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Efficacy and safety of adding sotagliflozin, a dual
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to optimized insulin therapy in adults with type 1 diabetes
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Abstract
Sotagliflozin, a dual sodium-glucose co-transporter (SGLT)1/SGLT2 inhibitor, is
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currently approved in Europe as an adjunct to optimal insulin therapy in adults with
type 1 diabetes (T1D) and a body mass index (BMI) ≥ 27 kg/m2. In this post hoc analysis, efficacy at 24 weeks and safety at 52 weeks from pooled phase 3 clinical trials were
evaluated in patients with baseline BMI ≥ 27 kg/m2. Sotagliflozin 200 mg and 400 mg
added to insulin reduced glycated haemoglobin level and increased time in range
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assessed by continuous glucose monitoring versus placebo and also reduced body
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compared to those with baseline BMI < 27 kg/m2. Consistent with published results for
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weight and systolic blood pressure. Differences in efficacy endpoints between
sotagliflozin and placebo tended to be greater among patients with BMI ≥ 27 kg/m2
the entire population, fewer severe hypoglycaemia and documented hypoglycaemia
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≤3.1 mmol/L events and a higher incidence of diabetic ketoacidosis occurred with
sotagliflozin versus placebo in patients with BMI ≥ 27 kg/m2. Sotagliflozin as an adjunct
to optimized insulin therapy in overweight/obese patients with T1D addressed some
unmet needs and may help achieve optimal glycaemic control, mitigating weight gain
without increasing hypoglycaemia risk in this high-risk population.
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cardiovascular risk factors.1,3 Sotagliflozin, an oral dual inhibitor

I N T RO DU CT I O N

of sodium-glucose co-transporter (SGLT)1 and 2, improves
Up to 50% of adults living with type 1 diabetes (T1D) are overweight

glycaemic control and reduces body weight and systolic blood

or obese.1,2 Excess weight is associated with a high frequency of other

pressure when used as an adjunct to optimized insulin in adults
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with T1D.4–6 Thus, sotagliflozin addresses some important unmet

and patient-reported outcomes (Diabetes Treatment Satisfaction

needs in T1D.

Questionnaire [DTSQ] and two-item Diabetes Distress Score

European regulatory authorities approved sotagliflozin and

[DDS2]) at Week 24. A blinded continuous glucose monitoring

dapagliflozin as adjuncts to insulin therapy for the treatment of T1D

(CGM) substudy was performed in a subset of patients, with analysis

in adults with a body mass index (BMI) ≥ 27 kg/m2. This subgroup

of time in glucose range (3.9–10 mmol/L [70–180 mg/dL]).11 Adverse

was identified to have an improved benefit–risk profile with SGLT

events of special interest included genital mycotic infection, diar-

7–10

The present

rhoea, diabetic ketoacidosis (DKA), and severe hypoglycaemia, which

analysis evaluated the efficacy and safety of adding sotagliflozin to

inhibitor use relative to the entire target population.

was defined as any event that required assistance from another per-

optimized insulin in adults with T1D and baseline BMI ≥ 27 kg/m2

son or during which the patient lost consciousness or had a seizure.

using pooled clinical results from two phase 3 studies (inTandem1 and

Documented hypoglycaemia events defined as a blood glucose level
≤3.1 mmol/L (≤55 mg/dL) were also assessed. Documented and

inTandem2).

severe hypoglycemia definitions were the same as those used in the
inTandem trials.4,5

2

METHODS

|

The primary objective was to evaluate the efficacy and safety of
sotagliflozin in the cohort of patients with T1D and a baseline BMI

This post hoc analysis was conducted using pooled data from two

≥ 27 kg/m2. Continuous endpoints were analysed using mixed-effects

52-week, phase 3 trials, inTandem1 (NCT02384941) and inTandem2

model for repeated measures (MMRM) statistics. The analysis model

(NCT02421510), which assessed the safety and efficacy of

included fixed categorical effects of treatment, insulin delivery (MDI,

sotagliflozin 200 mg or 400 mg after a 6-week insulin optimization

CSII), baseline HbA1c (≤8.5%, >8.5% [≤69 mmol/mol, >69 mmol/

run-in period.4,5 Each study comprised a 24-week core treatment

mol]), time (study week), study, baseline variable-by-time interaction

period, followed by a 28-week extension period. The primary efficacy

(specific to the dependent variable being tested), and a treatment-by-

endpoint was the change from baseline to week 24 in glycated

time interaction. For completeness, similar analyses were performed

haemoglobin (HbA1c). The inTandem1 trial was conducted in the

in the cohort of patients with a baseline BMI < 27 kg/m2.

United States and Canada and the inTandem2 trial was conducted in

The secondary objective assessed efficacy and safety endpoints

Europe and Israel. The trials were conducted in accordance with inter-

in the BMI subgroups. Statistical analyses were conducted on the con-

national standards of good clinical practice, and written informed con-

sistency of the treatment group effects between the baseline BMI

sent was obtained from each participant. The protocols were

subgroup categories (ie, a test of the statistical interaction of

reviewed and approved by the respective institutional review boards

treatment-by-baseline BMI). This analysis was accomplished by

or independent ethics committees. Trial designs, participant inclusion

including in the original MMRMs an additional fixed term for baseline

and exclusion criteria, and primary, secondary and safety results have

BMI (<27 kg/m2, ≥27 kg/m2) and a first-order interaction term of

been published elsewhere.

4,5

treatment-by-baseline BMI. Since interaction tests of this type tend
to be statistically underpowered, an observed two-sided P value
≤ 0.15 was considered evidence of a noteworthy interaction. The

2.1
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Study population and interventions

safety analyses were descriptive.

This analysis included all randomized participants from both trials. In
both trials, eligible patients were aged ≥ 18 years with T1D for at

3
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least 1 year before trial entry and had a screening HbA1c level of
between 7.0% and 11.0% (53 and 97 mmol/mol). BMI entry criteria

3.1

|

Study population

were 20–45 kg/m2 inclusive. Participants were eligible whether they
were receiving continuous subcutaneous insulin infusion (CSII) or mul-

Of the 1575 adults with T1D in this pooled analysis, 916 (58%) had a

tiple daily injection (MDI) therapy.

baseline BMI ≥ 27 kg/m2. Within subgroups, baseline characteristics

After a 6-week insulin optimization period, patients were random-

were similar across treatment groups (Table S1). Approximately half

ized 1:1:1 to once-daily placebo, sotagliflozin 200 mg, or sotagliflozin

the participants were women. At baseline in the BMI ≥ 27 kg/m2 sub-

400 mg. Double-blind treatment with insulin optimization continued

group, the mean HbA1c was ~7.7% (~61 mmol/mol), the mean total

throughout the full 52-week trial, as previously described.4,5

daily insulin was ~75 IU, and the mean BMI and weight were ~ 32 kg/m2
and ~ 94 kg, respectively.
By design, there were differences between BMI subgroups in

2.2

|

Study endpoints, objectives and analysis plan

mean baseline BMI and body weight. Mean baseline age (42 vs.
45 years), total daily insulin dose (0.67 IU/kg vs. 0.80 IU/kg), and sys-

This pooled data analysis was conducted using a combined dataset

tolic blood pressure (118 vs. 124 mmHg) were lower in those with a

from both studies. Endpoints included change from baseline in

BMI < 27 kg/m2 versus those with a BMI ≥ 27 kg/m2 (Table S1). CSII

HbA1c, body weight, systolic blood pressure, total daily insulin dose,

use was also lower in those with BMI < 27 kg/m2.

1.6 (−6.1 to 9.3); 0.67

LS mean difference from
placebo (95% CI); P value

−2.6 (−3.0 to −2.1); <0.001

−2.1 (−2.5 to −1.6); <0.001

LS mean difference from
placebo (95% CI); P value

48.9 ± 20.2
−8.6 ± 1.4
−10.7 (−14.3 to −7.2); <0.001

44.1 ± 15.0
−7.7 ± 1.4
−9.8 (−13.3 to −6.2); <0.001

LS mean change from baseline 2.1 ± 1.3
± SE

LS mean difference from
placebo (95% CI); P value

Mean baseline ± SD

46.7 ± 16.9

−3.5 (−5.4 to −1.6); <0.001

−3.1 (−5.0 to −1.2); 0.002

LS mean difference from
placebo (95% CI); P value

Total daily insulin, IU

117.9 ± 13.5
−3.4 ± 0.8

117.2 ± 13.8
−3.0 ± 0.7

LS mean change from baseline 0.1 ± 0.7
± SE

Mean baseline ± SD

119.0 ± 14.4

−1.9 ± 0.2

−1.4 ± 0.2

LS mean change from baseline 0.6 ± 0.2
± SE

Systolic BP, mmHg

70.3 ± 10.1

6.3 (−1.4 to 14.1); 0.11

4.2 ± 3.0

51.4 ± 12.2

70.2 ± 10.4

Mean baseline ± SD

71.2 ± 10.3

−0.5 ± 3.0

LS mean change from baseline −2.2 ± 3.0
± SE

Body weight, kg

52.3 ± 17.5

55.3 ± 12.0

Mean baseline ± SD

Time in range, %a

−0.27 (−0.40 to −0.15)
(–3.0 [–4.4 to –1.6]);
<0.001

−0.32 (−0.44 to −0.20)
(–3.5 [–4.8 to –2.2]);
<0.001

LS mean difference from
placebo (95% CI); P value

7.7 ± 0.8 (61 ± 8.7)
−0.34 ± 0.05
(–3.7 ± 0.5)

7.6 ± 0.8
(60 ± 8.7)
−0.38 ± 0.05
(–4.2 ± 0.5)

7.7 ± 0.9
(61 ± 9.8)

LS mean change from baseline −0.06 ± 0.05
± SE, %
(–0.7 ± 0.5)

Mean baseline ± SD

7.7 ± 0.7
(61 ± 7.7)

Sotagliflozin
200 mg (n = 305)

0.5 ± 1.1

77.9 ± 41.5

−1.6 ± 0.7

124.3 ± 14.2

0.3 ± 0.2

94.2 ± 15.3

−1.9 ± 2.3

50.7 ± 14.6

−3.0 ± 0.2

93.7 ± 16.2

15.1 (9.4 to 20.7); <0.001

13.1 ± 2.0

50.3 ± 15.9

−0.45 (−0.54 to −0.36)
(–4.9 [–5.9 to –3.9]);
<0.001

−0.50 ± 0.03
(–5.5 ± 0.3)

7.6 ± 0.7
(60 ± 7.7)

Sotagliflozin
400 mg (n = 313)

123.6 ± 14.4

−8.2 ± 1.1

72.2 ± 37.2

−2.5 (−4.2 to −0.8); 0.005

−4.0 ± 0.6

−5.3 (−8.2 to −2.4); <0.001 −8.7 (−11.5 to −5.8) <0.001

−4.8 ± 1.1

76.1 ± 41.3

−1.3 (−3.0 to 0.4); 0.13

−2.9 ± 0.6

124.6 ± 15.2

−2.3 (−2.8 to −1.7); <0.001 −3.3 (−3.9 to −2.8); <0.001

−1.9 ± 0.2

94.7 ± 15.4

8.2 (2.3 to 14.0); 0.007

6.3 ± 2.2

52.2 ± 14.3

−0.39 (−0.48 to −0.30)
(–4.3 [–5.2 to –3.3]);
<0.001

−0.04 ± 0.03 −0.43 ± 0.03
(–0.4 ± 0.3)
(–4.7 ± 0.3)

7.6 ± 0.8
(60 ± 8.7)

Placebo
(n = 298)

Sotagliflozin
400 mg (n = 212)

Placebo
(n = 228)

Sotagliflozin
200 mg (n = 219)

BMI ≥27 kg/m2

BMI <27 kg/m2

Changes from baseline to week 24 in select efficacy variables in patients with type 1 diabetes and body mass index <27 and ≥ 27 kg/m2

HbA1c, % (mmol/mol)

TABLE 1

(Continues)

0.19

0.56

0.014

0.46

0.043

P value for
interaction
between
subgroups

DANNE ET AL.
3

(Continued)

−7.4 (−10.8 to −4.0); <0.001

−5.9 ± 1.3
−7.2 (−10.5 to −3.8); <0.001

LS mean percent change from 1.3 ± 1.3
baseline ± SE

LS mean percent difference
from placebo (95% CI);
P value

0.0 ± 0.3

LS mean change from
baseline ± SE

0.1 ± 0.1

LS mean change from
baseline ± SE

5.3 ± 2.3
−0.4 ± 0.1
−0.5 (−0.8 to −0.2); 0.002

−0.2 ± 0.1
−0.4 (−0.7 to −0.0); 0.028

1.5 (0.7 to 2.3); <0.001

1.5 ± 0.3

5.3 ± 2.0

1.7 (0.9 to 2.6); <0.001

1.7 ± 0.3

2.3 ± 0.3

0.1 ± 0.1

−0.5 ± 0.1

5.1 ± 2.1

2.6 (1.9 to 3.3); <0.001

2.2 ± 0.3

28.8 ± 4.9

−0.6 (−0.9 to −0.3); <0.001 −0.7 (−0.9 to −0.4); <0.001

−0.5 ± 0.1

5.4 ± 2.0

2.6 (1.9 to 3.3); <0.001

28.4 ± 5.2

−0.3 ± 0.3

5.1 ± 2.3

−5.2 ± 1.0

−0.04 (−0.07 to −0.02);
P < 0.001

−0.05 ± 0.01

0.76 ± 0.32

Sotagliflozin
400 mg (n = 313)

−2.8 (−5.6 to 0.03); <0.052 −5.2 (−7.9 to −2.4) <0.001

−2.8 ± 1.1

−0.02 (−0.04 to 0.00);
P = 0.09

−0.03 ± 0.01

0.80 ± 0.39

28.7 ± 5.0

−0.06 ± 1.1

−0.01 ± 0.01

0.81 ± 0.37

Sotagliflozin
200 mg (n = 305)

0.23

0.041

P value for
interaction
between
subgroups

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; DDS2, two-item Diabetes Distress Score; DTSQ, Diabetes Treatment Satisfaction Questionnaire; HbA1c, glycated
haemoglobin; LS, least squares; SD, standard deviation; SE, standard error.
a
Time in range was evaluated in a subgroup of patients who participated in a blinded continuous glucose monitoring substudy (BMI <27 kg/m2: n = 35 for placebo; n = 30 for sotagliflozin 200 mg; and n = 31 for
sotagliflozin 400 mg; BMI ≥27 kg/m2: n = 58 for placebo; n = 59 for sotagliflozin 200 mg; and n = 65 for sotagliflozin 400 mg).

LS mean difference from
placebo (95% CI); P value

5.2 ± 2.0

Mean baseline ± SD

DDS2 score

LS mean difference from
placebo (95% CI); P value

28.2 ± 4.7

Mean baseline ± SD

28.9 ± 4.9

−6.1 ± 1.3

−0.05 (−0.07 to −0.03);
P < 0.001

LS mean absolute difference
from placebo (95% CI);
P value

28.2 ± 5.3

−0.04 (−0.06 to −0.02);
P < 0.001

−0.05 ± 0.01

−0.00 ± 0.01

LS mean absolute change
from baseline ± SE

DTSQ score

−0.04 ± 0.01

0.63 ± 0.20

0.66 ± 0.23

0.69 ± 0.26

Placebo
(n = 298)

Sotagliflozin
400 mg (n = 212)

Placebo
(n = 228)

Sotagliflozin
200 mg (n = 219)

BMI ≥27 kg/m2

BMI <27 kg/m2

Mean baseline ± SD

Total daily insulin, IU/kg

TABLE 1

4
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3.2

Efficacy endpoints

|

DKA was greater in sotagliflozin-treated patients than in those receiving placebo. The rates of diarrhoea were similar with sotagliflozin

Table 1 describes efficacy endpoints at Week 24 in both BMI sub-

400 mg between the BMI subgroups and numerically higher with

groups. In patients with BMI ≥ 27 kg/m2, HbA1c decreased by 0.39%

sotagliflozin 200 mg in the BMI < 27 kg/m2 subgroup. Genital mycotic

(4.3 mmol/mol) and 0.45% (4.9 mmol/mol), and time-in-range increased

infections occurred at lower frequency in the lower BMI group for

by 8.2% and 15.1% with sotagliflozin 200 mg and 400 mg, respectively,

both male and female participants with sotagliflozin 200 mg, but were

relative to placebo. These improvements in glycaemic control were

higher for male and similar for female participants with sotagliflozin

achieved with total insulin doses that differed from placebo by −2.8%

400 mg. The incidence of severe hypoglycaemia was lower among

(95% confidence interval [CI] −5.6 to 0.03; P < 0.052) and − 5.2% (95%

patients treated with sotagliflozin 200 mg or 400 mg than in the pla-

CI −7.9 to −2.4; P < 0.001) with sotagliflozin 200 mg and 400 mg,

cebo group in the BMI ≥ 27 kg/m2 subgroup. The incidence of DKA

respectively. Body weight decreased by 2.3 kg and 3.3 kg with

with sotagliflozin was lower in the BMI ≥ 27 kg/m2 subgroup (2.6%

sotagliflozin 200 mg and 400 mg, respectively, and systolic blood pres-

and 3.5% with sotagliflozin 200 mg and sotagliflozin 400 mg, respec-

sure by 2.5 mmHg with sotagliflozin 400 mg. Treatment satisfaction

tively) than in the <27 kg/m2 subgroup (3.2% and 4.3%, respectively).

(DTSQ) and diabetes distress (DDS2) also improved with sotagliflozin.

The event rates for documented hypoglycaemia ≤3.1 mmol/L

2

In the BMI < 27 kg/m subgroup, significant improvements in HbA1c,

(≤55 mg/dL) were lower with sotagliflozin than with placebo overall,

body weight, systolic blood pressure, insulin dose, and patient-reported

and lower in the BMI ≥ 27 kg/m2 subgroup (17.9, 13.4 and 14.5

outcome measures were seen with both doses (Table 1).

events per participant per year in the placebo, sotagliflozin 200 mg
and sotagliflozin 400 mg groups, respectively) compared to the BMI
< 27 kg/m2 subgroup (20.4, 16.9 and 15.7 in the placebo, sotagliflozin

3.2.1 | Efficacy comparisons between BMI
subgroups

200 mg and sotagliflozin 400 mg groups, respectively).

In comparisons between BMI subgroups, HbA1c, body weight, and

4

|

DI SCU SSION

DTSQ scores had interaction tests with P values ≤ 0.15 (Table 1).
Thus, for the primary and other key efficacy endpoints in this pooled

Overweight adults with T1D and inadequate glycaemic control com-

analysis, the sotagliflozin versus placebo difference was systematically

prise a population with an unmet medical need. Intensified insulin

better in the baseline BMI ≥ 27 kg/m

reduces the incidence and progression of long-term diabetes-related

2

subgroup relative to that

complications but is also associated with risks of hypoglycaemia and

observed in the lower baseline BMI subgroup.

undesirable weight gain, which in turn are associated with increased
cardiovascular risk.1,3 Therefore, in addition to lowering blood glu-

3.2.2

|

Adverse events

cose, reducing body weight and systolic blood pressure are of great
importance in patients with higher BMI.1

Table 2 shows the incidence of adverse events of special interest over

Overall, treatment with sotagliflozin significantly improved

52 weeks. The incidence of diarrhoea, genital mycotic infection and

glycaemic control, including time in range, and reduced body weight

TABLE 2

Adverse events of special interest in body mass index subgroups
BMI ≥27 kg/m2

BMI <27 kg/m2
Sotagliflozin
Placebo (n = 228) 200 mg (n = 219)

Sotagliflozin
400 mg (n = 212)

Sotagliflozin
Placebo (n = 298) 200 mg (n = 305)

Sotagliflozin
400 mg (n = 313)

Female genital mycotic
infectiona, n (%)

3 (2.7)

8 (7.2)

19 (16.8)

9 (6.3)

32 (21.6)

28 (17.6)

Male genital mycotic
infectionb, n (%)

2 (1.7)

2 (1.9)

9 (9.1)

1 (0.6)

6 (3.8)

7 (4.5)

Diarrhoea, n (%)

7 (3.1)

18 (8.2)

19 (9.0)

20 (6.7)

16 (5.2)

27 (8.6)

Adjudicated severe
hypoglycaemia, n (%)

17 (7.5)

17 (7.8)

11 (5.2)

22 (7.4)

13 (4.3)

12 (3.8)

Adjudicated DKA, n (%)

0 (0.0)

7 (3.2)

9 (4.3)

1 (0.3)

8 (2.6)

11 (3.5)

Event

Abbreviations: BMI, body mass index; DKA, diabetic ketoacidosis.
a
BMI <27 kg/m2: placebo (n = 112); sotagliflozin 200 mg (n = 111); sotagliflozin 400 mg (n = 113). BMI ≥27 kg/m2: placebo (n = 143); sotagliflozin 200 mg
(n = 148); sotagliflozin 400 mg (n = 159).
b
BMI <27 kg/m2: placebo (n = 116); sotagliflozin 200 mg (n = 108); sotagliflozin 400 mg (n = 99). BMI ≥27 kg/m2: placebo (n = 155); sotagliflozin 200 mg
(n = 157); sotagliflozin 400 mg (n = 154).

6
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and systolic blood pressure in the subgroups of patients with baseline

use of this class as an insulin adjunct for patients with T1D and a

BMI ≥ 27 kg/m2 or <27 kg/m2. Furthermore, improved patient-

higher BMI.16 Therefore when considering adjunctive therapy for

reported outcomes were observed in both subgroups. Interestingly,

T1D, it is reasonable to start in a patient group that has a better clini-

efficacy responses were better for HbA1c, body weight, and treat-

cal benefit–risk profile.

ment satisfaction assessed using the DTSQ in the BMI ≥ 27 kg/m2

In conclusion, this analysis showed that adding sotagliflozin to

subgroup compared to the BMI < 27 kg/m2 subgroup, as noted by a

optimized insulin, compared to optimized insulin alone, was associated

significant treatment by BMI subgroup interaction term. It is possible

with a more favourable efficacy and safety profile in adults with T1D

that the difference may be related to higher insulin resistance in the

with a baseline BMI ≥ 27 kg/m2 versus those with a baseline BMI

higher BMI group, and that treatment improved the insulin sensitivity

< 27 kg/m2. These findings support European and UK regulatory

and responsiveness to insulin coupled with the effects of sotagliflozin.

authorities' approval of adding sotagliflozin to optimal insulin for the

The finding that sotagliflozin 200 mg did not significantly reduce sys-

treatment of T1D in patients with a BMI ≥ 27 kg/m2.7,8

tolic blood pressure in the higher BMI subgroup is consistent with
results from the inTandem2 trial, where significant blood pressure
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