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I. INTRODUCTION 

A shift toward a data-driven socio-economic health model is 

occurring. This is the result of the increased volume, velocity 

and variety of data collected from the public and private sector 

in healthcare, and biology in general. In the past five-years, 

there has been an impressive development of computational 

intelligence and informatics methods for application to health 

and biomedical science. However, the effective use of data to 

address the scale and scope of human health problems has yet 

to realize its full potential. The barriers limiting the impact of 

practical application of standard data mining and machine 

learning methods have been inherent to the characteristics of 

health data. Besides the volume of the data (‘big data’), these 

are challenging due to their heterogeneity, complexity, 

variability and dynamic nature. Finally, data management and 

interpretability of the results have been limited by practical 

challenges in implementing new and also existing standards 

across the different health providers and research institutions. 

The scope of this Special issue is to discuss some of these 

challenges and opportunities in health and biological data 

science, with particular focus on the infrastructure, software, 

methods and algorithms needed to analyze large datasets in 

biological and clinical research. After a rigorous review 

process, 15 articles were selected for publication in this special 

issue. They are briefly discussed in the following. 

II. A BRIEF OVERVIEW OF THE PAPERS IN THIS 

SPECIAL ISSUE 

The first thematic area is the use of deep learning to solve 

predictive tasks in healthcare and biology. Six papers address 

this. From the diagnosis of Autism spectrum disorder [2] and 

mental disorder [6, 7], to the use of autoencoders to cluster 

similar event logs in latent space [8]; from the automatic 

assignment of ICD-O3 topography and morphology codes to 

free-text cancer reports [13]  to the red blood cell segmentation 

and classification from microscopic images [14]. Interestingly, 

in [14] the authors apply deformable convolution layers to 

enable freeform deformation of the feature learning process, 

thus making the network more robust to various cell 

morphologies and image settings. 

Next, the issue of the interpretability of the results obtained 

in the analysis of health and biological data is addressed. Paper 

[8] proposes to explain the clusters labels by decoding the 

corresponding events; paper [13] compares alternative 

architectures in terms of prediction accuracy and 

interpretability. In this analysis, an element-wise maximum 

aggregator performs slightly better than attentive models, 

offering a way to interpret the classification process. Paper [3] 

makes use of Extreme Gradient Boosting, Artificial Neural 

Network Models and Symbolic Regression (SR) to diagnose 

Parkinson’s Disease by monitoring the gait of the patients. The 

Extreme Gradient Boosting, Artificial Neural Network models 

were found to outperform Symbolic Regression, although the 

latter gives more easily readable and interpretable results. 

 In Paper [1], the authors opt for the use of an expert system 

based on medical domain knowledge, rather than for machine 

learning. They make use of a belief rule based method with 

evidential reasoning to provide a white-box model to analyze 

radiologist behavior in making diagnosis. 

A number of papers address definition and/or extraction of 

new interesting features. For example, paper [2] introduces the 

generation of single-volume brain images from the whole-brain 

image; and paper [4] develops a model for automatic detection 

of new-onset atrial fibrillation during sepsis from a number of 

meta-features extracted from electrocardiogram signals. 

Finally, paper [7] applies self-supervised representation to the 

training of a deep neural network to recognize distinct cognitive 

activities in healthy individuals. In this way, the model learns 

how to encode high-level semantic information, used for 

discriminating between control subjects and patients with 

dementia. In paper [5], the authors apply two methods for 

network reconstruction along with a number of clustering 

techniques to discover features associated with specific 

phenotypes. 

As papers [2, 3, 4, 6], paper [9] addresses early diagnosis / 

risk prediction or, more precisely, decision support for patients 

with Chiari I Malformation, proposing a fully automated 

method to select the optimal intervention. 

  Two other applications discussed are those dedicated to the 

prediction of drug sensitivity [11] and drug repositioning [12]. 

In [11] the authors predict the sensitivity of cell lines to anti-

cancer drugs using different classification algorithms. 

Algorithmsare then ranked using a reinforcement learning 

approach. In [12], the authors address the problem of drug 

repositioning using Non-negative Matrix Tri-Factorization, a 

method that exploits both data integration and machine 

learning, to infer novel indications for approved drugs. The 

authors integrate different heterogeneous data types about drugs 

and proteins (possible drug targets) by modeling different 

entities and their relationships as a multi-partite graph. Then 

they propose a shortest-paths-based method to infer 

relationships between elements of different type, as well as 
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between them and other nodes that were not originally linked in 

the graph. 

Paper [10] uses stochastic Markov-chain based methods to 

model and simulate the kinetics of fluorescence loss that is due 

to stochastic events of cell division. Fuzzy Self-Tuning Particle 

Swarm Optimization is used for automatic parameters setting.  

 Finally, paper [15] presents the state of the art for healthcare 

data ingestion services on the cloud. Importantly, it addresses 

the need to facilitate data storage and large-scale analysis and 

the urgency of considering the issues such as security, 

availability and disaster recovery and challenges posed by the 

lack of data standards together with their heterogeneous and 

sensitive nature. 

III. CONCLUDING REMARKS 

Overall, this special issue contains several references to the 

use of artificial intelligence, machine learning and modeling in 

the health sector. There are examples of integration of 

heterogeneous and very numerous and complex data and the 

theme of interpretability is always present.  

In this regard, the choice towards the use of traditional 

machine learning and artificial intelligence approaches rather 

than deep learning, seems to be driven by the number of 

available examples and the need of model transparency. 

However, there are also interesting examples of seeking for 

transparency with deep learning methods.  

It is also evident that the definition of features and meta-

features of clinical interest on the one hand increases the 

interpretability of the model, and on the other hand, seems to 

facilitate the learning process. Therefore, there is an urgent need 

to consider technological solutions, such as the cloud, capable 

of coping with the large amount of clinical data currently 

produced, meanwhile considering the representation of these 

data. 

We hope that the clinical data modeling and prediction works 

presented in this special issue can inspire and offer application 

examples, and potential solutions, to scientists working in the 

expanding field of data science for healthcare. 
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