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DRUG EVALUATION

An up-to-date evaluation of sotagliflozin for the treatment of type 1 diabetes
Georgios Chatzopoulos and Konstantinos Tziomalos

First Propedeutic Department of Internal Medicine, Medical School, Aristotle University of Thessaloniki, AHEPA Hospital, Thessaloniki, Greece

ABSTRACT
Introduction: The majority of patients with type 1 diabetes mellitus (T1DM) do not achieve glycemic 
targets. In addition, treatment with insulin is associated with increased risk for hypoglycemia and 
weight gain. Accordingly, there is an unmet need for new safe and effective glucose-lowering agents 
in this population. Sotagliflozin, a dual inhibitor of sodium-glucose co-transporters 1 and 2, has been 
recently approved for use in patients with T1DM.
Areas covered: The authors review the major trials that have evaluated the safety and efficacy of 
sotagliflozin and provide their expert opinion.
Expert opinion: Even though sotagliflozin reduces HbA1 c levels and does not appear to increase the risk for 
hypoglycemia in most patients, the substantially increased risk for diabetic ketoacidosis limits the use of this 
agent to a carefully selected subgroup of patients with T1DM. Based on the existing evidence, sotagliflozin 
should be considered only in patients who have failed to achieve adequate glycemic control despite optimal 
insulin therapy, are at low risk for diabetic ketoacidosis, have been adequately trained to recognize this 
complication and are able to be in close contact with their physician.
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1. Introduction

Type 1 diabetes mellitus (T1DM) currently affects more than 
29 million patients worldwide and its prevalence is increasing 
[1,2]. Insulin represents the mainstay of pharmacological man
agement of T1DM but despite the advances of insulin formu
lations, the majority of patients with T1DM have suboptimal 
glycemic control [3,4]. In addition, treatment with insulin is 
associated with increased risk for hypoglycemia and weight 
gain, which are both associated with increased cardiovascular 
risk [5,6]. Accordingly, there is an unmet need for effective and 
safe treatments in this population.

Recent data suggest that sotagliflozin, a dual inhibitor of 
sodium-glucose co-transporters (SGLT) 1 and 2, might have 
a role in the management of T1DM [7–9]. In the present 
paper, we provide an overview of the safety and efficacy of 
sotagliflozin in this population.

2. Overview of the market

Metformin, sitagliptin and liraglutide have been evaluated in 
patients with T1DM but their glucose-lowering efficacy is 
minimal in this population [10–13]. Pramlintide was the first 
non-insulin agent that was approved for use in patients with 
T1DM in the US [14]. However, it is associated with increased 
risk for hypoglycemia and gastrointestinal adverse events and 
is therefore infrequently used in the US and has not been 
approved for use in Europe [15]. Recently, dapagliflozin, 
a SGLT2 inhibitor, has been approved by the European 
Medicines Agency for use in adult patients with T1DM who 
have a body mass index ≥ 27 kg/m2 and have inadequate 

glycemic control despite optimal insulin therapy [16]. Even 
though this agent improves glycemic control without increas
ing the risk of hypoglycemia and also induces weight loss, it is 
associated with increased risk for diabetic ketoacidosis [17– 
19]. The sponsors of dapagliflozin and empagliflozin have 
submitted New Drug Applications in the United States, but 
the Food and Drug Administration (FDA) has decided not to 
approve any of these drugs for use in patients with T1DM. 
Moreover, the FDA-approved Prescribing Information for 
dapagliflozin lists as a limitation of use that the drug is ‘not 
for treatment of T1DM or diabetic ketoacidosis’.

3. Introduction to sotagliflozin

Sotagliflozin (2S, 3 R, 4 R, 5S, 6 R)-2-[4-chloro-3-[(4-ethoxyphe
nyl)-methyl]-phenyl]-6-methylsulfanyloxane-3, 4, 5-triol) is an 
oral dual inhibitor of sodium-glucose co-transporters (SGLT) 1 
and 2 [20]. These transporters are expressed in the proximal 
intestine and in the proximal tubule of the kidneys, respec
tively [20]. SGLT1 are also expressed in tthe salivary glands, 
liver, lung, skeletal muscle, heart, pancreatic alpha cells and 
brain but their role in these tissues is unclear [20]. Their 
inhibition results in blunting and delaying absorption of glu
cose from the gastrointestinal tract and in reduced renal 
reabsorption of glucose, respectively [20] (Box 1).

4. Chemistry, pharmacodynamics and 
pharmacokinetics of sotagliflozin

Sotagliflozin is 20 times more selective for SGLT2 than for 
SGLT1, with a half-maximal inhibitory concentration for 
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these transporters of 0.0018 and 0.036 μM, respectively [21]. 
The median Tmax ranges between 1.25 and 3 hours after 
administration of a single dose and between 2.5 and 
4 hours after administration of multiple doses [22]. At least 
71% of sotagliflozin is absorbed and plasma exposure 
increases by 1.5–2.5 times when sotagliflozin is taken with 
a high-caloric meal [22]. Almost 98% of both sotagliflozin 
and its main metabolite, 3-O-glycuronide, are bound to 
plasma proteins and this binding is unaffected by impair
ments in renal or hepatic function [1]. The apparent volume 
of distribution after administration of a single 400 mg dose 
is 9,392 l [22]. The primary route of metabolism of sotagli
flozin is glycuronidation by the uridine 5ʹ- diphospho- 
glucuronosyltransferases UGT1A9 [22]. The main route of 
elimination is renal and exposure to sotagliflozin is up to 
1.7 and up to 2.7 times greater in patient with mild and 
moderate renal impairment, respectively (i.e. with creatinine 
clearance 60–90 and 30–60 ml/min, respectively) [22]. In 
contrast, mild impairment of hepatic function (Child-Pugh 
A) does not affect the plasma exposure of sotagliflozin; 
however, patients with moderate and severe hepatic impair
ment (Child-Pugh B and C, respectively) have 3 and 6 times 
greater plasma exposure, respectively [22]. Age, body 

weight, sex and race have no clinically meaningful effects 
on the pharmacokinetics of sotagliflozin [22].

5. Clinical efficacy of sotagliflozin

Several randomized, placebo-controlled, phase III studies 
evaluated the efficacy of sotagliflozin in patients with 
T1DM (Table 1). In the inTandem3 trial (n = 1,402), more 
patients treated with sotagliflozin 400 mg/day group 
achieved HbA1 c levels < 7.0% at 24 weeks than patients 
treated with placebo (29.6 vs. 15.8%, respectively) [23]. 
Sotagliflozin reduced HbA1 c levels by 0.46% compared 
with placebo and also reduced the mean daily total insulin 
dose by 5.3 units. In addition, treatment with sotagliflozin 
reduced systolic blood pressure (SBP) by 3.5 mmHg in 
patients with baseline SBP ≥ 130 mmHg and also reduced 
body weight by 2.98 kg compared with placebo [23]. 
Sotagliflozin did not affect glomerular filtration rate (GFR) 
or urinary albumin excretion [23].

The inTandem1 (n = 793) and inTandem2 trials (n = 782) 
compared the safety and efficacy of treatment with sotagli
flozin 200 or 400 mg/day versus placebo for 52 weeks 
[24,25]. Reductions in HbA1 c levels appeared to wane at 
52 weeks; indeed, HbA1 c was reduced by 0.41% at week 
24 and by 0.31% at week 52 in the inTandem1 trial and by 
0.35% at week 24 and by 0.32% at week 52 in the 
inTandem2 trial [24,25]. On the other hand, masked contin
uous glucose monitoring revealed that sotagliflozin 400 mg/ 
day increased the glucose time in range (i.e. between 
70–180 mg/dl) by 11.7% compared with placebo [26]. 
Moreover, sotagliflozin 400 mg/day significantly reduced 
postprandial glucose levels (by 50 mg/dl), possibly due to 
the reduction in gastrointestinal absorption of glucose due to 
SGLT1 inhibition [26,27]. Reductions in body weight 

Table 1. Randomized, placebo-controlled studies that evaluated the efficacy and 
safety of sotagliflozin in patients with type 1 diabetes mellitus.

Trial n Duration Efficacy Safety

inTandem3 
[23]

1,402 24 weeks ↓ HbA1 c by 
0.46% 
↓SBP by 
3.5 mmHg 
↓ weight 
by 2.98 kg

↔Severe hypoglycemia 
DKA: 3.0% vs. 0.6% with 
placebo 
Diarrhea: 4.1% vs. 2.3% 
with placebo 
Genital infections: 6.4% vs. 
2.1% with placebo

inTandem1 
[24]

793 52 weeks ↓ HbA1 c by 
0.31% 
↓SBP by 
4.2 mmHg 
↓ weight 
by 4.3 kg

↔Hypoglycemia 
DKA: 4.2% vs. 0.4% with 
placebo 
Diarrhea: 10.3% vs. 6.7% 
with placebo 
Genital infections: 13.0% 
vs. 3.4% with placebo

inTandem2 
[25]

782 52 weeks ↓ HbA1 c by 
0.32% 
↓SBP by 
2.8 mmHg 
↓ weight 
by 2.9 kg

↓Hypoglycemia 
DKA: 3.4% vs. 0% with 
placebo 
Diarrhea: 7.2% vs. 3.5% 
with placebo 
Genital infections: 11.0% 
vs. 2.3% with placebo

SBP: systolic blood pressure; ↔: no change; DKA: diabetic ketoacidosis. 

Article highlights

● Sotagliflozin reduces HbA1c levelsand does not appear to increase 
the risk for hypoglycemia in most patients

● Sotagliflozin is associated with substantially increased risk for 
ketoacidosis

● Sotagliflozin should be considered only in patients who have failed 
to achieve adequate glycemic control despite optimal insulin ther
apy, are at low risk for diabetic ketoacidosis, have been adequately 
trained to recognize this complication and are able to be in close 
contact with their physician

Box 1. Drug summary box

Drug name Sotagliflozin
Phase Registered
Indication Type 1 Diabetes

Pharmacology description Sodium/glucose cotransporter inhibitor
Route of administration Oral

Chemical structure

Pivotal trial(s) [23][24]

Pharmaprojects - copyright to Citeline Drug Intelligence (an Informa business). 
Readers are referred to Informa-Pipeline (http://informa-pipeline.citeline.com) 
and Citeline (http://informa.citeline.com). 
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(2.9–4.3 kg) and SBP (2.8–4.2 mmHg) were again observed 
during treatment with sotagliflozin [24,25]. Moreover, satis
faction with treatment was higher in the sotagliflozin group 
than in the placebo group whereas diabetes-related distress 
was less severe in the former [24,25]. A pooled analysis of the 
inTandem-1 and −2 trials showed no effect of sotagliflozin 
400 mg/day on GFR or on albuminuria [28]. However, it is 
possible that the duration of these trials was too short to 
reveal a change in renal function.

6. Safety and tolerability of sotagliflozin

In the inTandem3 trial, rates of severe hypoglycemia (defined 
as a hypoglycemic event that required assistance from another 
person or resulted in loss of consciousness or a seizure, 
regardless of the patient’s glucose level) were similar in the 
sotagliflozin and the placebo groups among patients using 
subcutaneous insulin injections but were 2 times higher in the 
former among patients using insulin pump [23]. In contrast, 
rates of documented hypoglycemia with blood glucose levels 
< 55 mg/dl were lower in the sotagliflozin group [23]. Rates of 
hypoglycemia were lower in the sotagliflozin 400 mg/day 
group than in the placebo group in the inTandem2 trial and 
were similar in the 2 groups in the inTandem1 trial [24,25]. 
Moreover, continuous glucose monitoring did not show any 
increase in the risk of hypoglycemia in the sotagliflozin group 
in these 2 trials [26]. On the other hand, based on phase 2 data 
with canagliflozin, it seems likely that SGLT2 inhibitors are 
associated with an increased risk of hypoglycemia when com
bined with insulin in patients with T1DM [29]. However, in 
subsequent studies with other SGLT2 inhibitors, the clinical 
trial staff developed considerable skill in decreasing insulin 
doses to mitigate the SGLT2 inhibitor-induced risk of severe 
hypoglycemia [23–25]. It is far from clear that the same skill 
will be routinely available in ‘real world’ situations to prevent 
the potential risk of SGLT2 inhibitor-induced hypoglycemia in 
insulin-treated T1DM patients.

SGLT2 inhibitors increase the risk of diabetic ketoacidosis pos
sibly due to noninsulin-dependent glucose clearance, increase in 
circulating glucagon levels and volume depletion [30]. It has been 
suggested that dual inhibition of SGLT1 and 2 might reduce the 
risk of diabetic ketoacidosis because of the lower risk for dehydra
tion and reduction in glucagon levels [31]. However, in the 
inTandem3 trial, rates of diabetic ketoacidosis were 5 times higher 
in patients treated with sotagliflozin (3.0% vs. 0.6% in the placebo 
group) in both insulin pump users and non-users [23]. Notably, 
patients using insulin pump had considerably higher rates of 
diabetic ketoacidosis than patients receiving multiple insulin injec
tions, particularly in the sotagliflozin group (4.4% vs. 2.1% in the 
sotagliflozin group, respectively; 0.7% vs. 0.5% in the placebo 
group, respectively) [23]. Based on the existing evidence, it is 
unclear whether insulin pump increases the risk for diabetic ketoa
cidosis compared with multiple insulin injections [32]. In the 
inTandem1 trial, rates of diabetic ketoacidosis were more than 
10 times higher in the sotagliflozin group (4.2% vs. 0.4% in the 
placebo group) whereas in the inTandem2 trial none of the 
patients in the placebo group experienced diabetic ketoacidosis 

compared with 3.4% in the sotagliflozin arm [23,24]. Increased risk 
of diabetic ketoacidosis was observed in clinical trials with all 
approved SGLT2 inhibitors (i.e. dapagliflozin, empagliflozin and 
canagliflozin) [17–19,29,33]. It should be emphasized that patients 
included in these trials were followed-up regularly, were educated 
in the identification of recognizing the symptoms of diabetic 
ketoacidosis and were provided with test strips for measuring 
ketones and BHB levels [23–25]. Moreover, patients at high risk 
for diabetic ketoacidosis, including those with an episode of dia
betic ketoacidosis during the last month prior to screening or with 
2 or more episodes during the last 6 months prior to screening 
and patients with beta-hydroxy butyrate levels > 0.6 mmol/l at 
screening were excluded from these trials [23–25]. Therefore, it is 
possible that in a real-life setting, where these preventive mea
sures are not feasible and more diverse population will receive this 
treatment, the incidence of diabetic ketoacidosis will be higher in 
patients treated with sotagliflozin. Indeed, in an observational 
study, the rate of diabetic ketoacidosis was 1.8 times more fre
quent during treatment with sotagliflozin (4.5–7.3/100 person- 
years) than the rate observed in clinical trials [34]. Moreover, this 
risk was particularly increased in female patients aged 25–44 years 
(19.7/100 person-years) [34]. In addition, diabetic ketoacidosis can 
occur even with low or normal glucose levels [35]. Notably, 
patients with T1DM consider the risk of diabetic ketoacidosis 
more important than HbA1 c reduction, the risk of hypoglycemia 
and the use of oral versus injectable treatment [36]. It is recom
mended that SGLT inhibitors should be discontinued before 
scheduled surgical procedures, and patients and clinicians should 
remain in close consultation regarding other forms of behavioral 
and physiological stress [35].

The inhibition of glucose absorption by the gastrointestinal 
tract and by the kidneys by sotagliflozin is expected to increase 
the incidence of osmotic diarrhea and glucosuria-induced genital 
mycotic infections, respectively. Indeed, in the inTandem3 trial, 
diarrhea was almost 2 times more frequent in the former (4.1% 
vs. 2.3% in the placebo group) and genital infections were 3 
times more frequent in the sotagliflozin group (6.4% vs. 2.1% in 
the placebo group) [23]. Similarly, in the inTandem1 and 
inTandem2 trials, diarrhea and genital mycotic infections 
occurred 1.5–2 and 4–5 times more frequently, respectively, in 
patients treated with sotagliflozin [24,25]. These adverse events 
resulted in treatment discontinuation in 0.9–1.6% of patients 
treated with sotagliflozin [23–25].

In the inTandem3 trial, the incidence of urinary tract infec
tion and bone fracture did not differ between the 2 groups 
and no cases of amputation were reported during the trial 
[23]. In the inTandem1 and inTandem2 trials, cases of bone 
fracture were numerically higher in the sotagliflozin arm but 
were infrequent [24,25]. Notably, patients with T1DM have 
a higher risk for fractures than the general population [37]. 
Moreover, canagliflozin has been associated with increased 
risk for fractures and amputation in patients with type 2 
diabetes mellitus (T2DM) whereas other SGLT2 inhibitors, 
namely empagliflozin and dapagliflozin, have not [38–41]. It 
is unclear whether these different results are due to differ
ences between SGLT2 inhibitors or differences between 
patients with T2DM and T1DM. It is also possible that the 
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duration of the inTandem trials (24–52 weeks) was too short to 
reveal an increased incidence of fractures and amputations.

7. Regulatory affairs

Sotagliflozin has been approved by the European Medicinal 
Agency as an adjunct to insulin in patients with T1DM with 
a body mass index ≥ 27 kg/m2 who have failed to achieve 
adequate glycemic control despite optimal insulin therapy 
[42]. In contrast, the sponsor of sotagliflozin has submitted 
New Drug Applications in the United States but the FDA has 
decided not to approve this drug for use in patients with T1DM.

8. Expert opinion

Sotagliflozin reduces HbA1 c levels. Given that the majority of 
patients with T1DM have suboptimal glycemic control, the addi
tion of sotagliflozin is expected to be useful in achieving glycemic 
targets. Moreover, sotagliflozin appears to reduce fluctuations in 
glucose levels and to alleviate postprandial hyperglycemia, which 
appear to be associated with increased risk for micro- and macro
vascular complications in this population. On the other hand, the 
glucose-lowering efficacy of sotagliflozin appears to wane after 
24 weeks of treatment and it is unclear whether it is sustainable 
during long-term administration. Indeed, there are no data regard
ing the effects of sotagliflozin on HbA1 c levels beyond 52 weeks of 
treatment. Moreover, the design of the inTandem trials might 
have favored sotagliflozin, since HbA1 c levels were masked and 
this might have resulted in suboptimal insulin titration in the 
placebo group.

Another potential advantage of adding sotagliflozin is that 
this agent does not appear to increase the risk for hypoglyce
mia. In contrast, the alternative option for improving glycemic 
control, i.e. titration of insulin dose, is associated with 
increased risk for hypoglycemia. However, in the inTandem2 
trial, patients using insulin pump were more likely to experi
ence hypoglycemia during treatment with sotagliflozin than 
with placebo. Therefore, adding sotagliflozin might be less 
appropriate for this group of patients.

The major drawback for the use of sotagliflozin is the increase 
in the risk of diabetic ketoacidosis. All inTandem trials consistently 
showed a 5–10 times higher risk for this potentially fatal complica
tion in patients assigned to receive sotagliflozin. Patients using 
insulin pump were at substantially higher risk. Notably, patients at 
high risk for diabetic ketoacidosis were excluded from these trials 
and several measures to mitigate the risk of diabetic ketoacidosis 
were enforced that might not be feasible in everyday, typical 
clinical practice. Furthermore, diabetic ketoacidosis can develop 
during treatment with SGLT inhibitors even in the absence of 
elevated glucose levels and this might obscure timely recognition 
and treatment. Moreover, several symptoms of diabetic ketoaci
dosis including weight loss, abdominal pain, frequent urination, 
increased thirst, are also potential adverse events related to the 
use of sotagliflozin and this might also delay the diagnosis of 
diabetic ketoacidosis.

Finally, up to 10.3% of patients treated with sotagliflozin 
experience diarrhea and up to 13.0% experience genital myco
tic infections. Even though relatively few patients discontin
ued treatment due to these adverse events in the inTandem 
trials, it is possible that discontinuation rates or reduced 
adherence to treatment will be more frequent during the 
long-term use of sotagliflozin in everyday clinical practice.

Overall, even though sotagliflozin reduces HbA1 c levels 
and does not appear to increase the risk for hypoglycemia in 
most patients, the substantially increased risk for diabetic 
ketoacidosis limits the use of this agent to a carefully selected 
subgroup of patients with T1DM. Based on the existing evi
dence, sotagliflozin should be considered only in patients who 
have failed to achieve adequate glycemic control despite 
optimal insulin therapy, are at low risk for diabetic ketoacido
sis, have been adequately trained to recognize this complica
tion and are able to be in close contact with their physician.
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