
Objectives

Tacrolimus is an immunosuppresive drug that is used after organ transplant to
reduce the activity of the patient’s immune system and so lower the risk of organ
rejection. Its defining properties are its narrow therapeutic range, possible toxic
side effects and a blood concentration with a wide intra-and interindividual va-
riability. In order to ensure clinical efficacy and avoid toxic side effects, it is of
pivotal importance that the tacrolimus blood concentration is monitored rigidly.
In our ICU, tacrolimus blood concentrations are measured on a daily basis (8am)
and tacrolimus medication is administered twice a day (8am and 8pm). In this
study we employ machine learning techniques in order to determine the tacrolimus
blood concentration of a patient following his evening dose of tacrolimus. Accurate
predictions of the tacrolimus blood concentration allow us to optimize the dosing
regime, resulting in optimal clinical effect.

Methods

270 potentially clinically relevant parameters (including admission data, parame-
ters indicating renal dysfunction, parameters indicating liver dysfunction, other
physiological parameters, administered medication, ...) were selected from 188 pa-
tients who underwent organ transplantation. In order to acquire a general model,
we limited the number of examples per patient to five, resulting in a total num-
ber of 756 examples to learn from. Relevance vector machines (RVM) were used
to determine which of these clinical parameters are relevant for predicting future
tacrolimus blood concentrations and how they interact. One of the difficulties is
the selection of clinically relevant parameters. However, since RVM’s are known to
produce sparse results, parameter selection can be guided by the resulting models.
Furthermore, in order for the model to be easily interpretable, we chose to employ
RVM’s in input space only.

Results

Given the relatively small number of examples contained in the dataset, we used
10-fold cross-validation in order to evaluate the different models. This was done
by calculating the mean absolute error between the predicted values and the cor-
responding target values. In clinical practice, a combination of the previous tacro-
limus blood concentration and the two most recent tacrolimus doses are used in
order to predict the future tacrolimus blood concentration of a patient. As a base-
line, we created an RVM using exactly these clinical parameters. This resulted in
a mean absolute error of 2.30ng/ml. Extending the previous model and including
the six most recent doses of tacrolimus instead of only the two most recent ones
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resulted in an improvement of the mean absolute error to 2.24ng/ml. Adding other
clinical parameters did not improve the results any further. Except for the case of
diflucan which, when coadministered with tacrolimus, resulted in a significant rise
of the tacrolimus blood concentration. In this case, the mean absolute error was
found to be 2.22ng/ml.

Conclusions

In this study we identified a number of clinical parameters which are clearly pre-
dictive for tacrolimus blood concentrations. These parameters are: the previous
tacrolimus blood concentrations, the six most recent doses of tacrolimus and the
administration of diflucan. In future work we will further extend our techniques
in order to improve our results even further.
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