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Introduction
Type 1 diabetes (T1D) is a challenging disease 
that requires constant management, balancing 
insulin dosing with food intake and exercise on a 
daily basis. Globally there are an estimated 
422 million adults living with diabetes, with 
approximately 10% having T1D.1 It is estimated 
that approximately 1.25 million people in the US 
are living with T1D, including approximately 
200,000 youths, with an additional 40,000 people 
diagnosed each year.2 By the year 2050, an esti-
mated 5 million people will be diagnosed with 
T1D in the US.2,3 Economically, there is an esti-
mated $14 billion spent annually in the US on 
T1D-associated healthcare and lost wages.3 
Currently, < 25% of patients with T1D reach 
the American Diabetes Association national 
guidelines for a goal hemoglobin A1C (A1C) of 
<7%.4 In addition, data indicates there are rising 
numbers of T1D patients who are struggling with 
being overweight or obese.5,6 Insulin treatment 
continues to be the standard of care for T1D, 
delivered by subcutaneous injection or through 

continuous infusion with insulin pump devices. 
While insulin is an essential tool for managing 
patient’s glucose levels, it does present the risk of 
hypoglycemia and has been shown to present 
adherence barriers with treatment.7–9 Glucose 
variability can be a challenge for T1D patients, 
many of which experience wide fluctuations in 
their blood glucose levels due to an improper bal-
ance between their diet and insulin dosing. These 
challenges have prompted researchers to explore 
noninsulin treatments for the type 1 diabetes 
population.

The sodium-glucose cotransporter 2 (SGLT2) 
inhibitor class of medications is an interesting 
option for treating T1D. There are currently four 
of these agents approved in the US for the treat-
ment of type 2 diabetes (T2D), and the class has 
demonstrated good A1C lowering efficacy in 
combination with the additional benefits of blood 
pressure reduction and weight loss. Their thera-
peutic mechanism is independent of insulin 
action, and is not associated with hypoglycemia, 
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and may target the maladaptive condition of glu-
cose reabsorption that has been observed in T1D 
patients.10 Research into these medications has 
demonstrated some potential cardiovascular ben-
efits in patients with established cardiovascular 
disease and high coronary heart disease risk.11–13 
In addition, there are ongoing studies evaluating 
the use of the SGLT2 drug class in patients with 
renal disease, with some suggestions that these 
agents may provide renal protection.12 The 
SGLT2 inhibitors demonstrate some variability in 
their activity based at least partially on the varying 
binding affinity between the SGLT1 and SGLT2 
receptors in the body. SGLT1 proteins are 
expressed in the small intestines, where their role 
is still understudied, and the proximal tubule of 
the kidney, which represents approximately 10% 
of filtered glucose reabsorption.14 Blocking these 
receptors has been shown to reduce and delay 
postprandial glucose excursions.15 Inhibition of 
SGLT1 may lead to gastrointestinal side effects, 
including severe diarrhea.16 SGLT2 proteins are 
located in the proximal convoluted tubule of the 
kidneys and are responsible for approximately 
90% of filtered glucose reabsorption.14,16

Sotagliflozin is a new SGLT2 inhibitor that has 
additionally shown significant activity on the 
SGLT1 receptor specifically in the small intes-
tines but not in the kidneys. It has been evaluated 
for the treatment of T1D. This manuscript 
reviews this new medication specifically in this 
role in the treatment of T1D.

Pharmacology

Pharmacokinetics
Pharmacokinetic data for sotagliflozin in patients 
with T1D is limited. A study performed in eight 
healthy subjects using a single 400 mg dose of 
sotagliflozin reported time to maximum plasma 
concentration (Tmax) of 1.25–4.5 h, and a half-life 
of 21–35 h. Exposure was affected by body weight, 
renal impairment, and hepatic impairment.17 In 
patients with T2D, the peak concentration (Cmax) 
after a single dose of sotagliflozin 300 mg was 
105 ng/ ml for two 150 mg tablets and 135 ng/ml 
for six 50 mg tablets. The Tmax was 3 h. After 
14 days of once daily dosing of sotagliflozin 
300 mg, the mean Cmax was 27% higher than on 
day 1, which indicates some accumulation. In 
these patients with T2D and normal renal func-
tion, the half-life with once-daily dosing for 

28 days was 13.5–20.7 h and steady-state was 
reached at day 14.18 In patients with T2D and 
moderate to severe renal insufficiency, the half-
life was 16.6–18.1 h, indicating that the elimina-
tion of sotagliflozin is not significantly changed by 
reduced kidney function. However, similar to the 
other SGLT2 inhibitors, sotagliflozin should 
probably not be used in patients with an esti-
mated glomerular filtration rate (eGFR) of 
<45 ml/min/1.73 m2 due to reductions in urinary 
glucose excretion and decreased glucose lowering 
efficacy.19

Pharmacodynamics
Differences between the currently approved 
SGLT2 inhibitors include their respective selec-
tivity profiles for SGLT2 over SGLT1. In com-
parison, sotagliflozin has much more of an effect 
on SGLT1 than other available agents (Table 1). 
Sotagliflozin demonstrates only a 20 times higher 
potency for SGLT2 over SGLT1 and is, there-
fore, considered to be a dual inhibitor of SGLT1 
and SGLT2.20–22

SGLT2 accounts for 90% of glucose reabsorp-
tion in the kidney and is thought to be overex-
pressed in patients with diabetes. Inhibition of 
SGLT2 reduces glucose reabsorption in the kid-
ney, therefore, increasing urinary glucose excre-
tion and lowering blood glucose.20

SGLT1 plays a major role in glucose uptake in 
the small intestine. In addition, glucose uptake by 
intestinal SGLT1 modulates the secretion of 

Table 1. SGLT-2: SGLT-1 selectivity of SGLT inhibitors 
approved and under development.20–22

Generic name SGLT2:SGLT1 selectivity

Canagliflozin 155

Dapagliflozin 1242

Empagliflozin 2680

Ertugliflozin 2000

Ipragliflozin 254

Luseogliflozin 1770

Sotagliflozin 20

Tofogliflozin 2912
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intestinal hormones that regulate glucose, includ-
ing glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic peptide (GIP). 
Diabetes increases intestinal SGLT1 expression 
which increases glucose uptake. Inhibition of 
SGLT1 delays, and perhaps reduces, glucose 
absorption, and enhances circulating levels of 
GLP-1 and GIP. Both of these mechanisms result 
in reductions in postprandial glucose (PPG) 
excursions. The SGLT1 protein is expressed in 
the salivary glands, liver, lung, skeletal muscle, 
heart, pancreatic alpha cells, and the brain, how-
ever, the significance of this is not well under-
stood.20,23 Pharmacodynamic data in healthy 
subjects and patients with T1D is limited but 
demonstrates that sotagliflozin delays glucose 
absorption by inhibiting SGLT1 and reduces 
renal glucose reabsorption by inhibiting SGLT2. 
The effect of sotagliflozin on glucose absorption 
was evaluated in a randomized, single dose, cross-
over study in 24 healthy patients. Patients received 
sotagliflozin 400 mg or placebo followed by an 
isotope tracer glucose drink within 15 min.17 
Results indicated that the rate of oral glucose 
appearance with sotagliflozin was significantly 
lower than placebo during the first 1–2 h, but was 
comparable over 5 h between sotagliflozin and 
placebo. This demonstrates a delay in glucose 
absorption without a change in the total amount 
of glucose absorbed. In addition, sotagliflozin 
produced higher urinary glucose excretion com-
pared with placebo.17

A phase II, dose-ranging study (inTandem4) was 
conducted in patients with T1D.17,24 Although it 
would have been helpful to conduct this study 
prior to initiating phase III studies, inTandem4 
ran in parallel with the phase III studies. 
Therefore, its stated purpose was to confirm the 
appropriateness of doses that were concurrently 
being tested in phase III studies in T1D subjects. 
The study was conducted in 141 patients with 
T1D who were on either insulin pump therapy or 
multiple daily injections with an A1C range of 
7–10% and evaluated sotagliflozin 75 mg, 200 mg, 
or 400 mg taken once daily before the first meal of 
the day versus placebo. Sotagliflozin increased 
urinary glucose excretion in a dose-dependent 
manner (0.3 g/day placebo, 42 g/day sotagliflozin 
75 mg, 58 g/day sotagliflozin 200 mg, and 70.7 g/
day sotagliflozin 400 mg, p < 0.001 for all versus 
placebo). After 12 weeks, sotagliflozin 400 mg 
was more effective than a placebo at decreasing 
PPG (–49 mg/dl, p = 0.006) but the 75 mg and 

200 mg doses were not significantly different than 
placebo. However, sotagliflozin 200 mg and 
400 mg were both more effective than placebo at 
lowering A1C (–0.48%, p < 0.001 and −0.38%, 
p = 0.006 respectively) and lowering weight 
(–2.4 kg, p < 0.001 and −2.6 kg, p < 0.001).17,24

Clinical evidence
Three double-blind, randomized controlled trials 
(inTandem1–3) have been published that evalu-
ate the safety and efficacy of sotagliflozin in adult 
patients with T1D.25–27 The inTandem trials 
enrolled a total of approximately 3000 patients 
from around the world with a diagnosis of T1D 
that were managed with either multiple daily 
injections (MDI) or continuous subcutaneous 
insulin infusion (CSII) with an A1C of between 
7% and 11% at the screening. Average A1C levels 
at the screening were 8.2%, 8.4%, and 8.2% for 
inTandem trials 1–3, respectively. All three trials 
utilized insulin optimization dosing to target and 
maintain a fasting plasma glucose (FPG) between 
80 and 130 mg/day and 2 h postprandial glucose 
<180 mg/day. Patients were excluded from all tri-
als if β-hydroxybutyrate (BHB) was >0.6 mmol/l 
at screening, if severe hypoglycemia or diabetic 
ketoacidosis (DKA) was present in the previous 
month, or if patients had an eGFR <45 ml/
min/1.73 m2. A summary of baseline patient char-
acteristics for the inTandem trials can be found in 
Table 2.

Sotagliflozin added to optimized insulin 
regimens
The inTandem1 and inTandem2 studies were 
nearly identical in their design with the only dif-
ference being that inTandem1 was conducted in 
North America25 and inTandem2 was conducted 
in Europe and Israel.26 Both studies were 52 
weeks in duration and compared the effects of 
either sotagliflozin 200 mg or 400 mg to placebo 
when added to an optimized insulin regimen. 
Insulin optimization began 6 weeks prior to ran-
domization and continued through to the end of 
the trial. An independent insulin dose monitor-
ing committee (IDMC) was utilized to blindly 
review insulin titration decisions during the first 
24 weeks of the trial in order to ensure insulin 
adjustments were consistent with self-monitor-
ing blood glucose patterns. The primary end-
point was changed in A1C from baseline to 
24 weeks.
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After 24 weeks of treatment, the placebo-adjusted 
least squares mean (LSM) A1C for inTandem1 
participants had decreased by 0.36% (95% CI 
−0.45 to −0.27) and 0.41% (95% CI −0.50 to 
−0.32) with sotagliflozin 200 mg and 400 mg, 
respectively (both p < 0.001) (Table 3). While 
this benefit in A1C reduction remained signifi-
cant at 52 weeks compared with the placebo, it 
was less pronounced. A1C reduction peaked after 
the first 8 weeks of treatment then steadily 
decreased over the next 44 weeks. Very similar 
results were reported for the inTandem2 trial 
where the placebo-adjusted LSM A1C after 
24 weeks had decreased by 0.37% (95% CI −0.48 
to −0.25) and 0.35% (95% CI −0.47 to −0.24) 
for sotagliflozin 200 mg and 400 mg, respectively. 
Again, the benefit in A1C reduction remained 
significant at 52 weeks, but was less pronounced, 
with the greatest A1C reductions seen after 
8 weeks of treatment. In both trials, higher num-
bers of patients in both sotagliflozin groups 
achieved A1C targets of <7% compared with 
placebo. Of those patients in inTandem1 with a 
baseline A1C ⩾7.0% after insulin optimization, 
15.7%, 27.2%, and 40.3% of patients achieved 
an A1C of <7.0% after 24 weeks of treatment 
in the placebo, sotagliflozin 200 mg, and 

sotagliflozin 400 mg groups, respectively (both 
p < 0.005). Of those patients in inTandem2 with 
a baseline A1C ⩾7.0% after insulin optimization, 
6.1%, 24.6%, and 26.3% of patients achieved an 
A1C of <7.0% after 24 weeks of treatment in the 
placebo, sotagliflozin 200 mg, and sotagliflozin 
400 mg groups, respectively (both p < 0.001).

Compared with placebo, average FPG decreased 
significantly for the 200 mg and 400 mg doses at 
24 weeks and was sustained at 52 weeks for inTan-
dem1. For inTandem2, average FPG decreased 
significantly for both doses at 24 weeks but was 
not sustained at 52 weeks, with the change in 
FPG for the 200 mg group no longer being signifi-
cant. Both studies showed significant reductions 
in weight ranging from 1.98 kg to 3.45 kg for the 
200 mg and 400 mg doses at 24 weeks with further 
dose-dependent weight reductions seen at 
52 weeks. Participants in inTandem1 with a base-
line SBP ⩾130 mm Hg saw significant reductions 
in SBP at 24 weeks with placebo-adjusted LSM 
decreases of 5.4 mm Hg and 6.6 mm Hg for the 
200 mg and 400 mg groups, respectively, which 
were more substantial than those with a baseline 
SBP <130 mm Hg. However, these results were 
no longer significant compared with placebo at 

Table 2. Summary of study design and baseline patient characteristics of inTandem studies evaluating sotagliflozin in type 1 
diabetes.

Study Design Baseline patient 
characteristics

Run-in time prior 
to randomization

Baseline glucose 
and insulin dose at 
randomization

Study arms

Buse et al.
(inTandem1)23

North America

Double-blind; 
52 weeks (24w 
core, 28w long 
term extension); 
n = 793

Mean age 46 years; 
52% female; 92% 
white; BMI 29.7 kg/
m2; DM duration 
24.4 years; 40.4% 
used MDI

Insulin optimization 
for 6 weeks with 
a 2 week placebo 
run-in

A1C 7.6%
FPG 152 mg/dl
TDD: 64–67 IU/ day

Placebo
Sotagliflozin 
200 mg daily
Sotagliflozin 
400 mg daily

Danne et al.
(inTandem2)24

European Union 
and Israel

Double-blind; 
52 weeks (24w 
core, 28w long 
term extension); 
n = 782

Mean age 41 years; 
48% female; 96% 
white; BMI 27.8 kg/
m2; DM duration 
18.4 years; 74.3% 
used MDI

Insulin optimization 
for 6 weeks with 
a 2-week placebo 
run-in

A1C 7.8%
FPG 163 mg/dl
TDD: 60–62 IU/day

Placebo
Sotagliflozin 
200 mg daily
Sotagliflozin 
400 mg daily

Garg et al.
(inTandem3)25

19 countries

Double-blind; 
24 weeks; n = 1402

Mean age 43 years; 
50% female; 88% 
white; BMI 28 kg/m2; 
DM duration 20 years; 
60.4% used MDI

Single-blind 
placebo run-in for 
2 weeks

A1C 8.2%
FPG 164 mg/dl
TDD: 57–58 IU/day

Placebo
Sotagliflozin 
400 mg daily

A1C, hemoglobin A1C; BMI, body mass index; DM, diabetes mellitus; FPG, fasting plasma glucose; MDI, multiple daily injections; TDD, total daily 
dose.
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52 weeks and inTandem2 only showed a signifi-
cant SBP decrease in these patients for the 400 mg 
dose.

Patient satisfaction for both studies was evaluated 
using the Diabetes Treatment Satisfaction 
Questionnaire where an increase in score indi-
cates greater treatment satisfaction. For inTan-
dem 1, at week 24, the LSM difference from 
placebo was 2.5 points for the 200 mg and 400 mg 
groups (both p < 0.001) with very similar results 
of 2.0 and 1.7 points for the 200 mg and 400 mg 
groups (both p < 0.001), respectively, in inTan-
dem2. Similarly, the two-item Diabetes Distress 
Screening Scale showed that distress decreased 
significantly in the sotagliflozin-treated groups 
while showing no change or increasing in the pla-
cebo groups.

Major adverse events across the inTandem phase 
III trials are outlined in Table 4. Hypoglycemia 
events seen in the sotagliflozin trials are discussed 
in a separate section below. Both inTandem1 and 
2 trials showed an increased risk for DKA at the 
200 mg and 400 mg doses. During the 52 weeks, 
inTandem1 reported 21 participants with ⩾1 
DKA event (22 events in total) with only 1 of 
those in the placebo group, 9 participants (8 CSII 
users) in the 200 mg group, and 11 participants (7 
CSII users) in the 400 mg group leading to 4 
patients in each treatment group discontinuing 
sotagliflozin. During the 52 weeks, inTandem2 
reported 15 participants with ⩾1 DKA event with 
6 of these in the 200 mg group (1 CSII user), 5 in 
the 400 mg group (5 CSII users), and none in the 
placebo group leading to 4 participants in the 
400 mg group discontinuing therapy. Each trial 
reported that baseline BHB levels increased by an 
average of approximately 0.1 mmol/l in each 
sotagliflozin group compared with placebo which 
did not change from baseline. InTandem2 
reported that 87% of DKA events were associated 
with a potential contributory factor including 
infection, concomitant illness, missed insulin 
dose, or insulin pump interruption. No such data 
was reported for inTandem1.

Sotagliflozin added to stable insulin therapy
The inTandem3 study was conducted at 133 cent-
ers worldwide and compared the effects of sotagli-
flozin 400 mg versus placebo when added onto 
stable insulin therapy for a total of 24 weeks.27 
There was a 2 week, single-blind, run-in period Ta

bl
e 

4.
 A

dv
er

se
 e

ve
nt

s 
ac

ro
ss

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

ls
 o

f s
ot

ag
lif

lo
zi

n 
in

 ty
pe

 1
 d

ia
be

te
s.

St
ud

y
St

ud
y 

ar
m

s
Se

ve
re

 
hy

po
gl

yc
em

ia
 (%

)
D

K
A

 
(%

)
A

m
pu

ta
ti

on
s 

(%
)

B
on

e 
de

ns
it

y/
fr

ac
tu

re
s 

(%
)

G
en

it
al

 m
yc

ot
ic

 
in

fe
ct

io
ns

 (%
)

U
TI

 
(%

)
Vo

lu
m

e 
de

pl
et

io
n 

(%
)

D
ia

rr
he

a 
(%

)

B
us

e 
et

 a
l.

(in
Ta

nd
em

1)
1

N
or

th
 A

m
er

ic
a

P
la

ce
bo

9.
7

0.
4

0
3.

7
3.

4
7.

1
1.

5
6.

7

So
ta

gl
ifl

oz
in

 2
00

 m
g

6.
5

3.
4

0
3.

4
9.

1
9.

9
3

8.
4

So
ta

gl
ifl

oz
in

 4
00

 m
g

6.
5

4.
2

0.
4

1.
9

13
4.

2
1.

5
10

.3

D
an

ne
 e

t a
l.

(in
Ta

nd
em

2)
2

EU
 a

nd
 Is

ra
el

P
la

ce
bo

5
0

0
3.

1
2.

3
5

0.
4

3.
5

So
ta

gl
ifl

oz
in

 2
00

 m
g

5
2.

3
0.

4
2.

3
9.

2
4.

2
2.

3
4.

6

So
ta

gl
ifl

oz
in

 4
00

 m
g

2.
3

3.
4

0
1.

9
11

.0
6.

8
0.

8
7.

2

G
ar

g 
et

 a
l.

(in
Ta

nd
em

3)
3

19
 c

ou
nt

ri
es

P
la

ce
bo

2.
4

0.
6

0
0.

7
2.

1
3.

8
0.

3
2.

3

So
ta

gl
ifl

oz
in

 4
00

 m
g

3.
0

3.
0

0
0.

6
6.

4
3.

6
1.

9
4.

1

D
K

A
, d

ia
be

tic
 k

et
oa

ci
do

si
s;

 U
TI

, u
ri

na
ry

 tr
ac

t i
nf

ec
tio

n.

https://journals.sagepub.com/home/tae


W Nuffer, B Williams et al.

journals.sagepub.com/home/tae 7

where all participants received a placebo before 
being randomized 1:1 to receive either sotagliflozin 
400 mg or placebo. The inTandem3 study did not 
utilize an IDMC as used in the first two studies.

Patients in the sotagliflozin group demonstrated 
an overall drop in A1C from a baseline of 0.79%, 
compared with 0.33% in the placebo group 
(Table 3). Significantly more patients met the 
primary endpoint of A1C <7% with no episodes 
of severe hypoglycemia or DKA (28.6% versus 
15.2%; a difference of 13.4%, p < 0.001) at 
24 weeks. A subgroup analysis showed that it 
made no difference whether the participants were 
using CSII or MDI. There were significantly 
more participants in the sotagliflozin group with 
an A1C ⩾7% at 24 weeks with at least one epi-
sode of DKA versus those in the placebo group 
(2.6% versus 0.6%; a difference of 2%, p = 0.003). 
Of those participants achieving a reduction in 
A1C of ⩾0.5%, significantly more people in the 
sotagliflozin group experienced DKA compared 
with placebo (1.43% versus 0.14%; difference 
1.29%, p = 0.006).

A1C was significantly reduced from baseline in 
the treatment group compared with placebo 
(–0.79% versus −0.33%; difference −0.46%, 
p < 0.001) with greater reductions seen in those 
with higher baseline A1C (for A1C >9%, treat-
ment difference of −0.50%). In the treatment 
group the total insulin dose, basal insulin dose, 
and bolus insulin dose were all significantly 
decreased by −5.25 units, −2.60 units, and 
−2.84 units, respectively (all p values <0.001).

Serious adverse events were higher in the sotagli-
flozin group compared with placebo (6.9% versus 
3.3%) leading to more adverse event withdrawals 
from the treatment group (6.3% versus 2.3%). 
Hypoglycemia is discussed in the following. 
Acidosis-related adverse events were higher in the 
sotagliflozin group compared with the placebo 
group (8.6% versus 2.4%), as was the rate of DKA 
episodes (3% versus 0.6%). The rate of DKA was 
higher in the sotagliflozin group regardless of 
whether CSII or MDI was used, those using CSII 
had a higher rate of DKA (4.4% versus 0.7% for 
CSII; 2.1% versus 0.5% for MDI).

Meta-analysis data
A meta-analysis of sotagliflozin’s randomized con-
trolled trials specifically focused on sotagliflozin’s 

safety and efficacy was published in April 2019.28 
A total of six trials with over 3200 patients were 
included for analysis. In addition to the three 
phase III trials previously discussed, the authors 
also included the phase II dose-ranging trial 
(inTandem4)24 along with two additional smaller 
trials published in abstract form.29,30 Overall the 
reported A1C reduction with the use of sotagliflo-
zin in T1D subjects was −0.34% (95% CI 
−0.41% to −0.27%). FPG was reduced by an 
average of −16.98 mg/dl, with 2 h postprandial 
glucose reductions averaging −39.2 mg/dl. The 
authors estimated an average daily insulin reduc-
tion of approximately 9% and a weight loss aver-
age of −3.54% with sotagliflozin treatment. The 
relative risk (RR) for ketoacidosis was averaged at 
3.93 (1.94–7.96), with the RR of genital mycotic 
infections higher by an average of 3.12 and 
increased volume depletion events at a RR of 
2.19. The author's conclusions were that sotagli-
flozin improved both glycemic and nonglycemic 
outcomes with the risk of increased ketoacidosis, 
which they stated could be minimized by appro-
priate patient selection and a decrease in the over-
all basal insulin dose.28

Continuous glucose monitoring data
Although A1C is the gold standard for assessing 
glucose control, there are limitations to using A1C 
as the sole marker of effective glucose control. A1C 
does not capture glucose variability or day-to-day 
disease control. Other indices including continu-
ous glucose monitoring (CGM) and time in range 
may better capture the patient experience. In addi-
tion, time in range has been associated with the 
risk of microvascular complications.31,32

A CGM substudy was completed using pooled 
data from inTandem1 and inTandem2.33 
Participants in the CGM substudy (n = 278; 93 
placebos, 89 sotagliflozin 200 mg, and 96 sotagli-
flozin 400 mg) were monitored using blinded 
CGM during prespecified periods (week −1 to 
baseline, week 3–4, week 11–12, and week 23–
24). The major outcomes of the study were time 
within the target glucose range (70–180 mg/dl), 
time above (>180 mg/dl), and time below 
(<70 mg/dl).

From baseline to week 24, sotagliflozin 200 mg 
increased the time within the target glucose range 
by 1 h17 min compared with placebo (p = 0.026) 
and sotagliflozin 400 mg increased the time within 
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the target glucose range by 2 h 49 min compared 
with placebo (p < 0.001). FPG decreased by 
15.7 mg/dl and 21.4 mg/dl with sotagliflozin 
200 mg and 400 mg respectively compared with 
placebo. Postprandial glucose decreased by 
35 mg/dl and 50 mg/dl with sotagliflozin 200 mg 
and 400 mg respectively compared with placebo 
(p = 0.009 and <0.001 respectively). There was a 
decrease of more than 1 h/day of time spent with 
glucose >180 mg/dl with sotagliflozin 200 mg 
compared with placebo and nearly 3 h with sotag-
liflozin 400 mg. There was a numeric decrease in 
hypoglycemia (events/patient/day) and percent-
age of time spent/ day with glucose <55 mg/dl 
with sotagliflozin compared with placebo.33

Hypoglycemia
The incidence, prevalence, and severity of hypo-
glycemia across the sotagliflozin studies were 
carefully tracked and analyzed. Pooled data from 
a meta-analysis of the six placebo-controlled 
studies, including all four of the inTandem stud-
ies, noted that sotagliflozin treatment was associ-
ated with lower rates of hypoglycemic events 
compared with placebo (–9.09 events/patient 
year, 95% CI −13.82 to −4.36, p < 0.001).28 In 
addition, this meta-analysis noted a lower risk of 
severe hypoglycemia with sotagliflozin treatment 
of 31% compared with placebo (RR 0.69, 95% 
CI 0.49–0.98, p = 0.04). This is consistent with 
the European product labeling for sotagliflozin, 
where pooled data from the two 52 week trials 
showed a decreased incidence of severe hypogly-
cemia, along with lower documented rates of both 
overall and nocturnal hypoglycemic events in the 
sotagliflozin treatment groups compared with 
insulin alone.34 Of note, the definitions for hypo-
glycemia (<70 mg/dl, <55 mg/dl for moderate) 
and severe hypoglycemia (low blood sugar requir-
ing assistance from another person or resulting in 
loss of consciousness or seizure) were consistent 
across the trials and followed national guideline 
recommendations.

Discussion
Sotagliflozin was among the first in the SGLT2 
inhibitor class to apply for approval in the EU and 
the US for the treatment of T1D. It is unique in 
its dual inhibition of SGLT1 and SGLT2, having 
a stronger affinity for the SGLT1 receptors than 
any of the medications currently available for 
treating T2D in the US. Whether this higher 

SGLT1 affinity translates to additional benefits in 
the treatment of diabetes or unwanted side effects 
remains to be seen, but theoretical models and 
initial clinical trials suggest that additional PPG 
control could be achieved by this medication. In 
addition, it may help to set sotagliflozin apart 
from other medications in the SGLT2 inhibitor 
class, many of which are currently being evalu-
ated for potential use in the T1D population.

The treatment of T1D with an SGLT2 inhibitor 
offers benefits and risks to this population. 
Increasing the excretion of glucose through the 
urine, independent of insulin action, offers a ben-
eficial mechanism for reducing the overall glucose 
load in the body while potentially lowering insulin 
requirements. The data suggest that treatment 
with sotagliflozin successfully lowered A1C by 
approximately 0.3–0.4% compared with the pla-
cebo. This is a relatively modest reduction, which 
may not on its own outweigh the potential risks of 
SGLT2 therapy. There are a number of secondary 
benefits to consider, however, including improved 
glucose variability, improved PPG lowering, and 
positive effects on weight. Because insulin has 
been implicated in increasing weight, mitigating 
weight gain could be beneficial.35,36 Data from a 
small safety and efficacy study performed with 33 
patients over 29 days in 2015 demonstrated that 
higher doses of sotagliflozin were associated with 
greater reductions in patient’s insulin doses, and a 
2–3 kg average weight reduction at 24 weeks.29 
A1C reduction, in contrast, appeared to plateau at 
a dose of approximately 200 mg/day. While 
400 mg/day dosing did demonstrate higher num-
bers of patients achieving an A1C of <7%, this 
was balanced by a higher prevalence in adverse 
events with a higher dosage, including the risks for 
DKA. In general, it is felt that further evidence is 
required to justify doses exceeding 200 mg in this 
patient population. The lower rates of severe 
hypoglycemia seen in the sotagliflozin-treated 
groups compared with patients using insulin 
alone, in combination with overall lower hypogly-
cemic events in this population (approximately 
nine events per patient year) suggest another 
potential secondary benefit to the T1D patients.

The safety profile of sotagliflozin showed similar 
adverse events as seen with the SGLT2 inhibitors 
in the T2D population, with genital mycotic infec-
tions occurring at significantly higher rates than 
placebo. Urinary tract infections (UTIs) were also 
observed, but at a low rate, with some trials 
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showing no difference from placebo. Diarrhea and 
volume depletion were documented side effects in 
the sotagliflozin-treated groups, occurring more 
frequently than placebo. Of note, a substantial 
incidence of ketone formation was shown to occur 
in the sotagliflozin treatment groups, and this was 
a major concern cited by the Food and Drug 
Administration’s (FDA) subcommittee reviewing 
the new drug application.17 Across pooled data for 
sotagliflozin, there were a total of 71 investigator-
reported metabolic acidosis or DKA events in 69 
subjects (6.6%) using active drugs, compared 
with 7 subjects (1.3%) in the placebo groups.17 
Evaluation of these reports led to the confirmation 
of DKA in 35 treated subjects (3.3%) and 1 pla-
cebo subject (0.2%). A total of 12 of the 35 sub-
jects discontinued the study drug due to DKA 
events.17 The previously mentioned phase II 2015 
safety and efficacy sotagliflozin study with 33 
patients showed an 8-fold increased risk of DKA 
with sotagliflozin treatment, with a number 
needed to harm of 26 patient years.29 This early 
study did not have any mitigation strategies in 
place for patients that could reduce the risk of 
DKA. In contrast, another phase II 12 week trial 
conducted in 87 young adults aged between 18 
and 30 years old with T1D utilized ketone moni-
toring and maintained close correspondence with 
participants who became ill.30 In this trial, there 
were no episodes of DKA seen in the treatment 
group and one in the placebo.30 It is possible that 
ketone formation, and the risk of DKA, were 
major considerations in the FDA’s submission of 
a complete response letter for sotagliflozin in 
March 2019, stating that the drug was not 
approved as of that time, even after it had been 
approved by the European Medicines Agency’s 
Committee for Medicinal Products for Human 
Use (CHMP). Further data demonstrating that 
DKA-mitigating strategies can successfully reduce 
or avoid these risks are required.

It is worth considering whether sotagliflozin offers 
unique benefits for T1D patients not seen with 
other SGLT2 inhibitors that are already FDA 
approved for the treatment of T2D. There is 
some published data available for other SGLT2 
inhibitors in the context of T1D treatment. A 
2015 article evaluated the effects of canagliflozin 
or placebo in 351 T1D patients over 18 weeks, 
with a primary endpoint of successfully achieving 
an A1C reduction of ⩾0.4% with no increase in 
body weight.36 Success rates for this endpoint 
were 36.9% with the 100 mg treatment group and 

41.4% in the 300 mg treatment group, compared 
with 14.5% in the placebo group (p < 0.001), and 
both treatment groups demonstrated a reduction 
in insulin dose, body weight, and A1C when 
compared with placebo. Rates of hypoglycemia 
were low across all three groups, but both canagli-
flozin groups showed an increase in ketone-
related adverse events [n = 6 (5.1%) in the 100 mg 
group and n = 11 (9.4%) in the 300 mg group, 
compared with 0 in the placebo] and DKA seri-
ous enough that it required hospitalization [n = 5 
(4.3%) and n = 7 (6%) respectively, compared 
with 0 in the placebo group].37 A similar study 
evaluated dapagliflozin 5 mg and 10 mg and pla-
cebo in 833 T1D patients over 24 weeks, with a 
primary endpoint of change in A1C from base-
line.37 Efficacy data from 778 of these patients 
demonstrated a mean A1C reduction of −0.42% 
in the 5 mg dapagliflozin group and −0.45% in 
the 10 mg dapagliflozin group, compared with 
placebo (p < 0.0001). Hypoglycemic episodes 
were similar across groups, with ketone-related 
events occurring in five patients (2%) in the 5 mg 
group and eight patients (3%) in the 10 mg group, 
compared with two patients (1%) in the placebo 
group. DKA leading to study discontinuation 
occurred in one patient (5 mg) and five patients 
(10 mg) compared with 0 in the placebo group.38 
Collectively, these data are similar to the results 
shown with sotagliflozin, suggesting modest A1C 
reductions with no worsening hypoglycemia, bal-
anced by an increased risk of DKA. There was 
nothing of note in the sotagliflozin trials that 
clearly set them apart from the other SGLT2 
inhibitor agents, suggesting that efficacy results 
may be viewed as a class effect. In addition, dapa-
gliflozin is approved for the treatment in T1D in 
Europe but similarly received a complete response 
letter from the FDA in 2019 rejecting its approval 
for the T1D population at that time.

With regard to sotagliflozin’s use in the treatment 
of T1D, there are some key counseling points that 
clinicians should bear in mind. Taking into con-
sideration the ketone formation data and risk of 
DKA, patients should be counseled to recognize 
the signs and symptoms of diabetic ketoacidosis 
and should be willing to monitor ketone levels. 
Type 1 patients using sotagliflozin should stop 
the drug prior to any scheduled surgical proce-
dures, and should have open communication 
with their providers about any behavioral or phys-
iologic stress that may increase the risk of DKA. 
Because this drug class does have a diuresis effect, 

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 10

10 journals.sagepub.com/home/tae

patients should be encouraged to increase their 
water intake regularly and stay hydrated. The vol-
ume depletion and diarrhea side effects could 
worsen both fluid balance and predispose patients 
to DKA, further reiterating the importance of ade-
quate hydration. Patients who would potentially 
be good candidates for sotagliflozin therapy are 
those who are experiencing frequent hypoglyce-
mia, are engaged and willing to work to optimize 
their insulin therapy and are open to communicat-
ing with their providers. Patients with a high risk 
of DKA or a history of previous DKA episodes 
would probably not be good candidates for sotag-
liflozin therapy. Those patients who have difficul-
ties with the self-management aspect of the disease 
or who have difficulties following a treatment plan 
would likewise not be ideal candidates for this 
treatment. In addition, patients who are on a high 
protein, low carbohydrate ketogenic diet would 
have a higher risk of ketone formation, and should 
not be considered for SGLT2 therapy while fol-
lowing these diet plans.

Conclusion
Sotagliflozin has demonstrated efficacy in reducing 
A1C levels in the T1D population, with secondary 
benefits of decreasing insulin utilization, weight 
loss, lower risk of severe hypoglycemia, and 
decreased FPG. These benefits, however, must be 
weighed against an increased risk of ketone forma-
tion and diabetic ketoacidosis. Currently, sotagliflo-
zin is available for the treatment of T1D in Europe 
but is not approved for use in the US at this time.
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