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ABSTRACT

This paper describes a Web-based tool to providermation and support to patients and carers oplgediagnosed with
haematological cancers. The Web site provides mistnl information relevant to the type of cancer itidividual has,
the treatment options available to the patienhatcurrent stage of their illness, and the supgantices located near the
patient. The application has been designed to aflew information to be entered into the systemluiog new levels
of customization, with minimal extra developmenhisTallows required changes to be implemented uakd easily
without compromising the quality of the system.
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1. INTRODUCTION

It is always difficult for a patient when faced tia diagnosis of a serious disease such as caBait €t
al., 2000). The shock means that a lot of infororatjiven to the patient immediately after diagnasis
forgotten (Kessels, 2003) and, as the patient camésrms with the diagnosis, he or she may wiskntow
more details about particular aspects of his odimrase and treatment.

To help patients find the information they desmeéy\eb-based tool, called the Haematology Treatment
Aid, has been created to allow patients, their Raaund friends, and their medical staff to viewarhation
relevant to the particular patient’s condition, theatment options available to the patient, aredhbspital
where the treatment occurs. This includes videgdaiming various aspects of the supported diseases
(initially four kinds of haematological cancer),damore detailed information, incorporating text amages,
that are only displayed if relevant for each patiétach user is free to explore in as much dewithay
desire and can revisit the site as often as thei.wi

The system is also being used by researchers wh@xamining user interaction with the system to
determine which information is most important téfetient types of users. This will aid in communioat
with future patients by ensuring the most relevaftirmation is readily provided in an accessibleywa

This paper introduces the Haematology Treatment Siection 2 describes the functionality of the
system. Section 3 details the design used to imgaherthe required functionality, and Section 4 dibssr
how that design allows the system to be enhanctdneiw information and cancer types.

2. FUNCTIONALITY

The Haematology Treatment Aid is being evaluatedgua randomized control trial. Thus, when a phgsic
first diagnoses a patient, a randomization schedulsed to determine whether that patient wilinmuded



in the intervention group. If the patient is toibheluded, the physician logs in to an administmtinterface
and registers the new patient details. Sectiord@stribes the functionality of this administratioterface.

Once registered in the system, a patient is givemigque URL, which can be shared with family and
friends, to allow them to log onto the system. Haematology Treatment Aid then provides information
tailored to the particular patient. This functidhals detailed in Section 2.2.

As part of the study, the Haematology Treatment i8idlso being used to examine which information
patients find most useful. The collection of théad@quired for such analysis is provided by thecfionality
described in Section 2.3.

2.1 Administrator Functionality

When first logging in to the system, an adminis@eauser is presented with a list of their existpagients,
including options to edit an individual patientrfarmation, or to disable the patient’s accounterEhis also
an option to search their patient list, or to regis new patient.

The interface to edit a patient profile allows gigysician to enter the patient’s first and last eadate of
birth, gender, treating hospital, diagnosis, angilaile treatment options. This information canniedified
as circumstances change (for example, a treatnpiotnomay be removed if it is no longer relevant).

When information is entered for a new user, a umigientifier based on the patient’'s name and dfte o
birth is generated. This identifier is used to tgea unique username which can be used by thenpatie
access information tailored to their personal d&tdihe username can also be added as a URL pamiset
a patient can simply be given a link without haviogemember their username.

2.2 Patient Functionality

In order to access the information content, a usest enter a valid username, and his or her relstip
with the patient (“I am the patient”, “Nominatedgsificant other”, “Family member”, “Friend”, “GP”,
“Haematologist”, or “Other”). For most of the rataiships, a date of birth must also be entereds Thi
required for user tracking, as described in Se@i@n

Once a user has successfully logged in, they agsepted with a video explaining the purpose and
structure of the system. The user is then freexpioee the system, using navigational links custadibased
on the information entered by the administratortf@r patient associated with the current user name.

The information in the Haematology Treatment Aicdbresented through a series of tabs that split the
information into sections such as “My cancer asdccauses”, or “What support is available?”. Whea of
these tabs is selected, the user is automaticedigepted with the first information item (which mg in
video, text, or hypermedia format) from that settiand a navigation menu on the left-hand sidehef t
screen allows the user to view further informatiosesired.

The user may choose to enter keywords into theckdamx available on every page to find pages of
interest. Further, there is an information buttotha bottom of each page, which allows the useetmest
more information either by calling an available gligle, or by emailing a cancer nurse. The systeso al
includes a simple discussion forum that allows siseiinteract with each other.

2.3 Researcher Functionality

One of the aims of the Haematology Treatment Aitidiscover the information most useful to patesnd
their carers. The system collects information fas tpurpose, which researchers can download fram th
administrator interface, in two different ways: uggeraction (via requests for feedback), and trsaking.
After viewing each piece of information contenterth is a chance a user may be presented with a
feedback dialog. This dialog asks the user to taekinformation content as being “very helpful”, ltile
helpful”, or “not helpful”, and enter any desirednaments. To ensure a user is not overburdenedutimber
of feedback requests per session is limited to.fBurther, to ensure as many information itemsassiple
have feedback, a limit is placed on the numbeimoés feedback is requested for each item.
The system also tracks user interactions for eashien within the system by storing details inahgdi
which information items are viewed, and how long tiiser spends viewing each item. This allows the
analysis of user actions to determine the itemisateof most interest to particular types of users



3. SYSTEM DESIGN

This Section provides an overview of how the fumadlity from Section 2 was implemented for the
Haematology Treatment Aid. Section 3.1 detailsdata model for the system, and Section 3.2 desctime
software design to use that data.

3.1 Data Mod€

Initially, the information content for the projesias provided as a set of videos, a single Microgédird
document containing text and images for each inédion page, and a description of which pages shield
restricted to particular diagnoses, treatment ogtior patient hospitals. To allow this informatitn be
displayed in as wide a range of Web browsers asilgles it was necessary to convert it into a morebW
friendly format.

To ensure videos could be viewed by as many uddarecystem as possible, each video was converted
to both h.264 and WebM formats. Most browsers auigport one of these formats, so both are required.
MediaElement.js (Dyer, 2013) was used to ensulnaistent experience regardless of the browser. used

Two options were considered for converting the lgdoft Word document to a set of HTML files. The
first option was to use automatic conversion. Ttieooption was to manually convert the conteri TaML.

While it initially seemed that it would be faster tise automatic conversion to generate the hundreds
pages of content to HTML, it was ultimately decidhdt manual conversion was preferable. One refson
this choice was that the HTML generated by autamtatls was not compatible with the HTML5 standards
Further, while each of the pages had a very simsiige, the automatic tools regenerated style médion
for every page. By performing the conversion maguaHTML5 compatibility was ensured and style
information was written only once, and then impdritrgto each content page.

Since the information content is predominatelyistdata that will rarely change, it was decideds thi
information should be stored in the file systemeexal to any database. However, information abduthv
pages should be shown for particular patient cantitwould be stored in a database with referetiwéise
content on the file system.
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Figure 1. Extract of Entity-Relationship diagram fioe Haematology Treatment Aid database.

Figure 1 is an extract of the Entity-Relationshipgdam of the Haematology Treatment Aid database.
Details of the supported diagnoses, treatments, rerspitals are stored in thdtagnosis, treatment, and



hospital tables, respectively. Thmntent table links the database to the information stanedhe file system,
and thepage table contains information specifying which coratis are required for a piece of content to be
displayed to a particular user.

The page table also includes information specifying theasrth which pages should be displayed. This
ordering information is specified by creating araiehical structure, where each page can have anp#ye
as its parent (a page withNUULL parent is one of the top-level tabs). Each page hhs asort_order to
provide an ordering for pages with the sgragent_id.

Administrative user details are stored in t#min_user table, which links to theénospital table so
physicians can only see patients from their owrpliaswhen logged in to the administrator interfa€ach
patient has their details in tipatient table, and there are tables to link diagnoseatrrents, and hospitals to
each patient. Theontent_user table is also linked to thgatient table; this table contains information entered
by a general user when logging into the system giia¢ient identifier, relationship with the patieahd date
of birth), and is used for site customization asdruracking.

3.2 System Development

The Haematology Treatment Aid is implemented uspging MVC (Johnson et al., 2013) with a MySQL
(Oracle, 2014) backend. It was developed using HEMeb standards (Berjon et al., 2012). The design o
the system follows a typical Model-View-Controli@gnVC) pattern (Krasner and Pope, 1988).

The MVC pattern is particularly useful for custoiniz the information displayed to each user based on
patient details: the Controller uses current patieformation to filter the list of pages returnégm the
Model to ensure only relevant pages are passee tisplayed by the View. Thus customization logionly
needed in the Controller, and the Model and Viewdneot even know the customization has occurred.

Further, using the Aspect-Oriented Programming ZKlies et al., 1997) cut points included in Spring
Security, it is possible to add the filters reqdifer customization without modifying existing Couoiter
code. Instead, aAfterInvocationProvider can be configured so any request for certain Mothgcts from
the Controller has its result object automaticgissed through thafterinvocationProvider before being
returned to the Controller. This is used, for exknn the Haematology Treatment Aid, by includiag
FilterPageByPatientAfterInvocationProvider that removes any page that does not match theedbiy
patient’s diagnosis, treating hospital, or treatnaptions.

4. ENHANCING THE SYSTEM

The Haematology Treatment Aid was implemented usiiegdesign in Section 3, and has been in use for
over twelve months. Recently, some changes to tihdysrequired modifications of the system. These
changes required the addition of a new cancer tyméduding new information to present if a patiést
diagnosed with that condition, and the modificatidrsome of the existing information items.

The modification of existing information items simpequired replacing the old files with the newesn
To support the new cancer type, it was necessargdth a new record in thdiagnosis table of the
Haematology Treatment Aid’s database. Administeatigers could then start setting patient’s diagshtse
the new condition. The next step was to includedbetent relevant to that cancer by entering ib itite
content table, and adding items to tpage table to specify which content should only be Riged for the
new diagnosis. This allowed users diagnosed wigmtw cancer type to log in and see the new infooma

Had the system been developed with a less flexiblgn, these changes would have been much more
difficult to implement. For example, if the contdrad been defined linearly, rather than with thednichical
structure used in this system, adding the inforomafor the new cancer type would have requiredfthe
content to be reordered. Instead, all that wasssarg was creating a new child page to the “My eaand
its causes” page, and ensuring the sort orderferntew page was correct. All further pages relatethe
new cancer could use the new child page as theesaor, and it was guaranteed they would not affest
ordering of any other pages.

Further, the use ohfterInvocationProviders to filter data meant no code changes were redjfimethe
system to support the new cancer type. The providar checks if the current patient has a diagnosis



matching any page under consideration could singay the new diagnosis id from the database, aad th
existing check for equality performed just as wéth either the existing or the new diagnosis ids.

In fact, if so required, entirely new levels of tamization could be added with minimal modificatitm
existing code. For example, if it were decided he future that different patients should be asslgime
different cancer nurses, a table containing nurBamation could be added to the database, antkdrthm
the currentpage table to the newurse table could be used to determine the requiredenfos particular
pages to be displayed.patient_nurse table could then be added and administrative usmrl set the nurse
just as they currently set patients’ other optiomhen minor changes could be made to the existing
FilterPageByPatientAfter InvocationProvider to filter pages based on the nurse assigned toctineent
patient, and the Controller would only pass pagdbé View if they had the correct associated nurse

5. CONCLUSION

The Haematology Treatment Aid is a project thapldigs customized information to users based orepti
details such as the diagnosed cancer type, anaetnent options relevant for the particular pati&€ach
user is able to explore the system in as muchldetdhey would like, at their own schedule.

Information is being collected from user interantisith the system to allow researchers to study tiew
information in the project is being accessed andthdr the information is considered useful. Thit &id in
the future by determining the most important ardvant information which can then be emphasizednvhe
communicating with new patients or their carers.

The system has been designed to allow the entnewf information by adding records to the existing
database that specify under which conditions tive inéormation should be available. Further, enjireéw
levels of customization can be added with minintelrgge to the existing code base. Future use dcfytem
by patients and researchers may yield more requifethges, and it is anticipated that these will be
implemented with a minimum of additional Web deysient.
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