanese package insert, and no
additional concerns were identified from
this surveillance.

There was a continuous improvement in
glycaemic control that was maintained for
up to 3 years among patients treated with
canagliflozin.

Continuous reductions in mean
haemoglobin A1c were also observed in
each age group and in patients with
G1–G3b renal function (estimated
glomerular filtration rate C 30 mL/min/
1.73 m2).

This surveillance in real-world clinical
practice showed that canagliflozin
provides sustained glucose-lowering
effects in patients with T2DM, including
elderly patients and patients with
moderate renal impairment, without new
safety concerns beyond those already
described in the Japanese package insert.

INTRODUCTION

Canagliflozin is a sodium–glucose cotrans-
porter 2 (SGLT2) inhibitor that is approved in
many countries owing to its benefits on

lowering blood glucose levels and its safety
profile in patients with type 2 diabetes mellitus
(T2DM). In Japan, canagliflozin has been avail-
able since 2014 at an approved dose of 100 mg
[1] following its clinical trial program, which
confirmed its efficacy and safety in patients
with T2DM [2]. While comprehensive, the
clinical trials in Japan enrolled a small number
of patients relative to the global trials and the
duration of treatment was up to 1 year. Fur-
thermore, the eligibility criteria of clinical trials
were restrictive in terms of the patients’ age,
renal function, and other clinically relevant
characteristics. Thus, larger and longer studies
are needed in Japanese patients across a broader
population that more closely reflects the real-
world setting.

To provide further insight into the safety and
effectiveness of canagliflozin in a larger group of
patients in the real-world setting, SAPPHIRE (A
large ScAle, Prospective Post-marketing surveil-
lance of sodium glucose co-transporter 2 inHi-
bitor, canaglIflozin, for the tREatment of type 2
diabetes mellitus) was established in Japan. This
surveillance was conducted over a long-term
observation period (3 years) in real-world clini-
cal practice. The SAPPHIRE surveillance inten-
ded to register over 10,000 patients with T2DM
who started treatment with canagliflozin for the
first time between December 2014 and
September 2016. Interim data from this
surveillance were published at 1 and 2 years
[3–5]. Here, we report the safety and effective-
ness of canagliflozin with up to 3 years of fol-
low-up in SAPPHIRE.

In Japan, the recommendations on the
proper use of SGLT2 inhibitors state that SGLT2
inhibitors should be used with caution when
prescribed to elderly patients aged 75 years or
more, or to patients aged 65–74 years with
geriatric syndrome [6, 7]. A surveillance of
canagliflozin in elderly patients in clinical
practice in Japan was conducted to evaluate its
safety and effectiveness for up to 1 year of
treatment [8]. However, that surveillance had a
small sample size and a limited observation
period of 1 year. Therefore, the safety and
effectiveness of canagliflozin in elderly patients
with T2DM were evaluated using data from
SAPPHIRE. Furthermore, while the safety and
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effectiveness of canagliflozin in patients with
renal impairment have been evaluated in global
clinical trials [9], the Japanese clinical trials
enrolled very few or no patients with
eGFR\ 60 mL/min/1.73 m2 [10–15], and infor-
mation regarding the safety and effectiveness in
patients with renal impairment was not suffi-
cient. Therefore, sub-analyses of SAPPHIRE were
performed to evaluate the safety and effective-
ness of canagliflozin according to the stage of
chronic kidney disease.

METHODS

Ethics

SAPPHIRE was approved by the Ministry of
Health, Labour and Welfare of Japan, and was
conducted by Mitsubishi Tanabe Pharma Cor-
poration in collaboration with Daiichi Sankyo
Co., Ltd. in compliance with Good Post-mar-
keting Study Practice in Japan. All data were
collected anonymously by clinicians using case
report forms for patients treated in real-world
clinical practice. Japanese Good Post-marketing
Study Practice does not require the collection of
informed consent from patients or ethical
approval from the participating institutions.
This surveillance was registered under the
accession number JapicCTI-153048 (https://
rctportal.niph.go.jp/s/detail/jp?trial_id=
JapicCTI-153048).

Patients and Treatments

Patients with T2DM who were prescribed cana-
gliflozin for the first time between December
2014 and September 2016 at 1524 participating
facilities across 47 prefectures were to be regis-
tered within 14 days by their clinicians, who
used electronic case report forms to upload data
to the central database. Canagliflozin was to be
prescribed once daily in accordance with the
Japanese package insert [1], either as
monotherapy or in combination with other
antihyperglycaemic drugs. The dose(s) and
type(s) of concomitant antihyperglycaemic
drugs could be adjusted in accordance with

their approved labels. All treatment decisions,
including lifestyle modifications, were at the
physician’s discretion.

Data Collection

The clinicians completed electronic case report
forms to collect data on their patients at base-
line, 3 months, 6 months, 1 year, 2 years, and
3 years, or at discontinuation. Baseline data
included the patient’s sex, age, duration of
T2DM, body weight, body mass index (BMI),
estimated glomerular filtration rate (eGFR),
haemoglobin A1c (HbA1c), fasting plasma glu-
cose, presence/absence of diabetic complica-
tions or comorbidities, and administration of
canagliflozin and concomitant drugs. Renal
function was classified on the basis of eGFR
categories for chronic kidney disease at baseline
(in mL/min/1.73 m2) as G1 (C 90), G2 (C 60 to
\90), G3a (C 45 to\60), G3b (C 30 to\ 45),
G4 (C 15 to\ 30), and G5 (\ 15) [16]. eGFR was
calculated using the serum creatinine value, and
adjusted for age and sex [17]. At each follow-up,
clinicians recorded data on adverse events (AEs)
and laboratory test data, together with infor-
mation on the administration of canagliflozin,
including the duration of treatment, reasons for
stopping treatment, and previous/concomitant
treatments. AEs were identified by the physi-
cians on the basis of the patient’s reports,
medical records, interviews, and laboratory test
data.

Safety was evaluated in terms of adverse drug
reactions (ADRs), including abnormal labora-
tory test data. ADRs were defined as AEs for
which a causal relationship with canagliflozin
could not be ruled out, i.e. related or unknown.
The following categories of ADRs were denoted
as ADRs of special interest: hypoglycaemia-re-
lated ADRs, genital infections, urinary tract
infections, ADRs associated with polyuria/pol-
lakiuria, ADRs associated with volume deple-
tion (thrombosis/embolism, including
dehydration and cerebral infarction), ADRs
associated with ketone body increased, renal
disorders, hepatic disorders, gastrointestinal
disorders, skin and subcutaneous tissue disor-
ders, effects on bone metabolism, and ADRs
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associated with body weight decreased. AEs and
ADRs associated with lower limb amputation,
cardiovascular events (e.g. ischemic heart dis-
ease, cerebrovascular disorders including cere-
bral infarction, peripheral arterial disease, and
cardiovascular death), and malignant tumours
were also considered of special interest. Car-
diovascular events were identified using Stan-
dardised Medical Dictionary for Regulatory
Activities Queries, with wide (ischemic heart
disease, central nervous system haemorrhage
and cerebrovascular conditions) and narrow
(cardiac failure) searches. All AEs and ADRs were
categorised using Medical Dictionary for Regu-
latory Activities /Japanese edition, version 23.0.
Effectiveness was assessed in terms of changes in
HbA1c and fasting blood glucose levels.

Data Analyses

For this report, we extracted data from the
database locked in July 2020. Safety data were
analysed using the safety analysis set, which
comprised all patients for whom case report
forms were collected. Patients were excluded
from the safety analysis set in the event of
breach of contract, breach of registration,
overlapping/duplicate cases, AE not evaluated,
or treatment with canagliflozin was not con-
firmed. Effectiveness data were evaluated using
the effectiveness analysis set, which comprised
all patients in the safety analysis set who
received canagliflozin for the treatment of
T2DM and for whom effectiveness data were
available. Patients were excluded if they
received canagliflozin for an off-label purpose or
effectiveness was not evaluated. Data were
analysed descriptively in terms of the number
and percentage of patients for categorical vari-
ables or as the mean ± standard deviation for
continuous variables. Changes in continuous
variables from baseline to specific time points
were calculated for patients followed up at the
indicated time point. For the changes in con-
tinuous variables from baseline to 3 years, the
last observation carried forward (LOCF) method
was also used to impute missing data. For ADRs
of special interest, we calculated and evaluated
their incidence according to baseline

characteristics; the incidence rate ratios were
calculated among categories with 95% confi-
dence intervals to consider the effects of base-
line characteristic (sex, age, duration of T2DM,
eGFR, and other potential risk factors). Changes
in laboratory test data, blood pressure, and body
weight over time were compared using paired
t tests. SAS version 9.4 (TS1M2; SAS Institute,
Cary, NC, USA) was used for all analyses.

RESULTS

Patients

Overall, 12,605 patients were registered in the
database, of which 12,227 patients were inclu-
ded in the safety analysis set and 11,675 in the
effectiveness analysis set (Fig. 1). The mean
duration of exposure to canagliflozin was
804.6 ± 396.6 days, and 7104 patients were
treated for C 3 years. 5142 patients had dis-
continued, including 2459 patients who dis-
continued canagliflozin, 1321 patients who
stopped clinical visits, 776 patients who dis-
continued the observation for another reason,
and 586 for whom the reason for discontinua-
tion was not reported. Canagliflozin was dis-
continued during the surveillance because of
the patient’s preference (726 patients), AEs (628
patients), no change or exacerbation of diabetes
(377 patients), recovery/remission (233
patients), canagliflozin dose change (22
patients), or another reason (666 patients);
some patients discontinued because of multiple
reasons.

The baseline characteristics are presented in
Table 1. Among 12,227 patients included in the
safety analysis set, 62.1% were male and 37.9%
female. The mean age was 58.4 years, 25.6% of
patients were C 65 to\ 75 years old, and 9.1%
were C 75 years old. The mean BMI and eGFR
were 28.24 kg/m2 and 80.04 mL/min/1.73 m2,
respectively. The stages of chronic kidney dis-
ease were G1 in 22.7%, G2 in 44.6%, G3a in
9.7%, G3b in 2.5%, G4 in 0.4%, G5 in 0.0%, and
unknown in 20.0%. Diabetic complications
were recorded for 30.2% of patients, with neu-
ropathy in 11.9%, nephropathy in 20.6%, and
retinopathy in 11.9%. Comorbidities included
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hypertension in 61.3% and dyslipidaemia in
70.3% of patients.

Concomitant antidiabetic therapies are
summarised in Table S1 in the supplementary
material. Overall, 69.6% of patients were using
any class at baseline, 73.8% at 3 years, and
75.0% during the observation period. Dipep-
tidyl peptidase 4 inhibitors were the most fre-
quently prescribed concomitant drugs
throughout the surveillance, being prescribed to
approximately 50% of patients at baseline, 1, 2,
and 3 years (Table S1 in the supplementary
material). The use of biguanides and glucagon-
like peptide 1 receptor agonists increased
slightly over time from baseline. Glimepiride,
gliclazide, and glibenclamide were prescribed to
2484, 239, and 129 patients, respectively. Of
these, 2138 (86.1%), 197 (82.4%), and 22
(17.1%) were considered to be compliant with
the recommended doses in Japanese patients
using SGLT2 inhibitors [6, 7] of
B 2 mg/day, B 40 mg/day, and B 1.25 mg/day,
respectively. Other concomitant therapies

included antihypertensive agents, antidyslip-
idaemic agents, and diuretics, which were pre-
scribed to 52.4%, 48.8%, and 8.0% of patients,
respectively.

Safety

Adverse Drug Reactions
Among 12,227 patients in the safety analysis
set, 1836 ADRs were reported in 1312 patients
(10.73%) and 268 serious ADRs were reported in
225 patients (1.84%) (Table 2). ADRs that
occurred in C 0.1% of patients and serious
ADRs in C 0.03% are listed in Table S2 in the
supplementary material. The most common
ADRs were pollakiuria (0.79%), followed by
cystitis (0.52%), pruritus genital (0.48%), and
urinary tract infection (0.47%). The most com-
mon serious ADR was cerebral infarction
(0.17%).

The frequencies of ADRs and AEs of special
interest are illustrated in Fig. 2 and are listed by
the preferred term in Table S3 in the

Fig. 1 Patient disposition. *Multiple reasons may apply. CRF case report form
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supplementary material. The outcomes of ADRs
of special interest are presented in Table S4 in
the supplementary material. ADRs associated
with volume depletion were the most frequent
type, followed by genital infections and ADRs
associated with polyuria/pollakiuria. Serious
ADRs associated with volume depletion were
observed in 0.47% of patients, with the most
common being cerebral infarction, which
occurred in 21 patients (0.17%). The outcomes
of ADRs associated with volume depletion were

Table 1 Patient characteristics ( n= 12,227)

Characteristic Value

Sex

Male 7593 (62.1%)

Female 4634 (37.9%)

Age, years

Mean ± SD 58.4 ± 12.5 (12,227)

\ 65 7982 (65.3%)

C 65 to\ 75 3128 (25.6%)

C 75 1117 (9.1%)

Body weight, kg

Mean ± SD 75.76 ± 16.70 (11,411)

BMI, kg/m2

Mean ± SD 28.24 ± 5.11 (10,878)

\ 25.0 2900 (23.7%)

C 25.0 7978 (65.2%)

Duration of diabetes, years

Mean ± SD 7.88 ± 7.08 (9590)

HbA1c, %

Mean ± SD 8.01 ± 1.49 (11,694)

Diet therapya

Prescribed 5732 (46.9%)

Complied 2340 (21.6%)

Exercise therapya

Prescribed 4059 (33.2%)

Complied 1893 (17.9%)

eGFR, mL/min/1.73 m2

Mean ± SD 80.04 ± 21.85 (9785)

G1 (C 90) 2781 (22.7%)

G2 (C 60 to\ 90) 5448 (44.6%)

G3a (C 45 to\ 60) 1190 (9.7%)

G3b (C 30 to\ 45) 306 (2.5%)

G4 (C 15 to\ 30) 54 (0.4%)

G5 (\ 15) 6 (0.0%)

Unknown 2442 (20.0%)

Table 1 continued

Characteristic Value

ALT, IU/L

Mean ± SD 37.0 ± 30.5 (9218)

C 31 4044 (33.1%)

Medical historya

Cardiac/cerebrovascular

disease

649 (5.3%)

Heart failure 62 (0.5%)

Diabetic complicationsa

Any 3691 (30.2%)

Neuropathy 1455 (11.9%)

Nephropathy 2513 (20.6%)

Retinopathy 1452 (11.9%)

Comorbiditiesa

Liver impairment 3859 (31.6%)

Hypertension 7500 (61.3%)

Dyslipidaemia 8595 (70.3%)

aPercentages using 12,227 as the denominator; informa-
tion was unknown for some patients
Values are n (%) or mean ± SD (available n)
SD standard deviation, BMI body mass index, eGFR esti-
mated glomerular filtration rate, G1 eGFR C 90 mL/min/
1.73 m2, G2 eGFR C 60 to\ 90 mL/min/1.73 m2, G3a
eGFR C 45 to\ 60 mL/min/1.73 m2, G3b eGFR C 30
to\ 45 mL/min/1.73 m2, G4 eGFR C 15 to\ 30 mL/
min/1.73 m2, G5 eGFR\ 15 mL/min/1.73 m2, ALT
alanine aminotransferase
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recorded as resolved or resolving for 161 ADRs,
but 14 ADRs were associated with sequelae,
eight were not resolved, and three were fatal.
Hypoglycaemia-related ADRs were reported in
34 (0.28%) patients, of whom six (0.05%)
experienced serious hypoglycaemia-related
ADRs. Of these six patients, four were using
concomitant sulfonylurea or insulin. There
were no episodes of serious hypoglycaemia in
patients who received canagliflozin alone. ADRs
associated with genital infection were reported
in 164 (1.34%) patients. All of these ADRs were
non-serious, and the recorded outcome was
resolved or resolving for 168 of 172 ADRs. ADRs
associated with urinary tract infection were
observed in 145 (1.19%) patients; 12 (0.10%)

patients experienced serious ADRs, including
urinary tract infection in four patients,
pyelonephritis in four patients, pyelonephritis
acute in three patients, and prostatitis in one
patient. ADRs associated with polyuria/pollaki-
uria were all non-serious, except for one ADR
(thirst). These ADRs frequently occurred within
a few weeks after starting canagliflozin (Table S5
in the supplementary material). ADRs associ-
ated with ketone body increased were reported
in 68 (0.56%) patients, of which six reported
ketoacidosis. Of 104 (0.85%) patients who
reported ADRs associated with renal disorders,
four patients experienced acute kidney injury.
ADRs associated with hepatic disorders and
gastrointestinal disorders were observed in
0.62% and 0.86% of patients, respectively. ADRs
associated with skin and subcutaneous tissue
disorders occurred in 106 (0.87%) patients.
ADRs associated with effects on bone metabo-
lism were reported in 10 (0.08%) patients,
including bone fracture in seven patients. ADRs
associated with body weight decreased
were observed in 16 (0.13%) patients, including
one patient with a BMI of\ 18.5 kg/m2.

Events associated with lower limb amputa-
tion were reported as AEs and ADRs in five
(0.04%) and four (0.03%) patients (Fig. 2,
Table S3 in the supplementary material), with
incidence rates of 0.02 and 0.01 per 100 person-
years, respectively. Cardiovascular events were
reported as AEs and ADRs in 123 (1.01%) and 77
(0.63%) patients (Fig. 2, Table S3 in the supple-
mentary material), with incidence rates of 0.45
and 0.28 per 100 person-years, respectively. The
incidence rates of cardiovascular AEs and ADRs
were higher in patients with a history of car-
diovascular/cerebrovascular disease than in
patients without a history of these diseases (1.65
vs 0.36 per 100 person-years for cardiovascular
AEs and 1.29 vs 0.20 per 100 person-years for
cardiovascular ADRs, respectively). Cerebral
infarction was reported as AEs and ADRs in 43
(0.35%) and 36 (0.29%) patients (Table S3 in the
supplementary material), with incidence rates
of 0.16 and 0.13 per 100 person-years, respec-
tively. Myocardial infarction was reported as
AEs and ADRs in 19 (0.16%) and 13 (0.11%)
patients (Table S3 in the supplementary mate-
rial), with incidence rates of 0.07 and 0.05 per

Table 2 Overall incidence of adverse drug reactions (all
and serious)

Group All ADRs Serious
ADRs

All patients

(n = 12,227)

1312 (10.73%) 225 (1.84%)

By age, years

\ 65 (n = 7982) 766 (9.60%) 106 (1.33%)

C 65 to\ 75

(n = 3128)

385 (12.31%) 73 (2.33%)

C 75 (n = 1117) 161 (14.41%) 46 (4.12%)

By renal function

G1 (n = 2781) 277 (9.96%) 28 (1.01%)

G2 (n = 5448) 616 (11.31%) 97 (1.78%)

G3a (n = 1190) 165 (13.87%) 41 (3.45%)

G3b (n = 306) 55 (17.97%) 16 (5.23%)

G4 (n = 54) 14 (25.93%) 8 (14.81%)

G5 (n = 6) 1 (16.67%) 0 (0%)

Values are n (%)
ADR adverse drug reaction, eGFR estimated glomerular
filtration rate, G1 eGFR C 90 mL/min/1.73 m2, G2
eGFR C 60 to\ 90 mL/min/1.73 m2, G3a eGFR C 45
to\ 60 mL/min/1.73 m2, G3b eGFR C 30 to\ 45 mL/
min/1.73 m2, G4 eGFR C 15 to\ 30 mL/min/1.73 m2,
G5 eGFR\ 15 mL/min/1.73 m2
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100 person-years, respectively. Malignant
tumours were reported as AEs and ADRs in 74
(0.61%) and 36 (0.29%) patients (Fig. 2, Table S3
in the supplementary material), with incidence
rates of 0.27 and 0.13 per 100 person-years,
respectively.

Other ADRs that occurred in C 0.1%, but
were excluded from the categories of ADRs of
special interest, included dyslipidaemia
(0.18%), dizziness (0.16%), malaise (0.13%),
atrial fibrillation (0.10%), and blood

Fig. 2 Adverse drug reactions/adverse events of special interest (n = 12,227)
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triglycerides increased (0.10%) (Table S2 in the
supplementary material).

The incidences of ADRs of special interest in
C 1% of patients according to patient charac-
teristics are presented in Fig. S1 in the supple-
mentary material. For genital infections, the
incidence rate ratio was C 2 and the lower 95%
CI was C 1.0, indicating a higher incidence, in
the following subgroups of patients: female;
BMI C 30.0 to\ 35.0 kg/m2 and C 35.0 kg/m2;
and history of urinary tract or genital infection
(Fig. S1a in the supplementary material). For
urinary tract infection, these subgroups were
female; BMI C 35.0 kg/m2; history of urinary
tract or genital infection; and concurrent neu-
ropathy (Fig. S1b in the supplementary mate-
rial). The incidence of ADRs associated with
polyuria/pollakiuria was greater in the follow-
ing subgroups of patients: age C 75 years;
duration of T2DM C 5 to\ 10 years, C 10 to
\15 years, or C 15 years; and concurrent dys-
lipidaemia (Fig. S1c in the supplementary
material). Patients with an eGFR of C 45 to\60
(G3a), C 30 to\ 45 (G3b), or C 15 to\ 30 (G4)
mL/min/1.73 m2 had a numerically higher
incidence of ADRs associated with polyuria/
pollakiuria than patients with an eGFR of
C 90 mL/min/1.73 m2. The incidence of ADRs
associated with volume depletion was increased
in the following subgroups: age C 75 years;
duration of T2DM C 15 years; eGFR C 45 to
\60 (G3a), C 30 to\ 45 (G3b), or C 15 to\30
(G4) mL/min/1.73 m2; current/history of car-
dio/cerebrovascular disease, cardiac failure,
nephropathy, retinopathy, or hypertension;
and concomitant treatment with an antihyper-
tensive drug. The incidence ratio between
patients with or without prescription for
diuretics was 1.99 (Fig. S1d in the supplemen-
tary material).

The frequencies of ADRs and serious ADRs
increased with age and stage of chronic kidney
disease, except in G5 patients (Table 2). In par-
ticular, ADRs associated with polyuria/pollaki-
uria, ADRs associated with volume depletion,
renal disorders, gastrointestinal disorders, and
AEs and ADRs of cardiovascular events were
more common in elderly patients (Fig. S2 in the
supplementary material). ADRs that were more
common in patients with renal impairment

were those related to volume depletion, renal
disorders, and AEs and ADRs of cardiovascular
events (Fig. S3 in the supplementary material).
Of six patients with G5, one patient experi-
enced ADRs of renal disorders and gastroin-
testinal disorders.

Body Weight, Blood Pressure, and Laboratory
Test Data
In the overall cohort, the reductions in mean
body weight were continued for up to 3 years
(Fig. S4a in the supplementary material). There
were reductions in mean body weight over
3 years in subgroups by age (Fig. S4b in the
supplementary material) and by eGFR (G1–G3b;
Fig. S4c in the supplementary material). At
3 years for patients with follow-up data, the
mean eGFR (mL/min/1.73 m2) in the G1, G2,
G3a, G3b, and G4 subgroups were
98.71 ± 19.15 (n = 1380), 75.03 ± 13.12
(n = 2770), 54.19 ± 11.12 (n = 577),
40.51 ± 9.78 (n = 142), and 25.92 ± 11.22
(n = 9), respectively, with mean changes from
baseline of - 6.89, - 0.28, 0.64, 0.51, and 1.12,
respectively (Fig. 3). The number of patients in
the G5 subgroup was too small to evaluate the
changes in body weight and eGFR. Within the
overall cohort, reductions in mean systolic
blood pressure, diastolic blood pressure,
triglycerides, low-density lipoprotein choles-
terol, and hepatic function parameters were
observed at 3 years, whereas the mean haemat-
ocrit and high-density lipoprotein cholesterol
increased (Table S6 in the supplementary
material).

Effectiveness

In the overall cohort, the mean HbA1c
decreased from baseline through to 3 years,
with mean changes of - 0.68% and - 0.67% at
3 years for patients with follow-up data and at
3 years with LOCF, respectively (Fig. 4a). HbA1c
was\ 7.0% in 1673/4911 (34.1%) patients with
follow-up at 3 years and in 2876/8807 (32.7%)
patients at 3 years with LOCF. The maintained
reductions in HbA1c were also observed when
patients were divided by age (Fig. 4b). The mean
HbA1c decreased over 3 years in the G1, G2,
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G3a, and G3b subgroups; the HbA1c reduction
was numerically greatest in the G1 subgroup
(Fig. 4c). Mean fasting blood glucose decreased
from baseline to 3 years for patients with fol-
low-up data and at 3 years with LOCF
(Table S6).

DISCUSSION

SAPPHIRE, a long-term, large-scale post-mar-
keting surveillance, was conducted to evaluate
the safety and effectiveness of canagliflozin in
patients with T2DM in clinical practice in
Japan. In this surveillance, data from approxi-
mately 12,000 patients were analysed. The large
number of patients and participating sites sup-
port the relevance of these data to clinical
practice in Japan. In addition, the surveillance
included approximately 4000 elderly patients
aged C 65 years and 1500 patients with an eGFR
of\ 60 mL/min/1.73 m2. Thus, this surveillance
allowed us to evaluate the safety and

effectiveness of canagliflozin over a longer
duration of treatment in a broader range of
patients with varying characteristics compared
with earlier clinical trials [2, 10–15].

Regarding the safety of canagliflozin, the
types of ADRs reported in this surveillance were
also recorded in the clinical trial program [2]
and were generally similar to those reported for
other SGLT2 inhibitors [18–21]. Most of the
ADRs with an incidence of C 0.1% have already
been listed in the package insert for canagli-
flozin [1]. Other ADRs with an incidence of C
0.1% included atrial fibrillation, hepatic func-
tion abnormal, dyslipidaemia, and blood
triglycerides increased. Although these events
were considered to be unknown ADRs, there is
currently no reasonable relationship between
these events and canagliflozin. Patient back-
ground factors, including comorbidities, are
likely explanations for these events. On the
basis of the above, the safety profile of canagli-
flozin was considered to be consistent with that

Fig. 3 Changes in eGFR over time in patients divided
into subgroups by renal function at baseline. Values are
mean ± standard deviation with p values from paired

t tests. eGFR estimated glomerular filtration rate, LOCF
last observation carried forward, mo month
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already described in the package insert [1] and
no additional concerns were identified in this
surveillance.

We also investigated the potential associa-
tions between patient characteristics and ADRs
highlighted in the package insert for canagli-
flozin [1] and the recommendations on the
proper use of SGLT2 inhibitors [6, 7]. The
characteristics of patients in whom ADRs of
special interest occurred were similar to those
described elsewhere [6, 7, 22–25]. Of note, many
of the patients with serious hypoglycaemia in
the present study were also using insulin or
sulfonylurea in combination with canagliflozin.
Genital and urinary tract infections were more
frequent in female patients, obese patients, and
patients with a history of either type of infec-
tion. For urinary tract infections, the incidence
was also high in patients with diabetic neu-
ropathy. Polyuria/pollakiuria occurred rela-
tively soon after administration of
canagliflozin. Advanced age and impaired renal
function were detected as patient background
factors in common with ADRs polyuria/pollak-
iuria and volume depletion. In addition, the
incidence of volume depletion in patients with
a concomitant diuretic was high. The patient
with ketoacidosis reported sick days due to
infection, or reductions in their insulin doses.
On the basis of the above results, when pre-
scribing canagliflozin to patients with such
characteristics, physicians should monitor these
patients more carefully and use canagliflozin in
accordance with the package insert for canagli-
flozin [1] and the recommendations on the
proper use of SGLT2 inhibitors [6, 7].

Regarding lower limb amputation, an
increased risk was detected among patients
treated with canagliflozin in the CANVAS pro-
gram [26]. However, the subsequent CREDENCE
trial detected no increase in AEs associated with

lower limb amputation in patients with T2DM
and chronic kidney disease with albuminuria
[27]. In SAPPHIRE, lower limb amputation
occurred in five (0.04%) patients, with an inci-
dence rate of 0.2 per 1000 person-years. The
incidence of lower limb amputation was lower
in SAPPHIRE than that reported in a Japanese
epidemiological survey (0.47 per 1000 person-
years) [28]. These results may suggest that
canagliflozin does not increase the risk of lower
limb amputation in Japanese patients.

Results of the CANVAS program [29–31]
revealed that canagliflozin is associated with a
reduced risk of cardiovascular events in patients
with T2DM and high cardiovascular risk. In
SAPPHIRE, cardiovascular events were reported
as AEs in 1.01% of patients, corresponding to an
incidence rate of 4.5 per 1000 person-years,
with cerebral infarction in 0.35% (1.6 per
1000 person-years) and myocardial infarction in
0.16% (0.7 per 1000 person-years). Although
direct comparisons should be interpreted care-
fully because of differences in patient demo-
graphics and definitions of cardiovascular
events, the incidence of cardiovascular events
was lower in SAPPHIRE than in other epidemi-
ological studies of Japanese patients with T2DM
[32–35]. For example, in the Japan Diabetes
Complications Study [33], of patients with
T2DM, the incidences of brain and myocardial
infarction were 6.29 and 3.84 per 1000 person-
years, respectively. The present results may
suggest that the incidence of cardiovascular
events was reduced in high-risk patients inclu-
ded in SAPPHIRE.

The safety of canagliflozin in elderly patients
and patients with impaired renal function was
also investigated using data from the SAPPHIRE
surveillance. The incidences of ADRs and seri-
ous ADRs, including those with unclear causal-
ity, were higher in elderly patients and in
patients with impaired renal function. It is
known that ADRs are more likely to occur in
those patients because of multiple factors, such
as comorbidities and need for polypharmacy
[36, 37]. Therefore, when prescribing canagli-
flozin to these patients, it is important to care-
fully monitor the patient’s condition and
consider recommendations for proper use
[1, 6, 7].

bFig. 4 Changes in HbA1c over time in the overall cohort
(a) and in patients divided into subgroups by age (b) and
eGFR (c) at baseline. In c, data are shown for G1–G4.
Values are mean ± standard deviation with p values from
paired t tests. eGFR estimated glomerular filtration rate,
LOCF last observation carried forward, mo month
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Body weight, blood pressure, and laboratory
test data were evaluated. The changes in body
weight, blood pressure, hepatic function
parameters, and lipids in this surveillance were
comparable with those observed in the clinical
trials of canagliflozin [10–15]. Canagliflozin was
not associated with deteriorations in eGFR in
patients with impaired renal function. These
results may provide further evidence supporting
the pleiotropic effects of SGLT2 inhibitors,
including weight loss, blood pressure reduction,
hepatic protection, renal protection, and lipid
metabolism improvement, albeit with incon-
sistent effects on low-density lipoprotein
cholesterol [38, 39].

The effectiveness evaluation revealed a low-
ering of HbA1c that was sustained for up to
3 years after the initiation of canagliflozin in
the overall population. This improvement was
observed in each age group and within the
G1–G3b subgroups. The extent of the decrease
in mean HbA1c values was smaller in elderly
patients and in patients with impaired renal
function as compared with the changes in non-
elderly patients and patients with normal renal
function (G1). The glucose-lowering effect of
SGLT2 inhibitors resulting from increased uri-
nary glucose excretion is thought to depend on
baseline blood glucose levels and renal function
[40]. Therefore, these results might be
attributable to baseline blood glucose levels and
the degree of renal function.

Limitations

There are several limitations inherent to this
surveillance that warrant mention, especially
the absence of a control group, missing data for
some variables, and the possibility that some
ADRs/serious ADRs were not reported. Further-
more, there were large differences in the num-
bers of patients between the age and renal
function subgroups. In particular, renal func-
tion was classified as G4 and G5 in just 54 and
six patients, which limits the reliability of the
safety and effectiveness assessments in these
subgroups. Changes in concomitant treatments
may also influence the results of this surveil-
lance. These limitations may affect the overall

generalisability of the results and further
research and evidence is needed.

CONCLUSIONS

This surveillance in real-world clinical practice
showed that canagliflozin provides sustained
glucose-lowering effects in patients with T2DM,
including elderly patients and patients with
moderate renal impairment, without new safety
concerns beyond the information already
described in the Japanese package insert.
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