Old-for-old simulation methodology

We followed the approach outlined in the figure below (Fig. 4a in the article) to simulate graft survival, as if an old-for-old allocation program had been employed in the time period studied. Old-for-old matching was performed following the Eurotransplant Senior Program (ESP) allocation rules: Donor and recipient age ≥65 years, only recipients with no prior transplants, recipient panel reactive antibodies (PRA) ≤5%, no human leukocyte antigen (HLA) matching, and a policy to keep cold ischemic time (CIT) relatively short. For our old-for-old simulation, CITs of 65+ grafts were artificially reduced by a factor 12/19, thus mimicking the effect observed in the ESP:
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For each existing or newly matched donor kidney + recipient combination, a theoretical graft survival time was calculated, following the methodology outlined below.

In Cox proportional hazards analysis, the model is given by:
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where H(t) is the hazard function for a given set of covariates with their respective values, H0(t) is the baseline hazard function (the hazard function when all covariates are at their baseline value), bi is the i-th regression coefficient, and xi is the value of the i-th covariate in the Cox model. The hazard function can be converted into a survival function:
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This also implies that the baseline survival function (the survival function when all covariates in the Cox model are at their baseline value) will be:
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Using SPSS, we derived the actual baseline survival function data points underlying a Cox model for graft failure in our dataset. These data points were plotted in a graph:
[image: image14.emf]
Based on the shape of this graph, and on established knowledge about survival analysis in organ transplantation, we estimated that the baseline survival function would follow an exponential course:
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where t is time posttransplant. Values for a and c were derived by means of a least square fit to the baseline survival data points derived from this Cox model (black fitted line in figure above, with values for a and c shown in the fitted formula, upper right corner). Next, a survival function was obtained for each existing or newly matched combination by combining equations [1], [2], and [3]:
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where bi is the i-th regression coefficient and xi is the value of the i-th factor in the Cox model. However, to construct a Kaplan-Meier graft survival curve for the whole group of newly matched pairs, we needed a distinct time-to-failure for each new case, not a survival function. By combining equations [4] and [5], an equation for graft survival time (time-to-failure) of any donor kidney + recipient combination was derived:
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where s is a random number between 0 and 1 generated for each recipient, and T is the simulated time-to-failure for the graft. The random number s can be understood as follows: By converting equations [4] and [5] from S(t) into T(s) (by simple algebraic inversion), equation [6] was obtained. Graphically, this can be visualized as switching both axes of the survival plot. The number s would actually represent the survival probability (possible range 0-1) for this particular new case at a given time posttransplant. Since time is now a function of the survival probability, this survival probability s needs to be filled in into equation [6] to obtain a time-to-failure for this case. If a probability needs to be filled in, there is no reason why any particular value between 0 and 1 would be favoured more than another. Therefore, for each simulated new case, we generated a random number between 0 and 1 for s and filled in this number into equation [6]. Doing so yielded a simulated time-to-failure for this particular case. The basis for this calculation is pure chance, but then this chance is “weighed” by the shape of the survival curve for this unique case, defined by the weight of all individual risk factors that apply for this newly matched donor kidney and recipient pair.
Using the calculated time-to-failure value of each new case, the simulated Kaplan-Meier plots (fig. 4b and 4c in the paper) were produced.
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