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PROSPeCT: A Predictive Research Online System
for Prostate Cancer Tasks

abstract

PURPOSE An online clinical information system, called Predictive Research Online System Prostate Cancer
Tasks (PROSPeCT), was developed to enable users to query the Alberta Prostate Cancer Registry database
hosted by the Alberta Prostate Cancer Research Initiative. To deliver high-quality patient treatment, prostate
cancer clinicians and researchers require a user-friendly system that offers an easy and efﬁcient way to obtain
relevant and accurate information about patients from a robust and expanding database.

Maria Cutumisu, PhD1; Catalina Vasquez, MSc1; Maxwell Uhlich; Perrin H. Beatty, PhD1; Homeira Hamayeli-Mehrabani, PhD1;
Rume Djebah, MBBS, MHA1; Albert Murtha, MD, FRCPC1; Russell Greiner, PhD1; and John D. Lewis, PhD1

METHODS PROSPeCT was designed and implemented to make it easy for users to query the prostate cancer
patient database by creating, saving, and reusing simple and complex deﬁnitions. We describe its intuitive
nature by exemplifying the creation and use of a complex deﬁnition to identify a “high-risk” patient cohort.
RESULTS PROSPeCT is designed to minimize user error and to maximize efﬁciency without requiring the user to
have programming skills. Thus, it provides tools that allow both novice and expert users to easily identify patient
cohorts, manage individual patient care, perform Kaplan Meier estimates, plot aggregate PSA views, compute
PSA-doubling time, and visualize results.
CONCLUSION This report provides an overview of PROSPeCT, a system that helps clinicians to identify appropriate patient treatments and researchers to develop prostate cancer hypotheses, with the overarching goal
of improving the quality of life of patients with prostate cancer. We have made available the code for the
PROSPeCT implementation at https://github.com/max-uhlich/e-PROSPeCT.
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Globally, prostate cancer (PCa) is the second most
commonly diagnosed cancer. In the developed world,
it is the most common cancer in men,1 with similar
statistics for Canada2 and the United States.3 Although
the PCa survival rate has increased overall, the incidence of PCa is increasing, triggering increased cost
of treatment4 with signiﬁcant repercussions to the
global economy. PCa is being detected earlier due to
the use of the prostate-speciﬁc antigen (PSA) blood
test, which, unfortunately, leads to overdiagnosis and
excessive use of invasive treatment methods, even in
low-risk patients with cancer. The most inﬂuential
driver of patient survivability is the quality of health
care, including the management of the disease,5-7
informed by the results of research on patient cohorts. For clinicians, the use of an active surveillance
strategy with low-risk patients has been proposed as
an alternative to invasive, unnecessary therapies.8
Being able to accurately distinguish low-risk from
high-risk patients with PCa is critical for this approach.

Consequently, it is important to develop tools that help
clinicians effectively treat patients and help medical
researchers identify relevant patient cohorts and answer questions about such groups. There are different
types of digital query-based tools that clinicians and
researchers can use to access patient information,
clinical standards, best health care practices, literature
reviews, and to analyze patient or cohort data for diagnostic or hypothesis-building purposes. These
range from general spreadsheet-based programs to
relational database management systems to highly
specialized algorithm and clinical information systems
(CISs),9-12 where the user either constructs the query
logic manually to perform database queries or uses
query-building tools.13
For clinicians, the tools must support the collection
and management of up-to-date patient data, because
patients with PCa generally require regular testing after
initial diagnosis to estimate individual risk. These tools
are used to inform decisions regarding the appropriate
course of treatment. For medical researchers, such
tools should help identify and answer relevant research questions on the basis of regularly updated
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CONTEXT
Key Objective We introduce and describe the Predictive Research Online System Prostate Cancer Tasks (PROSPeCT), an
online clinical information system.
Knowledge Generated PROSPeCT provides a visual interface aiding researchers and clinicians in generating hypotheses and
constructing prostate cancer–related queries; identiﬁes patient cohorts with speciﬁed characteristics; aids clinicians in
managing individual patients by providing possible diagnosis, treatment plans, outcomes, and identifying possible
complications; and interrogates patient information from the Alberta Prostate Cancer Registry hosted by the Alberta
Prostate Cancer Research Initiative. We also compare PROSPeCT with related digital tools.
Relevance The PROSPeCT system can be applied in a clinical context to facilitate the work of researchers and clinicians in
managing and improving prostate cancer outcomes for patients.

data. Clinicians and researchers need a query-building
platform that is intuitive to use and does not require
knowledge of query languages or of database
models.10,11,13 Currently, there are many general-purpose
tools that allow clinicians and researchers to query databases of patients with PCa, such as cancer information
systems; these tools vary greatly in terms of ease of use and
analytical power.14 The purpose of this report is to describe
one such tool called Predictive Research Online System
Prostate Cancer Tasks (PROSPeCT).15
Here, we introduce and describe PROSPeCT, an online CIS
that (1) provides a visual interface aiding researchers and
clinicians in generating hypotheses and constructing PCarelated queries; (2) identiﬁes patient cohorts with speciﬁed
characteristics; (3) aids clinicians in managing treatment
for a single patient by providing possible diagnosis, treatment plans, outcomes, and identifying possible complications; and (4) interrogates patient information from the
Alberta Prostate Cancer Registry hosted by the Alberta
Prostate Cancer Research Initiative (APCaRI).16 And we
compare PROSPeCT with related digital tools.
METHODS
PROSPeCT is a web application powered by the Apache
Tomcat web server. It is implemented using Java Google
Web Toolkit(http://www.gwtproject.org/) modules and it
integrates the Alberta Prostate Cancer Registry PostgreSQL
database17 and APCaRI Python import modules.18 Many of
its data visualization components also use the D3.js
JavaScript library, as detailed in the Data Supplement.
Rationale for Creating the User-Friendly, Query-Building
Tool PROSPeCT
PROSPeCT was designed to meet the needs and preferences of the target users: clinicians and researchers. The
main features driving its creation are outlined as follows:
1. Query facilitation: Relevant subsets of patients should be
easy to identify from the database. This may require
complex queries but needs to be feasible without the use
of complex text-based programming.
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2. Incorporation of predeﬁned features: Complicated
characteristics or features, such PCa risk stratiﬁcation
and PCa recurrence or progression, should be predeﬁned and, therefore, easy to incorporate into the
queries. These features often require deﬁning terms that
correspond to a speciﬁc time interval for the query.
Thus, the system must include predeﬁned features (eg,
Interval Query) to allow the user to easily deﬁne and use
time intervals (eg, from birth to onset).
3. Cohort visualization: Important results about the identiﬁed patient subpopulations should be easily visualized
with general dashboard summaries that display useful
population characteristics from large data sets in
a scalable way. It must also be easy to prepare commonly used graphical images (eg, Kaplan-Meier curves,
aggregated PSA view).
4. Individual visualization: Important results about individual patients should be easily visualized with the
“Single Patient Summary” that displays useful patient
characteristics, including commonly used graphical
images, such as PSA plots and the PSA doubling time
(PSADT) between pairs of time points.
RESULTS
Dataﬂow
PROSPeCT allows users to query the database of patient
information. The dataﬂow to produce and maintain that
database is a stepwise process originating with the patient
and progressing through the clinic, to the Research
Electronic Data Capture (REDCap; https://www.projectredcap.org/)-managed Alberta Prostate Cancer Registry,
and to PROSPeCT, which allows querying by the clinicians
and researchers (Fig 1).
Once the patient provides consent to be part of the study,
REDCap captures (1) patient-reported information, (2) PCa
diagnosis-related data, (3) disease-speciﬁc information, (4)
results from biomarker analysis, and (5) inventory of biosamples collected for the Alberta Prostate Cancer Registry
and Biorepository. Note that some features have multiple
time-linked values. This information includes data ﬁelds,
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A
Automated Python modules:
1. Convert REDCap data into PROSPeCT formatted data.
2. Generate derived fields.
3. Transmit to the server.
4. Remotely build PROSPeCT database.
5. Restart the server.
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FIG 1. The data ﬂow from Research Electronic Data Capture (REDCap) to Predictive Research Online System Prostate Cancer Tasks (PROSPeCT) and
the types of data and analysis available with PROSPeCT. (A) The data ﬁle is manually exported from REDCap, then processed by automated modules
that extract ﬁelds and update the database, and ﬁnally imported into the PROSPeCT web application. (B) The types of reported patient information and
analysis available in PROSPeCT. EPIC-26, Expanded Prostate Cancer Index Composite; EQ-5D, EuroQol Group Standardized Instrument; IPSS,
International Prostate Symptom Score; PSA, prostate-speciﬁc antigen.

such as demographic, comorbidities, use of medications,
clinical, patient-reported outcomes, and biosample information. The data in REDCap are downloaded, processed, and uploaded once weekly into PROSPeCT, using
ﬁve APCaRI Python modules.

PROSPeCT also provides several browser-computed (ie,
on-the-ﬂy) data points, such as the patient’s age as computed from their birth date and today’s date, and the PSADT
in the PSA trajectory graph from the Single Patient
Summary.

Overview of the PROSPeCT Interface

Query facilitation: Deﬁnitions. One of the greatest
strengths of PROSPeCT is the set of tools it provides to allow
users to easily create, store, and reuse their own deﬁnitions
by sequentially selecting a ﬁeld (from the Fields Pane;
Fig 2A) and dragging and dropping that ﬁeld into the
Deﬁnitions Builder Pane. For each ﬁeld, the user then
chooses an operator (eg, = , ,, ., ,= , .=, IS NULL, IS
NOT NULL) and a value. Deﬁnitions are listed in the
Deﬁnitions Builder Pane and they can be simple, using one
ﬁeld, such as “Clinical staging (T) = T1” or complex, using
two or more ﬁelds, which involve arbitrary Boolean
combinations.

Once the data are imported, users can probe it through the
interface that contains ﬁve panes, shown in Figure 2: Fields
(primary and PROSPeCT derived), Deﬁnition Builder, Deﬁned Populations, Operations, and Results.
Fields. Primary ﬁelds contain unprocessed Alberta Prostate Cancer Registry patient data that are imported directly
from the REDCap-managed database, which includes
patient demographics; medical history; clinical results,
including PSA levels, biopsy results, treatment information
and outcomes, and biosample information; and quality-oflife surveys.
Incorporation of predeﬁned features. PROSPeCT-derived
ﬁelds are computed ofﬂine by the import modules during the
data transfer from REDCap and include PCa recurrence or
progression (deﬁned here by biochemical recurrence or PSA
failure) and risk stratiﬁcation. PCa recurrence or progression
in men treated with prostatectomy or radiation therapy is
computed on the basis of their PSA levels over time, graphed
as a PSA trajectory plot and visualized in the Single Patient
Summary.
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Figure 3 depicts an example of a complex user-created
deﬁnition based on four ﬁelds, designed to identify the
patient cohort: “All patients whose total Gleason score
(overall) is at least 8, or whose PSA level is over 20, or whose
clinical staging is either T3 or T4.” First, the user dragged
and dropped the “Total Gleason score (overall)” ﬁeld from
the Fields Pane to the Deﬁnition Builder Pane and chose
the mathematical operator “.=” from a drop-down menu,
entering the value “8” in the adjacent ﬁeld. Second, the
user dragged and dropped the PSA ﬁeld from the Fields
Pane to the Deﬁnition Builder Pane and again chose the
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FIG 2. The Predictive Research Online System Prostate Cancer Tasks (PROSPeCT) interface used to query the database and visualize the results. Users
can see the following panes on their monitors simultaneously: (A) Fields, (B) Deﬁnitions Builder, (C) Deﬁned Populations, (D) Operations, and (E)
Results.

correct operator, entering the value associated with the PSA
level (ie, “. 20”). The user continued building the deﬁnition with the “Clinical staging” ﬁeld, choosing the necessary operators, and inputting the required values.
Because the user-created deﬁnition in Figure 3 contained
four ﬁelds combined by “or” instead of “and,” the user
must choose that operator in the Deﬁnition Builder Pane.
When the user then clicked on “Create Deﬁnition,”
PROSPeCT automatically identiﬁed those instances from
the data set and displayed them in a table in the Results
Pane. This deﬁnition is also summarized in the “Deﬁned
Populations Pane,” where the user can provide a deﬁnition
name, such as “High_Risk.” If the deﬁnition is needed
later, the user can right click on the blue label and click
“Save this Deﬁnition” in the drop-down menu that appears.
Cohort visualization. Once the user has queried the
database and identiﬁed an individual patient or a patient
cohort, the user can visualize the results in the Results
Pane, which contains tabs of types: Table, Kaplan-Meier
Estimator, Aggregate PSA View, Single Patient Summary, or
Cohort/Group Statistics Dashboard (Fig 4). The user can
create a new tab by clicking the relevant button in the
Operations Pane.
The bottom of Figure 2 shows the “Table” type (in the
Results part of the display), which displays the result of
performing the union of all the Deﬁned Populations selected in the Deﬁned Population Pane. The rows include all
the instances selected by any of the deﬁnitions; the
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columns include all the features mentioned by any of these
deﬁnitions. Notably, PROSPeCT also allows the user to
easily add another column (ﬁeld) to the current list of
patients by selecting the new ﬁeld from the Fields Pane and
dragging and dropping it onto the Results (Table) pane to
populate that column with the values of the associated
feature, for each patient listed.
The Kaplan-Meier Estimator and the Aggregate PSA View
are built-in applications in PROSPeCT that greatly aid PCa
treatment decisions (Fig 4A and 4B).19 The Aggregate PSA
View produces a graph superimposing all PSA trajectories
of the current deﬁned population-patient cohort over time,
centered at a user-selected date (eg, date of biopsy;
Fig 4B).
Individual visualization. The Single Patient Summary
allows the user to generate a page that summarizes important aspects associated with a patient (Fig 4D). This
summary includes a graph of the PSA trajectory for the
patient over time (Fig 4C). Figure 4D superimposes ﬁve
events over that plot, and Figure 4E shows that the user can
easily compute the PSADT (eg, “32 months” between
January 2015 and June 2015). The Cohort/Group Statistics
Dashboard application generates graphs comparing the
data from ﬁelds across patient cohorts (Fig 4C).
Thus, PROSPeCT offers a convenient, easy, and fast
method of querying the database to identify and examine
the speciﬁed patient cohorts. It was designed to be used
with very little training, owing to the drag-and-drop interface
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Drag and drop “Total Gleason score (overall)” from the Fields Pane to the Definition Builder Pane.
Choose “>=” as the operator and input “8” as the value.

Fields Pane

Drag and drop “PSA” from the Fields Pane to the Definition Builder Pane. Choose “>” as
the operator and input “20” as the value.
Drag and drop “Clinical staging” from the Fields Pane to the Definition Builder
Pane, twice. Choose “=“ as the operator for both fields and input “T3” as one
value and “T4” as the other.
Complex Definition
Choose “OR” as the connector between terms. Click on “Create
“All patients whose
Definition”.
total Gleason score
(overall) is at least 8 or
whose PSA levels is Definition Builder Pane
Defined Population Pane
over 20 or whose
clinical staging is either
T3 or T4”

Results Pane
Query PROSPeCT
database to identify
patient cohort defined as
“High Risk.” Results
listed in Results Pane

Label user-created definition as “High Risk." Click on save and the definition is stored under Guest’s
Saved Definitions in the Fields Pane for future sessions.

FIG 3. The use of the Predictive Research Online System Prostate Cancer Tasks (PROSPeCT) interface is illustrated by outlining the steps required to
create the multiﬁeld deﬁnition called “High-Risk” into the Deﬁnition Builder Pane, using ﬁelds in the Fields Pane. The deﬁnition is then listed in the Deﬁned
Populations Pane. The query based on this deﬁnition generates the list of patients satisfying the High_Risk deﬁnition (the Deﬁned Population) and displays
their Gleason scores, PSA values, and clinical staging values in the Results Pane. The Fields Pane includes the primary and Research Electronic Data
Capture (REDCap)–derived ﬁelds as well as the Derived Fields computed by PROSPeCT. The tab called “Guest’s Saved Deﬁnitions” contains the usercreated deﬁnitions stored by the user for future use. PSA, prostate-speciﬁc antigen.

and the preprogramming of many complex PCa-speciﬁc
ﬁelds for the user.
Comparison of PROSPeCT With Other Digital Tools
There are many web-based tools that examine the generalized populations of patients with cancer (ie, generalpopulation statistics) based on the SEER,20 National Cancer
Database,21 or the University of California, San Francisco
Cancer of the Prostate Strategic Urologic Research
Endeaver (CaPSURE)22 databases. In contrast, PROSPeCT
examines individuals within a speciﬁed cohort. Similar to
PROSPeCT, even though other databases can be queried
by many web-based tools that also offer survival reports,

JCO Clinical Cancer Informatics

calculate survival by stage at diagnosis, and determine
trends and incidence rates for various cancer sites over
time, some databases store only PCa data (eg, CaPSURE),
whereas others include data for other types of cancer as
well (eg, SEER, National Cancer Database).
Although desktop-based programs such as Microsoft Excel
or Microsoft Access (Redmond, CA) can help analyze
patient data extracted from a small-scale database, this
analysis can also take more computer time per query, be
prone to user errors, restrict the input variables to predeﬁned formats, and impose a ﬂat data model that cannot
easily capture relationships detectable by complex
queries.9,13 Automated extraction of patient cohorts from
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FIG 4. The Operations Pane with the built-in application options for listing, exporting, and analyzing query results from deﬁnitions and summarizing single
patient data. (A) Kaplan-Meier estimator–generated Kaplan-Meier curve from a high-risk and a low-risk patient cohort. (B) PSA aggregate trajectory plot of
eight patients. (C) Patient cohort summary dashboard. (D) Single patient summary with a PSA trajectory plot. (E) A single patient PSA trajectory plot showing
the calculated PSA doubling time. PSA, prostate-speciﬁc antigen.

well-populated databases through user-deﬁned queries
would improve the accuracy of data retrieval, which, in turn,
would greatly reduce the time spent by clinicians and researchers on data collection and analysis.
Our overarching goal is to create a general-purpose system
that can help answer a range of questions. This differs from
special-purpose systems that can answer only a single,
predeﬁned question. Gregg et al23 recently developed
a natural-language processing algorithm to extract PCa risk
stratiﬁcation data from existing electronic medical record
databases. This allows clinicians to characterize PCa
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disease risk. Researchers hypothesized that PCa risk
groups could be accurately determined from naturallanguage processing–extracted data in at least 90% of
patients. Although extremely useful, this tool could only
generate results for this speciﬁc question.
Table 1 compares PROSPeCT with several other digital
query tools on the basis of ease of use, generation and
visualization of results, data management, security, and
cost. The tools can store a data set and perform queries on
that data set, but differ in scale, ease of use, and ﬂexibility in
their programmed capabilities. Clinicians and researchers
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applicable; NLP, natural language processing; PCa, prostate cancer; PSA, prostate-speciﬁc antigen; PROSPeCT, Predictive Research Online System Prostate Cancer Tasks; REDCap, Research Electronic
Data Capture.
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Programs

Laboratory
Information
Management
Systems

TABLE 1. Comparison of PROSPeCT With Related Digital Tools (Continued)

EMR/EHR
Systems

Natural
Language
Processing
of EMR

Visual
Data-Discovery
Dashboards

Clinical Information
System

Cutumisu et al

8 © 2019 by American Society of Clinical Oncology

can greatly beneﬁt from using PROSPeCT to query the
Alberta Prostate Cancer Registry—or any other compatible
PCa database—because it was designed with a userfriendly interface, it can generate query results quickly,
and it can allow users to perform PCa-speciﬁc data calculations and visualizations via built-in applications.
We also compared the time spent by a user to query the
Alberta Prostate Cancer Registry database with a complex,
multiﬁeld deﬁnition using REDCap, Microsoft Excel, and
PROSPeCT, asking the same user to run the same complex
query with the three tools: “interrogate the whole population
to extract features on speciﬁc patient cohorts with PCa
disease-recurrence after receiving speciﬁc treatments.”
REDCap was not able to complete the query, because it is
designed for retrieving records by ﬁeld or table and it did not
have any option to use multiple dates from different
timelines and query forms. Microsoft Excel was able to
perform this query, but the user had to write and implement
extensive macro programming to generate the deﬁned
population list. Because PROSPeCT contains prederived
PSA recurrence ﬁelds, the user could quickly build the
deﬁnition used for this query and generate the deﬁned
population that ﬁts this query, spending much less time
using PROSPeCT to build this deﬁnition and produce the
query report, compared with using Excel (Table 1).
DISCUSSION
The PROSPeCT interface is designed to make it easy for
clinicians and researchers to interrogate the large Alberta
Prostate Cancer Registry database of more than 3,600
individuals, with more than 1,500 features, and to save
relevant deﬁnitions for use on updated versions of this
database. There are many advantages to using PROSPeCT
as an online database interface relative to other digital tools.
First, it uses a drag-and-drop paradigm, so it is easy and
quick for users with no programming expertise to build
complex deﬁnitions to query the database. In contrast, as
Microsoft Excel requires the user to write macros to run
complex queries, Excel users are likely to spend much
more time generating queries, in comparison with PROSPeCT users. Second, it contains several precomputed ﬁelds
relevant to PCa (eg, PCa risk stratiﬁcation and PCa recurrence or progression) that allow users to quickly identify
relevant cohorts of patients and then important characteristics of these patients. Third, it contains several built-in
applications relevant to PCa, such as the Kaplan-Meier
estimator, Aggregated PSA View, PSADT, and Interval
Query. Even though the PSADT is relatively simple to
calculate, and clinicians and researchers ﬁnd that the
doubling-time information is useful for comparing treatment options and research studies, it is difﬁcult to compute
in Excel. This is due to the way data are organized in
spreadsheets, because it requires users to extract multiple
patient-speciﬁc data points from the database, then
compute the doubling time for each chosen pair of data
points. This complexity is why many clinicians do not use it
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to compute PSADT.3 However, the PSADT facility incorporated in “Single Patient Summary” makes this extrapolated result easily obtainable when using the
PROSPeCT interface. Finally, it allows users to easily visualize single patient summaries, including a plot of the
patient’s PSA values over time with overlays showing relevant events, and to compare deﬁned populations using
the cohort/group dashboard feature.
Limitations
First, the current system is limited by the synchronization
with the REDCap data management tool, which is not
automated, because REDCap does not provide the facilities
needed to make this process seamless. Second, although,
in general, a user does not require computer programming
skills to use PROSPeCT, some tasks need to be deﬁned by
a programmer (eg, PSA Failure). Also, although the
PROSPeCT system does have an adjustable template for its
dashboard (Appendix Fig. A1), this action currently requires a programmer to adjust. Third, although PROSPeCT
was designed to maximize expressiveness while minimizing
complexity, there is a boundary where certain queries are
not expressible by the system. This stems from PROSPeCT
trying to strike a balance between complex and expressive
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query languages like Standard Query Language (SQL),
which require much training to use, and simpler, visual
interfaces that can be used with little training. Fourth, this
research is limited by the nature of the data stored in the
PCa database, because the queries depend on deﬁnitions
that draw on basic database ﬁelds. Finally, although informal tests of accuracy and efﬁciency have been conducted, this report focuses on descriptive and not empirical
research.
Future Work
The current PROSPeCT system gets patient values on
a scheduled basis. The near-term goal for PROSPeCT is to
have a direct, real-time link to electronic medical records,
meaning it could be used to generate high-value data
analysis to aid treatment decision-making for a current
patient. The long-term goal involves connecting PROSPeCT
with databases for other types of cancer or diseases, to
allow cross-referencing of patient data that could dramatically increase the effectiveness of PROSPeCT as both
a diagnostic and research tool for PCa and other diseases.
Overall, PROSPeCT enables users to easily and quickly
create elaborate, error-free queries, especially those related
to PCa.
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APPENDIX

FIG A1. Adjustable template for Predictive Research Online System Prostate Cancer Tasks (PROSPeCT) system dashboard.
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