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Objective Summary

Kaplan-Meier survival curves are non-parametric methods often OBJECTIVES: The Cox proportional hazards (PH) model is commonly used to describe time-to-event data in CEAs. Although this methodology

used to evaluate survival distribution in cohort of patients in the has many advantages, it requires proportional hazards, a strong assumption that is rarely checked and hardly verifiable in case of lack of individual
clinical trials. In modelling the course of disease in cost-effectiveness patient data (IPD). Time-to-event outcomes are usually reported in clinical studies by Kaplan-Meier plots with median time-to-events or hazard
analyses (CEAs) the common practice is to digitalize published ratios. In CEAs, the common practice is to digitalize the published Kaplan-Maier graphs and fit parametric model to predict the treatment effects.
Kaplan-Maier graphs and to fit parametric model to predict the However all these data are insufficient to get unambiguous and objective results of conventional PH assumption tests. Our aim was to present two
treatment effects on time-to-event variables in considered population alternative algorithms of how PH assumption may be checked based on data reported in clinical studies.

of patients. [1]
METHODS: The first method applies the algorithm proposed in Guyot 2012 (BMC Medical Research Methodology 2012, 12:9) which closely

One of parametric methods broadly applicable in CEAs is the Cox approximates the original Kaplan-Meier curves from published graphs. Advanced, analytical techniques were adopted to estimated IPD to check
proportional hazards (PH) model. The wide popularity of this model PH assumption. The second algorithm utilizes the Weibull model fitted to digitalized Kaplan-Maier data. Statistical tests for comparison of the fitted
in the survival analysis included in CEAs follows largely from the shape coefficients were applied to verify PH assumption (in Weibull model if difference between shape coefficients is statistically insignificant

fact that it is distribution-free, i.e. no assumption has to be made PH assumption is accepted). The accuracy of both algorithms was assessed in theoretical computer simulations and by comparing results of
about the underlying distribution of survival times to make inferences published IPD analysis and discussed algorithms on empirical data from trials systematically identified in Medline.

about relative event rates. Convenient features of Cox model cause

extensive popularity of this method in applications. Although this RESULTS: The validation exercise established there was agreement in results of PH testing by IPD analysis and proposed algorithms.
methodology has many advantages, it relies on PH assumption that The inconsistency areas were specified.

is rarely checked and hardly verifiable in case of lack of individual

patient-level data (IPD). CONCLUSIONS: The algorithms are a reliable tools for testing PH assumption of time-to-event data in case of lack of IPD. It is recommended that

all CEAs where survival analysis was included should test PH assumption using at least one of proposed methods.

Due to the fact that data available in clinical studies usually are
cumulative it is insufficient to get unambiguous and objective
results of conventional, statistical PH assumption testing. Research
work has been carried out to examine the utility of two alternative

algorithms applied to data reported in clinical studies to PH Figure 1. Compa_"'so'; of correct Znslwef_?hP’OP_O’ﬁO"S C;epe"ding on _Stua;y J
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different, algorithm performs poorer, for curves with similar scale
parameters, as is often the case in practice, method works much better
(with proportion of correct answers greater than 60%, irrespective of Weibull PH GuyotPH  ——Weibull NPH  —=Guyot NPH
study arms sizes, data not shown).

The first method applies the algorithm proposed in Guyot 2012 [2]
which closely approximates the time-to-event IPD from Kaplan-Meier
graphs published in clinical studies. Next advanced, analytical
techniques are adopted to estimated |IPD to check PH assumption.
We apply built-in R statistical software procedure cox.zph which
calculates tests of the PH assumption for included covariates (in our
case only group assignment), by correlating the corresponding set
of scaled Schoenfeld residuals with a suitable transformation of time Table 1. Results of computer simulation, proportion of correct answers

Sample size

Detailed results are presented in Table 1.

[3]. It is well-known statistical test for verification of PH assumption | Conclusions
Study arms sizes Method based on Method based on

based on IPD. (n,, n,) the Weibull model Guyot 2012 algorithm
The second algorithm utilizes the Weibull model fitted to digitalized Non-proportional hazard (different shape parameters) Investigating if the PH assumption is satisfied should be an
Kaplan-Maier data. Proposed method is a variant of the graphical n, n, =20 91.6% 35 99, integral part of a Cox survival analyses included in CEAs.
procedure broadly used to check the PH assumption in the Cox The proposed algorithms are a reliable tools for testing PH

ituation | isf i Ny M = 100 98.3% 54.2% tion of time-to-event data | f lack of IPD. It
model. In that situation if the model satisfies the PH assumption assumption of time-to-event data in case of lack o Ctis
then the graph log[-log(S(t))] vs log(t), where S(t) denotes n., n, =500 99.9% 67.2% recommended that all CEAs, which include survival analysis,
the proportion of survivors in time t, for compared study arms | should test PH assumption using at least one of proposed or

. . , _ Proportional hazard (equal shape parameters) :

should results in parallel lines. Graphical methods can be highly equivalent methods.
subjective and there are no clear guidelines how to interpret the Ny, n, =20 33.6% 98.9%
plots. Therefore, to make it possible to compare the curves for n,n =100 18.6% 98.1%

a study arms, a criterion for rejection PH assumption is needed.
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based on the Weibull model. Both methods are sensitive to small study
arms sizes, that causes significantly worse statistical tests performance.
Uncertainty of empirical results are also connected with model fitting error
(for method based on Weibull model) and digitalization error.

Weibull distribution scale and shape parameters were simulated
using uniform distribution on the [0.01, 10] interval. Due to the
hazard function in the Weibull model equal shape parameters in
both study arms were selected for proportional hazard and different
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