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Integrative Analyses in Normal Tissues Expand 
Knowledge of the Genetic Etiology of Cancer



Detectable Clonal Hematopoiesis (CH)

Next generation sequencing Genotyping arrays

Mosaic Chromosomal 
Alterations (mCAs)

Clonal Hematopoiesis of
Indeterminant Potential (CHIP)

mCAs: Rodríguez-Santiago AJHG 2010, Jacobs Nat Genet 2012
CHIP: Genovese NEJM 2014, Jaiswal NEJM 2014
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Repurposing Genotyping Array Intensity Data to 
Detect Mosaic Chromosomal Alterations (mCAs)

Virtual Karyotype

raw intensity and phase data

Machiela AJHG 2016, Loh Nature 2018
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Estimates of mCA Frequency Vary by Chromosome
Autosomal mCAs (3-5%)

Mosaic Y Loss (20%+)

Mosaic X Loss (10-12%)

Male X Mosaicism (0.006%)

Machiela AJHG 2015

Zhou Nat Genet 2016

Zhou Sci Rep 2021

Machiela Nat Comm 2016, Liu Nature (in press)



mCA Frequencies Differ by Individual Characteristics
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Machiela AJHG 2016, Zhou Nat Commun 2023, Zhou, Machiela Nat 
Genet 2016, Brown PLOS Genet 2020, Thompson Nature 2019



Genetic Drivers and Widespread Signatures of 
Cellular Selection for Mosaic X Loss

Liu, …, Machiela Nature (in press)



Various Outcomes are Associated with mCAs

Telomere Length AttritionSolid Tumor Risk
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Loftfield Can Res 2019, Thompson Nature 2019, 
Zekavat Nat Med 2021, Brown Nat Commun 2023



Building Integrative Models for Chronic Lymphocytic 
Leukemia (CLL) Risk Stratification

Model Test Set AUC
Model 1: Age, age-squared, sex, genetic 
ancestry, smoking + blood cell count 0.84

Model 2: Model 0 + CLL PGS 0.86*

Model 3: Model 2 + any autosomal mCA 
+ any CHIP mutation 0.89*

UK Biobank

*Genomic findings replicated in NCI PLCO study



Conclusions

• mCAs detectable in the blood of cancer-free individuals indicate 
increasing genomic erosion with age 

• The distribution of mCAs differs by chromosome

• Risk factors for mCAs have a high degree of similarity with hematologic 
cancer risk factors

• mCAs are associated with multiple outcomes and could be particularly 
important for hematopoietic cancers
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Visit dceg.cancer.gov

What types of fellowship? 

Postdoctoral, predoctoral, postbaccalaureate, 
summer Internships

Who can apply? 

US citizens and eligible foreign nationals

Why become a fellow? 

▪ Design, carry out, analyze, publish research
▪ Access outstanding data resources 
▪ Receive personalized mentoring 
▪ Build grant writing, communication, and 

leadership skills
▪ Prepare for a wide variety of careers 
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