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Abstract

The first stage for solving complex pro-
blems involves their representation into a
model. Some cancer patient models have
been developed to represent the environ-
ment surrounding the patient and her cha-
racteristics. However, such models are far
from knowledge representations for some
reasons: generality, specificity to certain
cancer types, focus on the patient/encoun-
ter, and segregated terminology/syntax. In
this paper, we propose a model of cancer
patients to overcome the problems abo-
ve. We select the so-called pre-conceptual
schemas as the knowledge representation
paradigm because they can be instantiated
for resembling details of the model and
integrated with standards about medicine
and cancer modeling.

Kevwords: cancer, knowledge repre-
sentation, model, patient, pre-conceptual
schemas.

Resumen

La primera etapa para la resolucién de
problemas complejos involucra su repre-
sentacién en un modelo. Algunos modelos
de pacientes de cancer se desarrollan para
representar el entorno que rodea al pacien-
te y sus caracteristicas. Sin embargo, tales
modelos se alejan de las representaciones
del conocimiento debido a algunas razo-
nes: generalidad, especificidad para cier-
tos tipos de cancer, enfoque en pacientes/
encuentros y terminologia o sintaxis segre-
gada. En este articulo se propone un mo-
delo del paciente de cancer para superar
los problemas mencionados. Se utilizan los
denominados esquemas preconceptuales
como el paradigma de representaciéon del
conocimiento, ya que se pueden instanciar
para reflejar detalles del modelo y se pue-
den integrar con estdndares sobre medici-
na y modelado del cancer.

Palabras clave: cancer, esquemas pre-
conceptuales, modelo, paciente, represen-
tacion del conocimiento.

Fecha de recepcion: 27 de junio de 2024
Fecha de aceptacion: 11 de diciembre de 2024



INGENIERI
DESARROL

Cancer Patient Model Based on Pre-Conceptual

i - Carlos Mario Zapata-J ill
Schemas: Beyond Encounters and Cancer Specificities atlos Harlo Zapata-Jaramito

INTRODUCTION

According to Davis et al. [1], a knowledge representation is an ontological model for
intelligent reasoning and man-to-machine communication. This definition reveals
one of the main uses of knowledge representation: the development of models for
complex problems as the first stage for solving them.

After performing a systematic literature review by following the guidelines provi-
ded by Kitchenham and Charters [2], we found some different ways to graphically
represent some topics related to cancer patients: informal flowcharts [3]-[5], archi-
tectural diagrams [6]-[8], and concept sketches [9]-[14]. However, such proposals fail
to comply with the roles assigned to knowledge representations due to the following
reasons:

Some ofthem are too general, so they fail to describe the details of implementing
them.

Some others are devoted to a specific type of cancer lacking the general aspects
of the problem.

Some of them are focused on either the patient or the encounter, lacking the
rest of the elements.

Most of them lack a unified terminology/syntax, so they are difficult to
integrate.

In this paper, we deal with the previously stated reasons and then we propose a mo-
del of the cancer patient with some features:

We include as many concepts from the previous proposals as we can.
We detail enough information to instantiate the model.

We use a syntax close to the natural language of the stakeholders and formal
enough to allow for implementation.

The selected syntax for such a model belongs to the pre-conceptual schemas [15] in-
tended to represent knowledge in any domain. We hope our model can be instantia-
ted to resemble the real world of a cancer patient and her surroundings. In addition,
we expect an easy integration with some health standards such as Health Level 7
(HL7) and the International Classification of Diseases (ICD).

This paper is organized as follows: we present and discuss the background in the next
Section; then, we propose the methodology; next, we propose our model and show
some results; finally, we discuss some conclusions and propose some future work.
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BACKGROUND

We develop a systematic literature review by following the guidelines provided by
Kitchenham and Charters [2]. We are looking for proposals with graphical represen-
tations of some information about cancer patients. We use keywords like “cancer
patient”, “information about cancer processing”, and “graphical representation of
cancer information”. We obtain 12 proposals as primary studies after performing
the entire process. They are then classified into informal flowcharts, architectural
diagrams, and concept sketches.

Informal Flowcharts

Wittmann et al. [3] propose an informal flowchart to represent the timeline for the
activities to be followed in order to survive prostate cancer (see Figure 1). Even thou-
gh the representation is well-structured, it lacks details for reaching an implementa-
tion and it is focused on just one type of cancer.

Survivorship |:>

10 days 4 weeks 6 weeks
post-op post-op post-op
beson Bart Catheter i s
re-op seminar Removal < ex erapy
on Recovery from Prostatectomy Penile || Pelvic Floor | | aAppointment || for 2 years,
R g Catheter Rehabilitation | | RENabilitation [~|e e e Device May Include
ide-e of Surge | ’ ivi
gery Placement Teaching Teaching COugl:xoTr]::?al:?ual

H&P
Consent

Source: Wittmann et al. [3].

FiGURE 1. TIMELINE FOR THE ACTIVITIES TO BE
FOLLOWED TO SURVIVE PROSTATE CANCER

Imoto et al. [4] developed a workflow for identifying breast cancer prognostic factors
from biochemical reactions (see Figure 2). This representation is general to cover all
types of cancer, is human-readable, and exemplified, but it lacks efficient computa-
tion since its syntax is incompatible with other types of knowledge representation.
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# Building a model from text
from pasmopy import Text2Model

description =

\
TexteModel (“erbb_network. txt”)

description. convertQ)

Network description

# erbb_network. txt
L binds R <--> LR

LR phosphorylates K --> pK

IR is degraded

pK phosphorylates TF --> pTF
pTF transcribes mRNA

mRNA is translated into P

P dephosphosylates pK --> K

1. Construction 2. Parameterization [J R  CCe LY

!
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# Training model parameters
from pasmopy import Model, optimize
_ import erbb_network

# Executing patient-specific models

from pasmopy import PatientModelSimulations Patient-specific simulations

>

simulations = PatientModelSimulations(...)

simulations.runQ) l—)

Patient data
data from breast cancer patients

Patient #1

model = Model(“erbb_network”).create()
optimize(model, ...)

Cell-line data

hospho-protein data T
_ (in-house western data)
o >

TCGA ° °

T 11
t

Extraction of dynamic features
Duration

Response

| Amplitude

3. Personalization Area under the curve

Pumxcdjmbass L 4 o based on dy
—y —) ‘ Protein v © N ° ee A
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Generic model
—> p
N\ / Maximal transcription rate 711l amounts of N
nonzero species . o A/ > >
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N4 Y- —_— —
Workflow for patient-specific modeling and classification —
«— TNBC patient-specific analyses in this study
Drug response ion of the Sensitivity analysis ErbB to! P ti
(CCLE cell-line data) P (TNBC patient-specific models) 75 receptor expression ratio
EGFR inhibitor o EGFR 1 c ° Triple-Negative Breast Cancer
= 3 29 ' sensitive /® o (TNBC) patients
: g o 28 o [~ees®e 0
s g ./ s N 2 § % 06 %° o. °®
o 0 ~ @ S ( I
3 5 \. &/ M é‘ robust ... f-—/ m( ®e %%ee.
g g / 53 e
@ v vs -
EGFR  EGFR oMye Relative EGFR level ErbB2 + ErbB3 + ErbB4

high

low

Source: Imoto et al. [4].

FicurRE 2. WORKFLOW FOR CANCER PROGNOSTICS FROM BIOCHEMICAL REACTIONS

Meier et al. [5] describe the process of oncological treatment by using an informal
workflow (see Figure 3). The workflow includes a defined syntax close to the usual
flowcharts, but it lacks details for implementation and the human readability is limi-

ted since the information seems to be incomplete.

The informal flowcharts we present in this Section share some disadvantages in ter-
ms of knowledge representation: they fail in the reasoning capabilities and the stan-
dard representation for machine-to-machine and man-to-man communication. Also,
they lack general information about the patient and her surrounding environment.
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Oncological | |
Ambulance >> Panendoscopy >> Tumor Board >
| |

[ ——

Patient ' Pathology Pathology Invitation
HIS | ™™
) Record ] Request Report and Results
—’ R

Therapy >> Tumor Board >> After-Care >
| . 3

[T R

Carlos Mario Zapata-Jaramillo

Patient
Record

Other Patient Invitation

HIS | Systems | | Record and Results

" )

HIS GTDS

N” e

Source: Meier et al. [5].

FiGURE 3. PROCESS OF THE ONCOLOGICAL TREATMENT

Architectural Diagrams

Jayadevappa and Chhatre [6] include several domains for patient-centered care trea-
ted as architectural elements (see Figure 4). The domains resemble some concepts
and attributes, but the syntax is inconsistent since the same elements are used for
representing heterogeneous elements, e.g., the same symbol is used for clinical con-
venience, clinical characteristics, and outcomes when they seem to be completely
different architectural elements. Consequently, communicative intention is difficult
to understand for humans and machines.
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Berliner and Lemke [7] depict the architecture of a therapy imaging and model ma-
nagement system (see Figure 5). The elements of the system are clearly defined with
their own symbols, but the architectural diagram lacks enough details for imple-

Patient

Ethnicity
Insurance
Education

Income
Marital Status

Cancer Patient Model Based on Pre-Conceptual
Schemas: Beyond Encounters and Cancer Specificities

Age

Carlos Mario Zapata-Jaramillo

Provider characteristics

Clinical
convenience

Patient Centered Care

Treatment Choice

utilization
Direct cost

Minimize

Outcomes

Maximize

Indirect cost

Health related quality of life
Functional status
Psychological wellbeing

Satisfaction
with care

Source: Jayadevappa and Chhatre [6].

FiGURE 4. DOMAINS FOR PATIENT-CENTERED CARE

mentation purposes, so the ontological commitment is incomplete.

Similarly, Eschrich et al. [8] summarize the architecture of a molecular data ware-
house (MDW) and the integration with an existing healthcare-based warehouse (see
Figure 6). They use the same syntax for representing the architecture and they ex-
hibit the same disadvantages regarding the roles of a knowledge representation in

terms of the detail level and the communicative intention.
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FiGcure 5. ARCHITECTURE OF A THERAPY IMAGING AND MODEL MANAGEMENT SYSTEM
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FIGURE 6. ARCHITECTURE OF MOLECULAR DATA WAREHOUSE
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Concept Sketches

Yang et al. [9] propose a conceptual framework with some of the relevant concepts
for managing a cancer patient (see Figure 7). Such a framework lacks a formal syn-
tax, so communicative intention is difficult to understand for humans and machines.
However, the concepts exhibit attributes and some relationships with some detail.

Halmai and Carvajal-Carmona [10] created a sketch about genomic data for charac-
terizing the risk factors associated with some types of cancer (see Figure 8). The
drawings and the heterogeneous syntax make it difficult to understand the mo-
del for machines. Also, the implementation seems to be complex if we start from

this sketch.

FiGcure 7. CONCEPTUAL FRAMEWORK FOR MANAGING A CANCER PATIENT
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Source: Halmai and Carvajal-Cardona [10].

F1cUure 8. GENOMIC DATA FOR CHARACTERIZING THE CANCER RISK FACTORS

Lemke et al. [11] integrate information about patients and diseases from some
viewpoints into a specific patient model (see Figure 9). Even though the drawing
is general enough to be used in any kind of cancer, the level of detail is very low, so
implementation is difficult from such a sketch.

lolistic Viewpoint

) | =
Information Integration

Anatomic  _| Surgical
<« >

viewpoint P viewpoint
N, ,/" “Foiz \\. k
o IA z \\ N
) 4 ’r 5 =i\ \ N
Physiologic P oy R Metabolomic

k : ~. / = \ \ : .
viewpoint T = 0, S N -7 viewpoint
Y 1 8 \ \
/ ! \ N

I's II ﬂlﬁ \ M
W™ e \ ;
Mechanistic/kinetic \ ~.. Genetic

i . Diseases i :
viewpoint [ il W
! /< +  APedigree '\

‘ ’ « IHomeostasis *

- = Epigenetics

. /
Patho'oglc RS |Frai|tysyndmme
V|eWpO|nt «  Orthomolecular

etc.

Source: Lemke et al. [11].

FiGURE 9. AN INTEGRATED PATIENT MODEL FROM SOME VIEWPOINTS
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The Board on Health Care Services [12] adapts information from some sources and
integrates it into a model of patient-centered care (See Figure 10). The model lacks
enough detail to be implemented and its syntax is difficult to understand for both
people and machines.

Informed, activated, Accessible, well-
participatory patient organized, responsive

and family health care system

Patient-centered
clinicians with good
communication skills

Improved Communication

Improved Health Outcomes

Source: Board on Health Care Services [12].

FiGURE 10. MODEL OF PATIENT-CENTERED CARE

Hassankhani et al. [13] propose some palliative care models used for cancer patients
(see Figure 11). The model is very informal, but we can infer some information about
the patients, like the stage of the cancer and some processes. However, such infor-
mation lacks details for implementation and the syntax is confusing for both people
and machines.
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Source: Hassankhani et al. [13].

FIGURE 11. PALLIATIVE CARE MODELS FOR CANCER PATIENTS

Tralongo et al. [14] propose a conceptual framework of patient-centered care based
on four dimensions (see Figure 12). Even though Tralongo et al. [14] include what
they define as dimensions and concepts, the syntax is unclear about which of the
elements belongs to any category. Also, the level of detail is minimal, so the imple-
mentation is difficult to achieve from such a framework.

Sharing
responsibilities

Therapeutic
alliance

Source: Tralongo et al. [14].

FiGURE 12. DIMENSIONS OF THE PATIENT-CENTERED CARE
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METHODOLOGY

The proposals identified as primary studies in the previous section reveal some pro-
blems to be solved to improve the information about cancer patients. We follow a
step-by-step process for selecting a type of representation with this aim. The steps
are the following: (i) identifying the need; (ii) establishing the criteria; (iii) relating
the need with the criteria; and (iv) selecting the notation for the representation by
justifying the criteria.

Some authors identify the need for precise information related to the cancer pa-
tient. Eschrich et al. [8] discuss the importance of modeling cancer patients in terms
of lowering the complexity of querying data. Jayadevappa and Chhatre [6] discuss
some benefits in terms of the quality of the information, the effectiveness and accu-
racy of the communication, and the identification of patient preferences. Lemke et
al. [11] also point out the importance of identifying and defining the relevant infor-
mation entities (the main concepts of the model) as a way to deal with future calcu-
lation/statistics about the process, as well as a structured way to store the growing
information of the cancer patients.

The relevant information about the cancer patients can be modeled by using a
knowledge representation. Davis et al. [1] propose the following roles we can use as
criteria for a knowledge representation, and we can relate them to the need:

(i) A substitute for the thing itself, i.e., a model of such a thing. This criterion is in-
tended to lower the complexity of querying data.

(ii) An ontological commitment with enough concepts and relationships to resemble
the domain of interest. This criterion is intended to define the relevant information
entities and create a structured way to store the information of cancer patients.

(iii) A fragmentary theory of intelligent reasoning with the capabilities for inferring
knowledge from the previous ontological commitment. This criterion is intended to
identify patient preferences and improve the quality of the information.

(iv) A medium for pragmatically efficient computation, i.e., a way to communicate
the previous roles to machines. This criterion is intended to improve the accuracy
of the communication.

(v) A medium of human expression, i.e., human-understandable expressions of the
model. This criterion isintended to improve the effectiveness of the communication.

Such roles/criteria help modelers to deal with the overwhelming complexity of the
natural world. In fact, knowledge representations can support guidance in deciding
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what part of the world we need to attend to and which one we need to ignore. Con-
sequently, complex human problems can be decomposed and understood by repre-
senting them into models.

We can summarize the proposals studied in the previous version in Table 1 by con-
sidering the roles discussed by Davis et al. [1] (columns 2 to 6), the level of detail of
the information included in the proposals (column 7), and the applicability to cancer
types (column 8).

TABLE 1. SUMMARY OF THE PROPOSALS

Proposal i ii iii iv v Detailed Cancer types
Wittmann et al. 3] X - - X X Low Prostate
Imoto et al. [4] X - - X X Medium Breast
Meier et al. [5] X - - b X Low Head and neck
Jayadevappa and Chhatre [6] X X - X b Medium All
Berliner and Lemke [7] X - - b X Low All
Eschrich et al. [8] X - - X X Low All

Yang et al. [9] X X - - X Medium All
Halmai and Carvajal-Carmona [10] X - - - X Low All
Lemke et al. [11] X - - b X Low All
Board on Health Care Services [12] - - - - X Low All
Hassankhani et al. [13] X - - - X Low All
Tralongo et al. [14] X - - - X Low All

Source: own elaboration.

According to the summary included in Table 1, about the proposals found in the sta-
te of the art, we need a solution closer to the knowledge representation world with
detailed information for implementation and covering the concepts, attributes, and
relationships identified for all the cancer types. The roles of the knowledge repre-
sentations discussed by Davis et al. [1] are difficult to accomplish for most of the
usual conceptual schemas related to software engineering. We explore the usage of
some notations like mental maps, conceptual maps, class diagrams, entity-relations-
hip diagrams, and flow charts, but they fail in one or more roles/criteria of a good
knowledge representation. Consequently, we select in this final step the pre-concep-
tual schemas proposed by Zapata et al. [15] as knowledge representations by justif-
ying the coverage of the five roles/criteria in the following ways:
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Pre-conceptual schemas are models with concepts (nouns and noun phrases),
relationships (part-whole, existence, actions, events, and goals) between
concepts, and conditions.

The ontological commitment is related to the concepts and their part-whole
and existence relationships.

The fragmentary theory of intelligent reasoning is linked to two features: the
capacity to be instantiable (by using executable pre-conceptual schemas, Zapata
et al. [16]) and the specifications belonging to relationships and events.

The efficient computation is achieved by using a well-formed syntax, similar to
the well-known programming languages.

The human readability has been proven in experiments with several kinds of
stakeholders.

The main syntax we will use for the pre-conceptual schemas is depicted in Figure 13.
We explain the main elements as follows:

Class concepts (blue), intermediate concepts (green), and leaf concepts (gray)
are nouns or noun phrases. Class and intermediate concepts are common
classes, while leaf concepts can be considered attributes.

Structural relationships (yellow) are assigned to the verbs be and have (for
expressing existence and part-whole relationships respectively).

Possible values (dotted rectangles) are values assigned to leaf concepts.
Connections are directional arrows for easing the interpretation of the model.

Dotted lines are used for linking leaf concepts with their possible values.

INTERMEDIATE STRUCTURAL

| 4’ __________

' POSSIBLE VALUES !
' I CONNECTIONS

L

Source: adapted from Zapata et al. [15].

FiGURE 13. MAIN ELEMENTS OF THE PRE-CONCEPTUAL SCHEMAS
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Some of the main concepts included in the solution can be extracted from the pro-
posals of the state of the art and they should be complemented for implementa-
tion purposes with enough attributes for being exemplified. We select pre-concep-
tual schemas for proposing our solution because they accomplish the five roles of a
knowledge representation. The method for constructing the cancer patient model is
depicted in Figure 14 and explained as follows:

The analyst identifies the concepts related to the cancer patient coming from
previous proposals.

The analyst represents such concepts by creating the pre-conceptual schema.

The analyst identifies some missing information for covering the domain and
all the cancer types and then complements the pre-conceptual schema.

IDENTIFIES

REPRESENTS V——J»| cONCEPT

e = o W
- = - A

| CREATES

-— o o

fcompLemEnTSY
MRS
Y ety ) MISSING
5 : «
QU_ENT_'HE o INFORMATION

Source: own elaboration.

FiGURE 14. METHOD FOR CONSTRUCTING THE CANCER PATIENT MODEL

RESULTS AND DISCUSSION

Concept Identification

Concepts coming from the different proposals we analyze in the background Sec-
tion are included in Table 2. Be advised that we have patient care in mind in order
to identify the main elements we can extract from each proposal. Also, we need to
unify certain terms, e.g., cancer characteristic instead of disease, provider instead of
oncologist or hospital, etc. We use some special syntax in Table 2:
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Colon is used for defining possible values of a concept.

Slash is used for separating possible values of a concept.

Parentheses are used for expressing attributes of a concept.

TABLE 2. CONCEPT IDENTIFICATION FROM PREVIOUS PROPOSALS

Proposal

Concepts identified

Wittmann et al. [3]

Surgery: treatment, patient, breast: diagnosis, location

Imoto et al. [4]

Patient, cancer characteristic, breast: diagnosis, location

Meier et al.[5]

Patient, diagnosis, immunotherapy: treatment

Jayadevappa and Chhatre [6]

Patient (date of birth, marital status, social security number, ethnicity),
provider, treatment

Berliner and Lemke [7]

Lab value, diagnosis, treatment, patient

Eschrich et al. [8] Cancer characteristic (treatment), provider, radiation: treatment, patient

Patient (date of birth, gender, marital status, social security number),
diagnosis (stage, location)

Yang et al. [9]

Lung/breast/stomach/liver/kidney/colon/rectum/ovary/prostate:
diagnosis, location, immunotherapy/chemotherapy: treatment, patient
(ethnicity), risk factor, lab value

Halmai and Carvajal-Carmona [10]

Lemke et al. [11] Patient, cancer characteristic, surgery/radiation: treatment

Board on Health Care Services [12] Patient, provider

Hassankhani et al. [13] Patient, diagnosis (stage), provider, lab value

Tralongo et al. [14] Patient, cancer characteristic, provider

Source: own elaboration.

Concept Representation

We use the syntax we present in Figure 13 for classifying all of the concepts identified
in Table 2. We have some hints for defining such classification:

Concepts with attributes (denoted with parentheses) are class concepts, while
attributes are leaf concepts linked to class concepts using a has structural
relationship.

Lists of possible values (heading colon) are included in dotted rectangles, while
the concept assigned is classified as a leaf concept linked to the possible values
using a dotted line.

Entities are class concepts even though they lack attributes.
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Specific concepts are leaf concepts even though they lack alinked class concept.

Arrows are provided for linking concepts to relationships and vice versa.

The resulting pre-conceptual schema is depicted in Figure 15. Be advised that the
complete set of concepts identified in column 2 of Table 2 are included in Figure 15
and we have two isolated concepts (provider and lab values).

LABVALLE | oo

1

1

1

: - IMMUNOTHERAPY
TREATMENT ---1 - RADIATION
1 - SURGERY
1

DATE OF
BIRTH

A

SOCIAL SECURITY
NUMBER

ETHNICITY

- STOMACH

1

1

1

RISK FACTOR 1
- LIVER 1
1

1

1

1

STATUS
- KIDNEY
- COLON
- RECTUM
- OVARY
- PROSTATE

=== — -

Source: own elaboration.

FiGURE 15. INITIAL PRE-CONCEPTUAL SCHEMA FOR REPRESENTING
THE IDENTIFIED CONCEPTS FROM TABLE 1

Missing Information Identification

The initial pre-conceptual schema of Figure 15 was validated by performing a focus
group, according to the guidelines provided by Anderson [17]. The composition of
the focus group was restricted to two experts in information systems with 5-or-mo-
re years of experience in modeling cancer situations with different kinds of tools.
After reviewing some candidates, we selected two experts from a Cancer Center in
the United States. The focus group session lasted two hours as recommended by
Anderson [17] and the discussion was moderated towards the quality of the initial in-
formation, the clarity of the concepts and relationships, and the completeness of the
information. The last part of the focus group was devoted to providing additional
information for completing the cancer patient model according to their needs and
standards. The experts validated the contents of the initial pre-conceptual schema,
and they provided some information regarding the system they use in the Center,
along with other information regarding the regulations in the United States rela-
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ted to cancer patients and the information we must include by accomplishing some
standards like HL7.

We should complete the model by using the new information to identify where the
concepts/relationships are missing as follows:

Leaf concepts missing from some class concepts: We need more information from
thepatient (birthplace, first name, middle name, last name, religion, and medical
record number). Regarding the diagnosis, we need the date and the patient’s
age at the moment of the diagnosis. Regarding the cancer characteristics, we
need the grade differentiation, the first treatment date, the tumor sequence
number, the histology, and the behavior.

Possible values belonging to some leaf concepts: Some treatments are missing, i.e.,
biopsy, hema_endo, and hormone. Also, some risk factors like alcohol use and
tobacco use.

Class and intermediate concepts (with their leaf concepts) for linking to other
concepts and adhering to standards: The provider is linked to the patient and
the cancer characteristic by using an intermediate concept called scheduled
appointment. Such a concept has some leaf concepts like lab value (present in
the model) and others (vital sign assessment, location, date, and type). Also, a
scheduled appointment can be considered an encounter, and this is a concept
needed for adhering to the HL7 standard. Another concept needed for adhering
to standards is the comorbidity of the patient, which is linked to a code in the
international classification of diseases and has a name.

Additional relationships for completing the meanings: We need a structural
relationship for linking the provider with a scheduled appointment and an is
a structural relationship for linking a scheduled appointment to an encounter.

The encounter is one of the main terms required by the HL7 standard, which is a set
of standards for easing the electronic exchange of clinical information. Even though
the HL7 is intended for general diseases, the cancer patient model needs informa-
tion for adhering to such a standard. The same can be applied to the International
Classification of Diseases, from which the cancer diagnosis is just a part. Both stan-
dards can be met with the cancer patient model we depict with the final pre-concep-
tual schema shown in Figure 16. We are going beyond the encounter information
and the different specificities of the cancer disease with a model easy to understand
and complete enough to detail the diagnosis of the cancer while adhering to inter-
national standards. In addition, the leaf concepts we provide in our model can be
exemplified and instantiated for filling in the specific characteristics of an encoun-
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ter/patient/provider. This feature is completely absent from the different kinds of
representation we presented in the background Section of this paper.

: - CHEMOTHERAPY
' - BIOPSY
1
1
1

SCHEDULED

APPOINTMENT - HEMA_ENDO

1
1
1
- IMMUNOTHERAPY :
1
1
1

] — - HORMONE
NL:::E 1 - RADIATION

! - SURGERY
4 L

DATE OF
BIRTH

Y

P

SOCIAL SECURITY
NUMBER

ETHNICITY
- BREAST

1 1
1 1
1 1
1 -LIVER
1 1
1 1
1 1
1 1

CODE IN INTERNATIONAL
CLASSIFICATION OF
DISEASES

A 4

RELIGION |

PATIENT AGE

e de oo - KIDNEY
- COLON

- RECTUM

- OVARY

| _PROSTATE =~ ~~~~~~~~~~- LOCATION

1 - ALCOHOL USE
I -TOBACCO USE

Source: own elaboration.

F1GURE 16. FINAL PRE-CONCEPTUAL SCHEMA AFTER ADDING THE MISSING INFORMATION

CONCLUSIONS AND FUTURE WORK

In this paper, we proposed a pre-conceptual schema for modeling the cancer patient
and their surroundings. We selected the pre-conceptual schemas for representing
our solution due to the close relationship they have with knowledge representations
and the five roles they can play: a model, an ontological commitment, a theory for in-
ference, a machine-to-machine language, and a person-to-person language. We also
went further with the typical restrictions of patient-based models related to cancer,
commonly oriented towards a special kind of cancer and linked to the information
of encounters, and we guaranteed adherence to some standards like HL7 and ICD.

Our pre-conceptual schema is the result of solving the main problems we found in
the previous proposals about the information related to cancer patients in terms of
informal flowcharts, architectural diagrams, and concept sketches. We also solved
problems related to the coverage of the information and its level of detail.

The process for obtaining our pre-conceptual schema followed a method with the
following activities: identification of concepts from the previous proposals, repre-
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sentation of such concepts into a pre-conceptual schema, and identification of mis-
sing information to complete the information and adhere to well-known standards.

We propose some lines of future work from the pre-conceptual schema we proposed
in this paper:

Adding some other elements to our pre-conceptual schema for adhering to
other standards.

Adding elements for expressing dynamic features of the domain, for example,
events, conditionals, and dynamic relationships.

Detailing different elements with specifications.

Translating the pre-conceptual schema into standard conceptual schemas
like class diagrams, case, sequence, and entity-relationship diagrams, etc., by
following the rules defined in the specialized literature about this topic.

Generating a prototype from the pre-conceptual schema, as defined in the
specialized literature.
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