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Outline

1. Non-insulin agents to improve glycemic control and prevent 
diabetes complications
• SGLT2 inhibitors
• GLP-1 receptor agonists

2. Immune approach to prevent or delay loss of beta cell mass
• Teplizumab

3. Update on glucagon
• Nasal, pre-filled liquid, and generic versions



Sodium Glucose Transporter 2 (SGLT2) Inhibitors

Kidneys Filter + Reabsorb Glucose: 180 g/day 
SGLT2 (proximal tubules): 90%

BG > 180 mg/dl
Glycosuria

Normal

BG > 80 mg/dl
Glycosuria

SGLT2 Inhibitor Glucose Loss
80-100 g/day
320-400 kcal/day

Blood Glucose i
Weight Loss

No Renal Damage

GU Infections / UTI



Sodium/Glucose Co-Transporter 2 Inhibitors
FDA Approved for Adults with T2DM

Generic Trade Name Doses

Canagliflozin Invokana 100, 300 mg

Dapagliflozin Farxiga 5, 10 mg

Empagliflozin Jardiance 10, 25 mg

Ertugliflozin Steglatro 5, 15 mg

Diabetes ketoacidosis (DKA) with BG 150-250 mg/dl Occasionally with These Agents

Most Common Precipitants: Low Carb Diets and Fasting

Proven Benefits in T2DM:
• Delayed kidney disease progression
• Decreased heart failure hospitalizations
• Decreased heart attacks



Phase 3 trial, blinded trial in 1402 patients with type 1 
diabetes (on pump or injections) who added sotagliflozin
(oral SGLT1 and SGLT2 inhibitor) vs placebo.

2017 Study

Primary end point: A1c <7.0% at week 24 with no episodes of 
severe hypoglycemia or ketoacidosis

Patient population: age ~43 yrs, ~50% women, 89% white, 
diabetes duration ~20 years, initial A1c 8.3% on average



2017 Study

A1c <7% without severe 
hypoglycemia or ketoacidosis Change in A1c

Severe Hypoglycemia
3.0% sotagliflozin

2.4% placebo

Diabetic Ketoacidosis
3.0% sotagliflozin

0.6% placebo



SGLT2 Inhibitors
Other Developments in Type 1 Diabetes



L-Cells GLP-1
T1/2 = 2 min
Due to DPP4

h Insulin
i Glucagon

i Glucose
Production

GLP-1 = Glucagon Like Peptide-1
DPP4 = Dipeptidyl Peptidase 4

Glucose
Dependent

i Appetite
h Satiety

i Gastric
Emptying

Incretin Physiology: GLP-1 Receptor Agonists



FDA-Approved GLP-1 Receptor Agonists

Exenatide (Byetta) – twice daily
Liraglutide (Victoza) – daily
Lixisenatide (Adlyxin) – daily
Exenatide QW (Bydureon) – weekly
Dulaglutide (Trulicity) – weekly 
Semaglutide (Ozempic) – weekly

Blood Glucose ii
Weight Loss



FDA-Approved GLP-1 Receptor Agonists
Use in Type 1 Diabetes?

Nauck and Meier. Lancet Diabetes 
Endocrinol. 2020 Apr;8(4).



Teplizumab

• Teplizumab is a humanized anti-CD3 monoclonal antibody
• Goal of the antibody is to protect remaining β-cells in newly 

diagnosed type 1 diabetes

https://www.creativebiolabs.net/teplizumab-overview.htm



• Phase 2, blinded trial of teplizumab in relatives of patients with 
T1DM at high risk of developing diabetes
• Intervention: 14-day course of teplizumab vs placebo, then follow-

up every 6 months 
• Participants: 76 total people; average age 14 yrs (range 8-49), most 

had a sibling with type 1 diabetes; ~90% GAD Ab positive; A1c 5.2%

Harold KC. NEJM 2020;382(6):586



Results

Teplizumab (N=44) Placebo (N=32)

Time to diagnosis 48.4 months 24.4 months

T1DM diagnosed 19 (43%) 23 (72%)

Annual rate of T1DM diagnosis 14.9% 35.9%

Harold KC. NEJM 2020;382(6):586

Delays onset of T1DM by 2 years



Teplizumab
FDA Decisions & Developments



Update on Glucagon

• Newer versions available on the market
• More stable glucagons will eventually allow for bihormonal pump system

Nasal Glucagon 
(Baqsimi)

Pre-filled liquid glucagon 
(Gvoke)
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