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Which is better, digital or film
mammography?

Full Field Digital Mammogram Screen-Film Mammogram

http://www.hologic.com/wh/cc-050701.htm



Mammography

® A screening technique for
early detection of breast
cancer

* An x-ray of the breast

® Screen film
mammography uses film

* Digital mammography
hitp:/ /s hologie.com /wh/wheel fm uses a digital detector



Subgroup analysis

Four groups

Y oung women with
dense breasts

Y oung women with
fatty breasts

Old women with
dense breasts

Old women with fatty
breasts

Fatty
breast

ense
reast

http://visual sonline.cancer.gov/detail s.cfm?magel d=2696



Problem

®* Many groups
* Many hypotheses
®* Multipletesting problem



Study design

® Control false discovery rate using
Benjamini and Hochberg procedure

® Use exact methodsto calculate power



Multiple comparisons

®* Benjamini & Hochberg (1995)
®* Benjamini & Yekutieli (2001)
® Storey (2002) JRSS

® Sandrine Dudoit (2003)



Power for multiple comparisons

® Efron, Storey and Tibshirani (2001) JASA
* Leeand Whitmore (2002)

®* Finner & Roters (2002)

® Sarkar (2002, 2004, 2006)

®* Zien, Fluck, Zimmer and L engauer (2002)

* Lehmann & Romano (2005), Romano
& Shaikh (2006)



Benjamini and Hochberg procedure

1. independent tests and o, € (0, 1) is control target.
2. m statistics {¢; }, p-values, {p; }.

3. Rank: p(1y < proy < -+ < Piym)

A. Find largest £ such that 20 < k-ax/m.

5. Reject hypotheses with k£ smallest p-values

= False Discovery Rate < o,



Decisions for an experiment
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Expected power
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Exact expected power

Fix
® # of hypotheses
® # of null and alternative hypotheses
® distributions of the test statistics under
the null and the alternative



Exact expected power

® Partition the rejection regions into disjoint
subsets

® Calculate the probability of each subset

® Find the joint probability distribution of the
number of total and false rejections

® Use this joint distribution to give explicit
formulas for the expected power



Partitioning rejection regions
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Number in partition is Catalan
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Glueck et al. 2006a



Partitioning rejection regions
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Joint density of p-values for two one
sample z tests




Joint cumulative distribution
function of p-values for two one
sample z tests.
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Partitioning rejection regions
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Area In ordered space

Glueck 2006b
Glueck, 2007a



Partitioning rejection regions
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Joint probability of K and J
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Glueck, 2007b



Probabilities of rejecting nulls

Glueck, 2007b



Expected power
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Expected Power
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