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Abstract

Sodium-glucose cotransporter inhibitors are a new class of oral antihyperglycemic drugs that have been approved for the
treatment of patients with type 2 diabetes mellitus. Sodium-glucose cotransporter inhibitors reduce glucose reabsorption
in the kidneys, which lowers blood glucose. In addition, they offer significant cardiovascular benefits and renal protection.
Multiple phase III trials of sodium-glucose cotransporter inhibitors in patients with type 1 diabetes have been completed.
The European Medicines Agency approved dapagliflozin as an adjuvant therapy to insulin for patients with type 1 diabetes
who have poor blood glucose control with the optimal dose of insulin alone (body mass index > 27 kg/m?). As adjuvants to
insulin for patients with type 1 diabetes, sodium-glucose cotransporter inhibitors improve blood glucose control and reduce
total daily insulin dose and body weight. However, there is also concern about diabetic ketoacidosis caused by sodium-glucose
cotransporter inhibitors. In this review, the mechanisms of hypoglycemic action, pharmacokinetics, clinical efficacy, and
safety of sodium-glucose cotransporter inhibitors for the treatment of type 1 diabetes are discussed.

1 Introduction

Type 1 diabetes mellitus is a chronic disease characterized
by autoimmune-mediated destruction of B cells, result-
ing in reduced insulin secretion or an absolute deficiency
[1, 2]. The occurrence of the disease may be related to
autoimmune disorders or environmental factors [3-5].
The incidence of type 1 diabetes varies from country to
country. East Asian and American Indian populations have
the lowest incidence (0.1-8 per 100,000), while Finland
has the highest incidence (64.2 per 100,000) [6]. Type 1
diabetes is more common in children and adolescents, but
it can occur at any age and requires life-long dependence
on insulin therapy [7]. Fewer than one in five children
and adolescents with type 1 diabetes in the USA meet
the glycosylated hemoglobin (HbA ) values (< 7.5%)
recommended by the American Diabetes Association.
To make matters worse, despite the continuous advance-
ment of medical technology, this proportion has gradually
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decreased [8]. In addition to common complications such
as cardiovascular disease, diabetic nephropathy, and dia-
betic eye disease, patients with type 1 diabetes are more
likely to develop diabetic ketoacidosis, and even the inci-
dence of depression is associated with adolescent type
1 diabetes [9—-12]. Insulin therapy is currently the most
widely recognized treatment method, but lifelong insu-
lin injection therapy has problems such as weight gain,
hypoglycemia, and increased insulin requirements [13].
In addition, insulin therapy does not prevent or delay the
progressive destruction of pancreatic islet function, thus
patients have lower blood glucose compliance rates.
Sodium-glucose cotransporters (SGLTs) are important
transporters mediating glucose reabsorption in the small
intestine and kidney. Sodium-glucose cotransporter-2 is
localized in the S1 segment of the proximal tubule of
the kidney [14] and is responsible for ~ 90% of glucose
reabsorption in the kidney [15]. Sodium-glucose cotrans-
porter-2 inhibitors, including dapagliflozin, empagliflozin,
canagliflozin, and ertugliflozin, are noninsulin-dependent
oral antihyperglycemic agents that have been widely
approved for the treatment of type 2 diabetes [16—-19]. In
DECLARE-TIMI 58, 17,160 patients with type 2 diabetes
were treated with dapagliflozin. The reduced risk of car-
diovascular death or hospitalization for heart failure had a
hazard ratio range from 0.79 (0.58—1.06) in patients with
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Sodium-glucose cotransporter (SGLT) inhibitors include
the SGLT-2 inhibitors dapaglifiozin, empagliflozin,
canagliflozin, and ertugliflozin. and the SGLT-1/2
inhibitor sotagliflozin. SGLT-2 inhibitors inhibit glucose
reabsorption in renal tissue; SGLT-1/2 inhibitors inhibit
glucose absorption in the intestine and glucose reabsorp-
tion in renal tissue.

Phase III clinical trials have confirmed that SGLT inhibi-
tor adjunct therapy with insulin treatment can improve
glycemic control in patients with type 1 diabetes mellitus
and reduce patient weight without increasing the risk

of hypoglycemic events. However, there is also concern
about diabetic ketoacidosis caused by SGLT inhibitors.

The European Medicines Agency approved dapagliflozin
as an adjuvant therapy to insulin for patients with type 1
diabetes who have poor blood glucose control with the
optimal dose of insulin alone (body mass index > 27 kg/
m?).

a diabetes duration < 5 years to 0.75 (0.55-1.03) in those
with a duration > 20 years (interaction trend p-value 0.76).
The hazard ratio of major adverse cardiovascular events
had a range from 1.08 (0.87—1.35) in patients with a diabe-
tes duration < 5 years to 0.67 (0.52-0.86) in patients with
a duration > 20 years (interaction trend p-value 0.004)
[20]. Another DAPA-HF study assessing the role of dapa-
gliflozin in patients with heart failure and a reduced ejec-
tion fraction showed that the risk of worsening heart fail-
ure or death from cardiovascular causes was lower among
those who received dapagliflozin than among those who
received placebo, regardless of the presence or absence
of diabetes [21]. Based on these two studies, the US Food
and Drug Administration granted dapagliflozin fast-track
status for adult patients with heart failure. Sodium-glucose
cotransporter-1 is mainly localized in the small intestine
[14]. The SGLT-1/2 dual inhibitor sotagliflozin is different
from SGLT-2 inhibitors; it can work with the kidneys and
intestines to reduce glucose absorption [22].

In March 2019, dapaglifiozin was successively approved
in Europe and Japan as an oral adjuvant therapy to insulin for
the treatment of adult patients with type 1 diabetes with poor
glycemic control using optimal insulin alone (body mass
index > 27 kg/m?); sotagliflozin was subsequently approved
for the same indication in Europe [23, 24]. The National
Institute for Health and Care Excellence issued guidelines
recommending the use of dapagliflozin for the treatment of
type 1 diabetes in adults who do not achieve adequate gly-
cemic control despite optimal insulin therapy [25]. The US
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Food and Drug Administration is relatively cautious about
SGLT inhibitors as an adjuvant in the treatment of type 1
diabetes and has rejected applications for dapagliflozin,
empagliflozin, and sotagliflozin [26-28].

The evidence on the efficacy of SGLT inhibitors as adju-
vant therapies for insulin in patients with type 1 diabetes is
positive, but more long-term safety evidence is still needed.
This article aims to provide guidance for clinicians and phar-
macists by reviewing the published efficacy and safety data
of this type of therapy.

2 Pharmacokinetics and Pharmacodynamics

2.1 Pharmacokinetics/Pharmacodynamics
of Dapagliflozin

Dapagliflozin has similar pharmacokinetic properties in
patients with type 1 diabetes and patients with type 2 dia-
betes, and the systemic exposure (maximum concentration
and area under the curve) of dapagliflozin in both patient
populations increased similarly in a dose-dependent manner,
while a dose-dependent 24-hour increase in urinary glucose
excretion was observed [29]. Three studies (NCT01498185,
NCT02325206, NCT02582840) showed that the time to
maximum concentration of 5-10 mg of dapagliflozin in
patients with type 1 diabetes was 1-2 hours, the maximum
concentration was 66—167 ng/mL, and the area under the
curve was 269-702 ng-h/mL [30-32]. The specific data are
summarized in Table 1. All doses of dapagliflozin increased
urinary glucose levels. The 10-mg dose of dapagliflozin
in the three studies had urine glucose excretions of 98.77
(57.53), 134.44 (56.87), and 115.6 (17.2), respectively.
Henry et al. reported that dapagliflozin 5 and 10 mg were
associated with a reduction in mean percentage changes
in baseline total insulin doses of 219.3% (95% confidence
interval [CI] 230.1-26.8) and 216.2% (95% CI 229.4-20.5),
respectively, on day 7 [30]. Two other studies have also con-
firmed that the use of dapagliflozin reduced daily total insu-
lin use (Table 1).

A two-compartment model with first-order absorp-
tion was used to fit dapagliflozin pharmacokinetics data,
and body weight was found to be an important covariate
for dapagliflozin exposure. Based on the observed data
(NCT01498185 and NCT02325206), in the study, adoles-
cents/young adults had a higher urinary glucose excretion
response (138.0 g/24 h) than adults with type 1 diabetes
(70.5 g/24 h) [33].
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2.2 Pharmacokinetics/Pharmacodynamics
of Sotagliflozin

A phase I trial of a dose study was performed in healthy
subjects, assessing the pharmacokinetics and pharmacody-
namic properties of sotagliflozin. On the seventh day after
the multiple-dose administration, the maximum plasma con-
centration of sotagliflozin was 165 ng/mL, the total exposure
(AUC,,_,, area under the concentration—time curve (AUC)
at a dosing interval (AUC,,,)) was 1172 ng-h/mL, and the
pharmacokinetic half-life was 29 h, supporting once-daily
dosing. The maximum urinary glucose excretion on day 7
after multiple administrations was 36 g. This urinary glucose
excretion reflects the effect on SGLT?2 in the kidney but was
lower than that of high doses of SGLT?2 inhibitors. Sotag-
liflozin is eliminated mainly in urine in the form of glucu-
ronic acid, while the other eliminations in stool are unaltered
components. The study of sotagliflozin in patients with type
2 diabetes expanded pharmacokinetic data by evaluating sin-
gle doses up to 2000 mg and multiple doses up to 800 mg
once daily [22].

3 Efficacy
3.1 Dapagliflozin

Two 24-week phase III studies, DEPICT-1 and DEPICT-2,
evaluated the efficacy of dapagliflozin as an adjuvant for
insulin in adults with type 1 diabetes [34, 35]. The doses
of dapagliflozin were 5 mg and 10 mg once a day, and
other detailed data are summarized in Table 2. In each
study, subjects were patients with type 1 diabetes with
poor glycemic control who had been treated with insulin
for at least 12 months. Patients underwent an 8-week run-
in period and were randomly assigned using an interactive
voice response system. Primary outcome measures were
the adjusted average change in glycosylated hemoglobin
(HbA,,) from baseline at week 24. Secondary outcome
measures included the adjusted average percentage change
in total daily insulin dose, the average percentage change
in body weight adjusted from baseline, and the proportion
of subjects with at least a 0.5% reduction in HbA . from
baseline without severe hypoglycemic events.

After 24 weeks of dapagliflozin adjuvant insulin ther-
apy, blood glucose control of subjects improved signifi-
cantly. The proportion of subjects with a > 0.5% reduction

Table 2 Phase III studies of dapaglifiozin as an adjuvant to insulin therapy for patients with type 1 diabetes mellitus (TIDM)

DEPICT-1 [34]

DEPICT-2 [35]

Treatment 10 mg 5mg Placebo 10 mg Smg Placebo
No. of patients 259 259 260 271 270 272
Age, years 41.9 (14.1) 42.7 (14.1) 42.7 (13.6) 42.7 (13.35) 42.4 (12.80) 43.0 (13.73)
Bodyweight, kg 80.8 (18.2) 82.0 (17.3) 84.3 (18.3) 78.74 (17.38) 80.06 (18.30) 78.88 (18.87)
BMI, kg/m? 28.3 (5.8) 28.1 (5.1) 28.6 (5.2) 27.27 (5.13) 27.80 (5.53) 27.62 (5.41)
Duration of TIDM,  19.7 (12.0) 19.9 (11.1) 21.2(12.2) 19.35 (11.79) 19.45 (11.90) 18.98 (11.65)
years
HbA,_, BL (week 8.50% (8.04%) 8.52% (8.04%) 8.50% (8.43%) 8.35% (7.95%) 8.45% (8.09%) 8.40% (8.43%)
24)
Change from BL -0.42% - 0.44% / - 0.42% -0.37% /
vs PL
Total daily insulin,  59.59 (28.20) 56.12 (30.75) 62.13(27.41) 58.68 (28.26) 58.19 (27.93) 56.57 (25.23)
BL, IU
Change from BL - 13.17% (- 16.75, —8.80% (- 12.56, / — 11.08% (— 14.04, —10.78% (- 13.73, /
vs PL in week 24 —9.43) —4.88) —-8.02) —7.72)
mean (95% CI)
Body weight change —2.96% (—3.63to —3.72% (- 4.38, / —3.74% (— 4.49, —3.21% (- 3.96, /
from BL vs PL —2.28) —3.05) -2.99) —2.45)
in week 24 Mean
(95% CI)
HbA . reduction of  51% 50% 25% 42.00% 40.00% 20%

> 0.5% without
severe hypogly-
cemia

Values are expressed as mean (SD) unless specified otherwise

BL baseline, BMI body mass index, CI confidence interval, HbA,, glycosylated hemoglobin, PL placebo, SD standard deviation
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in HbA,, without severe hypoglycemia was twice that of
the placebo group, but there was no difference between
the 5-mg group and the 10-mg group (Table 2). In addi-
tion, the total daily insulin use also decreased significantly
from baseline; compared with that in the placebo group,
the decline was 8.8—-13.17% (Table 2). In terms of weight
reduction, subjects in each treatment group of dapagli-
flozin also lost 3-4% of their body weight from baseline
compared with subjects in the placebo group.

Glycosylated hemoglobin is an important measure of
glycemic control for diabetes (reflecting overall glucose
exposure over time), but it does not assess blood glucose
variability. In contrast, continuous glucose monitoring
(CGM) measures important blood glucose variables that
contribute to clinical outcomes throughout the day. Con-
tinuous glucose monitoring data from the DEPICT-1 and
DEPICT-2 studies show that patients receiving dapagliflo-
zin 5 mg or 10 mg have blood glucose levels in the range
of > 3.9 to < 10.0 mmol/L for longer periods of time
within 24 h. At week 24, the time-adjusted mean (stand-
ard error) change from baseline in the placebo, 5-mg, and
10-mg groups was — 2.59% (0.61), 6.48% (0.60), and
8.08% (0.60), respectively [36].

Some subjects in DEPICT-1 and DEPICT-2 participated
in a 28-week extension trial. In the DEPICT-1 study, over
52 weeks, dapagliflozin 5 mg and 10 mg led to clinically
significant reductions in HbA . (difference vs placebo,
—0.33% and — 0.36%, respectively) and body weight (dif-
ference vs. placebo, — 2.95% and — 4.54%, respectively).
In the DEPICT-2 study, at 52 weeks, the adjusted mean
HbA . changes from baseline in the dapagliflozin 5-mg
and placebo groups were — 0.27% and 0.06%, respectively,
and the adjusted mean change in body weight from base-
line for the dapagliflozin 5-mg group was — 4.42%. In
two DEPICT studies, compared to placebo, the total daily
insulin in the dapagliflozin treatment group remained low
during 52 weeks of treatment (detailed data not reported)
[37, 38].

Another 52-week phase III clinical trial (DEPICT-5)
involving 151 patients from Japan with type 1 diabetes also
evaluated the efficacy and safety of dapaglifiozin 5-mg and
10-mg adjuvant therapy [39]. At week 24, the adjusted mean
(95% CI) HbA |, levels in the 5-mg group and the 10-mg
group were — 0.52% (— 0.66, — 0.38) and — 0.66% (— 0.80,
—0.53), respectively. At week 52, the mean corrected HbA |
changes from baseline were — 0.33% (— 0.50, — 0.15) and
—0.36% (— 0.53, — 0.18), respectively. The proportions of
patients whose HbA | decreased by > 0.5% without severe
hypoglycemia at week 24 were 60.8% and 61.3%, respec-
tively, and then at 52 weeks were 51.4% and 41.3%, respec-
tively. At week 52, the average daily average insulin dose
changes (95% CI) were — 12.27% (— 15.92, — 8.46) and
—13.13% (- 16.77, — 9.33), respectively.

3.2 Empagliflozin

Two large-scale phase III clinical trials, EASE-2 and EASE-
3, enrolled a total of 1707 patients with type 1 diabetes to
evaluate the effectiveness and safety of empagliflozin as an
adjuvant for insulin therapy [40]. The EASE-2 and EASE-3
trials lasted 52 and 26 weeks, respectively. Detailed data are
summarized in Table 3. After 26 weeks of empagliflozin-
assisted insulin treatment, all empaglifiozin doses resulted in
a statistically significant reduction in HbA | after 26 weeks.
In the EASE-2 study, the effect on HbA, persisted at 52
weeks. After 26 weeks of treatment, empaglifiozin resulted
in a placebo-adjusted weight loss (to 3.4 kg) and a reduction
in total daily insulin dose (to 12.7%).

3.3 Sotagliflozin

Three phase III clinical trials (inTandem1-3) recruited
approximately 3000 patients with type 1 diabetes to assess
the safety and effectiveness of insulin therapy with sotag-
liflozin as adjuvant therapy [41-43]. Detailed data are
summarized in Table 4. The design of the inTandem1 and
inTandem?2 studies was similar; both were conducted for 52
weeks, and the sotagliflozin dose was 200 mg or 400 mg.
The primary study endpoint was the change in HbA , from
baseline to 24 weeks. After 24 weeks of treatment, HbA |-
was reduced by 0.36% (95% CI — 0.45, — 0.27) and 0.41%
(95% CI — 0.50, — 0.32) in placebo-adjusted inTandem1
participants using 200 mg and 400 mg of sotagliflozin,
respectively (p <0.001). The results of the inTandem? test
were 0.37% (95% CI — 0.48, — 0.25) and 0.35% (95% CI
— 0.47, — 0.24), similar to inTandem!1 (p < 0.001). The
benefit of reducing HbA . was still significant at 52 weeks,
although it decreased to 0.2-0.3%. Similar to SGLT-2 inhibi-
tors, SGLT1/2 inhibitors sotagliflozin can also reduce the
total daily insulin dose in patients with type 1 diabetes (at
weeks 24 and 52, a placebo-adjusted reduction up to — 6.38
and — 8.74, respectively, compared to baseline). Again, after
24 weeks of adjuvant treatment with 200 mg and 400 mg of
sotagliflozin, the subject’s weight decreased by 2.35 and 4.3
kg, respectively.

The primary endpoint of the inTandem3 study is the
safety endpoint, which will be discussed separately in sub-
sequent sections. The secondary endpoint in effectiveness
was similar to the other two studies. In the inTandem3 study,
the least-squares mean change from baseline in the sotag-
liflozin group was significantly higher than that in the pla-
cebo group, with HbA |, (a difference of — 0.46 percentage
points), body weight (— 2.98 kg), and the mean daily total
insulin (— 2.98 IU/day) [both p < 0.002].
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Table 3 Phase III studies of empagliflozin as an adjuvant to insulin therapy for patients with type 1 diabetes mellitus (T1DM) [40]

EASE-2 EASE-3

Treatment 10 mg 25 mg Placebo 2.5 mg 10 mg 25 mg Placebo
No. of patients 243 241 239 237 244 242 238
Age, years 45.7 (12.5) 45.3 (13.9) 44.5(13.5) 43.4(14.2) 424 (13.3) 44.2(13.5) 42.2(13.2)
Bodyweight, kg 86.2 (18.2) 85.6 (18.3) 83.4 (16.7) 81.6(14.6) 83.7(17.0) 83.3(18.9) 80.7 (16.9)
BMI, kg/m? 29.5(5.5) 29.5 (6.0) 28.5(5.3) 28.0(4.4) 28.7(5.1) 284(5.6) 27.8(5.1)
Duration of TIDM, years 22.8 (12.6) 22.5(13.0) 22.4(12.4) 20.8(11.9) 20.5(11.9) 21.2(11.4) 21.7 (13.0)
HbA . (%)* 8.10 (0.60) 8.06 (0.53) 8.13 (0.57) 8.14(0.61) 8.19(0.64) 8.19 (0.65) 8.19 (0.58)
Change from BL vs PL -0.53% (—0.37%) —0.51% (- 0.45%) / -027%  —0.44% -0.50% /
Total daily insulin, IU/kg* 0.70 (0.24) 0.74 (0.26) 0.70 (0.23) 0.70 (0.24) 0.71 (0.24) 0.71 (0.24) 0.70 (0.24)
Change from BL vs PL in week 26 —133% (— 12.0%) —12.7% (- 12.9%) / - 6.4% -9.5% -126% /

(week 52)
Body weight, kg -27(-32) —3.3(-3.6) / -18 -3.0 -34 /

Change from BL vs PL in week 26
(week 52)

Values are expressed as mean (SD) unless specified otherwise

BL baseline, BMI body mass index, HbA . glycosylated hemoglobin, PL placebo, SD standard deviation

“BL

4 Safety and Tolerability
4.1 General Safety Adverse Events

Combining data from both the DEPICT-1 and DEPICT-2
studies, 67.7% of subjects experienced at least one adverse
event within 24 weeks. The severity of most adverse events
was mild, with little difference between the dapagliflozin-
treated and placebo groups. The incidence of drug-related
adverse events in the dapagliflozin treatment group was
27.8% higher than the 12% in the placebo group, mainly
because of increased urinary tract and genital infections
associated with increased urination [34, 35] (Table 4). Sum-
marizing the adverse event data of two phase III clinical
studies of EASE-1 and EASE-2, similar to dapagliflozin, the
incidence of adverse events related to the treatment drug in
the empagliflozin treatment group was increased compared
with that of the control group (empaglifiozin 5 mg or 10 mg
vs placebo; 45% or 46% vs 32%). Again, the increased inci-
dence of adverse events is also due to increased urinary tract
and genital infections associated with increased urination
(Table 5). According to the inTandem1-3 study, there was
no difference in the incidence of at least one adverse event
between the sotaglifiozin treatment group and the placebo
group. Similar to SGLT-2 inhibitors, the proportion of geni-
tal infections in the sotagliflozin treatment group was higher
than that in the placebo group (sotagliflozin 200 mg, 400
mg, placebo; 8%, 9%, 3%, respectively) (Table 5).
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4.2 Hypoglycemia

Sodium-glucose cotransporter inhibitors reduce intestinal
glucose absorption or renal glucose reabsorption without
relying on insulin to decrease blood glucose levels and when
used alone, do not cause hypoglycemia. According to phase
III clinical studies, dapagliflozin, empagliflozin, or sotagli-
flozin as adjuvant insulin therapy did not increase hypogly-
cemia, and the incidence of serious hypoglycemic events did
not increase significantly in the various studies compared to
the placebo group (Table 5).

4.3 Diabetic Ketoacidosis

People with type 1 diabetes are vulnerable to diabetic
ketoacidosis, and the use of SGLT inhibitors increases the
incidence of ketone-related events. Adjuvant therapy with
SGLT inhibitors reduced total daily insulin doses in patients
with type 1 diabetes. When low doses of insulin are not suf-
ficient to inhibit the lipolysis of surrounding adipose tissue,
ketone bodies are increased.

In the DEPICT-1 and 2 studies, more patients in the
dapaglifiozin group were judged to have definitive diabetic
ketoacidosis (week 52, DKA; 4.0%, 3.4%, and 1.9% in the
dapagliflozin 5-mg, 10-mg, and placebo groups, respec-
tively) [37]. Similarly, in the DECLARE-TIMI 58 study, the
incidence of DKA was slightly higher in subjects receiving
treatment (0.3%) compared with those receiving placebo
(0.1%) [44]. Another phase III clinical study conducted in
Japan with safety as the primary endpoint also showed a
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Table 4 Phase III studies of sotagliflozin as an adjuvant to insulin therapy for patients with type 1 diabetes mellitus (T1DM)
inTandem1 [42] inTandem?2 [43] inTandem3 [41]
Treatment 200 mg 400 mg Placebo 200 mg 400 mg Placebo 400 mg Placebo
No. of patients 262 262 268 261 263 258 699 703
Age, years 46.6 (13.48) 464 (13.12) 452 (12.72) 423(13.59) 41.7(13.23) 39.7(1342) 434(142) 424(14.0)
Bodyweight,  86.96 (18.539) 86.50 87.30 (17.709) 81.93 (17.386) 81.97 (17.963) 81.08 (16.857) 82.40 (17.13) 81.55 (17.03)
kg (18.004)
BMI, kg/m? 29.81 (5.686) 29.63(5.297) 29.55(5.188) 27.97(5.275) 27.85(4.921) 27.50(5.170) 28.29 (5.13) 28.10 (5.18)
Duration of 25.0 (13.15)  24.0(12.88) 24.2(12.38) 18.2(10.82) 189 (11.18)  18.1(10.72)  20.5(12.4) 19.6 (12.1)
T1DM, years
HbA,.BL,% 7.61(0.735) 7.56(0.724) 7.54(0.712)  7.74(0.806)  7.71(0.819)  7.79(0.881)  8.26(0.95)  8.21(0.92)
Change from - 0.36 - 041 / -0.37 —0.35 / —0.46 /
BL vs PL at (= 0.25) (=031 (=021 (- 0.32)
week 26, %
(week 52)
Total daily 65.11 (42.698) 64.15 66.79 (41.265) 60.30 (28.963) 61.38 (28.653) 61.85(30.862) 56.88 (27.60) 58.35 (29.09)
insulin BL, (37.636)
U
Change from  —2.98 —6.36 / —-4.80(2.81) —4.96 / -5.25 /
BL vs PL at (—4.59) (—8.74) (=3.37)
week 26, %
(week 52)
Body weight  —2.35 —345 / - 1.98 —2.58 / —-2.98 /
Change from (-3.14) (—4.32) (—2.18) (-2.92)
BL vs PL at
week 26, kg
(week 52)
HbA . reduc-  43.35% 46.18% 20.15% 40.23% 45.25% 17.44% / /
tion of (33.46%) (35.5%) (16.42%) (31.42%) (37.26%) (19.38%)
> 0.5% with-
out severe
hypoglyce-
mia at week
26 (week 52)

Values are expressed as mean (SD) unless specified otherwise

BL baseline, BMI body mass index, HbA,, glycosylated hemoglobin, PL placebo, SD standard deviation

higher overall incidence of diabetic ketoacidosis in patients
with type 1 diabetes (2.6% and 1.3% in the 5-mg and 10-mg
groups, respectively) [39]. Analyzing the data in the EASE-1
and 2 studies, the incidence of ketone-related events in the
10-mg and 25-mg empagliflozin treatment groups was 4%
and 5%, respectively, compared with 2% in the control group
[40]. In a combined analysis of three phase III clinical tri-
als of sotagliflozin, the numbers of patients with at least
one DKA event in the sotagliflozin 200-mg and 400-mg
treatment groups were 15 (2.4%) and 41 (3.3%), which was
higher than the six (0.5%) in the control group [41-43]. A
meta-analysis including six randomized placebo-controlled
trials showed that the rate of DKA of sotagliflozin 400 mg
was significantly higher than that of placebo (p < 0.001, risk
ratio 4.41; 95% CI 1.92-10.12) and 200 mg (risk ratio 3.65;
95% C10.83-15.94) [45].

5 Pharmacoeconomics

Indications for SGLT-2 inhibitors or SGLT-1/2 inhibitors
adjuvant therapy for type 1 diabetes have just been approved
in some regions, and there are a few studies on the cost-
effectiveness of such drugs as adjuvant therapy for type 1
diabetes. A cost-utility analysis was performed to compare
the addition of dapagliflozin to insulin therapy with contin-
ued insulin monotherapy. Cost effectiveness was measured
by the incremental cost-effectiveness ratio, and effectiveness
was quantified based on quality-adjusted life-years (QALYs).
According to UK guidelines, future costs and QALY are
discounted by 3.5% per year [46]. The study used the Car-
diff Type 1 Diabetes Mellitus model and acquired the base-
line characteristics of the modeled population through the
DEPICT-1 and DEPICT-2 trial populations. The analysis
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The problem of SGLT inhibitors increasing the risk of
diabetic ketoacidosis in type 1 diabetes has also been recog-
nized and has been considered by the designers of all phase
IIT clinical studies. Both the medical team and the subjects in
the clinical trials received guidance for improving the meas-
urement of ketone levels and for avoiding diabetic ketoacido-
sis. However, the incidence of ketone-related adverse events
in the SGLT inhibitor-treated group was still unavoidably
higher than that in the placebo group by two to three times.
The severity of DKA was dose dependent, and 2.5 mg of
empagliflozin did not increase the incidence of DKA com-
pared to placebo (0.8% vs 1.2%); the incidence of DKA with
200 mg of sotagliflozin also did not increase significantly
compared to that with the placebo [40, 45]. Higher doses
of SGLT inhibitors are associated with a reduction in the
patient’s total daily insulin dose (Tables 2, 3, 4). When the
total daily insulin dose is insufficient to inhibit the lipolysis
of surrounding adipose tissue, ketone production increases
to induce DKA. Therefore, clinicians should pay attention
to the possibility of DKA development with SGLT inhibitor
use in patients with type 1 diabetes, including fully grasp-
ing the patient’s ketone levels and previous DKA episodes
and reminding patients to regularly test ketone levels during
treatment. Patients with a high risk of DKA or a previous
history of DKA may not be suitable for treatment with SGLT
inhibitors. Based on the diuretic effect of SGLT inhibitors,
patients should be reminded to appropriately increase water
consumption and keep genitals clean to reduce genital and
urinary tract infections. More studies of SGLT inhibitors
as adjuvant insulin therapy for type 1 diabetes will further
confirm their effectiveness and safety, which will change the
current layout of type 1 diabetes treatment.
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