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survival timeT

binary marker measured at t = 0 (e.g. predictor from a regression model)Y

)|1( τ≤== TYPTPF

)|1( τ>== TYPFPF

Goal : estimate 

Data : cohort with variable follow-up

censoring time
iC

event indicator )( iii CTI ≤=∆

observed time ),min( iii CTX =

Context

TPF and FPF for censored survival time outcomeTPF and FPF for censored survival time outcome

reference timeτ
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time0 τCensoring time

0; =∆ iiX

V Congresso Nazionale SISMEC 16-19 Settembre 2009, Università di Pavia

TPF and FPF for censored survival time outcomeTPF and FPF for censored survival time outcome

Issue : accommodating censoring
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Cases (10) Controls (6) Censored (4)

τ = 8

A A simulatedsimulated sample (n = 20)sample (n = 20)

1; =∆≤ iiX τ τ>iX
case control

0; =∆≤ iiX τ
censored

iX iY iX iY iX iY
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Standard of practice

- ignore censored observations “complete case” analysis

time0 τCensoring time

0; =∆ iiX
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time0 τCensoring time

0; =∆ iiX

- treat censored observations as controls “misclassified”
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original

selected
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Standard of practice

- ignore censored observations “complete case” analysis
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‘PARTIAL’ BAYES THEOREM

PLUG IN OF KM ESTIMATES

Proposed solutions to 
accommodate censoring

TPF and FPF TPF and FPF asas functionfunction of joint of joint 
distributiondistribution of (T,Y)of (T,Y)

Heagerty, Lumley, Pepe , Biometrics 2000
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Proposed solutions to 
accommodate censoring
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TPF and FPF TPF and FPF asas functionfunction of joint of joint 
distributiondistribution of (T,Y)of (T,Y)

Heagerty, Lumley, Pepe , Biometrics 2000

V Congresso Nazionale SISMEC 16-19 Settembre 2009, Università di Pavia

‘FULL’ BAYES THEOREM

PLUG IN OF KM ESTIMATES
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‘PARTIAL’ BAYES ‘FULL’ BAYES

original

selected
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Proposed solutions to 
accommodate censoring
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: disease status (diseased / non diseased) verfied on m < n

: marker observed on nY

if ascertainment of D is costly

• one may select subjects for ascertaiment of D depending on Y

(e.g. PSA value and Biopsy for prostate cancer)

• a negative result may affect willingness to ascertain D

(e.g. neonatal hearing test and 12 month gold standard assessment)

• IMPUTATION of D for non verfied subjects

• WEIGHTING cases/controls according to 1/verification probability

to represent the status of non verified subjects

VerificationVerification biasbias

D

Further solutions
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the ascertainment of D depends on the action of censoring that

could act before T

• IMPUTATION of D for censored subjects

• WEIGHTING cases/controls according to the verification probability

to represent the status of censored subjects

Further solutions
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CensoringCensoring asas a a kindkind ofof verificationverification biasbias

: disease status verfied on m < n

: marker observed on nY

)( τ≤= TID
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Goal

to estimate classification matrix of the n data from the m selected data

• IMPUTATION

• WEIGHTING

Further solutions

original

selected
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CensoringCensoring asas a a kindkind ofof verificationverification biasbias
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x ?

x ?

10

x ?

x ?

WEIGHTING the observed cases/controls

Further solutions

selected
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estimate of
the original

iX iY
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Cases/controls are inversely weigthed by the verification probability

WEIGHTING

Further solutions
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( )tCPt KMi >= ˆ)(π̂ ( )iKMi YYtCPt =>= |ˆ)(π̂

)()( iiii XCPX >=π

)()( ττπ >= ii CP

How to estimates the weights?

case

control

Overall estimate ? Conditional estimate ?

Further solutions

WEIGHTING
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Further solutions
OVERALL  WEIGHTS

selected

estimate of
the original
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CONDITIONAL  WEIGHTS
Further solutions

selected

estimate of
the original

We obtain the same estimates given by the ‘full’ Bayes method
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The estimates of FPF and TPF obtained by

• imputation

• conditional weigthing

• ‘full’ Bayes

are all equivalent

Result 1

• conditional or unconditional weigthing?
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• ‘partial’ Bayes?
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Random censoring

Marker dependent censoring

Unc. Weigth

Partial Bayes

Cond. Weight

Unc. Weigth

Partial Bayes

Cond. Weight

SimulationSimulation exerciseexercise
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The estimates of FPF and TPF one could obtain by

• ‘partial’ Bayes

• overall weigthing

• are inefficient under random censoring

• biased under marker dependent censoring

Result 2

Variability of FPF and TPF estimates can be obtained by

Result 3

• ‘Naive’ application of the variance of the proportion
obtained on the reweigthed/imputed matrix

• Delta method since
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SummarySummary
* The commonly used performance indicators of a diagnostic/ 
prognostic test (sensitivity and specificity)  can apply to the 
case of

for the detection ofbaseline
biomarker

condition/disease
developed over time

* Nonparametric estimation and testing is still not established.

* It can be addressed by approaches based on inference on 
simple proportions corrected for verification bias by
conditional weigthing

* This enables to address confidence interval estimation and 
testing by asymptotics based on delta method
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