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Clonal Hematopoiesis of Indeterminate 
Potential (CHIP) is 3-6% at 60yo

While CH in small variant
allele fractions are
ubiquitous, the term of CHIP
refers to clones present in a
substantial number of cells
(usually >2% VAF), and
repeatedly occur in genes
related to epigenetic
function, splicing, and DNA
damage repair

.

Bick et al. 2020. Nature.



“CHIP Genes” = 
Commonly mutated 

Genes in Myeloid Disease
• Though incidence is different 

than what is seen in myeloid 
disease

• Many of the genes are implicated 
in one of the following roles:

1. Epigenetic regulation
2. Splicing
3. DNA damage response

Challen and Goodell. 2020. Blood.



DNMT3A-mutant monocytes display robust 
inflammatory signatures

Abplanalp et al., Circ. Res., 2021



Mutant TET2 boosts inflammatory signaling 
in primary monocytes

Heimlich et al., bioRxiv, 2022



Age associated CH and a model of malignant transformation
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Risk of Transforming to MDS is…

Red – mutations in MN-like genes (SRSF2, SF3B1 
etc), high allele burden, compound mutations

Blue – DTA mutations, lower allele fractions, and 
single mutations.

Galli et al, Blood, 2021; 138(11),965-976.

1. Specific Mutation Dependent



Risk of Transforming to MDS is…

Red – mutations in MN-like genes (SRSF2, SF3B1 
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2. VAF Dependent



Risk of Transforming to MDS is…

Red – mutations in MN-like genes (SRSF2, SF3B1 
etc), high allele burden, compound mutations

Blue – DTA mutations, lower allele fractions, and 
single mutations.

Galli et al, Blood, 2021; 138(11),965-976.

3.  Combination/Signature Dependent



Risk of Transforming to MDS is…

Red – mutations in MN-like genes (SRSF2, SF3B1 
etc), high allele burden, compound mutations

Blue – DTA mutations, lower allele fractions, and 
single mutations.
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4.  Probably variant dependent



Risk of Transforming to MDS is…

4.  Probably variant dependent
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CHRS edifies earlier conclusions on CCUS 

Weeks et al.  NEJM Evid. 2023



Objective hematologic parameter and 
mutational testing informs model

Weeks et al.  NEJM Evid. 2023



Recurvise partitioning based on incidence of MN

Weeks et al.  NEJM Evid. 2023



Recurvise partitioning based on incidence of MN

Weeks et al.  NEJM Evid. 2023



Model partitions well by CHRS risk of transformation

www.chrsapp.com

Weeks et al.  NEJM Evid. 2023



Clonal Hematopoiesis and Inflammation in the VasculaturE (CHIVE) 

Cooperative Biorepository and Registry for CH
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What is CHIVE? 

Registry following the natural history of  CH

• CH and at risk for CH

• dB with clinical features captured

Biorepository for storing samples for patients at risk/with CH

• Sequential sample collection of  peripheral blood, bone marrow (when available)

• IRB approval for a variety of  cellular assays and genotyping to further understand the 
pathophysiology of  CH



CHIVEseq: Twist CH Assay

 This assay uses Twist bioscience hybrid capture 
technology to sequence coding sequences of 24 
CHIP genes (or portions of genes) known to cause 
CHIP at >500x depth. 

 The genes include: ASXL1, ASXL2, BRCC3, CBL, 
DNMT3A, ETNK1, GNAS, GNB1, IDH1, IDH2, JAK2, 
KIT, KRAS, MPL, NRAS, PPM1D, SETBP1, SF3B1, 
SRSF2, TET2, TP53, U2AF1, ZBTB33, ZNF318. 

 The assay can be run for as low as 1/10th cost of 
commercial sequencing panels

Shannon M, Heimlich B,  et al.  Under Revision. 2023



CHIVE (ver1.0) Schema

Shannon M, Heimlich B,  et al.  Under Revision. 2023



Background 
Demographics

- More male
- Older
- Trend to higher BMI

Shannon M, Heimlich B,  et al.  Under Revision. 2023



CHIVE – Gene Variant Frequencies similar to retrospective 
analyses 

Shannon M, Heimlich B,  et al.  Under Revision. 2023



CHIVE – Clinical 
features among 
CH+ and CH-

patients

Shannon M, Heimlich B,  et al.  Under Revision. 



Shannon M, Heimlich B,  et al.  Under Revision.

CHIVE – Clinical features among CH+ and CH-

patients indicate increased risk of vascular disease



High Risk Variants and 
progression to 
MDS/AML in CHIVE –

Validation of ‘Big Data’ 
restrospective reports 
with new prospective 
analysis

Shannon M, Heimlich B,  et al.  Under Revision. 



CHIVE   Rubric for testing

Weeks et al.  NEJM Evid. 2023
Shannon M, Heimlich B,  et al.  Under Revision. 



Summary and next steps

• Clonal hematopoiesis (CH) is an age-associated phenomenon and 
one of the most impactful conceptual discoveries across 
disciplines in medicine – we need to understand how to risk 
assess CHIP.

• Early prospective analysis (200 patients) illustrates similar 
patterns seen in retrospective data and in CHRS analysis

• Large prospective international, multicenter participation is 
needed to properly understand risk

30



3rd Annual Meeting of Somatic Mutations and Predisease
Addressing high risk clones

Nashville: October 25-26, 2024
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