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Abstract

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

Objective: The scoping review proposed in this protocol aimsto identify and present currently available data visualization tools
for tumor boards and related areas. The objective of the review will be to provide not only an overview of digital tools currently
used in tumor board settings, but also the data included, the respective visualization solutions, and their integration into hospital
processes.

Methods: The planned scoping review processis based on the Arksey and O’ Malley scoping study framework. The following
electronic databases will be searched for articles published in English: PubMed, Web of Knowledge, and SCOPUS. Eligible
articleswill first undergo a deduplication step, followed by the screening of titles and abstracts. Second, afull-text screening will
be used to reach the final decision about article selection. At least 2 reviewers will independently screen titles, abstracts, and
full-text reports. Conflicting inclusion decisions will be resolved by a third reviewer. The remaining literature will be analyzed
using a data extraction template proposed in this protocol. The template includes avariety of metainformation aswell as specific
guestions aiming to answer the research question: “What are the key features of data visualization solutions used in molecular
and organ tumor boards, and how are these elementsintegrated and used within theclinical setting?’ Thefindingswill be compiled,
charted, and presented as specified in the scoping study framework. Datafor included tools may be supplemented with additional
manual literature searches. The entire review processwill be documented in alignment with the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) flowchart.

Results: The results of this scoping review will be reported per the expanded PRISMA-ScR guidelines. A preliminary search
using PubMed, Web of Knowledge, and Scopus resulted in 1320 articles after deduplication that will be included in the further
review process. We expect the results to be published during the second quarter of 2024.
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Conclusions: Visualization is a key processin leveraging a data set’s potentially available information and enabling its usein
an interdisciplinary setting. The scoping review described in this protocol aimsto present the status quo of visualization solutions

for tumor board and clinical oncology applications and their integration into hospital processes.
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Introduction

Multidisciplinary team interventions, and especially tumor
boards (or multidisciplinary cancer conferences [MCCs]) have
been shown to significantly improve the quality of cancer care
[1-3]. Complex, multimodal, and ever-growing data sets in
multidisciplinary settings present special challenges when it
comes to data visualization [4]. These data sets can include
anything from demographic information and laboratory results
to tumor imaging, pharmacotherapeutic timelines, and genomics
data, providing limitless opportunitiesfor aggregation and joint
visualization. The need for digital support and customized
visualization solutions becomes especially apparent when
discussing the time constraints often found in clinical oncology
settings. Available time frames for treatment decisions might
range between 10 and 20 minutes per patient [5], highlighting
the importance of aggregated and annotated data to enable
participating health care professionals to include all relevant
information in the decision-making process. However, even
without taking limited timeinto account, the growing compl exity
of patient data makesit difficult to fully understand a patient’s
health status without the support of visualization, even more so
when multiple points of dataon the patient journey are available
[6,7]. While tools for the visualization of multimodal data in
the described settings exist [8-10], thereis no current overview
of actively used and established visualization tools and their
key differences, especially on an international level.

The rise of molecular tumor boards (MTBS) has been an
additional driving factor in the development of digital support
applicationsfor interdisciplinary settings and the incorporation
of multimoda data. Combining ordinary clinical information
with the complexity of genomics data required specia tooling
to enable oncol ogiststo make fully informed treatment decisions
and limit the time necessary for the MTBS' preparation [11,12].
Virtual MTBs and rising numbers of outpatient referrals lead
to aheterogeneous pool of tumor board participantsand increase
the need for intuitive visualization. Complex patient journeys
have to be presented in a condensed and clear manner,
sometimes crossing language barriers, without prior knowledge
of the patient or their history [12,13]. Thisled to the emergence
of software solutions such as cBioPortal (Memorial Sloan
Kettering Cancer Center) [14-16], The Cancer Core Europe
Molecular Tumor Board Portal [17], and AMBAR [18], offering
complex visualization of genomic variants found in cancer
samples.

https://www.researchprotocol s.org/2024/1/e53627

Additionally, knowledge bases such as OncoK B [19] or CIViC
[20] have been created, providing access to annotations with
aggregated and structured information on available targeted
therapies. The usage of these established tools not only supports
the preparation and execution of MTBs but also increases the
consistency of therapy recommendations between molecular
tumor conferences, even for patients with rare cancers and
mutation patterns [21]. Research indicates that differing
processes and tools may lead to inconsistent therapy
recommendations [22].

To enable the visualization of data for the preparation and
execution of MCCs, patient and supplementary data must be
made available to the tools used. This is challenging as the
availahility of interfaces or APIsfor the import of data sets can
vary greatly and is often only possible through the use of
proprietary data formats, which may require the development
of extract, transform, and load processesto automate dataimport
and export [23]. Additionally, data privacy regulations and
ethical concernsmay limit the usage of external services. Severa
German initiatives and consortiums (eg, Medical Informatic
Initiative [24], Bavarian Center for Cancer Research [25], and
German Network for Personalized Medicine [26]) are working
on standardized data sets and processes related to the cancer
patient journey in German hospitals. This includes software
extensionsfor established tools such as cBioPortal, for example,
covering the documentation and visualization of therapy
decisionsin MTBs[27,28].

In summary, there is an increasing need for additional
visualization in the context of tumor board settings to leverage
the full potential of growing data sets for patient care and
therapy decisions. Integrating these software solutions into
clinical processes is a challenging task, requiring data from a
variety of sources to be readily available to facilitate their use
in the preparation and execution of tumor boards. With thisin
mind, the objective of the proposed scoping review isto identify
available software support for MCCs described in scientific
literature, gather key aspects of applied visualization strategies
aswell astheir integration into existing processes, and present
them in a comprehensive overview.

Methods

Design
For conducting this scoping review study, we will use the

scoping study framework of Arksey and O’Malley [29] as a
methodological blueprint for this review.
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Arksey and O'Malley describe a five-stage model for scoping
study design: (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. Any subsequent deviations of the final
report from the scoping review protocol will be highlighted and
explained in the scoping review report.

Stage 1: Identification of the Research Questions

While there has been a continuous development of digital
support tools for clinical oncology settings over the last few
years, currently no structured overview of the visualization tools
and techniques used in these applications exists. The core
research question driving the scoping review was proposed
based on these circumstances, and further developed through
multiple iterations of discussion in the research team:

Research question: What are the key features of data
visualization solutions used in molecular and organ
tumor boards, and how are these elementsintegrated
and used within the clinical setting?

Starting from this overarching research question, specific
guestions we wanted to answer while extracting data from
relevant literature were developed. These were used at a later
step to design the data extraction template. They were the
following: (1) What data visualization solution is being used?
(2) What kind of data are being visualized? (3) How do they
visualize the available data? (4) How are these elements
integrated and used within the clinical setting? (5) How
accessible arethe solutions? (6) Arethe solutions already being

Textbox 1. Concepts and corresponding keywords.
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used in hospitals? (7) Have the proposed or implemented
solutions been evaluated?

Stage 2: | dentification of Relevant Studies

Core Concepts and Keywords

To find relevant studies and gain an insight into the search
domain aninitial manual literature search was executed. Intotal,
19 key papers were identified and used to extract concepts for
the development of a search strategy. All in al, we were able
to identify 3 core concepts that relevant literature would have
to encompass. First, tumor boards or similar settings as the
target domain. Second, software or some other form of
digitalized support. Lastly, the described mode of support
delivered by the software, for example, visualization, usage as
a decision support system, or personalized medicine.

In the following process, these concepts were used to define
keywords for the development of individual search strategies
for the chosen databases (Textbox 1). The initiad manual
literature search showed that relevant literature can be found in
avariety of different contexts. Supporting applicationsfor tumor
boards may be described in publications covering the
development of those tools, their integration into hospital
processes, evaluations of their efficacy, or even as a sidenote
in the medical literature. As such some of the keywords may
seem out of scope at first glance but lead to the inclusion of
additional relevant results. MTBs present one of the driving
institutions for the development of multimodal and interactive
visualization solutionsfor clinical oncology settingsand assuch
provide avariety of keywords to the search strategy.

Target domain

Software

« Virtual, digital, software, tool, platform, and portal .

M ode of support

«  Tumor board, tumor conference, molecular tumor board, mutation database, and cancer genomics.

« Visudlization, interactive, preparation, usability, clinical decision support system, personalized medicine, and precision medicine.

Query Construction

Using the defined concepts and corresponding keywords, search
strategies for the different databases were built. The general
strategy for this process was connecting concepts through
“AND” operators, while keywords were connected by “OR”
operators. The search was limited to title and abstract where
possible since this proved to consistently recall key literature
and articles of interest while greatly reducing the amount of
out-of-scope search results. The queries were adapted to the
specific database needs, for example, the usage of Medical
Subject Heading Termsfor PubMed. Theresulting querieswere
tested on their recall of key literature and accuracy. They
underwent an iterative optimization process based on their
performance and in a last step were validated by a librarian.
The proposed queries can be found in Multimedia Appendix 1.

https://www.researchprotocol s.org/2024/1/e53627

All future deviations will be documented and discussed in the
final publication.

Stage 3: Study Selection

Inclusion and Exclusion Criteria

Only articles published in English during the last 10 yearswill
beincluded. Since our initial search showed avery broad range
of target literature types, we decided not to use further inclusion
or exclusion criteriato include all potentially relevant articles.

Selection Process

All literature found by applying the search strategiesto PubMed
[30], Web of Knowledge [31], and SCOPUS [32] will be
exported into a compatible format and uploaded to Rayyan
(Rayyan) [33], which will be used for the 2-step study selection
process. In the first step, title-abstract screening will be
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performed to quickly exclude out-of-scope literature, reducing
the workload for the full-text screening stage. Each paper will
be screened by at least 2 reviewers. An additional reviewer will
solve conflicting inclusion decisions. During the second
screening phase, full-text screening will be performed to exclude
results that will not assist in answering the research question
described in Stage 1. To increase consistency, criteria for the
inclusion and exclusion of literature during the screening process
will be supplied to all participating researchers and discussed
in ameeting beforethe start of the screening. The study selection
process will be documented using Rayyan. The results of this
process will be compiled into a PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) [34] flowchart.

Table 1. The data extraction tool template.

Boehm et d

Stage 4: Data Extraction and Charting

All selected literature will be searched for metadata and
information relevant to answering the proposed research
question. For a standardized approach between reviewing
parties, a data extraction template (Table 1) was devel oped,
encompassing al required metadata, as well as specifics
regarding each aspect of the overarching research question. The
data extraction template was designed in a close fashion to
templates from similar review projects [35,36] as their authors
were consulted during the devel opment process of this protocol.
Potential modifications to the template will be documented,
properly highlighted, and discussed in the final publication.

Dataand item Description
Metadata
Title? Title
Citation detail<? Author (first), journal, and DOI

Year of publication?
Publication type®
Institute®

Funding source
Objective?
Methods?

Summary result?
Conclusion

Keywords
Citations

Resultsrelated to the research question

What data visualization solutions are being used?
What kind of data are being visualized?

How do they visualize the available data?

How are these elements integrated and used within the
clinical setting?

How accessible are the solutions?
Arethe solutions already being used in hospitals?

Has there been a methodical evaluation of the proposed or
implemented solution?

Year of publication
Type of publication
Corresponding institute

Funding source of the publication

Publication objective
Short description of the methodology used
Short description of the results

Short description of the conclusion
Keywords
List of articles citing this paper

Name and description of the applications or tools that are being used

List and description of the datathat isbeing visualized. Name and ashort description
of the corresponding standardized or harmonized data set if applicable

List and description of the modes of visualization applied, including interactive fea-
tures such asfiltering or customization

Description of theintegration into the clinical setting if available, covering the process
integration as well as software interfaces and capabilities for the documentation of
tumor boards, if available

Accessibility of the software, for example, open source or commercia product, and
licensing information

List of hospitals that are already using the software

Description of the evaluation methodol ogy and the corresponding results, if available

M andatory field.
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Stage 5: Collating, Summarizing, and Reporting the
Results

After data extraction and charting, the results will be analyzed
in a2-step process per Arksey and O’ Malley’sframework [29].
First, the findings will be analyzed numerically, comparing the
extent, nature, and distribution of theliterature found. Following
that we will prepare a thematic overview on visualization
solutionsfor tumor boards and clinical oncology. Thevisualized
data per tool, as well as the respective visualization strategies
used and remaining elements of the data extraction template,
will be charted and appropriate graphics will be created. The
findingswill be presented following the PRISMA-ScR reporting
guidelines[34].

Ethical Considerations

Since our review will not involve human participants, this study
does not require ethics approval.

Results

The scoping review started with a tentative search beginning
in September 2023 leading to 2057 results with a suspected
1227 duplicates. In the next step titles and abstracts will be
iteratively screened by reviewers to decide on the paper’'s
inclusion in the further review process (see stage 3). This will
be based on the criteria described in the Methods section.
Included articles will be analyzed by applying the appended
data extraction tool (see stage 4). This step is expected to be
finished by December 2023. Lastly, the results will be
summarized and compiled (see stage 5) up until the beginning
of 2024. We expect them to be published during the second
quarter of 2024.
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Discussion

We designed a scoping review, aiming to present the current
state of software support for clinical oncology settings, focusing
on visualization solutions used in MCCs and their integration
into hospital processes. The initial search, executed using the
methods and queries described in this protocol, was able to
show that a significant amount of potentially relevant literature
can be found in the selected electronic databases. By asserting
that manually identified key papers are included in the results,
we are confident that the results produced by the search queries
include the target domains.

However, a potential limitation of the completeness of the
scoping review might beitsfocus on scientific literature. While
tumor boards are often actively part of research projects and
publicize their findings including used software solutions,
commercia visualization tools and supporting software are
being used as well. These might present new and interesting
approaches but would not be necessarily found during a
literature search. However, limited access to these applications
would maketheir analysisdifficult, and closed-source solutions
often present limited possibilities for extensions and follow-up
work. Additionally, available literature on supporting software
might focus on features apart from visualization and offer
limited insight into the questions posed. We aim to mitigate this
by supplementing the findings through additiona manual
searches for included software.

We expect the scoping review’s findings to show the current
state of data visualization in clinical oncology settings. By
comparing these resultswith the datamost commonly available
in the context of tumor boards and upcoming data sets we aim
to anticipate visualization needs and provide starting points for
more focused requirement analysis. Lastly, we hope to inform
the future development of flexible visualization solutions for
expanding oncology data sets.

Thiswork was funded by the German Federal Ministry for Education and Research through the PM40nco project (01222322S,
017272322N, and 012Z72322R), and by the Bavarian Cancer Research Center (BZKF). This work was performed in (partial)
fulfillment of the requirements for obtaining the degree “Dr. rer. biol. hum.” a the Friedrich-Alexander-Universitt

Erlangen-Nurnberg (FAU).

Conflicts of Interest
None declared.

Multimedia Appendix 1

Proposed search queries for PubMed, Web of Knowledge, and SCOPUS.

[DOCX File, 14 KB-Multimedia Appendix 1]

References

1.  SpecchiaML, Frisicale EM, Carini E, Di PillaA, CappaD, Barbara A, et al. The impact of tumor board on cancer care:
evidencefrom an umbrellareview. BMC Health Serv Res. 2020;20(1):73. [ FREE Full text] [doi: 10.1186/s12913-020-4930-3]

[Medline: 32005232]

2. DiPRillaA, Cozzolino MR, Mannocci A, Carini E, SpinaF, Castrini F, et al. The impact of tumor boards on breast cancer
care: evidence from a systematic literature review and meta-analysis. Int JEnviron Res Public Health. 2022;19(22):14990.
[EREE Full text] [doi: 10.3390/ijerph192214990] [Medline: 36429708]

https://www.researchprotocol s.org/2024/1/e53627

JMIR Res Protoc 2024 | vol. 13 | €53627 | p. 5
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v13i1e53627_app1.docx&filename=4683e93901e638c43543c29ab31cfb26.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e53627_app1.docx&filename=4683e93901e638c43543c29ab31cfb26.docx
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-020-4930-3
http://dx.doi.org/10.1186/s12913-020-4930-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32005232&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192214990
http://dx.doi.org/10.3390/ijerph192214990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36429708&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Boehmet a

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lamb BW, Green JSA, Benn J, Brown KF, Vincent CA, Sevdalis N. Improving decision making in multidisciplinary tumor
boards: prospective longitudinal evaluation of a multicomponent intervention for 1,421 patients. JAm Coll Surg.
2013;217(3):412-420. [doi: 10.1016/j.jamcollsurg.2013.04.035] [Medline: 23891067]

Luchini C, Lawlor RT, MilellaM, ScarpaA. Molecular tumor boardsin clinical practice. Trends Cancer. 2020;6(9):738-744.
[FREE Full text] [doi: 10.1016/j.trecan.2020.05.008] [Medline: 32517959]

Larburu N, Muro N, Arrue M, Alvarez R, Kerexeta J. DESIREE—a web-based software ecosystem for the personalized,
collaborative and multidisciplinary management of primary breast cancer. |EEE; 2018. Presented at: 2018 |EEE 20th
International Conference on e-Health Networking, Applications and Services (Healthcom); September 17-20, 2018, 2018;
Ostrava, Czech Republic. [doi: 10.1109/healthcom.2018.8531099]

Wanderer JP, Nelson SE, Ehrenfeld IM, Monahan S, Park S. Clinical data visualization: the current state and future needs.
JMed Syst. 2016;40(12):275. [FREE Full text] [doi: 10.1007/s10916-016-0643-x] [Medline: 27787779]

Ledesma A, Bidargaddi N, Strobel J, Schrader G, Nieminen H, Korhonen |, et al. Health timeline: an insight-based study
of atimeline visualization of clinical data. BMC Med Inform Decis Mak. 2019;19(1):170. [EREE Full text] [doi:
10.1186/s12911-019-0885-x] [Medline: 31438942]

Lawonn K, Smit NN, Biihler K, Preim B. A survey on multimodal medical data visualization. Comput Graph Forum.
2018;37(1):413-438. [doi: 10.1111/cgf.13306]

Kahraman A, Arnold FM, Hanimann J, Nowak M, Pauli C, Britschgi C, et al. MTPpilot: an interactive software for
visualization of next-generation sequencing resultsin molecular tumor boards. JCO Clin Cancer Inform. 2022.(6):€2200032.
[FREE Full text] [doi: 10.1200/cci.22.00032]

Canuel V, Rance B, Avillach P, Degoulet P, Burgun A. Trandational research platforms integrating clinical and omics
data: areview of publicly available solutions. Brief Bioinform. 2015;16(2):280-290. [FREE Full text] [doi:
10.1093/bib/bbu006] [Medline: 24608524]

O'Donoghue SI, Baldi BF, Clark SJ, Darling AE, Hogan JM, Kaur S, et a. Visualization of biomedical data. Annu Rev
Biomed Data Sci. 2018;1(1):275-304. [FREE Full text] [doi: 10.1146/annurev-biodatasci-080917-013424]

Schapranow MP, Borchert F, Bougatf N, Hund H, Eils R. Software-tool support for collaborative, virtual, multi-site
molecular tumor boards. SN Comput Sci. 2023;4(4):358. [FREE Full text] [doi: 10.1007/s42979-023-01771-8] [Medline:
37131499

Pishvaian MJ, BlaisEM, Bender RJ, Rao S, BocaSM, Chung V, et al. A virtual molecul ar tumor board to improve efficiency
and scalability of delivering precision oncology to physicians and their patients. JAMIA Open. 2019;2(4):505-515. [FREE
Full text] [doi: 10.1093/jamiaopen/00z045] [Medline: 32025647]

deBruijn |, Kundra R, Mastrogiacomo B, Tran TN, SikinaL, Mazor T, et a. Analysis and visualization of longitudinal
genomic and clinical datafrom the AACR Project GENIE Biopharma Collaborative in cBioPortal. Cancer Res.
2023;83(23):3861-3867. [FREE Full text] [doi: 10.1158/0008-5472.CAN-23-0816] [Medline: 37668528]

Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et a. The cBio cancer genomics portal: an open platform
for exploring multidimensional cancer genomics data. Cancer Discov. 2012;2(5):401-404. [EREE Full text] [doi:
10.1158/2159-8290.CD-12-0095] [Medline: 22588877]

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al. Integrative analysis of complex cancer genomics
and clinical profiles using the cBioPortal. Sci Signal. 2013;6(269):pl 1. [FREE Full text] [doi: 10.1126/scisignal.2004088]
[Medline: 23550210]

Tamborero D, Dienstmann R, Rachid MH, Boekel J, Baird R, Brafial, et a. Support systemsto guide clinical decision-making
in precision oncology: The Cancer Core Europe Molecular Tumor Board Portal. Nat Med. 2020;26(7):992-994. [doi:
10.1038/s41591-020-0969-2] [Medline: 32632195]

Furstberger A, Ikonomi N, Kestler AMR, Marienfeld R, Schwab JD, Kuhn B, et al. AMBAR—interactive alteration
annotations for molecular tumor boards. Comput Methods Programs Biomed. 2023;240:107697. [FREE Full text] [doi:
10.1016/j.cmph.2023.107697] [Medline: 37441893]

Chakravarty D, Gao J, Phillips S, Kundra R, Zhang H, Wang J, et al. OncoKB: a precision oncology knowledge base. JCO
Precision Oncology. 2017;1(1):1-16. [FREE Full text] [doi: 10.1200/p0.17.00011] [Medline: 28890946]

Griffith M, Spies NC, Krysiak K, McMichael JF, Coffman AC, Danos AM, et a. CIViC isacommunity knowledgebase
for expert crowdsourcing the clinical interpretation of variantsin cancer. Nat Genet. 2017;49(2):170-174. [FREE Full text]
[doi: 10.1038/ng.3774] [Medline: 28138153]

Koopman B, Groen HIM, Ligtenberg MJL, Griinberg K, Monkhorst K, de Langen AJ, et al. Multicenter comparison of
molecular tumor boards in The Netherlands: definition, composition, methods, and targeted therapy recommendations.
Oncologist. 2021;26(8):e1347-e1358. [FREE Full text] [doi: 10.1002/onco.13580] [Medline: 33111480]

Rieke DT, Lamping M, Schuh M, Le Tourneau C, Basté N, Burkard ME, et al. Comparison of treatment recommendations
by molecular tumor boards worldwide. JCO Precis Oncol. 2018;2:1-14. [FREE Full text] [doi: 10.1200/PO.18.00098]
[Medline: 35135153]

Cheng KY, Pazmino S, Schreiweis B. ETL processes for integrating healthcare data—tool s and architecture patterns. Stud
Health Technol Inform. 2022;299:151-156. [doi: 10.3233/SHTI1220974] [Medline: 36325856]

https://www.researchprotocols.org/2024/1/e53627 JMIR Res Protoc 2024 | vol. 13 | €53627 | p. 6

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jamcollsurg.2013.04.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23891067&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8033(20)30163-1
http://dx.doi.org/10.1016/j.trecan.2020.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32517959&dopt=Abstract
http://dx.doi.org/10.1109/healthcom.2018.8531099
https://link.springer.com/article/10.1007/s10916-016-0643-x
http://dx.doi.org/10.1007/s10916-016-0643-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27787779&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0885-x
http://dx.doi.org/10.1186/s12911-019-0885-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438942&dopt=Abstract
http://dx.doi.org/10.1111/cgf.13306
https://ascopubs.org/doi/10.1200/CCI.22.00032
http://dx.doi.org/10.1200/cci.22.00032
https://europepmc.org/abstract/MED/24608524
http://dx.doi.org/10.1093/bib/bbu006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24608524&dopt=Abstract
https://www.annualreviews.org/doi/10.1146/annurev-biodatasci-080917-013424
http://dx.doi.org/10.1146/annurev-biodatasci-080917-013424
https://europepmc.org/abstract/MED/37131499
http://dx.doi.org/10.1007/s42979-023-01771-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37131499&dopt=Abstract
https://europepmc.org/abstract/MED/32025647
https://europepmc.org/abstract/MED/32025647
http://dx.doi.org/10.1093/jamiaopen/ooz045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32025647&dopt=Abstract
https://europepmc.org/abstract/MED/37668528
http://dx.doi.org/10.1158/0008-5472.CAN-23-0816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37668528&dopt=Abstract
https://europepmc.org/abstract/MED/22588877
http://dx.doi.org/10.1158/2159-8290.CD-12-0095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22588877&dopt=Abstract
https://europepmc.org/abstract/MED/23550210
http://dx.doi.org/10.1126/scisignal.2004088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23550210&dopt=Abstract
http://dx.doi.org/10.1038/s41591-020-0969-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32632195&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0169-2607(23)00362-0
http://dx.doi.org/10.1016/j.cmpb.2023.107697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37441893&dopt=Abstract
https://ascopubs.org/doi/pdf/10.1200/PO.17.00011
http://dx.doi.org/10.1200/po.17.00011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28890946&dopt=Abstract
https://europepmc.org/abstract/MED/28138153
http://dx.doi.org/10.1038/ng.3774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28138153&dopt=Abstract
https://europepmc.org/abstract/MED/33111480
http://dx.doi.org/10.1002/onco.13580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33111480&dopt=Abstract
https://ascopubs.org/doi/10.1200/PO.18.00098
http://dx.doi.org/10.1200/PO.18.00098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35135153&dopt=Abstract
http://dx.doi.org/10.3233/SHTI220974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36325856&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Boehmet a

24.  Semler SC, Wissing F, Heyder R. German medical informatics initiative: a national approach to integrating health data
from patient care and medical research. Methods Inf Med. 2018;57(S 01):e50-e56. [FREE Full text] [doi:
10.3414/ME18-03-0003] [Medline: 30016818]

25.  Arbeitsgruppe Molekulares Tumorboard / Molekulare Medizin (MOLTB). Bayerisches Zentrum fiir Krebsforschung. URL :
https://bzkf.de/arbeitsgruppe-mol ekul ares-tumorboard-mol ekul are-medizin-molth/ [accessed 2023-03-27]

26. lllert AL, Stenzinger A, Bitzer M, Horak P, Gaidzik VI, Méller Y, et al. The German network for personalized medicine
to enhance patient care and trandlational research. Nat Med. 2023;29(6):1298-1301. [doi: 10.1038/s41591-023-02354-7]
[Medline: 37280276]

27. Reimer N, Unberath P, Busch H, Borries M, Metzger P, Ustjanzew A, et a. Challenges and experiences extending the
cBioPortal for cancer genomicsto amolecular tumor board platform. Stud Health Technol Inform. 2021;287:139-143. [doi:
10.3233/SHT1210833] [Medline: 34795098]

28. Reimer N, Unberath P, Busch H, Ingenerf J. FhirSpark—implementing a mediation layer to bring FHIR to the cBioPortal
for cancer genomics. Stud Health Technol Inform. 2021;281:303-307. [doi: 10.3233/SHT1210169] [Medline: 34042754]

29. Arksey H, O'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol. 2005;8(1):19-32.
[doi: 10.1080/1364557032000119616]

30. PubMed. URL: https://pubmed.nchi.nlm.nih.gov/ [accessed 2023-10-11]

31. WebOfKnowledge. Clarivate URL : https://Webof K howledge.com [accessed 2023-10-11]

32.  About Scopus—abstract and citation database. Elsevier. URL: https://www.elsevier.com/sol utions/scopus [accessed
2023-10-11]

33.  Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-aweb and mobile app for systematic reviews. Syst Rev.
2016;5(1):210. [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

34. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews
(PRISMA-SCR): checklist and explanation. Ann Intern Med. 2018;169(7):467-473. [FREE Full text] [doi: 10.7326/M 18-0850]
[Medline: 30178033]

35. Gierend K, Kriiger F, Waltemath D, Finfgeld M, Gandandt T, Zeleke AA. Approaches and criteriafor provenancein
biomedical data sets and workflows: protocol for a scoping review. IMIR Res Protoc. 2021;10(11):e31750. [FREE Full
text] [doi: 10.2196/31750] [Medline: 34813494]

36. Wabo GK, Prasser F, Gierend K, Siegel F, Gandlandt T. Data quality- and utility-compliant anonymization of common
data model-harmonized electronic health record data: protocol for a scoping review. IMIR Res Protoc. 2023;12:e46471.
[FREE Full text] [doi: 10.2196/46471] [Medline: 37566443]

Abbreviations

MCC: multidisciplinary cancer conference

MTB: molecular tumor board

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews

Edited by A Mavragani; submitted 13.10.23; peer-reviewed by N [konomi, J Donitz, comments to author 02.12.23; revised version
received 17.12.23; accepted 19.12.23; published 05.03.24

Please cite as:

Boehm D, Srantz C, Christoph J, Busch H, Ganslandt T, Unberath P

Data Visualization Support for Tumor Boards and Clinical Oncology: Protocol for a Scoping Review
JMIR Res Protoc 2024, 13:€53627

URL: https://www.researchprotocols.org/2024/1/€53627

doi: 10.2196/53627

PMID: 38441925

©Dominik Boehm, Cosima Strantz, Jan Christoph, Hauke Busch, Thomas Ganslandt, Philipp Unberath. Originally published in
JMIR Research Protocols (https.//www.researchprotocols.org), 05.03.2024. This is an 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 IMIR Research Protocals, is
properly cited. The complete bibliographic information, alink to the original publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocols.org/2024/1/e53627 JMIR Res Protoc 2024 | vol. 13 | €53627 | p. 7
(page number not for citation purposes)

RenderX


http://www.thieme-connect.com/DOI/DOI?10.3414/ME18-03-0003
http://dx.doi.org/10.3414/ME18-03-0003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30016818&dopt=Abstract
https://bzkf.de/arbeitsgruppe-molekulares-tumorboard-molekulare-medizin-moltb/
http://dx.doi.org/10.1038/s41591-023-02354-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37280276&dopt=Abstract
http://dx.doi.org/10.3233/SHTI210833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34795098&dopt=Abstract
http://dx.doi.org/10.3233/SHTI210169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34042754&dopt=Abstract
http://dx.doi.org/10.1080/1364557032000119616
https://pubmed.ncbi.nlm.nih.gov/
https://WebofKnowledge.com
https://www.elsevier.com/solutions/scopus
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
https://www.researchprotocols.org/2021/11/e31750/
https://www.researchprotocols.org/2021/11/e31750/
http://dx.doi.org/10.2196/31750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34813494&dopt=Abstract
https://www.researchprotocols.org/2023//e46471/
http://dx.doi.org/10.2196/46471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37566443&dopt=Abstract
https://www.researchprotocols.org/2024/1/e53627
http://dx.doi.org/10.2196/53627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38441925&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

