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Background: General

• Ovarian Cancer!

•  Abnormal cell growth in the ovaries!

•  Stromal!

•  Germ Cell !

•  Epithelial!

• Treatment!

•  Surgery!

•  Chemotherapy!

•  Radiation Therapy!

• Statistics!

• Key Mutations!

http://bionews-tx.com/news/2014/02/03/ovarian-cancer-
immunotherapy-at-uthscsa-gets-900000-grant-to-explore-new-
treatment-options/!
http://www.sgsonline.org/assets/images/Scottsdale_2014/lab
%202.jpg !
http://www.ovariancancer.org/about/statistics/!



Gap in Knowledge & 
Hypothesis  


•  Is there an interplay between the BRCA1/2 genes and known 
reproductive and gynecological risk factors for ovarian cancer?!

•  Gene-environment interactions work on an multiplicative scale in 
relation to ovarian cancer!

http://www.niehs.nih.gov/health/assets/images/hands_holding_two_puzzle_pieces.jpg !



Study Summary


• Population: Israeli Women!

•  March 1, 1994 - June 30, 1999!

• Blood samples!

•  Test BRCA1/2 mutation!

• Two controls per case!

•  Selected from central population registry!

•  Matched on age within 2 years!

•  Area of birth and place!

•  Length of residence!
http://supportisrael.us/news/wp-content/uploads/2010/07/israel-map.gif !



Study Summary


• Additional Data!

•  Age, Ethnicity, Gynecological Surgery, Personal History of Breast Cancer, Family History of Breast 
or Ovarian Cancer, Parity, and Oral Contraceptive Use!

• Environmental factors of specific interest!

•  Parity (Dichotomized)!

•  1 child or less (0) VS. More than 1 child (1)!

•  Oral Contraceptive Use (Dichotomized) !

•  Use for 6 or less years (0) VS. Use for more than 6 years (1)!

• Ethnicity: Ashkenazi!

•  Large part of data comes from Ashkenazi population!

•  Higher rate of BRCA1/2 mutation!

http://www.floridaconference.com/iym/wp-content/uploads/2012/09/GodsChildren.jpeg !
http://www.gnosticliberationfront.com/yiddish_ashkenazi_traditions_files/image005.jpg !



Summary Statistics




Methods for Analyses: 
Case-Control Design


•  Type of observational study!

•  Compare patients with disease (case) vs no disease 
(control)!

•  Retrospective!

•  Compare frequency of exposure to a risk factor 
present in each group!

•  Help determine relationship between risk factor and 
disease !



Analysis:  
Standard Logistic Regression


•  Standard Logistic Regression!

•  Looks at the effects of covariates on outcome!

•  Binary or dichotomous outcome!

•  Odds Ratio!

•  “How much more likely (or unlikely) it is to be 
present with y=1 than y=0”!



Results: 
Standard Logistic Regression




Results: 
Standard Logistic Regression


•  .!



Methods for Analyses: 
Case-Only Design


•  Alternative to case-control design!

•  Controls considered to be a sample of the general 
population!

•  Used to estimate interaction effect!

•  Works under two assumptions!

•  Rare disease!

•  Independence between gene and environmental factor!



Methods for Analyses: 
Case-Only Design


•  Back to the two assumptions…!

•  Rare disease!

•  Case-only estimator is well known to be efficient even when 
data on unaffected individuals is available!

•  G-E independence!

•  Condition on additional covariates!

•  Also condition on covariates that confound association 
between disease and the gene and/or environmental factor!



Analysis: 
Logistic Regression-Test for 

Independence 


•  Logistic Regression!

•  Used to test possible independence !

•  Controls only!



Results:  
Logistic Regression-Test for 

Independence


•  Are the environmental factors independent of the 
BRCA1/2?!



Analysis: 
Case-Only Estimator


•  Standard Logistic Regression!

•  Will only take into account ONLY the cases in our study!

•  Why can we do this?!



Efficiency of the Case-Only 
Estimator


Goal:


To show that the case-only estimator is a more efficient method to determine interaction effect than a case-control 

estimator 



Variables:


OR = Odds Ratio


Y = Disease outcome [Controls (Y = 0) or Cases (Y = 1)]


G = BRCA1/2 Gene Mutation


E = Environmental Factors (Parity or Oral Contraceptive Use)


GE = Gene-Environment Interaction


C = Confounders




Consider the use of a logistic regression for analysis in a case-control design, we say that:


ln(ORY | C,E,G,GE) = ln(ORY=1 | C,E,G,GE) - ln(ORY=0 | C,E,G,GE)




Under the rare disease assumption, 

ln(ORY=0 | C,E,G,GE) = ln(ORpopulation)




Taking into account the independence assumption, 


ln(ORpopulation) = 0



Thus, 


ln(ORY | C,E,G,GE) = ln(ORY=1 | C,E,G,GE) - ln(ORY=0 | C,E,G,GE) 

                                                                             = ln(ORY=1 | C,E,G,GE)!

Case-Control Model:!

Y = β0 + β1G + β2E + β3GE + βpCp




Case-Only Model:!


G = α0 + α1Ep+ α2EO + αpCp




Efficiency of the Case-Only 
Estimator


To put it in words,



• The case-only estimator is less variable than the case-control 
estimator


•  Why?

•  Two key assumptions allow us to NOT take into account 

extra variability from the log odds ratio of the controls 
[ln(ORY=0 | C,E,G,GE)]











(Note: A detailed proof can be discussed during the lunch break!)!



Results: 
Case-Only Logistic Regression




Conclusion


•  Objective?!

•  Test for an interaction!

•  BRCA1/2 vs. Oral Contraceptive Use!

•  BRCA1/2 vs. Parity!

•  Examine the effect that these factors have on ovarian cancer!



Conclusion


Case-Control 
Estimator !

Standard Logistic 
Regression (No 
Interactions) 

Standard Logistic 
Regression 
(Interactions) 

Oral 
Contraceptive 

Use Significant 
at α = .05 level? 

Parity 
Significant at    
α = .05 level? 

Oral 
Contraceptive 

Use Significant 
at α = .05 level? 

Parity 
Significant 
at α = .05 

level? √!

X!

BRCA1/2 & Oral 
Contraceptive Use 

Interaction 
Significant at α = .

05 level? 

BRCA1/2 & 
Parity 

Interaction 
Significant at α 

= .05 level? √! X! X! X!



Conclusion


•  Back to the drawing board…!

•  How do we test for an interaction?!

•  We need to check off two important assumptions!

•  Assumption 1: Disease under investigation is rare !

•  Assumption 2 : Independence between gene and each 
environmental factor !

•  Assumption 1!

•  Ovarian cancer is, in fact, known to be a rare disease!



Conclusion


Case-Only 
Estimator !

Case-Only Logistic 
Regression 

Oral 
Contraceptive 

Use Significant at 
α = .05 level? 

Parity Significant 
at  

α = .05 level?!√!
√!

How  
do we check for 
an independence 
assumption?!

Test for Conditional 
Probabilities with a 
Logistic Regression 
(Controls Only) 

Is α > .05? 

YES 

Gene and 
Environmental 
Factors are 
INDEPENDENT! 



Conclusion


•  Efficiency of case-only design vs. case-control design!

•  Use of case-only design !

•  Determine that there is indeed an interaction 
between gene and environment for ovarian cancer!

•  Oral Contraceptive Use & Parity!

•  Not as effective in preventing ovarian cancer with 
those that have mutation as opposed to those that 
do not have the mutation!



Discussion


•  Shortcomings!

•  Collection of data!

•  Interview bias!

•  Recall Bias!

•  Generalizability!

•  Statistical Power!

•  Decreases because of binary/dichotomous variables!



Discussion


•  Future Studies!

•  Run analysis on specific parts(s) of BRCA1/2 gene 
that are mutated!

•  Use continuous data for analysis!

•  Increase interests of environmental factors in relation 
to BRCA1/2 gene!

•  Test a different population to increase external 
validity!
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Thank You


•  Questions?!

http://ivyleagueinsecurities.com/wp-content/uploads/2009/10/felt-question.jpg !
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