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Abstract

Background: Young adults with type 1 diabetes (T1D) tend to have higher A1C than older adults and are at
increased risk for diabetic ketoacidosis (DKA). Oral adjuncts to insulin have not been previously studied in this
population.
Methods: In this phase 2, multicenter, randomized, double-blind, placebo-controlled, parallel-group study,
adults aged 18–30 years with T1D and A1C ‡9.0% were randomly assigned to placebo (n = 42) or sotagliflozin
400 mg (n = 43), in addition to insulin for 12 weeks. Insulin doses were adjusted to meet glucose targets
(preprandial 80–130 mg/dL, postprandial <180 mg/dL). The primary endpoint was change from baseline in A1C
at week 12.
Results: From a baseline of 9.8%, mean A1C decreased by 1.0% with placebo and 1.3% with sotagliflozin
(-0.4% [95% confidence interval (CI): -0.8 to 0.1]; P = 0.10 vs. placebo). In the prespecified A1C £10.0%
subgroup, the treatment difference was -0.8% (-1.3 to -0.2; P = 0.006), favoring sotagliflozin. Overall,
relative to placebo, postprandial glucose (PPG) decreased by 56.6 mg/dL (-89.7 to -23.6; P < 0.001) and
weight decreased by 2.37 kg (-3.5 to -1.2; P < 0.001). More patients achieved an A1C <7.0% with
sotagliflozin (16.3%) than placebo (2.4%; P = 0.026). Rates of documented hypoglycemia and severe hy-
poglycemia were similar between groups. One DKA event occurred with placebo, and none occurred with
sotagliflozin.
Conclusions: In young adults with T1D and suboptimal glycemic control, sotagliflozin plus insulin for
12 weeks numerically improved A1C and significantly improved A1C goal attainment, PPG, and body weight.
Sotagliflozin plus insulin was generally well tolerated without any episodes of DKA (NCT02383940).
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Introduction

Teens and young adults with type 1 diabetes (T1D) fre-
quently have poor glycemic control and experience the

highest incidence of diabetic ketoacidosis (DKA). In the latest
report from the T1D Exchange, the mean A1C among patients
18–25 years was >8.5%, and 4% of teens and young adults
experienced a DKA event within the preceding 3 months
compared with 1%–2% in older age groups.1 Poor glycemic
control and increased DKA risk in youth and young adults have
been attributed to various factors, including stigma and peer
pressure to engage in high-risk behavior, the transition from
parental control of diabetes management to self-management,
stress coupled with low resilience and low self-esteem, and a
failure to connect behavioral choices to health outcomes.2–4

Adjunctive therapy with an oral antihyperglycemic agent
might offer younger patients with T1D a convenient means of
achieving better control of blood glucose, but this question has
not been previously examined in clinical trials. Before 2019,
the amylin analog pramlintide was the only agent approved
as an insulin adjunct in T1D, but the need for multiple daily
injections and an increased risk of severe hypoglycemia have
limited use of this agent.5–7 Recently, sodium-glucose co-
transporter (SGLT) inhibitors have been evaluated as an adjunct
therapy to insulin in adults with T1D.8–13 The SGLT inhibitors
were associated with significant improvements in glycemic
control, body weight, and blood pressure with no increased risk
of hypoglycemia, but with an increased risk of DKA.

Although adults older than 18 years were eligible for in-
clusion in these studies, the mean age of participants ranged
from 41 to 46 years,8–13 leaving a gap in understanding of the
effect of SGLT inhibitors plus insulin in the subpopulation of
younger adults with T1D. Given the difficulties of managing
diabetes in this younger population with poor glucose control
and greater risk of DKA, this phase 2, randomized, placebo-
controlled study examined the efficacy and safety of sotagli-
flozin, a dual SGLT1 and SGLT2 inhibitor, in patients aged
18–30 years with poorly controlled T1D (i.e., A1C ‡9%). This
study was cosponsored by the Juvenile Diabetes Research
Foundation ( JDRF) and Lexicon Pharmaceuticals, Inc.

Research Design and Methods

This phase 2, multicenter, randomized, double-blind, placebo-
controlled, parallel-group study was conducted at 15 sites in the
United States and evaluated the efficacy of 12 weeks of oral
sotagliflozin 400 mg once daily in combination with insulin
in patients aged 18–30 years with T1D and an A1C ‡9.0% at
screening. Randomization was stratified by insulin delivery
with either multiple daily insulin injections (MDI) or contin-
uous subcutaneous insulin infusion (CSII) and by screening
A1C (£10.0% and >10.0%). To qualify for randomization,
patients had to demonstrate ‡80% compliance with taking the
expected amount of placebo tablets during a 2-week placebo
run-in period and checking 5-point self-monitored blood glu-
cose (SMBG) as required by the protocol.

Institutional Review Boards (IRBs) approved the protocol
and consent forms. All patients provided written informed
consent. An independent clinical endpoint committee, blin-
ded to trial treatment, adjudicated deaths and events of spe-
cial interest, including major adverse cardiovascular events,
drug-induced liver injury, DKA, and severe hypoglycemia.

An independent data monitoring committee reviewed trial
conduct and patient safety. An independent statistician per-
formed statistical analysis. This trial was registered with
clinicaltrials.gov (NCT02383940).

Study population

Eligible patients were ‡18 and £30 years of age with T1D
treated with intensive insulin therapy (MDI or CSII) for
‡1 year and had an A1C at screening ‡9.0%. In addition,
patients were required to have an estimated glomerular fil-
tration rate (eGFR) ‡45 mL/min/1.73 m2. Complete inclusion
and exclusion criteria appear in the Supplementary Data.

Interventions and procedures

After a 2-week placebo run-in period, patients were ran-
domly assigned in a 1:1 ratio to placebo or sotagliflozin
400 mg, given as two 200-mg tablets administered orally once
daily. Insulin doses were adjusted by investigators to meet
recommended targets of A1C <7.0%, fasting or preprandial
blood glucose between 80 and 130 mg/dL, and 2-h peak
postprandial glucose (PPG) £180 mg/dL based on SMBG
patterns as well as fasting plasma glucose (FPG) and A1C data
collected by investigators. Investigators were permitted to
adjust glycemic targets at their discretion to meet the needs of
individual patients. No protocol-specific instructions regard-
ing diet, exercise, or other lifestyle measures were provided.

The morning of day 1, before administration of study
medication, all patients consumed a standardized mixed meal
for breakfast and had blood samples drawn 2 h later to eval-
uate PPG levels at baseline. The 2-h standardized mixed-meal
procedure was repeated during the last visit at week 12 after
administration of the study drug (see Supplementary Data for
details). The study medication was initiated before lunch on
day 1 (after completion of the 2-h PPG test), and bolus insulin
was reduced by 30% for this meal on day 1 only.14

As detailed in the phase 3 sotagliflozin trial reports
(in Tandem1, 2, and 3),8–10 all patients received urine ketone
strips and blood b-hydroxybutyrate (BHB) meters and strips as
well as instructions for detecting and treating ketosis, urogenital
hygiene, and proper hydration. Patients also received a card with
DKA detection and treatment information, which included an
emergency contact phone number for their study center (see
Supplementary Data for details). Study centers received rec-
ommendations for ketosis and DKA diagnosis and management.
Key elements of these recommendations included instructions
on the identification, diagnosis, and treatment of ketosis and
DKA and on withholding the study drug before scheduled sur-
geries or procedures requiring withholding of oral intake (see
Supplementary Data for details).

All patients were instructed to perform 5-point SMBG at
least 5 days per week before each visit. All patients wore a
blinded CGM device (Dexcom G4; Dexcom, Inc., San Diego,
CA) for specified 7-day periods, including the week before
day 1 (baseline) and the 2 weeks before the final study visit.
A minimum of 3 days’ worth of valid recordings was required
for the CGM data to be considered valid for analysis.

Endpoints

The primary endpoint was the change in least squares mean
(LSM) A1C from baseline to week 12. Secondary endpoints
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were the LSM changes from baseline to week 12 in daily bolus
insulin, 2-h PPG after a standardized mixed-meal tolerance test,
CGM area under the curve (AUC) over 24 h by hyperglyce-
mia (>150 mg/dL) and hypoglycemia (<70 mg/dL), SMBG-
documented hypoglycemia (£70 mg/dL), and daily basal
insulin.

Total, basal, and bolus insulin doses were also evaluated
during weeks 1, 12, and 13. A composite net clinical benefit
endpoint described the proportion of patients with A1C
<7.0% at week 12 without any recorded episodes of DKA or
severe hypoglycemia during the 12-week treatment period.
Additional endpoints included A1C change from baseline
in specific subgroups (CSII or MDI and A1C £10.0% or
>10.0%) and changes from baseline in body weight, FPG,
mean daily glucose via CGM, and eGFR. An exploratory
endpoint was the percentage of time in range (70–180 mg/dL)
by CGM glucose (assuming 100% daily CGM data avail-
able for analysis, 1.0% of daily CGM time was considered
equivalent to 0.24 h).

Safety endpoints included clinically significant laboratory
results, adverse events (AEs), and severe AEs. Events of spe-
cial interest included documented or severe hypoglycemia,
DKA, metabolic acidosis, volume depletion, major adverse
cardiovascular events, genital mycotic infection, urinary tract
infection, diarrhea, pancreatitis, bone fractures, events leading
to amputation, venous thrombotic events, drug-induced liver
injuries, renal events, malignancy, and deaths. The number of
hypoglycemic events per day was calculated as a daily average
number of episodes of SMBG-confirmed glucose £70 mg/dL
over the week before a visit.

Statistical methods

All efficacy analyses were conducted using the modified
intent-to-treat (mITT) population, defined as all random-
ized patients who had taken at least 1 dose of study drug.
Supportive analyses were conducted with the per-protocol
population, defined as mITT patients who completed study
treatment through the primary efficacy assessment of 12
weeks and who had no significant protocol deviations that
would have a major impact on the collection or interpretation
of the primary efficacy endpoint.

Analysis of the primary efficacy endpoint used the
mixed-effect model for repeated measures (MMRM) sta-
tistics based on the restricted maximum likelihood method
for estimation. The analysis model included fixed, cate-
gorical effects of treatment, insulin delivery method (CSII,
MDI), screening A1C (£10%, >10%), time (study week),
baseline-A1C-by-time interaction, and a treatment-by-time
interaction. Only post-baseline, scheduled study visits for
A1C up to week 12 were included in the MMRM. An un-
structured (co)variance structure was used to model the
within-patient errors. The adjusted mean change in A1C
from baseline to week 12 for each treatment group and the
95% confidence intervals (CIs) were estimated in the
framework of this model, as well as the between-group
difference and the 95% CIs for the difference. Analysis
visit windows were applied to all observations, including
data collected after the discontinuation of study drug, to
determine the values to be used in the MMRM.

The summary of inferential statistics included LSM, stan-
dard error (SE) of the estimates, P values, and 2-sided CIs. For

continuous endpoints, MMRM or analysis of covariance
(ANCOVA) models, with the corresponding baseline value
(interaction with time, if MMRM) in the model, were used
to compare the treatment groups as appropriate. The choice
in statistical models depended on whether the measurement
process was over multiple time points (MMRM, including
scheduled study visits/weeks up to week 12 only) or at a single
time point (ANCOVA). For binary endpoints, a Cochran–
Mantel–Haenszel test stratified by the insulin delivery method
and screening A1C was used.

Results

Beginning April 2015 through September 2016, 147
young adults with T1D were screened, 111 entered the
placebo run-in, and 87 were randomly assigned to treat-
ment. Two patients randomized to the placebo group did
not receive the study drug, so analyses were performed in
the 42 patients assigned to placebo and 43 to sotagliflozin
400 mg. Nine patients in the placebo and three patients
in the sotagliflozin group discontinued study treatment
(Fig. 1). Majority of patients were white, and the average
age was 22 years. The mean duration of diabetes was 12
years, and 54.1% used CSII. Overall, patients had a baseline
A1C of 9.8%, and 56.5% had an A1C >10.0% (Table 1).
Baseline demographics were generally similar between treat-
ment groups with the exception of documented hypoglycemia
via SMBG during the screening period, which was twice
as frequent in the placebo group (0.3 – 0.4 and 0.1 – 0.2
events/patient per day in the placebo and sotagliflozin
groups, respectively; Table 1).

Glucose control

As shown in Table 2 and Figure 2, LSM A1C change from
baseline was -1.0 – 0.1 with placebo and -1.3 – 0.1 with
sotagliflozin (between-group treatment difference -0.4%
[95% CI: -0.8 to 0.1; P = 0.10]). In prespecified analyses, the
placebo-adjusted A1C change from baseline was -0.8%
(95% CI: -1.3 to -0.2; P = 0.006) with sotagliflozin in the
subgroup with A1C £10.0% and -0.1% (95% CI: -0.7 to 0.5;
P = 0.73) in patients with A1C >10.0% at screening. The
placebo-adjusted changes from baseline in A1C were -0.6%
(95% CI: -1.1 to -0.1; P = 0.017) and 0.1 (95% CI: -0.6 to
0.8; P = 0.83) in the subgroups of patients receiving insulin
via CSII and MDI, respectively.

Relative to placebo, LSM 2-h PPG decreased by 56.6 mg/dL
(95% CI: -89.7 to -23.6; P < 0.001) with sotagliflozin in the
mITT population (Table 2). At 12 weeks, changes from base-
line in FPG were -2.7 – 13.0 mg/dL with placebo (P = 0.83 vs.
baseline) and -26.8 – 12.1 mg/dL with sotagliflozin (P = 0.030
vs. baseline), with a treatment difference of -24.1 mg/dL (95%
CI: -59.5 to 11.3; P = 0.18; Table 2).

CGM AUC >150 mg/dL decreased by 22.3 mg/dL ·
min/1000 (95% CI: -44.8 to 0.2; P = 0.052) with sotagliflozin
relative to placebo (Table 2). The placebo-adjusted change in
CGM mean daily glucose was -17.8 mg/dL (95% CI: -37.2 to
1.6; P = 0.07). There was no between-group difference in CGM
AUC in the hypoglycemic range (<70 mg/dL; Table 2), nor was
there a between-group difference in the change from baseline in
the number of fingerstick readings £70 mg/dL per person per
day. In an exploratory analysis, the percentage of CGM time in
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range (70–180 mg/dL) increased by 7.7% – 3.9%, or 1.8 h, with
sotagliflozin relative to placebo (P = 0.057).

Insulin dose

The differences between sotagliflozin and placebo in bo-
lus, basal, and total daily insulin doses at week 12 were
-5.6% (95% CI: -30.9 to 19.6; P = 0.66), -4.7% (95% CI:
-13.6 to 4.2; P = 0.29), and -6.7% (95% CI: -17.7 to 4.3;

P = 0.23), respectively (Table 2). In subgroup analyses of
patients using MDI or CSII, there were no significant dif-
ferences between treatment groups in basal, bolus, or total
insulin doses. However, among placebo recipients using
MDI, mean daily basal insulin doses rose steadily from
baseline over the treatment period, with a 15.0% increase by
week 12 (95% CI: 2.0 to 27.9); whereas basal insulin doses
remained relatively stable among sotagliflozin recipients
using MDI (+5.8% at week 12 [95% CI: -6.4 to 18.0]).

FIG. 1. Patient disposition. mITT, modified intent to treat; MMTT, mixed-meal tolerance test; PP, per protocol;
PPG, postprandial glucose.
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Target A1C goal

From an average baseline A1C of *9.8% observed for the
full randomized patient sample, more patients achieved an
A1C <7.0% with sotagliflozin (16.3%) compared with pla-
cebo (2.4%), for a difference of 13.9% (P = 0.026). None of
the patients achieving the A1C target experienced an episode
of severe hypoglycemia or DKA.

Nonglycemic endpoints

By week 1, sotagliflozin was associated with weight
loss compared with placebo (-0.7 kg [95% CI: -1.4 to -0.03;
P = 0.041]; Fig. 3), and by week 12, weight had decreased by
2.4 kg (95% CI: -3.5 to -1.2; P < 0.001) with sotagliflozin
relative to placebo (Table 2).

No significant changes in eGFR were noted in the sotagli-
flozin group at week 6 (-1.8 – 3.0 mL/min/1.73 m2; P = 0.55 vs.
placebo) and week 12 (-3.3 – 3.1 mL/min/1.73 m2; P = 0.30)
(Table 2). The eGFR returned to baseline 1 week after treat-
ment ended.

Hypoglycemia and DKA

A total of 77 (90.6%) patients had at least 1 documented
hypoglycemic event: 38 (90.5%) in the placebo group (75.3
events/patient per year) and 39 (90.7%) in the sotagliflozin

group (60.2 events/patient per year). Positively adjudicated
severe hypoglycemia was reported by 2 (4.8%) patients re-
ceiving placebo (both in the MDI subgroup) and 1 (2.3%)
receiving sotagliflozin (CSII subgroup) (Table 3).

Overall, 13 (15.3%) patients had possible acidosis-related
AEs, including 5 (11.9%) in the placebo group and 8 (18.6%)
in the sotagliflozin group. Of these, three possible metabolic
acidosis events (two with placebo, one with sotagliflozin)
were reported. The event occurring in the sotagliflozin group,
which occurred in a patient with pneumonia, was not adju-
dicated as DKA or metabolic acidosis. One of the two events
occurring in a placebo-treated patient (MDI subgroup) was
adjudicated as DKA but began during the follow-up period
and was not considered drug related (Table 3).

Additional safety findings

Overall, 26 (61.9%) patients in the placebo group and 25
(58.1%) patients in the sotagliflozin group experienced an AE
during the study (Table 3). There were no deaths, major adverse
cardiovascular events, drug-induced liver injuries, amputa-
tions, pancreatitis, or malignancies. A femoral neck fracture in
a placebo-treated patient was the only reported bone fracture
and was considered a serious, non-drug-related AE. Overall,
serious AEs occurred in 3 (7.1%) patients receiving placebo
and 2 (4.7%) receiving sotagliflozin; of these, two events in the

Table 1. Baseline Demographics and Characteristics

Characteristic Placebo (n = 42) Sotagliflozin 400 mg (n = 43) Total (N = 85)

Mean age, years – SD 21.7 – 3.6 22.8 – 4.0 22.3 – 3.8
Female, n (%) 23 (54.8) 22 (51.2) 45 (52.9)
Race, n (%)

Asian 1 (2.4) 0 1 (1.2)
Black 6 (14.3) 2 (4.7) 8 (9.4)
White 34 (81.0) 41 (95.3) 75 (88.2)
Other 1 (2.4) 0 1 (1.2)

Body weight, kg – SD 77.3 – 14.6 83.7 – 20.4 80.5 – 18.0
BMI, kg/m2 – SD 26.7 – 5.0 29.4 – 7.2 28.1 – 6.3
BMI ‡30 kg/m2, n (%) 10 (23.8) 18 (41.9) 28 (32.9)
T1D duration, years – SD 11.9 – 5.4 11.9 – 6.2 11.9 – 5.8
Insulin delivery method, n (%)

CSII 23 (54.8) 23 (53.5) 46 (54.1)
MDI 19 (45.2) 20 (46.5) 39 (45.9)

Total daily insulin, IU/kg – SD 0.9 – 0.3 0.8 – 0.3 0.9 – 0.3
Ratio of bolus to total insulin – SD 0.5 – 0.1 0.5 – 0.2 0.5 – 0.1
A1C, % – SD 9.7 – 0.9 9.9 – 1.4 9.8 – 1.2
A1C, mmol/mol – SD 82.8 – 10.2 85.1 – 15.4 84.0 – 13.1
A1C at screening, n (%)

£10.0% 19 (45.2) 18 (41.9) 37 (43.5)
>10.0% 23 (54.8) 25 (58.1) 48 (56.5)

2-h PPG, mg/dL – SD 208.8 – 81.0 239.4 – 96.3 224.1 – 89.7
FPG, mg/dL – SD 187.1 – 75.6 199.2 – 83.8 193.2 – 79.6
BHB (mmol/L) – SD 0.2 – 0.2 0.2 – 0.2 0.2 – 0.2
eGFR, mL/min/1.73 m2 – SD 114.5 – 19.8 113.2 – 22.6 113.9 – 21.1
Documented hypoglycemia (SMBG <70 mg/dL),

events/patient per day – SDa
0.3 – 0.4 0.1 – 0.2 0.2 – 0.3

aThe number of hypoglycemic events per day was calculated as a daily average number of episodes over the week before a visit.
BHB, b-hydroxybutyrate; BMI, body mass index; CSII, continuous subcutaneous insulin infusion; eGFR, estimated glomerular filtration

rate; FPG, fasting plasma glucose; MDI, multiple daily insulin injections; PPG, postprandial glucose; SD, standard deviation; SMBG, self-
monitored blood glucose; T1D, type 1 diabetes.
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Table 2. Primary, Secondary, and Other Efficacy Endpoints in the Modified Intent-to-Treat Population

Endpoint Placebo (n = 42) Sotagliflozin 400 mg (n = 43)

A1C (%)
Baseline, mean – SD 9.7 – 0.9 9.9 – 1.4
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
-1.0 – 0.1 (-1.3 to -0.7); <0.001 -1.3 – 0.1 (-1.6 to -1.1); <0.001

Difference from placebo, LSM – SE
(95% CI); P value

-0.4 – 0.2 (-0.8 to 0.1); 0.10

A1C (mmol/mol)
Baseline, mean – SD 89.5 – 10.2 92.7 – 14.2
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
-10.6 – 1.6 (-13.8 to -7.3); <0.001 -14.5 – 1.6 (-17.7 to -11.4); <0.001

Difference from placebo, LSM – SE
(95% CI); P value

-4.0 – 2.3 (-8.5 to 0.6); 0.08

2-h PPG (mg/dL)
Baseline, mean – SD 208.8 – 81.0 239.4 – 96.3
No. of patients, week 12 32 36
Difference from baseline, LSM – SE

(95% CI); P value
0.2 – 12.2 (-24.2 to 24.7); 0.99 -56.4 – 11.6 (-79.6 to -33.2); <0.001

Difference from placebo, LSM – SE
(95% CI); P value

-56.6 – 16.6 (-89.7 to -23.6); 0.001

FPG (mg/dL)
Baseline, mean – SD 187.1 – 75.6 199.2 – 83.8
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
-2.7 – 13.0 (-28.6 to 23.2); 0.83 -26.8 – 12.1 (-51.0 to -2.6); 0.030

Difference from placebo, LSM – SE
(95% CI); P value

-24.1 – 17.8 (-59.5 to 11.3); 0.18

CGM AUC >150 mg/dL (mg/dL · min/1000)
Baseline, mean – SD 118.6 – 47.5 126.8 – 61.5
No. of patients, week 12 28 27
Difference from baseline, LSM – SE

(95% CI); P value
-5.0 – 7.9 (-20.9 to 10.9); 0.53 -27.3 – 8.0 (-43.4 to -11.2); 0.001

Difference from placebo, LSM – SE
(95% CI); P value

-22.3 – 11.2 (-44.8 to 0.2); 0.052

CGM AUC <70 mg/dL (mg/dL · min/1000)
Baseline, mean – SD 1.0 – 2.0 0.7 – 1.1
No. of patients, week 12 28 27
Difference from baseline, LSM – SE

(95% CI); P value
0.2 – 0.3 (-0.3 to 0.7); 0.38 0.4 – 0.3 (-0.1 to 0.9); 0.10

Difference from placebo, LSM – SE
(95% CI); P value

0.2 – 0.4 (-0.5 to 0.9); 0.56

CGM time in range, ‡70 and £180 mg/dL (%)
Baseline, mean – SD 33.5 – 13.2 33.1 – 16.5
No. of patients, week 12 28 27
Difference from baseline, LSM – SE

(95% CI); P value
1.4 – 2.8 (-4.2 to 7.1); 0.61 9.1 – 2.8 (3.5 to 14.7); 0.002

Difference from placebo, LSM – SE
(95% CI); P value

7.7 – 3.9 (-0.2 to 15.6); 0.057

Bolus insulin dose (IU/day)
Baseline, mean – SD 30.1 – 13.5 32.4 – 17.6
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
-3.0 – 1.9 (-6.9 to 0.9); 0.13 -4.9 – 1.8 (-8.6 to -1.2); 0.010

Difference from placebo, LSM – SE
(95% CI); P value

-1.9 – 2.7 (-7.3 to 3.4); 0.47

Percent difference from baseline,
LSM – SE (95% CI); P value

-2.4 – 9.3 (-20.9 to 16.1); 0.80 -8.0 – 8.7 (-25.4 to 9.3); 0.36

Percent difference from placebo,
LSM – SE (95% CI); P value

-5.6 – 12.7 (-30.9 to 19.6); 0.66

(continued)
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placebo group (investigator-reported [but not adjudicated] DKA
and severe hypoglycemia) and one in the sotagliflozin group
(severe hypoglycemia) were considered drug related.

Majority of AEs were generally mild to moderate; severe
AEs occurred in four patients (severe vomiting and severe
hypoglycemia in the placebo group and severe pneumonia
and severe hypoglycemia in the sotagliflozin group). Drug-
related AEs were reported by 9 (20.9%) sotagliflozin-treated
patients and 6 (14.3%) patients receiving placebo. The most
common AEs occurring in ‡5% patients and more frequently
in the sotagliflozin than the placebo group were increases in
blood ketone bodies, nasopharyngitis, urinary tract infection,
cough, and back pain. Genital mycotic infections (consistent

with SGLT2 inhibition in the kidney) and diarrhea (consistent
with partial SGLT1 inhibition in the intestine) were each
reported by two patients in the sotagliflozin group and none in
the placebo group (Table 3).

Discussion

In this small, 12-week, randomized, double-blind study,
large A1C reductions were observed both with sotagliflozin
and with placebo added to insulin in young adult patients with
poorly controlled T1D, likely reflecting the impact of par-
ticipation in a randomized trial with frequent, protocol-driven
interactions and assessments. The nonstatistically significant

Table 2. (Continued)

Endpoint Placebo (n = 42) Sotagliflozin 400 mg (n = 43)

Total daily insulin dose (IU/day)
Baseline, mean – SD 67.8 – 30.1 69.6 – 26.9
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
1.0 – 2.6 (-4.3 to 6.3); 0.70 -2.9 – 2.5 (-7.9 to 2.1); 0.25

Difference from placebo, LSM – SE
(95% CI); P value

-3.9 – 3.6 (-11.2 to 3.4); 0.29

Percent difference from baseline,
LSM – SE (95% CI); P value

2.9 – 4.0 (-5.1 to 10.9); 0.48 -3.8 – 3.8 (-11.4 to 3.7); 0.32

Percent difference from placebo,
LSM – SE (95% CI); P value

-6.7 – 5.5 (-17.7 to 4.3); 0.23

Basal insulin dose (IU/day)
Baseline, mean – SD 38.0 – 23.6 37.1 – 17.0
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
3.3 – 1.3 (0.8 to 5.8); 0.012 2.0 – 1.2 (-0.4 to 4.4); 0.10

Difference from placebo, LSM – SE
(95% CI); P value

-1.2 – 1.7 (-4.7 – 2.3); 0.48

Percent difference from baseline,
LSM – SE (95% CI); P value

11.1 – 3.2 (4.7 to 17.5); <0.001 6.4 – 3.1 (0.2 to 12.5); 0.043

Percent difference from placebo,
LSM – SE (95% CI); P value

-4.7 – 4.5 (-13.6 to 4.2); 0.29

Body weight (kg)
Baseline, mean – SD 77.3 – 14.6 83.7 – 20.4
No. of patients, week 12 34 40
Difference from baseline, LSM – SE

(95% CI); P value
1.8 – 0.4 (0.9 to 2.6); <0.001 -0.6 – 0.4 (-1.4 to 0.2); 0.12

Difference from placebo, LSM – SE
(95% CI); P value

-2.4 – 0.6 (-3.5 to -1.2); <0.001

eGFR (mL/min/1.73 m2)
Baseline, mean – SD 114.5 – 19.8 113.2 – 22.6
No. of patients, week 12 35 40
Difference from baseline, LSM – SE

(95% CI); P value
-1.1 – 2.3 (-5.6 to 3.4); 0.61 -4.4 – 2.1 (-8.7 to -0.1); 0.044

Difference from placebo, LSM – SE
(95% CI); P value

-3.3 – 3.1 (-9.4 to 2.9); 0.30

Documented blood glucose £70 mg/dL (events/patient/day)a

Baseline, mean – SD 0.3 – 0.4 0.1 – 0.2
No. of patients, week 12 35 40
Difference from baseline, LSM – SE

(95% CI); P value
-0.04 – 0.04 (-0.1 to 0.04); 0.31 -0.001 – 0.04 (-0.1 to 0.1); 0.98

Difference from placebo, LSM – SE
(95% CI); P value

0.04 – 0.1 (-0.1 to 0.2); 0.47

aThe number of hypoglycemic events per day was calculated as a daily average number of episodes over the week before a visit.
AUC, area under the curve; CGM, continuous glucose monitor; CI, confidence interval; LSM, least squares mean; SE, standard error.
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between-group treatment difference in A1C of -0.4% favor-
ing sotagliflozin in this study is generally consistent with
between-treatment differences that achieved statistical sig-
nificance in larger phase 3 studies of SGLT inhibitors in adults
with T1D.8–13 Sotagliflozin enabled more patients in this
study to achieve an A1C of <7% and significantly reduced 2-h
PPG and body weight over 12 weeks. In subgroups of patients
with a screening A1C £10.0% or receiving insulin via CSII,
A1C reductions were significantly greater with sotagliflozin
than placebo. The incidence of documented and severe hy-
poglycemia did not differ between treatment groups. No DKA

occurred among sotagliflozin-treated patients in this high-risk
population over 12 weeks, with one DKA episode in the
placebo group.

The placebo response in this study was robust, which is not
entirely surprising in a population that, by design, had poor
glycemic control at study entry. The study’s inclusion criteria
were chosen to reflect glycemic control among the general
population of young adults with T1D. Younger patients fre-
quently have worse glycemic control than other age groups
due to a wide variety of personal, developmental, and soci-
etal factors, putting them at high risk of acute and chronic

FIG. 2. LSM change from baseline to week 12 in A1C in the overall mITT population and prespecified subgroups. CI,
confidence interval; CSII, continuous subcutaneous insulin infusion; LSM, least squares mean; MDI, multiple daily insulin
injections; NS, not statistically significant; SE, standard error.

FIG. 3. LSM change from baseline to week 12 in weight in the mITT population.
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complications of hyperglycemia.1–4,7 The 1.0% decrease in
A1C after 12 weeks in the placebo group in the present trial is
considerably larger than changes observed in placebo groups
in other phase 2 trials of SGLT inhibitors added to insulin
therapy in T1D.15,16 This reduction may reflect a higher in-
tensity of disease management for these patients, possibly
associated with the high frequency of contact with health care
providers that typifies the clinical trial setting.17 Within the
MDI subgroup, increases in mean daily basal insulin doses
over the treatment period further suggest that the placebo-
treated patients may have been attempting to achieve glycemic
targets. In contrast, patients on CSII regimens experienced a
0.6% greater A1C decrease with sotagliflozin treatment versus
placebo. Reasons for this difference are unclear, but we could
speculate that, given the nature of their therapeutic regimens,
patients using CSII may not have needed to ‘‘step up’’ their
self-care routines as much as patients using MDI to meet the
trial’s treat-to-target daily glucose goals, and thus these patients

saw a greater benefit from supplementation with an active ad-
junct to insulin treatment.

Younger adults with T1D are also not well studied, particu-
larly in terms of adjunctive therapy with SGLT inhibitors. This
study included adults 18–30 years of age, with a mean age of
22 years. Although 18-year-old adults were eligible for inclusion
in studies of SGLT2 inhibitors in T1D, all but one trial involved
patient populations with a mean age in the mid-40s.8–13,18 The
mean age of *35 years in a phase 2 study of dapagliflozin was
still outside the inclusion criteria of the present trial, and well
above the mean age of this study’s participants.18

Adolescents and young adults have the highest rates of
DKA among patients with T1D. The risk of DKA is increased
when SGLT inhibitors are combined with intensive insulin
therapy.19 In phase 3 trials conducted to date in patients with
T1D, an absolute incidence of DKA of *2%–4% has been
reported with sotagliflozin, dapagliflozin, and empagliflozin
at the doses currently approved for patients with T2D in trials
variously lasting 6 months to 1 year.8–13,19,20 Because of this
known risk, DKA mitigation was an important component of
the sotagliflozin clinical trial program for T1D, and all trials
provided education to patients, investigators, and study staff
about the prevention of DKA and its early detection and
management.8–10,20

In the present trial involving patients at high risk of DKA,
there was a higher incidence of elevated blood ketones, but
there were no positively adjudicated cases of DKA among
sotagliflozin-treated participants, suggesting that DKA miti-
gation is possible. When SGLT inhibitors are prescribed with
intensive insulin therapy, ketones should be monitored in at-
risk situations, regardless of the patient’s blood glucose level.
If a patient is not able to drink or eat, such as before a surgical
procedure, due to a gastrointestinal infection or other sys-
temic illness, or any other reason, the patient should stop the
SGLT inhibitor until they can resume eating and drinking.
The SGLT inhibitor therapy should be discontinued in ad-
vance of any planned activities that predispose patients to
being unable to eat or that increase their potential for de-
hydration. Several proposals and consensus statements
further describe strategies for the prevention, diagnosis, and
management of DKA.21–23

Although this trial fulfills a need for studies involving
younger patients with T1D, our conclusions are limited by
the small population size and short duration of this phase 2
trial. Because statistical significance was hierarchically
tested, and the primary endpoint was not met, results for
secondary and other endpoints can only be described de-
scriptively and cannot be used to declare statistical signif-
icance. Nevertheless, the limited experience gained from
this study provides reassurance for safe use in a high-risk
population with appropriate education and close follow-up.

In conclusion, in young adults with poorly controlled T1D,
the combination of sotagliflozin with background insulin
improved postprandial glycemic control and body weight
with a numerical reduction in A1C. Sotagliflozin was gen-
erally well tolerated without an increased incidence of DKA
and hypoglycemia in this high-risk T1D group.
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Cough 1 (2.4) 3 (7.0)
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