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Abstract

Introduction: Canagliflozin is a class of oral anti-diabetic agent with limited real-world experience reported in patients treated with insulin.

Objective: The aim of this study was to evaluate effectiveness and safety of the administration of canagliflozin in patients with type 2 diabetes mellitus (T2DM)
treated with different insulin regimens.

Methods: A retrospective observational study of patients with T2DM treated with insulin who were prescribed canagliflozin from June 2015 to December 2016 at
four endocrinology clinics in the South of Spain was designed. 12 months changes in anthropometric variables, glycemic control, insulin doses, anti-diabetic drugs
and adverse events were assessed after canagliflozin administration.

Results: 92 patients with T2DM treated with insulin (44 women, mean age 61.2 + 10.0 years old and mean BMI: 35.2 + 11.2 kg/m?) were studied. Improvement was
observed in HbAlc (8.7 + 1.6 vs. 7.2 = 0.8%; p <0.01), body weight (92.4 = 20.9 vs. 87.1 + 19.5 kg; p <0.01) and waist circumference (112.4 + 17.0 vs. 105.0 + 21.7;
p: 0.04), with a reduction of insulin doses (57.7 + 38.9 vs. 35.1 + 32.5 IU/day, p <0.01) and insulin injections per day (2.1 + 1.2 vs. 1.1 + 0.8, p<0.01) after 12 months
of canagliflozin administration. 49% of the patients reached HbAlc < 7% and 12 patients (13%) completely suspended treatment with insulin. 15 patients (16.3%)
experienced mild adverse events and canagliflozin administration was suspended in 9 patients (9.8%).

Conclusions: Canagliflozin administration in patients with T2DM treated with insulin was associated with an improvement in glycemic control and body weight

and with a reduction of insulin doses with limited and mild adverse events.

Introduction

Different clinical studies report that less than 50% of the patients
with type 2 diabetes Mellitus (T2DM) treated with insulin achieve
adequate metabolic control goals, and at least one-quarter of the
patients with T2DM treated with basal insulin have difficulties attaining
the recommended HbA 1c goal, despite adequate fasting plasma glucose
(FPG) levels [1-4]. In these patients, most of the Clinical Practice
Guidelines (CPG) for diabetes [5,6] proposed bolus prandial insulin
addition before one or more meals as a more effective strategy than
insulin alone, but with important limiting factors such as the develop of
hypoglycemia and weight gain. Moreover, weight gain may exacerbate
insulin resistance, resulting in an increase of insulin doses need, which
may cause further weight gain. However, in recent years CPG propose
other alternative strategies for intensifying insulin therapy as the
addition of GLP-1 receptor agonist, Dipeptidyl peptidase 4 (DPP-4)
inhibitors or Sodium-glucose cotransporter 2 (SGLT2) inhibitors [7,8].

SGLT2 inhibitors offer an anti-diabetic effect increasing urinary
glucose excretion and subsequently lowering plasma glucose levels
without inducing excessive insulin secretion [9]. Canagliflozin is a
SGLT2 inhibitor which has been approved as a complement to diet
and exercise for the treatment of adults with T2DM in more than 30

Diabetes Updates, 2019 doi: 10.15761/DU.1000121

countries, including the United States and the European Union [10].
Therapy combination of canagliflozin and insulin was investigated in
a reported sub study of the canagliflozin Cardiovascular Assessment
Study (CANVAS) [11] and other few trials [15-19] and it was
demonstrated that the addition of canagliflozin to insulin therapy
improves glycemic control and decreases weight. However, actually
there is little information in real world relating about effectiveness and
safety of the addition of canagliflozin to insulin therapy on patients
treated in specialty diabetes practical settings [16-19]. Patients in this
clinical practice setting usually have longer diabetes disease duration,
worst metabolic control and greater complexity medication regimen.
While clinical trials results are useful determining clinical outcomes in
a representative sample of patients in controlled settings, these results
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may have limited generalizability when they are compared to real-
world administration of canagliflozin with insulin therapies in actual
practice. The aim of this study was to evaluate real-world effectiveness
and safety of canagliflozin administration in patients with T2DM
treated with different insulin regimens.

Patients and methods

Study design and sample selection

Retrospective review study of patients with T2DM treated with
insulin who were prescribed canagliflozin from June 2015 to December
2016 at four endocrinology clinics in the South of Spain within the
context of routine clinical practice. Patients were referred to this
specialty consultation room by regional and local specialist and primary
care providers for advanced diabetes management, usually because a
poor glycemic control. A record search were realized identifying those
patients with inclusion criteria: patients with T2DM, over 18 years old,
treated with insulin alone or in combination with other anti-diabetic
drugs, who started treatment with canagliflozin during the study
period and had received initial and regular follow-up in the clinics at
least during 12 months. Exclusion criteria were: patients with type 1
diabetes mellitus, pregnant women, patients receiving treatment with
systemic corticosteroids during the study period, not having enough
information in clinical records or patients who failed two or more
programmed visits. Selected patients were included in a database and
each one was identified by a unique patient study number assigned to
ensure confidentiality.

Outpatient diabetes treatment protocol

Patients included in the study were attended in one of the four
endocrinology outpatient clinics within the context of routine clinical
practice. Habitually overweight or obese patients who were on
treatment with insulin, in order to promote improvement of metabolic
control and weight loss, were instructed in a personalized low-calorie
diet and physical activity recommendations. Usually, oral anti-diabetic
regimens with sulfonylureas, metiglinides, pioglitazon or acarbose
were suspended in every patient and treatment with metformin was
maintained or initiated whenever was well tolerated. GLP-1 receptor
agonist usually was maintained and initiation was proposed to obese
patients. Recommendations were given to patients to optimize basal
insulin doses in order to achieve and maintain fasting blood glucose
levels between 80 and 130 mg/dl. Insulin doses were reduced when
hypoglycemia occurred and insulin therapy discontinuation was
proposed to patients who were receiving less than 0.2 IU kg/day.
Prandial insulin doses were adjusted to achieve postprandial glucose
below 180 mg/dl and discontinuation of prandial insulin was indicated
when reaching < 6 IU before meal.

Data collection

Most of the patients were attended every 3 months, with the
possibility of mid-term reviews to assess treatments tolerance and
effectiveness. At baseline, demographic variables (gender, age and
smoking), history of diabetes (date of diagnosis, current treatment
and HbAlc level), comorbidities (hypertension, dyslipidemia) and
complications (retinopathy and cardiovascular disease) were collected.
In every 3-month visit, body weight, waist circumference (WC), anti-
diabetic treatment (basal and rapid insulin doses and other anti-diabetic
treatments), HbA1lc level, common adverse events of SGLT2 inhibitors
(mainly osmotic diuresis -polyuria and pollakiuria-, genital candidiasis
and urinary tract infection) ketoacidosis and severe hypoglycemia
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episodes (defined as those episodes requiring help of a third person for
resolution) were recorded.

Statistical methodology

Every data collected in the study was coded, entered, and
analyzed using the SPSS Statistics for Windows 12.0 version program.
Descriptive analysis of qualitative variables was performed by
calculating frequencies and percentages, and for quantitative variables,
mean, standard deviation, median, and range was determined. Each
patient served as his/her own control. Paired t-tests were performed
on primary and secondary outcomes. P values <0.05 were considered
statistically significant.

IRB approval

This study was conducted in accordance with the good clinical
practice guidelines and with the Helsinki Declaration principles. Study
was approved by the independent Institutional Review Board (IRB) of
Viamed Hospital.

Results

92 patients with T2DM (44 female and 48 male) mean age 61.2 +
10.0 years old, average time with diabetes disease in years 14.8 + 9.7,
mean body weight and mean BMI 92.4 + 20.9 kg and 35.2 + 11.2 kg/
m?, respectively, were included in the study. Despite using high doses
of insulin (57.7 + 38.9 IU daily insulin, 0.6 + 0.4 IU kg/day), patients
showed inadequate glycemic control at baseline (84.8% of the patients
had HbA1lc> 7.0%). (Table 1) contains main clinical characteristics of
patients included in the study.

After the addition of canagliflozin to the treatment, a significant
reduction of HbAlc was observed from mean baseline value (+ SD)
of 8.7 £ 1.6% to 7.2+ 0.9%, to 7.1+ 0.8% and to 7.2 + 0.8% on 3, 6 and
12-month visits, respectively (Table 2). At 12-month visit, total insulin
doses, basal insulin and prandial insulin were significantly reduced by
an average of 21.1, 11.8 and 10.5 Ul/day, respectively, as the number
of insulin injections, were reduced by an average of 0.4, 0.3 and 1.0
injections/patient/day, respectively (Table 2). At 12-month visit, 35.8%
(33 patients) of the patients treated with canagliflozin 300 mg had no

Table 1. Clinical characteristics of patients (n = 92). Results are expressed as mean +
standard deviation

Clinical characteristics Results
Mean Age (years-old) 61.2+10.0
Female (%) 44 (47.8)
Mean duration of T2DM (years) 14.8+9.7
Insulin doses (Ul/kg/day) 0.6+0.4
Other antidiabetic drugs (%) 76 (82.6)
Metformin 60 (65.0)
Sulfonilureas 14 (15.2)
DPP-4 inhibitors 30 (32.6)
GLP-1 receptor agonist 19 (20.7)
Physical examination
Body weight (kg) 92.4+20.9
BMI (kg/m?) 352+11.2
Waist Circunference (cm) 112.4£17.0
Comorbidities and Chronic complications
Smoking habit (%) 16 (17.4)
Dyslipemia (%) 66 (71.7)
Hypertension (%) 67 (72.8)
Diabetic Retinopathy (%) 21(22.8)
Cardiovascular disease (%) 25(27.2)
BMI: Body mass index; Kg: Kilograms; cm: centimeters; IU: Units
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Table 2. Clinical and metabolic variables changes at 3, 6 and 12 months

Basal 3 months
Body weight (Kg) 92.4+209 89.9+17.8
Waist circumference (cm) 1124+ 17.0 110.2+14.3
HbAlc (%) 8.7+1.6 72+09
Patients with HbAlc < 7% (%) 15.2 44.6
Insulin injections/day (n) 21+12 1.7+1.1
Patients with rapid insulin (%) 42.4 34.5
Basal insulin dose (I1U) 42.1+£32.7 37.3+£20.8
Rapid insulin dose (IU) 14.7+£24.7 9.4+1838
Total insulin dose (IU) 57.7+389 45.8+31.1
Different types of ADs/day (n) 1.4+0.8 2.5+0.7

6 months 12 months P
86.4+17.4 87.1+£19.5 <0.01'
106.6 = 13.4 105.0+21.7 0.13%0.013/0.04*

7.1+£08 72+0.8 <0.01'

49.3 49.1 <0.01'
1.8+1.7 1.1+0.8 <0.01%/0.06°
27.8 15.9 <0.01'
33.6+23.7 28.3+21.6 <0.01'
8.5+18.8 54+169 <0.02!
41-8 £33.9 35.1+£325 <0.01'
25+0.7 24+0.6 <0.01'

Kg: Kilograms; cm: centimeters; n: number; IU: Units; ADs: Antidiabetic drugs (no insulin), 'Three, six and twelve months vs basal; *Three months vs basal; *Six months vs basal; “twelve

months vs basal; Three and twelve months vs basal

differences observed between HbAlc, body weight or insulin doses
changes compared with patients who maintained canagliflozin 100 mg
from the beginning. 12 patients (13%) completely suspended treatment
with insulin at 12 months with initial difference between BMI (30.5 +
5.6 vs 35.9 £ 11.9; p: 0.014), basal insulin initial doses (20.9 + 9. vs
47.1 + 24.5 Ul/day; <0.01) and total insulin initial doses (27.6 + 20.1 vs
62.2 £ 39.1 Ul/day; 0.3 £ 0.2 vs 0.7 + 0.4 UI/Kg/day; p<0.01) compared
with patients who continued treatment with insulin at 12 months.
Additionally, patients treated with canagliflozin lost an average of 5.3
kg of weight at 12 months, without difference between patients who
suspended or not insulin treatment (-5.2 £ 5.9 vs -6.4 + 9.1 kg; p:0.616)
and had reduced their waist circumference an average of -7.7 cm at 12
months (p:0.04).

During the follow-up, 15 patients (16.3%) experienced mild adverse
events and canagliflozin administration was suspended for this reason
in 9 patients (9.8%). 7 patients (7.6%) had genital candidiasis, 3,3%
urinary tract infection and only 1 patient referred important pollakiuria.
No patients reported severe hypoglycemia and no ketoacidosis episodes
occurred.

Discussion

The results of our study, conducted within the context of routine
clinical practice, confirmed therapy combination of canagliflozin
and insulin is associated with a significant reduction in HbAlc, body
weight, waist circumference and insulin doses in patients with T2DM
majority inadequately controlled, treated with insulin and overweight
or obese. Our results provide new information, showing the treatment
with canagliflozin improves body weight and glycemic control and
was associated with a decrease of insulin injections number, but not to
other anti-diabetic agents consumption, which is an additional benefit
in terms of reduction in health costs. In this way, in a retrospective
observational study conducted in our country with 738 patients with
T2DM during 12 months of follow up, it was found patients with a
decrease of one point in BMI had lower health spending (especially
in pharmacy costs) compared with those patients who increased their
BMI during the follow up [20].

Our data are consistent with several clinical trials with canagliflozin
[11-14] as well as with others with dapagliflozin [21] and empagliflozin
[22] in the sense, the combination of SGLT2 inhibitors and insulin is
associated with improvements in plasma glucose levels and body weight,
being a real alternative to treatments with basal-bolus [7,8]. Specifically,
inthe CANVAS study combination of insulin and canagliflozin improved
HbAlclevels in -0,58% (100 mg) and -0,73% (300 mg) and body weight
in -2,8 kg (100 mg) and -3,5 kg (300 mg) at 52 weeks [11]. In our study,
we observed a greater reduction of HbAlc levels average -1.5% (95%
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CI: -0.8 to -1.8%) possibly motivated by inadequate glycemic control of
our patients at baseline (HbAlc: 8.7 £ 1.6 vs 8.3 + 0.9 in the CANVAS
study), similar to other studies with real world data and canagliflozin
administration [17,18]. However, baseline body weight of our patients
was similar to the weight of patients enrolled in the phase III trials with
canagliflozin (92.4 + 20.9 Kg vs. 94.8 + 22.3 kg in the CANVAS study),
but in our study weight loss average was superior (-6.2 Kg vs. -3.5 Kg
with canagliflozin 300), maybe related with an increase of use of GLP-1
agonist (40.9% of patients at 12 month) and an important reduction
of insulin doses. In this sense, our patients reduced insulin doses an
average of 28.6 and 34.6% at 6 and 12 months, respectively, and 49%
of the patients reduced more than 20% of insulin doses at 12 months,
much higher decrease than the one observed in phase III trials [11-
14] or other real world studies with combined therapy of canagliflozin
and insulin [16,17]. As expected, some patients discontinued treatment
before 12-months. Every of these discontinuations were associated with
treatment-related adverse events, specifically to genital candidiasis.
However, nor serious adverse events occurred.

The present study has several limitations. First, it is a multicenter
study with a small cohort of patients with T2DM, overweight or obese,
evaluated for a short period of time (12 months) without a control group
associated. Second, despite the availability of treatment protocol and
uniform monitoring, it is possible in some cases it could has not been
strictly followed. Third, no patient received treatment with orlistat or
other anti-obesity medications, which could have contributed to further
improve metabolic control and body weight of our patients. Finally,
does not assess the impact on other important clinical parameters such
as lipid profile or blood pressure levels, among others.

Conclusion

In conclusion, our data support the idea that canagliflozin
addition to the treatment of inadequately controlled, overweight or
obese, patients with T2DM treated with insulin, is associated with
an improvement in glycemic control and body weight and with
a reduction of the number of insulin doses and injections. There
were limited and mild adverse events, although few led to treatment
discontinuation.
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