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Abstract

Background: Complex and expanding data sets in clinical oncology applications require flexible and interactive visualization of
patient data to provide physicians and other medical professionals with a maximum amount of information. In particular,
interdisciplinary tumor conferences profit from customized tools to integrate, link, and visualize relevant data from all
professions involved.

Objective: Our objective was to identify and present currently available data visualization tools for tumor boards and related
areas. We not only want to provide an overview of the digital tools currently used in tumor board settings but also of the data
they include, the respective visualization solutions, and their integration into hospital processes.

Methods: The scoping review is based on the Arksey and O'Malley scoping study framework. The following electronic
databases were searched for articles: PubMed, Web of Knowledge, and SCOPUS. Articles were deemed eligible if published in
English in the last ten years. Eligible articles were first deduplicated, followed by the screening of titles and abstracts. Second, a
full-text screening was conducted to decide on article selection. A scoping review protocol was set up and published to prepare
for the study, which can be accessed via the IRRID. The manuscript was written following the checklist “Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews” (PRISMA-ScR).

Results: The review process started with 2049 articles, of which 1014 were included in the title-abstract screening. (112/2049,
5%) Publications were eligible for full-text screening, leading to (60/2049, 3%) Publications eligible for final inclusion. They
covered 49 distinct visualization tools and applications. We discovered a variety of innovative visualization solutions, often
driven by the complexity of *omics data. However, many projects remain unused and are mostly abandoned once the
publications have been written and published.

Conclusions: There is a wide range of projects providing visualization solutions for tumor boards and clinical oncology
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applications. Under the few tools that find their way into clinical routine settings, there are both commercial and academic
solutions alike. While tables for a variety of data types remain the dominant visualization strategy, the complexity of omics data
appears to be the driving force behind many visualization innovations in the area of tumor boards.
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Abstract

Background:  Complex and expanding data sets in clinical oncology applications require flexible
and interactive visualization of patient data to provide physicians and other medical professionals
with a maximum amount of information.  In particular,  interdisciplinary tumor conferences profit
from customized tools to integrate, link, and visualize relevant data from all professions involved.
Objective: Our objective was to identify and present currently available data visualization tools for
tumor  boards  and  related  areas.  We not  only  want  to  provide  an  overview of  the  digital  tools
currently used in tumor board settings but also of the data they include, the respective visualization
solutions, and their integration into hospital processes.
Methods: The scoping review is based on the Arksey and O'Malley scoping study framework. The
following  electronic  databases  were  searched  for  articles:  PubMed,  Web  of  Knowledge,  and
SCOPUS. Articles were deemed eligible if published in English in the last ten years. Eligible articles
were  first  deduplicated,  followed  by  the  screening  of  titles  and  abstracts.  Second,  a  full-text
screening was conducted to decide on article selection. A scoping review protocol was set up and
published to prepare for the study, which can be accessed via the IRRID. The manuscript was written
following  the  checklist  “Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses
Extension for Scoping Reviews” (PRISMA-ScR). 
Results: The review process started with 2049 articles, of which 1014 were included in the title-
abstract  screening.  (112/2049,  5%)  Publications  were  eligible  for  full-text  screening,  leading  to
(60/2049, 3%) Publications eligible for final inclusion. They covered 49 distinct visualization tools
and applications. We discovered a variety of innovative visualization solutions, often driven by the
complexity of *omics data. However, many projects remain unused and are mostly abandoned once
the publications have been written and published.  
Conclusions:  There is a wide range of projects providing visualization solutions for tumor boards
and clinical  oncology applications.  Under  the few tools  that  find their  way into clinical  routine
settings, there are both commercial and academic solutions alike. While tables for a variety of data
types remain the dominant visualization strategy, the complexity of omics data appears to be the
driving force behind many visualization innovations in the area of tumor boards.

International Registered Report Identifier (IRRID):  DERR2-10.2196/53627

Keywords:  clinical  oncology;  tumor  board;  cancer  conference;  multidisciplinary;  visualization;
software; scoping review; tumor.

Introduction

Background 

Interventions  by  multidisciplinary  teams,  particularly  through  tumor  boards  or  multidisciplinary
cancer conferences (MCCs), have demonstrated substantial improvements in cancer care quality [1–
3]. The challenge of visualizing complex, multimodal data that is continually expanding is especially
notable  in  these  multidisciplinary  environments  [4].  These  data  encompass  a  wide  range  from
demographic details and laboratory findings to tumor imaging, therapeutic timelines, and genomic
information, offering extensive possibilities for combined visualization and data aggregation. The
critical need for digital tools and tailored visualization solutions becomes clear, given the stringent
time  limitations  that  are  common  in  clinical  oncology.  Treatment  decision  periods  are  often
constrained to 10 to 20 minutes per patient [5], underscoring the necessity for well-aggregated and
annotated  data  that  allows  healthcare  professionals  to  incorporate  all  pertinent  details  into  their
decision-making processes. Beyond the time constraints, the increasing complexity of patient data
makes it difficult to fully understand a patient's health status without effective visualization support,

https://preprints.jmir.org/preprint/69104 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boehm et al

particularly when dealing with multiple data points along the patient's journey [6,7]. Although tools
for  visualizing  such  multimodal  data  do  exist  in  these  contexts  [8–10],  there  is  currently  no
comprehensive overview of the actively utilized and established visualization tools, as well as their
distinct features on a global level.

The emergence and evolution of molecular  tumor boards (MTBs) further  highlight  the need for
advanced visualization tools. They require the integration of large amounts of genomic data with
conventional  clinical  information  and  demand  robust  visualization  tools  to  assist  participating
medical  professionals  in  making informed treatment  decisions  efficiently  [11,12].  With  the  shift
toward  virtual  MTBs  and  an  increase  in  outpatient  referrals,  the  demographic  of  tumor  board
participants has broadened to include a more diverse group, encompassing various specialties and
sometimes spanning different languages. This shift necessitates visualizations that are both intuitive
and  comprehensive,  accommodating  participants'  varied  levels  of  familiarity  with  each  patient's
history [13]. To address these needs, specialized software platforms such as cBioPortal [14–16], The
Cancer Core Europe Molecular Tumor Board Portal  [17], and Alteration annotations for Molecular
tumor BoARds (AMBAR)  [18] have been developed, providing detailed visual representations of
genomic data in cancer samples.

In addition to these platforms, resources like OncoKB [19] and CIViC [20] have been established.
These knowledge bases deliver structured and aggregated information concerning targeted therapies,
which is crucial for maintaining consistency in therapeutic recommendations across tumor boards,
especially  for patients  with rare  cancers  or unique mutation patterns  [21].  Additionally,  research
indicates that variability in the tools and methodologies utilized can lead to inconsistencies in therapy
recommendations [22], further underlining the need for standardization.

Due to the heterogeneous nature of data formats and application interfaces, integrating data from
various sources to enable comprehensive visualization is a challenging task, often requiring custom
extract, transform, and load (ETL) workflows to homogenize the data and convert them into a shared
format  [23].  Depending  on  the  data  concerned,  this  gets  further  complicated  by  data  privacy
regulations  [24].  Initiatives  like  the  Medical  Informatics  Initiative  [25],  the  Bavarian Center  for
Cancer Research [26], and the German Network for Personalized Medicine [27]  spearhead efforts in
Germany to standardize data sets and processes to facilitate decision-making within the healthcare
sector better. These initiatives are also investing resources to improve existing tools like cBioPortal,
enhancing their capabilities to document and visualize therapeutic decisions during MTBs. These
initiatives are  also investing resources to  improve existing tools like cBioPortal,  enhancing their
capabilities to document and visualize therapeutic decisions during MTBs [28,29].

Objectives

Given the described circumstances and the increasing complexity and volume of data in clinical
oncology, there is a rising need for advanced visualization tools that effectively leverage these
data  for  decision-making in  tumor board  settings.  Integrating  such software solutions into
existing clinical workflows is  challenging yet  essential,  as it  ensures that  data from various
sources are readily accessible for effective use in tumor boards. This scoping review aims to
explore and describe the available visualization support for MCCs, outline the key visualization
strategies employed, and examine their accessibility as well as their integration into clinical
processes.  The  goal  is  to  provide  a  comprehensive  overview of  the  current  landscape  and
future directions of digital support tools in tumor board settings.
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Methods

Design

This scoping review was conducted using the scoping study framework of Arksey and O’Malley as a
methodological blueprint. Arksey and O’Malley describe a five-step model for the design of scoping
studies: (1) identification of the research questions; (2) identification of relevant studies; (3) study
selection; (4) data extraction and charting; and (5) collating, summarizing, and reporting the results.
A scoping review protocol was created in preparation for the review, describing the study using these
steps  [30]. The following chapters will highlight any deviations from the described templates and
processes.

Search Strategy

Our search  strategy included the  established electronic  databases  PubMed,  Scopus,  and Web of
Knowledge.  Individualized  queries  were  designed,  tested,  and  finally  validated  by  a  research
librarian. The detailed query development is described in the corresponding scoping review protocol
[31]. Additionally, the individual queries can be found in the appendix (Multimedia Appendix 1). 

Eligibility and Screening

Before data extraction and analysis, all initially included articles were subjected to two rounds of
screening. First, a title-abstract screening was performed by at least two blinded reviewers. In case of
conflicting decisions, an additional reviewer was included for a majority decision [32]. Secondly, all
articles  were  subjected  to  a  full-text  screening,  examining  the  entire  publication's  contents  for
relevance to the review. Only articles published in English in the last 10 years were included. Since
an initial search showed a large variety of target literature types, we decided not to use any further
meta-inclusion or exclusion criteria to include all potentially relevant articles. The objective was to
include  articles  in  the  review  that  provided  information  on  the  visualization  solutions  used  in
molecular and organ tumor boards. More specifically, they should be able to (partially) answer the
overarching research question: 

What are the key features of data visualization solutions used in molecular and organ tumor boards,
and how are these elements integrated and used within the clinical setting?

The inclusion and exclusion criteria, summarized in Textbox 1, were defined in extensive discussions
among all reviewers and pretested before each screening phase. All screening phases were conducted
using  Rayyan.ai  [33] to  structure  and  document  inclusion  decisions.  Data  extraction  was  then
performed by a single reviewer per article.

Textbox 1.  Inclusion and exclusion criteria for the scoping review.
 Inclusion criteria

o Study  types:  any  type  of  published  peer-reviewed  original  research
using qualitative, quantitative, or mixed methods

o Time period: any article published between 2013 and 2023 (inclusive)
o Language: English
o Concept: any study that includes applications with visualization features

in the area of molecular and organ tumor boards or in general 
 Exclusion criteria

o  Time period:  thematic article published before 2013
o Language:  studies published in other languages
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Data Extraction and Analysis

The data extraction template included meta information as well as data on the found data types and
their  respective  visualization  solutions.   Identified  tools  were subjected  to  an  additional  manual
literature search to close potential data gaps.

Ethical Considerations

Since our review did not involve human participants, no ethical approval was required for this study.

Results

Figure 1. PRISMA flowchart

General Results

The review process started with 2049 articles, of which (1014/2049, 49%) were included in the title-
abstract  screening.  (112/2049,  5%)  Publications  were  deemed  eligible  for  full-text  screening,
resulting  in  (60/2049,  3%)  Publications  suitable  for  final  inclusion.  The  process  has  been
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documented  in  a  PRISMA  flowchart  (Figure  1).  The  included  articles  covered  49  distinct
visualization tools and applications. The distribution of relevant publications over the last 10 years
was relatively consistent, with a slight decline before 2016 and an overall upward trend (Figure 2). 

Figure 2. Publication distribution by year.

Overview: Data Types and Visualization Strategies

The majority of the identified visualization tools are capable of processing omics data (47/49, 96%),
including primarily a variety of genomics data but also proteomics and transcriptomics data.  The
second most  prevalent  type  of  data  is  clinical  data  (31/49,  39%),  followed by annotations  with
external data sources (19/49, 39%). 

Of particular interest is the mapping between data types and visualization strategies (Figures 4,5,6),
as it  reveals the driving forces behind new developments, as well  as implicit  user requirements.
While (interactive) tables remain the most frequently used form of visualization for MTB data, omics
data, and multidisciplinary applications provide incentives for new visualization solutions as well as
for the joint visualization of multiple data types. The following chapter presents the most common
and/or noteworthy data types and visualization techniques. For a complete overview of all data types
and visualization techniques, refer to the appendix (Appendix 1).

Figure 3. Data Type Overview. Filled fields represent the existence of visualization for the data type.
FLEX rows represent generalized visualization solutions for the category that can be primarily used

through user-defined data.
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Patient-Related Data

The most commonly available and visualized patient-related data were clinical (16/49, 32%) and
sample data (15/49, 31%) (Figure 4), with the diagnosis being the most prevalent. These were mostly
presented in the form of tables summarizing existing clinical information. Treatment history was also
readily  available  as  well  (12/49,  24%)  and  included  information  on  medications  and  treatment
metadata. Another notable visualization technique was timelines, often representing the treatment
history. The remaining visualization types - e.g., heatmaps -primarily visualized the co-occurrence of
clinical data with other data types, especially omics data (Figure 5). A small but significant number
of  tools  also  included  organizational  data  of  tumor  boards,  covering  session  information,
participants, and resulting decisions. These tools were mostly designed with a focus on software
support for tumor board meetings. A significant number of tools also enabled users to supply flexible
custom data  (9/49,  18%)  for  visualization.  This  is  primarily  available  in  applications  that  offer
timeline visualization, like Oncothreads.
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Figure 4. Distribution of data types and visualization strategies for patient-related data.
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Omics data

Omics data,  but especially genomic data,  is the most commonly available data type,  with SNVs
being visualized in about two-thirds of the applications discussed (38/49, 78%), followed by Copy
Number Variations (CNVs) (18/49, 37%) and structural variants (13/49, 27%). Additionally, there
was a considerable number of tools, like Pathway Mapper [36], that offered innovative visualization
solutions for one specific data type.

Figure 5. Distribution of data types and visualization strategies for omics data.
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The data is visualized using a variety of techniques (see Figure 5), with tables still being the most
prevalent technique. In comparison to clinical data, however, signaling pathways are consistently
presented using graphical visualization techniques. Protein structures are usually represented by 3D
models. Some applications integrate omics data into their timeline features, depending on how much
chronological data is available. In addition to patient-related clinical data and omics data, a range of
other data types have been visualized (Figure 6). 

Figure 6. Distribution of data types and visualization strategies for miscellaneous data.
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These  ranged  from imaging studies  to  annotations  from external  data  sources,  with  annotations
(14/49, 29%) and therapy suggestions (10/49, 20%) being the most common. As expected, imaging
studies  and  histological  images  are  generally  simply  displayed  without  additional  visualization
functions.

Integration of Visualization Solutions into the Clinical Setting

In general,  there is a lack of integration of standalone applications into digital  hospital  systems.
However,  some tools use semi-standardized data formats;  only standards such as HL7-FHIR are
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used.

Nevertheless, a lot of emphasis is placed on integration into clinical and research processes. Even
though many tools primarily focus on research applications, those that aim to play an active role in
the presentation or documentation of tumor board content, such as MTPpilot  [9], MTB-cBioPortal
[28],  or  the  Digital  TB  Platform  [34],  propose  solutions  to  some  of  the  challenges  faced  by
multidisciplinary conferences. These applications also tended to use structured evaluations to ensure
the quality and process enhancements of the developed tools. 

Accessibility

Most applications were available with open-source access (21/49, 43%). Often overlapping with this
group, several tools were also accessible in a container format (9/49, 18%). This almost exclusively
refers  to  the  availability  of  Docker  containers.  Web  applications  (12/49,  24%)  were  also  quite
common. For a similar number of tools, there was no information available, or it was not accessible
(12/49,  24%).  There were also a  small  number of  commercial  tools  (3/49,  6%),  namely  Navify
Tumor Board [35], Navify Mutation Profiler [36] , and Wayfind-R [37], that were part of academic
publications.

Existing Usage in Hospitals

A smaller  proportion of  the  described visualization  tools  (8/49,  16%) are  already established in
clinical routine. For example, the MTB-cBioPortal and MTBP [38]. Although there are additional
solutions,  including canEvolve  [39] and TARPAN  [40] (4/49,  8%),  that  are  used  exclusively  in
hospital  research,  there  is  no  documentation  of  actual  clinical  implementation  for  the  majority
(37/49, 75%).

Systematic Evaluation 

About one-third of the identified tools were systematically evaluated in some form (16/49, 33%).
However, the quality and quantity of the evaluations were very heterogeneous. While the systematic
evaluation  was  the  focus  of  some articles  covering  several  different  tumor  boards  and types  of
cancer, other publications focused on different topics. However, all articles included in the group of
systematic evaluations at least conducted structured interviews with users.

Discussion

Principal Results

The results of this scoping review show the key aspects of data visualization solutions in the realm of
tumor boards and clinical oncology. We were able to extract 60 relevant publications from the body
of literature, in which 49 distinct tools and applications were discussed. Over the past 10 years, there
has  been  substantial  and  consistent  work  on  visualization  issues,  especially  driven  by  growing
datasets and novel data types in omics applications.

This is also reflected in the distribution of visualization types by data type (Figures 3, 5, 7) as well.
There is a significant gap between the complexity of visualization for omics data and all other data
types. In this article, we can only speculate as to why this is the case since there are numerous and
diverse drivers for innovation in  the field of visualization  [41].  We assume that highly complex
biomedical information – such as omics data - is understandable to medical professionals in their
field even without visualization aids. In contrast, however, there is a need for additional visualization
solutions to increase the ability to transfer information quickly so that a multidisciplinary team can
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draw reliable conclusions based on this data, especially in a limited time frame. 

Another  interesting  observation  is  the  lack  of  innovation  when it  comes  to  clinical  data.  While
visualization techniques for other data are rather widely used,  clinical data is almost exclusively
communicated in the form of tables. This may be for several reasons. Firstly, this is perhaps the
optimal form of visualization for most applications. However, it could also reflect a resistance to
change or a lack of awareness of alternative, more dynamic visualization methods that could enhance
data  interpretation  and  decision-making  or  interactivity  of  table  components,  for  example,
AMLVaran  [42].  However,  interactivity  is  not  limited  to  table  components  offering  additional
information on hovering or using basic search functions. Even complex visualization techniques such
as phylogenetic trees used by clonarchs [43] to visualize the phylogenetic similarity between clones
deploy interactivity to enable the user to select which data to visualize and to focus on specific
relationships or data features.

One of the key accessibility issues faced by many tools is the transformation from research projects
into routine applications.  This  requires  constant  maintenance and,  therefore,  continuous funding.
Promising projects like MAGI[44] are published and, at some point, no longer receive updates. This
unfortunate  circumstance  presents  a  resource  problem,  as  often  applications  are  developed  as
prototypes without the extensive design and planning that is required to create maintainable software.
While this is unavoidable to some extent, these issues can be mitigated by creating reusable software
and making it accessible via an API or as a module that may be integrated into or with other projects.
The feasibility  of this  approach is  evident  when looking at  applications such as cBioPortal  that
incorporate and employ several tools that supply visualization features for specific tasks.

Of special interest to us were potential visualization solutions for patient-reported outcome measures
(PROMs) and questionnaires in  general.  However,  unfortunately,  no such visualization strategies
were described. We assume this is primarily due to a general lack of data, as follow-up information is
generally  difficult  to obtain,  and digital  representation of PROMs outside of research settings is
currently rare.

Limitations

 The  described  review  process  and  its  findings  have  a  few  key  limitations.  Firstly,  there  is  a
dependency on academic publications covering the visualization solutions we aimed to include. This
means that commercial solutions that might offer important insights and exist may be overlooked if
they haven’t been mentioned in a research article. In general, commercial solutions are a lot more
restrictive  regarding  the  amount  of  publicly  available  information.  Secondly,  the  quality  of
information contained in source publications varied wildly. Visualization features are often described
only briefly or as a side note. While it is not feasible to describe every reaction to a mouse click, the
discussion  of  visualization  and UI  capabilities  is  often  replaced by a  single  screenshot.  This  is
unfortunate as these components play a key role in the usability of innovative applications and are a
necessity  when  it  comes  to  user  acceptance.  Thirdly,  due  to  the  often-experimental  nature  of
(molecular) tumor boards, some tools are included in this review that reside on the boundary between
biomedical research and clinical application.  Nevertheless, their  potential  ability to communicate
complex information  efficiently,  especially  in  the  field  of  omics,  was  deemed  important  by  the
research team. Given that tumor boards are multidisciplinary conferences that require all participants
to comprehend the information provided, strong visualization supporting the explanation of – for
example – relevant pathways and other disease mechanics is essential. Lastly, visualization and UI
components  are,  in  turn,  highly  flexible  and,  therefore,  heterogeneous.  Due  to  this,  comparing
different tools requires a certain degree of generalization, which may affect the grade of detail on the
individual tool level. That said, we consider this a necessary step to offer a relevant overview of the
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current state of visualization solutions for tumor boards and clinical oncology.

Comparison with Prior Work

A Narrative Review by Abudiyab and Alanazi explores the role of data visualization techniques in
healthcare,  focusing  on  their  application,  benefits,  and  future  directions.  Data  visualization
encompasses  various  forms  like  graphs,  charts,  and  diagrams,  aiding  healthcare  providers  in
understanding trends and making informed decisions.  The review employs a descriptive analysis
methodology,  sourcing  articles  from  databases  like  PubMed  and  Google  Scholar.  Visualization
techniques are crucial in modern healthcare due to the increasing volume and complexity of data. As
defined  by  Gartner  (2021),  interactive  visualization  can  be  understood  as  the  manipulation  of
graphical information through color, brightness, movement, and geometry to elevate the meaning of
the  data  presented.   Historical  context  highlights  Florence  Nightingale's  pioneering  use  of
visualization  for  healthcare  data  in  the  19th  century.  The  review  underscores  several  benefits,
including improved patient care, disease trend recognition, simplified data presentation, accelerated
performance, and error detection. 

Scheer et al. conducted a scoping review of visualization solutions with a focus on time-oriented
data.  Information  visualization  and visual  analytics  simplify  complex time-oriented  patient  data,
enabling focus on underlying patterns. This review aims to identify visualization techniques for time-
oriented healthcare data, facilitating patient comparison. Employing the PRISMA-ScR checklist, 22
articles were selected from 249 screened, focusing on medical context, objectives, data types, and
visualization  techniques.  Published  between  2003 and 2019,  these  articles  primarily  focused  on
clinical  research,  utilizing  various  visualization  methods such as  timelines,  temporal  line  charts,
histograms, and scatterplots.  These systems effectively simplify complexity through visualization
and support diverse medical objectives, delineating single patients, multiple patients, and cohorts.
Cohorts are typically visualized in condensed form, while individual patient visualization tends to
provide  finer  details.  All  systems  enable  viewing  and  comparing  patient  data,  although  explicit
comparison  between  single  patients  and  cohorts  is  limited.  Despite  primarily  using  basic
visualization  techniques,  some  systems  employ  new visualizations  customized  to  specific  tasks.
Overall,  the  comparison  of  measurements  between  single  patients  and  cohorts  requires  further
systematic research and exploration in a design space [45].

O’Donoghue et al. focus on Visualization of Biomedical Data. The visualized data spans multiple
biomedical areas, such as genomics, epigenetics, protein structures, cellular processes, and molecular
interactions.  This  includes  three-dimensional  genomics,  single-cell  RNA  sequencing,  protein
structure, phosphoproteomics, and metagenomics. Data is visualized through tailored visualizations
integrating various data sets with supporting context to make the visualizations comprehensible to
peers in the field. Techniques include the use of high data density displays, color maps designed to
reflect true data patterns, and the avoidance of poor practices like rainbow color maps. Tools and
methods like parallel coordinate plots, heat maps, and three-dimensional visualization techniques are
used based on the type of data. Visualization methods are used to help address diagnostic errors,
which often arise from improper cognitive processing of visual data, especially in visually intensive
fields like radiology. The document suggests that better visualization practices could significantly
reduce misdiagnoses, indicating the importance of these tools in clinical settings. While there are
many powerful  visualization  tools  available,  they  are  underutilized  in  biomedical  research.  This
underutilization could be due to a lack of awareness or training on how to effectively use these
advanced tools. It points out the need for improved education and resources to make these tools more
accessible and effectively used by more researchers and clinicians. It's suggested that visualization
methods  are  currently  not  as  widely  used  as  they  could  be  in  hospitals,  especially  given  their
potential to reduce diagnostic errors [11].
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Conclusions

The scoping review reveals that while numerous data visualization tools have been developed for
tumor boards, many of them are either not adopted into routine practice or remain in the research
phase.  Omics  data,  particularly  genomic  information,  is  a  major  driver  behind  visualization
innovation,  yet  the  integration  of  these  solutions  into  clinical  workflows  is  often  hindered  by
technical and organizational barriers. Tables remain a primary tool for visualizing clinical data, but
there  is  potential  for  greater  use  of  interactive  and  integrative  visualization  techniques.  Moving
forward,  improving  the  accessibility  and  clinical  integration  of  these  tools,  particularly  through
standardization  and  user-centered  design,  is  crucial  to  ensuring  their  widespread  adoption  and
enhancing multidisciplinary decision-making in oncology settings.
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Data Type Overview. Filled fields represent the existence of visualization for the data type. FLEX rows represent generalized
visualization solutions for the category that can be primarily used through user-defined data.
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Distribution of data types and visualization strategies for patient-related data.
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Distribution of data types and visualization strategies for omics data.

https://preprints.jmir.org/preprint/69104 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boehm et al

Distribution of data types and visualization strategies for miscellaneous data.

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/69104 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6



