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About 2/3 of people die from chronic 
diseases … 

Worldwide deaths , 2010 (50M)  
(Data from Lozano et al., Lancet, 

2012) 
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Are chronic diseases caused by 
the genes (G) or exposures (E)? 
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 Site  Genetic    Shared 
exposures 

Childhood 
exposures 

Non-shared 
exposures 

 Stomach   0.01 0.15 0.13 0.71 
 Colon   0.13 0.12 0.06 0.69 

 Rectum   0.12 0.09 0.03 0.75 
Lung 0.08 0.09 0.04 0.79 

 Breast  0.25 0.09 0.06 0.60 
Cervix  

(invasive) 0.22 0.00 0.03 0.75 

Cervix  
(in situ) 0.13 0.00 0.13 0.74 

 Testis   0.25 0.00 0.17 0.58 
 Kidney   0.08 0.08 0.06 0.78 
 Bladder  0.07 0.12 0.04 0.77 

Melanoma 0.21 0.02 0.08 0.69 
 Nervous system  0.13 0.05 0.02 0.80 

 Thyroid   0.53 0.01 0.10 0.36 
 Endocrine   0.28 0.03 0.11 0.58 

 Non-Hodgkin’s  
lymphoma 0.10 0.06 0.02 0.83 

 Leukemia   0.01 0.08 0.04 0.88 

Median 0.13 0.07 0.06 0.75 
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K Czene, P Lichtenstein and K Hemminki, Int J Cancer  2002, 99: 260-6 

Explained variance of cancer incidence 
(Swedish Family-Cancer Database of 10M individuals) 



Discovering causes of cancer 
• Cancer risks attributable to genetic factors 

(G) are typically small (<10%)  
• Primary causes must be environmental (E) or 

GxE 
o However, most of the E risks have not been 

identified 
• What tools are available for identifying G and 

E causes of cancer? 
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  Studying genetic factors 
SNPs per assay 
  
1997 1           
 
2001 10 
 
2002  1,000 

 
2004 50,000 
 
2006       500,000 
 
2007       1,000,000 

 
2010       >>1,000,000 

Genome-Wide Association Studies (GWAS) performed 
with 2,000-20,000 samples (2 billion - 20 billion genotypes)        

Courtesy of E. Lander, MIT/Broad SM Rappaport 
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Studying exposures 

B.K. Armstrong et al. Principles of Exposure 
Measurement in Epidemiology, Oxford Med. 
Pubs., 1992 

Two thirds of studies 
relied upon subjects to 
assess their own 
exposures! 
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Wild CEBP   
Commentary 

2nd  NAS 
workshop 

1st  NAS workshop;  
Science Perspective 



Capturing all exposures 
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S.M. Rappaport  and M.T. Smith, Science, 2010: 330:460-461 

The  expos ome 
inc ludes  a ll 
chemica ls   in  the  
in te rna l chemica l 
environment 
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Exposures are chemicals 

Blood exposome 
(~100K) 
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??? 
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More than 30,000 
small molecules 
detected in 0.1 ml 
(2 drops) of serum 



Exposome-wide association 
studies (EWAS) 

By applying untargeted 
EWAS to biospecimens 
from some healthy and 
diseased subjects, we can 
discover useful biomarkers    
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http://www.flickr.com/photos/paulieparker/246707763/ 
 

Then we can target useful biomarkers in 
large populations  

S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9 



Blood exposome 
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Untargeted EWAS 

  

Based on: S. Rappaport, 
Biomarkers, 2012, 17(6), 48: 3-9 
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