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Abstract— The creation of natural definitions is a phase of
any methodology to build formal ontologies. In order to reach
formal definitions, one should first create natural language
definitions according to sound principles. We gather a set of
principles available in literature and organize them in a list of
stages that one can use to create good definitions in natural
language. In order to test the set of principles, we conducted a
case study in which we create definitions in the domain of cancer,
more specifically, definitions for acute myeloid leukemia. After
creating and validating the definition of this specific kind of
leukemia, we offer remarks about the experiment.
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I. INTRODUCTION

In Information Science, ontologies have attracted the
interest of researchers working on knowledge organization
systems. Ontologies are employed to organize information and
knowledge for purposes of information retrieval [1-2].
Ontologies also provide terminological standardization with
the aim of organizing scientific knowledge and building
repositories that are designed to foster interoperability between
electronic information systems.

When building ontologies, an important activity is the
formulation of definitions for domain-specific terms. The OBO
Foundry [3] principles suggest that one should first provide
natural language definitions and then provide the logical
formulation [4]. Existing methodologies for construction of
ontologies do not present satisfactory guidelines to create
definitions.

The goal of this paper is to propose methodological
principles in order to systematize the process of definition
creation in biomedical ontologies. We describe a case study on
creating natural language definitions for leukemia, a disease
which includes as subtypes acute myeloid leukemia (AML),
the myelodysplastic syndromes and the myeloproliferative
neoplasm. Here, we focus on AML.

The present paper arises out of our work on the Blood
Ontology (BLO) project, a resource that allows the exploration
of relevant information for research in hematology [5]. The
BLO encompasses terms representing hematologic neoplasia,
including leukemia and lymphoma.

This work is partially supported by Fundacédo de Amparo a Pesquisa do
Estado de Minas Gerais (FAPEMIG), Governo do Estado de Minas Gerais,
Brazil, Rua Raul Pompéia, n°101 - S&o Pedro, Belo Horizonte, MG, 30.330-
080, Brazil.

Mauricio Barcellos Almeida

Department of Theory and Management of Information
Federal University of Minas Gerais, UFMG
Belo Horizonte, Minas Gerais, Brazil
mba@eci.ufmg.br

Il. BACKGROUND: DEFINITIONS IN ONTOLOGIES

The formulation of definitions has been studied by
philosophers and linguists since ancient times. It connects
philosophical notions — for example relating to the natures or
essences of things — with other constructs such as terms,
concepts and meanings [6].

The search for a proper definition of terms used to
represent biomedical entities is connected to the process of
learning. In order to define a term, one needs to have previous
knowledge about the subject, to know both the context in
which a term is used and the associated technical jargon [7].

The difficulty in the activity of creating definitions in
ontologies lies in the lack of trained people for the construction
of ontologies. Indeed, this type of task gives rise to several
theoretical and practical issues [8]. Definitions for terms in
ontologies should be formulated according to familiar logical
principles [9, 10, 11].

I1l. METHODOLOGY

In order to formulate proper definitions for terms related to
Hematologic neoplasm, we devised a three-step procedure as
follows.

A. The Sample Collection

First, the set of terms relating to AML was selected by
identifying which terms in BLO deal with hematologic
neoplasia [5], amounting to 43 classes: 25 AML terms, 6
myeloblastic syndrome terms and 12 myeloproliferative
neoplasm terms.

B. Knowledge Acquisition

Second, we retrieved definitions in natural language for
leukemia from traditional information sources such as the NCI
Thesaurus [12]; the NCI Dictionary of Cancer Terms [13]; the
Medical Subject Headings (MeSH) [14]; Medscape [15];
Ontobee [16]; the Disease Ontology [17]; the Gene Ontology
[18]; and a text-book [19].

C. List of Stages to Create Definitions in Natural Language

Finally, we utilized the results of A and B to formulate a
natural language definition, following well established
practices identified in literature, such as: genus-differentia and



essence [20]; formal relations [21,22]; necessary and sufficient
conditions [11]; inheritance, intelligibility and circularity [9];
logical definitions [8]; issues in definitions and logical
definitions [4]; biomedical definitions [32]; textual and formal
definitions [23]. The mentioned stages are: 1) To elect the
candidate term to be defined; 2) To obtain a preliminary
definition; 3) To establish the superior genus; 4) To establish
the essential characteristic; 5) To formulate the definition; 6)
To check necessary and sufficient conditions; 7) To check non-
circularity; 8) To check multiple inheritance.

IV. RESULTS

We describe the list of stages, explaining how to proceed in
each stage to create natural language definitions of AML using
the example of the first class AML.:

1) To elect the candidate term to be defined

First, one should choose the candidate term to be defined
according to techniques of knowledge acquisition [24]. In our
case study, we followed the list of stages presented in section
IIIC for the term “Acute Myeloid Leukemia”.

2) To obtain a preliminary definition

In this stage one should perform a search in specialized
literature to obtain information about the term. The sources
may be textbooks, papers, dictionaries, encyclopedias, thesauri
and ontologies. In our case study, a librarian helped to select
the suitable bibliography and to extract information required to
establish the genus and differentia of the term. The main source
used to obtain a preliminary definition of AML was the NCI-
Thesaurus [12], from which we obtain the following definition:

“AML is an aggressive (fast-growing) disease in which too
many myeloblasts (immature white blood cells that are not
lymphoblasts) are found in the bone marrow and blood. Also
called acute myeloblastic leukemia, acute myelogenous
leukemia, acute nonlymphocytic leukemia, AML, and ANLL”.

3) To establish the superior genus

We determined the genus by seeking to identify a common
feature of the selected term. In the case of leukemia, the
common feature is the existence of an abnormal derivation of
the myeloid lineage that occurs in each AML. So, we
established the basic relation: Acute Myeloid Leukemia <is-a>
Hematopoietic Neoplasm.

4)  To establish the essential characteristic

We used the notion of differentia in order to define the
essential characteristics that mark the distinction of the entity
under definition from other entities in the hierarchy. These
essential characteristics are often difficult to be found. So, we
first studied the domain, then we sought support from a cancer
expert. Thus, we analyzed the characteristic that best
represented that type of pathology.

The differentia between each class of leukemia was
obtained from a diagnosis based on morphological criteria (cell
type), immunological criteria (ICD 13, ICS 33, etc.) and
cytogenetic criteria (abnormalities t8, t21, 22, q22-PML

RARA.), as well as based on the lineage and the maturation
degree.

In the domain of cancer, these three diagnostic aspects —
morphological, immunological and immunophenotyping -
were essential to perform the task of defining. However, we
learned from experts that morphology still represents the
central criteria in distinguishing leukemia types.

In cases where several features were defined by the
diagnosis, another criterion was required in order to find the
essence, for example, a criterion based on a prognosis. We
reviewed what characteristics induced a prognosis of the
disease and the most important was considered the essential
characteristics. The participation of an expert was crucial to
confirm the essential feature.

“AML derives from an uncontrolled proliferation of the
myeloid lineage and their precursors”

5)  To formulate the definition in the form

In this stage, the information gathered from stages 1 to 4
was applied to formulate a preliminary version of the
definition. The definition has the form: S = Def. a G which is
Ds (where “G” (genus) is the superior term of “S” (species)
and “S” is the term under definition; and “D” is an essential
characteristic, that is, the differentia). So, “S” is the class of
leukemia to be defined, “G” is the general class and “D” is the
differentia that characterizes an instance S of D in the context
of leukemia.

The formulation of the definition was initiated by writing
the term to be defined followed by its genus (stage 3) and its
differentia (stage 4). Then, we corrected the first version
definition from a grammatical point of view, adding or
removing parts of the text obtained in the first stages. We also
chose preferential terms and eliminated redundant words. After
some changes in the first versions, the result of stage 5 was:

“An acute myeloid leukemia is-a hematopoietic neoplasm
that derives from an uncontrolled proliferation of the myeloid
lineage and their precursors”.

6) To check necessary and sufficient conditions

The verification was performed through the following
expression: to be an A is a necessary condition to be a B, then
each B is an A; to be an A is a sufficient condition to be a B,
then each A is a B [11]. This expression means that A”
represents the essential characteristic of the definition, and “B”
represents the term under definition.

To be an AML is a necessary condition to “derive from an
uncontrollable proliferation of a myeloid lineage and its
precursors, that is, each AML derives from an uncontrollable
proliferation of a myeloid lineage and its precursors”.

To be an AML, a sufficient condition is to “derive from an
uncontrollable proliferation of a myeloid lineage and its
precursors, that is, each AML derives from an uncontrollable
proliferation of a myeloid lineage and its precursors”.

7)  To check the principle of non-circularity



In this stage, we scrutinized the definition for circularity.
Roughly, circularity is a situation in which a term is employed
to define the very same term.

8)  To check the principle of multiple inheritance

All kinds of AML descent from the myeloid lineage
because we are dealing with a clonal disease. So, we could
define AML without multiple inheritance.

Once the eight steps have been presented, brief
considerations regarding the data validation by experts are in
order. In our case study, the validation was performed by a
pediatric oncologist specializing in leukemia. We first asked
the expert whether the derivation from an uncontrollable
proliferation of a myeloid lineage (and its precursors) is the
main characteristic of an AML. The oncologist reported:

“To define leukemia we need three characteristics:
morphological, cytogenetic and immunophenotyping. This
specific case has a unique parent, namely, the myeloid lineage
since it is a clonal disease. In cases that a leukemia is
biphenotypic or bi-lineage, it has two origins since it presents
several clonal cell populations. However, this kind we are
evaluating presents only the myeloid lineage. Even if the
descent from the myeloid lineage was minimal, it presents only
one differentiation.”

V. DISCUSSION

In this section we present some remarks about our
experience of creating definitions of AMLs.

After our search for definitions in healthcare and biology
information sources, we analyzed the definitions found
according to a set of criteria that considers: multiple
definitions, lack of proper characterization, intangible
definitions, circular definitions and presence of technical
terms [4, 9].

In analyzing the definitions of leukemia presented in the
literature, we recognized that the definitions found were not
satisfactory. For example, definitions found in the Disease
Ontology [17] are too general, and Ontobee [16] lacks
natural language definitions for several leukemia types. In
the NCI-Thesaurus [12] we found definitions in natural
language for all classes of our sample. It offers criteria of
clarity, consistency, coherence, and extensibility [25,26].

Some classes were so complex in definition that our first
attempt to classify them resulted in circularity. With respect
to technical terms, it was necessary to clarify their meaning.
For example, to understand how cells suffer changes, one
should consider three types of mutation: translocation,
deletion or inversion. This requires a deep knowledge of the
domain in order to establish the genus and the differentia.

As leukemia is a clonal disease, meaning the lineage
could be either myeloid or lymphoid, we defined the
myeloid inheritance according to well-known classification
criteria [27,28,29]. However, there are types of acute
leukemia that have both myeloid and lymphoid lineages.
Thus, these cases are considered mixed, hybrid or

biphenotypic cases. Nevertheless, we classified these cases
as subtypes of AML derived from a myeloid lineage
following the FAB classification.

We applied ontological principles in the formulation of
definitions in order to test the proposed method. After
testing, we noticed issues regarding the methodological steps
and validation by the domain expert. For example, we
realized that to obtain definitions of leukemia from only one
dictionary was not enough. So, we resorted to additional
sources such as pathology and hematology textbooks
[19,30], leukemia classifications [27,28,29] and scientific
papers.

All selected sources had general definitions of leukemia,
but we detected categorization issues described by Seppala
and Ruttenberg [4]: circular and intangible definitions, use of
technical terms and multiple definitions for the same term. In
order to soften these issues, we decided in some case to
explain the meaning of other terms, for example, genetic
mutations, then creating more definitions. In order to
understand leukemia, we conclude that one must explore
relationships to areas of pathology, cancer diagnosis,
etiology, and so forth.

As mentioned previously, the need for guidance from a
domain expert is noteworthy. The definitions presented to
the expert for validation and her observations were used both
to amend the definitions and to review the method. The
crucial aspect of the validation process was finding the
essence of acute myeloid leukemia classes. The process was
conducted through personal interviews with a pediatric
oncologist, who employed her experience to confirm the
essential characteristics and to determine necessary and
sufficient conditions. Our case study relied on only one
expert, but we are certain that a true validation should
consider several specialists.

The essence of entities was based on the diagnosis
criteria of the FAB classification [27] and the WHO [28,29].
The essence was mainly defined by morphological
characteristics except in the case of the class “acute myeloid
leukemia with recurrent genetic abnormalities”. In this
particular case, the essence was based on cytogenetic
abnormalities. The WHO [29] decided to maintain
cytogenetic abnormalities as the main characteristics for this
class. Therefore, when reviewing the necessary and
sufficient conditions, we recognized the influence of
leukemia classifications issues. For example, in the just
mentioned class “acute myeloid leukemia with recurrent
genetic abnormalities” the requisite characteristic is that
every AML was a carrier of a genetic mutation.

Cancers, especially leukemia, are complex diseases. A
single morphological characteristic — for example, the
presence of a percentage of blasts — is not enough for disease
diagnosis and treatment. This fact confirms the relevance of
defining a well-founded and robust formal vocabulary to
represent entities in the leukemia field.



V1. FINAL REMARKS

This research gathered some principles already present in
the literature of formal ontologies to propose a method with the
aim of systematizing the process of creating definitions. After
our practical case study, we recommend the method be
reviewed and improved upon; the terminological complexity of
leukemia made the work difficult and laborious.

As previously stated, the main challenge in our case was
determining the essence of leukemia’s classes, since the
domain approached is one that exhibits more diversity of
phenotypic and genetics changes at diagnosis among cancer
studies. Even the FAB classification [27] and the WHO [29]
have difficulty in categorizing, defining and diagnosing
subtypes of AML. Efforts to better categorize myeloid
neoplasm exist, as pointed out by Varian, Harry and Branning
[28]. Varian et al. [29] published an update to the WHO
classification proposing the use of both morphology and
immunophenotyping information to define leukemia, as well as
catechetical, genetic and clinical characteristics.

With this experience in mind, we intend future research to
further contribute to a theory of formulating definitions of
ontologies as well the standardization of definitions in the field
of cancer. In doing so, we contribute to the field of biomedical
ontologies and healthcare. The complete results and findings of
this work can be found on the thesis [33].
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