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1 EXECUTIVE SUMMARY 

1.1 Introduction 

Lexicon Pharmaceuticals, Inc. (Lexicon) developed sotagliflozin, an oral 

antihyperglycemic drug that exerts its action by inhibiting both sodium-glucose 

cotransporter 1 (SGLT1) and sodium-glucose cotransporter 2 (SGLT2), as an adjunct to 

insulin therapy in patients with type 1 diabetes mellitus (T1D). The efficacy of 

sotagliflozin was established through 3 Phase 3 studies (309, 310, and 312) with 

statistically significant primary and key secondary glycemic endpoints (p<0.001 for all 

studies) in an adult T1D population. Despite the acknowledged effectiveness for 

controlling blood glucose in patients with T1D, the Food and Drug Administration (FDA) 

issued a complete response letter (CRL) in March of 2019 for the sotagliflozin New Drug 

Application (NDA). This decision was primarily driven by the FDA’s conclusion that the 

risk-benefit assessment was not favorable, which was based on concerns related to the 

increased risk of diabetic ketoacidosis (DKA) in sotagliflozin-treated study participants. 

In subsequent meetings with the Division of Diabetes, Lipid Disorders, and Obesity 

(DDLO) to identify a path forward, alignment was reached that an improvement in the 

benefit-risk profile for sotagliflozin could be accomplished through the identification of a 

population within T1D for whom additional benefits and/or diminished risk could be 

demonstrated.  

In the sotagliflozin Phase 3 program, the improvements in glycemic control and the key 

safety risks of hypoglycemia and DKA were relatively consistent across many 

demographic and disease characteristic subgroups. Lexicon therefore determined that 

the most appropriate target population was one where: 

• The unmet medical need for new interventions to improve glycemic control is 

significantly greater than in the overall T1D population based on the heightened 

risk of T1D disease progression and resulting increased morbidity and mortality. 

• There is demonstrated efficacy of sotagliflozin in improvement of glycemic 

control, and the resulting near-term and long-term benefits in a high-risk 

population. 

• The additional near-term and long-term benefits do not come with an increased 

risk in hypoglycemia (including severe events) or DKA compared to the overall 

T1D population.  

The T1D-chronic kidney disease (CKD) subgroup is a high-risk patient population where 

treatment with insulin alone is not enough and is a population with a clear unmet 

medical need for new innovative therapies. The established efficacy of sotagliflozin to 

improve glycemic control in this patient subgroup, with a safety profile consistent with 

that of the overall T1D population studied, leads to a favorable benefit-risk profile that 

should support approval. 
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Lexicon’s assessment of an appropriate target T1D subpopulation was further refined 

by the results of a Phase 3 randomized, controlled, registration study of sotagliflozin in 

patients with type 2 diabetes mellitus (T2D), moderate to severe renal impairment, and 

other cardiovascular (CV) risk factors (SCORED). This study demonstrated that the use 

of sotagliflozin resulted in clinically meaningful and statistically significant reductions in 

risk for CV death, hospitalization for heart failure (HF), and urgent visit for HF. On 

26 May 2023, FDA approved sotagliflozin, under the brand name INPEFA® to reduce 

the risk of CV death, hospitalization for HF, and urgent HF visit in adults with a.) HF or 

b.) T2D, chronic kidney disease, and other CV risk factors. While not in a T1D 

population, SCORED provides evidence of sustained glycemic control and cardiorenal 

benefits in patients with CKD.  

The 3 pivotal T1D Phase 3 studies demonstrated consistent improvements in glycemic 

control and body weight and had a similar safety profile for risks of hypoglycemia and 

DKA across the evaluated demographic and disease characteristic subgroups. These 

observations along with the observed benefits in cardiorenal outcomes from SCORED, 

led to the selection of the T1D and CKD subpopulation in which patients have significant 

risk for increased morbidity and mortality, lack access to available antihyperglycemic 

therapies beyond insulin, and would realize both near-term and long-term benefits from 

improved glycemic control.  

Without effective glycemic control and other CV risk factor modifications, patients with 

T1D are at a significantly higher risk of CV and kidney complications compared to those 

without diabetes, leading to a 2 to 5 times greater risk of all-cause mortality (Ruiz 2022). 

CKD itself is a recognized independent predictor of increased morbidity and mortality, 

adding to the risks from T1D and magnifying the significant unmet medical need in this 

patient population (Sud 2016). This underscores the critical importance for targeted 

interventions to treat this high-risk subset of patients.  
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cohort. Thus, SCORED provides relevant information on the potential glycemic and 

long-term clinical benefit of sotagliflozin in patients with T1D and CKD. 

1.4 Efficacy 

Studies 309 and 310 were identically designed Phase 3, multicenter, randomized, 

double-blind, placebo-controlled, parallel-group studies to evaluate sotagliflozin as an 

adjunct to optimized insulin therapy in adults with T1D who had inadequate glycemic 

control with insulin therapy at the time of screening (A1C between 7% and 11%) and an 

eGFR ≥45 mL/min/1.73m2. Eligible patients were randomized to receive sotagliflozin 

200 mg, sotagliflozin 400 mg, or placebo.  

The primary endpoint in Studies 309 and 310 was change from baseline to Week 24 in 

A1C in sotagliflozin treatment groups (200 mg and 400 mg) compared with placebo. 

Secondary endpoints included changes from baseline to Week 24 in body weight, 

insulin dosing (total dose, basal dose, and bolus dose), and fasting plasma glucose 

(FPG). 

The total duration of the study was up to 64 weeks, including a 6-week insulin 

optimization period prior to randomization, a 24-week double-blind treatment period, 

and a 28-week double-blind safety extension (see Figure 19). Studies 309 and 310 

included an insulin optimization period beginning 6 weeks before randomization, which 

continued throughout the study, and a 2-week single-blind placebo run-in period to allow 

for diabetes education; optimization of compliance with diet, exercise, and the insulin 

regimen; and stabilization of metabolic parameters. Investigators were to adjust insulin 

dose to meet fasting and postprandial glucose targets using the patient’s self-monitoring 

blood glucose (SMBG) and insulin dose diaries during screening and 52-week study 

period. The independent insulin dose monitoring committee (IDMC) reviewed SMBG 

and insulin dose diary results for each patient and made insulin dosing 

recommendations to the Investigators during screening and up to Week 24 following 

randomization. It is important to note the Investigators were unmasked to A1C and FPG 

values at Week 24 to appropriately manage glycemic control, but were still blinded to 

study treatment during the 28-week safety extension. 

Study 312 was a Phase 3, multicenter, randomized, double-blind, placebo-controlled, 

parallel-group study to evaluate sotagliflozin as an adjunct to insulin in patients with 

T1D. Enrollment criteria were similar to that of Studies 309 and 310. No insulin 

optimization run-in period or IDMC were included in this trial, but as with Studies 309 

and 310, Investigators were to adjust insulin over the course of the study to meet pre- 

and postprandial glucose targets using SMBG and insulin dose diary results (A1C and 

FPG values were masked to Investigators during the treatment period) over the full 

treatment period. The total duration of the study was up to 30 weeks, including 

24 weeks of double-blind treatment. The primary endpoint was a composite of an A1C 

<7.0% without severe hypoglycemia or DKA at Week 24. A1C change from baseline at 

Week 24 was prespecified as a key secondary endpoint.  
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In Studies 309, 310, and 312, sotagliflozin demonstrated statistically significant benefits 

compared to placebo across the primary endpoints and most key secondary endpoints 

(Table 2). The addition of sotagliflozin to insulin therapy resulted in a difference in 

reduction in A1C compared to placebo between 0.35% and 0.46% compared to placebo 

at Week 24 (Table 11).  

The statistically significant efficacy results demonstrated in the three Phase 3 

randomized controlled studies allowed for evaluation of subgroups of patients who could 

gain substantial benefits, with T1D-CKD identified as the patient group where benefits 

observed in the overall population would be the most valuable and clinically meaningful. 

The population of patients with T1D and CKD was identified based on inclusion criteria 

from the studies and using the definitions outlined by the KDIGO group: baseline 45 to 

<60 mL/min/1.73m2 or an eGFR ≥60 mL/min/1.73m2 with UACR ≥30 mg/g. Change 

from baseline to Week 24 in A1C was the primary efficacy endpoint for the T1D-CKD 

population and was analyzed in the pooled Studies 309 and 310 due to the identical 

study designs; Study 312 was analyzed separately.  

In the T1D-CKD population, both doses of sotagliflozin demonstrated nominally 

significant and clinically meaningful reductions in A1C from baseline compared to 

placebo at 24 weeks (Figure 6). The larger A1C reductions from baseline observed with 

sotagliflozin in Study 312 were likely due to the higher baseline A1C.  

Figure 6: LS Mean Change from Baseline to Week 24 in A1C (%) in the T1D-CKD 

Population in Pooled Studies 309 and 310 and in Study 312  

 
A1C : hemoglobin A1C; CI: confidence interval; CKD: chronic kidney disease; T1D: type 1 diabetes mellitus 

 

Changes in time in range provide valuable information about whether the frequency and 

duration of hypoglycemia or hyperglycemia improve over time. Furthermore, increased 

time in range decreases the likelihood of developing additional diabetes complications 
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such as CV disease, progression to ESKD, and retinopathy (ADA Professional Practice 

Committee 2024b). In a small subset of patients who participated in a blinded 

continuous glucose monitor (CGM) substudy (pooled 309/310), sotagliflozin increased 

time in range (blood glucose 70–180 mg/dL) compared to placebo, with a larger effect 

observed with sotagliflozin 400 mg (see Figure 23). Importantly, the improvements in 

time in range were at the expense of time above range (blood glucose >180 mg/dL) and 

not time below range (blood glucose <70 mg/dL), potentially confirming hypoglycemia is 

not increased with sotagliflozin in the T1D-CKD population. 

Sotagliflozin provided nominally significant, dose-related reductions in body weight from 

baseline to Week 24 compared to placebo in the T1D-CKD population (Figure 7). These 

results are important given that a majority of patients in the T1D-CKD population were 

overweight or obese, and reduction in body weight is considered an important 

modifiable risk factor.  

Figure 7: LS Mean Change from Baseline to Week 24 in Body Weight in the T1D-

CKD Population in Pooled Studies 309 and 310 and in Study 312  

 
 

CI: confidence interval; CKD: chronic kidney disease; T1D: type 1 diabetes mellitus 

Furthermore, results from the Diabetes Treatment Satisfaction Questionnaire (DTSQ) 

support that the benefits achieved with sotagliflozin are clinically meaningful for these 

patients (see Figure 26). Numeric reductions in the 2-item Diabetes Distress Score 

(DDS2) were observed with sotagliflozin. 

The efficacy results from the T1D-CKD population in Studies 309, 310, and 312 are 

supported by the Phase 3 SCORED study in patients with T2D and CKD, described in 
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placebo-adjusted treatment difference in A1C was -0.47% with sotagliflozin (Figure 8). 

These results also provide evidence of sustained improvements in glycemic control with 

sotagliflozin in patients with CKD. 

Figure 8: Change from Baseline in A1C During Follow-up Period of SCORED 

 
A1C: hemoglobin A1C; CI: confidence interval; CKD: chronic kidney disease; ITT: intent-to-treat; T2D: type 2 

diabetes mellitus.  

1.5 Safety 
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114 in Study 312). The majority of patients remained on treatment through 6 months 

with approximately 60% treated for ≥1 year. 

The safety profile of sotagliflozin in the T1D-CKD population is similar to the safety 

profile of sotagliflozin in the overall T1D population (Table 3). Similar proportions of 

patients in each treatment group experienced at least 1 treatment-emergent adverse 

event (TEAE), and the events were mostly mild or moderate in severity. Serious 

adverse events (SAEs) were similar in frequency between groups, and sotagliflozin 

treatment did not result in an increase in TEAEs leading to study drug discontinuation 

compared to placebo through 52 weeks. In the T1D-CKD population, 2 patients (3%) in 

the placebo group experienced fatal TEAEs. 
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sotagliflozin-treated T1D-CKD population were not increased compared to rates of DKA 

in sotagliflozin-treated patients in the overall study population. Most DKA events had a 

known precipitant event such as illness or insulin dose interruption. 

The risks of severe hypoglycemia and DKA can be managed with patient selection, 

education, and labeling. All patients will be educated on the signs and symptoms of 

ketoacidosis and when to seek medical attention. Measurement of ketone levels is a 

reliable method to confirm imminent DKA and allow earlier intervention prior to 

progression to a serious event (Kilpatrick 2022). Patients should check ketone levels 

with any acute illness, glucose >250 mg/dL for >2 hours, or ketosis symptoms 

regardless of glucose levels (Danne 2019). If ketoacidosis is suspected, sotagliflozin 

should be discontinued, and the patient should be promptly evaluated and treated with 

supplemental insulin, carbohydrates, and fluids. If the urine ketones are positive or 

blood BHB level >0.6 mmol/L, the patient should immediately contact their clinician. For 

a hyperglycemia episode, the patients will increase hydration, administer insulin, and 

eat carbohydrates until urine ketones or BHB level normalizes. These strategies, along 

with patient and healthcare provider materials, are further discussed in Section 7.13. 

Importantly, Lexicon will continue to work with the FDA, Investigators, professional 

groups, and patient advocacy organizations to evaluate and improve the mitigation 

strategies.  

Additionally, patients with T1D-CKD have a lifetime of experience in managing diabetes. 

This also means that they have an established history of strong engagement in actively 

managing their diabetes. Education will align with best practices for mitigation of DKA, 

which include attention to total daily insulin and dose changes, understanding the 

factors that influence insulin levels, awareness of pump/accessory performance, and 

early recognition of signs and symptoms. 

1.6 Benefit-Risk Summary 

In the original NDA submission, the benefit-risk profile was assessed by FDA to be 

unfavorable in the entire cohort of patients with T1D. Our subgroup analyses have 

shown that the efficacy endpoint and safety profile results are the same in our T1D-CKD 

population as the overall T1D population. A critical difference when considering the 

“new” benefit-risk profile (in the studied population of patients with T1D and CKD) is that 

the benefit, ie, the impact and consequence of the improvement in glycemic control and 

reduction in risk of HF events, in this population with greater unmet need is more 

substantial. Therefore, the new benefit-risk profile is positive. 

As demonstrated across multiple Phase 3 trials, sotagliflozin, a dual inhibitor of SGLT1 

and SGLT2, provides benefits including improved A1C, body weight, time in range, and 

UACR. The statistically significant primary and key secondary glycemic endpoints 

shown in Studies 309, 310, and 312 allowed for evaluation of subgroups. Of the 

possible subgroups identified, patients with T1D and CKD were identified as the patient 

group where benefits observed in the overall population would be the most valuable and 
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clinically meaningful if also observed in the T1D-CKD subgroup. Even with a smaller 

sample size, patients with T1D-CKD receiving sotagliflozin achieved nominally 

significant and clinically meaningful improvement in A1C along with reductions in body 

weight that will help manage other risk factors in this population with a greater risk for 

disease progression. 

Compared to the overall T1D population, patients with T1D and CKD are at a greater 

risk for CV and kidney disease progression and have higher all-cause mortality. Given 

the significant proportion of patients who do not meet glycemic control targets with 

insulin alone, there is clear unmet need for an adjunctive therapy to insulin that would 

enable individuals living with T1D and CKD to achieve recommended levels of glycemic 

control with the potential to minimize the long-term complications from uncontrolled 

diabetes. It is in the T1D-CKD population that the efficacy demonstrated in the Phase 3 

program will provide the most profound near-term and long-term benefits with a 

comparable risk profile to that observed in the overall T1D population treated with 

sotagliflozin.  

Results from the matched T2D-CKD population of the SCORED trial, in which a 

consistent benefit in long-term clinical outcomes was achieved, also may support the 

benefits demonstrated in the T1D-CKD population. In the matched T2D-CKD population 

of SCORED, consistent A1C lowering effects were observed along with reduced risk of 

major adverse CV events (MACE) and post-hoc review of kidney outcomes. 

Due to underlying DKA risk in T1D, sotagliflozin is not intended for those who have 

inadequate control contributed to inadequate or inconsistent care, but for those patients 

where consistent management does not get them to the goal (ie, ≤7% A1C and 70% 

time in range). In these appropriately selected patients who are actively engaged with 

their care team in their diabetes management, the safety profile of sotagliflozin supports 

its use as an adjunct to insulin in a setting of education and monitoring for DKA. The 

overall safety profile of sotagliflozin in the T1D-CKD population is largely similar to the 

established safety profile of sotagliflozin in the approved indication. The greater time-in-

target glucose range achieved by adding sotagliflozin was directly due to a meaningful 

reduction in hyperglycemia, without an increase in time below range. Thus, evidence 

supports that treatment with sotagliflozin, compared to placebo, achieves improved 

glycemic control without an increase in risk of severe hypoglycemia.  

In the T1D-CKD population studied, there was an increased risk for DKA compared to 

placebo. There were no deaths associated with DKA in the T1D-CKD population. 

Appropriate patient selection, monitoring symptoms, and modifying patient behaviors to 

decrease the risk of DKA are key factors in managing DKA risk. In addition, 

measurement of ketone levels for suspected DKA events is a reliable method to confirm 

progression of ketosis that may lead to DKA, allowing for earlier intervention. 

Overall, the totality of evidence establishes a favorable benefit-risk profile for 

sotagliflozin as an adjunct therapy to insulin for adults with T1D and CKD.  
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Without effective glycemic control, patients with T1D remain at risk of complications, 

including progression to ESKD, CV disease, and death.  

CKD is a common progressive complication of T1D linked to the duration of disease. It 

has been shown that in patients with T1D, the risk of developing microalbuminuria, a 

risk factor for CKD progression, is associated with both poor A1C control and 

decreasing time in range (Beck 2019; Hahr and Molitch 2015; Perkins 2019; Shah 

2024).  

Per National Health and Nutrition Examination Survey (NHANES) data from 2015 

through 2016 and 2017 through 2018, the weighted estimate of CKD in adults in the 

United States (US) with T1D was conservatively 21% (Rossing 2024). In fact, diabetic 

kidney disease remains the leading cause of CKD, rising in frequency in parallel to the 

epidemic of diabetes (United States Renal Data System 2022). Unfortunately, patients 

with T1D and CKD are at higher risk of kidney failure, HF, and atherosclerotic 

cardiovascular disease than patients with T1D without CKD, and therefore, have a 

greater need for risk factor management including glycemic control (Eliasson 2022).  

2.1.1.1 Chronic Kidney Disease Nomenclature and KDIGO Definition 

CKD can be classified and diagnosed using clinical measurements of eGFR and 

albuminuria (quantified using UACR). The KDIGO 2024 classification categories and the 

risk of CKD progression for each category are shown in Figure 9. The relative risks of 

complications, including progression of CKD to ESKD, CV disease, and mortality, are 

increased with both reduced eGFR and elevated UACR levels.  
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Figure 9: Current Chronic Kidney Disease Nomenclature Used by KDIGO and 

Prognosis of Chronic Kidney Disease 

 

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; KDIGO: Kidney Disease: Improving 

Global Outcomes; UACR: urine albumin to creatinine ratio 

Adapted from KDIGO 

1. American Diabetes Association Professional Practice Committee. Diabetes Care 2024b;  

2. Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group. Kidney Int 2022 

When defining and investigating CKD, it is important to consider both eGFR and 

albuminuria to identify all patients. To put the public health impact of albuminuria into 

context, in the US population, the percentage of patients with eGFR below 

60 mL/min/1.73m2 with or without albuminuria is 6.7%. However, another 3.8% of 

patients have albuminuria with eGFR of 60 mL/min/1.73m2 or greater (Levey 2011). 

Therefore, considering only CKD patients with reduced eGFR as being at risk for 

comorbid conditions would exclude over one-third of the total patients at high risk.  

2.1.2 Epidemiology  

In the US, the estimated prevalence of T1D in adults aged 20 years or older was 

1.7 million in 2021 (Centers for Disease Control and Prevention [CDC] National 

Diabetes Statistics Report 2024), and the prevalence of CKD (eGFR 

<60 mL/min/1.73m2 and/or UACR ≥30 mg/g) is conservatively 21% of adults with T1D 

(Figure 10) (Rossing 2024). Epidemiological studies of diabetic kidney disease have 

estimated the overall residual (lifetime) risk of patients with T1D developing kidney 

disease is 30% (Alicic 2017; Hoogeveen 2022).  
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Figure 11: Rate of eGFR Decline by Albumin Excretion Rate and A1C Strata in 

Patients with T1D and CKD (Shah 2024) 

 

A1C: hemoglobin A1C; AER: albumin excretion rate; CKD: chronic kidney disease; eGFR: estimated glomerular 

filtration rate; SE: standard error; T1D: type 1 diabetes mellitus  

Data points represent beta estimates (±SE) from mixed-effects linear regression models. 

Source: Shah 2024 

Additionally, during the DCCT/EDIC trial, control of blood glucose, blood pressure, and 

lipids were all associated with a lower likelihood of progression and higher likelihood of 

regression of kidney disease and albuminuria in patients with T1D, including those 

whose disease had advanced to microalbuminuria (DCCT/EDIC Research Group 2011, 

2014; de Boer 2011). In a long-term prospective cohort study of 349 patients from the 

Joslin Proteinuria Cohort, sustained improvements in A1C reduced eGFR loss and 

delayed the onset of ESKD in patients with T1D and proteinuria (Figure 12) 

(Skupien 2024). Specifically, a 1% absolute reduction in A1C corresponded to a 24% 

lower risk of ESKD, highlighting the importance of improving glucose control in patients 

with T1D and CKD. These results suggest that hyperglycemia contributes to both the 

onset of CKD and progression to ESKD. Thus, continued focus on glycemic control 

remains important in patients with established CKD. 
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2.2.2 Evolution in Management of T1D with CKD 

Treatment options are limited for patients with T1D, with only insulin and pramlintide as 

adjunct to insulin being approved for patients with T1D. Few pharmacologic agents are 

being developed to improve glycemic control in patients with T1D. Growing bodies of 

evidence from clinical trials of new therapeutic options, such as SGLT inhibitors, 

nonsteroidal mineralocorticoid receptor antagonists, and glucagon-like peptide receptor 

agonists (GLP-1 RAs), to treat hyperglycemia and/or reduce the risk of cardiorenal 

outcomes in patients with CKD with T2D or no diabetes have largely excluded people 

with T1D. The omission of people with T1D has resulted in a recent call to action to 

address the treatment gap in the T1D population (Heerspink 2023).  

2.2.2.1 Utility of Type 2 Diabetes Data in Type 1 Diabetes Studies 

Due to the unique challenges and relatively small population of people with T1D, data 

from larger studies of patients with T2D are extrapolated to apply to the T1D population, 

particularly as related to the complications associated with CKD and diabetes. 

The pathophysiologic abnormalities that contribute to progression of CKD in people with 

diabetes are well established, and not dissimilar between T1D and T2D (DeFronzo 

2021). Chronic hyperglycemia and hypertension are both contributing factors that lead 

to dysfunctional cellular processes causing altered tubuloglomerular feedback, renal 

hypoxia, lipotoxicity, podocyte injury, inflammation, mitochondrial dysfunction, and 

cause inflammation and renal fibrosis (Sridhar 2024b). Based in part on this information, 

the American Diabetes Association Standards of Care for CKD risk management carries 

a level A recommendation on control of both blood glucose and blood pressure to slow 

disease progression irrespective of T1D or T2D diabetes status (ADA Professional 

Practice Committee 2024b). 
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Figure 15: Mechanisms of Kidney Disease Progression in Diabetes, Regardless 

of Type 

 
 

The mechanisms involved in the development of CV disease in T1D are similar to T2D 

(Manrique Acevedo 2024). CKD, hypercoagulation, dyslipidemia, endothelial 

dysfunction, and glycation end products from persistent hyperglycemia all contribute to 

increasing CV risk and disease progression. As the prevalence of obesity increases in 

the adult T1D population with at least 60% of adult patients being obese or overweight 

(Fang 2023), insulin resistance (a traditional hallmark feature in T2D) is becoming 

equally present in people with T1D (Duca 2016). Insulin resistance is itself an 

independent risk factor for the development of CV disease and MACEs (Fazio 2024; 

Gast 2012). It is also thought to be both causal HF and a result of HF-related events 

(Lopaschuk 2021). In a comprehensive review of mechanistic studies of insulin 

insensitivity in people with T1D, the authors concluded that available insulin therapies 

cannot fully reduce cardiometabolic risk due to increased insulin resistance tied to 

increased cardiometabolic risk (Gregory 2020). 

As no randomized trials have been specifically conducted to assess CV event risk 

reduction in people with T1D, current clinical treatment guidelines for risk factor 

modification are extrapolated from data generated in large scale clinical trials in people 

with T2D (ElSayed 2023c).  

These clinical treatment guidelines can be extrapolated directly to the sotagliflozin 

development program. The SCORED Phase 3 clinical trial enrolled 10,584 patients, all 

of whom had a history of type 2 diabetes (A1C ≥7%), CKD defined by eGFR 25 to 

60 mL/min/1.73m2, and additional CV risk factors (Bhatt 2021). In contrast, the T1D 

Phase 3 program of 3 studies enrolled 2980 total patients with T1D, with 458 of those 
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patients having both T1D and CKD (including those with microalbuminuria). Coexisting 

CKD in patients with T2D raises the risk of HF and ischemic events (Udell 2015), 

making the SCORED treatment group a high-risk patient population for both 

cardiovascular events and progression of kidney disease, and an important population 

to expand the available safety and efficacy profile of sotagliflozin in T1D and T2D. 

2.2.3 Inadequacy of Insulin for Patients with T1D 

Patients with T1D have limited therapeutic options to improve glycemic control and the 

majority of patients do not reach the recommended target of A1C <7%. Achieving A1C 

levels for optimal disease control with insulin treatment is challenging, in part because 

of the imperfect nature of subcutaneous insulin replacement. Despite many advances in 

insulin replacement therapy, it is estimated that approximately 20 of patients with T1D 

have an A1C <7% (Akturk 2023; Foster 2019, Pettus 2020).  

During the FDA EMDAC Meeting held 24 May 2024, for the product insulin icodec, 

Advisory Committee members and FDA participants agreed that existing therapies for 

T1D are inadequate and that more effective and convenient ways to manage glucose are 

needed (FDA EMDAC 2024). As described in Section 2.1.4, patients not achieving A1C 

targets remain at a significantly greater risk of complications associated with their 

condition. 

2.2.4 Additional Challenges for Patients with T1D in Reaching Their A1C Goals  

Risks such as weight gain and hypoglycemia, the latter of which can be acutely 

life-threatening, are well-recognized risks associated with intensive insulin therapy. 

Excess weight gain, a known risk factor for CV disease, is frequently associated with 

insulin treatment and subsequent insulin resistance, potentially increasing the treatment 

and disease burden of T1D (Mottalib 2017; Russell-Jones 2007). The prevalence of 

patients with T1D in the US who are overweight (body mass index [BMI] of 25.0 to 

29.9 kg/m2) or obese (BMI ≥30 kg/m2) has been increasing (Fang 2023) and may 

contribute to the high prevalence of hypertension and CV disease observed in this 

population (de Ferranti 2014; Maahs 2005). Thus, intensive insulin replacement therapy 

and the concomitant weight gain add to the already high burden of CV disease in the 

population of adult patients with T1D. 

2.2.5 Safety Concerns for Patients with T1D 

Both hypoglycemia and DKA are acute, serious, and potentially life-threatening 

complications of T1D and its treatment. Importantly, the risk of severe hypoglycemia 

and DKA is similar regardless of CKD status (Figure 16) (T1D Exchange 2024). 
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2.2.5.1.2 Patient Concerns Regarding Severe Hypoglycemia 

Approximately 77% of patients reported having daily fears of hypoglycemia at least 

once during a 6-day study (Martyn-Nemeth 2017). When asked about their biggest 

concerns associated with hypoglycemia, roughly half of patients noted the fear of 

becoming hypoglycemic while sleeping or concerns about low blood glucose interfering 

with important daily activities (Figure 17). This fear has been shown to be a barrier to 

optimal glycemic control and can have negative impacts on quality of life for patients 

with T1D (Aschner 2010; Seaquist 2013). 

Figure 17: Highest Worry Rankings among People with T1D 

 
T1D: type 1 diabetes mellitus 

Source: Martyn-Nemeth 2017   

 

2.2.5.1.3 Management of Hypoglycemia 

For hypoglycemia, regular glucose monitoring is critical. Patients should recognize early 

warning signs and take immediate action. Insulin dose adjustments, particularly during 

periods of increased activity or illness, are essential for preventing hypoglycemia. 

2.2.5.2 Diabetic Ketoacidosis  

2.2.5.2.1 Diagnosis 

The ADA diagnostic criteria for DKA includes a triad of hyperglycemia with a plasma 

glucose >250 mg/dL; metabolic acidosis, with a pH of <7.30; a serum bicarbonate of 

<18 mmol/L; and elevated plasma and/or urinary ketones. This condition is classified as 

mild, moderate, or severe, depending on the extent of metabolic acidosis. The key 

diagnostic criterion is an elevation in the serum concentration of ketone bodies. In 

adults, a BHB concentration of 3.0 and 4.4 mmol/L corresponds to a bicarbonate of 18.0 

and 15.0 mmol/L, respectively. Therefore, international guidelines have recommended a 

BHB concentration >3 mmol/L and a bicarbonate concentration <18 mmol/L as the 

prime diagnostic features of DKA (Galindo 2021). With the use of SGLT2 inhibitors and 

wider recognition of euglycemic DKA, a lower glucose threshold (>200 mg/dL) or prior 

history of diabetes can be considered for the diagnosis of DKA (Umpierrez 2024).  
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The symptoms of DKA can develop over several hours to several days and include 

nausea, vomiting, polyuria, and excessive thirst (Ehrmann 2020). These symptoms are 

considered prompts to follow “sick day rules” because illness caused by infection may 

be a precursor to DKA. Sick day rules include testing for ketones, stopping any 

medication that may increase risk of DKA (as advised by the prescribing physician), 

taking insulin, consuming carbohydrates, hydrating with electrolytes and water, and 

continuing to monitor ketones and glucose while illness and symptoms persist. If 

ketones do not return to normal within 4 hours, patients should contact their physician 

for next steps. 

2.2.5.2.2 Risk Factors in Patients with T1D and CKD 

Risk factors for DKA in T1D include acute illnesses such as infection, recent diabetes 

onset, insulin omission or reduction, insulin pump failure, alcohol intake, and increased 

strenuous activity (Peters 2015). Other nonmodifiable and modifiable risk factors that 

have been identified include socioeconomic disadvantages, female sex, previous DKA, 

poor glucose control, nonprescription drug use, quality of diabetes care, poor mental 

health, and somatic comorbidities (Ehrmann 2020). Drugs that affect carbohydrate 

metabolism, such as corticosteroids, thiazides, sympathomimetic agents, and 

pentamidine may precipitate DKA (Lizzo 2023).  

SGLT2 inhibitor use has also been identified as a risk factor for DKA in patients with 

T1D or T2D. This risk is increased in those who require insulin therapy, most commonly 

patients with T1D (Peters 2015). 

Among patients using pumps for insulin delivery, the most frequently reported cause of 

DKA include missed insulin doses and pump malfunctions, including insulin delivery 

interruptions caused by problems with the infusion set, subcutaneous catheter, or 

disconnections. These problems were common in the first 5 to 10 years after insulin 

pumps were introduced and led many patients to discontinue pump therapy. This 

trajectory prompted technological advances, such as hyperglycemic alerts and 

improved catheters as well as patient education and training on DKA, which has 

significantly reduced DKA risk (Garg 2018). 

In retrospective database analyses, the incidence of DKA is increased with poor 

glycemic control (Foster 2019; Pettus 2019). Glycemic control appears to be better in 

older versus younger adults. The incidence of DKA appears to decline with advancing 

age in patients with T1D. Thus, better adherence to insulin therapy may contribute to 

the improved glycemic control and lower DKA incidence in older adults.  

However, older adults have an increased incidence of CKD. CKD has been associated 

with a greater risk of metabolic acidosis, especially in those with severe kidney disease 

or ESKD. Some have postulated that DKA may also be increased in those with CKD. In 

a retrospective analysis, we evaluated the DKA rate in patients with T1D with and 

without CKD. This assumption of increased risk has not borne out over time. In current 

analyses of the Type 1 Diabetes Exchange Quality Index (T1DX-QI) database, the 
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proportions of patients experiencing DKA events are similar in patients with T1D 

regardless of their CKD status, despite marked differences in the age and demographic 

makeup of the two groups (T1DX-QI 2024). The event rates for DKA ranged from 2.6 to 

2.1 per 100 person-years (T1DX-QI 2024). This overall rate is consistent with literature 

reports in older adults with annualized rates of DKA 2 to 3 events per 100 person-years 

(Ebrahimi 2022; Weinstock 2013). 

2.2.5.2.3 Monitoring for and Mitigation of DKA Events 

Patients need to be aware of the typical diagnostic criteria for DKA including elevated 

blood glucose levels, the presence of ketones, and metabolic acidosis. Atypical 

presentations, such as euglycemic DKA are also important for patient awareness, and 

ketones indicating onset of DKA will be present despite glucose levels that are lower 

than typically seen in DKA onset.  For DKA, blood glucose monitoring is essential, and 

ketone testing, either through urine or blood, is necessary to confirm the presence of 

ketones when blood glucose levels are persistently high or when patients have typical 

DKA symptoms. Early detection through use of “sick day rules” and ketone testing, and 

prompt action through use of protocols that include insulin administration and hydration, 

are effective at preventing the progression of DKA. 

2.3 Summary of Patient Unmet Medical Need 

Adult patients with T1D and CKD have unmet needs of far greater consequence than 

those of patients with T1D alone. Those with T1D and CKD have needs related to the 

following: 

• Direct consequences of T1D-related poor glycemic control (including 

hypoglycemia, hyperglycemia, and poor time in range) 

• Direct consequences of impaired kidney function and/or micro- or 

macroalbuminuria 

• Comorbidities of CKD, such as retinopathy, neuropathy, CV disease, and HF, 

which may increase in number, frequency, or severity with years of progression 

of CKD. 

Despite advances in insulin therapy and glucose monitoring, most patients with T1D 

and CKD do not achieve glycemic control targets with insulin alone. There is an urgent 

need for a new adjunct therapy that will improve glycemic control and could help 

diminish the long-term complications from uncontrolled diabetes.  



















Lexicon Pharmaceuticals, Inc.  

 Sotagliflozin  
Endocrinologic and Metabolic 

Drugs Advisory Committee 

 

  Page 54 of 173 

 

and CKD (defined as baseline eGFR of 45 to <60 mL/min/1.73m2 or an eGFR 

≥60 mL/min/1.73m2 with UACR ≥30 mg/g) were identified in these studies as a 

population who will gain benefit from improved glycemic control compared to the overall 

T1D population. The additional benefit is derived from the reduction of risk or rate of 

kidney disease progression and due to the reduction in risk or severity of CV 

comorbidities.  

Efficacy analyses from Studies 309 and 310 were pooled due to their identical 52-week 

design. Studies 309 and 310 included intensive insulin optimization and evaluated 

sotagliflozin 200 mg versus 400 mg versus placebo. Study 312 was 24 weeks in 

duration without insulin optimization (but Investigators were instructed to adjust insulin 

to achieve glycemic targets), evaluated 400 mg versus placebo, conducted globally, and 

analyzed and presented individually.  

Additional supportive efficacy results are included from the SCORED study, which was 

conducted in patients with T2D, CKD, and additional CV risk factors. Analyses were 

conducted in patients who matched the definition of CKD in the T1D-CKD population. 

The mechanisms of action of sotagliflozin on UGE and blunting and delaying 

postprandial glucose (PPG) excursion are similarly present in patients with T1D and 

T2D. Therefore, the efficacy results in a matching T2D-CKD cohort coupled with those 

from the T1D-CKD cohort provide a robust dataset to establish substantial evidence of 

effectiveness in the CKD setting.  
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in healthy individuals showed a consistent effect of sotagliflozin on UGE, insulin, and 

PPG across all dose schedules. It is recommended that sotagliflozin be taken not more 

than one hour before the first meal of the day.  

Accumulation was observed after administration of multiple doses, with steady-state 

generally achieved by Day 5.  

Following oral administration mean terminal half-life for sotagliflozin ranged from 20.9 to 

35.0 hours. The main route of elimination was through the urine. 

5.3 Pharmacodynamics 

Sotagliflozin has shown dose-dependent effects consistent with SGLT1 and SGLT2 

inhibition at the 200 mg and 400 mg doses. SGLT1 inhibition resulted in reduced PPG, 

increases in GLP-1 and peptide YY, and reduction in FPG. Sotagliflozin increases UGE, 

consistent with SGLT2 inhibition. 

In a thorough corrected QC interval (QTc) study, supratherapeutic doses of sotagliflozin 

(800 mg and 2000 mg) did not cause prolongation of the QTcI in excess of the threshold 

of 10 ms stated by the International Council for Harmonisation E14 guidance. 

5.4 Drug-Drug Interactions 

Several studies were conducted to evaluate potential interaction between sotagliflozin 

and drugs commonly used in the T1D population. Results from these studies indicated 

no clinically relevant interaction between sotagliflozin and metformin, rosuvastatin (a 

sensitive breast cancer resistance protein substrate), Ortho-Cyclen® (an oral 

contraceptive containing norgestimate and ethinyl estradiol), and mefenamic acid (a 

UGT1A9 inhibitor). Therapeutic doses of 200 and 400 mg sotagliflozin are not expected 

to cause clinically relevant interactions with substrates of CYP3A4 and CYP2D6. 

Coadministration of a multiple-dosing regimen of rifampicin, an inducer of various UGT 

and CYP metabolizing enzymes, with a single dose of 400 mg sotagliflozin resulted in a 

decrease in exposure to sotagliflozin, which may decrease efficacy. It is recommended 

that if an inducer of UGT (eg, rifampin, phenytoin, phenobarbital, ritonavir) must be 

coadministered with sotagliflozin, frequent monitoring of glucose levels should be 

considered.  

Sotagliflozin was identified as a weak P-glycoprotein inhibitor and concurrent 

administration of sotagliflozin and digoxin may result in the elevation of digoxin levels. It 

is recommended that patients taking sotagliflozin with concomitant digoxin should be 

monitored appropriately. 

Concomitant use of an SGLT2 inhibitor with lithium may decrease serum lithium 

concentrations. Serum lithium concentration should be monitored more frequently 

during sotagliflozin initiation and dosage changes. 
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5.5 Population Pharmacokinetic Model and Exposure Response Analysis 

For the overall T1D population, a population PK model was developed and used to 

characterize the population PK of sotagliflozin, and to determine the effects of 

covariates (sex, age, body weight, eGFR) on the PK of sotagliflozin. Population 

exposure-response (E-R) models were used to characterize the relationship between 

sotagliflozin exposure and A1C and body weight.  

In the overall T1D population, the apparent oral clearance was shown to increase in an 

almost proportional manner with body weight. Apparent clearance of sotagliflozin 

decreased with decreasing renal function. The E-R models demonstrated that increases 

in sotagliflozin exposures were associated with improvements in A1C and body weight. 

For the new analysis, the previously developed PK and E-R (A1C, weight, and 

adjudicated severe hypoglycemic) datasets were leveraged for the purposes of 

comparing the T1D-CKD population to the original T1D population. Additional E-R 

models were developed to investigate the relationship between sotagliflozin exposure 

and BHB and urinary glucose-to-creatinine ratio (UGCR). 

The previously developed population PK model well characterized the PK of 

sotagliflozin in the CKD population and the original T1D population. The distributions of 

sotagliflozin exposure were similar in both populations. For the efficacy endpoints A1C 

and body weight, as sotagliflozin exposure increased, there was a similar decrease in 

the mean A1C response and decrease in body weight for both the CKD and the 

non-CKD cohorts. Similarly, the E-R model for UGCR demonstrated that as sotagliflozin 

exposure increased, change from baseline in UGCR increased, and this response was 

similar in the CKD and non-CKD cohorts. For the safety endpoints, there was a flat E-R 

relationship for adjudicated severe hypoglycemia across the range of steady-state 

sotagliflozin exposures in both CKD and non-CKD cohorts. In the CKD cohort, there 

was a higher occurrence of adjudicated severe hypoglycemia in the patients 

administered placebo when compared to those who received sotagliflozin. E-R 

response analysis of BHB indicated that there was a slight trend for an increase in BHB 

with increasing sotagliflozin exposure. BHB responses over the range of sotagliflozin 

exposures were similar in both CKD and non-CKD cohorts.  

Stochastic simulations were performed to understand the range of expected efficacy 

and safety outcomes associated with the proposed daily dosing regimens (200 mg and 

400 mg) in the CKD population as compared to the original T1D population. Stochastic 

simulations of the proposed 200 and 400 mg daily sotagliflozin dosing regimens in 

virtual patients with CKD and virtual patients representing the original T1D population 

revealed similar distributions of A1C and body weight reductions for each dose at 

Weeks 24 and 52. 
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5.6 Dose Justification 

The recommended dose is 200 mg, administered orally, once daily. This may be 

increased to 400 mg for patients requiring additional glycemic control. 

Results from the population PK modeling in the overall T1D population, patients with 

eGFR ≥60 mL/min/1.73m2 and <90 mL/min/1.73m2 and eGFR ≥45 mL/min/1.73m2 and 

<60 mL/min/1.73m2 are simulated to have similar exposures with 1.52- and 1.54-fold 

higher sotagliflozin AUCs compared to individuals with normal renal function, indicating 

that CKD status (eGFR ≥45 and <90 mL/min/1.73m2) did not result in clinically relevant 

increases in sotagliflozin exposure. It should be noted that the distributions of 

sotagliflozin exposure were similar CKD and the original T1D populations. 

Population modeling and stochastic simulations have demonstrated that sotagliflozin 

exposures following administration of 400 mg were higher than those of 200 mg, as 

expected. Patients administered sotagliflozin (200 mg and 400 mg dose) demonstrated 

greater reduction in A1C when compared to those on placebo. Similarly, sotagliflozin 

administration was associated with a greater reduction in body weight when compared 

to that of placebo. Patients administered the 400 mg dose had greater increases in 

UGCR and more reduction in body weight compared to 200 mg dose.  

It should also be noted that the proposed dosing for patients with T1D-CKD matches the 

approved dosing for the current indication of HF. 

Taken together, the data support and justify the appropriateness of the 200 mg and 

400 mg sotagliflozin daily regimens in patients with T1D and CKD. 





Lexicon Pharmaceuticals, Inc.  

 Sotagliflozin  
Endocrinologic and Metabolic 

Drugs Advisory Committee 

 

  Page 61 of 173 

 

Study 312 was a Phase 3, multicenter, randomized, double-blind, placebo-controlled, 

parallel-group study to evaluate the efficacy and safety of sotagliflozin as an adjunct to 

insulin in patients with T1D. The total duration of the study was up to 30 weeks, 

including 24 weeks of double-blind treatment. Enrollment criteria were similar to that of 

Studies 309 and 310. 

Studies 309 and 310 included an insulin optimization period beginning 6 weeks before 

randomization, which continued throughout the study, and a 2-week single-blind 

placebo run-in period to allow for diabetes education; optimization of compliance with 

diet, exercise, and the insulin regimen; and stabilization of metabolic parameters. 

Investigators were to adjust insulin dose to meet fasting and postprandial glucose 

targets using the patient’s SMBG and insulin dose diaries during screening and 

52-week study period. The IDMC reviewed SMBG and insulin dose diary results for 

each patient and made insulin dosing recommendations to the Investigators during 

screening and up to Week 24 following randomization. It is important to note the 

Investigators were unmasked to A1C and FPG values at Week 24 to appropriately 

manage glycemic control, but were still blinded to study treatment during the 28-week 

safety extension. 

Study 312 did not include insulin optimization but did include the 2-week single-blind 

placebo run-in period. Investigators were to adjust insulin dose to meet fasting and 

postprandial glucose targets using the patient’s SMBG and insulin dose diaries during 

the 24-week study period (A1C and FPG values were masked to Investigators during 

the treatment period). No IDMC was used for Study 312. 
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gain substantial benefits, with T1D-CKD identified as the patient group where benefits 

observed in the overall population would be the most valuable and clinically meaningful. 

The population of patients with T1D and CKD was identified based on inclusion criteria 

from the studies and using the definitions outlined by the KDIGO group: baseline 45 to 

<60 mL/min/1.73m2 or an eGFR ≥60 mL/min/1.73m2 with UACR ≥30 mg/g. Change 

from baseline to Week 24 in A1C was the primary efficacy endpoint for the T1D-CKD 

population and was analyzed in the pooled Studies 309 and 310 due to the identical 

study designs; Study 312 was analyzed separately.  

In the T1D-CKD population, both doses of sotagliflozin demonstrated nominally 

significant and clinically meaningful reductions in A1C from baseline compared to 

placebo at 24 weeks (Table 15). The larger A1C reductions from baseline observed with 

sotagliflozin in Study 312 were likely due to the higher baseline A1C.
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6.3 T1D-CKD Population Analysis 

6.3.1 Identification of T1D-CKD Population 

The T1D-CKD population was defined as baseline eGFR of 45 to <60 mL/min/1.73m2 or 

an eGFR ≥60 mL/min/1.73m2 with UACR ≥30 mg/g. 

6.3.2 Endpoints Evaluated in T1D-CKD Population 

Change from baseline in A1C was the primary endpoint of interest for the T1D-CKD 

population. In Studies 309 and 310, the prespecified primary endpoint was the change 

from baseline to Week 24 in A1C in either sotagliflozin treatment group (200 mg or 

400 mg) compared with placebo. In Study 312 (sotagliflozin 400 mg and placebo), 

change from baseline to Week 24 in A1C was the prespecified first secondary endpoint 

in the statistical hierarchy.  

Secondary efficacy endpoints evaluated at Week 24 for the T1D-CKD population were 

change in body weight, percent change in insulin dose (total dose, basal dose, and 

bolus dose), FPG, and systolic blood pressure (SBP). Time in range was included as an 

exploratory endpoint. 

6.3.3 Statistical Methods 

Efficacy endpoints were analyzed using mixed model for repeated measures (MMRM) 

methods with treatment, randomization stratification factors, study, time (study week), 

and a treatment-by-time interaction term as fixed effects, and the baseline value of the 

dependent variable and a baseline-by-time interaction term as covariates. The MMRM 

analysis was conducted under the missing at random (MAR) framework based on the 

restricted maximum likelihood. The MAR assumption appeared plausible for the 

dataset(s) under analysis given the small number of premature treatment 

discontinuations and that use of all observed data using this model seemed to have 

explained much of the missingness. An unstructured (co)variance structure was used to 

estimate the within-patient error term. The Kenward-Roger approximation was used to 

estimate the denominator degrees of freedom. The adjusted mean (ie, LS mean) 

change from baseline to Week 24 for each treatment group and the 95% confidence 

intervals (CIs) were estimated from this model, as well as point estimates of 

between-group differences in LS means comparing each sotagliflozin group to placebo, 

and the associated 95% CIs computed on this difference.  

Efficacy analyses from Studies 309 and 310 were pooled due to their identical 52-week 

design. Results were analyzed separately for Study 312, which was 24 weeks in 

duration. 

The same analytical methods were applied to the pooled Studies 309 and 310 dataset 

and the Study 312 dataset, with a noted exception being that a fixed term of “study” was 

not included in the MMRM for the Study 312 analysis. 
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6.4 Study 309, 310, and 312 T1D-CKD Population 

6.4.1 Disposition 

In Studies 309 and 310, a total of 234 patients had CKD; 160 patients received 

sotagliflozin (n=85 for 200 mg; n=75 for 400 mg), and 74 received placebo (Table 12). 

Of the patients with T1D-CKD who received sotagliflozin, 148 (92.5%) completed 24 

weeks and 141 (88.1%) completed 52 weeks of the study. Twelve (7.5%) patients (6 in 

each sotagliflozin dose group) discontinued from the study before Week 24. Of the 

74 patients who received placebo, 64 (86.5%) and 60 (81.1%) completed 24 weeks and 

52 weeks of the study, respectively; 10 (13.5%) patients discontinued from the study 

before Week 24. For all patients in the T1D-CKD population regardless of treatment, the 

most frequently reported reasons for discontinuing the entire study or discontinuing 

before Week 24 were withdrawal by patient and AE.  

In Study 312, a total of 224 patients had CKD: 114 received sotagliflozin and 

110 received placebo.  

Overall, no differences in patient disposition were noted between the pooled 

Studies 309/310 and Study 312. In addition, when the disposition of the T1D-CKD 

population was compared to that of the overall population, no apparent differences were 

noted. 
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6.4.2 Demographics and Baseline Characteristics 

Patient demographics and baseline characteristics of the T1D-CKD population are 

provided in Table 13 and Table 14, respectively. Demographics and baseline 

characteristics of patients in the randomized population from the Studies 309 and 310 

individually are provided in Appendix Section 10.2. 
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6.5 Study 309, 310, and 312 Phase 3 Efficacy Results – T1D-CKD Population 

6.5.1 Primary Efficacy Endpoint  

6.5.1.1 Change from Baseline to Week 24 in A1C 

In the T1D-CKD population, both doses of sotagliflozin demonstrated nominally 

significant and clinically meaningful reductions in A1C (%) from baseline compared to 

placebo at 24 weeks (Table 15). In Studies 309 and 310, from a baseline A1C of 

approximately 7.8%, the estimated treatment difference for change in A1C at 24 weeks 

was -0.34% and -0.31% for the 200 and 400 milligram doses, respectively, 

demonstrating glycemic control favoring sotagliflozin. From a baseline A1C of 

approximately 8.5% in Study 312, sotagliflozin 400 mg significantly decreased by -

0.45% compared to placebo at Week 24.
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6.5.2.3 Systolic Blood Pressure 

SBP was nominally significantly reduced from baseline with sotagliflozin 400 mg versus 

placebo in the T1D-CKD population of Study 312 and similar with sotagliflozin and 

placebo in the pooled studies (Table 18). 
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6.5.2.4 Mean Total Daily Insulin Dose 

At Week 24, in both the pooled Studies 309/310 and Study 312, there were no statistical 

differences in the percent change from baseline in insulin dose (total, basal, and bolus) 

between sotagliflozin and placebo in the T1D-CKD population (Table 19). Conversely, 

significant percent reductions in total daily insulin dose were noted with sotagliflozin 

compared to placebo at Week 52 (Table 20).
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6.6.1.3 Efficacy Endpoints and Analysis Methods 

The primary endpoint of SCORED was the total occurrences (first and potentially 

subsequent) after randomization of CV death, hospitalization for HF, and urgent visit for 

HF, evaluated in the intent-to-treat (ITT) population. The hierarchical testing in 

SCORED was terminated after the CV death endpoint was not met (Bhatt 2021). The 

prespecified kidney-related composite and MACE endpoints were after CV death in the 

hierarchy and thus discussion of these results below should be considered with this 

caveat.  

In addition to clinical outcomes, other endpoints collected during the trial were A1C, 

body weight, and systolic blood pressure.  

6.6.2 SCORED Efficacy Results ITT Population 

6.6.2.1 Primary Endpoint (ITT Population) 

In the overall population of patients with T2D, sotagliflozin met the primary objective. 

Sotagliflozin was superior to placebo in reducing the risk of the primary composite 

endpoint (hazard ratio [HR] [95% CI]: 0.75 [0.63, 0.88]; p=0.0004), demonstrating a 25% 

reduction in risk of CV death, hospitalization for HF, and urgent visit for HF. The median 

duration of follow up was 16 months. 

In a cumulative events plot of the primary endpoint, the sotagliflozin and placebo event 

curves separated early and continued to diverge over the study period (Figure 28). 

These results demonstrated the benefits of sotagliflozin on long-term CV outcomes and 

supported approval for the HF indication. 
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7.4 Overall Summary of Adverse Events in Patients with T1D-CKD 

In the pooled Studies 309 and 310 T1D-CKD population, TEAEs were relatively 

common and the incidences were similar across treatment groups (Table 30). A general 

increase in TEAEs at the higher sotagliflozin dose was not apparent. TEAEs were 

mostly mild or moderate in severity and severe TEAEs were similar across treatment 

arms. SAEs were similar in frequency in sotagliflozin-treated patients through 52 weeks, 

and sotagliflozin treatment did not result in an increase in AEs leading to study drug 

discontinuation. Two patients (2.7%) experienced AEs leading to death through 

52 weeks, both in the placebo group. 

The AE pattern across study treatment in the Study 312 T1D-CKD population was 

similar to the pooled Studies 309 and 310 T1D-CKD population.
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7.5 Common Adverse Events in Patients with T1D-CKD 

In the pooled Studies 309 and 310 T1D-CKD population, the most frequently reported 

TEAEs by system organ class included Infections and Infestations and Gastrointestinal 

Disorders. The most frequently reported preferred terms (PTs) were viral upper 

respiratory tract infection, diarrhea, and urinary tract infection (Table 31).  

Among the most common TEAEs, some of the individual PTs of interest having a 

difference in incidence between sotagliflozin-treated patients and placebo-treated 

patients included the following:  

• Investigator-reported DKA (4 patients [4.7%], 5 patients [6.7%], and 2 patients 

[2.7%] in the sotagliflozin 200 mg, sotagliflozin 400 mg, and placebo groups, 

respectively);  

• Blood ketone body increased (7 patients [8.2%], 4 patients [5.3%], and 1 patient 

[1.4%], respectively); 

• Diarrhea (8 patients [9.4%], 8 patients [10.7%], and 3 patients [4.1%], 

respectively); 

• Genital infection fungal (1 patient [1.2%], 3 patients [4.0%], and 0 patients, 

respectively). 

DKA (positively adjudicated) is described in Section 7.12. 

TEAEs in the Study 312 T1D-CKD population were similar to the sotagliflozin 400 mg 

arm of the pooled T1D-CKD population. 
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7.6 Severe Adverse Events in Patients with T1D-CKD 

In the pooled Studies 309 and 310 T1D-CKD population, severe AEs occurred at similar 

rates in the treatment groups in the placebo group. The most frequently reported severe 

AEs were hypoglycemia and DKA (Table 32).
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7.7 Adverse Events Leading to Study Drug Discontinuation in Patients with 

T1D-CKD 

No TEAEs led to study drug discontinuation for more than 1 patient in any treatment 

group in the pooled Studies 309 and 310 T1D-CKD population (see Appendix Table 42). 

In the T1D-CKD population of Study 312, the only TEAE that led to study drug 

discontinuation for more than 1 patient in the sotagliflozin arm was DKA (n=2; 1.8%).
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7.8 Serious Adverse Events in Patients with T1D-CKD  

SAEs occurred at a similar frequency across treatment groups. DKA and hypoglycemia 

were the only SAEs reported in more than 1 patient in either sotagliflozin treatment 

group (Table 33). These events are further described in Section 7.12.
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7.12.1 Hypoglycemia  

7.12.1.1 Identification and Adjudication of Hypoglycemia Events 

Hypoglycemic events were classified as severe hypoglycemia, documented 

hypoglycemia, and documented asymptomatic hypoglycemia according to the criteria 

summarized below. In cases when an event met criteria for both documented and 

severe hypoglycemia, both sections of the hypoglycemia-reporting electronic case 

report form (eCRF) were completed. 

• Severe hypoglycemia occurred if the answer to any of the following 

3 questions was yes: 

o Did the patient have an episode of suspected hypoglycemia treated 

with any form of carbohydrate or with glucagon that required the 

assistance of others to treat? 

o Did the patient lose consciousness during the episode? 

o Did the patient have a seizure during the episode? 

• Documented hypoglycemia was defined as symptomatic or asymptomatic 

based on the following 2 definitions: 

o Symptomatic: An event during which typical symptoms of 

hypoglycemia were accompanied by a concurrent fingerstick (from 

self-monitoring blood glucose [SMBG]) or venous glucose result of 

≤70 mg/dL (3.9 mmol/L) 

o Asymptomatic: An event not accompanied by typical symptoms of 

hypoglycemia but with a measured fingerstick (from SMBG) or venous 

glucose result of ≤70 mg/dL (3.9 mmol/L) 

Severe and documented hypoglycemia was further characterized as nocturnal or diurnal 

using the following criteria: 

• Nocturnal: Hypoglycemia that occurred between 00:00 and 05:59, regardless 

of whether the patient was awake or woke up because of the event 

o Nocturnal severe hypoglycemia was further characterized by sleep 

status: Hypoglycemia that woke the patient from sleep after having 

gone to bed in the evening and before getting up in the morning 

before administration of any insulin 

• Diurnal: Hypoglycemia that occurred between 06:00 and 23:59 

7.12.1.2 Documented Hypoglycemia Events 

In the pooled Studies 309 and 310 T1D-CKD population, >95% of patients had an event 

of hypoglycemia (Table 35). Annualized event rates were lower in the sotagliflozin 

treatment groups (73 events per patient-year for the 200 mg sotagliflozin group and 
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77.5 events per patient-year for the 400 mg sotagliflozin group) than in in the placebo 

group (approximately 90 events per patient-year). 
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7.12.1.3 Positively Adjudicated Severe Hypoglycemia Events 

In the pooled Studies 309 and 310 T1D-CKD population, the EAIR per 1000 

patient-years for positively adjudicated severe hypoglycemia decreased with increased 

dose of sotagliflozin, with rates of 76 and 44 for the sotagliflozin 200 mg and 

sotagliflozin 400 mg groups, respectively (Table 36). The frequency of severe 

hypoglycemia was higher in the placebo group with CKD than in the sotagliflozin-treated 

groups. The EAIR per 1000 patient-years for positively adjudicated severe 

hypoglycemia was 201 for placebo. 

The risk difference of EAIR (95% confidence limit) minus placebo was -124.59 in the 

sotagliflozin 200 mg group and -156.67 in the sotagliflozin 400 mg group. Frequency of 

severe hypoglycemia was reduced in both diurnal and nocturnal measurements. 

The incidence of severe hypoglycemia was greater in the sotagliflozin-treated group in 

the 24-week T1D-CKD population of Study 312. 

Overall, the risk of severe hypoglycemia is similar for the T1D-CKD population as the 

overall T1D population. 
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7.12.1.4 Conclusions 

Most patients in the overall T1D population experienced at least one episode of 

hypoglycemia, patients treated with sotagliflozin demonstrated a similar incidence of 

severe hypoglycemia. Patients who also had CKD experienced a similar or lower 

incidence of severe hypoglycemia than patients in the placebo treatment arm.  

Overall, treatment with sotagliflozin does not increase the incidence of severe 

hypoglycemia in patients with T1D and CKD. 

7.12.2 Diabetic Ketoacidosis and Acidosis-Related Events  

7.12.2.1 DKA Adjudication Process 

A rigorous system to screen for and identify all possible DKA events was implemented 

during the clinical development of sotagliflozin for T1D. Potential DKA cases were 

identified from 3 possible sources: Investigator entry of AEs that were identified as 

terms suggestive of possible DKA (so-called “trigger PTs”), laboratory values suggestive 

of DKA/acidosis, or through additional review of AE and laboratory data by study 

Medical Monitors. 

In addition to data mining, the program used “sick day rules” (ie, patients reporting signs 

and/or symptoms suspicious for DKA; the patient was instructed by the Investigator to 

measure blood or urine ketones and BHB levels). If the urine ketones were positive or 

blood BHB level was >0.6 mmol/L, the patient was asked to contact the clinical site 

immediately, whereupon they were instructed to increase hydration, administer insulin, 

and eat carbohydrates until urine ketones or BHB level normalized. If levels normalized, 

further assessment was not implemented, and these patients did not have an event of 

“Possible DKA” captured.  

However, for persistent elevation of BHB levels >0.6 mmol/L, the Investigator 

determined if an assessment for metabolic acidosis was appropriate. If additional 

laboratory testing confirmed the presence of metabolic acidosis or an AE was reported 

for elevated BHB, a “Possible DKA” eCRF was completed and adjudication occurred. 

An independent committee adjudicated all cases of possible DKA and all cases of 

metabolic acidosis. The criteria for each entity were based on ADA and medical 

literature guidelines. DKA diagnosis was based on evidence of anion-gap metabolic 

acidosis related to excessive ketone production in a clinical setting characterized by 

deficiency in insulin availability without a satisfactory alternative cause for anion-gap 

metabolic acidosis. Due to euglycemic DKA observed with SGLT inhibitors, absence of 

associated hyperglycemia documented by SMBG or plasma glucose testing did not 

preclude the diagnosis of DKA.  
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Cases were further classified as to the certainty of diagnosis as defined below:   

• Yes, with certainty: There is sufficient evidence to support such an event.  

• Yes, probably: The role of other factors could not be excluded (eg, underlying 

disease, complications, other medical events, concomitant drugs, or concurrent 

treatment).  

• No, unlikely: An alternative explanation is plausible and more likely (eg, 

underlying disease, complications, other medical events, concomitant drugs, or 

concurrent treatment).  

• No, with certainty: This is a manifestation of other clinical factors or 

circumstances (eg, underlying disease, complications, other medical events, 

concomitant drugs, or concurrent treatment).  

• Unclassifiable: The clinical characteristics and circumstances related to the 

event did not allow classification.  

• Insufficient data: The information available was inadequate to allow for 

classification.  

7.12.2.2 Positively Adjudicated Diabetic Ketoacidosis 

Positively adjudicated DKA events were greater in the sotagliflozin-treated groups than 

in the placebo-treated groups. The positively adjudicated DKA events for the 52-week 

T1D-CKD population were: 

• 4 patients (4.7%) with a total of 4 events in the 200 mg sotagliflozin group  

• 2 patients (2.7%) with a total of 2 events in the 400 mg sotagliflozin group 

• 1 patient (1.4%) with 1 event in the placebo group  

In Study 312, adjudicated DKA events for the 24-week T1D-CKD population were: 

• 3 patients (2.6%) with a total of 3 events in the 400 mg sotagliflozin group 

• 1 patient (0.9%) with 1 event in the placebo group  

7.12.2.2.1 Summary of Each Positively Adjudicated Diabetic Ketoacidosis  

A summary of the DKA events is provided in Table 37. In the sotagliflozin treatment 

groups, time to onset ranged from 18 to 364 days after start of treatment. Clear 

contributing factors were present for each event that could be identified by patients, and 

all events resolved. Abbreviated narratives are provided in Appendix Section 10.5. 
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7.12.2.3 Exposure-Adjusted Incidence Rate for Diabetic Ketoacidosis  

In the pooled Studies 309 and 310 T1D-CKD population, the EAIR per 

100 patient-years was 5.1 patient-years for the 200 mg sotagliflozin group, 

2.9 patient-years for the 400 mg sotagliflozin group, and 1.5 patient-years for placebo 

(Table 38). Rates were not dose related.  

In Study 312 in the T1D-CKD population, EAIR per 100-patient years was 6.4 for 

sotagliflozin 400 mg and 2.1 for placebo.  
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7.12.2.4 Risk Factors for DKA 

Risk factors for DKA in T1D include acute illnesses such as infection, recent diabetes 

onset, insulin omission or reduction, insulin pump failure, alcohol intake, and increased 

strenuous activity (Peters 2020). Other nonmodifiable and modifiable risk factors that 

have been identified include socioeconomic disadvantages, female sex, previous DKA, 

nonprescription drug use, quality of diabetes care, poor mental health, and somatic 

comorbidities (Ehrmann 2020). Drugs that affect carbohydrate metabolism, such as 

corticosteroids, thiazides, sympathomimetic agents, and pentamidine may precipitate 

DKA (Lizzo 2023). SGLT2 inhibitor use has also been identified as a risk factor for DKA 

in patients with T1D or T2D (Peters 2020).  

Previous reviews identified that total daily insulin dose reductions of approximately 20% 

or more appeared to be associated with increased risk of positively adjudicated DKA. 

Concomitant illness, such as infections, injuries, or surgeries, were reported in 

approximately 40% of the positively adjudicated DKA cases. Interruption of insulin 

dosing was a notable contributing factor in the development of DKA; nearly 60% of the 

positively adjudicated DKA cases occurred in patients using CSII, and approximately 

one-third of the positively adjudicated DKA cases were associated with pump-related 

issues affecting insulin administration. 

These observations indicate that early recognition of symptoms and attention to total 

daily insulin dosing and to insulin pump/accessory performance can play an important 

role in managing the risk of DKA. 

7.12.2.5 Conclusions 

In the T1D-CKD population, there was an increased risk for DKA compared to placebo. 

All of the positively adjudicated DKA events were serious, but none led to study-drug 

discontinuation and there were no deaths associated with DKA in the T1D-CKD 

population. Appropriate patient selection, monitoring symptoms and subsequently for 

ketone levels, and modifying patient behaviors to decrease the risk of DKA are key 

factors in monitoring and managing DKA risk.  

7.13 Risk Management 

7.13.1 Prior Experience Among T1D-CKD with DKA and Ability to Identify and 

Manage Signs and Symptoms 

Patients with T1D-CKD have prolonged experience in managing diabetes. This also 

means that they have an established history on their level of engagement in actively 

managing their diabetes. Education will align with best practices for mitigation of DKA, 

which include paying attention to total daily insulin and dose changes, understanding 

the factors that influence insulin levels, awareness of pump/accessory performance, 

and early recognition of signs and symptoms. 
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Further, there is evidence from the follow-up to the TN-10 study of teplizumab that early 

screening, education, and awareness of the risk of T1D and DKA in children (and their 

parents) may contribute to slowing the progression of T1D disease from Stage 2 to 

Stage 3 and may also delay their first event of DKA (Perdigoto 2019; Scheiner 2022). 

7.13.2 Current Best Practices for DKA Management  

Patients should be monitored for resolution of ketoacidosis before restarting 

sotagliflozin. 

In temporary clinical situations that could predispose patients to ketoacidosis, such as 

major surgery or procedures associated with prolonged fasting, sotagliflozin should be 

withheld at least 3 days prior, if possible. Sotagliflozin should be resumed only when the 

patient is clinically stable and has resumed oral intake. If symptoms of ketoacidosis 

occur, patients should discontinue sotagliflozin use and seek medical attention 

immediately.  

If ketones are elevated (blood BHB level is 0.6 mmol/L or higher, or urine ketones 

moderate or higher), or if early symptoms of ketosis occur, patients will be instructed to:  

• Temporarily stop treatment with sotagliflozin  

• Treat ketosis by eating carbohydrates, drinking fluids, and administering bolus 

insulin, while continuing to monitor ketone levels every 2 to 4 hours 

• If using an insulin pump delivery device or system, ensure all components of 

the pump are working properly per manufacturer’s instructions to ensure 

adequate insulin delivery, and correct as needed  

• Seek medical advice if they do not have clear instructions to treat ketosis or if 

the instructions do not improve their condition 

• Seek immediate emergency assessment and treatment if unable to keep 

down food and fluids, or if symptoms persist for more than 4 hours 

7.13.3 Patient Selection Actions and Communications 

Patient selection may provide the most optimal mitigation of DKA and severe 

hypoglycemia risk factors for patients with T1D and CKD. The following information will 

be provided to healthcare providers to ensure high-risk patients are not prescribed 

sotagliflozin: 

Patients with the following characteristics would be likely candidates to consider for 

sotagliflozin prescription: 

• Able to maintain their prescribed insulin management regimen 

• A1C <10% 
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• No history of recurrent DKA or non-ketotic hyperosmolar state and no DKA 

event or non-ketotic hyperosmolar state in the last 3 months 

• Does not currently use a non-FDA-approved automated insulin delivery device 

• In-office blood ketone level <0.6 mmol/L 

• Willingness to monitor ketones with the following specifications: 

o Blood monitoring (urine acceptable with additional counseling on 

drawbacks) 

o Can read and react accordingly to elevated ketone levels 

o Understanding of additional risk factors and early symptoms of possible 

DKA 

o Willingness to perform intensified ketone monitoring upon possible 

symptom recognition 

o Willingness to complete more frequent ketone monitoring if participating in 

(or be willing to forgo participating in) extreme athletic activities, dieting, or 

excessive alcohol intake 

o Willingness to complete more frequent ketone monitoring if experiencing 

trauma, infection, or illness 

• Ability to plan to pause sotagliflozin 3 days prior to any scheduled medical 

procedure or surgery 

• Willingness to monitor blood glucose and keep detailed records of their insulin 

dosing and health status 

• Has not had 3 or more severe hypoglycemia events within 3 months (ie, 

hypoglycemia requiring third-party assistance for correction) 

All patients will be educated on the signs and symptoms of ketoacidosis and instructed 

to discontinue sotagliflozin and seek medical attention immediately if signs and 

symptoms persist after corrective action or have multiple episodes of vomiting and 

inability to keep down fluids, have fast or heavy breathing, or are slurring words or 

confused. Additionally, each patient will receive a Patient Alert Card with instruction on 

mitigation steps and when to seek immediate attention. The Patient Alert Card instructs 

patients to present the card to emergency care or any healthcare provider. The Patient 

Alert Cards will have information for emergency providers on increased risk of DKA with 

sotagliflozin use and to check for ketoacidosis regardless of blood glucose level, the 

patient’s total daily insulin dose (to aid in basing correction insulin dose), and the 

contact information of the prescribing physician. A QR code printed on to the card will 

provide a link to additional patient and physician information on DKA risk, mitigation 

strategies, and when to seek emergency care. 
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The label also contains a Patient Counseling Information, which contains the following 

guidance for DKA: 

• Inform patients that using sotagliflozin can increase their risk of life-threatening 

DKA. 

• Educate all patients on precipitating factors (such as infection, reduced caloric 

intake, ketogenic diet, surgery, insulin dose reduction, dehydration, and alcohol 

abuse) and symptoms of ketoacidosis (including nausea, vomiting, abdominal 

pain, tiredness, and labored breathing). Provide patients with instructions to 

follow sick day rules, as inability to maintain adequate food and fluid intake along 

with adequate insulin therapy may precipitate ketoacidosis. 

• Inform patients that blood glucose may be normal even in the presence of 

ketoacidosis. 

A Medication Guide will also be provided to patients with every filled prescription and be 

readily available for download. The Medication Guide summarizes the most important 

information the patient should know about taking sotagliflozin. This includes the risk of 

DKA regardless of blood glucose, specifying the risks, early warnings signs, and 

symptoms of ketosis. Clear information will be provided with mitigation steps to avoid 

DKA and instruction on when to seek immediate medical attention.  

Patients may need to lower insulin dosing while taking sotagliflozin. The Medication 

Guide will also address the risk of severe hypoglycemia and list the signs and 

symptoms of hypoglycemia. The Medication Guide will provide information about the 

contraindications and other AEs associated with the use of sotagliflozin. Patients will be 

instructed to ask their prescribing healthcare provider about the safe use of the 

medication, and to visit the product website or call the toll-free number provided if they 

have questions. 

7.13.4 Management Actions and Communications 

Lexicon will continue to develop its relationships with opinion leaders, Investigators, 

professional groups, and patient advocacy organizations. As part of these relationships, 

the review, evaluation, and adjustment of educational materials to align with standard of 

care and changes in treatment protocols will be ongoing. 

Specific opportunities to evaluate the mitigation strategies above include continued work 

with T1DX-QI and the clinics participating in the registry. Lexicon has proposed a 

semiannual T1D Exchange output review that would provide the frequency of DKA and 

severe hypoglycemia in patients with T1D taking sotagliflozin. 

Study groups will be evaluating the incidence of DKA and severe hypoglycemia as part 

of safety monitoring as the ongoing studies progress. These evaluations will provide 

active insights into the risk mitigation plans as well as the possibility to assess patient 

burden. Pharmacovigilance of reported spontaneous DKA cases will include a 
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questionnaire that reviews the circumstances and root causes of the event. These 

large-scale ongoing trials will further allow adjustment of educational materials. 

Lexicon is committed to the ongoing education of patients and providers on the 

management and risks of DKA. The resources proposed include but are not limited to 

continued commitment to professional and patient organizations on providing 

unbranded and frequently refreshed materials on the recognition of early warning signs 

of ketosis steps to correct through the STICH protocol and when to seek emergency 

medical attention.  

Lexicon has committed to providing these materials through the American Diabetes 

Association, the Association of Diabetes Certified Education Specialists, and patient 

organizations such as beyond T1D and Taking Control of Your Diabetes.  

Lexicon has also committed to reach a minimum of 12,500 adult T1D respondents in a 

survey that will assess confidence in understanding and recognizing DKA before and 

after educational materials are provided, including the patients’ next step in their journey 

to providing change in their treatment options. Through this specific outreach, we will 

not only reach a large number of people with T1D, but also learn more about the 

confidence and understanding educational materials provide and how best to reach the 

broader T1D community on next steps and plans for those who receive this information. 

Additionally, Lexicon also employs a team of highly trained scientific and medical field-

based experts who will be providing proactive education to physicians and reactive 

materials regarding DKA awareness and education for patients and those who treat 

them. 

Lexicon is committed to providing patient wallet cards distributed through multiple 

channels to remind patients of signs and symptoms of early ketosis/DKA, when to treat, 

and when to seek emergency medical attention. This patient wallet card will also contain 

instructions for emergency healthcare providers, alerting them to the patient's 

prescription of sotagliflozin and that DKA cannot be diagnosed based on blood glucose 

levels. The card will contain a QR code for patients and providers, leading to information 

on how best to treat DKA regardless of blood glucose measurements. 

Lexicon will also provide unbranded educational materials through wide distribution 

networks, including Dear Provider letters, at the prescriber pharmacy and emergency 

department education level.  

Through patient hub services and the Lexicon-dedicated Medical Information contact 

center, the company will provide updated contact information on where and when to 

seek emergency medical attention as well as information regarding DKA irrespective of 

sotagliflozin treatment. 

The totality of evidence on the rates of DKA in the current patient population and known 

steps to educate and mitigate risk through wide distribution networks will help minimize 
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the rates of DKA in the treated population and alert the broader T1D community on risk 

management for DKA and when to seek proper emergency medical attention. 

Lexicon will use multiple channels of communication with key stakeholders to ensure 

the greatest possible reach to the most important audiences: treating healthcare 

providers (diabetes and endocrine specialists, advanced practice providers, pharmacy, 

and emergency departments), professional healthcare provider societies and 

associations, patient advocacy organizations, and direct-to-patient education from 

Lexicon. By targeting all people living with or involved in the management of T1D 

regardless of sotagliflozin prescription, the educational materials have the greatest 

opportunity to have an impact with the lowest amount of message interference between 

message sender and message recipient. 

7.13.5 DKA Risk Mitigation Strategies in the Real World 

There have been no prospective clinical trials undertaken to demonstrate that patient 

and provider education can eliminate DKA events in people with T1D. However, the 

increased DKA risk from Phase 3 clinical trials of SGLT inhibitors have not correlated to 

a similar increase in real-world settings. In an analysis of safety outcomes taken from 

the TriNetX platform with records from 96 healthcare organizations largely centered in 

North America and Western Europe, 196,691 adults with T1D were identified as 

initiating a commercially available SGLT2 inhibitors or GLP-1 receptor agonist over a 

5-year period. The rate of DKA with SGLT2 inhibitor use was 3.0% compared to 1.2% in 

a propensity-matched group of patients with T1D using GLP-1 receptor agonists (Anson 

2023). Rates of DKA events in the SGLT2 inhibitor group were consistent with the rates 

of DKA in the adult T1D population from 2010 through 2018 irrespective of SGLT 

inhibitor use (Ebrahimi 2022). The RR of DKA was statistically greater with SGLT2 

inhibitor use compared to GLP-1 RAs (RR 2.08 [95% CI 1.05, 4.12] p=0.0309), but 

increased DKA risk and associated hospitalization was deemed not great enough to 

offset the increased rate of all-cause hospitalization that was significantly higher in the 

GLP-1 RA group (RR 0.59 [95% CI 0.46, 0.76] p=0.0001) (Anson 2023).  

Following the regulatory approval and marketed use of dapagliflozin in Europe 

(2019-2021), retrospective observational studies and registry follow-up of reported 

cases of DKA in adults with T1D using dapagliflozin ranged from 0% to 2.4% (0-1.5 

DKA events per 100 years) (Duran 2024; Seufert 2021; Stougaard 2022). The overall 

lower rates of DKA compared to those reported in Phase 3 clinical trials have been 

attributed to patient selection and educational materials modeled after the sotagliflozin 

clinical development program that followed the “STICH” protocol to monitor ketone 

levels and recognize early symptoms of ketosis to treat accordingly before the 

progression to DKA (Garg 2018).   
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7.14 Safety Conclusions  

The safety profile of sotagliflozin in the T1D-CKD population is similar to that 

established in the T2D population. Results show that treatment with sotagliflozin, 

compared to placebo, achieves improved glycemic control without an increase in risk of 

severe hypoglycemia.  

There were no deaths associated with DKA in the T1D-CKD population. Patients with 

T1D and CKD do not appear to be at increased risk for DKA based on data provided by 

the T1D Exchange. The DKA risk in this higher risk population is reasonable when 

considering appropriate patient selection that will discourage use in patients that are 

unable or unwilling to consistently monitor glucose, encourage monitoring of ketone 

levels for suspected DKA episodes, and modifying patient behaviors and consideration 

of events that can increase the risk for DKA via patient and provider education. These 

actions are expected to decrease the risk for DKA events and expedite timely 

interventions should an event occur. 
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8  BENEFIT-RISK CONCLUSIONS 

Without effective glycemic control, patients with T1D remain at risk of diabetic 

complications, including development of CKD and progression of CKD to ESKD, CV 

disease, and death. Patients with T1D and CKD are at a greater risk of progression of 

kidney disease and of worse CV outcomes compared with the overall T1D population. 

These patients have a greater need to control their blood glucose to avoid hyper- and 

hypoglycemic episodes that contribute to morbid events, including progression of their 

kidney disease.  

An adjunctive therapy to insulin that would enable individuals living with T1D and CKD 

to improve their glycemic control would be valuable to the clinical community and 

patients with T1D-CKD. Sotagliflozin, a dual inhibitor of SGLT1 and SGLT2, fills this 

unmet need, providing benefits beyond improved glycemic control alone, including 

reduction in risk of HF events, weight loss, reduced risk of MACE, and improved UACR. 

The statistically significant primary and key secondary glycemic endpoints shown in 

Studies 309, 310, and 312 in an overall adult T1D population allowed for evaluation of 

subgroups. Of the possible subgroups identified, patients with T1D and CKD were 

identified as the patient group where benefits observed in the overall population would 

be the most valuable and clinically meaningful when also observed in the T1D-CKD 

subgroup. Patients with T1D and CKD receiving sotagliflozin achieved nominally 

significant and clinically meaningful improvement in A1C and improvements in time in 

target glucose range. In addition, patients gained significant reductions in body weight 

that will help manage other risk factors such as hypertension, CV disease, and kidney 

decline in this population with a greater risk for disease progression. The cumulative 

effect of these effects associated with sotagliflozin treatment are expected to provide 

near- and long-term benefit in slowing disease progression in patients with T1D and 

CKD. 

Additionally, sotagliflozin has demonstrated benefits in reducing HF-related events in 

patients with T2D and CKD and is indicated for use in adults with HF, regardless of 

diabetes status. In addition, treatment with sotagliflozin was associated with a reduced 

risk of MACE, including myocardial infarction and stroke, and kidney-related outcomes 

in patients with T2D and CKD. It is reasonable to expect sotagliflozin to provide similar 

kidney-, HF-, and MACE-related benefits in adults with T1D and CKD. 

A summary of sotagliflozin benefits, in terms of evidence and uncertainties, along with 

conclusions and reasons, is provided in Table 39. 
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Table 39: Sotagliflozin Benefit Summary: T1D-CKD Population  

Dimension Evidence and Uncertainties Conclusions and Reasons 

Benefit 

• In 3 adult Phase 3 trials (309, 310, and 
312), sotagliflozin demonstrated A1C- and 
BW-lowering effects in a cohort of patients 
with T1D and CKD to a similar degree to 
that observed in the entire T1D cohort. 

 
• Sotagliflozin has demonstrated CV 

benefits in 2 large clinical outcomes trials 
in adults with HF or adults with T2D, CKD, 
and additional risk factors, with no new 
risks identified.  

 
• Reductions in A1C observed with 

sotagliflozin in the cohort of patients with 
T1D and CKD are highly consistent with 
the A1C reductions observed during 
long-term follow-up in the DCCT and other 
studies, which demonstrated significant 
and sustained reductions in risk of 
retinopathy, renal disease progression, 
and CV events.  

 
• Additional benefits to patients in the 

sotagliflozin Phase 3 T1D program 
included improved patient-reported 
outcomes measures, improved time in 
range, improved UACR, reduced insulin 
doses, and decreased SBP.  

 
• Similar reductions relative to placebo in 

adjudicated SH or hypoglycemia reported 
as an SAE in sotagliflozin-treated patients 
were observed in the T1D-CKD cohort 
compared to the overall T1D cohort. 

• The results from 3 Phase 3 studies 
with sotagliflozin provide evidence 
of A1C- and BW-lowering effects. 
New analyses show that these 
glycemic control effects were similar 
in the cohort of patients with T1D 
and CKD to those observed in the 
entire T1D cohort. 

 
• Evidence supporting long-term 

benefits of managing BW, time in 
range, A1C, and UACR reduce risk 
of kidney, eye, heart, vascular, and 
nerve complications in patients with 
T1D; improvements in which are 
supported by long-term studies of 
A1C-lowering therapies.   

 
• Statistically significant and clinically 

meaningful benefits due to 
sotagliflozin have been observed in 
2 large CV outcomes studies, one in 
patients with T2D and CKD, and 
these benefits are expected to 
accrue to patients with T1D and 
CKD. 

 
• These studies and the increasing 

body of evidence in published 
reviews of the increased risk for 
severe complications in patients 
with T1D and CKD strongly suggest 
that the benefits of treatment with 
sotagliflozin for improvement in BW, 
insulin dose, time in range, and A1C 
for patients with T1D and CKD will 
be substantially greater than those 
in the overall T1D population. 

 
A1C: hemoglobin A1C; BW: body weight; CKD: chronic kidney disease; CV: cardiovascular; DCCT: Diabetes 

Control and Complications Trial; HF: heart failure; SAE: serious adverse event; SH: severe hypoglycemia; 

T1D: type 1 diabetes mellitus; T2D: type 2 diabetes mellitus; UACR: urine albumin-to-creatinine ratio 

 

The safety profile of sotagliflozin in the T1D-CKD population is consistent with that of 

the population studied for the approved HF indication. In the T1D-CKD population, 

sotagliflozin does not increase the risk of hypoglycemia, including severe events. As 

such, the time in range benefit is a result of decreases in hyperglycemia.  
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While the risk for DKA is increased in patients treated with sotagliflozin, this can be 

managed with patient selection and education. The risks of DKA in patients with T1D 

with sotagliflozin and other SGLT inhibitors have been described and strategies have 

been developed for the safe implementation of these drugs when used in this group of 

patients. Lexicon has prepared a detailed and comprehensive Risk Management Plan 

to help healthcare providers and patients on sotagliflozin manage the risk of DKA and 

take actions to most appropriately treat DKA events.  

Furthermore, patients with T1D-CKD typically have decades of experience in managing 

their diabetes and have experience with the tools and techniques to avoid unexpected 

glucose excursions and manage those events should they occur. This disease history 

also helps clinicians select appropriate patients that have the willingness and ability to 

closely manage their disease and not select those patients who are unlikely to be 

responsive to carefully prepared communication and education measures.  

Based on the results of new analyses of the T1D-CKD cohort, as well as results from 

other relevant studies with sotagliflozin, it is clear that the benefit-risk profile for 

sotagliflozin in patients with T1D and CKD is favorable and supports the approval of 

sotagliflozin as an adjunct to insulin therapy to improve glycemic control for adults with 

T1D and CKD. 
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10 APPENDICES 

10.1 Studies 309, 310, and 312 Study Design Details 

Design Overview 

Three Phase 3 studies in the sotagliflozin T1D program included Studies 309, 310, and 

312. Studies 309 and 310, which were conducted in North America and in Europe and 

Israel, respectively, included intensive insulin optimization, and evaluated 200 mg 

versus 400 mg versus placebo. The third Phase 3 study, Study 312, was conducted 

globally, without insulin optimization. 

All 3 Phase 3 studies included a Screening Period of up to 2 weeks, which was followed 

by a 2-week Run-in period. During the Single-blind placebo Run-in Period, all patients 

were to take placebo tablets once daily before the first meal of the day. The placebo 

tablets were identical to sotagliflozin tablets in appearance. In order to qualify for 

randomization, patients must have had ≥80% compliance during the Single-blind 

placebo Run-in Period. In addition, patients had to demonstrate compliance with SMBG 

testing and compliance with entering required data in the study diary. 

In this Phase 3 program, a placebo control was used to allow for an unbiased 

assessment of treatment effects and safety data, consistent with FDA and European 

Medicines Agency (EMA) guidances (EMA 2012; FDA 2008). The comparison with 

placebo was chosen because patients continued their use of prescribed insulin therapy, 

and because the patients’ glycemic status was monitored and adjustments were made 

to the patients’ insulin dose throughout the study as needed based on prespecified 

glycemic targets. Furthermore, use of a placebo control was appropriate because 

insulin is considered standard of care and an appropriate comparator is not available for 

T1D treatment. Pramlintide is the only approved non-insulin therapy marketed in the 

US. Its use is limited due to nausea, and a black box warning for severe hypoglycemia. 

Pramlintide (Symlin®) is not approved outside the US (AstraZeneca 2016). 

A wide range of screening A1C (from 7.0% to 11.0%) in all 3 Phase 3 studies allowed 

evaluation of sotagliflozin’s efficacy and safety in a broad population of patients with 

T1D. Patients with screening eGFR ≥45 mL/min/1.73m2 were allowed to participate in 

Phase 3 studies based on supporting data from Study 107, which showed safe use of 

sotagliflozin in these patients. 

In all three Phase 3 studies, patients received diet and exercise counseling according to 

nutritional recommendations for a healthy lifestyle consistent with ADA (ADA 2015) and 

European Association for the Study of Diabetes (EASD) guidelines (EASD 2013), or 

similar local guidelines with a goal of weight maintenance for the study duration. 

Patients were also educated on the use of the glucose meter provided during the study 

and the use of the study diary to record insulin doses, SMBG, and data related to 

hypoglycemic events. A BHB meter and testing strips and urine ketone test strips were 
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provided to all patients to allow testing of urine/blood ketones with the occurrence of 

symptoms suggestive of ketosis/DKA, eg, nonspecific gastrointestinal symptoms, 

malaise, not feeling well. A Clinical Endpoint Committee, Data Monitoring Committee, 

and T1D Steering Committee provided oversight in Studies 309, 310, and 312. An 

IDMC was in place for Studies 309 and 310. 

Insulin Optimization 

In order to evaluate the efficacy of sotagliflozin beyond what can be provided by insulin 

alone, all patients in Studies 309 and 310 entered a rigorous 6-week insulin optimization 

period prior to randomization, with the objective of improving glycemic control using 

insulin alone. Patients were maintained on optimized insulin after being randomized to 1 

of 2 doses of sotagliflozin (200 mg or 400 mg) or placebo. During insulin optimization, 

insulin adjustment was assessed by an IDMC of independent experts from Week -5 to 

Week 24 (time of primary and secondary endpoint assessment). To be eligible for 

inclusion in both studies, the screening (pre-optimization) A1C was required to be 

≥7.0%. This A1C inclusion criterion was not repeated after optimization; therefore, the 

study population included approximately 20% patients with A1C <7.0% at Baseline. 

Sample Size 

Separately for both Studies 309 and 310, the sample size estimate was based on 

satisfying design assumptions and statistical testing requirements for the primary 

efficacy endpoint. The final sample size was estimated as 250 randomized patients per 

treatment group (750 total) for each study. 

For Study 312, the sample size was based on satisfying assumptions made for the 

primary efficacy endpoint of net clinical benefit and to provide a suitable number of 

patients so that a reliable estimate of treatment group differences in severe 

hypoglycemia could be made. Based on these considerations, 700 randomized patients 

were required per treatment group or 1400 total patients. 

The statistical analyses for all Phase 3 studies were performed on the modified 

intent-to-treat (mITT) population, defined as all randomly assigned patients who 

received at least 1 dose of study drug. In Studies 309 and 310, the primary efficacy 

analysis was performed using an MMRM based on the restricted maximum likelihood 

method for estimation, with fixed and categorical effects of treatment, insulin delivery 

(MDI, CSII), Week -2 A1C (≤8.5%, >8.5%), time (study week), baseline A1C-by-time 

interaction, and a treatment-by-time interaction. Sensitivity analyses of the MMRM were 

conducted using multiple imputation methods, and specifically, pattern mixture models 

and tipping point analyses. Assessments of net benefit in all 3 studies were performed 

using a Cochran-Mantel-Haenszel test stratified by the randomization factors and with 

missing observations imputed as nonresponders. Control of the Type I error in testing 

the primary and secondary efficacy endpoints for Studies 309 and 310 was maintained 

by use of a Bonferroni-based, tree-structured gatekeeping multiple comparison 
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10.3 Treatment-Emergent Adverse Events Leading to Study Drug Discontinuation 

in Studies 309, 310 and 312
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conditions included hypertension and benign prostatic hypertrophy. There was no 

known history of DKA.  

Concomitant medications at the onset of the event included acetylsalicylic acid, 

dutasteride, hyzaar, and simvastatin. The patient received insulin lispro and insulin 

glargine via subcutaneous injection as treatment for T1D.  

The patient's A1C at Baseline was 7.1%. The patient's BHB at Baseline was 

0.26 mmol/L.  

On Study Day 286, the patient experienced an SAE of DKA of severe severity. This was 

a life-threatening event as it required hospitalization. The patient was incoherent and 

had shortness of breath and required intubation. The patient's blood glucose was in the 

700-mg/dL range and he was placed on insulin drip and treated with aggressive fluid 

resuscitation. He was also started on norepinephrine for his hypotension. Study drug 

was temporarily discontinued and was resumed; the event did not reappear. The SAE of 

DKA was considered resolved 4 days later on Study Day 290, and the patient was 

discharged in stable condition with discharge diagnosis of DKA. 

The patient received the last dose of study medication 2 months later. No precipitating 

factor for the DKA event was identified. 

-- 

A 71-year-old female (white, not Hispanic or Latino) patient with T1D experienced SAEs 

of acute myocardial infarction, DKA, and atrial fibrillation, all of severe severity during 

the Double-blind Treatment Period.  

The patient was diagnosed with T1D at age 30 years. Relevant medical history included 

retinopathy, coronary artery bypass, hypertension, hyperlipidemia, and cerebrovascular 

accident. The patient had no prior history of DKA.  

Concomitant medications at the onset of the SAEs included acetylsalicylic acid, 

benazepril with hydrochlorothiazide, citalopram hydrobromide, multivitamins, 

simvastatin, and miconazole nitrate. The patient’s concomitant medications included 

insulin glulisine via insulin pump as T1D treatment. 

The patient’s A1C at Baseline was 7.8%. The patient’s BHB at Baseline was 

0.22 mmol/L. 

On Study Day 209, the patient experienced an AE of mild pharyngitis streptococcal and 

received penicillin. Dexamethasone injection was administered on Study Day 213. 

On Study Day 214, the patient experienced an SAE of acute myocardial infarction of 

severe severity and an SAE of DKA of severe severity. Both events required 

hospitalization. The Investigator reported that the DKA was due to the systemic 

corticosteroids that were administered to the patient, prior to the event. Study drug was 

interrupted on Study Day 214 because of the SAE of DKA. The AE of DKA was 
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considered resolved 1 day later on Study Day 215. The Investigator considered the 

event of DKA as not related to study drug. 

The AEs of acute myocardial infarction and atrial fibrillation were considered resolved 

5 days later on Study Day 219. The patient was discharged from the hospital on the 

same day. The Investigator considered the events of acute myocardial infarction and 

atrial fibrillation as not related to study drug. The study drug was resumed on 

Study Day 225 and continued for 5 more months.  

-- 

A 26-year-old female (white, not Hispanic or Latino) patient with T1D experienced SAEs 

of DKA and rotavirus infection, both of severe severity, during the Double-blind 

Treatment Period.  

The patient was diagnosed with T1D at age 13 years. Relevant medical history included 

hypothyroidism and hypercholesterolemia. The patient did not have a history of DKA.  

Concomitant medications at the onset of the SAEs included levothyroxine sodium, 

colecalciferol, Yasminelle (ethinyl estradiol / drospirenone), and cetirizine hydrochloride. 

The patient received insulin lispro and insulin glargine via subcutaneous injection for the 

treatment of T1D.  

The patient’s A1C at Baseline was 8.2%. The patient’s BHB on at Baseline was 

0.43 mmol/L.  

On Study Day 175, the patient experienced an SAE of DKA of severe severity and an 

SAE of rotavirus infection of severe severity. The events required hospitalization. During 

the episode of DKA, the patient’s blood glucose was not very high (200 mg/dL to 

260 mg/dL) but was consistently elevated. Serum ketones were positive, the highest 

BHB was measured at 6.1 mmol/L, the lowest serum bicarbonate was 13.3 mEq/L, the 

lowest pH measured was 7.30, and the lowest serum creatinine was 0.6 mg/mL.  

The study drug was interrupted. The SAE of DKA considered resolved 1 day later, 

Study Day 176. The SAE of rotavirus infection was considered resolved 3 days later on 

Study Day 178 and the patient was discharged the same day. The Investigator 

considered the event of DKA as possibly related to study drug and caused by the 

rotavirus infection. Study drug was resumed on Study Day 179.  

The patient received the last dose of study drug 6 months later.  

-- 

A 39-year-old male (white, not Hispanic or Latino) patient with T1D experienced SAEs 

of pneumonia of severe severity and DKA of moderate severity during the Double-blind 

Treatment Period.  

The patient was diagnosed with T1D at age 4 years. Relevant medical history included 

diabetic neuropathy and diabetic retinopathy. Concurrent condition was 
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gastroesophageal reflux disease. The patient also had influenza in 2016. Concomitant 

medications at the onset of the events included cetirizine, pantoprazole sodium 

sesquihydrate, and thioctic acid. The patient received insulin glargine and insulin lispro 

via subcutaneous injection as T1D treatment.  

The patient’s A1C at Baseline was 8.0%. The patient’s BHB at Baseline was 

0.19 mmol/L.  

The patient began the Double-blind Treatment Period with sotagliflozin 200 mg. On 

Study Day 363, the patient experienced an SAE of pneumonia of severe severity. This 

event required hospitalization. Prior to hospitalization, the patient reported having taken 

amoxicillin/clavulanic acid for 3 to 4 days at home for his cough. He was then admitted 

for treatment of febrile pneumonia. Blood glucose was 15 mmol/L; he had a 

decompensated metabolic acidosis (pH: 6.989). Nausea and fever resolved and the 

patient's condition cleared. 

On Study Day 364, the patient experienced an SAE of DKA of moderate severity; the 

patient was placed in the intensive care unit (ICU) for continued treatment with 

alkalization, and continuous intravenous insulin therapy. Study drug was stopped and 

not resumed. The SAE of DKA resolved 2 days later on Study Day 366. The 

Investigator considered the event of DKA as not related to study drug. Per the 

Investigator’s assessment, the triad of hyperglycemia, ketonemia, and high anion gap 

was not demonstrated. There was no known history of chronic ethanol abuse or recent 

binge drinking. At the time of acidosis, hyperglycemia was present.  

Study drug was not changed in response to the SAE of pneumonia. The SAE of 

pneumonia resolved 10 days later on Study Day 373. The Investigator considered the 

event of pneumonia as not related to study drug.  

The patient received the last dose of study drug on Study Day 363.  

10.5.2 Sotagliflozin 400 mg 

A 47-year-old female (white, not Hispanic or Latino) patient with T1D experienced an 

SAE of DKA of severe severity during the Double-blind Treatment Period.  

The patient was diagnosed with T1D at age 9 years. Concurrent conditions included 

hypothyroidism, obesity, hypertension, and dyslipidemia. Concomitant medications at 

the onset of the event included Co-ramipril, levothyroxine sodium, and rosuvastatin 

calcium. The patient received insulin aspart administered via insulin pump for the 

treatment of T1D.  

The patient’s A1C at Baseline was 8.3%. The patient’s BHB at Baseline was 

0.18 mmol/L.  

On Study Day 95, the patient experienced an SAE of DKA of severe severity. The 

patient also experienced an AE of gastrointestinal viral infection of mild severity the 

same day. No action was taken with the study drug because of the SAE of DKA. The 
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SAE of DKA resolved 1 day later on Study Day 96 and she was sent home from the 

emergency room (ER). The Investigator considered the event of DKA as possibly 

related to study drug.  

The patient received the last dose of study drug on Study Day 373 and completed the 

study. 

-- 

A 27-year-old female (white, not Hispanic or Latino) patient with T1D experienced an 

SAE of DKA of severe severity during the Double-blind Treatment Period.  

The patient was diagnosed with T1D at age 9 years. Concurrent condition was 

insomnia. The patient had no prior history of DKA. The patient was not on any 

concomitant medications at the onset of the event. The patient received insulin aspart 

and insulin glargine administered subcutaneously via injection for the treatment of T1D.  

The patient’s A1C at Baseline was 7.6%. The patient’s BHB at Baseline was 

0.24 mmol/L.  

On Study Day 281, the patient had severe vomiting and went to the ER; her glucose 

was 180 mg/dL. The patient had no fever, no chills, no urinary symptoms, no chest 

pains, and no diarrhea. DKA was suspected and the patent was admitted to the ICU, pH 

was 7.04. In response to the event, study drug was stopped temporarily.  

The Investigator considered the event of DKA as possibly related to study drug.  

The patient resumed study drug and completed the study 3 months later.  

-- 

A 67-year-old male (black or African American, not Hispanic or Latino) patient with T1D 

experienced SAEs of rhabdomyolysis of moderate severity, DKA of severe severity, and 

DKA of moderate severity during the Double-blind Treatment Period.  

The patient was diagnosed with T1D at age 34 years. Relevant medical history included 

hypertension, hypercholesterolemia, and DKA. Concurrent conditions included CKD, 

fracture (not otherwise specified), arthritis, back pain, sinusitis, diarrhea (intermittent), 

constipation (intermittent), and irritable bowel syndrome. The patient also had small 

intestinal obstruction, hernia repair, knee arthroplasty, tendon operation, pneumonia, 

thoracotomy, cholecystectomy, and appendectomy.  

Concomitant medications at the onset of the events included lubiprostone, 

acetylsalicylic acid, doxazosin mesilate, multivitamins, oxycodone/paracetamol, and 

quinapril hydrochloride. The patient received insulin lispro via subcutaneous injection as 

treatment for T1D.  

The patient’s A1C at Baseline was 8.6%. The patient's BHB at Baseline was 

<0.10 mmol/L.  
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On Study Day 121, the patient experienced an SAE of rhabdomyolysis of moderate 

severity. This event required hospitalization. The patient had an episode of abdominal 

pain and reported blood glucose in the 120-mg/dL range. Subsequent blood glucose 

checks revealed elevated blood glucose as high as 400 mg/dL and he had an episode 

of vomiting. The patient was diagnosed with rhabdomyolysis with acute kidney injury 

and DKA. This first event of DKA was severe in severity. According to the Investigator, 

rhabdomyolysis and DKA caused the acute kidney failure and the acute kidney failure 

was not a separate event. Per Investigator, the patient's rhabdomyolysis was caused by 

dehydration due to DKA, vomiting, and excessive urination. Study drug was interrupted 

for the SAEs of rhabdomyolysis and DKA. The SAEs of rhabdomyolysis and DKA 

resolved on Study Day 128. The Investigator considered the event of rhabdomyolysis as 

not related to study drug and the event of DKA as unlikely related to study drug.  

On Study Day 193, the patient experienced the second SAE of DKA that was moderate 

in severity. This event required hospitalization. Ketones were 1.7 and serum 

bicarbonate was 22.4 mEq/L, and highest anion gap was 15.0 mEq/L. The SAE of DKA 

resolved 2 days later on Study Day 195 and the patient was discharged the same day. 

The Investigator considered the event of DKA as not related to study drug. This episode 

of DKA was evaluated by the Clinical Endpoint Committee, which determined that 

criteria for a DKA event and criteria for metabolic acidosis were not met.  

The patient received the last dose of study drug on Study Day 168.  

-- 

A 63-year-old female (white, not Hispanic or Latino) patient with T1D experienced an 

SAE of DKA of severe severity during the Double-blind Treatment Period.  

The patient was diagnosed with T1D at age 36 years. Relevant medical history included 

DKA, diabetic neuropathy, and diabetic retinopathy. Concurrent conditions included 

hypersensitivity (environmental irritants), drug hypersensitivity, polyarthritis, 

nephrolithiasis, and goiter. The patient also had a tonsillectomy, hysterectomy, breast 

operation, and renal colic.  

Concomitant medications at the onset of the event included lactobacillus acidophilus, 

colecalciferol, losartan potassium, meloxicam, fluticasone propionate, 

ketoprofen/lidocaine, multivitamins, vaccinium macrocarpon, loratadine, tamsulosin 

hydrochloride, solifenacin succinate, cyanobalamin, and paracetamol. The patient 

received insulin lispro via insulin pump as treatment for T1D.  

The patient’s A1C at Baseline was 9.3%. The patient's BHB at Baseline was 

0.63 mmol/L.  

At the last visit prior to the event, at Week 16 (approximately 1 month prior to SAE of 

DKA), the patient’s A1C was 8.4%, fasting glucose was 176 mg/dL, and BHB was 1.74 

mmol/L. Due to the elevated BHB, the patient was instructed by the Investigator to take 
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a bolus of insulin to correct the hyperglycemia, check her blood BHB, and contact the 

site every 2 hours until BHB fell below 0.6 mmol/L. At 20:21, after following the 

Investigator’s instructions, the patient’s BHB was 0.2 mmol/L. The patient denied any 

symptoms related to this event.  

On Study Day 136, the patient experienced an SAE of DKA of severe severity. This 

event required hospitalization and led to discontinuation of study drug. The next day, the 

patient developed fever, inability to maintain oral intake, generalized weakness, 

gastrointestinal symptoms, and upper chest pain. On Study Day 138, the patient's 

symptoms persisted, her BHB was >3 mmol/L; she presented to the ER. The patient 

was rehydrated and treated for acute acid reflux and abdominal pain and was 

discharged the same day. On Study Day 139, the patient developed a burning 

sensation during urination and urinary urgency, and urine was positive for ketones. 

Evaluation on Study Day 140 showed mild acidosis and she returned to ER and was 

admitted to the ICU. She was discharged from hospital on Study Day 142. The SAE of 

DKA was considered resolved on Study Day 155. 

According to hospital physicians and the Investigator, the DKA could have been 

possibly triggered by a urinary tract infection. The Investigator also believed that the 

DKA could have been caused by starvation and a lack of insulin.  

The patient received the last dose of study drug on Study Day 139.  

-- 

A 42-year-old female (white, not Hispanic or Latino) patient with T1D experienced an 

SAE of DKA of severe severity during the Double-blind Treatment Period. 

The patient was diagnosed with T1D at age 5 years. Concurrent medical history 

included rheumatoid arthritis, anxiety, periarthritis (left shoulder), hypothyroidism, and 

urinary tract infection. The patient also had an appendectomy, hip arthroplasty (left), 

and vulvovaginal mycotic infection. The patient experienced 1 episode of DKA 5 years 

ago. 

Concomitant medications at the onset of the event included anovlar, methotrexate, 

paroxetine, etanercept, levothyroxine, lorazepam, pravastatin, and vitamin D. The 

patient received insulin lispro administered via insulin pump for the treatment of T1D. 

The patient’s A1C at Baseline was 7.9%. The patient’s BHB at Baseline was 

<0.10 mmol/L.  

On Study Day 18, the patient experienced an SAE of DKA of severe severity. The event 

required hospitalization and led to discontinuation of study drug. The patient presented 

to the ED with an episode of emesis. She had checked her blood glucose, which was 

197 mg/dL, and her ketones were at 5.9 (reference range: <4.0). On admission, pH was 

7.28. The patient was clinically stable and admitted to the internal medicine service for 

further monitoring and treatment. The patient denied changes to her diet, medications, 
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or insulin pump functionality. She denied contact with anyone who was sick and did not 

have any symptoms of urinary tract infection, infections symptoms, or myocardial 

symptoms on admission. 

Study drug was withdrawn on Study Day 18 because of the SAE of DKA. The SAE of 

DKA resolved 1 day later and the patient was discharged the same day. The 

Investigator considered the event of DKA as related to study drug. 

10.5.3 Placebo 

A 54-year-old male (white, not Hispanic or Latino) patient with T1D experienced SAEs 

of impaired gastric emptying and DKA, both of moderate severity during the Double-

blind Treatment Period. 

The patient was diagnosed with T1D at age 40 years. Relevant medical history included 

gastroesophageal reflux disease, impaired gastric emptying, and irritable bowel 

syndrome. Concurrent conditions included coronary artery disease, coronary artery 

bypass, hypertension, hyperlipidemia, and depression. 

Concomitant medications at the onset of the events included acetylsalicylic acid, 

carvedilol, gabapentin, omeprazole, sertraline, and simvastatin. The patient received 

insulin lispro via insulin pump as T1D treatment. 

The patient’s A1C at Baseline was 7.2%. The patient’s BHB at Baseline was 

<0.10 mmol/L.  

On Study Day 186, the patient experienced an SAE of impaired gastric emptying 

(exacerbation of gastroparesis) of moderate severity. This event required 

hospitalization. On Study Day 189, the patient experienced an SAE of DKA of moderate 

severity. This event prolonged hospitalization. The patient experienced gastrointestinal 

symptoms (nausea and vomiting), with a constantly elevated blood glucose. The SAEs 

resolved on Study Day 192 and were considered unlikely related to study drug. 

Study drug was drug interrupted for 24 days because of the SAE of impaired gastric 

emptying and was then resumed. The last dose of study drug was Study Day 364 and 

the patient completed the study. 

-- 

A 29-year-old male (white, not Hispanic or Latino) patient with T1D experienced an SAE 

of DKA of mild severity during the Double-blind Treatment Period. 

The patient was diagnosed with T1D at age 3 years. Relevant medical history included 

DKA, diabetic retinopathy, and hypercholesterolemia. Concurrent conditions included 

substance use (cocaine), and recent hospitalization for acute kidney injury (<1 month 

before first dose of Study Drug). Concomitant medication at the onset of the event was 

perindopril erbumine. The patient received insulin aspart via insulin pump as treatment 

for T1D. 
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On Study Day 9, the patient experienced an SAE of DKA of mild severity. This event 

required hospitalization. His insulin pump had stopped working.  

Study drug was not changed due to the SAE of DKA. The SAE of DKA resolved on 

Study Day 13 and the patient was discharged the same day. The Investigator 

considered the event of DKA as not related to study drug. 

The patient received the last dose of study drug on Study Day 34. 




