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Introduction: Oncologists are usually faced with a huge amount of diagnostic and ther-
apeutic data in the process of cancer care. However, they do not have access to the integrated
data. This research aimed to present a conceptual model of an oncology information system
based on the users’ requirements.

Methods: This study was conducted in 2019 and composed of two phases. Initially,
a questionnaire was designed, and clinical experts (n=34) were asked to identify the most
important data elements and functional requirements in an oncology information system. In
the second phase, conceptual, structural and behavioral diagrams of the system were drawn based
on the results of the first phase. These diagrams were also reviewed and validated by five experts.
Results: Most of the data elements and all functional requirements were found important by
the experts. The data elements were related to different phases of cancer care including
screening, prevention, diagnosis, treatment, mental care and pain relief, and end-of-life care.
Then, conceptual, structural and behavioral diagrams of the system were designed and
approved by the experts or revised based on their comments.

Conclusion: The conceptual model and the diagrams presented in the current study can be
used for developing an oncology information system. This system will be able to manage
patients’ cancer data from screening to the end-of-life care. However, the system needs to be
designed and implemented in a real healthcare setting to see how it can meet users’
requirements.
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cancer data

Introduction
Cancer is one of the most significant causes of mortality and disability across the world,
especially in developing countries. In some cases, cancer occurs due to some changes
in the individual’s genes, or due to the environment in which people live.' Recently,
the International Agency for Research on Cancer (IARC) reported a rise in global
cancer burden. According to their report, 18.1 million new cases and 9.6 deaths
occurred due to cancer in 2018. The most common types of cancer were lung, breast,
and colorectal cancer.” In 2015, about 360,000 mortalities occurred in Iran, among
them, 14.9% were due to cancer. This figure shows that the number of deaths due to
cancer has doubled from 1990 to 2015. Similar to the rest of the world, the common
cancers were lung, colorectal, and breast cancer.”

With regard to the increasing number of patients, the large amount of clinical and
non-clinical data of cancer patients and the necessity to optimize cancer information
management, designing and implementing oncology information systems (OIS) seem
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quite necessary.”® This system can support the process of
data integration in different stages, such as screening, pre-
vention, diagnosis, treatment, palliative and end-of-life care.
Moreover, the needed data will be available electronically to
improve cancer care quality and to conduct clinical research.’
An oncology information system needs to be integrated with
and interfaced to other hospital systems, such as hospital
information systems (HIS) to harmonize processes, data,
and reporting, improve patient safety, and facilitate clinical
research. In this case, non-clinical data, such as financial data
can be collected by the relevant subsystems of the HIS. This
approach will prevent duplication of efforts or parallel invest-
ment in designing information systems.®

According to the literature, there have been numerous
studies on the application of information systems in the field
of oncology. For example, in 2014, Ando designed an oncol-
ogy information system to record physicians’ instructions and
to manage treatment plans and outcomes.® In another study
conducted by Evans et al, a geographical oncology information
system was implemented in four medical care organizations.
The results showed that the system success depended upon the
commitment and active cooperation of top managers, design-
ing the system based on the current clinical workflows, defin-
ing new workflows, and using appropriate technologies.”
Similarly, Urda et al developed an oncology information sys-
tem in Spain which improved access to patient information.
The availability of data analysis tools, the integration of the
system with the clinical workflows, and user-friendliness were
some of the benefits of the designed system.'® Other research-
ers, Hara and Ikushima highlighted the benefits of implement-
ing a comprehensive oncology information system in Japan.
These benefits included sharing patient information with other
departments, electronic data entry, and reducing medical
errors. They also noted that workflow reengineering helped
physicians to have more time to care for patients and facilitated
using the system.''

Prior to design a successful system, users’ requirements
need to be identified and analyzed.'® Following this
approach, designing models and diagrams based on the
users’ requirements can help to represent them in a more
clear way.'*'? The unified modeling language (UML) is one
of the common tools for developing conceptual models and
diagrams in a standard modelling language. In other words, it
is a method for describing features and documenting the
elements of a system in different diagrams. In the modeling
process, all components are displayed as graphic figures to be

conceptualized by all users."*

Currently, hospital information systems and paper-
based records both are used to collect cancer data in
Iran. However, different issues, such as data incomplete-
ness, difficulty in getting access to the required data and
challenges in sharing data between different departments'>
have hindered effective use of cancer data. As a result, it
seems that identifying users’ requirements and designing
models and diagrams of an oncology information system
can be a starting point to design this system in the near
future to improve cancer care documentation. It is notable
that users’ requirements of an oncology information sys-
tem were previously identified in a qualitative study.'®
However, in the current study, the researchers aimed to
validate the results of the previous study in a bigger sam-
ple size by using a quantitative method.

Methods

This research was conducted in 2019 and composed of two
phases. Initially, the clinical experts (oncologists, patholo-
gists, radiotherapists, chemotherapy nurses) (n=34), who
had at least 3 years of work experience in cancer care, took
part in the study to identify the most important data ele-
ments and functional requirements in an oncology infor-
mation system. The research settings were eight teaching
hospitals across the country in which cancer patients were
provided with different types of healthcare services.

In order to collect data, the Delphi Method was used in
two rounds. The research instrument was a five-point Likert
scale questionnaire, which was designed based on the litera-

. —1
ture rev1ew5 5

and the results of a previous qualitative
study.'® In the first round of the Delphi study, the question-
naire consisted of three main sections including a) partici-
pants’ characteristics (five items), b) data elements required
for cancer screening (18 items), prevention (16 items), diag-
nosis (19 items), treatment (40 items), mental care and pain
relief (eight items), and end-of-life cancer care (five items),
and c) functional requirements of an oncology information
system (22 items). In the second round of the Delphi study,
the questionnaire consisted of two main sections including a)
participants’ characteristics (five items) and b) data elements
required for the oncology information system (17 items).
These 17 items did not reach a consensus in the first round
of the Delphi study and were asked again in the second
round. The content and face validity of the questionnaires
were approved by three experts.

To analyze data resulted from the Delphi study, descrip-
tive statistics (frequency, mean value, standard deviation,
median, and interquartile range) were calculated for each of
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the questionnaire’s item by using SPSS version 21.0. If 75%
of the participants rated an item 4 or 5, it showed that the
consensus was reached. In addition to this, the mean value of
(3.75) was regarded as a criteria to show the level of agree-
ment and those items with a mean value of 3.75 or more were
included in the final list of users’ requirements.

In a Delphi study, decision rules must be established to
assemble and organize the judgments provided by Delphi
subjects. As the Delphi study consists of a series of rounds
and the rounds repeat with the goal of reducing the range of
responses until “consensus” is achieved, we decided to set
the mean value of (2.5) as a cut-off point to remove the items
from the final list (agreement level of 50% or less). As
a result, items with the mean values between 2.5 and 3.75
were entered into the second round of the Delphi study. The
confidence interval was 95%.

In the second phase of the research, a conceptual model
and the structural and behavioral diagrams (UML diagrams)
including use case, activity, workflow and sequence dia-
grams were drawn by using Visual Paradigm software.
Then, the model and diagrams along with a questionnaire
which included 38 questions were presented to five experts
(oncologist, radiotherapist, pathologist, chemotherapy nurse,
and a software engineer). The questionnaire had three
responses for each question (acceptable (2), relatively accep-
table (1), and not acceptable (0)). The content and face

validity of the questionnaire were confirmed by three experts.
Descriptive statistics (frequency and percentage) were used
for data analysis and the experts’ comments were applied to
revise the conceptual model and the UML diagrams.

Results

In the first round of the Delphi study, 34 out of 40 clinicians
(85%) including oncologists, pathologists, radiotherapists,
chemotherapy nurses completed the questionnaire. Over half
of the participants were male (n=20, 58.8%) and the highest
frequency (n=15, 41.1%) was related to the age range of 4049
years old. In terms of education, the highest frequency (n=11,
32.3%) was related to the bachelor's degree of nursing. About
half of the participants were nurses (n=15, 44.1%), and the
highest frequency of work experience (n=15, 44.1%) was
between 11 and 15 years. In the second round of the Delphi
study, a similar pattern with different figures was repeated. The
participants’ characteristics in the first and second rounds of
the Delphi study are presented in Table 1.

The experts were asked to identify the most important
data elements and functional requirements of an oncology
information system. The first part of the questionnaire was
related to the data elements required for cancer screening
(Table 2).

As Table 2 shows, most of the data elements were found
necessary for cancer screening. However, some data

Table | Participants’ Characteristics in the First and Second Rounds of the Delphi Study

Delphi Study Round One Round Two
Variables
Frequency Percentage Frequency Percentage
Gender Male 20 58.8 12 60
Female 14 41.1 8 40
Age (years) 30-39 9 26.4 6 30
4049 15 44.1 I 55
50-59 10 29.4 3 15
Level of education BSc I 323 8 40
MSc 4 1.7 2 10
Medical specialty 10 29.4 3 15
Medical subspecialty 9 26.4 7 35
Occupation Oncologist 5 14.7 5 25
Radiotherapist 235 3 15
Pathologist 6 17.6 2 10
Chemotherapy nurse 15 44.1 10 50
Work experience in the field of cancer care (years) 1-5 3 8.8 3 15
6-10 8 235 4 20
11-15 15 44.1 7 35
16 and above 8 235 6 30
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Data elements
and functional
requirements
of an oncology
information

Cancer screening

Personal data, patient
history, body mass index,
drug history, being exposed
to chemicals, smoking and
addiction, exercising,
nutritional status,
paraclinical tests and their

Data

elements

<

system

Obtaining am electronic patient
consent for treatment, applying
DICOM-RT standard in
radiotherapy, treatment
scheduling, scanning medication
bar codes, coding data by using
ICD-O, reporting, statistical
analyses, e-prescribing, digital
signature, system integration,
access control

N

Functional
requirements

—)

results

Cancer prevention

Personal data, patient
history, body mass index,
medication history, being
exposed to chemicals,
smoking and addiction,
exercising, nutritional
status, paraclinical tests
and their results,
chemotherapy history,
radiotherapy history,
periodical laboratory test
reanlte

Cancer diagnosis

Symptoms, results of
clinical examinations,
patient history, family
history, current
medications, drug allergies,
smoking and addiction, job-
induced risk factors,
previous paraclinical tests
and their results, pathology
and radiology tests results,
final diagnosis, consulting
results

Cancer treatment

Patient history, results of
medical consultations,
suggested surgery,
radiotherapy data,

- chemotherapy data,

hormontherapy data,
immunotherapy data,
tumor position, patient
consent, nursing care data
(vital signs, level of
consciousness, disease
progress, and discharge

=

Mental care and pain
relief

Prescribed medications
for mental care,
training patients and
their caregivers, drug
prescription for pain
relief, pain monitoring
data, training to
improve nutritional
status

End-of-life care

Spiritual challenges of
the patients and their
families, procedures
to overcome these
challenges, pain relief
medications, training
to improve nutritional
status

Figure | Data elements and functional requirements of an oncology information system.

elements, such as being exposed to chemicals (3.23£0.3),
exercising (3.55+1.13), nutritional status (3.70+1.03), and
sonography (3.73£0.81) did not reach a consensus and they
were transferred to the second round of the Delphi study.
Among the data elements required for cancer screening,
patient’s health status (4.85+0.35) and mammography (4.79
+0.41) had the highest mean values.

Among the data elements required for cancer preven-
tion (Table 3), body mass index (4.61+0.55) and patient
history (4.55+0.66) had the highest mean values. However,
data elements, such as exercising (3.5+£1.18) and nutri-
tional status (3.73+1.16) did not reach a consensus and
were transferred to the second round of the Delphi study.

Regarding cancer diagnosis, most of the data elements,
such as symptoms (4.50+0.56), results of clinical examinations
(4.94+0.23), patient history (4.20+0.94), current medications
(4.11£0.72) were found important (Appendix I). However,
some data elements, such as drug allergies (3.14+1.15) and
job-induced risk factors (3.67+1.22) did not reach a consensus
and were transferred to the second round of the Delphi study.
One item, i.e., “food allergies” (2.38+1.15) was removed from
the final list as its mean value was lower than 2.5.

In terms of cancer treatment (Appendix I), most of the
data elements, such as patients’ clinical history (4.29

+0.87), medical consultation (4.20+0.68), suggested sur-
gery (4.52+0.56), laboratory tests results during radiother-
apy (4.14+0.89), tumor position (4.38+0.77), and other
data elements were found important to be included in the
system. Nevertheless, a number of data elements, such as
patient consent (3.73%1.28), radiotherapy complications
(3.73£1.05), body surface area (3.73+1.30), pharmacist’s
approval (3.5+1.10), vital signs control (3.73+1.46), con-
sciousness assessment (3.73+1.37), disease progress report
(3.73£1.10), and discharge plan (3.58+1.39) did not reach
a consensus and were asked again in the second round of
the Delphi study.

Regarding mental care and pain relief (Appendix I),
prescribed medications for mental care (4.05+0.77), train-
ing patients and their caregivers (4.20+0.64), prescribed
medications for pain relief (4.44+0.89) and other data
elements reached a consensus. However, training to
improve nutritional status (3.73+1.13) was asked again in
the second round of the Delphi study. Another part of the
questionnaire was related to the data required for the end-
of-life care (Appendix I) and included spiritual challenges
of patients and their families (3.91+0.86), procedures to
overcome these challenges (4.02+0.75), prescribed medi-

cations for pain relief (4.2+0.76), and training to improve
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Generating a unique
identification number

Rece ptionist

Retrieving patient
records

Completing
chemotherapy
records

Checking lab tests
results

Reporting —1

Nurse

Figure 2 Use case diagram for the chemotherapy department.

patient’s nutritional status (3.94+0.95). These data ele-
ments along with all functional requirements of an oncol-
ogy information system (Appendix I), such as obtaining an
electronic patient consent for treatment (4.47+0.50),
applying DICOM-RT standard in radiotherapy (4.20
+0.72), treatment scheduling (3.91£1.05), and scanning
medication bar codes (4.26+0.75) were found important.

In the second round of the Delphi study, all data elements
required for an oncology information system, that did not
reach a consensus in the previous round, were asked again,
and finally, all of them were approved by the experts.

In the second phase of the research, the data elements
and functional requirements found in the Delphi study
along with the cancer care workflows reported in the
previous qualitative study'® were used together to provide
a conceptual model (Figure 1) and the structural and
behavioral diagrams of the system by using Unified
Modelling Language (UML). The UML diagrams included

use case, activity, sequence, and workflow diagram.
A sample of these diagrams is presented in Figures 2-5.

The UML diagrams were given to five experts to
review and comment on them. Most of the participants
were male (n=3, 60%), and their age range was between
40 and 49 years old. Moreover, the highest frequency
(n=3, 60%) belonged to the work experience of 11 to 15
years. Most of the diagrams were approved by the partici-
pants. However, four diagrams including two use case
diagrams and two workflow diagrams (chemotherapy and
radiotherapy) required revisions. These diagrams were
revised based on the experts’ comments.

Discussion

An oncology information system supports cancer care
documentation by collecting data related to different stages
of cancer care.” These data assist clinicians, researchers,
and healthcare organizations to work on different types of

Cancer Management and Research 2020:12
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Yes
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Figure 3 Workflow diagram for the chemotherapy department.

cancer more effectively. Moreover, cancer modelling,
monitoring the disease and treatment plans, allocating
resources for cancer care, and conducting clinical research
can be facilitated by collecting data via oncology informa-
tion systems.'""!”

The usefulness of oncology information systems has been
highlighted in different studies. For example, Yang showed
that this system helped to improve quality of care and
assisted the users to spend more time on the important tasks
rather than spending time on the simple and repetitive
tasks.'® Yu et al believed that the use of oncology information
systems may lead to better cancer care management, reduces
human errors, saves costs, and increases the quality of care.'”
The results of the study carried out by Poulter et al showed
that system users were satisfied with the system, as it helped
with keeping information up-to-date, enhancing the quality
of care, making better decisions, and reducing time to search
for patient information.?’

Given the importance and benefits of using oncology
information systems, the current research focused on the

data elements and functions necessary for developing this

system. As the clinicians’ perspectives might be different due
to their departmental requirements and workflow, clinicians
in the oncology, pathology, radiotherapy, and chemotherapy
departments were asked to take part in the study. Moreover,
cancer care documentation includes different stages of
screening, prevention, diagnosis, treatment, mental care,
pain relief, and end-of-life care. Therefore, in the current
research, data related to each stage were investigated.

In a similar study, Kabukye et al focused on the users’
requirements of an oncology electronic medical records.
They found that data elements, such as demographic,
clinical, diagnostic, and treatment data (e.g., cancer
stage, tumor size, and chemotherapy progress), and func-
tions, such as using a clinical decision support system to
prescribe correct dosage of chemotherapy drugs and elec-
tronic scheduling for care plans were necessary to be

included in the system.?’

In another study, the use of
DICOM-RT standard (an extension of digital imaging
and communications in medicine (DICOM) standard
used in radiotherapy), radiotherapy treatment plan, radia-

tion dosage, CT scan images, treatment documents, and
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Figure 4 Activity diagram of user registration.
a summary of treatment documents were suggested to be  radiotherapy, scanning barcodes of medications and

included in the system.?>

In the report published by the Canadian Institute for
Health Information in 2018, providing a minimum dataset
of diagnostic, topographic, and morphological cancer data,
as well as progress report and initial date of diagnosis were
recommended.”® Similarly, other research studies high-

lighted the radiotherapy'®**?’

and chemotherapy data
required to be included in an oncology information
system.>?>%% It is notable that although there is a variety
of data elements that can be considered in an oncology
information system, users’ requirements might be different
in each setting and need to be investigated to prevent
designing a system which is not able to meet their needs.

The research findings also showed that similar to the
numerous data elements that can be considered in an
oncology information system, a number of functions
needs to be taken into account to facilitate users’ daily
tasks. For example, presenting and reporting statistical
analyses, controlling data confidentiality, sharing informa-

tion with other clinical systems, using DICOM-RT in

patient wristbands, and treatment scheduling are some of
the functions recommended to be included in an oncology
information system.'®'%:2%-39

Liu and Wen used a drug injection system in
a chemotherapy department which scanned the barcodes
of medications and patients’ wristbands to check the cor-
rectness of five criteria (patient, medication, dosage,
method of injection, and time) and the users were satisfied
with the system efficiency.’’ After determining data ele-
ments and functional requirements of an oncology infor-
mation system, like other information system, designing
a conceptual model and UML diagrams is another step
towards developing an actual system.>? In the current
study, a conceptual model and the UML diagrams includ-
ing use case, activity, sequence, and workflow diagrams
were designed based on the results derived from the
Delphi study and the previous qualitative study.'®

In a similar study, Shiki et al presented a conceptual
model of a hospital-based oncology information system.

The conceptual model of this system included use case,
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activity, and class diagrams.>® In another study, Lyalin and
Williams presented the activity diagrams to enhance the
workflow of the admission process.** Therefore, with
regard to the fact that the conceptual models help with
designing information systems, it is expected that the
conceptual model and the UML diagrams presented in
the current study can facilitate the process of system
design in the future.

Research Limitations

This research had some limitations. First of all, although
clinicians from eight teaching hospitals took part in the
study, the number of the participants in the first and second
rounds of the Delphi study was limited. However, as there is
no well-defined rule for selecting a specific number of the
participants in a Delphi study and representation is assessed
by the quality of the expert panel rather than its number, we
can conclude that the participants were well-experienced
clinicians in cancer care and the results might be generalized

N

to a bigger sample size. Moreover, the logical and physical
data models of the system were not designed in this study.
The logical data model deals with the structure of the data
elements and the relationships between them, and the physi-
cal data model describes the database-specific implementa-
tion of the data model. As it is expected to continue this
research in the near future and develop an oncology informa-
tion system, designing the logical and physical data models
of the system will be part of the future projects.

Another issue might be related to the level of details
associated with each data element. Although we reached
a large number of data elements necessary for designing an
oncology information system, it was not possible to include
all of them in the questionnaire. Therefore, we decided to
focus on the main items. Moreover, the current study aimed
to present a conceptual model of an oncology information
system. Therefore, more details about other data elements,
which might not be mentioned in this study, should be
investigated before or during designing a real system.
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Conclusion

The process of cancer care consists of screening, preven-
tion, diagnosis, treatment, mental care and pain relief, and
end-of-life care. To be able to manage these processes
effectively, reliable and up-to-date data can be available
by using oncology information systems. In the present
study, data elements and functional requirements of an
oncology information system were identified from the
clinicians’ perspectives. The results showed that the data
elements varied in different stages of cancer care and
different departments. Regarding the system functions,
statistical analyses and the use of clinical decision support
systems for determining medication or radiation dosage
were found important. A conceptual model and the UML
diagrams designed in the current study can facilitate
designing the actual system. However, this system needs
to be implemented and used in practice to see how it can
meet users’ requirements.
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