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Introduction

• Comparison of the life experience of two (or more) groups

• Well-known nonparametric methods for survival data: 
"weighted logrank statistics"

- Mantel (1966)
- Breslow (1970)
- Prentice (1978)

• Though the proportional hazards model is most popular for
censored survival data, these approaches can still be
appealing for homogeneous populations
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Introduction (2)

• Statistical tests should relate to well interpretable statistical
measures of effect size

– Constant relative risk over time:
• Mantel´s test is most powerful
• The well interpretable measure of effect size for Mantel´s test is

the early Mantel-Haenszel (1959) estimator

– Time-varying relative risk:
• Tests by Breslow or Prentice may be preferred (declining

effects)
• Corresponding relative risk measures are unknown
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General scheme of estimators and tests

Combined sample of n individuals of 2 groups G0 and G1:

– m distinct uncensored survival times t1 < t2 < … < tj < … < tm

– at each tj the data can be summarized as

dj

d1j

d0j

Died

njnj � djTotal

n1jn1j � d1jG1

n0jn0j � d0jG0

TotalSurvivedGroup
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Weighted logrank statistics

• Weighted logrank statistics

• Only differ by weights wj attached to statistic T at different 
time points:
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Average relative risk estimator

For wj = 1, the numerator of TM:

and thus
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Average relative risk estimator

For wj = 1, the numerator of TM:

and thus

The well-known Mantel-Haenszel estimator is defined as:

Mantel´s test can be interpreted as a significance test of the departure
of RRfrom unity!
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Weighted Mantel-Haenszel estimator

More generally, the numerator of weighted logrank statistics:

and thus

A weighted Mantel-Haenszel estimator of relative risk RR
can be defined as 
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Mantel-Haenszel (RRMH)Mantel (TM)1

Prentice-type estimator (RRP)Prentice (TP)S( tj )

Name of Estimator

(Symbol of Statistic)

Name of Test 
(Symbol)

Weight

Scheme of known and novel estimators and tests
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Interpretation of weighted estimators of relative risk

Analysis from uncensored samples:

wj=1: RRMH can be interpreted as an average relative 
risk, averaged over all death times (Mantel-
Haenszel, 1959)

wj=S( tj ): RR can be interpreted as an average relative 
risk, with time-specific components
weighted according to their importance

In this case RRestimates also the odds of 
concordance

0 1

0 1

( )
1 ( )

P T T
OC

P T T
<

=
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Interpretation of weighted estimators of relative risk (2)

Analysis from censored samples and possibly
time-varying relative risk : 

G( tj ): estimator of censoring distribution (estimated like
survival distribution, but with the meaning of 
censoring indicator reversed

G( tj ) � 1: used to compensate the attenuation in 
observed events due to censorship

The appealing identity of RRP and OC opens a route to estimate
OC also under censoring

wj = G( tj )� 1 for RRMH

wj = S( tj )G( tj )� 1 for RRP
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Scheme of known and novel estimators and tests (2)

mod. Mantel-Haenszel (RRMH
*)modified Mantel (TM

*)G( tj )�1

Mantel-Haenszel (RRMH)Mantel (TM)1

mod. Prentice-type estimator
(RRP

*)
modified Prentice (TP 

*)S( tj ) G( tj )�1

Prentice-type (RRP)Prentice(TP)S( tj )

Name of Estimator

(Symbol of Statistic)

Name of Test 
(Symbol)

Weight
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Examples: Gastric cancer
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Examples: Gastric cancer

0.031.75w = S

0.031.72w = S/G

0.301.28w = 1/G

0.251.31w = 1

p-valueRRWeight
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Examples: Primary biliary cirrhosis

4.93w = S

3.64w = S/G

2.89w = 1/G

4.22w = 1

RRWeight
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Examples: Incidence dialysis

1.22w = S

1.05w = S/G

0.91w = 1/G

1.13w = 1

RRWeight
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Examples: Cancer in dogs

3.25w = S

6.93w = S/G

7.05w = 1/G

3.34w = 1

RRWeight
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Concluding remarks

For time-varying relative risk :

• Weighted estimators have been considered as estimators of 
an average relative risk.

• Inverse probability of censoring weighting permits to retain
this interpretation also under censoring.

• Modified Prentice-type estimator RRP
* has been derived as 

an estimator of OC and thus of P(T0 < T1).

• The newly introduced estimators of relative risk correspond
to weighted logrank statistics.
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