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Childhood Cancer Epidemiology  
 

- In the US, the incidence of childhood cancer overall is approximately 125 per million 

persons.  

- Between 1 in 600 and 1 in 500 children in Europe develop a malignant disease before 

the age of 15 years. 

- One third of childhood cancers are leukemias (majority ALL). 

- Childhood cancer is the biggest killer disease in childhood. 

- Cure rates have exceeded 80% for childhood leukemia resulting in a large cancer 

survivor pool in the adult population.  

http://www.dorak.info/epi/ccepi.html


http://seer.cancer.gov/publications/childhood/leukemia.pdf
http://seer.cancer.gov/publications/childhood/leukemia.pdf




Boys have 1.1 to 1.4 times higher risk than girls 



SEER, 1975-1995 

Magnitude of Gender Effect in Cancer 
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GWAS in Childhood Leukemia 



GWAS in Childhood Leukemia 



GWAS & Epidemiologic Research 



High technology does not preclude 

the need for good research design 



Figure 1: Age distribution of cases with two copies of DR53 and DR52 haplotypes in  
(A) chronic myeloid leukemia and (B) chronic lymphoid leukemia. 
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The first DNA-based HLA association study in  

childhood leukemia 

Demonstration of the sex effect 



 

HLA-DRB4 Association in Childhood ALL 

 

 

 

 

 

 

 

 
 

Homozygosity for HLA-DRB4 family is associated with susceptibility to childhood ALL  

in boys only  (P < 0.0001, OR = 6.1, 95% CI = 2.9 to 12.6 )  

* Case-only analysis P = 0.002 (OR = 5.6; 95% CI = 1.8 to 17.6) 
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Functional study of the IRF4 risk marker suggested the 
involvement of NF-kB pathway and estrogen 



Functional study of the IRF4 risk marker suggested the 
involvement of NF-kB pathway and estrogen 



The association with earlier age-at-onset was observed only in females, as has been noted also in adult cancers.  
This effect is attributed to estrogen activity.  

 
The associations of IRF4 and MDM2 implicate estrogen action in childhood ALL and raises the possibility of mediation of 

“fetal programming of childhood ALL susceptibility” by sex hormones.  
 

“Fetal programming of adult disease susceptibility” has been shown in several diseases and  
equally applies to childhood leukemia.  

MDM2 SNP309 is associated with earlier  
age-at-onset in leukemia as in breast cancer  



 

Birth weight and miscarriages both have independent 
risk associations with childhood ALL 

(in boys only) 
 

Miscarriages 





Birth weight 



 

Both have independent risk associations  
with childhood ALL 

(in boys only) 
 

Early Life Exposure to Iron and  

Childhood Leukemia Risk 



Mean Birth Weight (g) in Relation to HFE - TFRC Genotypes in Newborn 
Boys and Maternal HFE Status 

Early Life Exposure to Iron and  

Childhood Leukemia Risk 



Early Life Exposure to Iron and  

Childhood Leukemia Risk 

HFE variants interact with a  
TFRC variant and show  

gene-dosage effect 
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HFE variants are associated with birth weight with  
sex effect and maternal effect, and in interaction with TFRC 



Cord blood iron levels correlate with HFE / TFRC 

genotypes in boys only 

X 
X 

-  Maternal-fetal iron transport dynamics may differ 
in male and female pregnancies 
 

-  Iron overload associated genotypes increase birth 
weight in males, and leukemia risk in males and 
females 
 

-  Leukemia associations are stronger in females 
 

-  We postulate that (1) females cannot offset iron 
excess by increasing their weight, (2) the high risk 
genotype combinations result in extreme iron levels 
in males and cause very high birth weight and high 
leukemia risk. 

Early Life Exposure to Iron and  

Childhood Leukemia Risk 
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NRAMP2 rs422982 Have Different 

Associations when Stratified by Sex 
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HMOX1 5’ flanking region 

rs5755709 G>A  

-10kb -416 

rs2071746 A>T 
STR 

P (sex) = 0.015 

P (sex; case-only) = 0.01 

HMOX1 rs5755709 Have Different 

Associations when Stratified by Sex 
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Summary 
 

Most previously observed epidemiologic associations can 
be tested at the genetic level using genetic epidemiology 

as a probe for disease biology 
 

When examined a sex effect can be found, and this 
approach may unmask associations that may be 

otherwise missed 
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http://www.biomedcentral.com/1471-2407/5/33/table/T3




More ALL but less non-ALL 

Cancer in Hispanic Children in 

Texas 

http://www.dshs.state.tx.us/tcr/publications/files/acs/HighPlainsACS_FF085B15D.pdf
http://www.dshs.state.tx.us/tcr/publications/files/acs/HighPlainsACS_FF085B15D.pdf
http://www.dshs.state.tx.us/tcr/publications.shtm


http://www.pnas.org/content/107/suppl.2/8954.full.pdf
http://www.pnas.org/content/107/suppl.2/8954.full.pdf


Puerto Ricans 

(www) 

On average <20% native American admixture  

http://ajph.aphapublications.org/cgi/reprint/95/12/2161
http://ajph.aphapublications.org/cgi/reprint/95/12/2161




http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html
http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html


http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html


http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html
http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html


http://www.nature.com/ng/journal/v43/n3/abs/ng.763.html


Genetic Markers for Ethnicity-specific 

Susceptibility to Childhood Leukemia 

Hypothesis 
Ethnic disparity is due to genetic differences which influence susceptibility 

either directly or via effect modification of unknown environmental exposures 

Material 
Texas Children’s Cancer Center Case-Control Study 

SOUTH FLORIDA CHILDHOOD LEUKEMIA STUDY 
California Childhood Leukemia Study 
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