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risk factors prognostic factors
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time 0 for prognosis

epidemiological studies, screening, intervention studies,
e.g. cross-sectional and diagnostic studies on prognostic
cohort studies studies factors
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Simpson’s paradox

therapy alive dead all

A 30 270 300
male B 6 144 150 odds ratio > 1
all 36 414 450
A 30 30 60
female g 130 260 390 odds ratio > 1
all 160 290 450
A 60 300 360
all B 136 404 540 odds ratio < 1
all 196 704 900
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Application example: Rosenwald DLBCL study

= Prognostic study (Rosenwald et al., 2002) with retrospective
collection of tumor-biopsy specimens and clinical data

= 240 patients with untreated diffuse large-B-cell lymphoma (DLBCL)
= 138 deaths, 5-year overall survival: 48%

= Existing clinical predictor: International Prognostic Index (IP1),
which is a summary of 5 clinical features

= Lymphochip cDNA microarray technology resulting in p=7399
microarray covariates

= Questions:
= Do the genes contain "interesting" information?
= What is the added value of the microarray information
= Which ones are "important" genes?
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Heart and Estrogen/progestin Replacement
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ABSTRACT: The Heart and Estrogen/progestin Replacement (HERS) is a randomized,
double-blind, placebo-controlled trial designed to test the and safety of estrogen
phus progestin therapy for prevention of recurrent coronary heart disease (CHD) events
in women. The participants are postmenopausal women with a uterus and with CHD
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< 0.00001

0.00007
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Taking additional factors into account

= Women with more sport potentially also younger, different level of

alcohol consumption, or potentially also a different body mass
index (BMI)

= Adjusting for potential confound by entering them into the
regression model,

glucose level = By +

B (sport - 'sport 0/1" +

G2 (age) - dge +

Bs3 (alcohol "alcohol consumption 0/1" +
Bamvy - BMI

= Interpreting the effect of "sport 0/1" while holding the other factors
constant
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< 0.00001
0.0267
0.0431
0.1071
< 0.00001

346.00 < 0.00001
-3.99 0.00007
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95% confidence interval
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Multiple testing and family-wise error rate

= When performing M tests at level a, M- a can be expected to be
significant, even if there is no effect

= With a large number of tests, this is a severe problem, e.g., 400
genes would be expected to be significant in the Rosenwald data,
even if there is no effect, when employing level o = 0.05

= For ensuring an overall, i.e., family-wise, error rate «, the
Bonferroni method can be employed:
Each test is performed at level o/M

= Example: In the Rosenwald data, only two genes are significant at
the level 0.05/7399=6.76 - 106

= There are less conservative methods available, but with a large
number of covariates, control of the family-wise error rate often is
not what is actually wanted
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focussing one covariate in
each model building step

update the parameter for

add/remove one covariate .
one covariate

1 degree of freedom < 1 degree of freedom

re-estimate parameters for

all included keep fixed

p-value or prediction

performance prediction performance

(stopping rule) number and size of steps
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Misclassification rate and ROC curves

= When a risk prediction models provides a 0/1 classification, the
performance can be evaluated via the misclassification rate

1 n
= > IG(x) # yi)
il i=1

with respect to the true response

= Often, a continuous prediction will be provided. Applying different
cutoffs for classification, different values are obtained for the
= sensitivity, i.e., the proportion of true 1s that are classified as 1
= specificity, I.e., the proportion of true Os that are classified as O

= Tracking these results in an ROC curve, a larger area under this
curve (AUC) indicates better performance
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The Brier score

= Often, not only a continuous prediction will be provided, but a
predicted probability P(Y = 1|x) via a fitted risk prediction rule 7(x;)

= The Brier score thenis E[(Y — ?(X))z]

= |n contrast to the misclassification rate, ROC curves and AUC it is
a strictly proper scoring rule, i.e., it takes its minimum value only
If the predicted probabilities are equal to the true probabilities

= The empirical Brier score is calculated as

1 n
= ) (i = #(x)’
& i=1
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Selecting model complexity

= Often techniques for fitting risk prediction models have a tuning
parameter that determines model complexity

= |deally these should be chosen to maximize prediction
performance on new test data:

prediction test data
error

overfitting

training data

model complexity
= Problem: Test data will often not be available. All data should be
used for model fitting!
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repeatedly splitting the data
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1.00
mmm Cross validation: none (resubstitution method)
mmm Cross validation: after gene selection

0.95 === Cross validation: before gene selection
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