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Abstract—Biologists are stepping up their efforts in understanding the biological processes that underlie disease pathways in the clinical

contexts. This has resulted in a flood of biological and clinical data—genomic sequences, DNAmicroarrays, protein interactions, biomedical

images, disease pathways, etc. The rapid adoption of ElectronicHealth Records (EHRs) across healthcare systems, coupled with the

capability of linking EHRs to research biorepositories, provides a unique opportunity for conducting large-scale PrecisionMedicine

research. As a result, datamining techniques, for knowledge discovery and deriving data driven insights from various data sources, are

increasingly important inmodern biology and healthcare. The purpose of this special section is to bring together the researchers in

bioinformatics, healthcare informatics, and datamining to share about their current research, and their visions on future directions.

Index Terms—Biological data mining, bioinformatics, healthcare
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1 INTRODUCTION

TODAY, biologists are stepping up their efforts in under-
standing the biological processes that underlie disease

pathways in the clinical contexts. Recent advances in bio-
technology have resulted in a flood of biological data such
as genomic sequences, DNA microarrays, and protein inter-
actions. At the same time, the healthcare industry has begun
to embrace powerful big data technologies, leading to a dra-
matic shift toward data-driven healthcare management and
decision making. While these data are useful for knowledge
discovery and decision making, we are in a situation where
our capability of generating biomedical data has greatly sur-
passed our abilities to mine and analyse them. As a result,
large amounts of complex clinical data about patients, hospi-
tal resources, disease diagnosis and electronic patient records
have been generated. However, we are faced with the follow-
ing challenges: how to properly handle noisy and incomplete
data (e.g., protein interactions have high false positive and
false negative rates), how to efficiently process computation-
ally-intensive tasks (e.g., large scale graph mining), and how
to integrate heterogeneous data sources (e.g., linking genomic
datawith clinical databases).

Data mining techniques, designed to extract useful infor-
mation from large databases or data warehouses, have
started to demonstrate their huge potentials in solving the
aforementioned challenges and could be the next technical
innovation that enables biologists andmedical researchers to
gain insightful observations and make groundbreaking

discoveries in molecular biology as well as the pharmaceuti-
cal and clinical domains. Therefore, there are unprecedented
opportunities for data mining researchers to contribute to
thismeaningful scientific pursuit togetherwith the biologists
and clinical scientists.

2 THIS SPECIAL SECTION

We started our workshop series on “Biological Data Mining
and its Applications in Healthcare (BioDM)” in 2009, and it
has since been held in conjunction with the IEEE Interna-
tional Conference on Data Mining (ICDM) each year. This
special section provides a leading focused forum for timely,
in-depth presentation of recent advances in algorithms, the-
ory, and applications on data mining technologies for bio-
logical and clinical data. The papers have been selected
through a rigorous reviewing process, addressing classic
problems in healthcare, such as healthcare quality manage-
ment, biomedical annotations, clinical outcome prediction,
and military acute concussion evaluation, as well as tasks in
biological studies such as protein sequence analysis, protein
function prediction, genetic selection. Overall, the special
section includes two lines of work.

Biological Data Mining. The paper “From Protein
Sequence to Protein Function via Multi-Label Linear Dis-
criminant Analysis” written by Huang et al. concerns the
problems of protein function prediction and solves it with a
novel Multi-Label Linear Discriminant Analysis (MLDA)
approach. In the paper “Towards Unsupervised Gene Selec-
tion: A Matrix Factorization Framework,” Jianqiang Li and
Fei Wang propose a novel unsupervised two-stage coarse-
fine gene selection method that filters out redundant genes
with a k-means algorithm and then selects the most repre-
sentative genes using matrix factorization techniques. The
paper “Efficient Approach to Correct Read Alignment for
Pseudogene Abundance Estimates” by Chelsea J.-T. Ju,
Zhuangtian Zhao, and Wei Wang proposes an extension of
the PseudoLasso to learn the read alignment behaviors for
RNA-sequencing, which is the leading technology to quan-
tify expression of thousands of genes.
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Clinical Data Mining. In addition, entity relationships,
data representation, and pattern mining based on EHR
data also receive extensive attentions. In the paper
“Applications of Transductive Spectral Clustering Meth-
ods in a Military Medical Concussion Database,” Peter B.
Walker, Jacob N. Norris, Anna E. Tschiffely, Melissa L.
Mehalick, Craig A. Cunningham, and Ian N. Davidson
demonstrate the advantages of spectral graph methods in
identifying the relationship between the administration of
specific medications and reductions in traumatic brain
injury symptomology from a big military medical data-
base. In the paper “Modeling Healthcare Quality via Com-
pact Representations of Electronic Health Records,” Jelena
Stojanovic, Djordje Gligorijevic, Vladan Radosavljevic,
Nemanja Djuric, Mihajlo Grbovic, and Zoran Obradovic
learn vector representations of patient conditions and clin-
ical procedures in an unsupervised manner from a large-
scale EHR database comprising more than 35 million hos-
pitalizations. In the paper “Prognosis of Clinical Outcomes
with Temporal Patterns and Experiences with One Class
Feature Selection,” Jelena Stojanovic, Djordje Gligorijevic,
Vladan Radosavljevic, Nemanja Djuric, Mihajlo Grbovic,
and Zoran Obradovic propose a framework that learns
predictive models based on the temporal patterns in the
clinical records that are prognostic markers and use
these markers to train predictive models for eight clinical
procedures. In another paper “Bi-convex Optimization to
Learn Classifiers from Multiple Biomedical Annotations,”
Xin Wang and Jinbo Bi propose a general optimization
approach for solving the label ambiguity problem in bio-
medical data.

3 CONCLUSIONS AND FUTURE DIRECTIONS

This special section contains seven high quality papers,
which cover different aspects on biological data mining and
its applications in healthcare. For future research, the fol-
lowing directions are very promising:

� Integration of biological and clinical data. The ability to
combine biological data with clinical data effectively
will be a key enabler for precision medicine research.

� Privacy preservation. Mining useful information from
both biological and clinical data without leaking sen-
sitive patient information is an important research
problem.

� Knowledge integration. The biological and clinical
knowledge are invaluable for healthcare. With lim-
ited patient samples, combining knowledge and
data in the mining process is crucial.
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