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Big (Data) Question 

 

How do we utilize genomic data to 
better understand cancer risk? 

Inherited 

Rare, High-penetrant Mutations 

Common Inherited Variants 

Acquired 

Tumor Genomes 

Genetic Mosaicism 



Drastic Improvements and Cost Reductions 
in Sequencing/Genotyping Technology 

Big Cost = $3 Billion 

Current Cost = $1K 



Inference Difficult from N=1 

•

•

•

Longest confirmed human 
lifespan on record (122 
years, 164 days) 

Diet/Lifestyle: 
•

•

•

Consumed over 2 pounds 
of chocolate a week 

Drank copious amounts of 
port wine 

Smoked for almost 100 
years (>73,000 cigarettes!!)  

Never developed cancer 

Jeanne Calment 
(1875-1997) 



Genome Wide Association Studies: 
GWAS 101 

Step 1: 
Enroll and consent participants 

Collect and extract DNA 

Step 2: 
Hybridize and scan 
genotyping array 

Step 3: 
Perform QC 

Call Genotypes 

Step 4: 
Analyze each  
tagging SNP 

100,000s of Participants 100,000s of Variants 
+ 

TopMed Reference (62,784 genomes) 
= 

471,000,000 Variants 

10,000s Disease Associations 
(https://www.ebi.ac.uk/gwas/home) 

https://www.ebi.ac.uk/gwas/home


Progress in Prostate Cancer 

•

•

Most common male non-skin cancer in the developed world 
•
•

 

174,650 new cases expected in US in 2019 

31,620 deaths expected in US in 2019 

Firmly established risk factors (2006 “Pre-GWAS era”) 
1.

2.

3.

 

Increasing age 

Family history of prostate cancer 

Ancestry 
• African Americans 1.6x risk and 2.4x mortality 



Progress in Prostate Cancer 

•

•

140,000 men across 50+ studies 
•
•

79,194 prostate cancer cases 

61,112 controls 

160 germline susceptibility loci 
•
•

highlight polygenic architecture 

most with small effect sizes 
(OR<1.1) 

Schumacher Nat Genet 2018 



Progress in Prostate Cancer 

•

•

Most common male non-skin cancer in the developed world 
•
•

 

174,650 new cases expected in US in 2019 

31,620 deaths expected in US in 2019 

Firmly established risk factors (2019) 
1.

2.

3.

4.

Increasing age 

Family history of prostate cancer 

Ancestry 

Approximately 160 germline susceptibility regions 
•
•

new genetic loci for improved understanding of disease etiology 

future value for individualized genetic risk prediction 



Progress in Cancer GWAS 



Progress in Cancer GWAS 



Integrative Analysis: 
Ewing Sarcoma 6p25.1 Susceptibility Region 

EWSR1 FLI1 

Machiela Nat Commun 2018 



Integrative Analysis 



Genetic Mosaicism 

• Definition: the presence of an acquired mutation in a clonal population 
of cells that differs from the inherited genome 

Machiela and Chanock Curr Opin Genet Dev 2017 



Age-related Autosomal Mosaicism in 127K Healthy Participants 

Mosaic Gain 
Mosaic Copy Neutral 
Mosaic Loss 

Machiela Am J Hum Genet 2015 



Identification of Pre-leukemic Clones 

•

•

•

Mosaic 20q deletions cover same 
genomic footprint as del(20q) in myeloid 
malignancies 

Mosaic 13q14 deletions span the same 
genomic region as del(13q14) in MBL 
and CLL 

Frequencies of 20q and 13q14 deletions 
are higher than population rates of the 
respective disease 

•

•

•
 

Not all individuals with mosaicism progress 
to disease 
Having mosaicism in blood DNA increases 
hematologic cancer risk (OR=35) 
Observed up to 15 years prior to diagnosis 

Machiela J Hum Genet 2016, Machiela Blood Adv 2017 



Longitudinal Data: 
Biology is a Dynamic Process 

Machiela Am J Hum Genet 2015 



Longitudinal Data 



Tools to Harness Big Data 

LDlink 

ldlink.nci.nih.gov

AuthorArranger 
Conquer journal title pages in seconds 

 authorarranger.nci.nih.gov 

http://ldlink.nci.nih.gov/
http://authorarranger.nci.nih.gov/


Key Points on Big Data 

•
•
•
•
•

Technologic improvements accelerate acquisition of big data 

Large samples enable discovery of novel etiologic insights 

Integrative analyses provide clues to biologic processes 

Importance of longitudinal data often overlooked 

Independent replication is essential 

 



mitchell.machiela@nih.gov 

www.cancer.gov 
DCEG is seeking talented fellows: https://dceg.cancer.gov/fellowship-training 

https://www.cancer.gov
mailto:mitchell.machiela@nih.gov
https://dceg.cancer.gov/fellowship-training
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