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Abstract

Aims: To assess the dose-related effects of sotagliflozin, a novel dual inhibitor of
sodium-glucose co-transporters-1 and -2, in type 1 diabetes (T1D).

Materials and methods: In this 12-week, multicentre, randomized, double-blind,
placebo-controlled dose-ranging trial, adults with T1D were randomized to once-daily
placebo (n = 36) or sotagliflozin 75 mg (n = 35), 200 mg (n = 35) or 400 mg (n = 35). Insu-
lin was maintained at baseline doses. The primary endpoint was least squares mean
(LSM) change in glycated haemoglobin (HbA1c) from baseline. Other endpoints included
proportion of participants with 20.5% HbA1c reduction and assessments of 2-hour post-
prandial glucose (PPG), weight, and urinary glucose excretion (UGE).

Results: From a mean baseline of 8.0% + 0.8% (full study population), placebo-adjusted
LSM HbA1c decreased by 0.3% (P = .07), 0.5% (P <.001) and 0.4% (P = .006) with
sotagliflozin 75 mg, 200 mg and 400 mg, respectively, at week 12. In the placebo and
sotagliflozin 75 mg, 200 mg and 400 mg groups, 33.3%, 37.1%, 80.0% and 65.7% of partic-
ipants achieved an HbAl1c reduction 20.5%. Placebo-adjusted PPG decreased by
22.2 mg/dL (P = .28), 28.7 mg/dL (P = .16) and 50.2 mg/dL (P = .013), UGE increased
by 41.8 g/d (P =.006),57.7 g/d (P < .001) and 70.5 g/d (P < .001), and weight decreased by
1.3 kg (P = .038), 2.4 kg (P < .001) and 2.6 kg (P < .001) with sotagliflozin 75 mg, 200 mg
and 400 mg, respectively. One case of severe hypoglycaemia occurred in each sotagliflozin

group and one case of diabetic ketoacidosis (DKA) occurred with sotagliflozin 400 mg.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.
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1 | INTRODUCTION

In type 1 diabetes (T1D), hypoglycaemia, wide glucose fluctuations, and
weight gain frequently increase long-term health risks.*”> The challenge
of reducing glycaemia without incurring these side effects has prompted
numerous investigations into insulin adjunctive medical therapies, which
have had little success.®1° Although pramlintide is approved as an insulin
adjunct and may reduce weight as well as glycated haemoglobin
(HbA1c), it requires multiple daily injections (MDI) and may increase the
risk of severe hypoglycaemia.1®** Oral sodium-glucose co-transporter
(SGLT) inhibitors, when combined with insulin for the treatment of T1D,
represent a possible approach to improving glycaemic control without
increasing weight or hypoglycaemic events.121”

Sotagliflozin (LX4211) is a novel dual inhibitor of SGLT1 and SGLT2.
Similar to selective SGLT2 inhibitors marketed for the treatment of T2D,
sotagliflozin decreases renal glucose reabsorption through SGLT2 inhibi-
tion, which has been shown to improve glycaemic control via reduction
in HbA1c, as well as reducing body weight and systolic blood pressure
(SBP). In addition, local SGLT1 inhibition reduces the glucose absorption
rate in the proximal gastrointestinal tract, causing a blunting and delay of
post-meal glucose increases, which leads to reduced postprandial glu-
cose excursions that are difficult to control, especially in patients with
T1D.18-20

This phase 2 dose-ranging study (NCT02459899) evaluated the
effects of three doses of sotagliflozin combined with stable doses of
insulin delivered as MDI or continuous subcutaneous insulin infusion
(CSH) in adults with T1D. The primary outcome was change in HbAlc
over 12 weeks.

2 | MATERIALS AND METHODS

2.1 | Design overview

This phase 2b, multicentre, randomized, double-blind, placebo-con-
trolled, parallel-group, dose-ranging study was conducted at 17 sites in
the United States and evaluated the efficacy of 12 weeks of oral
sotagliflozin 75, 200 or 400 mg once daily in combination with insulin in
adults with inadequately controlled T1D. Randomization was stratified
by insulin delivery method (MDI or CSll). To qualify for randomization,
patients had to demonstrate 280% adherence to taking the expected

amount of placebo tablets during a 2-week placebo run-in period.

Conclusions: Combined with stable insulin doses, sotagliflozin 200 mg and 400 mg
improved glycaemic control and weight in adults with T1D. Sotagliflozin 400 mg
reduced PPG levels. UGE increased with all sotagliflozin doses. Rates of severe
hypoglycaemia and DKA were low (NCT02459899).

glycaemic control, insulin therapy, phase 2 study, randomized trial, SGLT2 inhibitor, type

Institutional review boards approved the protocol and consent
forms. All participants provided written informed consent. An inde-
pendent clinical endpoint committee, blinded to trial treatment, adju-
dicated the following: severe hypoglycaemia; metabolic acidosis,
including diabetic ketoacidosis (DKA); major adverse cardiovascular
events; drug-induced liver injury; and deaths. An independent data
monitoring committee reviewed trial conduct and patient safety. An

independent statistician performed the statistical analysis.

2.2 | Study population

The study included men and non-pregnant women aged 218 years with
T1D whose HbA1c level was 7.0% to 10.0% at screening. Either MDI or
CSlI could be used for insulin delivery, although the method of adminis-
tration could not have changed within 3 months prior to study start and
the basal insulin dose could not have changed by more than £20% within
2 weeks of study start. Patients with serum beta-hydroxy-butyrate
(BHB) levels >0.6 mmol/L or estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m? at screening were excluded. All inclusion and

exclusion criteria are listed in the Supporting Information (Appendix S1).

2.3 | Interventions and procedures

Participants were randomly assigned 1:1:1:1 to placebo or
sotagliflozin 75, 200 or 400 mg administered once daily before the
first meal of the day, with randomization stratified by mode of insulin
administration.

On the morning of day 1, prior to administration of study medica-
tion, all participants consumed a standardized mixed meal for break-
fast and had blood samples drawn 2 hours later to evaluate
postprandial glucose (PPG) levels at baseline, and the same 2-hour
standardized mixed meal procedure was administered during the last
visit at week 12 after administration of study drug (see Supporting
Information, Appendix S2, for details). The study medication was
given prior to lunch on day 1 (after the 2-hour PPG test), and bolus
insulin was reduced by 30% for this meal on day 1 only.?*

To minimize the effect of insulin dose changes on glycaemic effi-
cacy in this dose-ranging study, during the 12-week double-blind
period, total insulin dose could not exceed the total dose at baseline.
Investigators could downtitrate basal or bolus insulin at any time to

treat or prevent hypoglycaemia. After downtitration, insulin could be
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uptitrated as clinically indicated as long as the total insulin dose did
not exceed the baseline level. For prandial insulin given after the
lunchtime meal on day 1, investigators could increase the mealtime
bolus insulin as needed to control high blood glucose levels in the
postprandial period, but the adjusted dose could not exceed the par-
ticipant's baseline mealtime carbohydrate bolus insulin.

All patients received urine ketone strips and blood BHB meters and
strips, as well as instructions on detecting and treating ketosis, urogeni-
tal hygiene, and proper hydration. Study centres received recommenda-
tions for ketosis and DKA diagnosis and management, as detailed in the

phase 3 sotagliflozin trial reports (inTandem1, 2 and 3).1214

2.4 | Endpoints

The primary endpoint was the change in least squares mean (LSM)
HbA1c from baseline to week 12. The secondary endpoints were the
change from baseline to week 12 in LSM for 2-hour PPG following a
standardized mixed-meal tolerance test, body weight measured as
absolute and percent change, daily urinary glucose excretion (UGE),
and fasting plasma glucose (FPG). HbA1c, weight, UGE and FPG were
also assessed at each visit. Other endpoints included assessment of
total, basal and bolus insulin doses as a daily average over the week
prior to each visit by insulin delivery method (CSll or MDI); the pro-
portion of participants achieving HbAlc reductions 20.5%; and the
change from baseline in SBP and diastolic blood pressure (DBP).

Safety endpoints included hypoglycaemic events documented by
self-monitored blood glucose (SMBG) <70 mg/dL, measures of kidney
function, clinically significant laboratory results, adverse events (AEs),
severe AEs, events of special interest (ie, documented hypoglycaemia
[SMBG <70 mg/dL], severe hypoglycaemia, acidosis-related events,
DKA, genital mycotic infection, urinary tract infection, diarrhoea, bone
fracture, and malignancy), and deaths.

2.5 | Statistical methods

Efficacy analyses were based on the modified intention-to-treat
(mITT) population, which was defined as all randomized participants
who took at least one dose of study drug. The 2-hour PPG levels were
evaluated in the mITT and per-protocol (PP) population, which was
defined as all patients in the mITT population who took the study drug
appropriately at the designated time on day 1 and at the final week
12 visit, whose mealtime bolus insulin dose was approximately the
same, based on the carbohydrate content of the standard meal on day
1 and at the week 12 visit, and who consumed >50% and same
amount of the standardized mixed meal on the testing days.

A mixed-effects model for repeated measures (MMRM) was used for
analysis of the primary efficacy endpoint based on the restricted maxi-
mum likelihood method for estimation. The analysis model included:
fixed, categorical effects of treatment; insulin delivery method (CSII,
MDI); time (study week); baseline HbA1lc-by-time interaction; and a
treatment-by-time interaction. The adjusted mean change in HbAlc
from baseline to week 12 for each treatment group was estimated in the

framework of this model, as well as the between-group differences

(comparing each sotagliflozin group to placebo), and the 95% confidence
intervals (Cls) for the adjusted means. Analysis visit windows were
applied to all observations, including data collected after the discontinua-
tion of study drug, to determine the values to be used in the MMRM.
The primary treatment comparison was based on a linear trend test sta-
tistic defined by the use of orthogonal contrast coefficients. Additional
analyses were made by testing each sotagliflozin treatment group versus
placebo. Analyses of the secondary and other efficacy endpoints were
based on the mITT population, except for PPG, which is based on the PP
population because 2-hour blood glucose is highly dependent on meal
consumed, insulin dose, and whether study drug was taken as directed in
the protocol.

For continuous endpoints, MMRM, as specified for the primary
efficacy analysis, or analysis of covariance (ANCOVA) models were
used, with the corresponding baseline value (interaction with time, if
MMRM) in the model. The choice in statistical models depended on
whether the measurement process was over multiple time points
(MMRM) or at a single time point (ANCOVA). For binary endpoints, a
Cochran-Mantel-Haenszel test, stratified by the insulin delivery
method was used. Missing observations at week 12 were imputed as
non-response. In addition, 95% Cls for the difference between two
proportions contrasting each sotagliflozin group versus placebo were
calculated based on the asymptotics of the Wald test statistic.

The summary of the inferential statistics was to include the linear
trend P value, LSM, standard error (SE) of the estimates, P values, and
two-sided Cls. These statistics were to be provided for the within-
treatment group changes from baseline and for the comparison of each
sotagliflozin group versus placebo for the change from baseline scores.

Safety events were analysed using descriptive statistics by treat-

ment group.

3 | RESULTS

Between July 2015 and August 2016, 141 people with T1D were ran-
domly assigned to placebo (n = 36), sotagliflozin 75mg (n = 35),
sotagliflozin 200 mg (n = 35), and sotagliflozin 400 mg (n = 35), and
130 completed 12 weeks of treatment (Figure 1). Seventy-three partici-
pants (52%) received insulin by CSlI; 68 participants (48%) used MDI. Base-

line demographics were comparable between treatment groups (Table 1).

3.1 | Glucose control

From a mean baseline HbA1lc of 8.0% to 8.1% across the four ran-
domized groups, LSM + SE HbAlc decreased by 0.4% + 0.1, 0.6%
+0.1, 0.8% £ 0.1, and 0.7% + 0.1 in the placebo and sotagliflozin
75, 200 and 400 mg groups, respectively, at week 12 (Figure 2A). The
LSM differences from placebo were —0.3% (95% ClI -0.5 to 0.02;
P = .07) for sotagliflozin 75 mg, —0.5% (95% CI -0.8 to —0.2; P < .001)
for sotagliflozin 200 mg, and —0.4% (95% Cl -0.7 to —0.1; P = .006)
for sotagliflozin 400 mg. In the placebo and sotagliflozin 75, 200 and
400 mg groups, 33.3%, 37.1%, 80.0% and 65.7% of participants,

respectively, achieved HbAl1c reductions 20.5%, with significant
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Allocation

Treatment
Follow-up

Screened (n=207)

| Excluded (n=49)

—

(n=158)

Single-blind placebo run-in

Inclusion criteria not met (n=22)
Exclusion criteria met (n=29)
« Participant decision (n=1)

l Randomized (n=141)

Discontinued (n=17)
* Inclusion criteria not met (n=3)
« Exclusion criteria met (n=6)
« Lost to follow-up (n=3)
« Patient decision (n=3)
« Consent withrdrawn (n=1)
« Protocol deviation (n=1)

Placebo
« Received treatment (n=36)

Sotagliflozin 75 mg

« Received treatment (n=35)

Sotagliflozin 200 mg

« Received treatment (n=35)

Sotagliflozin 400 mg

» Received treatment (n=35)

Discontinued from the
treatment period (n=3)
« Adverse event (n=1)
« Lost to follow-up (n=1)
« Withdrawal by patient (n=1)

Discontinued from the
treatment period (n=6)

« Adverse event (n=1)
« Lost to follow-up (n=2)
« Withdrawal by patient (n=3)

Discontinued from the
treatment period (n=0)2

Discontinued from the
treatment period (n=2)

+ Lost to follow-up (n=1)
« Other (n=1)

Safety (n=36)
mITT (n=36)
PP (n=29)
Reasons excluded from PP:
« Low study drug compliance (n=2)
« Insulin dosing adjustments (n=1)
« Study conduct (n=3)
« Did not complete 12-week
treatment (n=3)
PP for 2-hour PPG endpoint (n=27)
Reasons excluded from PPG PP:
« MMTT procedure or study
drug/bolus insulin error (n=6)
« No 2-hour PPG test performed at

Safety (n=35)
mITT (n=35)
PP (n=28)
Reasons excluded from PP:

« Low study drug compliance (n=2)
+ Study conduct (n=1)
« Did not complete 12-week

treatment (n=6)
PP for 2-hour PPG endpoint (n=24)
Reasons excluded from PPG PP:

* MMTT procedure or study

drug/bolus insulin error (n=3)

« No 2-hour PPG test performed at

baseline or week 12 (n=8)

Safety (n=35)
mITT (n=35)
PP (n=31)
Reasons excluded from PP:

* Insulin dosing adjustment (n=1)
+ Study conduct (n=3)

PP for 2-hour PPG endpoint (n=24)
Reasons excluded from PPG PP:

« MMTT procedure or study

drug/bolus insulin error (n=5)

« No 2-hour PPG test performed at

baseline or week 12 (n=10)

Safety (n=35)
mITT (n=35)
PP (n=27)
Reasons excluded from PP:

* Low study drug compliance (n=4)
+ Study conduct (n=5)
« Did not complete 12-week

treatment (n=2)
PP for 2-hour PPG endpoint (n=27)
Reasons excluded from PPG PP:

* MMTT procedure or study

drug/bolus insulin error (n=6)

* No 2-hour PPG test performed at

baseline or week 12 (n=3)

baseline or week 12 (n=4)

FIGURE 1

Participant disposition. *One participant from the sotagliflozin 200 mg group stopped study treatment on day 65 owing to

pregnancy, which was not reported as an adverse event. The treatment discontinuation was not recorded in the clinical database and the
participant completed the study and was included in the per protocol (PP) population. mITT, modified intent to treat population; MMTT, mixed

meal tolerance test; PPG, postprandial glucose

treatment differences in the groups receiving sotagliflozin 200 mg
(46.7% [95% Cl 26.4 to 67.0]; P < .001) and 400 mg (32.4% [95% CI
10.4 to 54.4]; P = .007).

Relative to placebo in the PP population (placebo, n = 29;
sotagliflozin 75 mg, n = 28; 200 mg, n = 31; 400 mg, n = 27), no signifi-
cant differences in 2-hour PPG were observed for sotagliflozin 75 mg
(—=22.2 mg/dL [95% Cl -62.7 to 18.2]; P = .28) or 200 mg (—28.7 mg/dL
[95% Cl -69.2 to 11.9]; P = .16), but PPG was reduced by 50.2 mg/dL
(95% CI -89.7 to —10.8; P = .013) with 400 mg (Figure 2B). Results were
similar in the mITT population, wherein sotagliflozin 400 mg reduced
PPG by 49.5 + 17.67 (95% ClI -84.5 to —14.4; P = .006) relative to pla-
cebo, but significant differences from placebo were not observed with
sotagliflozin 75 or 200 mg.

No significant differences from placebo in FPG at week 12 were
observed, with changes of —8.6 mg/dL (95% Cl -34.6 to 17.4;
P =.51),-8.9 mg/dL (95% Cl -33.8 to 15.9; P = .48), and —21.4 mg/dL
(95% Cl -46.7 to 3.9; P = .10) for the sotagliflozin 75, 200 and
400 mg groups, respectively.

3.2 | Non-glycaemic endpoints

Relative to placebo, LSM UGE increased in a dose-dependent manner
by 41.8 g/d (95% Cl 12.0 to 71.5; P = .006), 57.7 g/d (95% Cl 28.3 to
87.2; P <.001), and 70.5 g/d (95% Cl 41.3 to 99.6; P <.001) with
sotagliflozin 75, 200 and 400 mg, respectively, from baseline to week
12 (Figure 2C).

Over 12 weeks, LSM body weight decreased by 1.2% (1.3 kg [95%
Cl -2.5 to —0.08]; P = .038), 2.7% (2.4 kg [95% Cl -3.6 to —-1.2];
P <.001), and 2.9% (2.6 kg [95% CI - 3.8 to —1.4]; P <.001) in the
sotagliflozin 75, 200 and 400 mg groups relative to placebo (Figure 2D).

By week 12, LSM SBP decreased by —6.1 mmHg (95% Cl -11.0 to
—1.3; P = .014) relative to placebo in the sotagliflozin 400 mg group.
Placebo-adjusted differences in SBP were not significant from the
other sotagliflozin doses, and there were no significant treatment dif-
ferences in DBP. Only 31 participants had SBP 2130 mmHg at base-
line, with baseline means of 144.8 + 12.37, 141.0 £ 5.96, 135.3
+4.80 and 141.3 + 8.06 mmHg in the placebo (n = 6) and sotagliflozin
75mg (n = 5), 200 mg (n = 8) and 400 mg (n = 12) groups, respec-
tively. In this small subgroup, sotagliflozin 400 mg reduced LSM SBP
by 14.3 mmHg (95% Cl -25.3 to —3.3; P = 0.013) relative to placebo.
Placebo-adjusted decreases in the sotagliflozin 75 and 200 mg groups
of 8.4 and 6.8 mmHg, respectively, were not statistically significant.

Mean absolute changes between baseline and week 12 in eGFR
were 1.8 + 11.0 mL/min/1.73 m?, —=2.2 + 10.7 mL/min/1.73 m?, —0.8
+ 7.8 mL/min/1.73 m? and 0.02 + 9.6 mL/min/1.73 m? in the placebo
and sotagliflozin 75, 200 and 400 mg groups, respectively.

3.3 | Insulin dose

Among participants using CSIl and receiving sotagliflozin 400 mg,
LSM total daily insulin doses decreased by 8.9 1U/d (95% CI -14.7
to —=3.0; P = .004) relative to placebo (Figure S1A). Differences
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TABLE 1 Baseline demographics
Characteristic Placebo (n = 36) ggtfii::’f;s) iggai':::’:t‘ - ig?i::'f:t‘ g5  Total(N=141)
Age, years 48.1+11.3 424 +120 470+ 140 448 + 154 45.6 +13.3
Female, n (%) 21(58.3) 22 (62.9) 15 (42.9) 15 (42.9) 73(51.8)
Race, n (%)

White 34 (94.4) 31(88.6) 31(88.6) 35(100.0) 131(92.9)

Black (0] 4(11.4) 3(8.6) 0 7 (5.0

Asian 1(2.8) 0 1(2.9) 0 2(1.4)

Other 1(2.8) (0] 0 0 1(0.7)
Hispanic ethnicity, n (%) 4(11.1) 6(17.1) 6(17.1) 6(17.1) 22 (15.6)
Body weight, kg 91.9 +£19.7 80.0+ 144 829+17.1 87.0 £ 20.9 85.5+18.6
BMI, kg/m? 31.8+58 274 +£5.0 28.0+4.7 294 +58 292+56
BMI 230 kg/m?, n (%) 21(58.3) 10 (28.6) 9(25.7) 12 (34.3) 52 (36.9)
SBP, mm Hg 119.6 + 15.29 114.3 + 14.98 120.7 £ 12.07 123.7 £ 15.59 119.6 + 14.80
SBP 2130 mmHg, n (%) 6(16.7) 5(14.3) 8(22.9) 12 (34.3) 31(22.0)

T1D duration, years 26.9 £13.5 22.2+130 234 +132 240+ 15.0 241 +£13.7
Insulin delivery method, n (%)

csli 19 (52.8) 18(51.4) 18(51.4) 18(51.4) 73(51.8)

MDI 17 (47.2) 17 (48.6) 17 (48.6) 17 (48.6) 68 (48.2)
Total daily insulin, IU/kg 0.68 +0.31 0.65 +0.23 0.70 £ 0.30 0.77 £0.41 0.70 £ 0.32
Ratio of bolus to total insulin 0.45+0.13 0.39 £0.15 0.44 £0.13 0.44 +0.14 043 +0.14
HbA1c, % 7.95+0.85 8.00 £ 0.84 8.07 £ 0.93 8.05+0.74 8.02 £0.83
HbA1c, mmol/mol 634+94 64.0+9.2 64.7 £10.2 64.5+8.0 64.1+9.1
2-h PPG, mg/dL 215.1 +80.1 199.3 £ 80.8 211.8+75.8 208.0 + 95.2 208.5 + 82.9
FPG, mg/dL 150.1 £ 80.3 158.3 £ 90.2 142.0 £ 59.2 179.5+£94.4 157.4+82.4
UGE, g/day 6.87 £134 15.83 £ 23.3 6.61+11.9 10.00 + 25.7 9.99 £19.9
BHB 0.22+0.18 0.15 £ 0.09 0.21+0.24 0.21+£0.25 0.20 £0.20
eGFR, mL/min/1.73 m? 874+181 90.6 £ 15.7 91.1+184 88.7 £19.1 89.4+17.7
Documented hypoglycaemia (SMBG < 0.19 £0.20 0.29 £ 0.40 0.31+0.28 0.28 £ 0.36 0.27 £0.32

70 mg/dL), events/patient/day

Abbreviations: BHB, beta-hydroxybutyrate; BMI, body mass index; CSll, continuous subcutaneous insulin infusion; eGFR, estimated glomerular filtration
rate; FPG, fasting plasma glucose; MDI, multiple daily insulin injections; PPG, postprandial glucose; SBP, systolic blood pressure; SMBG, self-monitored

blood glucose; T1D, type 1 diabetes; UGE, urinary glucose excretion.
Data are mean + SD unless otherwise indicated.

between placebo and the other sotagliflozin doses were not signifi-
cant. LSM bolus insulin doses also decreased significantly versus pla-
cebo in the sotagliflozin 400 mg group (—8.1 1U/d [95% Cl -13.1 to
-3.2]; P = .002), but not in the other sotagliflozin dose groups
(Figure S1A). Changes in basal insulin doses were not significantly dif-
ferent between treatment groups. Among MDI users, insulin doses
did not differ significantly between treatment groups (Figure S1B).

3.4 | Hypoglycaemia

Documented hypoglycaemia (<70 mg/dL) was reported by 35 (97.2%),
33 (94.3%), 32 (91.4%) and 34 participants (97.1%) in the placebo and
sotagliflozin 75, 200 and 400 mg groups, respectively (Table 2). The

mean number of hypoglycaemic events per patient per day increased
from baseline to week 12 by 0.03 + 0.32 in the placebo group and
decreased by 0.03+0.29, 0.06 +0.33 and 0.06 +0.38 in the
sotagliflozin 75, 200 and 400 mg groups, respectively. Positively adju-
dicated severe hypoglycaemia occurred in one participant from each
sotagliflozin group; the event in the sotagliflozin 75 mg group led to

study discontinuation (Table 2).

3.5 | BHB, ketosis-related adverse events and DKA

From a mean fasting BHB of ~0.2 mmol/L at baseline, mean fasting
BHB had decreased by 0.04 + 0.19 mmol/L in the placebo group and
increased by 0.11 £0.22 mmol/L, 0.07 £ 0.30 mmol/L, and
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P value 0.07 <0.001 0.006 P value 0.006 <0.001 <0.001
(B) Placebo Sotagliflozin  Sotagliflozin  Sotagliflozin (D) Placebo Sotagliflozin  Sotagliflozin  Sotagliflozin
75 mg 200 mg 400 mg 75 mg 200 mg 400 mg
(n=27) (n=24) (n=24) (n=27) (n=36) (n=35) (n=35) (n=35)
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FIGURE 2 Change from baseline to week 12 for the primary endpoint and other selected endpoints. A, Glycated haemoglobin (HbA1c),
modified intent to treat (mITT) population. B, 2-hour postprandial glucose (PPG), per-protocol population. C, Urinary glucose excretion (UGE),

mITT population. D, Weight, mITT population. LSM, least squares means

0.08 £ 0.32 mmol/L with sotagliflozin 75, 200 and 400 mg, respec-
tively, at week 12 (Figure 3).

Two serious ketosis-related AEs were reported. One in the
sotagliflozin 200 mg group was negatively adjudicated as DKA and
deemed not related to study drug (a kinked CSII catheter was identified
as the probable cause). One positively adjudicated DKA event occurred
in a participant with a remote history of DKA (>10 years prior) who was
taking sotagliflozin 400 mg. The participant was using an insulin pump,
although no evidence of pump malfunction was provided. Blood glucose
was 300 mg/dL, peak BHB was 1.8 mmol/L, serum bicarbonate was
12 mEq/L, and anion gap was 21 mEq/L. The event resolved after 2 days.

The study drug was permanently discontinued.

3.6 | Other safety data

Table 2 lists key safety data. Overall, AEs occurred in 18 (50.0%),
17 (48.6%), 10 (28.6%), and 12 participants (34.3%) receiving placebo
or sotagliflozin 75, 200 and 400 mg, respectively. There were no
deaths, major adverse cardiovascular events, or drug-induced liver
injuries. One participant in the sotagliflozin 200 mg group became

pregnant during the trial, and study drug was discontinued. One

serious AE occurred in each treatment group, including: one placebo-
treated participant with neurosensory deafness that led to study dis-
continuation; a traumatic fracture of the fibula and tibia secondary to
a fall in a participant taking sotagliflozin 75 mg; and the ketosis and
DKA cases described above, which occurred in the sotagliflozin
200 and 400 mg groups, respectively.

After hypoglycaemia, the most common event of special interest
occurring in sotagliflozin-treated participants was genital mycotic
infection, which occurred in one participant from each sotagliflozin
group and no participant taking placebo. No other events of special
interest, including diarrhoea, urinary tract infections and bone frac-
tures, were more frequent among sotagliflozin- than placebo-treated
participants (Table 2). One participant was diagnosed with bladder

transitional cell carcinoma during the 30-day follow-up period.

4 | DISCUSSION

In this phase 2 dose-ranging study of sotagliflozin 75, 200 and
400 mg versus placebo combined with stable insulin therapy in adults
with T1D, sotagliflozin 200 and 400 mg significantly reduced HbA1c
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Event, n (%) Placebo Sotagliflozin Sotagliflozin Sotagliflozin
A (n=36) 75 mg (n = 35) 200 mg (n = 35) 400 mg (n = 35)
Any AE 18 (50.0) 17 (48.6) 10 (28.6) 12 (34.3)
Serious AE 1(2.8) 1(2.9) 1(2.9) 1(2.9)
Severe AE 0 1(2.9) 0 0
Deaths 0 0 0 0
Events of special
interest
Any 35(97.2) 34(97.1) 32(91.4) 34 (97.1)
Hypoglycaemia
Documented 35(97.2) 33(94.3) 32(91.4) 34(97.1)
(SMBG =
70 mg/dL)
Positively 0 1(2.9) 1(2.9) 1(2.9)
adjudicated
severe
hypoglycaemia
Acidosis-related 0 0 1(2.9) 1(2.9)
event
Positively 0 0 0 1(2.9)
adjudicated DKA
Genital mycotic 0 1(2.9) 1(2.9) 1(2.9)
infection
Urinary tract 2 (5.6) 0 0 1(2.9)
infection
Diarrhoea 3(8.3) 0 1(2.9) 1(2.9)
Bone fracture 1(2.8) 2(5.7) 0 0
Malignancy 0 0 0 1(2.9)

Abbreviations: AE, adverse event; DKA, diabetic ketoacidosis; SMBG, self-monitored blood glucose.
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and weight compared with placebo. Adjunct therapy with sotagliflozin
is meant to address the frequent limitations of insulin therapy in T1D,
such as hypoglycaemia, weight gain or frequent glucose fluctuations.
This must be balanced against potential dose-dependent side effects
associated with this mechanism of action, such as urogenital mycotic

infections, diarrhoea, or DKA, making treatment with the lowest

TABLE 2 Adverse events and events
of special interest

FIGURE 3 Boxplot of beta-hydroxy
butyrate (mmol/L) at baseline (BL) and week
(W) 12. Mean values are represented by
circles (placebo), diamonds (sotagliflozin

75 mg), squares (sotagliflozin 200 mg), or
triangles (sotagliflozin 400 mg). Bottom and
top of box are first and third quartiles,
respectively. Band inside the box represents
median values. Bottom and top whiskers
are the minimum and maximum,
respectively. All medians were <0.2 mmol/L
at the end of double-blind treatment, and
the means reflected an increase of

~0.1 mmol/L from baseline

efficacious dose desirable. The present study provides evidence that
sotagliflozin 75 mg is not sufficiently efficacious for adjunct therapy.
In contrast, sotagliflozin 400 mg significantly reduced 2-hour PPG, a
finding consistent with SGLT1 inhibition, and was associated with
modest reductions in bolus and total daily insulin doses among CSlI

users. SBP in the total population and the subgroup with SBP
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2130 mmHg at baseline was also significantly decreased with
sotagliflozin 400 mg relative to placebo. UGE, consistent with SGLT2
inhibition, increased significantly in a dose-dependent manner with all
three sotagliflozin doses relative to placebo. Sotagliflozin was well tol-
erated, with the frequency of AEs not different from placebo and a
low incidence of positively adjudicated severe hypoglycaemia and
DKA. Together, these findings suggest that sotagliflozin 200 and
400 mg may elicit similar HbAlc reductions, but the higher dose may
provide additional efficacy beyond HbAlc, including reductions in
weight, SBP and PPG.

The results of this dose-ranging study were confirmed in three larger,
previously published, phase 3 trials, in which sotagliflozin significantly
reduced HbA1c, weight and SBP with lower bolus and total insulin
doses.*?** A pooled analysis of data from the inTandeml and
inTandem?2 studies confirmed the PPG reductions seen in the present
study.?2 In contrast to the phase 3 studies, insulin doses were maintained
at or below baseline levels to isolate the effect of sotagliflozin on HbAlc
and other glycaemic endpoints in this study. Downtitration of insulin was
allowed to treat or avoid hypoglycaemia, and insulin could be subse-
quently uptitrated to no more than the total daily dose at baseline; there-
fore, the significant, placebo-adjusted decreases of 0.4% to 0.5% in
HbA1c observed in the present study reflect the effect of sotagliflozin
alone. In the inTandem1 and inTandem2 phase 3 trials, maximum toler-
ated standard of care insulin dosing (optimized insulin) was implemented
prior to baseline and continued throughout the 1-year treatment
period.®1 In the 24-week inTandem3 trial, insulin doses were not opti-
mized prior to baseline, and investigators could adjust insulin doses
according to standard of care during the treatment period.1? Despite
these different insulin therapy strategies, the placebo-adjusted primary
endpoint HbA1c reductions in all four trials ranged between 0.4% and
0.5% with either dose of sotagliflozin.

Approximately half of individuals with T1D are overweight or obese,
and approximately two in five have hypertension.?®?* The reductions in
both weight and SBP seen in the present study and the phase 3 trials are
of benefit to many patients with these comorbid conditions.

In phase 2 insulin adjunct studies in T1D, selective SGLT2 inhibi-
tors have demonstrated modest improvements in glucose control and
weight but not PPG or SBP. After 18 weeks, canagliflozin 100 mg and
300 mg reduced HbAlc by 0.3% each and weight by 2.6 kg and
4.2 kg, respectively, with total daily insulin dose reductions of 8.9%
and 12.9% (driven mainly by basal insulin reductions). Changes in
PPG, UGE and SBP were not reported.lé After 4 weeks of treatment,
HbA1c and weight decreased by 0.4% and 1.6 kg, respectively, with
empagliflozin 10 mg and by 0.5% and 1.7 kg with empagliflozin 25 mg
relative to placebo. PPG was not reported, and treatment differences
in SBP were not significant.?®> In a 2-week pilot study with
dapagliflozin, no differences were observed in glycaemic endpoints,
although there was a trend favouring higher doses of dapagliflozin.?®

In the separate phase 2 studies, placebo-adjusted increases in UGE
were 109 g/d after 7 days of dapagliflozin 10 mg?® 109 g/d after
4 weeks of empaglifiozin 25 mg?® and 70g/d after 12 weeks of
sotagliflozin 400 mg. Sotagliflozin's dual action of inhibiting SGLT1 and
SGLT2 can be hypothesized to contribute to the lower observed UGE.

The robust reduction in PPG observed with sotagliflozin 400 mg was
achieved with only a modest increase in UGE compared with baseline.
These results are consistent with reduction of gastrointestinal glucose
absorption rate via local SGLT1 inhibition, causing a blunting and delay
of PPG increases and resulting in lower UGE than reported with selective
SGLT2 inhibitors.2>2% Similar results were observed in a phase 2 study of
sotagliflozin in patients with type 2 diabetes treated with metformin. In
this population, glycaemic control improved without corresponding
increases in UGE, suggesting a clinically meaningful inhibitory effect on
SGLT1 in the gastrointestinal tract.2” Additionally, in a crossover study
involving healthy volunteers, sotagliflozin delayed the rate of appearance
of oral glucose, resulting in lower postprandial levels of glucose and insu-
lin. The mechanism was likely a prolonged local inhibition of intestinal
SGLT1 that persisted, despite feeding, during at least the first 5 hours
after oral sotagliflozin dosing. The sotagliflozin-mediated decrease in
glucose-dependent insulinotropic polypeptide levels and increases in
glucagon-like peptide 1 and peptide YY levels after oral glucose chal-

1.28 A lower

lenge are consistent with local inhibition of intestinal SGLT
degree of UGE could potentially lead to a lower risk of volume-related
AEs compared to selective SGLT2 inhibitors; however, the incidence of
gastrointestinal adverse events may be increased with SGLT1 inhibition.
In phase 3 trials with sotagliflozin, mild to moderate and mostly transient
diarrhoea was more common among sotagliflozin-treated patients.*2#
The blunting and delay of PPG increases accompanied by modest UGE is
the clinical signature of dual SGLT1 and SGLT2 inhibition, which may also
contribute to a lower risk of hypoglycaemia.

Relatively modest UGE may also be relevant to BHB changes by
activation of a neural reflex connecting the kidney with pancreatic a
cells or indirectly via activation of neuronal centres in the central ner-
vous system that communicate with the a cells.?? In the empagliflozin
trial, no change in BHB was observed in the placebo group, whereas
median (mean) values increased by ~0.2 (0.4), ~0.2 (0.2) and ~0.7 (0.4)
mmol/L (maximal value of 2.2 mmol/L) with empagliflozin 2.5, 10 and
25 mg, respectively.2>C In the present trial, the median values were
all below 0.2 mmol/L at the end of double-blind treatment, and the
means reflected an increase of ~0.1 mmol/L from baseline. This mean
increase of ~0.1 mmol/L is the smallest detectable increase in point-
of-care blood BHB meters. The maximum values on sotagliflozin
200 mg and 400 mg were similar at baseline and the end of double-
blind treatment, while the highest BHB value (1.2 mmol/L) was
recorded at baseline. Similar changes in BHB were seen in the larger
sotagliflozin studies.’>** If BHB changes with empagliflozin follow
the same pattern established in the phase 2 data, the data may reflect
differences in ketosis and DKA risk among SGLT inhibitors used as
adjuncts to insulin therapy in T1D. In a noteworthy post hoc analysis
of the dapagliflozin data, Henry et al®* demonstrated correlations
between higher UGE, greater total daily insulin dose reductions, and
BHB elevations.

Risk of DKA is increased with SGLT2 inhibitor therapy in insulin-
using patients.>232 Whether lower UGE and its relationship with BHB
elevations affect the overall risk of DKA with SGLT2 inhibition
remains to be determined. Although no head-to-head data are avail-

able, rates of DKA appear to be similar in phase 3 studies with
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dapagliflozin and sotagliflozin.*2" 151734 |n the present trial, the single
case of positively adjudicated DKA occurred in a participant using CSII
receiving sotagliflozin 400 mg. The participant's blood glucose and
other laboratory findings met the criteria for classic (as opposed to
euglycaemic) DKA, and the investigator report indicated possible insu-
lin pump malfunction, although no supporting details were provided.

Although this phase 2 trial is limited by a small population size and
short study duration, its findings are supported by the subsequent
larger and longer phase 3 trials of sotagliflozin. Additional research on
DKA risk factors and risk mitigation is needed to identify the charac-
teristics of higher-risk patients and to prevent such occurrences.
When SGLT inhibitors are administered, monitoring for ketosis, partic-
ularly during metabolically stressful situations, is recommended. SGLT
inhibitors should be discontinued before scheduled surgical proce-
dures, and patients and clinicians should remain in close consultation
regarding other forms of behavioural and physiological stress.3>

In conclusion, sotagliflozin 200 and 400 mg in combination with
stable insulin doses improved glycaemic control and reduced weight
in people with T1D who had an eGFR 260 mL/min/1.73 m? and nor-
mal BHB levels at screening. The 400-mg dose elicited efficacy
beyond HbA1c, including greater weight loss and reductions in PPG
and SBP, accompanied by a modest increase in UGE. The robust
reduction in PPG accompanied by modest UGE is the clinical signature
of dual SGLT1 and SGLT2 inhibition. Both doses were well tolerated,
although more cases of DKA occurred with sotagliflozin than placebo.
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