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Abstract

Background: Many comprehensive cancer centersincorporate tumor documentation software supplying structured information
from the associated centers' oncology patients for internal and external audit purposes. However, much of the documentation
dataincluded in these systems often remain unused and unknown by most of the clinicians at the sites.

Objective:  To improve access to such data for analytical purposes, a prerollout of an analysis layer based on the business
intelligence software QlikView wasimplemented. This software alowsfor the real-time analysis and inspection of oncology-related
data. The systemismeant to increase accessto the datawhile simultaneously providing toolsfor user-friendly real-time analytics.

Methods: The system combinesin-memory capabilities (based on QlikView software) with innovative techniques that compress
the complexity of the data, consequently improving its readability aswell asits accessibility for designated end users. Aside from
the technical and conceptual components, the software’s implementation necessitated a complex system of permission and
governance.

Results: A continuously running system including daily updates with a user-friendly Web interface and real-time usage was
established. This paper introduces its main components and major design ideas. A commented video summarizing and presenting
the work can be found within the Multimedia A ppendix.

Conclusions: The system has been well-received by afocus group of physicianswithin aninitial prerollout. Aside fromimproving
datatransparency, the system’smain benefitsareits quality and process control capabilities, knowledge discovery, and hypothesis
generation. Limitations such as run time, governance, or misinterpretation of data are considered.

(J Med Internet Res 2020;22(4):€16533) doi: 10.2196/16533
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Introduction

In recent years, hospitals have been gradually transitioning from
paper-based toward electronic documentation systems. The
ongoing digitalization of routine data often resultsin the creation
of large and comprehensive datasets, which can, under theright
circumstances, open doorsto further analysisand research [1,2].
These datasets are often considered to be “big data”, not always
due to their size but also due to their complexity. Therefore,
analysis of such large datasets, especially in cases of secondary
use, ismost often the biggest challenge [3-6]. Hence, asolution
for managing and extracting the knowledge hidden in the raw
datain ameaningful way for all potential end usersisnecessary
[7]. Importantly, without proper tools and methods, interest in
the data can decline and adataset’s potential information content
can remain unused and obscure. In general, standard statistical
tools can be applied to tackle and analyze previously defined
problems. However, smart businessintelligence platforms such
as Microsoft Bl [8], QlikView [9], or, in a broader sense, SAP
Hana [10] can allow for spontaneous and quick analysis of the
data, and can therefore accelerate response time as well as
facilitate response efforts. In 2012, a novel technology was
introduced that utilizes such systems, termed “in-memory
database.” Thistechnology allowsfor the swift handling of data
without investing too much effort in data preparation in contrast
to online analytical processing systems [11-13]. Aside from
alleviating daily tasks, allowing usersto immediately diveinto
datafurther offerstransparency, and can thus support knowledge
discovery, hypothesis generation, and translational research
[14,15]. Therefore, we decided to create a system utilizing an
in-memory database based on the software QlikView.

The development was tested within a focus group of 10
physicians a the University Hospital of the
Ludwig-Maximilians-University (LMU) in Munich. The system
was set up together with its partnering site, the University
Hospital of the Technical University Munich, Rechts der Isar,
with both sites sharing the Cancer Retrieval Evaluation and
Documentation System (CREDOS) as their local tumor
documentation system. These systems allow the institutes to
compile and track most oncology-relevant data [16], including
specific information about diagnoses (eg, grading or histology),
therapies, and follow up for most oncology patients that were
treated in the centers. In total, the database contains more than
1000 attributes about the patients themselves, their medical
history, and tumor descriptives. The softwareis suitable for not
only a specific tumor site but also for all solid and nonsolid
tumors, resulting in a large, complex, and comprehensive
oncology database. The software was established at the local
sitesin 2010 and now includes most tumor entities. By the end
of 2018, the databases contained detailed information for more
than 20,000 patients at each site.

The primary purpose of the database isto measure specific key
performance indicators such as summarizing the number of
cancer cases of a specific organ, which thus serve as indicators
of the eligibility of the sites to become, or remain, a certified
center according to the German ONKOZERT guidelines [17].
Gathering and maintaining all of the necessary information is
not atrivial task and requires resources. Therefore, collecting
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data solely for the purpose of certifying the centers might not
be worth the effort. Consequently, to increase the usability of
these big datasets so that they may be harvested for further
purposes, we created an analysis layer that provides visual
access to this complex dataset and offers easy-to-use tools,
which alow end usersto immerse into, and analyze, the data.

The analysis layer was recently (October 2018) rolled out and
tested within the previously mentioned focus group at the
Comprehensive Cancer Center Munich

(CCCM)-LMU site. We refer to this analysis platform as the
Munich Online Comprehensive Cancer Analysis platform
(MOCCA). This paper describes how the system wasrolled out
at our site and explains the mgjor components of this analysis
platform, and should thus serve as an inspiration for other
ingtitutionsinterested in making their datamore accessible and
transparent. Focusing on how to manage and organize large sets
of oncology-related data, we present a variety of innovative
ideas in terms of browsing, handling, and visualizing large
cohorts of medical data, while addressing challengesthat arose
during the development.

Methods

Administrative Arrangements

To provide general access to the data, the first step was to set
up aserver within theclinical intranet, which continuously runs
an instance of the QlikView Enterprise Edition. The
administrative user interface of the Enterprise Edition alows
for dataloading routines. Thus, adaily routine was established
and implemented, which imports the whole CREDOS dataset
into the MOCCA system. QlikView was chosen because it
comes with atoolbox, enabling the construction of the contents
that can be saved within a proprietary data container (*.qvw
file) [9]. The toolbox also offers an intuitive user interface and
itsown scripting (partly Structured Query L anguage-based) and
data-handling language. The program files themselves can not
only be viewed within the developer toolbox but can also
automatically be transformed into a fully functioning website
and Web view [18]. Thus, the devel oper does not have to create
an HTML framework or any other Web content, but can rather
concentrate on the contents' objects themselves (eg, tables,
graphs). End users can then comfortably access the resulting
Web view via the URL and a Web browser without installing
any additional software.

To control the Web access, we set up a connection to the
hospital’s active directory using alightweight directory access
protocol (LDAP) [19]. Conseguently, users are required to
register with their hospital intranet login to view the contents
but do not have to create new accounts or passwords. To
conform with laws of privacy protection as well as issues of
governance, users can only view contentsthat they are allowed
to see according to the hospital’s policy. This assures that not
every user who has access to the intranet can arbitrarily access
the MOCCA platform. Instead, a user has to possess a single
user license, which is atechnical requirement before entering
the platform. Detailed information about the permission system
is described in the Permission System section below.
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Embedding the Tumor Documentation Data

The next major step involved in setting up the platform wasthe
conversion of the CREDOS data model into a new QlikView
datamodel. Thisinvolved interconnecting all tablesby common,
unique identifiers, similar to astandard relational database. We
tried to stick as closely to the original datamodel of CREDOS
aspossible, and only incorporated changes when needed. When
completed, this step enabled the system to fully unveil the
in-memory database capabilities after |loading the data. At this
point, an end user can select, viaamouse click, a specific data
field within the Web view (eg, male or femal e within the gender
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field). After selecting therelevant datafield, all other datatables
react in real time and restrict the contentsto the selected cohort.
In this way, it is possible, in a matter of seconds, to create
different data cohorts constricted by arbitrary filters. Most
normal business intelligence or query systems offer query
interfaces where different filters can be applied. However, this
interface is not necessary in QlikView since all data tables and
fields displayed within the Web view can directly be used as a
cohort filter. QlikView offersan additional functionality through
which it showsthe datamodel. A current view of the datamodel
in our latest release is shown in Figure 1, which highlights the
complexity of what isinvolved in thisseemingly “simple” step.

Figure 1. Screenshot of the current data model illustrating its complexity. The tables are framed in blue, displaying all of their included fields. The
tables are linked via specifically chosen key attributes (eg, patient, tumor, or document 1D).
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We first organized both the data and the analysis layer in the
same *.qvw data file. Subsequently, we decided to strictly
separate the data modeling and analysis contents into two
segregated QV files. The primary cleaning and preprocessing
of the CREDOS data model into QlikView is done in the base
modul e (base.gqvw), while more advanced preprocessing aswell
as further andyses are done in the second module
(analysis.qvw). Thisalowed usto simultaneously improve the
data model along with the analytical tools and modules.
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Creating the Analytics Frontend

As mentioned above, the CREDOS data model is complex,
comprising more than 1000 individual data fields, which
themselves can have hundreds of different data values (eg, the
datafield diagnosis can have hundreds of different International
Statistical Classification of Diseases and Related Hedlth
Problems [ICD]-10 codes[20]). As our main aim was to make
this platform accessible for clinicians, innovative ideas on how
to manage this large degree of complexity in an accessible and
useful manner were necessary. We therefore structured the
analysistool into six data-rel ated categorieswith their respective
subcategories, which are listed in Textbox 1.
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Textbox 1. Data-related categories and structure of the analysis tool.
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o  First assessment
a. Diagnosis
b.  TNM (tumor-node-metastasi s, important tumor staging system)

c. Classifications

o  Patient-based/related data
a.  Cohort view

b.  Single patient view

o  Therapies
a  General information
b. Operations
C. Systemic therapies
d. Radiation

o  Progression (follow up)
o  Triad metadata
o  Survivd

For most categories (including subcategories), we implemented
detailed and comprehensive views, including embedded tools
that enable easily browsing and visualizing category-specific
contents. The viewswere designed as different tabs, analogous
to astandard website navigation bar (see Multimedia A ppendix
1). Although extensive contents were created for most of these
categories and subsequently included in thefirst version of the
platform, the single patient view, as well as the trial metadata
view, remain in a conceptual stage and have therefore been
deactivated for the first release.

For each of the remaining categories shown in Textbox 1, our
goal was to fill all related data attributes into a QlikView tab,
which takes up one screen (optimized for a 1680 x 1050-pixel
screen resol ution). Owing to the overwhelming amount of data
attributes, loading the tabs with data tables would have
exhausted the pixel space within the tabs multiple times. Thus,
to overcome the complexity of storing a lot of information
within a small space while simultaneously ensuring that it
appears in an easily comprehensible manner, we enabled the
end user to hide or display specific data objects such as tables
or graphs by utilizing variables, which are themselves
controllable (eg, by buttons) within the front end.

https://www.jmir.org/2020/4/€16533

Asshown in Figure 2, 18 buttons are displayed, which refer to
18 different data attributes related to the first diagnosis of a
patient (eg, “vital status,” “histology,” or “side of tumor”). By
clicking these buttons, atable showing the selected contents of
these datafieldsaswell asacorresponding graph are displayed.
Although it would be possible to show the tables of all 18
attributes at the same time, we believe it makes more sense to
provide control to the end users as to what they want to focus
on. This results in a dramatic reduction in complexity of
onscreen contents since most of the data are hidden at most
times, and because users have an easier time reading the data
they fedl is relevant. This technique has been applied not only
for thisexample but also for numerous contentswithin the entire
platform. Figure 2 aso illustrates how we utilized extensive
numbers of easily readable charts to increase the end users
experience by data visudization. As most data are
interconnected within the datamodel, the integrated in-memory
database allows the user to click in any chart directly, and
instantly alters all other graphical objects and tables within the
platform accordingly.
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Figure 2. The image (screen language in German) displays two different selections within the first assessment (diagnosis) view. By simply clicking
on different buttons, in this case “tumor location/side” in (a) and “discussion of achosen case within atumor board” in (b), it is possible to specifically
select and examine the number of cancer cases with the chosen feature (in the chart stratified by date of diagnosis).
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With regard to the graphical objects, in addition to reactive
standard descriptive techniques such as bar charts or pie charts,
we used a QlikView add-on (svgReader) [21], which allowed
us to incorporate vector graphics and to color code them
according to the selected data cohorts as well as underlying
formulas such as relative abundance. Therefore, we were able
to create innovative and interactive modul es that increased the
usability, readability, and interest of the data contents. For
example, we created scalable vector graphics (SVGs) for the
geographic locations of patients, a three-layer organ map
including all oncology-relevant ICD-10 diagnosis codes, amap
displaying the spread of metastases, and a two-layer map
showecasing the areas of radiation. Within the three-layer organ
map, we specifically combined the SVG map technique with
the content-hiding technique described above.

Figure 3 shows the first level of this three-level organ map.
When a user clicks on a component (ie, an organ group) they

https://www.jmir.org/2020/4/€16533
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Discussion within
a tumor board

switch to the specific | CD-10 group, which also setsa selection
filter to this group for the whole platform. Accordingly, the
image changes from thefirst layer to the chosen | CD-10 group.
From this second layer of detail, the user can select a single
organ (third layer), which then displays the components of the
organ. The segments of the graphics are colored according to
the relative abundance of tumor cases; for example, Figure 3
layer 1 shows that gastrointestinal tumors were predominantly
treated (or rather documented) at our hospital. In general, for
all of these maps, a more saturated color indicates a higher
degree of documentation (linear in proportion to the data). In
other words, if an organ consisted of two segments and only
one segment had 100 documented caseswhil e the other segment
only had 50 documented cases within the system, the first
segment would be fully color-saturated (100% on thered scale),
whilethe other segment would only be color-saturated by 50%.

JMed Internet Res 2020 | vol. 22 | iss. 4| e16533 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Nasseh et d

Figure 3. SVG-based organ map. Based on the diagnosis code (ICD-10), the map displays the relative amount of documented cases to each other as
well as selected (via mouse clicks) ICD-10 groups (layer 2), or even specific organs (layer 3). In this example, the gastrointestinal subgroup had been
selected by clicking within layer 1 (C15-C26), followed by clicking on the liver within layer 2, thereby restricting the cohort within module to C22*
(liver) and displaying the relative abundance of affected segments within the liver (layer 3). A fully saturated color indicates the most commonly
documented segments within the SVG, whereas lower levels of saturation linearly correspond to the amount of documentation for the associated
segments. SV G: scalable vector graphic; 1CD-10: International Statistical Classification of Diseases and Related Health Problems-10.

Layer I: Layer 2:

Unfiltered organ map

Next, we created two more complex, integrated modules. The
first module displays therapy timelines and the second focuses
on survival. The survival module and its implementation were
previously presented at the International Conference on
Informatics, Management, and Technology in Healthcare 2019
[22]. Interms of visualizing the sequential flow of therapies, it
ispossibleto display, on atime axis, the median start time after
diagnosis of specific therapies (eg, first radiation or surgery) of
a chosen patient cohort. This provides an overview of typical
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50%
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patterns, and is meant to create scientific interest, while
providing general information about the chosen cohort and how
the patients were treated. Figure 4 shows an example of such a
pattern for a selected cohort, where most patients typically
started out with a surgery, followed by a drug therapy in some
cases (59 days), and concluded by radiotherapy (109 days).
Similar to all contents within the system, this module reactsto
any frontend selections (clicks) and changes the pattern
according to the chosen cohort within seconds.
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Figure 4. Median start at which atumor of a chosen cohort has been treated with a specific therapy. The x-axis shows the time (in days), while the
y-axis displays how many tumors have been treated in this cohort. In this example, for a cohort of 607 tumors, 563 have been treated with surgery
(median after zero days), 116 with drug therapy (median after 59 days), and 73 with radiotherapy (median after 109 days).
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Permission System

As mentioned above, when granting access to the platform, we
had to conform to European as well as to local Bavarian laws
of privacy protection [23,24]. First, data access in the initial
release of this platform had to be restricted to administrators as
well as local clinicians. Giving access to external scientists or
partnersis currently not planned, asfull anonymization of data,
which would be required in such a case, does not seem feasible
[23]. Technically, we utilized QlikView's capability to lock
specific datafield selectionswithin amodule on a per-user basis
[25].

TheBavarian Law of Hospitals (Bayerisches Krankenhausgesetz
(BayKRG) Art 27— Datenschutz (4)) served as the legal basis
of our permission system [24]. This law states that physicians
within a hospital are allowed to work with patient data (even
in terms of research and without given consent) as long as they
were involved in the process of care of that patient. According
to the law, the physicians themselves are allowed to grant data
accessto other clinicianswithin the hospital aslong asthe data
remain within the hospital. Hence, if aclinician asksfor access

https://www.jmir.org/2020/4/€16533
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to the platform, after signing the terms of agreement, we restrict
their view to only patients formally in their care (or care unit).
Thiswas achieved by restricting the view based on filterswithin
the datafields “organ (ICD-10)" and “treatment center.” Asan
example, a physician in the field of pulmonology will only be
ableto view data and cases pertaining to the patientswho visited
the lung center. This same physician will not be able to view
liver tumors, for example, even though both entities exist within
our dataset.

This system functionsfor cliniciansworking for organ-specific
treatment centers (eg, a women's hospital) or clinicians who
areinvolved in the care of patients suffering from tumors of a
specific organ. However, this system does not take into
consideration cliniciansworking in interdisciplinary areas such
as radiology. Therefore, we also included the possibility to
restrict according to specific types of therapy (radiation, surgery,
or drug therapy). Consequently, a radiologist with given
permission would only be enabled to view data of patientswho
had indeed received radiotherapy and had been treated at the
radiologist’s center. Hence, our system provides the physicians
no additional information than they would normally be allowed
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to access. However, instead of having to sift through the
information in all of the individual doctors’ reports, they are
now able to directly access the aggregated data extracted from
these reports. Hence, QlikView basically facilitates analysis,
and hel pswith visualizing the cohort for which they are already
responsible.

Such permission arrangements explain how the system has
currently been rolled out and how it has been accepted by the
privacy protection commissioner of the hospital. We here turn
to describing how the permission system should be extended
in the future. According to the Bavarian Law of Hospitals,
clinicians are aso allowed to share data (eg, for research
purposes) within the hospital. This is more of a governance
problem and has not yet been implemented within our current
system. However, for the sake of scientific progress, clinicians
interested in organ-specific data should be allowed to request
permission to access relevant data even for casesin which they
were not part of the original patient care. Representatives of the
organ center would be members of a committee that could
initially process such requests. The request will then bereferred

Table 1. Example of apermission table for user access.

Nasseh et d

to a board consisting of the initial committee members along
with organ center—independent members of the overreaching
comprehensive cancer center. If all parties of the committee
accept the request, extended data access will be granted.
However, extended data access would only be given in a
pseudonymized form, since full data access seems only
reasonablefor cliniciansdirectly involved with a patient’s care.

The permission system, including the not-yet implemented
extended data access, is organized viaapermission table, which
directly controlsthe contentsthat may be shown to agiven user
and within which timeframe. Table 1 provides an extract of our
current permission table. In this example, the user “dnasseh”
was given accessto all patients of the lung tumor center, which
all have adiagnosis code of C34. In contrast, the user “ sopsch”
would be allowed to see all radiated cases. As sopsch would be
interested in liver cases as well, after a proposal, a committee
would have granted them with extended permissions for
liver-related data (C22) in a pseudonymized form (extended
permissions are not yet implemented and are in a conceptual
status).

User Diagnosis Center Radiation Operation System-therapy Pseudo
(ICD-10)2

dnasseh C34 LTCch %C * * *

sopsch * * STRY * * *

sopsch Cc22 * * * * PSDe

% CD-10: International Statistical Classification of Diseases and Related Health Problems-10.

bLTC: lung tumor center.

& represents awildcard, meaning the user has full rights to view the contents within this column.

dSTR: radiation.
€PSD: pseudonymized.

Results

We established aplatform that is accessible through the clinical
intranet viaa Web browser and does not require the installation
of additional software at the end users’ sites. The data within
the platform are updated daily, and provide preprocessed,
compact visual access to the vast mgjority of the CREDOS
contents. The platform can only be accessed after asingle user
license has been acquired. Based on this, the data from cohorts
that the users can view are limited by a permission system,
which was devel opedin parallél to the technical implementation.
A nonlegal contract describestherulesfor licensing and accesses
to the platform. Before each login, adisclaimer hasto beticked
(see Multimedia Appendix 1).

We structured the contents into six main categories, five of
which (first assessment, patient baseline data, therapies,
progression, survival) have been included in the first rollout
version. To facilitate understanding of this complex system,
Multimedia Appendix 1 shows screenshots (with labels
translating the contents) of the layout for all of these categories

https://www.jmir.org/2020/4/€16533

and itsincluded modules. Dueto concerns of privacy protection,
we blurred sensitive information within these screenshots.

Asit is hard to describe the dynamic analytical possibilities of
the platform, we provide a 15-minute-long commented video
in Multimedia Appendix 2, displaying the real-time assembly
of arbitrary data cohorts, dynamic interconnectivity between
any data tables or data objects, as well as possibilities of the
visual modules and its interaction with the other objects of the
platform. This video was compiled to give an accurate
impression about what the platform is capable to do.

Discussion

Feedback on the System

One of the magjor benefits of the MOCCA system is
transparency. Until creation of the framework, clinicians
themselvesdid not have the option to directly access aggregated
CREDOS data. Instead, they had to assess individual patient
records or send a request for help to the loca information
technology team. This process restricts interest in the data.
Hence, for most physicians, the CREDOS dataset is comparable
to a black box that is primarily used by documentation clerks
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and the information technology department. Thus, most
clinicians were not aware of the rich contents of the database.
The system wasrolled out and evaluated at one of the partnering
sites (CCCM-LMU). After providing the doctors access to the
platform within our prerollout phase, we received extensive
feedback about the contents of our database.

This feedback reflected the high quality of the data, along with
areas of further improvement for some aspects. Along these
lines, dueto the richness of charts and graphs, it isvery easy to
spot incorrectly documented information. Since a doctor can
browse through the data, they will quickly realize if any data
are missing or not documented in a correct manner. As an
example, some wrongly documented dates could easily be
spotted as they showed up within the therapy time chart as a
negative time value on the x-axis. Spotting inconsistencies is
of high relevance, since high data quality is one of the
requirements for clinical research and is a precondition for
clinical trials or network activities such as those of the national
Network Genomic Medicine for lung cancer, which locally
relieson correct, complete, and valid tumor documentation data
[26]. For example, we received feedback that the method of
documenting our radiotherapies was not fully in accordance to
standards set for radiologists. Hence, we were able to address
theseissueswithin our database. Sincetheinitial implementation
of the MOCCA system, we have received valuable and extensive
feedback about our data contents, not only from information
technology or tumor document specialists but also directly from
the physicians.

Improving the data quality itself is only one of the purposes of
MOCCA,; it can a so support the control of processes of routine
care and identify potential risks. Regarding this aspect of quality
control, clinicians did not have the right tools to directly and
quickly assesswhether quality of care and associated processes
were acceptable. As the centers are certified once a year by
OnkoZert [17], they have to prepare and display specific key
performance indicators such as the number of patient cases
introduced to the tumor boards. Since substantial attention is
focused on thisevent, quality problemsthat occur between these
events might be identified too late and pose problems when
attempting to overcome these shortcomings. Naturally,
controlling should not be, and is not, limited to the annual
certification events. The different organ centersregularly request
information about the CREDOS contents (eg, amount of cases
with a specific therapy). This information can be supplied by
the information technology staff or documentation clerks.
However, with more classical statisticstools, scriptswould have
to be written and altered for every analysis request. Hence, a
capable business intelligence platform such as the MOCCA
system provides a more direct approach, while avoiding
unnecessary  waiting times and  communicative
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misunderstandings. The process is further supported by the
in-memory technology, which allows real-time anayses of
arbitrary data cohorts [11] and automatic daily data updates to
ensure that the information available to interested physiciansis
always current.

Strengthsand Limitations

When critically assessed, apotential shortcoming of the system
ismisinterpretation caused by visual inspection of data, without
considering theinfluences of confounding factors, sample size,
and sample bias [27]. For example, when viewing the
documented total occurrences of cancer cases of the CCC-LMU
(Figure 2), it can be noted that the number of tumor cases per
year has been rising. However, this does not mean that the
occurrence of tumor cases is rising on a population level, but
rather that the completeness of documentation or the frequency
of patients seeking treatment for these types of tumors has
increased throughout the years. Aslong asit is understood that
MOCCA isnot an epidemiological overview, but rather alocal
view on the present documented cancer data, we believe that a
system like MOCCA can support analysis of local data and
create exciting research opportunities.

Although our system presents and analyzes data in graphic
detail, we recommend that the results and conclusions mined
from our system should always be examined with the support
of statisticians, medical computer scientists, and in comparison
to larger datasets (eg, epidemiological registries) [28]. In fact,
in line with Bauer et a [29], we included a disclaimer within
the system that warns of misinterpretation and indicates the
necessity to consult information technology or statistical
professionals[29] (see Multimedia Appendix 1). Additionally,
the system offers tooltips, text fields, and popups explaining
most of the contents, and even provides direct references when
using formulas, mostly within the survival module [22]. Since
precautionary methods might be ignored, we set up another
security measure in which we only hand out licenses after a
direct tutorial session, discussing not only the benefits but also
the limitations and dangers of the system.

In addition to the means and methods with which this system
can support research, the system can also quickly and easily
provide numbers for formulating scientific proposals.
Furthermore, it can be used to discover as-yet-unknown
information, also referred to as knowledge or data discovery,
that can contribute to creating research ideas by quickly
browsing through the data (hypothesis generation) [ 14,30]. For
example, the organ map displays the relative occurrence of a
tumor typein aspecific location, which wastreated at the center.
Asweare ableto alter the data cohort arbitrarily, we can switch
from male patientsto female patientsin real time, which changes
the coloration of the organ map (Figure 5).
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Figure 5. Comparison of two different cohorts within the organ map module. Different patterns of occurrence for female and male stomach cancer
cases are evident. The color saturation is linear to the occurrence, with 100% saturation being the most affected segment.

Male

The benefits of such datavisualization and businessintelligence
have been previously discussed in multiple contexts [31-33].
However, thisis one more examplefor the effectiveness of such
systems, which is based on the balance shift between perception
and cognition [34]. In thisway, we can quickly realize the most
significant changes within both graphics. We provide an
example in Figure 5, in which it appears easy to identify that
the cardia (opening of the stomach) is more affected among
males than among females. Such a finding can result in the
formulation of new research ideas and support hypothesis
generation [30]. In this context, the second big limitation within
our system isgovernance. Physicians employed at acooperating
center (at the same site) should not be able to examine data
mined from patients of another center. Thisisparticularly tricky
when granting rights to interdisciplinary physicians like
radiologists, whose patients would have also been treated at
other organ centers. Hence, publications using dataderived from
multiple sites can result in conflicts. To address and deflate this
concern, itisimportant to point out that MOCCA only facilitates
an aggregated data view, but will not give more information
than physicians can aready find when looking into the
individual digital patient files of their aggregated system for
whom they were granted access according to hospital policy.
Consequently, all information within CREDOS could also be
found within a well-made shadow database. The differenceis
that the CCCM at both sites comprises staff that are professional
documentation specialists, whereas associated centers do not
necessarily have these resources. Often, these shadow databases
are created with the support of studentswho lack the experience,
education, and training for creating a clean dataset. However,
this should not be generalized, and having individual databases
isimportant for research, especially since these databases might
contain additional information not found within CREDOS.
Nevertheless, a businessintelligence tool such asMOCCA can
only improve these already existing systems and possibly make
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them, or large parts of them, redundant, resulting in areduction
of necessary capacitiesaswell asan increase of professionalism
in terms of documentation, data quality, and transparency. In
this regard, we received positive feedback in our test phase
when some of the physiciansrealized that one of their databases,
which was created parallel to our system and is also used for
annual audits, might be superfluous since all data needed can
be supplied by the larger CREDOS system. This could have a
direct impact and release bound capacities, reducing the need
for each individual center to create their own systems.

In terms of measurabl e benefit, as the system was only recently
released, the physicians have not yet utilized it for extensive
research projects. Nevertheless, it serves as a quick help for
everyday routine requests and is already an essential part of our
annual audits. In general, we can summarize that the feedback
of the prerollout was primarily positive, and it is safe to say that
it generated interest in, and led to voluntary confrontation of
doctors with the data, which in turn opened the door to
trandlational interaction, improved data quality, and possibly
research. An objective measurement about the benefit of the
tool (eg, based on surveys, citations, or login frequencies) is
planned for the future.

Conclusions and Prospects

Asfor future perspectives, dueto the success and mostly positive
feedback of our testing rollout, we aim to launch MOCCA at
our partnering site (CCCM-Technical University Munich). In
termsof contents, wewould like to add further standard statistics
and integrate some additional modules such as asingle patient
view. Moreover, these innovative data management techniques,
and the handling of permissions and data governance, whichis
known asamajor hurdlefor many health-related projects, should
serve as an inspiration for similar projects at other sites both
nationally and internationally [35].

JMed Internet Res 2020 | vol. 22 | iss. 4 | €16533 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Nasseh et al

Acknowledgments
The project was supported by funding from Deutsche Krebshilfe.

Authors Contributions

The analysis layer was conceptualized, designed, and partly implemented by DN. The initial data model was created by ML.
Implementation of the analysis layer as well as the data model was completed by SS. DS provided support with the survival
module. The manuscript was majorly written by DN and SS, and NE refined the manuscript content both linguistically and from
alarger perspective. Server accesswas supported by KK and MM. SM and MN contributed to the project asimportant betatesters
(physicians). RC and LB (students) created vector graphics. With leading positions within the CCCM-LMU, VH, TF, and CB
supported the idea by providing the main authors with the time to commit to this work. As the CCCM-LMU coordinator, TF
supported DN in creating the governance system, which was implemented by SS.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Overview over all components (with translations) of the given MOCCA system.
[PDEF File (Adobe PDF File), 4075 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Video summarizing the capabilities of the platform.
[MPA4 File (MP4 Video), 153704 KB-Multimedia Appendix 2]

References

1.  Topol E. The Creative Destruction Of Medicine: How The Digital Revolution Will Create Better Health Care. New York:
Basic Books; 2020.

2. Prokosch HU, Gandlandt T. Perspectivesfor medical informatics. Reusing the el ectronic medical record for clinical research.
Methods Inf Med 2009;48(1):38-44. [Medline: 19151882]

3. Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential. Health Inf Sci Syst 2014;2:3. [doi:
10.1186/2047-2501-2-3] [Medline: 25825667]

4.  Burghard C. Big data and analytics key to accountable care success. IDC Health Insights 2012:1-9.

5.  Feldman B, Martin E, Skotnes T. Dr Bonnie 360° - Business Development for Digital Health. 2012. Big datain healthcare
hype and hope URL : https.//pdfs.semanticschol ar.org/241e/3e0657ff 97d5e2beaf af 5eb87085eef40cf8.pdf?_ga=2.21148283.
1937729036.1582708542-1457234903.1582708542 [accessed 2020-02-29]

6. FernandesL, O'Connor M, Weaver V. Big data, bigger outcomes: Healthcare is embracing the big data movement, hoping
to revolutionize HIM by distilling vast collection of data for specific analysis. JAHIMA 2012 Oct;83(10):38-43; quiz 44.
[Medline: 23061351]

7.  Girard J, Girard J. Defining knowledge management: Toward an applied compendium. Online J Appl Knowl Manag

2015;3(1):1-20 [FREE Full text]

Lachev T. Applied Microsoft Power Bi (3rd Edition): Bring Your Data To Lifel. Atlanta: Prologika; 2018.

QlikQ. 2014 Jan. What makes QlikView Unique - A Qlik White Paper URL : http://www.bitechnol ogy.com/wp-content/

upl0ads/2017/01/WP-What-Makes-QlikView-Unique EN.pdf, [accessed 2018-11-16]

10. Farber F, ChaSK, Primsch J, Bornhévd C, Sigg S, Lehner W. SAP HANA database. SIGMOD Rec 2012 Jan 11;40(4):45.
[doi: 10.1145/2094114.2094126]

11. Berkowitz B, Simhadri S, Christofferson P, Mein G. Google Patents. 2002. In-memory database system URL : https.//patents.
google.com/patent/US6457021B1/en [accessed 2020-02-26]

12.  SevillaM. CapGemini. 2011 Sep 27. OLAP databases are being killed by In-Memory solutions URL : https://www.
capgemini.com/2011/09/ol ap-databases-are-being-killed-by-in-memory-solutions/ [accessed 2020-02-26]

13.  Chamoni P, Gluchowski P. Entwicklungslinien und Architekturkonzepte des On-Line Analytical Processing [Development
guidelines and architecture concepts of On-Line Analytical Processing]. In: Analytische Informationssysteme: Business
Intelligence-technol ogien Und -Anwendungen (German Edition). Berlin, Heidelberg: Springer; 2020:143-176.

14. Fredriksson K. http://drmartin.dbxl.de. 2011 Jul. Data Discovery - Bl im Zeitalter von Appsund Social MediaData Discovery
- Bl in the age of apps and social media URL : https://web.archive.org/web/20160528145832/http://drmartin.dbx|.de/
Ausgabe-72#NL 2245 [accessed 2018-11-19]

15. vander LansRF. Datavirtualization for businessintelligence systems: revol utionizing dataintegration for datawarehouses.
San Francisco: Morgan Kaufmann; 2012.

©

https://www.jmir.org/2020/4/e16533 JMed Internet Res 2020 | vol. 22 | iss. 4 | 16533 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i4e16533_app1.pdf&filename=7d954299310d98737df743c4e35608e2.pdf
https://jmir.org/api/download?alt_name=jmir_v22i4e16533_app1.pdf&filename=7d954299310d98737df743c4e35608e2.pdf
https://jmir.org/api/download?alt_name=jmir_v22i4e16533_app2.mp4&filename=d6b3a77a09ab51e01b609e7adb42b9f6.mp4
https://jmir.org/api/download?alt_name=jmir_v22i4e16533_app2.mp4&filename=d6b3a77a09ab51e01b609e7adb42b9f6.mp4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19151882&dopt=Abstract
http://dx.doi.org/10.1186/2047-2501-2-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25825667&dopt=Abstract
https://pdfs.semanticscholar.org/241e/3e0657ff97d5e2beafaf5eb87085eef40cf8.pdf?_ga=2.21148283.1937729036.1582708542-1457234903.1582708542
https://pdfs.semanticscholar.org/241e/3e0657ff97d5e2beafaf5eb87085eef40cf8.pdf?_ga=2.21148283.1937729036.1582708542-1457234903.1582708542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23061351&dopt=Abstract
http://www.iiakm.org/ojakm/articles/2015/volume3_1/OJAKM_Volume3_1pp1-20.pdf
http://www.bitechnology.com/wp-content/uploads/2017/01/WP-What-Makes-QlikView-Unique_EN.pdf,
http://www.bitechnology.com/wp-content/uploads/2017/01/WP-What-Makes-QlikView-Unique_EN.pdf,
http://dx.doi.org/10.1145/2094114.2094126
https://patents.google.com/patent/US6457021B1/en
https://patents.google.com/patent/US6457021B1/en
https://www.capgemini.com/2011/09/olap-databases-are-being-killed-by-in-memory-solutions/
https://www.capgemini.com/2011/09/olap-databases-are-being-killed-by-in-memory-solutions/
https://web.archive.org/web/20160528145832/http://drmartin.dbxl.de/Ausgabe-72#NL2245
https://web.archive.org/web/20160528145832/http://drmartin.dbxl.de/Ausgabe-72#NL2245
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Nasseh et al

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Voigt W, Steinbock R, Scheffer B. CREDOS 3.1 ein Baukasten zur Tumordokumentation fur Epidemiol ogische-,
Klinische,-Tumorspezifische-und Zentrums-register integriert in das Kis Sap/r3 I1s-h: Po344 [CREDOS 3.1 a modular
system for Tumor documentation for Epidemiological, Clinical, Tumor-Specifical and and Center-Register integrated into
the HIS SAP/R3 I S-H]. Onkologie 2010;33:52.

OnkoZert. URL: http://www.onkozert.de/ [accessed 2020-02-26]

Redmond S. Qlikview Server And Publisher. Birmingham: Packt Publishing; 2014.

ZeilengaK. IETF Request for Comments. 2006. Lightweight directory access protocol (Idap): Technical specification road
map URL: http://www.ietf.org/rfc/rfc4510.txt [accessed 2020-02-26]

DIMDI. 2019. ICD-10-GM Version 2019, Systematisches Verzeichnis, International e statistische Klassifikation der
Krankheiten und verwandter Gesundheitsprobleme, 10. Revision, Stand: 21.September 2018 URL: https://www.dimdi.de/
dynamic/de/kl assifikationen/downl oads/?dir=icd-10-gm/version2019 [accessed 2019-03-26]

Munz B. Github. svgReader-QV 11 URL: https://github.com/brianwmunz/svgReader-QV 11 [accessed 2020-02-26]
Schneiderbauer S, Schweizer D, Fey T, Nasseh D. Dynamic Survival Analysis Using In-Memory Technology. Stud Health
Technol Inform 2019 Jul 04;262:79-82. [doi: 10.3233/SHT1190021] [Medline: 31349270]

Rumbold IMM, Pierscionek B. The Effect of the General Data Protection Regulation on Medical Research. JMed Internet
Res 2017 Feb 24;19(2):e47 [FREE Full text] [doi: 10.2196/jmir.7108] [Medline: 28235748]

Bayern.Recht. Bayrisches Krankenhausgesetz [Bavarian law of hospitals] URL: http://www.gesetze-bayern.de/Content/
Document/BayKrG-27 [accessed 2020-02-26]

QlikQ. Qlikview Security Concept URL : https://hel p.glik.com/en-US/glikview/November2017/Subsystems/Client/Content/
Security.htm [accessed 2019-05-24]

Buttner R, Wolf J, Kron A, Nationales Netzwerk Genomische Medizin. [ The national Network Genomic Medicine (n(NGM):
Model for innovative diagnostics and therapy of lung cancer within a public healthcare system]. Pathologe 2019
May;40(3):276-280. [doi: 10.1007/s00292-019-0605-4] [Medline: 31101971]

Greenland S, Robins JM. Identifiability, exchangeability, and epidemiological confounding. Int J Epidemiol 1986
Sep;15(3):413-419. [doi: 10.1093/ije/15.3.413] [Medline: 3771081]

Strigini L. limiting the dangers of intuitive decision making. |EEE Softw 1996;13(1):101-103. [doi: 10.1109/52.476293]
Bauer CR, Knecht C, Fretter C, Baum B, Jendrossek S, Riihlemann M, et al. Interdisciplinary approach towards a systems
medicine toolbox using the example of inflammatory diseases. Brief Bioinform 2017 May 01;18(3):479-487 [FREE Full
text] [doi: 10.1093/bib/bbw024] [Medline: 27016392]

Ligeti B, Pongor S. Biomedical data mining, data-driven hypothesis generation in cancer research. URL: http://pongor.
itk.ppke.hu/sites/defaul t/files/pdf/biomed data mining.pdf [accessed 2020-02-26]

Kortim K, Miller M, Hirnei3 C, Babenko A, Nasseh D, Kern C, et al. [Smart eye data: Devel opment of afoundation for
medical research using Smart Dataapplications]. Ophthalmol oge 2016 Jun; 113(6):469-477. [doi: 10.1007/900347-016-0272-2]
[Medline: 27222127]

Stadler JG, Donlon K, Siewert JD, Franken T, Lewis NE. Improving the Efficiency and Ease of Healthcare Analysis Through
Useof Data Visualization Dashboards. Big Data 2016 Jun;4(2):129-135. [doi: 10.1089/big.2015.0059] [Medline: 27441717]
Bonney W. Applicability of Business Intelligence in Electronic Health Record. Procedia - Social and Behavioral Sciences
2013 Feb; 73:257-262. [doi: 10.1016/j.sbspro.2013.02.050]

Few S. Datavisualization for human perception. In: Encyclopedia Of Human-Computer I nteraction, 2nd edition. Denmark:
Interaction Design Foundation; 2014.

Souhami R. Governance of research that usesidentifiable personal data. BMJ 2006 Aug 12;333(7563):315-316 [FREE Full
text] [doi: 10.1136/bmj.333.7563.315] [Medline: 16902204]

Abbreviations

CCCM: Comprehensive Cancer Center Munich

CREDOS: Cancer Retrieval Evaluation and Documentation System

ICIMTH: International Conference on Informatics, Management and Technology in Healthcare
LDAP: lightweight directory access protocol

LMU: Ludwig-Maximilians University, Munich

LTC: Lung Tumor Center

MOCCA: Munich Online Comprehensive Cancer Analytics

PSD: Pseudonymized

STR: Radiation

SVG: scalable vector graphics

https://www.jmir.org/2020/4/e16533 JMed Internet Res 2020 | vol. 22 | iss. 4 | 16533 | p. 12

(page number not for citation purposes)


http://www.onkozert.de/
http://www.ietf.org/rfc/rfc4510.txt
https://www.dimdi.de/dynamic/de/klassifikationen/downloads/?dir=icd-10-gm/version2019
https://www.dimdi.de/dynamic/de/klassifikationen/downloads/?dir=icd-10-gm/version2019
https://github.com/brianwmunz/svgReader-QV11
http://dx.doi.org/10.3233/SHTI190021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31349270&dopt=Abstract
http://www.jmir.org/2017/2/e47/
http://dx.doi.org/10.2196/jmir.7108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28235748&dopt=Abstract
http://www.gesetze-bayern.de/Content/Document/BayKrG-27
http://www.gesetze-bayern.de/Content/Document/BayKrG-27
https://help.qlik.com/en-US/qlikview/November2017/Subsystems/Client/Content/Security.htm
https://help.qlik.com/en-US/qlikview/November2017/Subsystems/Client/Content/Security.htm
http://dx.doi.org/10.1007/s00292-019-0605-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31101971&dopt=Abstract
http://dx.doi.org/10.1093/ije/15.3.413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3771081&dopt=Abstract
http://dx.doi.org/10.1109/52.476293
http://europepmc.org/abstract/MED/27016392
http://europepmc.org/abstract/MED/27016392
http://dx.doi.org/10.1093/bib/bbw024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27016392&dopt=Abstract
http://pongor.itk.ppke.hu/sites/default/files/pdf/biomed_data_mining.pdf
http://pongor.itk.ppke.hu/sites/default/files/pdf/biomed_data_mining.pdf
http://dx.doi.org/10.1007/s00347-016-0272-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27222127&dopt=Abstract
http://dx.doi.org/10.1089/big.2015.0059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27441717&dopt=Abstract
http://dx.doi.org/10.1016/j.sbspro.2013.02.050
http://europepmc.org/abstract/MED/16902204
http://europepmc.org/abstract/MED/16902204
http://dx.doi.org/10.1136/bmj.333.7563.315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16902204&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Nasseh et al

Edited by G Eysenbach; submitted 11.10.19; peer-reviewed by P Morakis, J Brooke; comments to author 28.12.19; revised version
received 10.01.20; accepted 24.01.20; published 17.04.20

Please cite as:

Nasseh D, Schneiderbauer S, Lange M, Schweizer D, Heinemann V, Belka C, Cadenovic R, Buysse L, Erickson N, Mueller M, Kortuem
K, Niyazi M, Marschner S, Fey T

Optimizing the Analytical Value of Oncology-Related Data Based on an In-Memory Analysis Layer: Devel opment and Assessment of
the Munich Online Comprehensive Cancer Analysis Platform

J Med Internet Res 2020;22(4):€16533

URL: https://mww.jmir.org/2020/4/€16533

doi: 10.2196/16533

PMID: 32077858

©Daniel Nasseh, Sophie Schneiderbauer, Michael Lange, Diana Schweizer, Volker Heinemann, Claus Belka, Ranko Cadenovic,
Laurence Buysse, Nicole Erickson, Michael Mueller, Karsten Kortuem, Maximilian Niyazi, Sebastian Marschner, Theres Fey.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 17.04.2020. Thisisan open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal
of Medica Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2020/4/e16533 JMed Internet Res 2020 | vol. 22 | iss. 4 | 16533 | p. 13
(page number not for citation purposes)

RenderX


https://www.jmir.org/2020/4/e16533
http://dx.doi.org/10.2196/16533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32077858&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

