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Abstract

The use of information technology solutions has become an innovative way to treat patients in
hospitals. The creation of a framework based on the development of ontology to structure
information on patients with breast cancer is developed. The main aim is to find patterns of
information that can be drawn after analyzing the data using text mining techniques. The obtained
knowledge can be used for decision-making by health specialists or can make the subject of
research for improvement of the health care system.
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Introduction

In the Republic of Panama, medical information (e.g. medical charts) [1] is not stored
electronically, and this behavior affects the health system of the country. Patient information is
stored on different media making any medical administrative task very difficult [2]. This problem
affects the country's health system, since there are no data are available for decision-making.

Application of Information and Communication Technology (ICT) in issues affecting healthcare
is increasing. The main advantage of ICT is that it allows efficient alternative diagnoses and
proficient monitoring of patient healthcare. For specialists this translates into an improvement in
access to relevant information, leading to high-quality healthcare services, lower costs and better
patient participation in modern healthcare systems [3].

Health Information Technology (HIT) tools and technologies have the potential to improve the
health care systems and could lead to high-quality healthcare services in modern health systems [4].
Knowledge was and still is a powerful strategic tool for a health organization, analyzers, and
healthcare policy makers in regards of extracting and managing information for innovation. Human
knowledge [5,0] is thus a powerful strategic tool for organizing and managing in the process of
healthcare innovation, competitive advantage, transfer of learning and collaborative work [7].

This work will focus on supporting the group of palliative care specialists [8] who treat patients
with breast cancer in health organizations in Panama city by providing updated knowledge that will
be extracted from the medical records of patients for making decisions more effectively.

In Latin America and the Caribbean, 27% of new cancer cases and 15% of cancer deaths are
due to breast cancer [9,10]. In North America, 30% of new cases and 15% of cancer deaths in
women are related to breast cancer [9,11].
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Breast cancer is the most common cancer in women in both developed and developing
countries [12,13]. Is the most frequently diagnosed cancer [14,15] and the leading cause of cancer
death in females worldwide, accounting for 23% (1.38 million) of the total new cancer cases and
14% (458,400) of the total cancer deaths in 2008. About half the breast cancer cases and 60% of
the deaths are estimated to occur in economically developing countries[16].

The incidence of breast cancer [17] is increasing in the developing world due to increased life
expectancy, increased urbanization, aggressive screening programs, and the adoption of lifestyles
associated with westernization. In Panama, 21% of new cancer cases and 15% of cancer related
deaths in women ate due to breast cancer [18,19]. The trend of recent years shows that both the
incidence and mortality from breast cancer is still increasing.

The clinical data of patients in the palliative care unit ate stored as text medical documents.
Medical specialists need specialized tools for the retrieval and analysis of such data. There is no
technological model based on innovative sources that provide substantial patient information or
that can help doctors to develop research or knowledge management and allow the development of
procedures and techniques necessary to improve the quality of patients in palliative care centers in
the country.

This manuscript presents the development and implementation of a framework for extracting
knowledge, based on the development of ontology to structure information and text mining using
algorithms that are applied to find patterns to elicit information from medical records of patients
with breast cancer.

Capabilities Framework

Palliative Care

Classically, the attention of the person with terminal cancer has become the reason for palliative
care [20]. Palliative care is defined as an approach to improve the quality of life of patients and their
families facing the problem associated with a mortal illness, through the prevention and relief of
suffering by means of early identification, assessment and treatment of pain and other physical,
psychosocial and spiritual problems [21].

Technological Solution

The development of efficient information technology solutions that enable an effective way to
control the cost of healthcare and innovative e-health systems have become an important area of
development.

Our goal was to develop and implement a framework technology approach oriented e-health,
with information available for scientific research taking as references the methods presented in [22-
24]. The following capabilities are included in the technological solution:

e ICT infrastructure for monitoring patients: visualization the patient's record in electronic form
and thereby with updated information.

e Information retrieval and knowledge management: with the data available automatically,
recovery is fast and easy, managing the knowledge of those aspects in the data invisible to the
naked eye.

e Data stored on a reliable structure database: the storage will be through a database, which is a
reliable and easily accessible structure.

e Streamline decision-making: with quick access to information and knowledge management,
decisions may be taken in an agile and accurate manner.

e Statistical analysis: accurate data sets will help specialists to perform related research in breast
cancet.

e Evaluate the health status of the patient: to assess the health status of the patient using the
collected information to perform a more precise diagnosis.
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e Recognition of unknown patterns: with the implementation of algorithms for text mining

models, find patterns of information that provide diagnostic support to the specialists.
e Integrated systems for e-health: interoperability with other systems or information models of

health knowledge.
e Effectiveness, efficiency and robustness in information: for specialists information is vital and

should be accurate.
e DPrivacy, security and trust information: extreme confidentiality will be ensured in the patient

data as part of the security of the information that is required in these cases.

Major changes in the demographic and social structure apply pressure on the sustainability of
health and social care, and thus on the quality of life of patients with cancer.

In this sense the proposed framework is novel in technological context, using information
structuring tools such as ontologies, as well as techniques and algorithms for text mining.

The social impact to the Panamanian population will be noticeable in the extraction of
knowledge inclusive regarding the breast cancer and as a consequence new research could be
conducted in regards of extracted information.

Framework Components

The general structure of the proposed Framework [25-27], is based on elements that act as
components to facilitate integration with functional features. Each component represents one or
more features or functions, while the components can be used independently if necessary. These
components can be seen in Figure 1.

¢ Cloud
¢ Software as

a service A

¢ Clinical
Records

* Ontology

* Algorithms
Text Mining
* Knowledge

Figure 1. Framework Elements

Below are the details of each of these components:

e Structure Component: is considered the initial component where the data of the patients are
structured.
This component includes the development of ontology. As mentioned in scientific literature
[28-30], ontologies are prominent in a knowledge sharing place. An ontology is a set of
definitions with a central role in understanding and viewing the world [31,32].
Ontologies can be used to structure information. Recently many information retrieval systems
made use of ontology to help users better understand their information needs [33,34].
According to the IEEE (Institute of Electrical and Electronics Engineers), interoperability is:
the “ability of a system or a product to work with other systems or products without special
effort on the part of the customer. Interoperability is made possible by the implementation of
standards.” [35,30]

e Extraction Component: a series of text mining algorithms are applied on structured data to
find patterns of information.
Text mining refers to the process of deducing insights from the text information. Knowledge
Discovery in Databases (KDD) is the most common area of knowledge discovery and its
origins are in areas such as databases, statistics and machine learning [37].
If that knowledge is obtained in text form, this process is called text mining, and data source
can be electronic documents [38-40]. This component is important because it generates
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knowledge, which is a resource that becomes a subject with enormous potential to change the
world due to advances in new information technologies.

Understanding the information that health professionals need is vital to the process of
designing a system of information management [41]. The term knowledge management was
first introduced in Europe Management Conference 1986 [42].

The outcome of this component is to acquire new knowledge obtained from medical records
of patients.

e User Component: allows the management of the acquired knowledge and gives different
access to the knowledge to different users of the Framework (such as medical specialists,
researchers, administrators, etc.).

The use of software such as the SaaS layer service of Cloud Computing give easy access to the
knowledge and this item is vital as the data can be stored on any server in the cloud. This
component can emerge as a new paradigm to accommodate and provide services-through the
internet [43]. This technology has the potential to improve collaboration, agility, scale and
availability of computer resources, besides reducing costs through optimized resource
efficiency [44,45].

The SaaS layer is the top layer of the cloud [46,47] and is the layer that most consumers use it.
Built on top of both infrastructure as a service (IaaS), platform as a service (PaaS) [48], SaaS
provides applications, programs, software and web tools to the public for free or for a price.
Accessible via computer, tablet or smartphone, the layer of SaaS Cloud encompasses the largest
and most accessible of cloud computing layer. However, a special attention need to be paid to
confidentiality and HIPPA accessibility while data should be deidentified before storing them
on the internet.

The three services that will be implemented are as follows: storage, visualization and

interoperability.

e The information is stored in various storage media, such as high school servers, compact discs
(CD’s), digital versatile discs (DVD’s), universal serial bus or any other means.

e In terms of presentation of the results these must be obtained in real time, easy to read and
interpret, and accessible. The devices used to show the results of the Framework will be
computers, tablets, smartphones or if it will be preferred, printed document.

e A service for exchanging information will also be available to allow the use of data by other
specialists or researchers.

Framework Arguments

This Framework does not indicate that information will be entered by medical specialists, but
they will be able to define clinical concepts that wish to manage and required information that will
be recorded for each type of activity.

The incidence of breast cancer in Panama is high [49,50]. This type of cancer is of interest
because of the large number of new cases, especially in young women are diagnoses lately [51].

Despite the fact that the Framework does not provide any cure, it will be helpful for medical
specialists to find valuable information to help improve diagnosis, treatment, and palliative care.
This Framework once developed can be applied to any other clinical data.

The proposed solution will define some elements, which were selected considering the desirable
characteristics of knowledge to be achieved extracted from text documents (medical records) on
patients with breast cancer. The selected items were:

e  Modeling text documents through an ontology.
e Extraction of patterns through text mining.

e  Other technologies on which to develop.

The use of ontologies in the field of information technology is very common and is used in
various areas to achieve different goals. The criteria for choice of methodology to develop the
ontology in the particular case of the proposed framework are as follows:
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e Selection of ontological methodology: Ontology defines a common vocabulary for
researchers who need to share information in a domain. It contains definitions of basic
concepts and their relationships that can be interpreted by a machine.

Before proceeding with the application of ontology, a comparison of different methodologies
to establish what is the optimal development was conducted. For the design of any ontology is
necessaty to have a specific methodology. Many proposals exists in the scientific literature. For
example the CYC methodology published by Lenat and Guha since 1990 [52], which reported
some general steps for building ontologies. In 1995, the methodology of Uschold and King [53]
that recreate a series of steps that allow to capture and specify the knowledge existent in a
specific domain; this was not considered because its base on ontology that emerges from
business and healthcare is considerable different by business. In parallel with the previous one,
the methodology of Gruninger and Fox [54] atises, based also on ontologies for business type
activities.

Methontology was developed within the Ontology Engineering Group at the Polytechnic
University of Madrid. The Methontology methodology was used because it was considered
appropriate for the following reasons:

e It has been used in the construction of ontologies in different fields. [55,56]

e ODE and WebODE [57] are tools to support this methodology, however any other
tool can be used to support. For example see Protégé [58].

e Has already been applied to study patients with cancer [59].

e It is rooted in the activities identified by the software development process proposed
by the IEEE organization and other knowledge engineering methodologies [506].

e Create ontologies from scratch or build on the reuse of existing ones.

e Includes the identification of the development process of ontology (timing, control,
quality assurance, knowledge acquisition).

e Proposes the most accurate description of each activity performed.

e Recommended for building ontologies by the Foundation for Intelligent Physical
Agents (FIPA) [56], which promotes interoperability between applications based on
agents Methodology.

e It is the most comprehensive, documented and for being one of the most used
compared with existing ones.

e Proposes a lifecycle ontology building based on evolutionary prototyping, because it
allows you to add, change and remove terms in each new version.

For all these reasons it is considered that Methontology fits well to our objectives, allowing us
to create an ontology which then serves as the basis of input to the process of text mining. The
main characteristics of some existing ontologies are presented in Table 1.

Table 1. Brief comparison of some ontologies

Methodology  Year Creator Application | Process Language Re-use  Ontology
Cyc 1990 | Lenat&Guha Natural X CycL X Cyc
language
processing
Griininger y [ 1995 | Grininger y Fox | Enterprise X C++ X TOVE
Fox Prolog
Uschold y King | 1995 | Uschold y King | Enterprise X Ontolingua X Enterprise
Methontology |1998 |Fernandez- Domain X Ode X Medical
Lopez WebOde Law
Protegé Microbiology
OntoEdit Education
Kaon

e Text Mining: The classic text mining technique is divided in stages, specifically three that are
pre-processing, representation and discovery [60]. In the pre-processing data are taken from the
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ontology and are prepared before being processed. It can be treated as a filtering phase in
which all texts are unified.

The objective of this stage is that the texts are translated as structured representations that
facilitate analysis. Pre-processed texts arrive at the stage of representation . This step varies with
the type of pre-processing selected. The result obtained in this stage will determine the
discovery algorithm to be used.

At the stage of discovery algorithms, based on a structured representation of information, are
able to find repeating patterns in text documents apply. All stages interact at a high level
[61,62]. In the development process, cach stage has a direct impact on the following ones.
Figure 2 shows the overall model of the proposed Framework.

Eslsecmhst Ontology

Text Document

Extract Data

Structure

Displayed Knowledge

Interoperability

Figure 2. The overall model of the Framework

Like other fields of application, healthcare can benefit from the advantages of information
technology [63]. Our main objective is to provide specialists and researchers with the processing of
information. Specialists in palliative care have a way to work actively to manage the information
enabling it to obtain relevant knowledge about patients with breast cancer.

Concluding Remarks

The development of the Framework is useful for acquiring knowledge about palliative care for
patients with breast cancer in Panama.

The knowledge base that will manage the Framework may be used for future research in the
field of palliative care of patients with breast cancer in Panama.

Developing ontology provides a basis for the development of other domain ontologies of breast
cancer and can be reused by other researchers.

This Framework could be a model other types of cancers. Furthermore, the Framework will
enable interoperability with other local or international similar platforms.
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