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1 | INTRODUCTION

Aim: The aim of this study was to assess the long-term efficacy and safety of canagliflozin as
add-on therapy in Japanese patients with type 2 diabetes mellitus who had inadequate glycae-
mic control with insulin.

Materials and methods: The study comprised a 16-week, double-blind period in which patients
were randomized to either placebo (P; N = 70) or canagliflozin (100 mg, CAN; N = 76), fol-
lowed by a 36-week open-label period in which all patients received canagliflozin. The efficacy
endpoints included the change in HbAlc from baseline to end of treatment. The safety end-
points were adverse events, hypoglycaemic events, and laboratory test values.

Results: The changes from baseline (mean =+ standard deviation, last observation carried for-
ward) in the P/CAN and CAN/CAN groups, respectively, were -1.09% 4 0.85% and
-0.88% 4 0.86% for HbAlc, -1.40% + 2.54% and -2.14% + 2.75% for body weight, and
7.84% + 14.37% and 8.91% + 10.80% for HOMA2-%B (all, P < .001). Adverse events
occurred in 85.1% of the P/CAN group and 92.0% of the CAN/CAN group. Hypoglycaemic
events occurred in 43.3% and 54.7%, respectively. All hypoglycaemic events were mild in
severity and insulin dose reduction decreased the incidence rate of hypoglycaemic events.
Post-hoc ordinal logistic modelling/logistic modelling showed that lower serum C-peptide at
Week 0 was a risk factor for hypoglycaemia in both the P and CAN groups in the double-blind
period as well as in the canagliflozin all-treatment period.

Conclusions: This study demonstrates the long-term efficacy and safety of canagliflozin com-
bined with insulin in Japanese patients.
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7.2 million individuals had T2DM and more than 60 000 died because
of the disease in 2015.1

The prevalence of type 2 diabetes mellitus (T2DM) is increasing
worldwide. The International Diabetes Federation estimates that,
globally, 415 million adults have diabetes and 318 million have
impaired glucose tolerance. At the current rate of increase, 642 million

people will have diabetes by the year 2040.1 In Japan, an estimated

Intensive glycaemic control with insulin can prevent diabetic compli-
cations in T2DM.2® However, intensive glycaemic control with insulin is
associated with an increased risk of hypoglycaemia and weight gain.* If
hypoglycaemic episodes recur often over time, the brain adapts to hypo-

glycaemia, with symptom responses at a lower than usual plasma
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glucose concentration.> This reduces perception of hypoglycaemic
symptoms, resulting in increased frequency, duration and severity of
hypoglycaemia. Hypoglycaemia has been associated with increased car-
diovascular risk, cognitive dysfunction, dementia and vision disorders.®

Sodium glucose co-transporter 2 (SGLT2) inhibitors suppress glu-
cose reabsorption in the renal tubules and increase urinary glucose
excretion, resulting in insulin-independent antihyperglycaemic
effects.”® While SGLT2 inhibitors, in combination with insulin, were
evaluated in several studies, including a meta-analysis, and were found
to significantly reduce glycated haemoglobin (HbA1c) in patients with
T2DM, they did not increase the risk of hypoglycemia.”° In contrast,
in a post-marketing surveillance study, the SGLT2 inhibitor ipraglifio-
zin, in combination with insulin, did increase the risk of hypoglycaemia
in elderly Japanese patients.!! In another report, SGLT2 inhibitors that
caused severe hypoglycaemia in Japanese patients had usually been
used in conjunction with insulin and/or sulphonylureas.!? Therefore,
the effect of the combination of an SGLT2 inhibitor and insulin on the
risk of hypoglycaemia needs to be more fully addressed.

The pathophysiology of diabetes is different in East Asian vs
Caucasian patients; East Asian patients, including Japanese patients,
have reduced p-cell function and higher insulin sensitivity as com-
pared to Caucasian patients.2®>* In addition to lower insulin secretion
after meals, the fasting insulin level is also low in Japanese patients.*
Therefore, considering these pathological differences, it is important
to evaluate this combination therapy in Japanese patients.

Clinical trials conducted in Japan showed that the SGLT2 inhibi-
tor canagliflozin, when used either as monotherapy or in combination
with oral antihyperglycaemic therapy, significantly improved glycae-
mic control, reduced body weight and was well tolerated.'*"° The
prespecified substudy of the Canagliflozin Cardiovascular Assessment
Study (CANVAS) demonstrated the efficacy and safety of canagliflo-
zin in combination with insulin therapy for 52 weeks.?° However, the
long-term safety and efficacy of this combination has not been evalu-
ated in Japanese patients with T2DM.

We previously reported on the efficacy and safety of canagliflo-
zin added to insulin therapy for 16 weeks in a double-blind, random-
ized, placebo-controlled study (NCT02220920).2! The present study
(NCT02622113) is a 36-week, open-label extension of the previous
16-week trial. The objective of this study was to assess the long-term
efficacy and safety of continued treatment with canagliflozin, in com-
bination with insulin, in Japanese patients who had inadequate gly-
caemic control with insulin alone. In addition, as hypoglycaemia is still
an important issue of this combination therapy, we investigated fac-
tors that might cause hypoglycaemia in a post-hoc analysis.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a multicentre, open-label extension study of eligible patients
with T2DM who participated in the 16-week, double-blind, random-
ized phase IV study of canagliflozin as an add-on to insulin.2! After
the 16-week double-blind period, all eligible patients received once-

daily oral canagliflozin (100 mg) before breakfast for a period of

36 weeks. Patients were visited every 4 weeks, and were followed
for 2 weeks after the end of treatment (Figure S1).

The patients received insulin regimens that were consistent with
those in the double-blind period: premixed, intermediate-acting, long-
acting, premixed plus rapid- or short-acting, intermediate-acting plus
rapid- or short-acting, or long-acting plus rapid- or short-acting. The
daily insulin dose ranged from 8 to 60 units. The insulin type(s) used
remained the same from the first day of treatment to the end of the
52-week total treatment period. The insulin dose was fixed during
the study period, except for a temporary increase or decrease if con-

sidered to be necessary by the investigator.

2.2 | Compliance with Declaration of Helsinki and
informed consent

This study was conducted in the spirit of the ethical principles
grounded in the Declaration of Helsinki and in compliance with:
(1) Japanese laws related to ensuring drug/medical device quality,
efficacy and safety and (2) Japanese ministerial orders and related
regulations on good post-marketing surveillance practice and good
clinical practice. The study was approved by the ethics committee/
institutional review boards at all of the participating institutions (see
Acknowledgements section). All patients provided written informed

consent for participation in the extension study.
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The efficacy evaluation included the following assessments: change

Efficacy and safety outcome measures

from baseline in HbAlc, body weight, blood pressure and fasting
plasma glucose (FPG), proinsulin/C-peptide ratio, homeostasis model
assessment 2 steady-state B-cell function (HOMA2-%B), high-density
lipoprotein cholesterol (HDL-C) and triglycerides.

The safety assessment was based on adverse events (AEs), hypo-
glycaemic events, laboratory test values and vital signs. The numbers
of affected patients and incidences of AEs were described using the
Medical Dictionary for Regulatory Activities (MedDRA)/Japanese,
version 18.1. AEs were classified as mild, moderate or severe. Severe
AEs were defined as those that interfered with daily-life activities.
Low blood glucose (<70 mg/dL) without symptoms was classified as
“blood glucose decreased.” Hypoglycaemic episodes with typical
hypoglycaemic symptoms were classified as hypoglycaemia, regard-
less of the blood glucose level. Severe hypoglycaemia was defined as
events requiring assistance by another person to actively administer
carbohydrate or glucagon, or perform other resuscitation actions.
Hypoglycaemia accompanied by symptoms of seizures was consid-
ered to be a hypoglycaemic seizure, which is classified as hypogly-
caemia. In addition to the classification of hypoglycaemia by
MedDRA, the classification by a workgroup of the American Diabe-
tes Association and The Endocrine Society was also performed.??
The “hypoglycaemia” defined by MedDRA is classified into “severe

» o«

hypoglycaemia,” “documented symptomatic hypoglycaemia,” “proba-
ble symptomatic hypoglycaemia” and “pseudo-hypoglycaemia.” In
accordance with hypoglycaemic symptom(s) and plasma glucose level,
decreased” is classified into

“blood glucose “asymptomatic

hypoglycaemia.”



INAGAKI ET AL.

24 | WILEY

2.4 | Statistical methods

Efficacy analyses were performed on the full analysis set (FAS) which
comprised all patients, excluding those who did not receive a dose of
canagliflozin or for whom there was no efficacy data after initiating
treatment with canagliflozin. Safety analyses were performed in the
safety analysis set (SAS), which comprised all patients, excluding
those who did not receive a dose of canagliflozin or for whom there
was no safety data after initiating treatment with canagliflozin. Data
obtained at the start of the double-blind study (Week 0) was used to
analyse patient demographics; no demographic characteristics were
investigated at the start of the extension study.

The Baseline for the analyses was the initiating of canagliflozin
administration, defined as Week 16 for patients who received pla-
cebo in the double-blind period (P/CAN group) and Week O for
patients who received canagliflozin in the double-blind period
(CAN/CAN group). Statistics for efficacy endpoints were summarized
as change from baseline to the end of the treatment period (last
observation carried forward [LOCF]). Descriptive statistics of actual
value and change from baseline at each time point were calculated.
The paired-t test was used to assess efficacy endpoints between
baseline and end of treatment.

In order to investigate risk factors for hypoglycaemia in the post-
hoc analysis, an ordinal logistic regression analysis with a cumulative
logistic model was applied to hypoglycaemia, and was categorized
according to whether the patients had 0, 1 to 2, 3 to 7 or 28 hypogly-
caemic events during the entire period of canagliflozin treatment
(36 weeks in the P/CAN group; 52 weeks in the CAN/CAN group).
Variables were selected using the stepwise method, as potential risk
factors for hypoglycaemia included certain patient characteristics
(Table S1) during the entire CAN treatment period (both entry and
retention criteria were set at P = .05). To evaluate whether factors
found here were derived from canagliflozin or insulin, the variables
found here were characterized by logistic regression analysis in the
double-blind period. As the total exposure period was short in the
double-blind period (placebo, 21.30; CAN, 22.57 vs all CAN treat-
ment, 113.56 person years), we could not divide the groups into 4 for
the double-blind period. Therefore, the placebo and canagliflozin
groups were divided into 2 groups according to the number of hypo-
glycaemic events (0 and 21) and a logistic regression model was
applied.

All statistical tests were 2-sided, with a level of significance of
5%. A 2-sided confidence interval with a confidence coefficient of
95% was used. All statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, North Carolina).

3 | RESULTS

3.1 | Patients

Among the 146 patients enrolled in the double-blind period (P, 70;
CAN, 76), 140 patients (P, 67; CAN, 73) had given consent to enter
the extension study. However, 1 patient did not enter the extension
study; therefore, 139 patients (P, 67; CAN, 72) continued treatment

in the extension study. Three patients in the canagliflozin group who

did not consent to enter the open-label period, and 1 patient
described above were included in the analysis set. Hence,
143 patients (P, 67; CAN, 76) were included in the analysis set of the
open-label period. One patient in the canagliflozin group, who mistak-
enly received placebo during the double-blind period, did not enter
the extension study; this patient was included in the FAS and was
not included in the SAS. Therefore, 143 patients (P, 67; CAN, 76)
were included in the FAS and 142 patients (P, 67; CAN, 75) were
included in the SAS (Figure S2).

Patient demographics and characteristics at Week O for the
P/CAN group and the CAN/CAN group are shown in Table S1.
Patient characteristics were similar in both groups; the mean HbA1lc
+ SD was 8.80% =+ 0.81% in the P/CAN group and 8.89% + 0.81%
in the CAN/CAN group, and the mean body weights + SD were
69.54 + 13.40 kg and 69.95 + 13.93 kg, respectively. The daily insu-
lin dose was 27.9 + 14.0 U in the P/CAN group and 31.1 + 15.1 U
in the CAN/CAN group.
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HbA1lc decreased progressively during the first 4 weeks of treatment
and remained stable thereafter in the CAN/CAN group (Figure 1). In
comparison, in the P/CAN group, HbA1c was stable up to Week 16 and

Efficacy

then declined from Week 16 (corresponding to initiation of canagliflozin
treatment) through Week 24, after which it remained stable.

Figure S3 shows the changes from baseline in HbAlc, FPG and
body weight. The change in HbA1c from baseline to the end of treat-
ment (LOCF, mean & SD) was -1.09% + 0.85% in the P/CAN group
and -0.88% =+ 0.86% in the CAN/CAN group (Table 1). The decrease
in HbA1c was observed independent of the type of insulin regimen
(Table S2). The change in FPG (LOCF, mean + SD) decreased signifi-
cantly from baseline to the end of the treatment period in the P/CAN
(-33.1 £ 44.1 mg/dL) and in the CAN/CAN group
(-32.8 4= 45.7 mg/dL). A statistically significant reduction in percent-

group

age body weight (LOCF, mean & SD) was also observed in the

Double-blind Open-label
period period
11 D€
-O-P/CAN
10 -8~ CAN/CAN
9
9 C
S 8]
<
e}
T
7 4
6 4

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52LOCF
Weeks

No. of patients

P/CAN 70 70 69 69 67 65 65 64 62 62 62 62 62 62 67
CAN/CAN 76 76 75 74 73 72 70 70 70 69 69 68 66 65 76

FIGURE1 Glycated haemoglobin (HbA1c) measured from baseline
to the end of treatment (LOCF). Each point and bar represents mean
=+ SD. Abbreviations: CAN/CAN, canagliflozin/canagliflozin group;
LOCEF, last observation carried forward, P/CAN, placebo/canagliflozin
group
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TABLE1 Change in efficacy endpoints from baseline to the end of
canagliflozin treatment (LOCF, full analysis set, N = 143)

P/CAN (Open-label

CAN/CAN?
(Double-blind and

period, N = 67) open-label period,
N = 76)
HbA1c (%)
n 67 76
Baseline, mean 8.90 (1.03) 8.89 (0.81)
(SD)
Change from -1.09 (0.85) -0.88 (0.86)
baseline, mean
(SD)
P value® <.001 <.001
FPG (mg/dL)
n 65 75
Baseline, mean 168.9(55.8) 170.6(44.4)
(SD)
Change from -33.1 (44.1) -32.8 (45.7)
baseline, mean
(SD)
P value® <.001 <.001
Body weight (kg)
n 65 75

Baseline, mean
(SD)

Change from
baseline, mean
(SD)

P value®
(%)

Change from
baseline, mean
(SD)

P value®
SBP (mm Hg)
n

Baseline, mean
(SD)

Change from
baseline, mean
(SD)

P value®
DBP (mm Hg)
n

Baseline, mean
(SD)

Change from
baseline, mean
(SD)

P value®
Triglyceride (mg/dL)
n

Baseline, mean
(SD)

Change from
baseline, mean
(SD)

P value®

69.88 (13.60)

-0.99(1.76)

<0.001

-1.40 (2.54)

<.001

67
130.54 (17.23)

-2.51 (12.94)

117

67
77.41 (10.25)

-1.83 (8.48)

.082

65
140.6 (111.4)

-3.0(72.1)

.736

70.19 (13.86)

-1.52(1.96)

<0.001

-2.14 (2.75)

<.001

76
136.85 (12.01)

-4.71 (11.71)

<.001

76
78.34 (10.18)

-2.25 (7.4¢6)

.010

75
124.5 (112.3)

-6.3 (83.9)

515

(Continues)

TABLE1 (Continued)

CAN/CAN?

P/CAN (Open-label (Double-blind and

period, N = 67) open-label period,
N = 76)
HDL-cholesterol (mg/dL)
n 65 75
Baseline, mean 57.5(16.2) 61.9 (16.1)
(SD)
Change from 2.3(9.0) 1.8(8.2)
baseline, mean
(SD)
P value® 0.043 0.059
(%)
Change from 4.98 (15.59) 3.92 (13.79)
baseline, mean
(SD)
P value® 012 016

Proinsulin/C-peptide
n 64 74

Baseline, mean 0.0259 (0.0225) 0.0235 (0.0380)

(SD)

Change from
baseline, mean

-0.0015 (0.0150) -0.0007 (0.0080)

(SD)

P value® 443 452

HOMA2-%B (%)

n 64 74

Baseline, mean 24.84 (15.44) 22.23(11.12)
(SD)

Change from 7.84 (14.37) 8.91 (10.80)
baseline, mean
(SD)

P value® <.001 <.001

Abbreviations: CAN/CAN, canagliflozin/canagliflozin group; DBP, diastolic
blood pressure; FPG, fasting plasma glucose; HDL, high-density lipopro-
tein; HOMA2-%B, homeostasis model assessment 2 steady-state p-cell
function; LOCEF, last observation carried forward; N, number of patients in
each group; n, number of patients who had LOCF data; P/CAN, placebo/
canagliflozin group; SBP, systolic blood pressure; SD, standard deviation.

@ P/CAN week 36, CAN/CAN week 52.

b Paired-t, vs baseline.

P/CAN group (-1.40% + 2.54%) and the CAN/CAN group
(-2.14% =+ 2.75%) (Table 1). The reductions in HbA1c, FPG and body
weight from baseline were statistically significant at all evaluation
points and were maintained until the end of treatment in both
groups (P < .001).

Table 1 also shows the changes (LOCF, mean + SD) in other effi-
cacy endpoints from baseline. SBP/DBP significantly decreased in the
CAN/CAN group, but not in the P/CAN group. The value of HDL-
cholesterol significantly increased in the the P/CAN group, but not in
the CAN/CAN group. The percent change in HDL-cholesterol signifi-
cantly increased in both group. Fasting triglycerides and the fasting
proinsulin/C-peptide ratio decreased in both groups, but the
decreases were not statistically significant.

HOMA2-%B increased significantly from baseline in both the
P/CAN (7.84% + 14.37%) and CAN/CAN (8.91% + 10.80%) groups
(P < .001 for both groups).
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TABLE 2 Adverse events (safety analysis set, N = 142)

n (%)

CAN/CAN?

P/CAN (Open-label (Double-blind and

period, N = 67) open-label period,
N = 75)
Adverse events 57 (85.1) 69 (92.0)
Serious 7 (10.4) 7 (9.3)
Leading to 4 (6.0) 4 (5.3)
discontinuation
Adverse drug 33 (49.3) 41 (54.7)
reactions
Serious 0 (0.0) 0(0.0)
Leading to 2 (3.0) 1(1.3)
discontinuation
Deaths 0 (0.0) 0 (0.0)
Adverse events of special interest
All hypoglycaemic 29 (43.3) 41 (54.7)
events
Hypoglycaemia 20 (29.9) 28 (37.3)
Hypoglycaemic 1(1.5) 0 (0.0)
seizure
Blood glucose 16 (23.9) 29 (38.7)
decreased
Urinary tract 1(1.5) 1(1.3)
infection
Male genital 0/46 (0.0) 1/44 (2.3)
infection
Female genital 3/21 (14.3) 2/31 (6.5)
infection
Osmotic diuresis 6 (9.0) 5(6.7)
Volume depletion 0 (0.0) 1(1.3)
Fracture 2 (3.0 1(1.3)
Skin and 4 (6.0) 7 (9.3)
subcutaneous
tissue disorder
Malignant 1(1.5) 1(1.3)
neoplasm
Cardiovascular- 1(1.5) 0 (0.0)
related events
Hepatic function 0 (0.0) 2(2.7)
impairment
Blood ketone 1(1.5) 3(4.0)
bodies
increased
Renal impairment 0 (0.0) 0 (0.0)

Abbreviations: CAN/CAN, canagliflozin/canagliflozin group; N, number of
patients in each group; n, number of patients who experienced adverse
events; P/CAN, placebo/canagliflozin group.

2 P/CAN for 36 weeks, CAN/CAN for 52 weeks.

The change in daily dose of insulin (mean 4 SD) from baseline to
the end of treatment was -0.67 & 2.31 U in the P/CAN group (base-
line, 28.59 + 14.39 U) and -0.37 &+ 2.01 U in the CAN/CAN group
(baseline, 30.07 + 15.45 U).

3.3 | Safety

AEs were defined as all medically undesirable events occurring in
treated patients, regardless of causal relationship. The safety analysis
was conducted in 67 patients in the P/CAN group and in 75 patients
in the CAN/CAN group.

AEs were reported in 85.1% of patients in the P/CAN group and
in 92.0% of patients in the CAN/CAN group (Table 2). Serious AEs
occurred in 7 of 67 patients (10.4%) in the P/CAN group and in 7 of
75 patients (9.3%) in the CAN/CAN group. AEs leading to treatment
discontinuation occurred in 6.0% of patients in the P/CAN group
(4 events: vulvovaginal candidiasis, colon cancer, lacunar infarction
and drug eruption) and in 5.3% of patients in the CAN/CAN group
(4 events: atrial fibrillation, alcoholic liver disease, vulvovaginal pruri-
tus and lower limb fracture). There were no deaths in either group.

All AEs judged to have a reasonably possible causal relationship
with the study drug were considered adverse drug reactions (ADRs).
ADRs occurred in 49.3% of patients in the P/CAN group and in
54.7% of patients in the CAN/CAN group. No serious ADRs were
reported in either group.

The most common AE of special interest was hypoglycaemic
events (hypoglycaemia, hypoglycaemic seizure and blood glucose
decreased), which were reported in 29 of 67 patients (43.3%) in the
P/CAN group and in 41 of 75 patients (54.7%) in the CAN/CAN
group (Table 2). All hypoglycaemic events were mild in severity.
Hypoglycaemic classification was undertaken by a workgroup of the
American Diabetes Association and The Endocrine Society (Table S3).
No severe hypoglycaemic events occurred in any group. Other com-
mon AEs of special interest were vulvovaginitis, osmotic diuresis and
skin and subcutaneous disorders.

A total of 551 hypoglycaemic events of any type occurred during
the entire treatment period with canagliflozin (36 weeks of treatment
in the P/CAN group; 52 weeks in the CAN/CAN group). The inci-
dence of hypoglycaemic events for all patients was 4.85 per subject-
year exposure, with the highest incidence in patients who received
long-acting insulin plus either rapid- or short-acting formulations
(Table S4). The incidence of hypoglycaemic events did not increase
with long-term administration of canagliflozin. The incidence rates of
hypoglycaemia per subject-year exposure were 4.51 and 7.97 in the
P and CAN groups, respectively, during the double-blind period, and
4.85 during the entire canagliflozin treatment period. The insulin dose
reduction (approximately 10% reduction) decreased the incidence
rate of hypoglycaemic events per subject-year of exposure (14.76
before dose reduction, 9.30 after dose reduction; N = 38) (Table 3).
Hypoglycaemic events occurred most frequently between 06:00 and
11:59 am (Table S5).

To evaluate hypoglycaemic events in detail, the patients were
divided into 4 groups according to the number of hypoglycaemic
events experienced: 0, 1 to 2, 3 to 7 and 28. The demographics of
each patient group are shown in Table Sé. Patients who experienced
more frequent hypoglycaemic events tended to be older and had a
longer duration of diabetes, lower BMI, higher prevalence of diabetic
neuropathy, lower prevalence of diabetic nephropathy, lower levels
of FPG, serum C-peptide and HOMA2-%B, and higher does of
insulin.

To investigate the risk factors for hypoglycaemic events, the
ordinal logistic model was applied to the entire period of treatment
with canagliflozin, categorized according to whether patients experi-
enced 0, 1 to 2, 3 to 7 or 28 hypoglycaemic events. Serum C-peptide,
diabetic neuropathy and insulin regimen at Week O were found to be

risk factors. To determine which insulin regimen is related to
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TABLE 3

Incidence rates of hypoglycaemic events before and after insulin dose reduction

Entire CAN treatment period® (N = 38)

All (N = 38) Premixed Long-acting Premixeq + rapid- or Long-actipg + rapid- or
(N =12) (N = 10) short-acting (N = 1) short-acting (N = 15)

Before first dose reduction

Total exposure period (subject-years) 8.94 2.87 2.07 0.07 3.94

No. of hypoglycaemic events 132 29 37 1 65

Incidence per subject-year exposure 14.76 10.12 17.85 14.61 16.51
After first dose reduction

Total exposure period (subject-years) 21.84 6.14 6.67 0.64 8.38

No. of hypoglycaemic events 203 27 72 2 102

Incidence per subject-year exposure 9.30 4.39 10.79 3.14 12.17

Incidence rate per subject-year: number of events/total exposure period (subject-years). Abbreviations: CAN/CAN, canagliflozin/canagliflozin group; N,

number of patients. P/CAN, placebo/canagliflozin group.
@ P/CAN for 36 weeks, CAN/CAN for 52 weeks.

hypoglycaemia, we performed a relative risk analysis of each insulin
regimen compared to long-acting only and found that a long-acting
plus rapid- or short-acting insulin regimen was a risk factor for hypo-
glycaemia. Collectively, the presence of diabetic neuropathy and the
use of long-acting plus rapid- or short-acting insulin regimens
increased the risk of hypoglycaemia. Conversely, high serum C-
peptide levels decreased the risk of hypoglycaemia, that is, low serum
C-peptide was a risk factor for hypoglycaemia.

To evaluate whether these factors (serum C-peptide, diabetic
neuropathy and insulin regimen) were derived from canagliflozin or
insulin, binominal analysis was performed during the double-blind
period. Low serum C-peptide was identified as a risk factor in both
the placebo and canagliflozin groups in the double-blind period
(Table 4). With the exception of an insulin regimen in the placebo
group, no other factors were identified.

The changes in laboratory values from baseline to the end of
treatment are shown in Table S7. The changes of low-density
lipoprotein-cholesterol from baseline were 6.1 + 22.5 mg/dL in the
P/CAN group and 1.8 + 19.7 mg/dL in the CAN/CAN group. The
changes in total ketone bodies from baseline were 141.05 + 372.80

pmol/L and 112.93 + 244.19 pmol/L in the P/CAN and CAN/CAN
groups, respectively. However, no AEs associated with increased

ketone bodies, such as ketoacidosis, were observed.

4 | DISCUSSION

In this extension study, treatment with canagliflozin plus insulin
improved glycaemic control in Japanese patients with T2DM who
had inadequate glycaemic control with insulin monotherapy, as evi-
denced by significant reductions in HbAlc, FPG and body weight
over the course of treatment. These beneficial effects were main-
tained for the entire 36 weeks in the P/CAN group and the entire
52 weeks in the CAN/CAN group.

T2DM is a progressive disease characterized by increasing deteri-
oration of pancreatic p-cell function.?® As a result, the proportion of
patients receiving insulin therapy increases as the duration of diabe-
tes increases.?*?> Compared with previous studies, the patients in
our study had longer disease duration, higher HbAlc and lower

HOMAZ2-%B, which suggests greater deterioration of p-cell function

TABLE 4 Ordinal logistic regression analysis with cumulative logistic model and logistic regression analysis® of risk factors for hypoglycaemic

events

Odds ratio (95% ClI)

Entire CAN treatment period

Double-blind period

Factors

Multi-nominal (ordinal logistic model)

Bi-nominal (logistic model)

CAN group

Placebo group

CAN group

Fasting serum C-peptide

Diabetic neuropathy

Insulin regimen

Long-acting + rapid or short-acting vs long-acting

Premixed vs long-acting

Premixed + rapid or short-acting vs long-acting®

Abbreviations: CAN, canagliflozin; CI, confidence interval.

0.351 (0.195, 0.632)
3.382 (1.488, 7.685)

4.127 (1.801, 9.457)
1.281 (0.559, 2.936)
ND

0.054 (0.007, 0.387)
2.344 (0.479, 11.481)

6.972 (1.136, 42.784)
3.102 (0.502, 19.166)
ND

0.376 (0.153, 0.925)
1.071 (0.308, 3.724)

1.382 (0.404, 4.731)
2.050 (0.612, 6.864)

@ The ordinal logistic regression analysis with cumulative logistic model was applied to hypoglycaemia, categorized according to whether the patients
experienced 0, 1-2, 3-7 or 28 hypoglycaemic events during the entire period of canagliflozin treatment or logistic regression analysis categorized as O or
21 hypoglycaemic events during the double-blind period. Variables were selected using the stepwise method, as potential risk factors for hypoglycaemia
included certain patient characteristics (Table S1) (both entry and retention criteria were set at P = .05) during the entire CAN treatment period. The

variables found here were characterized by logistic regression analysis during the double-blind period.

b Entire CAN treatment period (N = 1); Double-blind period (Placebo: N = 1, CAN: N = 0).
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at study enrollment.”~° Despite the advanced disease profile of the
patients, canagliflozin treatment improved glycaemic control for
52 weeks. In addition, HOMA2-%B, a marker of pancreatic f-cell
function, was significantly increased from baseline in both treatment
groups and was maintained until the end of treatment, suggesting
that canagliflozin improved f-cell function. Reduced glucose toxicity
with canagliflozin treatment may be a possible mechanism for this
improvement.

Most patients with diabetes have concomitant conditions includ-
ing obesity, hypertension and lipid metabolism disorders, which can
lead to micro- and macrovascular complications. Prevention of micro-
and macrovascular complications requires effective glycaemic control
and management of body weight, blood pressure and plasma
lipids.24?” In this extension study, body weight, BMI and waist cir-
cumference were significantly decreased in both groups, and the
reductions were maintained until the end of treatment. Studies have
shown that weight gain is an issue with insulin treatment, at times
requiring higher insulin doses.?27%° In contrast, patients in our study
lost weight despite receiving insulin therapy.

Prior evidence has demonstrated that insulin doses typically need
to be increased to maintain glycaemic control as the duration of treat-
ment increases.3%2 |n this study, the combination of canagliflozin and
insulin allowed for long-term glycaemic control without increases in
insulin doses. A meta-analysis reported that treatment with SGLT2
inhibitors, in combination with insulin, led to insulin dose reductions;
the studies in this meta-analysis permitted an increase or decrease in
insulin dose according to the respective titration criteria.? In the pre-
sent study, the mean change in daily dose of insulin from baseline was
very small, and the number of patients with insulin dose reductions
was 38. This may be explained by the protocol requirements of the
study; the insulin dose was fixed during the study period, with the
exception of a temporary increase or decrease if considered necessary
by the investigator. Another explanation may be the lower mean base-
line insulin dose in this Japanese patient population compared with
Western populations (approximately 30 U in this study vs 47.1 to
91.5 U in the Western populations included in the meta-analysis).”

The most common AE was hypoglycaemic events (hypoglycae-
mia, blood glucose decreased). However, all hypoglycaemic events
were mild in severity, and insulin dose reductions resulted in a
decreased incidence rate of hypoglycaemic events per subject-year
of exposure, which is consistent with the double-blind period.??

Based on analysis using the cumulative logistic model, high serum
C-peptide levels decreased the risk of hypoglycaemia; that is, lower
fasting serum C-peptide at Week O was identified as a risk factor for
hypoglycaemia. This was true in the open-label period, in which all
patients were treated with canagliflozin, as well as in both the pla-
cebo and canagliflozin groups in the double-blind period, suggesting
that the increased risk of hypoglycaemia was not due to canagliflozin
treatment. Importantly, no risk factors specific to the canagliflozin
group were identified. These results, alongside the fact that all
patients received insulin, suggest that lower serum C-peptide at
Week O may be a risk factor for hypoglycaemia when patients are
treated with insulin. Similarly, in the post-hoc analysis of the ACCORD
trial, a fasting C-peptide level of <0.15 nmol/L (0.45 ng/mL) was

identified as a risk factor for severe hypoglycemia.3®

In patients with type 1 diabetes or advanced T2DM, absolute
B-cell failure results in no decrease in p-cell insulin secretion and,
thus, no increase in a-cell glucagon secretion during hypoglyce-
mia.3*%> Hypoglycaemia may be caused by this lack of response to
glucagon among patients who have low fasting C-peptide (ie, low
insulin production). Therefore, caution may be exercised with insulin
treatment among patients with low insulin production. However, all
cases of hypoglycaemia in this study were mild, and no cases of
severe hypoglycaemia were reported. In patients at a higher risk for
hypoglycaemia, the risk may be decreased by reducing the insulin
dosage. Because insulin suppresses lipolysis, lowering the dose of
insulin when used in combination with an SGLT2 inhibitor may
increase the production of ketone bodies.*® The increased ketone
bodies can cause diabetic ketoacidosis; therefore, large reductions in
insulin dose may not be appropriate. In the present study, no AEs
associated with increased ketone bodies, such as ketoacidosis, were
observed in either treatment group.

Our study has some limitations that must be acknowledged.
Although the sample size of this study was calculated to detect a dif-
ference between the placebo and canagliflozin groups during the
double-blind period, it might be considered relatively small for long-
term evaluation. In addition, the study lacks a control group. How-
ever, long-term data on the use of this combination in Japanese
patients are important, particularly considering the differences in
pathophysiology between Japanese and non-Japanese patients.

In conclusion, this study demonstrated the long-term efficacy
and safety of canagliflozin in combination with insulin in Japanese
patients.
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