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Genetic Screening and Diagnosis
(Lecture 7)

A. Bayes’ Theorem
B. Test Performance Measures
C. Role of Prevalence (Prior Probability)
D. Clinical Breast Cancer Genetics



Bayes’ Theorem

Bayes’ theorem  involves relationships 
between probabilities of events

Basic to the scientific method (…how 
likely is my theory, given new 
evidence…)

Important in epidemiology and statistics, 
especially in screening



Bayes’ Theorem

MANY ways to state the theorem

P(B|A) * P(A)
P(A|B) = ----------------

P(B)

P(A & B)
P(A|B) = ----------------

P(B)



Bayes’ Theorem

P(A|B)  is the posterior or conditional
probability of A, given B

P(A) is the prior or marginal probability 
of A

P(B) is the prior probability of B (a 
normalizing constant)

P(B|A) * P(A)
P(A|B) = ----------------

P(B)



Bayes’ Theorem

P(A|B)  

How probable is it that a woman has 
breast cancer if she has an abnormal 
screening mammogram?

A represents the true condition (breast 
cancer)

B represents the screening test 
(mammogram) result



Bayes’ Theorem

Stepping back and framing the problem

We are interested in how new data 
affects the probability or likelihood of 
a state….

Does a woman have breast cancer?
Is a person likely to have an adverse drug 

reaction?
Is this SNP a significant susceptibility 

allele for diabetes?



Bayes’ Theorem

Does a woman have breast cancer?

If I know nothing other than an adult 
female is before me, what it the 
chance she has breast cancer?

background prevalence of breast cancer -
this is the prior or marginal
probability



Bayes’ Theorem

Does a woman have breast cancer?

If she has a mammogram and it is 
positive, I can recalculate her chance 
of having breast cancer?

--> posterior probability 

Dependent on the performance 
characteristics of mammography (how 
good is the test) AND the background 
prevalence of the condition



Genetic Screening and Diagnosis

• Health Burden (disease prevalence and 
severity, strength of association, 
effective intervention, etc.)

• Practice Issues (test availability, 
complexity, etc.)

Completed topics include ovarian cancer, 
CYP450 and SSRIs, HNPCC, and breast 
cancer expression profiling.

http://egappreviews.org



Genetic Screening and Diagnosis

• EGAPP grew out of an earlier effort 
called ACCE - analytical validity, clinical 
validity, clinical utility, and ELSI

http://www.cdc.gov/genomics/gtesting/ACCE.htm



Measures of Test Performance

– Analytical and clinical validity
Reliability
Accuracy
Sensitivity
Specificity
Positive predictive value
Negative predictive value

– Clinical utility
Effective interventions



Measures of Test Performance

Accuracy & Reliability

Accurate and reliable test

Accurate but unreliable test

Inaccurate but reliable test

X = true value



Measures of Test Performance

Sensitivity
How good is a screening test at 
identifying disease?

Specificity
How good is a screening test at 
identifying the non-diseased state?

“inherent” properties of a screening test



Sensitivity and Specificity of Mammography

Sensitivity
~ 80%
90% in women over age 60
60% in women under age 40
~100% in fatty breasts
45% in dense breasts

Specificity
~ 90%



Sensitivity and Specificity of Mammography

Breast Cancer Research 2008, 10:209doi:10.1186/bcr2102



Measures of Test Performance

Positive Predictive value
If a screening test is positive, what is 
the chance disease is really present?

Negative Predictive Value
If a screening test is negative, what is 
the chance disease is really absent?



Measures of Test Performance

Positive Predictive Value & 
Negative Predictive Value

Depend on inherent performance 
characteristics of the screening test, 
AND how common the disease is in the 
screened population



Measures of Test Performance

Disease State 
(Truth/Reality)

+ -

Screening 
Test

+ a b

- c d



Measures of Test Performance

Disease State 
(Truth/Reality)

+ -

Screening 
Test

+
a

true +
b

false +

-
c

false -
d

true -



Measures of Test Performance

Disease State

+ -

Screening 
Test

+ a b

- c d

Sensitivity = a / (a + c)

Specificity = d / (b + d)

Positive Predictive Value [PPV] = a / (a + b)

Negative Predictive Value [NPV] = d / (c + d)



Measures of Test Performance

Disease State

+ -

Screening 
Test

+ a b

- c d

D+ = true presence of disease
(a + c)

D- = true absence of disease
(b + d)

S+ = screening test positive
(a + b)

S- = screening test negative
(c + d)



Measures of Test Performance
Disease State

+ -

Screening 
Test

+ a b

- c d

D+ = true presence of disease
(a + c)

D- = true absence of disease
(b + d)

S+ = screening test positive
(a + b)

S- = screening test negative
(c + d)

Bayes’ theorem (probabilities)

Sensitivity = P(S+ | D+)

Specificity = P(S- | D-)

PPV = P(D+ | S+)

NPV = P(D- | S-)
-----------------------
Prevalence, i.e. prior 
probability = P(D+)



Positive Predictive Value
Disease State

+ -

Screening 
Test

+ a b

- c d

PPV = P(D+ | S+) = a / (a + b)

• Our screening test is 
positive - what is the 
chance it is “real”

Depends on test sensitivity, 
specificity, and prevalence



Prevalence and Predictive Value

• Assume screening test
80% sensitivity and 90% specificity

Disease Prevalence
(per 1000)

Positive PV
(%)

Negative PV
(%)

1 0.8 99.98
1.5 1.2 99.97
3 2.4 99.93
10 7.5 99.78
100 47.1 97.59



Sensitivity and Predictive Value

• Assume disease prevalence is 
constant at 3 per 1000
(also constant specificity of 90%)

Test Sensitivity
(%)

Positive PV
(%)

Negative PV
(%)

45 1.3 99.82
60 1.8 99.87
80 2.4 99.93
95 2.8 99.98
99.5 2.9 99.99



Clinical Utility

• Are there effective interventions?

• Clinical disease screening (like cancer)

• Genetic screening to identify individuals prone 
to disease or adverse events (BRCA1/2 testing to 
target screening and prevention, CYP450 
screening for adverse drug events)



Clinical Considerations

• What is the cost (worry, invasive tests, 
complications of diagnostic tests, etc.) for 
a false positive test?

If high, want to have test with extremely high 
specificity, or tailor screening to population with 
high prevalence (prior probability)

• What is the cost of a false negative 
screening test? 

If high, want to have test with extremely high 
sensitivity



Genetic Screening and Diagnosis of 
Breast Cancer

• Understanding of genetics of breast cancer 
fairly advanced

• There are numerous clinical cancer 
screening tests available

• There are drastic but preventive measures 
available



Genetics of Breast Cancer

Major classes/representative genes Prevalence Rel Risk
Rare, high risk

BRCA1 & BRCA2 3 per 1000 5 - 10
Rare, low/mod risk

CHEK2, PALB2, BRIP1, ATM ~ 1% 2 - 2.5
Common, low risk

mostly GWAS hits - FGFR2,         
TNRC9, CASP8, etc.

20% - 50% 1.1-1.3



Clinical Testing for Breast Cancer Genes

• BRCA1/BRCA2
• Commercially available (~$4000)
• Clinical validity and utility
• Complex analytically, but extremely low false +
• Non-zero but unknown false -

• Is there a role for testing for lower-penetrance 
gene mutations???

• Analytical validity can/should be extremely high
• Generally (!) not clinically available

• CHEK2, direct-to-consumer testing using SNP chips
• Clinical validity and utility less clear



Clinical Breast Cancer Screening 
and Prevention

• Self breast exam
• Clinical breast exam
• Ultrasound
• Mammography
• MRI

• Chemoprevention
• Risk-reducing surgery
• Oophorectomy



Predictive Value of Screening Mammography

• Assume 80% sensitivity and 90% 
specificity, women age 40 and older

Disease Prevalence
(per 1000)

Positive PV
(%)

Negative PV
(%)

1.5 (FH -) 1.2 99.97
3 (FH +) 2.4 99.93



Predictive Value of Screening

• Very high risk women (i.e., 
BRCA1/BRCA2 mutation carriers)
-annual screening recommended 
starting age 25-35
Prevalence ~~ 1 per 100 screen

Method (sensitivity) Positive PV (%) Negative PV (%)
Mammogram (~26%) 2.6 99.2
MRI (90%) 8.3 99.89



Clinical Breast Cancer Genetics



Clinical Breast Cancer Genetics



Clinical Impact of Identifying 
Genetic Risk Factors

Pop’n 
prev.

Case 
prev.

Pop’n reduction in 
disease burden

BRCA1 & BRCA2 0.003% 3% 0.7%

CHEK2:1100delC 0.7% 1.5% 0.7%

Common, OR=2 5% 9.5% 4%

FGFR2 SNP 38% 
maf

42%
maf

2.6%

• Assuming we could reduce disease risk by 40% by 
identifying genetically susceptible individuals and 
implementing preventive measures:



Clinical Impact of Identifying 
Genetic Risk Factors

• Take 7 known common, low-risk breast 
cancer alleles

• Assume multiplicative risk model and apply 
to UK population

• Plot population distribution of risk strata 
based on # of high-risk genotypes



UK Population Distribution of Risk Strata based on 7 Breast Cancer SNPs



Pharoah et al NEJM Summary

• Based on average lifetime risk of 9.4% in 
UK, the extremes of the 7 SNP risk strata 
have rates of 4.2% to 23% (but very few 
people in the tails of this distribution)



UK Population Breast Cancer Risk and Proportion of Cases Explained

7 known SNPs

All SNPs
(theoretical)

No discrimination



Implications

• Routine screening begins at age 50, when 
the 10-year risk is 2.3%

• Screening could be tailored to identify 
genetic risk groups that meet this 
threshold, and screening initiated at 
different ages



Pharoah et al NEJM Summary



Genetic Screening and Diagnosis
(Lecture 7)

1. Evaluating genetic and other 
screening tests involves conditional 
probabilities

2. In addition to considerations like test 
sensitivity and predictive value, many 
factors impact the clinical utility and 
acceptability of any screening test



Genetic Screening and Diagnosis
(Lecture 7)

3. Much of the inherited component of 
chronic disease is yet to be discovered

4. Clinical screening and interventions 
need to be tested specifically in 
genetically susceptible

5. Even complete knowledge of genetic 
susceptibility factors is not 
deterministic - i.e., many cases are 
due to non-genetic factors
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