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O

Diabetic Ketoacidosis and Related
Events With Sotagliflozin Added to
Insulin in Adults With Type 1
Diabetes: A Pooled Analysis of the
inTandem 1 and 2 Studies

Diabetes Care 2020;43:2713-2720 | https.//doi.org/10.2337/dc20-0924

OBJECTIVE

To evaluate the incidence and risk factors for diabetic ketoacidosis (DKA) and related
adverse events (AEs) in adults with type 1 diabetes treated with sotagliflozin
adjunctive to insulin.

RESEARCH DESIGN AND METHODS

Data from two identically designed, 52-week, randomized studies were pooled and
analyzed for DKA, changes in 3-hydroxybutyrate (BHB), and percentage of patients
with BHB >0.6 and >1.5 mmol/L. The patients were administered placebo,
sotagliflozin 200 mg, or sotagliflozin 400 mg once daily.

RESULTS

Atotal of 191 ketosis-related AEs were reported, and 98 underwent adjudication. Of
these, 37 events (36 patients) were adjudicated as DKA, with an exposure-adjusted
incidence rate of 0.2, 3.1, and 4.2 events per 100 patient-years for placebo,
sotagliflozin 200 mg, and sotagliflozin 400 mg, respectively. No patient died of a DKA
event. From a baseline BHB of ~0.13 mmol/L, sotagliflozin treatment led to a small
median increase over 52 weeks (<0.05 mmol/L at all time points). Of sotagliflozin-
treated patients, approximately 47% and 7% had =1 BHB measurement >0.6 mmol/
L and >1.5 mmol/L, respectively (vs. 20% and 2%, respectively, of placebo-treated
patients). Subsequent to the implementation of a risk mitigation plan, annualized
DKA incidence was lower versus preimplementation in both the sotagliflozin
200 and 400 mg groups.

CONCLUSIONS

In patients with type 1 diabetes, confirmed DKA incidence increased when sotagliflozin
was added to insulin compared with insulin alone. A lower incidence of DKA was
observed following the implementation of an enhanced risk mitigation plan, suggest-
ing that this risk can be managed with patient education.

Diabetic ketoacidosis (DKA) is an acute, serious, and potentially life-threatening
metabolic complication of type 1 diabetes (1). Although reported annual incidence of
DKA varies widely, it is estimated to affect about 5-8% of adults with type 1 diabetes
(2-4). From 2009 to 2014 in the U.S., DKA hospitalization rates increased an average of
6.3% each year (1). DKA incidence is highest in children and tends to decline with age
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(2,3). Risk factors include acute illnesses
such as infection, recent diabetes onset,
insulin omission or reduction, insulin pump
failure, alcohol intake, and increased stren-
uous physical activity (4—6).

Sodium-—glucose cotransporter 2 (SGLT2)
inhibitor use also has been identified as a
risk factor for DKA in patients with diabetes
(1,7,8). This risk is amplified in those who
require insulin therapy, most commonly
patients with type 1 diabetes (1,8). In May
2015, the U.S. Food and Drug Administra-
tion (FDA) issued a warning that SGLT2
inhibitor use may be associated with an
increased risk of DKA, including euglycemic
DKA (9,10). After additional review, the FDA
updated the prescribing information for
SGLT2 inhibitor use in adults with type 2
diabetes to include a warning about in-
creased risk of DKA (11).

Multiple SGLT inhibitors have been in-
vestigated in adults with type 1 diabetes
(12-20). Sotagliflozin and dapagliflozin
were recently approved in the European
Union as an adjunct to insulin therapy in
adults with type 1 diabetes and a BMI
=27 kg/m? (21,22). Sotagliflozin, a dual
inhibitor of SGLT1 and SGLT2, improves
glycemic control, body weight, and blood
pressure with less hypoglycemia. How-
ever, DKA incidence rates are higher when
added to insulin in patients with type 1
diabetes (12-16). Given the inherent
risk of DKA in individuals with type 1
diabetes, a better understanding of DKA
incidence and risk factors is necessary,
particularly with the adjunct use of SGLT
inhibitors. Therefore, we evaluated the
incidence of DKA and clinical informa-
tion related to these events using clin-
ical trial data evaluating sotagliflozin in
adults with type 1 diabetes. Because
SGLT2 inhibition is associated with in-
creased ketogenesis (23), changes in
blood B-hydroxybutyrate (BHB) also
were evaluated.

RESEARCH DESIGN AND METHODS

An analysis of the incidence of DKA and
related events in patients with type 1
diabetes treated with sotagliflozin as an
adjunct to insulin was conducted using
data pooled from two 52-week, phase
3 clinical trials. Details of the trial design,
methodology, and key efficacy and safety
results are published (12,13). The stud-
ies were identically designed, with
inTandem1 conducted at 75 sites in the
U.S. and Canada (March 2015 to February
2017) (12), and inTandem2 conducted at

96 sites across Europe and Israel (May
2015 to June 2017) (13). Both placebo-
controlled, double-blind studies enrolled
patients (aged =18 years) with type 1
diabetes treated with insulin (see detailed
inclusion/exclusion criteria in Supplementary
Appendix 2). In both trials combined, 1,575
adults with type 1 diabetes were ran-
domized (1:1:1) to receive placebo or
sotagliflozin 200 or 400 mg once daily
for 52 weeks (12,13).

Investigators were trained at the start of
the study and again at the time of study
amendment (discussed below) to care-
fully review and report, at each visit,
patient-reported intercurrent illness, in-
fections, generalized weakness, increased
weight loss, gastrointestinal symptoms, or
other nonspecific symptoms that might be
suspicious for metabolic acidosis/ketosis/
DKA. At each visit, a random (generally
fasting) BHB level was measured, regard-
less of the presence or absence of symp-
toms. Observed elevations in BHB were
managed with appropriate supportive
measures. If blood BHB was >0.6 mmol/L,
investigators determined if an assessment
for metabolic acidosis was appropriate
and, if affirmative, then the possible DKA
electronic case report form was com-
pleted. All patients were instructed by
investigators at each visit to identify the
signs and symptoms of DKA and to mea-
sure urine ketones and/or blood BHB
levels whenever suspicious signs and/or
symptoms were present, using sponsor-
supplied urine dipsticks, BHB meters, and
testing strips, which were provided later as
part of an amendment (Supplementary
Appendix 3). Patients were considered to
be at an increased risk for DKA when home
blood BHB levels reached >0.6 mmol/L
(24,25). As such, patients were instructed
to contact investigators if urine ketones
were positive or blood BHB levels were
>0.6 mmol/L, at which time patients were
instructed to increase hydration, admin-
ister additional rapid-acting insulin, and
consume oral carbohydrates in larger quan-
tities more frequently (as often as every
2 h), until urine ketones or blood BHB levels
were normalized. If the patient’s BHB levels
were reduced to =0.6 mmol/L following
these measures, assessment for metabolic
acidosis was not required, per investigator
discretion, and no further action was re-
quired. However, in cases of persistent BHB
elevations >0.6 mmol/L, further assess-
ment for metabolic acidosis was conducted
at the discretion of investigators.
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In May 2015, the FDA issued a drug
safety communication highlighting the
increased risk for DKA in patients using
adjunct SGLT2 inhibitors (10). This promp-
ted the sponsor to revise and enhance
DKA risk mitigation activities, including
the following: 1) revision of patient wallet
cards with instructions regarding the need
for ketone monitoring and correction and
not relying on elevated blood glucose to
suspect DKA; 2) a protocol amendment
emphasizing the importance of patient
adherence to urine and blood ketone
monitoring (to be used for screening and
confirmation, respectively); and 3) the
need for early notification of investiga-
tors in the event of BHB elevation.

In response to regulatory advice re-
ceived in December 2015 (11), all reported
metabolic acidosis events, in addition to
reported DKA events, were submitted for
adjudication. Potential cases of metabolic
acidosis and DKA were identified using the
investigator entry of adverse events (AEs)
identified as terms suggestive of possible
metabolic acidosis and DKA (Table 1),
laboratory values suggestive of persistent
ketonemia/DKA (e.g., BHB >0.6 mmol/L),
or following review of AE and laboratory
data. Ketosis-related events were of spe-
cial interest and data were collected from
the first administration of study medica-
tion to 30 days following the last dose of
study drug. All possible metabolic acidosis
or DKA events were centrally adjudicated
by an independent committee and clas-
sified as follows: “Yes, with certainty”; “Yes,
probably”; “No, unlikely”; “No, with cer-
tainty”; “Unclassifiable”; or “Insufficient
data.” Events meeting one of the “Yes”
criteria were assessed as positively ad-
judicated. A detailed description of the
criteria used by investigators and pa-
tients to identify events and the criteria
used to positively adjudicate metabolic
acidosis and DKA events is provided in
Supplementary Appendix 4. The changes
in the DKA risk mitigation are outlined in
Supplementary Fig. 1.

Statistical Analyses of Pooled Data

Pooled data were used for the analyses,
which were performed using all random-
ized patients who took at least one dose
of the study drug. Full data sets included
52 weeks on treatment plus 30-day follow-
up. Descriptive statistics were calcu-
lated for baseline characteristics. The
incidences of ketosis-related events, ad-
judicated metabolic acidosis events, and


https://doi.org/10.2337/figshare.12824342
https://doi.org/10.2337/figshare.12824342
https://doi.org/10.2337/figshare.12824342
https://doi.org/10.2337/figshare.12824342
https://doi.org/10.2337/figshare.12824342
https://doi.org/10.2337/figshare.12824342

care.diabetesjournals.org

Peters and Associates

2715

Table 1—Preferred terms for identification of DKA/metabolic acidosis

Terms typically associated
with elevated BHB

Terms that may not be
associated with elevated BHB

Acetonemia

Blood ketone body

Blood ketone body increased
Blood ketone body present
DKA

Diabetic ketoacidotic hyperglycemic coma
Ketoacidosis

Ketosis

Urine ketone body

Urine ketone body present
Renal tubular acidosis
Uremic acidosis

Acidosis
Acidosis hyperchloremic
Diabetic coma
Diabetic hyperglycemia coma
Diabetic metabolic decompensation
Hyperglycemic coma
Hyperglycemic seizure
Hyperglycemic unconsciousness
Lactic acidosis
Metabolic acidosis

adjudicated DKA events were calculated
for each event type as the proportion of
patientsin each group who experienced at
least one event. Exposure-adjusted inci-
dence rates (EAIR) of adjudicated DKA per
100 patient-years of exposure were cal-
culated as the total number of patients
who reported at least one positively ad-
judicated DKA event divided by the total
exposure in patient-years for all treated
patients multiplied by 100. The 95% Cl for
the EAIR and the between-group differ-
ences in EAIR were based on normal
approximation. EAIR were estimated
using a similar analysis for selected sub-
groups, e.g., male versus female, contin-
uous subcutaneous insulin infusion (CSIl)
versus multiple daily injection, BMI <27
vs. =27 kg/m? to be consistent with the
current European Union indication for so-
tagliflozin (26), baseline insulin use, and
change in insulin during study.

Descriptive statistics were performed
on BHB levels over time using results
from serum chemistries measured during
visits at baseline and weeks 4, 12, 24, and
52. At each visit, a two-sample Wilcoxon
rank sum test was performed to test the
distribution of change in BHB from base-
line between sotagliflozin and placebo.
The proportion of patients with BHB
>0.6 and >1.5 mmol/L were also eval-
uated for each treatment over 52 weeks
(24,25).

While the inTandem trials were open,
all sites implemented a revised and en-
hanced risk mitigation plan by 31 March
2016, as described above and in Supple-
mentary Appendix 3. This plan included
approved protocol amendments, distri-
bution of BHB meters and ketone test-
ing strips, and revised informed consent

forms. The impact of enhanced monitor-
ing on DKA incidence was evaluated in
three patient groups: 1) patients ran-
domized before 31 March 2016 with a
DKA event or who completed the study
by 31 March 2016; 2) patients random-
ized before 31 March 2016 with a DKA
event or who completed the study after
31 March 2016; and 3) patients random-
ized after 31 March 2016. The last two
groups were considered as impacted by
the enhanced risk mitigation plan. The
incidence of DKA was calculated for each
patient group as the proportion of pa-
tients in each group who experienced at
least one event.

RESULTS

The pooled data analysis included 526,
524, and 525 patients who received
placebo, sotagliflozin 200 mg, and sota-
gliflozin 400 mg, respectively. Baseline
characteristics were similar across groups
(Supplementary Table 1). More females
used CSIl compared with males (48% vs.
38% overall).

Treatment-Emergent, Ketosis-Related
AEs

A total of 191 ketosis-related AEs were
identified in the pooled data set, with
2.7%,9.7%, and 13.9% in the placebo and
sotagliflozin 200 or 400 mg groups ex-
periencing at least one event (Table 2).
There were 98 events that underwent
adjudication per protocol. The remaining
events did not meet criteria for adjudi-
cation based on ketosis reversal with
usual measures taken by investigators
and/or patients at home or in the clinic.
Possible DKA or metabolic acidosis events
occurred in 1.3%, 5.7%, and 7.4% of

patients treated with placebo and sota-
gliflozin 200 or 400 mg; of these, 44
events in 43 patients were positively
adjudicated as metabolic acidosis (1 pa-
tient receiving sotagliflozin 200 mg ex-
perienced 2 events). The incidence of
positively adjudicated metabolic acidosis
was 0.6%, 3.4%, and 4.2% with placebo,
sotagliflozin 200 mg, and sotagliflozin
400 mg, respectively (Table 2). Events
did not meet the criteria for metabolic
acidosis because of normal or marginal
laboratory values, or lack of confirmatory
laboratory values (e.g., pH or bicarbonate).

Atotal of 37 eventsin 36 patients were
positively adjudicated as DKA. The in-
cidence of positively adjudicated DKA
events was 0.2%, 2.9%, and 3.8% with
placebo, sotagliflozin 200 mg, and sota-
gliflozin 400 mg, respectively. EAIR for
positively adjudicated DKA events per
100 patient-years was 0.2 (95% Cl 0.0—
0.6) inthe placebo group, 3.1 (95% Cl 1.5—
4.7)inthe sotagliflozin 200 mg group, and
4.2 (95% Cl 2.4-6.0) in the sotagliflozin
400 mg group. The between-group dif-
ference in EAIR was statistically signifi-
cant (Table 2). A numerically higher rate
of DKA was observed with sotagliflozin
400 mg group compared with the 200 mg
group (absolute difference in EAIR = 1.1
events per 100 patient-years). Events
adjudicated as metabolic acidosis but
not DKA generally lacked confirmatory
ketone values.

All DKA events were classified as se-
rious according to investigators. Nearly
all events required hospitalization (34/
37 events). Median duration of a DKA event
was 3.5 days in the sotagliflozin group
and 4 days for the single event in the
placebo group. Blood glucose at the time
of the DKA event was =250 mg/dL for
64% (23/36 events) in the sotagliflozin
group and for the single event in the
placebo group. No event was associated
with a blood glucose value <150 mg/dL.
According to the modified American Di-
abetes Association criteria for DKA se-
verity (regardless of blood glucose level),
43% (16/37 events) were considered
severe based on a pH value <7.0 or a
bicarbonate level <10 mEq/L (27). Approx-
imately two-thirds of patients restarted
treatment with sotagliflozin following res-
olution of the DKA event. There were no
deaths or persistent sequelae due to DKA.

Patients who reported a DKA event
with sotagliflozin tended to be younger
(mean age 40 years) and were more likely
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Table 2—Summary of treatment-emergent ketosis-related AEs and positively adjudicated metabolic acidosis and DKA events

Placebo (n = 526)

Sotagliflozin 200 mg (n = 524)

Sotagliflozin 400 mg (n = 525)

All ketosis-related AEs
Total number of events

EOSI of possible DKA/metabolic acidosis events

Total number of events

Positively adjudicated metabolic acidosis events

Total number of events

Positively adjudicated DKA events
Total number of events

EAIR positively adjudicated DKA events
per 100 patient-years (95% Cl)

Difference in EAIR minus placebo (95% Cl)

14 (2.7) 51 (9.7)
14 79
7 (1.3) 30 (5.7)
7 32
3 (0.6) 18 (3.4)
3 19
1(0.2) 15 (2.9)
1 16
0.2 (0.0, 0.6) 3.1 (1.5, 4.7)
— 2.9 (1.3, 4.5)

73 (13.9)
98

39 (7.4)
39

22 (4.2)
22

20 (3.8)
20

4.2 (2.4, 6.0)
4.0 (2.1 5.9)

Data are n (%), unless otherwise noted. EOSI, events of special interest.

to be female (66%) relative to the entire
cohort. In select subgroup analyses, a
trend for higher EAIR was noted for
sotagliflozin-treated patients using CSlI,
females, those with BMI <27 kg/mz, and
those with baseline total daily insulin dose
<0.7 IU/kg relative to the remainder of the
study population (Table 3). The single pa-
tient in the placebo group with a reported
DKA event was a male who had a baseline
insulin dose =0.7 IU/kg, used CSII, and had a
BMI =27 kg/m>

Changes in insulin dose were evaluated
to assess association with DKA events.
Because there was a relatively small num-
ber of DKA events, investigator-reported
events of DKA and serious metabolic aci-
dosis were combined to increase the ro-
bustness of this analysis (see Table 2 for
events of special interest information).

There was a trend toward increased DKA
incidence in sotagliflozin-treated patients
who had larger reductions in total daily
insulin dose (Supplementary Table 2).

Atotal of 83% (33/36) of the adjudication-
confirmed DKA events in the sotagliflozin
group were associated with an identified
potential contributing factor: 19 were
related to reduced/interruption in in-
sulin dosing or pump malfunction, and
14 wererelated to concomitantillnesses
(Supplementary Table 3).

Following implementation of the
enhanced DKA risk monitoring and mit-
igation plan, the incidence of adjudication-
confirmed DKA tended to be lower. A
lower incidence of DKA was observed
following the implementation of an en-
hanced risk mitigation plan (Supplemen-
tary Fig. 2).

Table 3—Positively adjudicated DKA by selected subgroups
EAIR positively adjudicated DKA events per 100 patient-years (95% Cl)

Ketones From Central Laboratories

Median baseline BHB values were 0.13
(interquartile range [IQR] 0.10, 0.20), 0.13
(IQR0.10,0.22),and 0.14 mmol/L(IQR 0.10,
0.23) for patients in the placebo, sotagli-
flozin 200 mg, and sotagliflozin 400 mg
groups, respectively. Although placebo-
treated patients had no change from
baseline in BHB values, the median
change in BHB from baseline increased
by 0.03-0.05 mmol/L with sotagliflozin
by 4 weeks and then generally remained
stable over 52 weeks (P < 0.001 vs.
placebo at each time point) (Supplemen-
tary Fig. 3A—C). Per the predefined BHB
levels indicative of increased DKA risk, a
BHB level >0.6 mmol/L (“ketonemia”)
was experienced by 19.8%, 46.9%, and
45.5%, and a BHB level >1.5 mmol/L
(“impending DKA”) was experienced by

Placebo (n = 526)

Sotagliflozin 200 mg (n = 524)

Sotagliflozin 400 mg (n = 525)

Csli
Total patients
MDI
Total patients
BMI <27 kg/m?
Total patients
BMI =27 kg/m?
Total patients
Male
Total patients
Female
Total patients
Baseline insulin dose <0.7 1U/kg
Total patients
Baseline insulin dose =0.7 1U/kg
Total patients

0.5 (0.0, 0.6) 4.4 (1.5, 7.3)

n = 226 n =224
0 2.2 (0.4, 3.9)

n = 300 n = 300
0 3.5 (0.9, 6.1)

n = 228 n = 219
0.4 (0.0, 1.9) 2.9 (0.8, 4.8)

n = 298 n = 305
0.4 (0.0, 1.2) 2.9 (0.7, 5.0)

n =271 n = 265
0 3.4 (1.0, 5.7)

n = 255 n = 259
0 3.3 (1.1, 5.5)

n = 275 n = 303
0.4 (0.0, 1.3) 2.9 (0.6, 5.2)

n = 251 n =221

6.0 (2.6, 9.3)
n = 224
2.9 (0.9, 4.9)
n = 301
4.9 (1.7, 8.0)
n =212
3.8 (1.5, 6.0)
n = 313
2.1 (0.3, 4.0)
n = 253
6.2 (3.1, 9.3)
n = 272
4.4 (1.8, 6.9)
n = 279
4.0 (1.4, 6.6)
n = 244

MDI, multiple daily injection.
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2.1%, 6.3%, and 8.2% of patients in the
placebo, sotagliflozin 200 mg, and sota-
gliflozin 400 mg groups, respectively.
Approximately two-thirds of the BHB
>0.6 mmol/L events were observed by
week 16, and approximately two-thirds
of the BHB >1.5 mmol/L events were
observed by week 24 and tended to
plateau over the study duration (Fig. 1).

CONCLUSIONS

In clinical trials, patients with type 1
diabetes who received sotagliflozin
200 or 400 mg added to insulin experi-
enced significant improvements in glyce-
mic control (including A1C, 2-h postprandial
glucose, and time in range), and im-
proved body weight, blood pressure, and
patient-reported outcomes. Patients re-
ceiving sotagliflozin also had a significant
reductionin the number of hypoglycemic
(blood glucose =55 mg/dL) and severe
hypoglycemic events (400-mg group

only) (12,13,28,29). In these trials, the
AE profile was generally consistent with
that observed with SGLT2 inhibitors in
type 2 diabetes trials, including an in-
creased incidence of genital mycotic in-
fections and DKA.

The current analyses evaluated posi-
tively adjudicated DKA and related ke-
tosis events using pooled data from two
identically designed 52-week, phase
3 studies. Although these studies en-
rolled slightly different patient popula-
tions, the total number of adjudicated
DKA events was comparable between
trials. In the pooled analyses, the overall
52-week incidence of DKA with sotagli-
flozin 200 and 400 mg was <4%, but it
was higher than with placebo. This trans-
lates to three to four additional events of
DKA per 100 patients with type 1 diabetes
treated for 1 year. A numerically higher
incidence of DKA was noted with sotagli-
flozin 400 mg compared with 200 mg. No

>

=-=== SOTA 200 mg
= SOTA 400 mg

Cumulative Incidence (%)

oe)

168
Study Day

224 280 336 364

==== SOTA 200 mg
= SOTA 400 mg
Placebo

Cumulative Incidence (%)

168
Study Day

Figure 1—Cumulative incidence of patients who had a BHB >0.6 mmol/L (A) and >1.5 mmol/L (B)
over 52 weeks of treatment. SOTA, sotagliflozin.

Peters and Associates

deaths associated with DKA events were
reported, and the majority of patients
resumed therapy following resolution of
the event.

The present analysis focused on these
two sotagliflozin trials because of iden-
tical design and long duration of follow-
up (1 year). The other trials in the
inTandem type 1 diabetes clinical trial
program had fewer participants, shorter
duration of follow-up (12-24 weeks),
and/or did not assess all sotagliflozin
doses (14-16). Supplementary Table 4
details the incidence of adjudicated DKA
in the sotagliflozin type 1 diabetes clinical
trial program. Importantly, across trials,
no fatal DKA event occurred in any
treatment group.

A higher incidence of DKA was ob-
served in patients treated with sotagli-
flozin on CSII or with lower BMI. Insulin
pump-related issues often lead to inter-
ruptions in insulin dosing and are a known
risk factor for DKA. Lower BMI may be
associated with lower insulin requirements,
and this coupled with sotagliflozin treat-
ment may lead to increased ketosis or DKA
risk (30). Approximately two-thirds of the
DKA events occurred in females treated
with sotagliflozin. A higher rate of DKA has
been reported for females in the T1D
Exchange clinic registry (31). The increased
incidence of DKA in females and in those on
CSllis consistent with results reported with
empagliflozin (20), and/or the increased
DKA rate in females may be related to their
higher use of CSIl in this study.

Patients with lower insulin require-
ments at baseline (<0.7 1U/kg) tended
to have a higher DKA rate with sotagli-
flozin. The incidence of investigator-
reported DKA or metabolic acidosis also
was higher in sotagliflozin-treated pa-
tients who had reductions in total insulin
dose =10-20% from baseline. Insulin
reductions >20% have been associated
with larger increases in BHB in dapagliflozin-
treated patients with type 1 diabetes
(32). This observation emphasizes that
reductions >20% in total daily insulin
dose should generally be avoided. An
increase in carbohydrate intake may be
recommended to maintain insulin doses
if needed. Patients should adhere to
ketone monitoring when insulin doses
need to be reduced during SGLT inhib-
itor treatment.

Potential contributing triggers for DKA
events were consistent with established
triggers for DKA (9). The most commonly
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reported were insulin dose reductions,
pump-related issues, or concomitant
ilinesses in those treated with sotagli-
flozin. Contributing precipitating factors
were identified for nearly all events.

Euglycemic DKA is not unique to SGLT2
inhibitors (9). It has been described in
other conditions, including chronic liver
disease and pregnancy. In an evaluation
of U.K.-based patients with type 1 di-
abetes (N = 334), the background rate of
euglycemic DKA (blood glucose <250
mg/dL) in 2014-2015 was 5.4% (33).
In the present analyses, one-third of
DKA events were associated with blood
glucose <250 mg/dL. Regardless, it em-
phasizes that blood glucose monitoring
alone may not be sufficient for early
detection of ketosis/ketoacidosis (34).
Recent treatment recommendations also
emphasize that symptomatic patients trea-
ted with SGLT inhibitors should measure
their blood or urine ketones and not rely
solely on blood glucose (30,35).

By decreasing renal glucose reabsorp-
tion, SGLT inhibitors induce rapid increases
in urinary glucose excretion that predis-
pose patients to increased ketogenesis (9).
The present analyses include BHB mea-
sured during scheduled clinic visits over
52 weeks. Although significant compared
with placebo, sotagliflozin treatment re-
sulted in only small median BHB increases
of =0.05 mmol/L over 52 weeks. More
sotagliflozin- versus placebo-treated pa-
tients experienced clinically important BHB
levels (>0.6 mmol/L or >1.5 mmol/L).
Importantly, the incidence of DKA (<4%
overall on sotagliflozin) relative to the
proportion of patients with =1 BHB
measurement >0.6 mmol/L (~45%) or
>1.5 mmol/L (~7%), suggests that many
elevations in ketones were recognized and
managed without progression to DKA.

Following implementation of the en-
hanced DKA monitoring and mitigation
plan in the sotagliflozin type 1 diabetes
program, a trend toward lower DKA in-
cidence was observed in patients who
received the enhanced mitigation plan
compared with those who did not. This
decline in DKA may be attributable to the
enhanced DKA mitigation program and
increased awareness of DKA via publicly
announced safety warnings for SGLT2
inhibitors.

In a Truven MarketScan electronic
health record analysis of adults with
type 1 diabetes, overall DKA incidence
was higher among SGLT2 inhibitor users

compared with non-SGLT2 inhibitor users.
Between 2013 and 2017,in SGLT2 inhibitor
users, DKA rate declined from 15.7 to 4.2
events per 100 patient-years. Thus, in
2017, the rate was generally similar to
that in non-SGLT2 inhibitor users (5.4
events per 100 patient-years in 2016—
2017) (36). This declining incidence is likely
related to increased DKA risk awareness
and better patient selection (10,11,37).
The present results, in addition to those
from the Truven analysis, suggest that DKA
risk with SGLT inhibitors can be managed
with appropriate clinician and patient
education (9). Structured education has
been shown to reduce risk of DKA in adults
with type 1 diabetes (38).

Several diabetes expert groups have
published recommendations to man-
age the risk of DKA in patients with
type 1 diabetes receiving SGLT inhibitors
(30,35,37,39). These statements gener-
ally focus on appropriate patient selec-
tion to decrease DKA risk and close
monitoring of signs and symptoms and
patient self-monitoring of urine or blood
ketones for early identification and swift
and appropriate managementin patients
who develop ketosis or DKA. Current
recommendations emphasize the STICH
protocol: stop the SGLT inhibitor, inject
bolus insulin, consume 30 g of carbohy-
drates, and hydrate (drink water) (39).
These publications and associated com-
munications and education can help raise
awareness of the risk of DKA with SGLT
inhibitors and guide clinicians and pa-
tients to their appropriate use.

This analysis has strengths and weak-
nesses. It provides a comprehensive
evaluation of DKA incidence and risk
factors in patients with type 1 diabetes
using sotagliflozin as an adjunct to in-
sulin. The single DKA eventin the placebo
group suggests that the insulin optimi-
zation strategy and DKA risk mitigation
plan were important factors in minimiz-
ing DKA risk. However, this single event
does not allow a precise estimation of
the relative risk of DKA. In addition,
because data regarding patients’ dietary
carbohydrate intake were not collected
prospectively, it was not possible to eval-
uate whether the combination of a low-
carbohydrate diet and SGLT inhibitor use
affected DKA risk. Furthermore, data from
home BHB measurements performed by
patients in response to suspicious symp-
toms were not systematically collected
during the course of the studies, making
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it difficult to assess frequency of for-cause
testing by patients at home.

Finally, the sotagliflozin program did not
include several risk mitigation measures
that are now covered in European labeling
materials (26,40). These include consensus
recommendations on avoiding low-
carbohydrate diets, management of insulin
dosing, and patient involvement in
ketone monitoring (before initiation of
therapy, in the first few weeks of treat-
ment, and during at-risk situations). Post-
marketing studies will provide valuable
information on physician education and
sotagliflozin safety in clinical practice.

Conclusion

In adults with type 1 diabetes, the in-
cidence of positively adjudicated DKA was
increased with sotagliflozin added to in-
sulin compared with insulin alone. Iden-
tified risk factors for DKA were consistent
with current knowledge. The implemen-
tation of an enhanced DKA mitigation
plan (education and close monitoring) was
associated with a trend in reduced DKA
incidence in the sotagliflozin clinical
program.
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