INTERNATIONAL JOURNAL OF MEDICAL INFORMATICS 82 (201 3) 398-407

journal homepage: www.ijmijournal.com

informatics

Addressing critical issues in the development
of an Oncology Information System

D. Urda?, N. Ribelles?, J.L. Subirats?, L. Franco?, E. Alba?, J.M. Jerez®*

@ Department of Computer Science, ETSI Informdtica, University of Mdlaga, Spain
b Department of Medical Oncology, Hospital Universitario Virgen de la Victoria, Mdlaga, Spain

ARTICLE INFO ABSTRACT

Article history:

Received 20 December 2011
Received in revised form

8 August 2012

Accepted 10 August 2012

Keywords:

Electronic health record
Biomedical applications
Survival analysis

Oncology Information System

Purposes: This paper presents the experience on the design and implementation of a user-
centered Oncology Information System developed for the Medical Oncology Department at
the “Hospital Universitario Virgen de la Victoria”, in Malaga, Spain. The project focused on
the aspects considered in the literature as critical factors for a successful deployment and
usage of a health information system.

Methods: System usability, adequate technology, integration of clinical routines, real-time
statistical analysis of data, information confidentiality and standard protocol-based external
interconnection were the key aspects considered.

Results: The developed system is based on a web application with a modular and layered
architecture accounting for usability, ease of maintenance and further system develop-
ment. Evaluation of system usability was carried at three and fifteen months after system
deployment to analyze the advantages/disadvantages experienced by the end-users.
Conclusions: A thorough prior analysis of clinical activities and workflows, the use of the ade-
quate technology, and the availability of data analysis tools will almost guarantee success

in the deployment of an Oncology Information System.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Electronic health records (EHRs) are medical history data that
contain information and documents in an electronic format
and can thus be accessed, processed, transmitted and dis-
played using appropriate Information and Communications
Technologies [1,2]. Using EHRs improves the quality of care,
diminishes dangerous medical errors and helps control costs
[3-5]. Nevertheless, applying health information technology
to patient health data recording is not as widespread as one
may expect, despite its capacity to improve the efficiency and
effectiveness of health care [3,4,6,7]. Initiatives by different
national health services have yet to reach sufficient adoption

* Corresponding author. Tel.: +34 952132895; fax: +34 952131397.

levels [8-10], although primary care practice is one exception
[11].

Several circumstances are associated with insufficient EHR
use, including suboptimal technology and potential user
resistance [12-14], the lack of integration of requirements,
interfaces and procedures into routine clinical practices
[15-17], insufficient information transmission among dif-
ferent health information systems (HISs) [18,19], and the
absence of User-Centered Design approaches in the systems’
development [20]. Addressing these deficiencies in the HIS
developmental process should allow software designers to
reach the final HIS goal: improve and achieve not only better
technology but also better medicine [20].
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In the oncology field, clinicians also demand the elec-
tronic collection of cancer-related information and data
[21], seeking to practice personalized medicine and fulfill
prospective/retrospective real-time clinical research studies,
thus advancing high-quality cancer care. In this sense, the
American Society of Clinical Oncology (ASCO) has recently rec-
ognized the essential role of EHRs in advancing the quality of
care for oncologic patients [22-25]. Specific issues have been
clearly outlined in the Clinical Oncology Requirements for the
EHR (CORE) document developed by ASCO in collaboration
with the National Cancer Institute (NCI) [26].

This paper reports an experience in the software devel-
opment process of a User-Centered Design for an Oncology
Information System (OIS), as a specific HIS software, focusing
on aspects mentioned by practitioners to make the system
more user-friendly and useful in their daily tasks. The sys-
tem, designed using several new technologies, is based on
a web application with a modular and layered architecture,
while accounting for usability, ease of maintenance and fur-
ther system development.

Among the modules that the system incorporates accord-
ing to the oncology unit’s requirements, a powerful statistical
tool was introduced, allowing users to perform survival anal-
ysis in real time. This tool saves the clinicians from the
demanding tasks of selecting the patients to be included in
a clinical research study and exporting the data to a survival
analysis software package, similar to SPSS,! R,? or STATA.3

The aim of the present work is to report the overall
experience of implementing an OIS at the Medical Oncology
Department (MOD) in the “Hospital Universitario Virgen de la
Victoria” (HUVV) in Méalaga, Spain. We discuss the early stages
when the system requirements were analyzed. The final users’
opinions were evaluated over a two-year period. All the inter-
mediate stages are examined when describing the different
technologies applied.

The remainder of the paper is structured as follows: Sec-
tion2 provides a detailed overview of the system, Section3
describes the methodologies used, Section4 presents a sur-
vey evaluating the OIS, and Section5 discusses the results
obtained and presents the conclusions.

2. OIS overview

The OIS was first deployed at the Medical Oncology Depart-
ment in the HUVV in late 2009. This hospital is a medical
center in Malaga, Spain, and includes 732 beds and approx-
imately 475,915 patients (data from 2008). The system is the
final result of an intense 3-year collaboration between the
“Computational Intelligence in Biomedicine” (CIB) research
group from the University of Mdlaga and the HUVV, and incor-
porates information from different clinical cancer databases
managed by the oncology service staff from 1978 to 2007.
The main purpose in developing the OIS was to provide
different utilities that reflect the working methodology of the
paper-based records as closely as possible, without forgetting

1 http://www-01.ibm.com/software/analytics/spss/.
2 http://www.r-project.org/.
3 http://www.stata.com/.
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that the new system should incorporate tools to allow fur-
ther modifications and expansions, according to the end users’
future requirements. The ultimate goal of the OIS was to
systematize and unify the daily work of the entire cancer
care unit, facilitating their labor and incorporating new useful
online statistical tools.

To allow information management by the MOD personnel
from other departments within the hospital, a web design was
considered and evaluated as the more appropriate platform.
The system design should consider the privacy and confiden-
tiality of the information managed as a priority, and should
provide the necessary tools to retrieve, manipulate and save
the information in the MOD. The system should also provide
quick response times for every process offered by the appli-
cation, as it is expected to operate in real-time by several
users.

The OIS functionality architecture was structured in five
top-level modules, namely Patients Manager, Treatment Out-
patient Unit, Clinical Research, Genetic Counseling, and
Statistical Analysis (Fig. 2).* User Access Control and Database
Management modules were also implemented to manage
users’ roles, activity and errors logs. In an effective collabora-
tion among clinicians and designers, great efforts were taken
to define the key information that connects the different sys-
tem modules to guarantee real-time information exploitation,
coherence and integrity in information updating and overall
system usability.

3. Methodology

As mentioned above, critical factors when developing an
OIS are adequate technology use, integration of require-
ments and procedures into clinical practices, efficacy in
information transmission between different systems, and a
user-centered/user-friendly design, among others.

3.1 User-Centered Design approach

Several authors [27,28] describe how a User-Centered Design
(UCD) is widely considered the key to product usefulness
and usability, and, in particular, the work reported in [20]

4 Screenshots of the OIS are available at

http://www.icb.uma.es/ICB/Galen.


dx.doi.org/10.1016/j.ijmedinf.2012.08.001
http://www-01.ibm.com/software/analytics/spss/
http://www.r-project.org/
http://www.stata.com/
http://www.icb.uma.es/ICB/Galen

400 INTERNATIONAL JOURNAL OF MEDICAL INFORMATICS 82 (201 3) 398407

e

Patients
manager
(EHR)

System
database

Treatment
outpatient
unit

Clinical
research

Genetic
counseling

Users
access
control

Database
management

Statistical
analysis

_ User Administrator
@ interface

'w ; w/ Administrator

Fig. 2 - Functional top-level OIS modules.
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focuses on applying UCD to HIS design and development.
A UCD approach accounts for the following principles:
active user involvement for a clear understanding of user
and task requirements, iterative design and evaluation, and
a multi-disciplinary approach. A UCD approach increases
OIS efficiency while decreasing physicians’ workloads, a
factor that directly affects the level of system adoption
[6,29-31].

Fig. 1 shows the spiral software development model used
in the OIS design and implementation. It is important to high-
light the iterative and incremental procedure that involves
both the project management team and several medical onco-
logists from the HUVV (hereafter also referred as medical
personnel or end users). In this step, the release is incre-
mentally developed throughout the four classical software
engineering phases: requisites analysis, design, implementa-
tion and validation. A key factor to ensure project success
is the active participation of end users during all phases,
which provides constant feedback to the project management
team, allowing the usefulness and usability of the release to
increase. The spiral model allows designers to obtain new
releases of the system after an entire cycle (requisites anal-
ysis, design, implementation and validation) is completed.
The project management team implemented cycles of three
months of duration, so that in this short periods of time a
new stable release was deployed in the hospital.

A web-based public cost-free application (Google Docs)
was utilized during the development process to share doc-
uments between the system’s developers and end users.
The Software Requirements Specification (SRS), containing a
complete description of OIS behavior, was performed in col-
laboration with the end users, including a set of cases that
describe the interaction process that users were to expect to
have with the software. Microsoft Expression Studio was used
to rapidly develop effective web prototypes to present ideas,
user interface flows, screen layouts and application function-
ality to the end users, thus enabling efficient and constant
feedback.

We next describe the characteristics and most relevant and
critical details of the modules shown in Fig. 2 for which several
aspects were considered to confer integrity, coherence and
real-time response to the OIS:

o The Patient Manager module manages and coordinates all
processes associated with patient care and gathers clin-
ical notes from the various consultation types available.
This module collects information from patients and others,
regarding the date of diagnosis, type of neoplasm, location,
stage, type and intention of oncology treatment proposed,
and the condition of the last follow-up statement. Each
option is associated with its corresponding code according
to the International Classification of Diseases (ICD-9) [32]. It
is also possible to collect information on toxicity presence in
patients following the CTCAE grading system’s coding [33].

e The Treatment Outpatient Unit module manages the daily
activities that occur in the Treatment Outpatient Unit and
allows the issuance of periodic reports to the Administra-
tion authority, in this case the Andalusian Health Service
(“Servicio Andaluz de Salud” (SAS)). All procedures per-
formed on each patient can be included in two different
tabs: Treatment Administration or Other Procedures. The
listed options comprise nearly 200 different types of treat-
ments that are easy to update and other procedures that can
be performed in the Outpatient Treatment Unit. Each activ-
ity is associated with its corresponding ICD-9-CM Procedure
Code and Supplementary V Code [32].

o The Clinical Research module manages patient information
included in clinical trials (e.g., dates when the consent form
was signed, names of the physician and database manager
responsible for the clinical trial). This utility also provides
easy access to all information concerning each clinical trial,
including assessment schedules, eligibility criteria, study
treatments, dose-modification criteria or lists of forbidden
concomitant medications. The stored data can also iden-
tify patients for future clinical trials [26,34]. Beyond this
usefulness, the physician’s ability to access information in
real-time from any location within the hospital motivates
and increases their participation in the studies [26].

e The Genetic Counseling module contains the appropriate
procedures for collecting information regarding family trees
and specific types of medical genetics consultations.

e The Statistical Analysis module incorporates several util-
ities that allow clinicians to perform real-time statistical

> http://www.docs.google.com/.
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analysis on the information contained in the database. A
powerful search engine is available to select patients who
satisfy one or more common search criteria to be included
in retrospective or prospective clinical studies.

e The User Access Control module guarantees information
confidentiality, preventing anyone who is not registered in
the system from accessing the contained information. A
sign-in page controls accessibility (requiring a username
and password), defining different user profiles with specific
privileges and limitations.

e The Database Management module allows system manage-
ment through a web-based application. It provides different
tools to manipulate the content of tables in the database
(e.g., adding, modifying or deleting a user from the system).
Moreover, this module provides a complete and detailed
registry of every transaction occurring in the OIS, identifying
possible errors and permitting information recovery.

3.1.1.  Successful incorporation of previous information

In areal scenario, alarge amount of critical information is usu-
ally stored in different database formats for oncology services.
Integrating this information into the new OIS database was
a demanding and mandatory task for the project engineer-
ing team for two reasons: (1) differences in database designs
and (2) clinicians did not consider simply discarding old data
a possibility.

Between 1978 and 2007, the MOD staff at the HUVV col-
lected information for 13,776 patients in different clinical
cancer databases in various simple formats (e.g., Excel or
Dbase). An external module had to be developed to discrim-
inate and transfer the useful patient data from the previous
databases to the new OIS database. A key design aspect for a
successful task was minimizing the number of open text fields
in the user web interface; a parser was thus implemented to

provide close fields with different options depending on its
nature. This design criterion allowed automatically incorpo-
rating 94% of the patient information into the OIS database.
The remaining data was thoroughly analyzed by clinicians and
engineers over several months to eliminate any inconsisten-
cies detected during the automatic transfer process.

3.2 Choosing an appropriate development technology

Several authors [12-14] suggest using suboptimal technology
as a likely cause for user resistance to healthcare systems in
general. As previously mentioned in Section 1, the main goal
for the OIS is providing a better health service, not simply
incorporating newer technologies [20]. As better and newer
technology does not ensure successful OIS implementation,
studying and analyzing the existing technology is mandatory
in the system deployment process. Next, the relevant techno-
logical aspects that are considered important for a successful
OIS deployment are described.

3.2.1. Layered web architecture

An OIS must ensure the availability of the information col-
lected in the system [18,19] from within the hospital center,
and a web environment seems a suitable platform for this
purpose. ASPNET technology was chosen as development
platform because of: (i) its potential for designing user-friendly
web applications, and (ii) the possibility of executing, on the
server side, certain mandatory transactions to attend user
requests (Javascript was also used for interactivity in the
browser but not for server-side logic). As Fig. 3 depicts, ASP.NET
technology is based on an N-layer architecture model with
three top-level different layers: user interfaces, business logic,
and data management.
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Fig. 4 - On the right, a typical hospital computing environment composed of several subsystems; on the left, the
functionality of the developed OIS for the oncology computing system. Information is transmitted using the HL7 Standard.

3.2.2. Using AJAX

AJAX (Asynchronous JavaScript and XML) was used as a novel
technology to improve users’ experiences when interacting
with the OIS. AJAX combines and exploits JavaScript and XML
to send and retrieve data from a server asynchronously (in the
background) without interfering with the display and behavior
of the existing web page.

Using AJAX significantly increased the usability, productiv-
ity, speed and response time of the website, especially on the
“heavy” web forms that displayed a large amount of data. It
eliminated the start-stop-start-stop nature of traditional web
pages hence allow web application to look and behave like the
desktop ones, of course to a limited extent. AJAX allows pages
to request small bits of information from the server instead
of entire pages. For example, in our proposed OIS, AJAX only
updated content in complex tables, whereas the rest of the
web form remained “frozen”, removing the annoying blinking
effect from the client browser and a slow response to the user.

3.2.3.
systems
As the literature has widely described [20,18,19,35], one fun-
damental basis of a HIS is the ability to communicate with
other involved components, either in the same service or the
rest of the hospital to perform information communication in
a timely, accurate and transparent manner.

The OIS must be part of the hospital information main sys-
tem (Fig. 4x), ensuring the continuity of patient care through
the real-time information exchange process. The standard-
ized Health Level 7 (HL7)® protocol was selected to implement
bidirectional communication between the OIS and other hos-
pital information systems.

A standard protocol to interconnect information

6 http://www.hl7.org/.

3.2.4. Security issues

An important OIS aspect ensures information confidential-
ity, preventing anyone not registered with the system from
accessing the information. In addition to controlling access
by user credentials, the ASPNET technology automatically
addresses other usual security bugs, including SQL injection
attacks [36]. Furthermore, the SHA1 algorithm is applied to
encrypt and stores user credentials, and several roles are
defined to restrict system functionality only to authorized
users (e.g., administrator, medical oncologist, nurse, radio-
therapist or data manager).

3.2.5.  Controlling errors and system monitoring

Deploying the OIS into the destination service is a critical
phase. It is common to find certain uncontrolled errors dur-
ing the first months of the deployment phase. This drawback,
coupled with the extra initial effort from physicians to adapt
their working procedures, may lead to potential users rejecting
the OIS.

A detailed registry of actions performed while interacting
with the system is integrated into the OIS. Every OIS transac-
tion is stored, allowing identification of the user, action type or
date and time of the event. Similarly, if a change is made, the
original data remain in the OIS as database backups. There-
fore, this registry provides, on the one hand, the detection and
recovery of uncontrolled errors during the test phase of the
development process and, on the other hand, the visualization
of all actions performed in the OIS by the MOD administrators.

3.2.6. System maintenance

A collaborative environment has been also used to share a
maintenance document where users can report bugs and
register possible suggestions to improve the OIS. This docu-
ment is periodically revised by the development team, and
non-critical requests are addressed every three months. The
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previously described functional module division and the lay-
ered web architecture greatly facilitate the maintenance tasks,
e.g.,, changes in visual aspect for the Patient Manager mod-
ule interface imply reviewing the implementation just for this
module, and only for the code related to the user-interface
layer (business logic and data management layer would
remain without changes). Besides, small content changes for
database tables are allowed via the Database Management
module.

3.3.  Real-time statistical analysis

An aspect that confers additional value to the developed sys-
tem is that, in addition to its capacity for collecting and
managing the contained clinical cancer data, it also per-
mits further analysis. Information systems must facilitate the
measurement of several important outcomes for oncology
research [23,37]. It is important not only to prospectively col-
lect clinical information, but also to have the necessary tools
to extract and manage the stored information [9,23,21]. The
advantages of data collected in this way are that they repre-
sent a real-world patient cohort from which cancer incidents,
therapeutic results, diagnostic procedures, prevalence of risk
factors, and other information can be extracted.

A powerful filtering system was implemented containing
almost all coded fields included in the OIS. Moreover, the
OIS system database and statistical utilities allow evaluat-
ing results from the MOD not only in its activity and case
mix but also its therapeutic efficacy. Several techniques for
carrying survival analysis were implemented including the
Kaplan-Meier algorithm, Cox regression and machine learn-
ing techniques based on Artificial Neural Networks (ANNs),
such as Self-Organizing Maps (SOMs), Multilayer Perceptron
(MLP) or C-Mantec. In particular, the latter methods, based on
ANN methodologies, produced good results and have proven
to be stable for survival predictions [38].

Until now, the procedure for studying a subset of patients
has required (i) collecting the patient subset dataset and
extracting it in a portable format, such as a text file and (ii)

off-line, importing the subset dataset into known medical
commercial software, such as SPSS, to perform the study. A
statistical module embedded into the OIS can thus provide
clinicians with a battery of tools to be applied in real-time
(on-line) for a specific patient population.

The different statistical and ANN models were imple-
mented using MATLAB’ or R. The Statistical Analysis module
allows end users to make certain statistical studies of inter-
est. Whenever users wish to make retrospective or prospective
clinical studies, they need only to select a subset of patients
in real-time from the OIS database using the filtering webpage
of the Statistical Analysis module and to choose the model to
be applied.

Regarding the software used to carry the statistical anal-
ysis, R proves advantageous for obtaining survival graphic
images because of the graphical quality and portability of the
produced images. Therefore, in addition to the advantage of
creating real-time studies, physicians can directly incorporate
the results into their research articles.

4. System evaluation

In the first phase of system deployment, three physicians con-
ducted a pilot trial to check and adjust minor details of the
system. After verifying OIS usability and its potential inte-
gration into the daily workflow, widespread implementation
was initiated. Two training sessions were conducted, and user
manuals were distributed to all staff members who were also
told to contact the project managers at anytime for any type
of consult.

OIS evaluation was analyzed using two different
approaches. First, the percentage of medical consulta-
tions with clinical notes registered in digital formats for
all medical consultations (excluding first visits) performed
in the three months following the implementation of the
system was qualitatively assessed; the study was again

7 http://www.mathworks.es/products/matlab/index.html.
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performed one year later for the same period (three months).
Second, a survey was conducted to ascertain the physicians’
views about the system at three and fifteen months after its
implementation.

The quantitative analysis of OIS use revealed that between
May and July of 2010, the OIS included clinical notes for 2719
of the 4799 total patients observed in the MOD (56%). Sig-
nificantly, for the same period in 2011, clinical notes were
collected in digital formats for 4704 of the 4859 consultations
performed (98%).

Fourteen physicians from the MOD and the Radiation
Oncology Department, all regular OIS users, responded to the
survey in the initial implementation period (August 2010) and
after one year (Fig. 5).8 All users agreed that the system had
greatly improved the access to information regarding the sta-
tus of their patients. Although 79% of the physicians believed
that using the system increased their daily workload, only 43%
maintained this view one year later. Initially, slightly more
than half of the users thought that the OIS had improved the
quality of patient care. A year later, however, almost all users
shared that opinion. Finally, while 64% of the clinicians con-
sidered that using the OIS hindered their relationships with
patients, only 14% held this belief after one year.

5. Discussion and conclusions

Information and Communication Technologies (ICT) could
improve safety, quality, and cost-efficiency of healthcare ser-
vices by implementing the electronic health record (EHR) [6].
In this sense, the OIS includes a set of effective applications
that functions as a clinical database and replaces the currently
used paper procedures. Nevertheless, paper procedures were
kept together with the OIS on a dual process to facilitate cli-
nicians a progressive incorporation to the use of the OIS. The
system was developed to provide a tool dedicated specifically
to the practice of oncology, reflecting and improving previous
work styles and procedures. Analyses and a good workflow
understanding enabled us to develop a system that fits well
with current clinical practices. This approach helps ensure
system acceptance by its users [37,39] because a main barrier
to adopting electronic medical records is difficulty in finding
a system that meets such needs [10,40,41].

In addition to the OIS characteristics, other barriers may
hinder its implementation. Certainly, users may be resistant
to changes of this magnitude in their daily work, which can
sometimes increase for those who lack basic computer skills
[42]. It is important for users to become fully familiarized with
the system,; the training period is, therefore, crucial. This could
prove difficult because in addition to the large amount of new
information that the user must learn, the busy physician has
little or no time for training [43]. The observed change in the
use of the clinical notes functionality after only one year,
from 56% to 98%, is truly remarkable. To some extent, such
data are related to the evolved attitudes of physicians in the
MOD toward the system, as observed in other studies [39]. It is

8 This survey data sample size was too small for anything other
than basic descriptive statistics.

important to promote a positive attitude toward the system by
highlighting its usefulness and potential, which can improve
user acceptance and ease system adoption [44,45].

The survey results indicate the successful OIS implemen-
tation. The main explanation is most likely that improved
information availability resulted in a decreased need for doc-
umentation time to obtain relevant patient information. This
easy accessibility is a main determinant of the information
system’s efficiency [29-31]. An increase in workload is fre-
quently reported as a limiting factor for system adoption
[6]. However, as can be inferred from the evolved opinions
observed in the survey, this circumstance could be related to
thelack of familiarity with the system. Furthermore, users also
noted the usefulness of the system in patient care, given that
they can access information whenever and wherever required.
The availability of prefilled templates and predetermined
options in our system suggests that system use may not
always imply less time for patient care. Certainly, it seems that
with more OIS experience, physicians can better understand
the clinical benefits offered by the system.

The OIS usability also fits well to Nielsen’s definition of
usability [46], which focus on five key parameters: (i) Learn-
ability, survey results shown in Fig. 5 indicates that learning
the system functionality was easy for users after a short
time period; (ii) Efficiency, the use of, e.g., the clinical notes
functionality raised from 56% to 98% in one year, i.e., the
more advanced a user is, a higher productivity is achieved;
(iii) Memorability, the similarities to previous work styles and
procedures clearly allowed that learned features were not be
learned again by users after an inactivity period; (iv) Errors, the
OIS was designed to minimize problems of system malfunc-
tion via a detailed registry of database transactions that allows
error source identification and data recovery through daily
database backups; and (v) Satisfaction, survey results suggest
that users’ experience was satisfactory, mainly because the
OIS facilitated their daily routine work, eased the access to
patientinformation, and did not hinder their relationship with
patients.

The proximity of the project management team to the end
users enables feedback on the perceptions of inefficiencies
and suggestions for improvement. After system implemen-
tation, we received several requests to implement and thus
improve system usability. This feedback, combined with the
OIS flexibility, is absolutely necessary to contribute to the sys-
tem’s maturity and stability [23,37].

One of the key aspects in the advancement of Oncology is
clinical research, although its integration into the hard daily
tasks may be really difficult. In this sense, the integration of
the Clinical Research module into the OIS can help in sev-
eral ways, like enhancing physicians ability to find potential
candidates for clinical trials [47,34]. Moreover, the system can
support physician participation by linking to clinical trials
information or another basic science research tools. Finally,
the quick access to clinical data facilitates the completion
of Case Report Forms. Consequently, the use of a Clinical
Research module into an OIS is likely to become the standard
[23].

The use of standardized clinical contents is also cru-
cial to unify diagnosis and treatment criteria, and report
clinical activity to the administration authorities. The
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International Statistical Classification of Diseases and Related
Health Problems (ICD-9) [32] was then used to classify
neoplasms, treatment administration, toxicities and other
procedures. TNM tumor staging was also used to specify the
extent of the tumor (T), the extent of spread to the lymph
nodes (N), and the presence of distant metastasis (M).

It is important to outline that there was not a commercial
purpose in the OIS development, so aspects as development
time and costs were not critical factors in the planning tasks.
The main purpose in developing the OIS was to provide dif-
ferent utilities that reflect the working methodology of the
original paper-based records as closely as possible, what is
difficult to achieve by a commercial software application. The
ultimate goal of the OIS was to systematize and unify the daily
work of the entire cancer care unit for the MOD at HUVV. In
addition, the OIS has been developed in the framework of a
project financed in part by public funds with the additional
goal of transferring the results of research in computational
survival analysis to the Public Health System.

In this article, authors provide the application of different
existing approaches to solve critical issues appearing in recent
literature as hindrances that avoid the successful deployment
and usability of a HIS. The addressing of these deficiencies
allow reaching the HIS goal: improve and achieve not only
better technology but also better medicine.

In conclusion, developing an information system requires
a thorough prior analysis of clinical activities and their work-
flows, as well as considering the specific needs of future users,
combined with the use of the adequate technology. An infor-
mation system for an oncology department must include all
activities that occur daily, which are related not only to patient
care but also to clinical research and, in the near future,
to basic research. The proximity of the project management
team, especially during the early implementation phase, helps
guarantee the integration of an information system for clinical
practice.
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Summary points
Known before the study:

e Electronic health records (EHRs) improve the quality of
care, diminishes dangerous medical errors and helps
control costs (see Refs. [4,8,13]).

e Applying health information technology to patient
health data recording is not as widespread as one may
expect, despite its capacity to improve the efficiency
and effectiveness of health care (see Refs. [8,13,16,36]).

e Sub optimal technology and potential user resistance
(see Refs. [25,27,29]), the lack of integration of require-
ments, interfaces and procedures into routine clinical
practices (see Refs. [9,35,37]), insufficient informa-
tion transmission among different health information
systems (HISs) (see Refs. [18,24]), and the absence
of User-Centered Design approaches in the systems’
development (see Ref. [20]) are critical issues associ-
ated with insufficient EHR use.

¢ In the oncology field, the American Society of Clinical
Oncology (ASCO) has recently recognized the essen-
tial role of EHRs in advancing the quality of care for
oncologic patients (see Refs. [6,17,30,42]), seeking to
practice personalized medicine and fulfill prospec-
tive/retrospective real-time clinical research studies.

What the study has added to the body of knowledge:

e It reports an experience in the design and imple-
mentation of a User-Centered Design for an Oncology
Information System (OIS), as a specific HIS software,
focusing on aspects mentioned by practitioners to
make the system more user-friendly and useful in their
daily tasks.

e It provides design and implementation solutions to
known critical issues associated with insufficient EHR
use that are recently described in the literature (see
Sections 3.1 and 3.2).

e Following ASCO guideline, the integration of an
embedded statistical tool is described. This module
allows the clinicians to perform survival analysis in
real time, freeing them from the arduous tasks of
selecting the patients to be included in a clinical
research study and exporting the data to a survival
analysis software package, similar to SPSS, R, or STATA
(see Section 3.3).

o The percentage of electronic clinical records (over the
total patients observed) grew up from 56% to 98% in
one year (see Fig. 5), what demonstrates the system
usability. Only the 43% of the physicians believed that
using the OIS increased their daily workload (from the
initial 79%).

e To date, almost all users think that the OIS has
improved the quality of patient care and their relation-
ships with patients (see Section 4).
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Appendix A. Glossary of acronyms

AJAX Asynchronous JavaScript and XML
ANN Artificial Neural Networks
ASCO  American Society of Clinical Oncology
CORE  Clinical Oncology Requirements for the EHR
EHR Electronic Health Record
HIS Health Information System
HL7 Health Level 7
HUVV  Hospital Universitario Virgen de la Victoria
ICT Information and Communication Technologies
OIS Oncology Information System
MOD Medical Oncology Department
MLP Multilayer Perceptron
SOMs  Self-Organizing Maps
SRS Software Requirements Specification
UCD User-Centered Design
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