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Abstract— Effective management of chronic diseases is a
global health priority. A healthcare information system offers
opportunities to address challenges of chronic disease
management. However, the requirements of health information
systems are often not well understood. The accuracy of
requirements has a direct impact on the successful design and
implementation of a health information system. Our research
describes methods used to understand the requirements of
health information systems for advanced prostate cancer
management. The research conducted a survey to identify
heterogeneous sources of clinical records. Our research showed
that the General Practitioner was the common source of
patient’s clinical records (41%) followed by the Urologist (14%)
and other clinicians (14%). Our research describes a method to
identify diverse data sources and proposes a novel patient
journey browser prototype that integrates disparate data
sources.

I. INTRODUCTION

The World Health Organisation (WHO) has specified
challenges in chronic disease management [1]. A
comprehensive approach is required to prevent and control
chronic diseases such as prostate cancer. Healthcare
Information Systems (HIS) provide a clinical decision
support through data collection, aggregation and presentation
to the clinicians as well as patients. HIS plays a critical role
in providing point-of-care information needs to improve the
health services [2]. The effectiveness of HIS in managing
acute health care delivery is widely acknowledged [3-6].
However, application of HIS in effective management of
chronic diseases particularly at advanced stages of the
disease is challenging [7-9]. The challenges are mainly due
to lack of clear understanding of the information
requirements. We show that this issue can be resolved by a
systematic approach to understand the information
requirements.

Prostate cancer is the second most frequently diagnosed
male cancer in the world. The global statistics on the prostate
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cancer show that the age standardized incidence rates in the
countries of Oceania, North America and Europe are in the
range of 75.2 to 104.2 incidences per 100,000 [10]. In
Australia, it is the second most common cancer in men after
skin cancer. It is one of the leading causes of death in
Australia [11]. It was the most newly diagnosed cancer in
2007 with 19,403 cases diagnosed [12]. It is also estimated
that incidence rates of prostate cancer in Australia will
continue to increase until 2020 [13]. Due to chronic nature of
the disease, it is always difficult to provide accurate
information to the care providers. The main difficulty is due
to lack of consistency, availability and accessibility of the
data sources for clinical information over a period of 15-20
years. The patient records may reside across various data
sources during the disease progression of the prostate cancer.
It is therefore important to understand the sources of clinical
data as a crucial information system requirement for
proposing better healthcare information systems.

Due to the chronic nature of the disease with long term
survival period, it is difficult to understand the journey of
patients who are at an advanced stage. It is also difficult to
design an information solution that can bring all the
information together. Multi-disciplinary care is a common
approach for chronic disease management [14-16]. The
application of innovative information technology is a crucial
factor for the delivery of integrated health care through
Multi-disciplinary Teams (MDT) [17]. We show that
understanding of the inherent data sources as well as health
delivery process for advanced prostate cancer patients helps
in designing innovative HIS.

II. BACKGROUND

An MDT clinic provides an integrated care model for
treating advanced prostate cancer [18]. The MDT care model
is of particular importance for advanced stages of prostate
cancer. The cancer that has spread beyond the prostate gland
is considered as an advanced prostate cancer [19]. The
disease progression can be described using various treatment
points as clinical events that have occurred between
diagnosis and the current status of patient’s prostate cancer.
This research has considered prostate cancer stages from
locally advanced until end-of-life care. The prescribed
treatments may change at various stages of disease
progression.

The advanced prostate cancer patient may undergo
several standard clinical treatments such as radiation and
chemotherapy. The patients may also use several alternative
therapies and over-the-counter medications. It is important to
understand care patterns of advanced prostate cancer patients
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with alternative therapies and over-the-counter medications.
The accurate understanding of patterns of care for advanced
prostate cancer is crucial for designing any HIS as it can
improve point-of-care information delivery and subsequent
clinical decision support.

III. METHODS

A. Consultation with experts

A consultative approach was taken to identify sources of
patient record. Interactive discussions were held with
approximately ten domain experts including urologists as
well as prostate cancer patient support group representatives.
These discussions provided insight into the journey of
patients with advanced prostate cancer. The consultations
with the clinical researchers as well as clinicians resulted
into modelling the process of advanced prostate cancer
treatment. The design of any health information system
depends on the underlying workflow. Figure 1 shows a high
level workflow for treatment of prostate cancer.

PATIENT

©

Indfem
Prostate Symptoms  Patient's demographics etc u{wem

g

GP
Records

<<Manua>

<<System>>
Manual>> e Manual>>
Assess Prostale

Symploms
~0

GP

Vos | e o Uit Recehe roogst ConsultPatent
Require Further Checkog

oo P Corrapondence
Investigation?

A

<Manuab>
Prescribe
Treatment

<<Manua>>
Refer to
‘Onoologist

Patient Yoo
Require Further
Investigation?

Urologist

<<Manual>>
Assess Patint
GP Referral
Receieved
<<System>>
Update Patient
Refer to medirad oncologist
Urologist Biopsy Urologist
Records Records
UrologistGP

<Manua>>
Order Patiology
Tests
Referal

Receieved i

Bone Scans

<<Manua>>
Prescribe
Chemotherapy

<<Manua>
Referto
Radition

Oncologist

9

Yes
RequiFurther
Investifation?

<<Manuab>>
Review Patient
Findings

Medical Oncologist

Refor to Rad. oncologist

<<Manuab>
Prescrbe
Radiation

Therapy

<<Manuah>
Review Patient
Findings

UrologistGP
Referral

Investipation?
Receieved

Radiation Oncologist O

Records Treatment Finished

>—>0
> L
Rew%nher Inform GP

Radiation Oncologist

Figure 1. A high level work flow for prostate cancer.

The workflow shown in Figure 1 is described below.

e A patient may experience prostate cancer related
symptoms.

e A patient visits a General Practitioner (GP) after an
initial diagnosis of prostate cancer. A GP may refer
patients to Urologists for further investigation if
their blood test or rectal examination is abnormal.

e Urologists may then refer the patients to medical
and radiation oncologists for further investigation.
They may diagnose the prostate cancer through a
biopsy, assess suitability for treatment and provide
surgical or hormonal therapy as appropriate.

e Medical oncologists may wuse new types of
chemotherapy that have recently become available
for the treatment of advanced prostate cancer.

e Radiation oncologists may use radiation delivered
externally with beams or internally with implants
such as seeds and rods to treat localised or locally
advanced cancer.

e The Urologists and Oncologists inform the GP
about the outcomes/ summary of investigations.

e The GP is the centre of information for the patient’s
disease and treatment information. The patient
records are stored at the GP and patients may also
keep a copy of their investigation results and
findings.

The investigation about the clinical workflow indicated that
there are various clinicians involved in the treatment of
advanced prostate cancer. Figure 2 shows various clinicians
involved in patient care at various stages of prostate cancer.
We have considered the stages: i) Locally advanced prostate
cancer; ii) Prostate Specific Antigen (PSA) recurrence
following surgery or radiation treatment for localised
prostate cancer; iii) Metastatic prostate cancer; iv) Metastatic
prostate cancer which has failed androgen deprivation
therapy (ADT); and v) End-of-life care. The patient data
records reside in different systems (paper-based or
electronic) with these clinicians.
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Figure 2. Specialist clinicians involved in different stages of advanced
prostate cancer. (Adopted from Cancer Council Australia 2009)

B. Patient Survey

A patient questionnaire was designed to elicit responses from
the patients with advanced prostate cancer [20]. The non-
identifying questionnaire was designed to understand the
heterogeneous sources of patient data. The survey was
designed using the categories such as Demographics, Care
Provider, Treatment, Hospital Stays, Medications,
Alternative  therapy or dietary supplements. The
questionnaire was distributed to patients through prostate
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cancer support groups. The data was collected from August
2010 till December 2010. The data was collected using an
on-line version as well as a paper version of the
questionnaire. The participation in the questionnaire study
was voluntary. A total of 50 patients participated in the pilot
study. The data collection from such a large number of
patients was challenging. The advanced prostate cancer
patients were not easily approachable. Furthermore, many
patients did not attend the patient support groups. The data
collected in this pilot study was used to answer the following
research question about heterogeneous data sources —

1. What are the main data sources of advanced prostate

cancer patients during their entire journey?

IV. RESULTS

The results about the sources of clinical records for the
advanced cancer patients are shown in Figure 2.
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Figure 3. Sources of clinical records.

Figure 3 shows that the most common source of a patient’s
clinical records is the General Practitioner. The survey
findings are described below.

e The GP had the most complete set of patient’s
clinical information for 41 % of respondents.

e 14 % of respondents indicated that they themselves
or their urologist held the complete set of their
clinical records.

The clinical information recorded at the primary care
provider such as GP or urologists mostly include Prostate
Specific Antigen (PSA) level with 96.1 % of responses,
digital rectal examination with 66.7 % of responses, biopsy
with 78.4 % of responses, bone scan with 72.5% of
responses, X-ray with 29.4% responses and other blood tests
such as liver function, kidney function with 60.8 % of
responses. PSA level is determined in a PSA test as a
common screening test for prostate cancer. PSA is a protein
produced by the prostate gland cells. The PSA test measures
the level of PSA in the blood. A high level of PSA may give
useful information about cancer staging [21, 22]. The

patient’s belief as to who has their medical records is
important as it can improve the quality of clinical
consultation as well as information transparency.

V. DISCUSSION

Total 13 patients responded on paper-based surveys and 37
patients responded to online questionnaire indicating the
willingness of patients to use online information system. The
results of the survey as well as consultations with the clinical
researchers indicated that the data sources for the advanced
prostate cancer patients exist in disparate systems. The
quality of clinical decision making can be improved if all
patient data is aggregated and presented in a single patient
record. The aggregation of longitudinal data is challenging
for chronic discase management. The data aggregation is
difficult due to a lack of consistency of clinical data records
over a longer time span. The patients may also change their
care providers during their disease progression thus limiting
the data sharing among their care providers. However, data
sharing is critical for better point-of-care information needs.
The constraints in data sharing can be addressed by consent
between the patient and the care providers. A personally
controlled electronic health record may be used to address
such challenges.

The other trend that we observed is that the patients
maintain their data themselves. Therefore HIS should be able
to accommodate self-reported data by the patients. A health
information system that can integrate GP records with
urologists’ records and present an aggregated data to the
MDT clinicians is an effective health informatics solution.
An integrated system that can browse through the patient
journey can improve the efficiency in providing point-of-
care information access to the advanced prostate MDT.
Based on the findings of this report, the Figure 4 shows the
schematic of our proposed patient journey browser system
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Figure 4. Proposed Patient Journey Browser
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The proposed systems can integrate data from various care
providers as well as patients. The proposed prototype was
developed using motion charts and it shows a dynamic visual
of the patient’s disease progression. The proposed browser is
designed to show a high level visualization of the patient’s
disease progression through a central parameter. The PSA
level determined at various time intervals is the main
parameter used to measure the disease progression. The
proposed prototype has the ability to visualize the patient
data that have been retrieved and recorded from various
sources systems. The patient clinical records from the
various source systems at the Urologist, Oncologists and
other care providers can be used for visualizing the patient
journey. The visual data presentation is based on the
changing values of PSA levels over a given period in a line
graph on a logarithmic scale. Other key information such as
current treatments and medications are displayed on the
patient journey visual. The data visualization enables clinical
decision support at the MDT meetings. The visualization
adds crucial value to the clinical decision making process.

CONCLUSION

This research has provided valuable insights into
requirements of HIS for advanced prostate cancer patients.
The requirements identified in this research enable the
design of innovative HIS. The study has identified that GP
and Urologist records are the main sources of clinical
records for the advanced cancer patients. This research has
described an innovative patient journey visualization using a
central measure of chronic disease progression. The
proposed visualization enables clinical decision support in an
MDT clinic environment. A basic version of the system is
being used by the advanced prostate cancer MDT clinic at a
hospital. Further development of the proposed solution for
the advanced prostate cancer MDT may be undertaken in the
future. This research has described a use case for prostate
cancer management. The proposed system can be used for
other chronic diseases such as heart disease and other forms
of cancer as well. The application of the findings from this
research for other chronic diseases remains an area of future
research.
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