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TPF and FPF for censored survival time outcome

Context
Y binary marker measured at #= O (e.g. predictor from a regression model)

T  survival time 7 reference time

Data : cohort with variable follow-up 1 =1,...,n

observed time  X. =min(T,,C,) C, censoring time

event indicator A, = I (T, < C,)

TPF = P(Y =1|T <71)
FPF = P(Y =1|T >1)

Goal : estimate
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TPF and FPF for censored survival time outcome

___________________________________________________ ’
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Issue : accommodating censoring
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A simulated sample (n = 20)

T|,_.= Exp (L/15)
Y = Ber (0.4) v C =Unif [020] t:-8
T |,.,= Exp (1/5)

Cases (10) Controls (6) Censored (4)
X, Y X, Y X, Y
13 0 8.2 0 2 0
35 0 107 1 2.2 0
7.4 0 138 1 4.1 0
0.1 1 147 0 6.8 1
0.8 1 16.7 0
2.1 1 17.4 0
23 1
2.9 1
6.6 1
7.7 1

case control censored

X <10, =1 Xi>T X <7;0, =0
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Standard of practice

- ignore censored observations "complete case” analysis

___________________________________________________ .
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- treat censored observations as controls "misclassified”
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Standard of practice

- ignore censored observations "complete case” analysis
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status |----------
T:=-1; E 2
total 10 10
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total
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Proposed solutions to TPF and FPF as function of joint
accommodate censoring distribution of (T y)

PARTIAL BAYES THEOREM

PLUG IN OF KM ESTIMATES

P(T<r|Y=1[P(Y =1

TPE =P(Y =1|T <1) = 2
P(T <r1)

FPF =P(Y =1|T >7)= P(T > TFIS\((T=>1)T§P(Y =1)

Heagerty, Lumley, Pepe , Biometrics 2000
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Proposed solutions to TPF and FPF as function of joint
accommodate censoring distribution of (T y)

'FULL' BAYES THEOREM

PLUG IN OF KM ESTIMATES

A P(T<7r|Y=1)[P(Y =1)
P(T<r|Y )P(Y =)+ P(T <7|Y =0)P(Y =0)

) P(T >r|Y 1)EP(Y 1)

Heagerty, Lumley, Pepe , Biometrics 2000
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Proposed solutions to
accommodate censoring

.. rarker
original :
1 5 total
Ter ! 3 12 TPF=
status |----------
T - 2 8 FPF=
total 10 10 30
rmarker
selected
. 1 total TPF=
i ’ ’ 1o FPF=
status |----------
T=x 4 7 5
a7 ; o

PARTTAL' BAYES

TPF= 0B4  FPF= 0.32

'FULL' BAYES

TPF= 0OBb

FPF =
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Further solutions

Verification bias

Y : marker observed on n

D : disease status (diseased / non diseased) verfied on m< n

if ascertainment of Dis costly
* one may select subjects for ascertaiment of O depending on Y
(e.g. PSA value and Biopsy for prostate cancer)

* a negative result may affect willingness to ascertain O

(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

10
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Further solutions

Censoring as a kind of verification bias

Y : marker observed on n

D =1 (T <7) : disease status verfied on m< n

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

11
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Further solutions

o Censoring as a kind of verification bias
Goal

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

I
selected "”af’ er .
. 1 total
Ter 3 7 10
status [----------
Tre) 4 2 6 - IMPUTATION
total Fi o 16 . WEIGHTING
.. marker
original : :
o L total
Tee) 4 8 12
status |----------
T =T E E B
total 10 10 70
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Further solutions

WEIGHTING the observed cases/controls

rarker
selected . ;
1 ; total
T=r 3 7 10
status [----------
T=x 4 2 g
total 7 g 16
>(I \G rrarker

estimate of

2 the original 0 1
2.2 S — - -
41 i Tzt 3 X°? 7

»P 1 T=1 4 X ? 2
total 7 =)
10

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

13



Further solutions

WEIGHTING

Cases/controls are inversely weigthed by the verification probability

case
A verified if the censoring timeis , (y Y= p(C. > X.
XisTA; = greater than the survival time (X)) (C; )
control verified if the censoring time n,(r)=P(C, >1)
X >T is greater than 1
#T <Y =0)=) 1(X, <1)A,1(Y, - 0)3——
= 7 (X))

~ _ B B n _ 1
#(T>r,Y_0)_;|(xi>r)|(\4_0)%

14
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Further solutions

WEIGHTING

How to estimates the weights?

case n(X;)=P(C;, > X,)
control  71,(7) = P(C, >7T)

Overall estimate ? Conditional estimate ?

N

7, (t) = Py (C >1) r,(t) = Poy (C>t]Y =Y,)

15
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Further solutions

OVERALL WEIGHTS

rarker
selected
0 1
T=+< 3 7
status  [----------
T=1 4 2
total 7 g
estimate of marker
the original - 1
T=1 4214 7333
status [----------
T=1 h 786 2 RET
total 10 10

total

10

16

total

11.547

8.453

20.000

/ TRF= 067
\ FPF= 025/
TPF= 064
FPF= 0.32
16
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Further solutions

CONDITIONAL WEIGHTS P
/ TPF= 067
_______________________________________ \ FPF= 025/
marker A g
selected : L T
0 1 i total
Tsq 3 7 10
status |-
Tot 1 2 g
o wtal 7 9 15
estimate of marker
the original T ot
T<t| 3829 7333 11.162 TPE= 0 EE
status |-
Tec| 6171 2 GET 5.838 — 010
total 10 10 20,000
We obtain the same estimates given by the 'full’ Bayes method
17
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Result 1

The estimates of FPF and TPF obtained by

* imputation
» conditional weigthing

» 'full’ Bayes

are all equivalent

» conditional or unconditional weigthing?

* ‘partial’ Bayes?
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Random censoring

Simulation exercise

FPF TRPF
Bias st dew mse Bias st dew mse
TRLUE 000076 002670 000071 -0.00091 0025873 0.00053
Co 0o00dgs 003422 000118 000991 003170 000107
Missclass 0.05884 002680 0004160 000791 003170 000107
Unc. Weigth -000085 003429 000118 -000187 003203 000103
Partial Bayes U.0000S 005028 00002 -0.00044 003053 000093
Cond. Weight 000019 003024 000091 -0.00082 003039 000092
Marker dependent censoring
FFPF TRF
Bias st dey Mmse Bias st dev Mmse
TRUE 000017 002554 000065 000013 002540 000036
CC 0.05342 003543 000411 003376 003091 0002410
Missclass o.01410 002451 000030( 003376 003091 000210
Unc. Weigth 0.05342 (0.03543 000411 002821 003129 0077
Partial Bayes 0.005521 002710 000076 -0.01261 002520 0007071
000017 002681 000072 -0.00002 003107 000097

Cond. Weight
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Result 2
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 3
Variability of FPF and TPF estimates can be obtained by

* 'Naive' application of the variance of the proportion
obtained on the reweigthed/imputed matrix

« Delta method since

TlsF(T) = f(éKM (7 |Y =1); éKM (71Y =0); IS(Y :1))

FPF (1) =... .



Summary

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

baseline for the detection of condition/disease
biomarker developed over time

\ 4

* 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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