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[bookmark: _GoBack]DESCRIPTION OF RE-CENSORING
The Two-Stage method and the RPSFTM involves shrinking survival times for patients who switched treatments. Usually, not all patients die during the defined follow-up period for a clinical trial – a substantial proportion are still alive at the end of trial follow-up. Since patients cannot contribute to analysis of the trial data after this point, they are in effect being censored from the analysis at the end of trial follow-up. This process is called “administrative censoring”. Administrative censoring is generally not associated with bias, because the trial cut-off date is the same for all patients, and the date of recruitment to the trial for each patient is random: hence the point at which a patient is subject to administrative censoring should not be related to prognosis. However, in the Two-Stage and RPSFTM adjustment methods, when we shrink survival times for switchers, we estimate shrunken death times for those who died during the trial, and shrunken administrative censoring times for those who were administratively censored. The extent to which these death and administrative censoring times are shrunken depends upon the estimated effect size, and if and when switching occurred. Given that we know that switching is likely to be associated with prognosis, this means that whilst administrative censoring times are not related to prognosis, shrunken administrative censoring times may be, and the shrunken administrative censoring times could therefore be associated with bias. ‘Re-censoring’ has been suggested as a solution to this problem. 
Re-censoring involves breaking the dependence between censoring time and treatment received by re-censoring adjusted survival and censoring times at the minimum of the observed censoring time and the observed censoring time multiplied by the inverse of the estimated treatment effect (in the form of a ‘time ratio’ or ‘acceleration factor’, whereby a time ratio of greater than 1 indicates that the experimental treatment extends survival). Whilst re-censoring may avoid the bias associated with adjusted censoring times being related to prognosis, it generally involves a loss of longer term information. In circumstances where the treatment effect is not constant over time this can lead to biased estimates of the longer term treatment effect.  
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Figure 3: Rank Preserving Structural Failure Time Model Adjustment Analysis Illustrated

(a) Split survival time into time 'on' treatment and time 'off' treatment for each patient
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(b) Estimate treatment effect ('g-estimation') and untreated (counterfactual) survival times
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(c) Estimate adjusted hazard ratio
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Figure 1: Marginal Structural Models and Inverse Probability of Censoring Weights Illustrated

(a) Censor Switchers at the time of switch
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(b) Estimate weights for non-censored patients, based on predictors of the probability of switching

e.g. If younger patients are more likely to switch, younger patients that did not switch receive higher weights
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(c) Estimate adjusted treatment effect by incorporating weights within standard survival analysis

Survival Probability
0.50

0.25

075

0.00

o
S

P X0 - Censored
_XO - Censored
%0 - Censored

Weight=0-0.50
Weight=0.51-0.99
Weight = 1.00
Weight=1.01-1.50
Weight > 1.50

Survival time

Control group observed
—— Experimental group weighted
——— Control group weighted

400 600 800
Survival time (days)

T T
1000 1200





image2.tiff
Figure 2: Two-Stage Adjustment Analysis lllustrated

(a) Identify secondary baseline for each patient, specifically in the control group

Note: when switching is only permitted after disease progression, use disease progression as secondary baseline
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(b) Compare post-secondary baseline survival in control group non-switchers with control group switchers
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(c) Shrink survival times in switchers according to acceleration factor, and compare to experimental group to obtain hazard ratio adjusted for switching
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