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Neuroblastoma is a childhood malignancy originating in the sympathetic
nervous system [3], which accounts approximately for the fifteen percent of
solid tumour related childhood deaths [1, 2]. The clinical courses of the neu-
roblastoma are heterogeneous and may vary from spontaneous regression to
fatal progression. Accordingly, an accurate risk estimation of each individual
patient at diagnosis is essential for appropriate treatment stratification.

Gene expression-based approaches have been demonstrated to precisely
predict the neuroblastoma risk outcome [1, 2]. In particular, many machine
learning techniques can estimate, at different levels of accuracy, the risk of
a patient on the basis of a well-established prognostic endpoint, e.g. 5-years
Event-free Survival (EFS) or 5-years Overall Survival (OS). As resulting
from the FDA SEQC study, the most accurate classifiers for clinical end-
points of neuroblastoma tend to a large number of features. This is a limiting
cause for the actual application of these kind of predictors for stratification
and prognosis in particular.

In this paper, we propose a deep learning based solution that combines
prognostic and diagnostic aspects to define a highly accurate gene expres-
sion based classification. In particular, we developed a novel multi-objective
learning method that optimises a deep neural network based on two distinct
loss functions: one encoding the EFS marker, and the other encoding the OS
marker. Diagnostic information are also combined and applied as network
regulariser. Our approach is able to achieve comparable classification per-
formances with respect to other existing state of the art solutions, but with
a substantial reduction in the number of features involved in the analysis.

The experimental evaluation has been applied on a publicly available
dataset consisting of 477 patients (238 in the training set, and 239 in the
test set), previously used in the SEQC study.
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