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Backgrounder 
Type 2 Diabetes Subgroup Analysis
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Integrating data from Recent Findings (21st century):
Revisiting the definition (and classification) of T2D

Ahlquist

Udler
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Pre-Diabetes

Initial Diagnosis/Disease – Stage 2/Stage 3
Increasing HbA1c, Initial Reduction in Insulin
Significant Decrease in beta cell numbers

T1D

Targeted Patient Population for BMF-219

Initial Decline in Glycemic Control
Increasing HbA1c, Increasing Insulin Resistance
Decreasing beta cell numbers and function

Diabetes Subgroup Clustering Provide Validated Biomarkers  
Backgrounder – Type 2 Diabetes Subgroup Analysis

Adjusted from Ahlqvist et al. Diabetes 2020;69:2086–2093 | https://doi.org/10.2337/dbi20-0001
Song et al. Front Endocrinol (Lausanne). 2022 Jul 27:13:927661. doi: 
10.3389/fendo.2022.927661. eCollection 2022. 

https://protect.checkpoint.com/v2/___https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9363570/___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OjJjZTI6OTcyY2QxODZjN2I4Yjc4MDIxMTVlYTQyNzM4MzM4Yjg0ZDMyMDU0NGUwZjA2ZjZjMjJjZjEzNGI3ZWUyNmM0NzpwOkY6Tg
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According to Diabetes Subgroup Clusters, 50%-60% T2D Patients are Beta-Cell/Insulin 
Deficient (– Potential Population that Benefits the Most from Icovamenib)

Backgrounder – Type 2 Diabetes Subgroup Analysis

Adjusted from Dennis et al. Lancet Diabetes Endocrinol. 2019 Jun; 7(6): 442–451;

Zou et al. Lancet Diabetes Endocrinol. 7(1), 9–11 (2019)

14.30%

7.90%

32.40%

45.40%

T2D Patient Distribution based on US Population

SIDD (Severe Insulin
Deficient Diabetes)

SIRD (Severe Insulin
Resistant Diabetes)

MOD (Mild Obesity-
Related Diabetes)

MARD (Mild Age-
Related Diabetes)

Patient 
Distribu
tion (%)

Age 
(years), 
Median

HbA1c 
(mmol/mol)
Median

BMI 
(kg/m2)
Median

HOMA2-B 
(%)
Median

HOMA2-IR 
(%)
Median

SIDD 18% 55
(48-61)

67 (64-74) 29 
(27-32)

49 (38-59) 2.3 
(1.8-2.8)

MARD 39% 61 
(55-66)

53 (49-56) 29
(26-31)

64 (53-76) 2.3 
(1.8-2.7)

MOD 22% 47 
(41-52)

55 (51-61) 36 
(33-40)

74 (59-89) 3.1 
(2.4-3.7)

SIRD 15% 59 
(53-66)

53 (48-60) 34 
(30-38)

101 
(87-121)

4.0 
(3.4-4.7)

Targeted Patient Population for Icovamenib *SIDD and MARD are characterized by low BMI, low beta-
cell function/insulin production, and low insulin resistance.

18%

39%

22%

15%

SIDD MARD MOD SIRD
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DDZ Diabetes Cluster Tool DDZ Diabetes-Cluster-Tool

Backgrounder – Type 2 Diabetes Subgroup Analysis

DDZ Diabetes Cluster Identification Online Tool

Input: Age at diagnosis, BMF, fasting plasma glucose,
fasting C-Peptide, HbA1c, sex

Input

https://protect.checkpoint.com/v2/___https://diabetescalculator.ddz.de/diabetescluster-en/___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OmI3NGE6MWI3OTQ1YjMyZWQ1YzUyZmYxMWQ4OTE3NTkzNmM3ZjM0ZDk2YTdlODFjNGQ5YjA3ZDJiZmI2Njk0MzIyZmRlMDpwOkY6Tg
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Backgrounder – Type 2 Diabetes Subgroup Analysis

Five Reproducible Clusters leading to Precision Medicine in Diabetes

Cluster 1: Severe Autoimmune Diabetes (SAID)   Cluster 2: Severe Insulin-Deficient Diabetes (SIDD) 
Cluster 3: Severe Insulin-Resistant Diabetes (SIRD) Cluster 4: Mild Obesity Diabetes (MOD)
Cluster 5: Mild Age-Related Diabetes (MARD)

Ahlquist et al. Lancet Diabetes Endocrinol 2018; 6: 361–69

HbA1c (mmol/mol)        BMI (kg/m2)             Age (years)  HOMA2-B (%) HOMA2-IR



Page 8

Key Trait & Variant Associations for the 5 Subgroup Clusters
Backgrounder – Type 2 Diabetes Subgroup Analysis

Udler et al.  PLoS Med 2018 Sep 21;15(9):e1002654 
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Significant Number of Diabetes Patients Are Insulin-Dependent 
~30% Severe Insulin-Deficient Diabetes Patients (SIID) are Insulin Dependent by Year 5 of Diagnosis
~90% of the Severe Insulin Deficient Diabetes Patients are Metformin Dependent by Year 2 of Diagnosis

Backgrounder – Type 2 Diabetes Subgroup Analysis

Ahlquist et al. Lancet Diabetes Endocrinol 2018; 6: 361–69

Insulin             Metformin

Severe autoimmune diabetes  (SAID) 

Severe insulin-deficient 
diabetes(SIDD)

Diabetes duration (years) Diabetes duration (years)

Cluster 1: Severe autoimmune diabetes (SAID)
Cluster 2: Severe insulin-deficient diabetes (SIDD)
Cluster 3: Severe insulin-resistant diabetes (SIRD)
Cluster 4: Mild obesity diabetes (MOD)
Cluster 5: Mild age-related diabetes (MARD)
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Severe insulin-deficient diabetes(SIDD)
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Diabetes Subgroup Clusters Provide a More Precise Clinically Useful Stratification 
towards Precision Medicine in Diabetes

Backgrounder – Type 2 Diabetes Subgroup Analysis

Ahlquist et al. Lancet Diabetes Endocrinol 2018; 6: 361–69

Chronic Kidney Disease                End-Stage Renal Disease

Cluster 1: Severe autoimmune diabetes (SAID)
Cluster 2: Severe insulin-deficient diabetes (SIDD)
Cluster 3: Severe insulin-resistant diabetes (SIRD)
Cluster 4: Mild obesity diabetes (MOD)
Cluster 5: Mild age-related diabetes (MARD)

Severe insulin-resistant 
diabetes (SIRD)

Mild age-related 
diabetes (MARD)

Severe insulin-resistant 
diabetes (SIRD)

Severe insulin-resistance diabetes 
patients have the highest risk of 
developing chronic kidney disease 
and end-stage renal disease.
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Backgrounder – Type 2 Diabetes Subgroup Analysis

Relevant Literature

Novel subgroups of adult-onset diabetes and there association with outcomes: a data-driven cluster analysis of six variables
Emma Ahlqvist et al. 2018 May;6(5):361-369. doi: 10.1016/S2213-8587(18)30051-2. Epub 2018 Mar 5. 
Disease progression and treatment response in data-driven subgroups of type 2 diabetes compared with models based on 
simple clinical features: an analysis using clinical trial data
John M Dennis, Beverley M Shields, William E Henley, Angus G Jones, Andrew T Hattersley. Lancet Diabetes Endocrinol 2019; 7: 
442–51
Subtypes of Type 2 Diabetes Determined From Clinical Parameters
Emma Ahlqvist,1 Rashmi B. Prasad,1 and Leif Groop. Diabetes 2020;69:2086–2093 | https://doi.org/10.2337/dbi20-0001
Novel strategies for glycaemic control and preventing diabetic complications applying the clustering-based classification of 
adult-onset diabetes mellitus: A perspective
Hayato Tanabe, Hiroaki Masuzaki, Michio Shimabukuro. 2021 Oct:180:109067. doi: 10.1016/j.diabres.2021.109067. Epub 2021 
Sep 23. 
The Identification of Diabetes Mellitus Subtypes Applying Cluster Analysis Techniques: A Systematic Review
Antonio Sarría-Santamera, Binur Orazumbekova, Tilektes Maulenkul, Abduzhappar Gaipov and Kuralay Atageldiyeva
PMID:33353219, PMCID: PMC7766625, DOI: 10.3390/ijerph17249523
Etiologies underlying subtypes of longstanding type 2 diabetes
Riad Bayoumi*, et al., 2024 May 28;19(5):e0304036. doi: 10.1371/journal.pone.0304036. eCollection 2024. 

https://protect.checkpoint.com/v2/___https://www.thelancet.com/journals/landia/article/PIIS2213-8587(18)30051-2/abstract___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OmI4OWM6MTE5NmZkYWM1OGQ3Y2EwNDFjYmJjYTZlMTg2ZmI1ZWY4OGZhNTYxYTMxYjA0MDU3ZDYzZWY0N2Y5NDc3ZTJmZDpwOkY6Tg
https://protect.checkpoint.com/v2/___https://journals.physiology.org/doi/full/10.1152/ajpendo.00022.2011___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OjRiYmQ6YWYxNjUyN2Y0MzAxNjJlMWYwN2M0ZTg3ZjI4ZGJkZmMzZmM4OTg2NTk3NzQ3NjcwNGNjMzk4MDY3Y2MxZWVkYzpwOkY6Tg
https://protect.checkpoint.com/v2/___https://journals.physiology.org/doi/full/10.1152/ajpendo.00022.2011___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OjRiYmQ6YWYxNjUyN2Y0MzAxNjJlMWYwN2M0ZTg3ZjI4ZGJkZmMzZmM4OTg2NTk3NzQ3NjcwNGNjMzk4MDY3Y2MxZWVkYzpwOkY6Tg
https://protect.checkpoint.com/v2/___https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2981825/___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2OjA1YWY6NGEwNWEzNTg5ODA3ZDExODFhODU3ZWQ4NGQzMjcwNDQzOTg3MTNiOTMyZDg3ZjAzYzhjMmU4NTE3NzYwNjFjNDpwOkY6Tg
https://protect.checkpoint.com/v2/___https://pubmed.ncbi.nlm.nih.gov/28485270/___.YzJ1OnBhdWxiYWtlcm5vdGlmaWVkY29tOmM6bzpkNzVkZmRlYzZjNzFmMWI5NDU3YmIyOTE0MjM5MjVjMjo2Ojk1ZjA6NGQ3YTA5YzY3NTY4MTk4MDk4NWIxYjNjZThlNGU2Y2UyOGEzMDY1ZjAwYTc1Njg4ZTYwNDgzMDNkN2FkMDM0ZTpwOkY6Tg
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THANK YOU

Biomea Fusion 
900 Middlefield Road, 4th floor
Redwood City, CA, 94063
biomeafusion.com 

Contact:
Chunyi Zhao, PhD 
Associate Director of Investor Relations & Corporate Development 
czhao@biomeafusion.com 
T: +1 650-460-7759
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