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Disclaimer

The views expressed in this presentation are those of invited contributors and
not necessarily those of the Institute and Faculty of Actuaries. The Institute
and Faculty of Actuaries does not endorse any of the views stated, nor any
claims or representations made in this presentation and accept no
responsibility or liability to any person for loss or damage suffered as a

consequence of their placing reliance upon any view, claim or representation
made in this presentation. The information and expressions of opinion
contained in this presentation are not intended to be a comprehensive study,
nor to provide actuarial advice or advice of any nature and should not be
treated as a substitute for specific advice concerningindividual situations. On
no account may any part of this presentation be reproduced without the
written permission of the Institute and Faculty of Actuaries.
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What if the proportional hazards assumption
IS not met?

A Fora Cox model * (0f ) * (0OA & we discussed two
ways to cope with non-proportionality:

A Stratify the analysis on violating variable: * (&8 ) * (0)Q
- baseline hazards vary by strata s;
- Here we add an option of modelling shape of baseline hazards
A Include time-varying effects: * (00§ h) * (OQ
- Coefficientsf 0 are continuous functions of time

A Use landmark analysis
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Parametri cCaixDo urbd ger es s i o

Components: The Cox parametric regression model
A A baseline hazard function Cw L w ASd
(which changes over time). R R0 T \
A The risk factors Zhave a log- / :
linear contribution to the I is avector of unknown

Baseline hazard
function

v

Weibull or Gompertz baseline hazard function
with scale} AT ABhape k. Shape k is modelled
as k=k(2).

parameters for scale and

force of mortality which does : .
Z is a vector of covariates

not depend on time £

Additional regression
/ model to allow varying
shape depending on

Qd /0 covariates
o ()  '
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Cox model with shared frailty

Proportional hazards model with frailty:

(eY) (O™
For mathematical convenience, it is frequently assumed that frailty U
is gamma-distributed with mean 1 and unknown variance 0 d,
Y~ Gamma(d 0 ).

The frailty variance 0 characterizes heterogeneity in the population.

Shared frailty assumption:

All patients from the same unit /clients from the same company are in the
same cluster 'Q'Q@ 1 , tdand share the same frailty Y.
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NDouilox 0 model Wil t h s ha

A Standard shared frailty Cox model : (&sY)  (O™YQ ;
A Baseline hazard ()= (01, Q;

A Cox-like parameterization for the shape of the baseline hazard function:
k(2=QQ ;

A Frailty U ~ Gamma with mean 1 and variance U .

A If needed, competing risks can be introduced through correlated shared frailty
components.

Find MLE of the vector of unknown parameters d=(_, Q, 0 , 1,1 ).

This model was introduced in [1] for analysis of time to revision/

time to death after hip replacement.
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Different shapes of cumulative hazards for
revision surgery after hip replacement

Cumulative hazard function by type of bearing
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