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Backgrounder
Diabetes (Type 2 & 1) Current Standard 
of Care Solutions and Unmet Need
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Disease Background 
– Type 2 Diabetes  
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• One of the largest economic burdens on the US health care 
system and the 7th leading cause of death in the US Source: 
Diabetes.org

• 80% of people with diabetes will die from this disease. 
Premature mortality caused by diabetes results in an 
estimated 12-14 years of life lost. Source: National library of Medicine 1(2); 2007 
Jul PMC3068646

• In the United States $1 out of every $4 in US health care costs 
is being spent on caring for people with diabetes.  In 2021 the 
US spent $380 Billion to treat diabetes. 

• Diabetes Remains Unresolved For Almost 50% of Patients on 
Current Standard of Care Source: Clin Diabetes. 2020 Jul
 

2 in 5 Americans will Develop Diabetes in their Lifetime

• According to the International Diabetes Foundation, worldwide 537 million adults have diabetes growing to 643 million by 
2030. In the United States alone, 34.2 million adults have diabetes, 10.5% of the population. 96 million adults (more than 1 in 
3) in the US have pre-diabetes. 

34.2 million US Adults have 
diabetes today a total of $380 
Billion was spent in 2021

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://www.ncbi.nlm.nih.gov/pmc/issues/195515/
https://www.ncbi.nlm.nih.gov/pmc/issues/195515/
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IDF Diabetes Atlas, 10th edition

• ↑ Complications
• ↓ Life expectancy
• ↓ Quality of life
• ↑ Healthcare costs

• A significant unmet need exists for 
developing therapeutics that address the 
root cause of diabetes (beta cell 
dysfunction) and that are potentially 
disease modifying

• We, at Biomea Fusion, are at the 
forefront of this effort!

 

Ever-Increasing Global Prevalence of Diabetes
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Over 60 Approved Therapies but Diabetes Remains Unresolved
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

“Among those individuals who initiated GLP-1a drugs for 
weight loss at one year follow-up, […] Adherence to these 
drugs was also poor, with just 27% of individuals taking GLP-
1a drugs after one year.” Source: Real-world analysis of GLP-1a 
drugs by Prime Therapeutics and MagellanRx based on 16M 
insured members 

“Diabetes is a common disease that affects nearly 40 million people in the U.S. and is projected to affect more 
in the coming years. The need for more antidiabetic treatment options is clear,” said Lisa Yanoff, M.D., deputy 
director of the FDA’s Center for Drug Evaluation and Research, alongside FDA’s updated draft guidance for 
industry titled, “Diabetes Mellitus: Efficacy Endpoints for Clinical Trials Investigating Antidiabetic Drugs and Biological 
Products Guidance for Industry” published on May 25, 2023. 

https://www.primetherapeutics.com/news/real-world-analysis-of-glp-1a-drugs-for-weight-loss-finds-low-adherence-and-increased-cost-in-first-year/
https://www.primetherapeutics.com/news/real-world-analysis-of-glp-1a-drugs-for-weight-loss-finds-low-adherence-and-increased-cost-in-first-year/
https://www.fda.gov/media/168475/download#:%7E:text=Diabetes%20Mellitus%3A%20Efficacy%20Endpoints%20for%20Clinical%20Trials%20Investigating,any%20rights%20for%20any%20person%20and%20is%20not
https://www.fda.gov/media/168475/download#:%7E:text=Diabetes%20Mellitus%3A%20Efficacy%20Endpoints%20for%20Clinical%20Trials%20Investigating,any%20rights%20for%20any%20person%20and%20is%20not
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“… a clinical role for combination therapy 
has yet to be firmly established.”

Diabetes Care 2024;47(Suppl. 1):S1-341.Diabetes Care 1989;12:365-368.

We’ve come a long way in the management of T2D…
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Interest in Taking Weight Loss Drugs Drops to 14% with the Understanding the Weight 
is Coming back once they Stop Taking the Medication

“Nearly half of all adults (45%) continue to be either “very” or 
“somewhat” interested in taking medication like this if it could 
be taken as a pill.1  Interest decreases substantially to 23% once 
people understand they would need routine injections. 
Interest in taking a medication for weight loss drops to 14% 
when people hear they may gain weight back after stopping 
use.” Source: KFF Health Tracking Poll (July 11-19, 2023) ”

(14%)

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://www.kff.org/health-costs/poll-finding/kff-health-tracking-poll-july-2023-the-publics-views-of-new-prescription-weight-loss-drugs-and-prescription-drug-costs/view/footnotes/#footnote-594887-3
https://www.kff.org/health-costs/poll-finding/kff-health-tracking-poll-july-2023-the-publics-views-of-new-prescription-weight-loss-drugs-and-prescription-drug-costs/
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Only 32% of Wegovy Users Remain on Treatment after 12 Months
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Inadequate Glycemic Control and Poor Adherence and Persistence is Common and have 
not Changed over the Years

Background Diabetes - Current Standard of Care Solutions and Unmet Need

Fang et al. N Engl J Med 2021

Poor adherence and persistencePoor glycemic control

About 50% patients still fail to achieve the A1c goal of <7% (based on a cross-
sectional analysis of data from over 6600 adults with diabetes in the United 
States participating in the National Health and Nutrition Examination Survey 
(NHANES) to assess national trends in diabetes treatment and risk-factor 
control from 1999 through 2018) N Engl J Med 2021;384:2219-28.

DOI: 10.1056/NEJMsa2032271

https://www.nejm.org/doi/full/10.1056/NEJMsa2032271
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Number of Patients with Diabetes and Relying on Insulin Continues to Rise

United States Diabetes Surveillance System. Diabetic medication use. Centers for Disease Control and Prevention. 
Available from https://gis.cdc.gov/grasp/diabetes/diabetesatlas-surveillance.html#. Accessed 6 Jan 2024
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Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Glycemic Control among Patients with Diabetes Has not Improved Over the Years
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Type 2 diabetes U.S. drug approvals: 2005-2015. Food and Drug Administration website.  https://www.accessdata.fda.gov/scripts/cder/drugsatfda/.

https://www.accessdata.fda.gov/scripts/cder/drugsatfda/
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Frias JP, et al. Diabetes Care 2021;44:765-73
Frias JP, et al. Lancet Diabetes Endocrinol 2021;9:563-74

32% did not achieve 
target HbA1c 

despite high-dose 
OZEMPIC

41% did not achieve 
target HbA1c 

despite high-dose 
TRULICITY

Even in Controlled Clinical Trials many Patients do not Achieve Target HbA1c
Despite better glycemic control with higher-dose dulaglutide (3.0 and 4.5 mg) and semaglutide (2.0 mg) 

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Type 1 diabetes is A Growing Disease Burden in the US and Globally and is  Associated 
with Significant Morbidity 

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

1. Centers for Disease Control and Prevention. National Diabetes Statistics Report, 2020. Atlanta, GA: Centers for Disease Control and Prevention, US Department of Health and 
Human Services; 2020. 2. Rogers MAM, et al. BMC Med. 2017;15(1):199. 3. Divers J, et al. MMWR Morb Mortal Wkly Rep. 2020;69(6):161-165.
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Worldwide Trends in T1D Incidence: Number of New Cases Doubling Every 20 Years
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Vehik & Dabelea . DMRR 27: 3-13, 2011
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Since the Discovery of Insulin in 1920’s, there Have Been Advances in Insulin Formulations, 
but No Therapies that Directly Affect Beta Cells and Function

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Insulin is the Only Approved Therapy for Type 1 Diabetes Patients

Insel, et al. (JDRF) Diabetes Care. 2015 Oct; 38(10): 1964–1974
Roep, et al. Nature Reviews Endo. 2020 Dec; 17, pages150–161

• Type 1 diabetes is a chronic autoimmune 
disease characterized by T-cell mediated 
destruction of insulin-producing pancreatic 
beta cells. 

• The loss of beta-cell function requires 
exogenous insulin for metabolic control and 
survival. Insulin is the only approved therapy 
for T1D patients, with the risk of hypoglycemia, 
increased morbidity and mortality. 

• Teplizumab is the only drug approved to delay 
the onset of stage 3 T1D.

Functional beta cells decline 
over the course of T1D

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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T1D Clinical Progression Well-Understood Continuum of 3 Predictable Stages 
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Teplizumab Endocrinology and Metabolic Drugs FDA Advisory Committee, May 27, 2021. www.fda.gov/media. Accessed February 12, 2023
Adapted from Insel RA, et al. Diabetes Care. 2015;38:1964-74. 

http://www.fda.gov/media
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Progression of Type 1 Diabetes
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Dirice E. and Kulkarni R.N., LandesBioscience, 2011
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Insulin Doses of Type 1 Diabetes Patients Rise with Disease Duration
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Based on a meta data analysis of 
23,633 T1D patients, the regression 
analysis indicated that the daily insulin 
doses of type 1 diabetes patients rises 
with the progression of the disease, in 
the range of disease duration of 0-15 
years.

Insulin (units/day) = 0.7326 × duration (years) + 43.74 (coefficient of linear correlation, R = 0.899, p < 0.001).

Khalangot et al., 2009 
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Keenan HA, et al. Diabetes 2010;59:2846–2853

“Demonstration of persistence and function of insulin-producing pancreatic cells 
suggests the possibility of a steady state of turnover in which stimuli to enhance 
endogenous beta-cells could be a viable therapeutic approach in a significant number 
of patients with type 1 diabetes, even for those with chronic duration.” 

Some Type 1 Diabetes Patients Show Insulin Production even after 50 Years
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Increased Beta Cell Proliferation Prevents Progression of Type 1 Diabetes
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Latres et al. JDRF. Diabetes. 2024 Feb;

 C-peptide and insulin are secreted in a 
1:1 molar ratio

 C-peptide is a quantitative biomarker of 
beta-cell function

 C-peptide can be measured in the peripheral 
blood (most of insulin is cleared by liver)

 C-peptide levels are not affected by insulin 
that one may take.

Pancreas Beta cells Pro-insulin

Insulin

C-peptide

C-Peptide is Established as a Quantitative Biomarker of Beta-Cell Function
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Taylor PN, et al. Lancet Diabetes Endocrinol. 2023;11:915–25

“Interventions that preserve beta-cell function are effective at 
improving metabolic outcomes in new-onset type 1 diabetes, 
confirming their potential as adjuncts to insulin.” 

“We have shown that improvements in HbA1c are directly proportional to the 
degree of C-peptide preservation, quantifying this relationship, and supporting 
the use of C-peptide as a surrogate endpoint in clinical trials.” 

Improvements in HbA1c are Directly Proportional to the Degree of C-Peptide 
Preservation

Background Diabetes - Current Standard of Care Solutions and Unmet Need 



Page 25

C-Peptide Levels in T1D Patients Gradually Decline over Decades 
Slowing the Decline is Directly Associated with Improvements in Clinical Outcomes

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Faustman and Davis. Major Topics in Type 1 Diabetes;
Taylor et al. The Lancet. Dec 2023. P915-925;
Oram, et al. Diabetologia. 2014 Oct; 57(1): 187–191

• Persistence of even modest concentrations of C-
peptide in T1D are associated with better clinical 
outcomes including reductions in hypoglycemia, 
neuropathy, retinopathy and other co-morbidities.

• HbA1c are directly proportional to the degree of C-
peptide preservation, supporting the use of C-
peptide as a surrogate endpoint in T1D clinical trials.

C-peptide levels decreased constantly over the course 
of type 1 diabetes, following initial diagnosis.

C-
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~40 years
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Time
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C-peptide is Considered as an Appropriate Endpoint for T1D Clinical Trials
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

“Measurement of C-peptide under 
standardized conditions provides a 
sensitive, well accepted, and clinically 
validated assessment of β-cell function.”

“C-peptide measurement is the most suitable 
primary outcome for clinical trials of therapies 
aimed at preserving or improving endogenous 
insulin secretion in type 1 diabetes patients.”

Palmer et al. ADA Workshop Report. Jan 2004 



Page 27

C-Peptide Level was Used as the Primary Outcome for 
A Phase 2 Type 1 Diabetes Trial Funded by JDRF

BANDIT Trial (A Phase 2 Trial Funded by JDRF)

Aim of the study
To assess whether the JAK inhibitor baricitinib can slow the 
progressive, immune-mediated loss of beta cell mass and 
function that occurs after clinical presentation. 

Baseline Characteristics / N Patients with type 1 diabetes diagnosed during the previous 
100 days; N=91

Treatment Period 48 weeks

Primary Outcome 
(C-peptide level)

At Week 48, median of 2-hr MMTT C-peptide AUC was:
• 0.65 nmol/L (~8% improvement compared to baseline 0.65 

nmol/L) in barticitinib group 
• 0.43 nmol/L (~36% decrease) in placebo group

Secondary Outcome
(Insulin dose)

At week 48, barticitinib demonstrated a ~5% reduction in 
mean daily insulin dose

Safety
The frequency and severity of adverse events were similar in 
the two trial groups, and no serious adverse events were 
attributed to baricitinib or placebo.

BANDIT Trial: Waibel et al. NEJM. 2023 Dec; 383;23

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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C-Peptide Level is the Primary Outcome for the Ph3 Trial Assessing Teplizumab in T1D

PROTECT Trial (A Ph3 Trial Funded by Provention Bio and Sanofi)

Aim of the Study
To determine whether teplizumab slows the loss of beta cells and 
preserves beta cell function in children and adolescent 8-17 years old 
who have been diagnosed with T1D in the previous 6 weeks

N N=328 (N = 76 in Phase 2, followed by FDA approval)

Treatment Period 78 weeks

Primary Outcome 
(C-peptide level)

At Week 78, median of 4-hr MMTT C-peptide AUC was:
• 0.46 nmol/L (~15% decrease compared to baseline 0.54 nmol/L) in 

teplizumab group 
• 0.34 nmol/L (~36% decrease) in placebo group

Secondary Outcome
(Insulin dose)

• No significant differences were not shown between teplizumab vs. 
placebo arms

Safety
Adverse events occurred primarily in association with administration 
of teplizumab or placebo and included headache, gastrointestinal 
symptoms, rash, lymphopenia, and mild cytokine release syndrome

Teplizumab was approved by FDA to delay the onset of clinical type 1 
diabetes in patients 8 years of age or older with stage 2 type 1 diabetes

PROTECT Trial: Ramos et al. NEJM. 2023 Dec; 389;23

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Diabetes 
– Root Cause Analysis
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Progressive Hyperglycemia Driven by Declining Beta-Cell Function
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

The study has shown that progressively increasing hyperglycemia was associated with decreasing beta-
cell function, a marked feature irrespective of the therapy used. No deterioration in insulin sensitivity 
was observed.
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None of Today’s Type 2 Diabetes Agents Address the Root Cause of Diabetes 
– The progressive decline in beta-cell mass and function

Adapted from DeFronzo RA. Diabetes. 2009;58(4):773-795.

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Kendall, D. Am J Med. 2009;122:S37.

ONSET of T2D

Healthy Prediabetes Considering
Injectables

Intensifying 
Insulin

Insulin resistance

Insulin concentration
Incretin effect

Postprandial glucose

β-cell function

Fasting glucose

Beyond 
Metformin

Microvascular changes

Macrovascular changes

Natural History of Types 2 Diabetes – A Progressive Decline in Beta Cell Function
Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Type 2 Diabetes 
- Standard of Care Agents
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Dahlen et al., 2022 * Including the 2022 approval of tirzepatide, a dual GLP1/GIP agonist

There Are over 60* Approved Single and Combination Agents for Diabetes
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://www.frontiersin.org/articles/10.3389/fphar.2021.807548/full
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IQVIA disease analyser Nov 2022;  UCSF FAQ; Diabetes.org Fast Facts

• Initiation typically is with an oral anti-diabetic 
drugs, like Metformin

• Added/followed by DPP-4 Inhibitors, SGLT2 
Inhibitors and Oral GLP-1 receptor agonists

• Added/followed by injectable GLP-1 receptor 
agonists

• Once all drugs and drug combinations are no 
longer supporting the patient then injection 
of pure insulin is the only available treatment
~30% of T2D patients take insulin 

• 14.7% take both insulin and oral 
medication 

• 14% take insulin only 

Typical Treatment Sequence in Type 2 Diabetes
Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://dtc.ucsf.edu/types-of-diabetes/type2/understanding-type-2-diabetes/type-2-diabetes-faqs/
https://professional.diabetes.org/sites/professional.diabetes.org/files/media/fast_facts_12-2015a.pdf


Major Treatment Classes for Type 2 Diabetes as of 2022

Page 36

IQVIA disease analyser Nov 2022

Glucagon-like peptide-1 
 (GLP-1) receptor agonists 
 INSULIN STIUMULANT
 (injectable) 31% Market Share 
GLP-1 is an incretin hormone that 
stimulates the body to produce more 
insulin. People with type 2 diabetes have 
lower levels of incretin hormones, which 
leads to high blood sugar.

INSULIN SUPPLEMENTATION 
(injectable)  30% Market share
Direct injection of Insulin once all agents have 
failed controlling blood glucose levels.

Sodium-Glucose Transport
 Protein 2 (SGLT2) Inhibitors
 GLUCOSE REABSORBTION
 (oral) 20% Market Share 
SGLT-2 Inhibitors lower blood sugar by causing 
the kidneys to remove glucose from the body 
through urine.

Traditional Oral Agents
 e.g. Metformin 
 GLUCOSE UPTAKE /
 OUTPUT LOWERING
40% of Patients / 3% Market Share 
Traditional Agents stimulate the 
pancreas to produce more insulin and 
lower the amount of glucose being 
produced by the liver. They also make 
the body more sensitive to insulin.

 Dipeptidyl peptidase-4 
 (DPP-4) Inhibitors 
 INSULIN SECRETION IMPROVEMENT
 (oral) 13% Market Shares
DPP-4 inhibitors work by blocking the enzyme DPP-4, 
which destroys hormones, called incretins that help the 
body produce more insulin when needed. 

Feb 2023
Scripts 
Share

Sales 
Share

Metformin 33% 0.8%

Other Oral 
Antidiabetics 14% 0.5%

DPP4 5% 9.0%

SGLT2 11% 19.8%

GLP-1 18% 45.3%

Short / Long Acting 
Insulin 19% 24.8%

Total 100% 100%

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Currently Approved Agents - Chronic Treatments

Drug MoA Avg Duration of 
Glycemic Control

Global Share by Volume 
in 2022

DPP4 23 months 5%

SGLT2 18 months 15%

GLP1 29 months 14%

MET 45 months 21%

Insulin - 43%

Nat Rev Endocrinol 12, 337–346 (2016). https://doi.org/10.1038/nrendo.2016.51

Currently approved therapies are primarily targeting the 
Symptoms of Type 2 Diabetes: Hyperglycemia 

BMF-219 is a Potential First-in-Class Diabetic Agent to Address Insulin/Beta-Cell 
Function Deficiency by Regenerating the Pool of Beta Cells

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

NIH.gov; Nathan et al., NEJM 2022; Khan et al., NEJM 2006;
Thewjitcharoen et al. Diabetol Metab Syndr. 2017; 9: 96.
Top 15 Diabetes Drugs in 2023 by 2022 Sales Statistics 

https://www.nature.com/articles/nrendo.2016.51#citeas
https://www.nih.gov/news-events/news-releases/two-popular-diabetes-drugs-outperformed-others-large-clinical-trial
https://www.nejm.org/doi/10.1056/NEJMoa2200433?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://xtalks.com/top-15-diabetes-drugs-in-2023-by-2022-sales-statistics-3715/
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Most Prescribed Type 2 Diabetes Agents Achieve 
HbA1c Reductions of 0.7% - 1.7% and HbA1c Levels  < 7 % in 0.35% - 82%

Diabetes – Current Treatment Landscape

Currently Approved Type 2 Diabetes Agents w/Chronic Dosing

Drug
(Mechanism of Action) Medication 

Route Week 
Mean HbA1c 
Reduction 
(placebo adj., %)

Patients (%) 
achieving HbA1c <7%

Ozempic
(GLP 1 Agonist), 
Chronic Dosing

Injectable Week 30 -1.2 (0.5mg),
-1.4 (1mg) 

73% (0.5mg), 
70% (1mg), 

Mounjaro 
(GLP-1/GIP Agonist), 
Chronic Dosing

Injectable Week 40 -1.7 (5mg), 
-1.6 (15mg)

82% (5mg), 
78% (15mg)

Jardiance 
(SGLT2 Inhibitor), 
Chronic Dosing

Oral Week 24 -0.7 (10mg), 
-0.9 (25mg)

35% (10mg), 
44% (25mg)

Januvia 
(DPP4 Inhibitor), 
Chronic Dosing

Oral Week 24 -0.8 (100mg) 41% (100mg)

Summary - - 0.7% ~ 1.7% 35% -  82%

Mounjaro FDA Label; Ozempic FDA Label; Jardiance FDA Label;  

https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215866s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/209637s020s021lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/204629s033lbl.pdf
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Oral Agents – Efficacy Benchmarks for Chronic Treatments
HbA1c Reduction by 0.5% - 1.67% at Week 26

Diabetes – Current Treatment Landscape

Drug Development Status MOA Mean Reduction
HbA1c (Wk 26, pbo adj.)

Rybelsus (Oral Semaglutide) Approved GLP-1 0.9% (7mg); 1.1% (14mg)

Structure Therapeutics Clinical Development GLP-1 1.02% (Wk 12)

Orforglipron Clinical Development GLP-1 1.67%

Jardiance (Empagliflozin) Approved SGLT-2 0.7% (10mg); 0.9% (25mg)

Farxiga (Dapaglifozin) Approved SGLT-2 0.5% (5mg); 0.7% (10mg)

Invokana (Canagliflozin) Approved SGLT-2 0.91% (100mg); 1.16% (300mg)

MET Approved MET 1.0% 

Rybelsus FDA label; Structure Therapeutics Provides Comprehensive GSBR-1290 Program Update Including Clinically Meaningful Proof-of-Concept Data From Phase 2a 
Clinical Study; Frias et al. 2023 Aug 5;402(10400):472-483 ; Jardiance FDA label; Farxiga FDA label; Invokana FDA label; MET FDA label;

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213051s006lbl.pdf
https://ir.structuretx.com/news-releases/news-release-details/structure-therapeutics-provides-comprehensive-gsbr-1290-program
https://ir.structuretx.com/news-releases/news-release-details/structure-therapeutics-provides-comprehensive-gsbr-1290-program
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(23)01302-8/abstract
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/204629s033lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/202293s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/204042s026lbl.pdf


Type 2 Diabetes 
– Diabetes Agents Efficacy Analysis



Comparing Type 2 Diabetes Agents and Treatments
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• Is the treatment a single agent or a combination of multiple therapies? 

• Is it an oral or injected treatment? Is it a chronic therapy or a short term, one-time, curing solution? 

• What types of patients are enrolled in the study e.g. 10 years type 2 diabetic, failing or newly diagnosed? 

• What is the average A1c level of the patients at the beginning of the trial, e.g. 7.5 or 10? 
The higher the number when the trial started, the greater the expected effect

• When was A1c measured for the first time after therapy, e.g. at 28 days, 90 days, or at max time of effect? 
A1c requires a minimum of 90 days look back to provide a complete view of the effect size

• How many patients achieved a benefit from therapy, i.e. normalization of A1c below 7%? 
A1c below 7% is considered no longer diabetic, a key benchmark for all diabetes therapies 

• How many patients discontinued the treatment?

• How many patients had treatment related adverse events?

• Is the diabetes treatment chronic or just for a fixed, short period of time? 
All approved treatments today are chronic treatments

Background Diabetes - Current Standard of Care Solutions and Unmet Need 



Baseline HbA1c Influences Magnitude of Efficacy
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Feingold 2022;  Bloomgarden et al., 2006

A total of 61 clinical studies (2004) and a separate meta-analysis of 59 clinical studies 
(2010) were included in this analysis of 5 mayor oral agents (sulfonylureas, 
meglitinides, metformin, thiazolidinediones, α-glucosidase inhibitors). The baseline 
glycemic control markedly influenced the overall magnitude of efficacy irrespective of 
drug class. After >90 days.

Baseline A1C 
(%)

n enrolled in 
clinical trials 

Change in 
A1C (%) 

Change in 
FPG 

(mmol/l) 

6.0–6.9 410 -0.2% -0.5

7.0–7.9 1,620 -0.1% -0.8

8.0–8.9 5,269 -0.6% -1.6

9.0–0.9.9 1,228 -1.0% -2.3

10.0–11.8 266 -1.2% -3.4

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://www.ncbi.nlm.nih.gov/books/NBK279141/?report=classic
https://pubmed.ncbi.nlm.nih.gov/16936168/


Baseline HbA1c Influences Magnitude of Efficacy for Injectable GLP-1s
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Henry er al. 2011
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https://www.endocrinepractice.org/article/S1530-891X%2820%2943263-X/fulltext


T2D Medications Show Dose and Time Dependent Responses e.g. Tirzepatide
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Frias et al 2018 NCT03131687 MOUNJARO FDA Approval 2022
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https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32260-8/fulltext
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215866s000lbl.pdf


Majority of Patients Lose Glucose Control Within 4 Years of First Line Single Agent Therapy
published in NEJM 2006
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Khan et al., NEJM 2006

Time to Max 
HbA1c Effect

Duration of 
Glucose Control 

(A1c <7%)

Glucose control 
(A1c <7%) at 4 

years

TZD (Rosiglitazone) 12 months 57 months 40%

Metformin 12 months 45 months 36%

2nd Generation SU 
(Glyburide) 4 months 33 months 26%

“Loss of control of blood glucose — The effectiveness of oral 
antidiabetic drugs in lowering blood glucose to a targeted level 
decreases in many patients over a period of time. This phenomenon, 
which may be due to progression of the underlying disease or to 
diminished responsiveness to the drug, is known as secondary 
failure, to distinguish it from primary failure in which the drug is 
ineffective during initial therapy

RIOMET IR 2003 FDA Approval; 

GLUMETZA 2005 FDA Approval

Khan et al., NEJM 2006

RIOMET IR 2003 FDA Approval; 
GLUMETZA 2005 FDA Approval
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https://www.nejm.org/doi/10.1056/NEJMoa066224?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/21591_riomet_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2005/021748lbl.pdf
https://www.nejm.org/doi/10.1056/NEJMoa066224?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/21591_riomet_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2005/021748lbl.pdf


Durability and Effect Size of Oral Diabetic Medications is very Limited
published in 2018
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Khan et al., NEJM 2006

RIOMET IR 2003 FDA Approval; 

GLUMETZA 2005 FDA Approval

Endocrinology Diabetes Metabolism 
Journal , 2018 Jul 8
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https://www.nejm.org/doi/10.1056/NEJMoa066224?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/21591_riomet_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2005/021748lbl.pdf


Even Shorter Duration of Glucose Control in Second Line Treatment with Combinations
published in NEJM 2022 
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NIH.gov; Nathan et al., NEJM 2022

Loss of Glucose Control (A1C >7%)Mean time to Loss of Glucose Control (A1c>7%)

NIH.gov; Nathan et al., NEJM 2022
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https://www.nih.gov/news-events/news-releases/two-popular-diabetes-drugs-outperformed-others-large-clinical-trial
https://www.nejm.org/doi/10.1056/NEJMoa2200433?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.nih.gov/news-events/news-releases/two-popular-diabetes-drugs-outperformed-others-large-clinical-trial
https://www.nejm.org/doi/10.1056/NEJMoa2200433?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed


Monotherapy and Combination Therapy Clinical Results published in NEJM 2022 and 2006
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NIH.gov; Nathan et al., NEJM 2022
Khan et al., NEJM 2006

Time to Max 
HbA1c Effect 

Duration of Glucose 
Control (A1c <7%)

Glucose control (A1c 
<7%) at 4 years Discontinuation

Use of additional glucose-
lowering medication

Sitagliptin (DPP4) 3 months 22.8 months 22.6% 19% 15%

Liraglutide (GLP1) 3 months 28.9 months 31.8% 23% 11%

Glimepiride (SU) 3 months 26.5 months 27.6% 23% 17%

Glargine (Insulin) 6 months 28.2 months 32.6% 14% 14%

Time to Max 
HbA1c Effect

Duration of Glucose 
Control (A1c <7%)

Glucose control (A1c 
<7%) at 4 years

Metformin 12 months 45 months 36%

Glyburide (SU) 4 months 33 months 26%

Rosiglitazone (TZD) 12 months 57 months 40%

2nd Line Response to Combination with Metformin

1st Line Response to Monotherapy

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

https://www.nih.gov/news-events/news-releases/two-popular-diabetes-drugs-outperformed-others-large-clinical-trial
https://www.nejm.org/doi/10.1056/NEJMoa2200433?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
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Published Efficacy of Widely Used Single Agents as published in 2022

Glucose-Lowering Drug HbA1c, % BMI, kg/m2 AE-Induced Discontinuations vs. 
Placebo

Metformin −0.96 (−1.16, −0.76) * −1.28 (−2.26, −0.31) * 1.03 (0.74, 1.43)
SUs −1.39 (−1.63, −1.16) * 1.22 (0.13, 2.31) * 2.25 (0.74, 6.81)

Glyburide −1.50 (−2.69, −0.30) * 0.27 (−1.48, 2.03) 2.24 (0.31, 16.50)
Glimepiride −1.36 (−1.57, −1.16) * 1.79 (0.46, 3.12) * 0.99 (0.10, 9.40)
Gliclazide −1.40 (−2.70, −0.10) * — 1.00 (0.02, 48.82)
Glipizide −1.47 (−1.87, −1.06) * — 4.64 (0.74, 28.95)

TZDs (thiazolidinediones) −0.89 (−1.04, −0.73) * 0.63 (0.26, 0.99) * 1.25 (0.81, 1.95)
Rosiglitazone −0.68 (−0.98, −0.38) * 0.91 (0.48, 1.35) * 0.97 (0.43, 2.23)
Pioglitazone −1.00 (−1.17, −0.82) * 0.38 (−0.07, 0.82) 1.38 (0.82, 2.33)

NIDEs (meglitinides) −0.44 (−0.69, −0.20) * 0.08 (−1.29, 1.44) 0.97 (0.24, 3.81)
Repaglinide −0.45 (−0.81, −0.09) * — 0.97 (0.14, 6.77)
Nateglinide −0.45 (−0.79, −0.10) * 0.08 (−1.29, 1.44) 0.96 (0.14, 6.67)

AGIs (alpha glucosidase inhibitors ) −0.62 (−0.79, −0.45) * −0.49 (−1.26, 0.28) 2.57 (1.64, 4.03) *
Acarbose −0.74 (−0.96, −0.52) * −0.60 (−1.66, 0.46) 2.15 (1.23, 3.75) *
Voglibose −0.20 (−0.33, −0.07) * 0.10 (−0.13, 0.33) 0.92 (0.19, 4.46)
Miglitol −0.53 (−0.85, −0.21) * — 5.37 (2.11, 13.69) *

DPP−4is (dipeptidyl peptidase IV (DPP-4) inhibitors) −0.63 (−0.68, −0.58) * 0.47 (−0.01, 0.95) 0.92 (0.74, 1.14)

Sitagliptin −0.73 (−0.82, −0.65) * 0.10 (−1.24, 1.44) 0.89 (0.62, 1.28)
Saxagliptin −0.52 (−0.61, −0.44) * −0.46 (−2.04, 1.12) 1.28 (0.68, 2.42)
Vildagliptin −0.48 (−0.57, −0.38) * −0.58 (−2.09, 0.93) 1.08 (0.73, 1.60)
Linagliptin −0.68 (−0.79, −0.58) * — 0.55 (0.30, 0.99) *
Alogliptin −0.68 (−0.76, −0.61) * 0.81 (0.27, 1.35) * 0.82 (0.42, 1.60)

SGLT2is (sodium-glucose transport protein 2 (SGLT2) inhibitors) −0.80 (−0.87, −0.72) * −0.60 (−1.89, 0.69) 0.89 (0.63, 1.24)

Dapagliflozin −0.68 (−0.77, −0.59) * −0.60 (−1.89, 0.69) 1.66 (0.84, 3.27)
Empagliflozin −0.79 (−0.86, −0.72) * — 0.56 (0.36, 0.87) *
Canagliflozin −0.99 (−1.06, −0.92) * — 1.78 (0.78, 4.07)

GLP−1RAs −0.99 (−1.20, −0.78) * −1.05 (−1.81, −0.29) * 1.23 (0.60, 2.54)
Exenatide twice-daily −0.64 (−0.82, −0.47) * −1.65 (−2.26, −1.04) * 2.63 (0.49, 14.04)

Liraglutide −1.17 (−1.47, −0.87) * −0.80 (−1.66, 0.07) 0.63 (0.25, 1.61)
Lixisenatide −0.60 (−0.83, −0.37) * — 4.01 (0.85, 18.83)

Gu et al., 2022 
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A1c Normalization Rates (A1c<7%) for Type 2 Diabetes Agents 

Patient Disposition A1c at Baseline A1c Normalization Rate

DPP4 Leaders Summary: Januvia, 
Tradjenta

0-multiple lines 
of therapy 7.85% - 8.7% 37.5% MONO

45.3% - 54% COMBO

SGLT2  Leaders Summary: Jardiance, 
Farxiga

0 - multiple lines 
of therapy 7.8% - 8.2% 43.6%- 51% MONO

30% - 34% COMBO

GLP1 Leaders
Summary: Trulicity, 

Mounjaro, Ozempic, 
Rybelsus

0 - multiple lines 
of therapy 8% - 8.8% 72-76.9% MONO

56% - 86% COMBO

Oral Standard of 
Care Agents Metformin 0 lines of therapy 8.4% 36% MONO
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A1c Reduction at 28 days and Max A1c Reduction of Type 2 Diabetes Agents? 
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Patient Disposition A1c at Baseline
Approximate average 

A1c Reduction at 
28 days

A1c Reduction Max

DPP4 Leaders Summary: Januvia, 
Tradjenta

0-multiple lines
 of therapy 7.85% - 8.7% 0.4%-0.46% MONO

0.4-0.8% COMBO
0.7%-0.78% MONO
0.82%-2% COMBO

SGLT2  Leaders Summary: Jardiance, 
Farxiga

0 - multiple lines 
of therapy 7.8% - 8.2% 0.3-0.8% MONO

0.37-0.52% COMBO
0.66%-0.85% MONO
0.59%-0.86% COMBO

GLP1 Leaders
Summary: Trulicity, 
Mounjaro, Ozempic, 

Rybelsus

0 - multiple lines
 of therapy 8% - 8.8% 0.5% MONO

0.5%-0.76% COMBO 
1.4%-1.55% MONO

1.4 %-2.44% COMBO

Oral Standard of 
Care Agents Metformin 0 lines of therapy 8.4% 0.5% MONO 1.4% MONO
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AE Profile and Discontinuation Rate of Standard-of-Care Type 2 Diabetes Agents 
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Patient 
Disposition

Any Adverse 
Event Serious AE Discontinuation Rate 

due to AE
Total Discontinuation 

Rate

DPP4 Leaders Summary: Januvia, 
Tradjenta

0-multiple lines
 of therapy 6.7% to 56.6% 1.4% to 3% 2% - 4.2% MONO

0.5% - 1.4% COMBO
7.6% - 14.8% MONO
3% - 7.7% COMBO

SGLT2  Leaders Summary: 
Jardiance, Farxiga

0 - multiple lines
 of therapy 48% to 71.4% 0.9% to 3.6% 2% - 7% MONO

1.8% - 3% COMBO 
8.9% -18.6% MONO
7% - 11% COMBO

GLP1 Leaders

Summary: 
Trulicity, 

Mounjaro, 
Ozempic, Rybelsus

0 - multiple lines
 of therapy 56% to 68.9% 2.8% to 6% 5.4 % - 7.4% MONO

4% - 8.5% COMBO  
9.1% - 12.3% MONO
7.1% - 13.2% COMBO

Oral Standard 
of Care Agents Metformin 0 lines of therapy NA NA 10% 22%
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What is the Average Pricing of Standard-of-Care Type 2 Diabetes Agents? 
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DPP4 Leaders Average Wholesale Price per Year

Summary Januvia, Tradjenta $7.5K - $9K / year

SGLT2  Leaders Average Wholesale Price per Year

Summary Jardiance, Farxiga $7.9 - $8.7K / year

GLP1 Leaders Average Wholesale Price per Year

Summary Trulicity, Mounjaro, 
Ozempic, Rybelsus $10.6 – $14.4K / year

Oral Standard of Care 
Agents Average Wholesale Price per Year

Metformin (generic) $ less than $100 / year

Background Diabetes - Current Standard of Care Solutions and Unmet Need 
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Oral Agents – Efficacy Benchmarks for Chronic Treatments
HbA1c Reduction by 0.5% - 1.67% at Week 26

Background Diabetes - Current Standard of Care Solutions and Unmet Need 

Drug MOA Mean Reduction
HbA1c (Wk 26, pbo adj.)

Rybelsus (Oral Semaglutide) GLP-1 0.9% (7mg); 1.1% (14mg)

Structure Therapeutics GLP-1 1.02% (Wk 12)

Orforglipron GLP-1 1.67%

Jardiance (Empagliflozin) SGLT-2 0.7% (10mg); 0.9% (25mg)

Farxiga (Dapaglifozin) SGLT-2 0.5% (5mg); 0.7% (10mg)

Invokana (Canagliflozin) SGLT-2 0.91% (100mg); 1.16% (300mg)

MET MET 1.0% 

Rybelsus FDA label; Structure Therapeutics Provides Comprehensive GSBR-1290 Program Update Including Clinically Meaningful Proof-of-Concept Data From Phase 2a 
Clinical Study; Frias et al. 2023 Aug 5;402(10400):472-483 ; Jardiance FDA label; Farxiga FDA label; Invokana FDA label; MET FDA label;

Based on surveys done 
with type 2 diabetes 
patients (Source: The 
REVISE study), 76.5% (n 
= 459) of patients 
preferred once-daily oral 
over once-weekly 
injectable.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213051s006lbl.pdf
https://ir.structuretx.com/news-releases/news-release-details/structure-therapeutics-provides-comprehensive-gsbr-1290-program
https://ir.structuretx.com/news-releases/news-release-details/structure-therapeutics-provides-comprehensive-gsbr-1290-program
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(23)01302-8/abstract
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/204629s033lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/202293s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/204042s026lbl.pdf
https://pubmed.ncbi.nlm.nih.gov/33140575/
https://pubmed.ncbi.nlm.nih.gov/33140575/


Standard-of-Care Type 2 Diabetes Drugs Have Varying Effect Sizes with Limited Duration
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• Over 60 therapies are approved for diabetes in the US, many are oral, most effective treatments 
are injected

• There are five main classes of agents: traditional oral anti diabetic drugs (e.g. Metformin); DPP-4 
and SGLT2 Inhibitors as well as GLP-1 Receptor Agonists and insulin injections. Many agents are 
being used in combination to improve the therapeutic effect. 

• Depending on the approved treatment, 30%-86% of patients achieve normalized blood glucose 
(A1c lower than 7%) levels

• Average A1c reduction at week 4 ranges between 0.3% in monotherapy up to 0.8% (treatment 
naïve) in the best combination treatments

• Max A1c reduction ranges from 0.66% monotherapy to 2.44% in combination treatments
• The typical discontinuation rate of existing therapies ranges between 3% to 18.6%
• Many agents induce low-grade AE profiles, some with 56% to 69% Grade 1s
• Based on a NEJM study from 2022, the existing type 2 diabetes drug classes show a median 

normalization duration between 1.5 to 2.5 years depending on treatment 
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