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The traditional framework

Objective of pronostic markers/scores
• To early stratify patients according to their risk for future

event.
⇒ Adaptation of the therapy.
⇒ Adaptation of the follow-up frequency.
⇒ Information for patients, etc.

The methodology always used in the past (single marker)
• Kaplan-Meier estimator.

⇒ High distance between curves = High prognostic capacity.

• Log-Rank statistic.

⇒ Small p-value = High prognostic capacity.

• Cox model (with possible adjustment).

⇒ High value of the HR = High prognostic capacity.
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Example

haematologica | 2009; 94(11) 
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Methodological issues (1)

P-values
• P-value depends on the sample size :
⇒ Small differences between survival curves may be

significant for study with large sample size.
⇒ Great differences between survival curves may not be

significant for study with small sample size.

• Small p-value only demonstrates that the correlation is
not observed by chance.

• P-value does not inform on prognostic accuracies.
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Methodological issues (2)

Hazard Ratio (HR)

• HR does not inform on prognostic accuracy.

• Ex : Fictive data on CD34+ (same follow-up for all patients).

Decrease CD34+ Stable CD34+ Total
Relapse 19 9 28

No Relapse 24 38 62
Total 43 47 90

, HR = Incidence Decrease
Incidence Stable = 19/43

9/47 = 2.31.

/ Sensitivity : Pr(Decrease|Relapse) = 19/28 = 68%.

/ Specificity : Pr(Stable|No Relapse) = 38/62 = 56%.
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Sensitivity and specificity

Problem
• A marker can be highly correlated with the risk of event

but with low predictive capacities.

⇓

The sensitivity and specificity for a prognostic up to time t
• SEt is the proportion of patients that are classified as

high risk, among all the patients who experience the
event before time t .

• SPt is the proportion of patients that are classified as
low risk, among all the patients who do not experience
the event before time t .
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Problem with censored data

Time  
T=0  T=t  

event 

event 

event 

no event 

no event 

no event 

prognostic 
time  
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Problem with censored data

Time  
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ROC curve for censored data

• Heagerty et al. ∗ proposed a correction for censored
data.

• The authors proposed estimators of time-dependent
sensitivity and specificity.

• Method available in a lot of statistical software.
• Nevertheless, the method is not often used in

practice....

⇓

We proposed a simple methodology for computing
time-dependent sensitivity and specificity by using (already)

published survival curves.

∗. Heagerty PJ, Lumley T, Pepe MS. Time dependent ROC curves for
censored survival data and a diagnostic marker. Biometrics 56 :337-344,
2000. 10 / 24
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Definitions

Number of low risk 
individuals 
NLR = 47 

Number of high risk 
individuals 
NHR = 43 

Prognostic time 
 t = 6 

Survival in low 
risk group 
SLR = 55% 

Survival in high 
risk group 
SHR = 25% 
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Time-dependent sensitivity

• The proportion of patients that are correctly classified
as high risk (HR), among all the patients who
experience the event before t :

SEt =
(1− SHR)× NHR

(1− SHR)× NHR + (1− SLR)× NLR

• Application :

SE6 years =
(1− 0.25)× 43

(1− 0.25)× 43 + (1− 0.55)× 47
= 60%
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Time-dependent specificity

• The proportion of patients that are correctly classified
as low risk (LR), among all the patients who do not
experience the event before before time t :

SPt =
SLR × NLR

SHR × NHR + SLR × NLR

• Application :

SP6 years =
0.55× 47

0.25× 43 + 0.55× 47
= 71%
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Predictive values

• PPVt : The positive predictive value is the proportion of
patients who experience the event before t , among all the
HR patients.

• NPVt :The negative predictive value is the proportion of
patients who not experience the event before t , among all
the LR patients.
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Predictive values : direct evaluation
from the survival curves

Prognostic time 
 t = 6 

 
NPV = SLR 

PPV = 1- SHR 

⇒ PPV6 years = 100%− 25% = 75%
⇒ NPV6 years = 55%
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Warning : PPVt and NPVt depend on
the overall survival

Let St be the overall survival at time t :

PPVt =
SEt × (1− St)

SEt × (1− St) + (1− SPt)× St

NPVt =
SPt × St

SPt × St + (1− SEt)× (1− St)

Initial study New population
St 41% 55%

SE6 years 60% 60%
SP6 years 71% 71%

PPV6 years 75% 63%
NPV6 years 55% 68%
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Calculator : EVALBIOM
(www.divat.fr/en/online-calculators/)
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Prognostic biomarker abilities at
6 years

Parameters Values

Sensitivity 60.4 %
Specifity 70.6 %

At 6 years, prognostic biomarker abilities can lead to the following
error rates:

⇒ among the patients who should suffer the event, 39.6% may
be incorrectly classified as low risk.

⇒ among the patients who should not suffer the event, 29.4%
may be incorrectly classified as high risk.
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Prognostic biomarker abilities for
59.3% of events at 6 years

Parameters Values

Positive predicted value 75 %
Negative predicted value 55 %

Assuming 59.3% of events before 6 years, one can expect that the
following error rates:

⇒ HR-classified patients have 25% of risk to not suffer the
event.

⇒ LR-classified patients have 45% of risk to suffer the event.
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Expected predicted values (in %)
according to the population frailty
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Conclusion

In order to evaluate prognostic capacities of marker from
censored data :

• The time-dependent ROC theory have to be used from
individual data.

• Other concordance indexes exist.
• If only survival curves are available : you should use the

previous formulae for a better interpretation of results.

1 Compute time-dependent sensitivity and specificity,
which do not depend on the event probability.

2 Compute time-dependent predictive values according to
your population.

• If more than two survival curves : you can merge
groups together.
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