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Background: 
Survivors of childhood cancer are at increased risk of obesity1 – an important risk factor for 
many chronic diseases (hypertension, type 2 diabetes, cardiovascular disease and cancer) 
associated with morbidity and premature mortality. Risk factors for obesity among survivors 
include exposure to cranial radiation therapy (CRT), corticosteroids, reduced physical activity, 
energy expenditure during exercise and childhood obesity2-5. However, these factors alone do 
not fully explain the inter-individual variability in risk of obesity among survivors of childhood 
cancer, suggesting a role of genetic susceptibility. However, little is known about genetic factors 
associated with BMI/obesity in survivors of childhood cancer. 

 
Genome-wide association (GWA) studies in the general population6 have identified 

~1000 common SNPs associated with BMI, which have provided important information about 
underlying molecular mechanisms of the trait. Recently, a large GWA study was conducted by 
the GIANT consortium7, including >700,000 individuals from across the world, which robustly 
implicated 14 rare and low-frequency coding variants in BMI [see below Table 1 from Turcot et 
al. Nature Genetics (2018)]. These variants have, on average, >10-fold greater effect on BMI 
compared to the common BMI loci. The largest effect was for a rare variant on MC4R which was 
associated with ~7 kg increase in body weight for a 1.7-meter tall person. Many of these BMI-
associated variants were also associated with cardiometabolic traits. The BMI increasing allele 
of the ZBTB7B SNV encoding p.Pro190Ser was associated with greater height, and those for the 
PRKAG1, ACHE and RAPGEF3 SNVs were associated with shorter height, but association with 
other traits differed. Specifically, carriers of the serine-encoding allele for PRKAG1 p.Thr38Ser 
appeared heavier and shorter and had lower HDL cholesterol levels, earlier age at menarche. 
While carriers of the proline-encoding allele for RAPGEF3 p.Leu300Pro were also heavier and 
shorter, they had a lower BMI-adjusted waist-to-hip ratio (WHRadjBMI) and lower fasting 



insulin levels. Thus, while all SNVs were associated with BMI, their patterns of association with 
other traits suggest that they may affect different physiological pathways. 

 

 
 

Herein, we propose to assess these 14 rare and low-frequency coding variants for their 
associations with BMI/obesity in survivors of childhood cancer. Specifically, we propose to 
examine these 14 variants in survivors with genome-wide data from the St. Jude Lifetime 
Cohort (SJLIFE) study [both original and expansion cohorts], CCSS Original Cohort and CCSS 
Expansion Cohort, separately. Association results from individual cohort will then be combined 
using a fixed-effect inverse-variance weighted meta-analysis. The concept proposal to examine 
in the SJLIFE study has already been approved and hence this request is to evaluate these 14 
variants among the CCSS survivors from both Original and Expansion cohorts. 
 
Specific Aims: 
 
Aim 1: Evaluate the 14 PAVs (one at a time and in combination using the genetic risk score 
[GRS]) in each of the below cohorts, among survivors of European and African ancestries 
separately for their association with BMI 
 
Aim 2: Examine the 14 PAVs in the four individual cohorts, with respect to exposure to CRT, 
glucocorticoid, sex and childhood obesity, when appropriate based on the numbers. 
 



Aim 3: Meta-analyze the association results (in overall and stratified analyses) from individual 
cohorts, using a fixed-effect inverse-variance weighted method. 
 
Aim 4: As a secondary analysis, assess the 14 PAVs for their potential associations with 
cardiometabolic traits, in individual cohorts and then meta-analyze the results (if possible). 
 
Primary outcome of interest: 
 

• First BMI measurement after the age of 18 years 
• Genotype data of the 14 PAVs (directly genotyped or imputed [best-guess]) 

 
Covariates: 
 
Age at cancer diagnosis 
Sex 
Age at BMI measurement 
CRT dose 
Glucocorticoid dose (dose if available, otherwise yes/no) 
Cumulative anthracycline dose 
Chest RT (maximum dose) 
Pelvis RT (maximum dose) 
Alkylating agents (classical) dose 
Heavy metal alkylating agents dose 
Childhood obesity (yes/no), if available 
Race (to be used if principal components are not available) 
Top 10 principal components (if available) 
 
Secondary outcomes: 
 
Hypertension 
Stroke 
Cardiomyopathy 
Coronary Artery Disease 
Type 2 diabetes 
Cholesterol levels (HDL, LDL, triglycerides and total) 
Systolic blood pressure 
Diastolic blood pressure 
Waist-to-hip ratio 
Fasting Insulin levels 
 
Analytic approach: 
 
Associations between the 14 PAVs and BMI in each of the four study cohorts will be assessed 
using linear regression, adjusting for sex, age at diagnosis, age at BMI measurement, CRT dose, 



Glucocorticoid dose, chest RT dose, pelvic RT dose, classical and heavy metal alkylating agents 
dose, childhood obesity, and ancestry-specific top 10 principal components. Analyses will be 
carried out separately among survivors of European and African ancestry as well as stratified by 
treatment exposures, sex and childhood obesity, wherever appropriate. Considering rarity of 
the 14 PAVs, statistical significance will be calculated based on 10000 random permutations of 
the genotype, and results with P<0.05 will be considered statistically significant.  
 

We will perform a fixed-effect inverse-variance weighted meta-analysis of association 
results from four cohorts including survivors of European and African-descent separately first 
and then combine the results from both ancestries, if feasible. For variants with significant 
heterogeneity (P<0.05), meta-analysis will be carried out using random-effects model. 

 
We will also create GRS in each cohort using weights of variants published in Turcot et 

al. Nature Genetics (2018) and examine the association between the GRS and BMI. GRS results 
will be meta-analyzed across the four cohorts using a fixed-effect model. 

 
If feasible, we will assess the 14 PAVs for their associations with 

cardiovascular/cardiometabolic traits in each cohort separately and then meta-analyze the 
association results. 
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