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1 Introduction

Across the healthcare industry, biomarkers (e.g., blood or cerebrospinal fluid [CSF],
imaging, and digital markers) are widely used as screening or diagnostic tools, for
therapeutic drug monitoring, or to guide clinical decision-making (Gromova et al,
2020). There is considerable interest in identifying and validating biomarkers for
neurodegenerative disease research and clinical trials, as well as routine use (i.e., diagnostic,
prognostic, and treatment selection), including for Alzheimer’s disease (AD) (Blennow and
Zetterberg, 2018; Hampel et al., 2018; Zetterberg and Bendlin, 2021). However, reviewing
the vast number of publications to identify and qualify viable biomarker candidates
requires both assay compatibility and statistical methods to facilitate the communication
of knowledge, data integration, and visualization.

Collaborative research environments allow researchers from various communities and
geographies to compare statistical analysis and interpret and contextualize results, while
enabling data privacy/ownership, secure storage, and controlled access. This allows the
development of novel insights from available data, and the replicability of knowledge
and results, while ensuring conformity to regulatory, privacy, and intellectual property
requirements. In addition to maintaining data privacy/ownership, there is an urgent need
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to enhance resources and tools supporting the findability,
accessibility, interoperability, and reusability of available data (i.e.,
the FAIR Data Principles) (Wilkinson et al., 2016). The provision
of cloud-based, global, collaborative platforms provides users with
the opportunity to identify key questions and formulate queries,
with the aim of obtaining rapid and insightful solutions. The use
of standardized statistical analysis tools allows knowledge sharing
by maximizing comparability and interpretability of results.

One tool is the NeuroToolKit
(NTKApp; https://www.alzheimersdata.org/ntk/ntkapp-platform),’

such Application
developed by Roche Diagnostics during 2021 and supported by
the Alzheimer’s Disease Data Initiative, a non-profit organization.
The NTKApp allows standardization of statistical analysis and
creation of statistical analysis modules, allowing comparability and
reproducibility of results and thus generation of replicable scientific
evidence. The results can be used to generate insights and inform
the neurology field of the potential clinical utility of biomarkers for
in vitro diagnostic tests and clinical trials and practice.

The prototype of the NTKApp was publicly beta-tested in July
2022 and is now available via the AD Workbench, Alzheimer’s
Disease Data Initiative’s secure, cloud-based, collaborative data
platform, and research environment. The availability of the
NTKApp and AD Workbench offers an innovative solution to
collaborative data sharing and interpretation. Here, we report on
the NTKApp beta-testing phase and how this tool could advance
neurology research, particularly in AD.

2 Methods

The Alzheimer’s Disease Data Initiative NeuroToolKit (NTK)
Data Hackathon virtual event® took place from July 1-17, 2022.
Global researchers, biostatisticians, data scientists, and clinicians
were invited to join in self-selected teams of 2-4 (n = 45) with
the aim of investigating the clinical utility of different cerebrospinal
fluid biomarkers in AD through a set of challenges (i.e., proposed
scientific questions).

Participants were given access to the AD Workbench, where
they could use the NTKApp and other statistical analysis tools
(i.e, R and Python) to explore permissioned datasets from the
European Prevention of Alzheimer’s Dementia Consortium
(Ritchie et al., 2016). The European Prevention of Alzheimer’s
Dementia datasets comprise data on outcomes associated
with early-stage neurodegenerative disease, including socio-
demographic data, cognitive assessment results neurodegenerative
disease, cerebrospinal fluid markers, brain imaging, psychologic
assessments, medical history, physical examinations, stress,
sleep, quality of life, and life events. The AD Connect online
community enabled participants to engage with team members

Abbreviations: AD, Alzheimer's disease; ATN,
neurodegeneration; NTK, NeuroToolKit; NTKApp, NeuroToolKit application.

1 Alzheimer's Disease Data Initiative (2022). The NTKApp. Available online

Amyloid,  tau,

at: https://www.alzheimersdata.org/ntk/ntkapp- platform (accessed April 24,
2024)

2 Alzheimer's Disease Data Initiative (2022). ADDI NeuroToolKit Data
Hackathon. Available online at: https://www.alzheimersdata.org/news/addi-
neurotoolkit-data-hackathon (accessed April 24, 2024).
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and other participants and access resources including Hackathon
information, the NTKApp user guide, technical help, and user
forums. Participants could write posts to seek help or share
experiences or useful materials.

The Hackathon challenges set by experts around common
interests in AD and the available dataset were: (i) to explore and
evaluate the amyloid, tau, neurodegeneration (ATN) framework
biomarkers (Jack et al., 2018) and (ii) to explore the relationship
between biomarkers and additional AD risk factors. To complete
the Hackathon, teams performed exploratory data analysis, created
reports, shared results, and submitted a short (3-5-min) video to
present methodology, analyses, and findings.

The first challenge required teams to explore how the ATN
criteria are associated with profiles that may include cognitive,
functional, and neuropsychiatric features in high-risk individuals,
and provide additional insights into how patients may be clustered
into different risk profiles (Ebenau et al, 2020; Ingala et al,
2021). Teams evaluated and sought to improve the ATN biomarker
definitions, and compared them with the definitions used in
published studies. The second challenge (optional) required
teams to identify factors or variables that best differentiated
biomarker amyloid-positive from amyloid-negative individuals in
a population of older, cognitively normal adults, and to identify
different ways to classify this population based on risk factors
for cognitive impairment. Additional tasks to further explore
the dataset and stimulate ideas that might be useful in clinical
context included defining different assay cut-offs as compared with
Elecsys® cerebrospinal fluid immunoassay (Roche Diagnostics
International Ltd, Rotkreuz, Switzerland) cut-offs, and evaluating
the potential clinical use of p-amyloid (1-42), phosphorylated-tau,
and total-tau in older, cognitively normal adults.

3 Results

Of the 45 teams, 10 teams submitted videos, which were scored
by six judges with expertise in the field (see text footnote?). There
were four categories of assessment: (1) Patient Value and Clinical
Impact; (2) Scientific Value; (3) Innovation; and (4) Technical. Each
category had a winning team based upon the highest score, with
each team able to win one category only. Teams were also scored
on a Community Team Contribution category based on the value
of each team’s contributions to the AD Connect online community,
including the number of posts and engagement received from
other participants during the Hackathon. The winners were offered
symbolic prizes (e.g., a drone).

The Hackathon provided an opportunity for participants to
build scripts maximizing their own analytical skills, contribute
to AD research, and have fun, as evidenced by positive
feedback (Figure 1). An example of results generated from the
Hackathon is illustrated by one of the winning teams, who used
the AD Workbench and European Prevention of Alzheimer’s
Dementia dataset to identify modifiable risk factors associated
with ATN biomarkers (Roccati et al., 2024). Traumatic brain
injury, obesity, and smoking were significantly associated with
phosphorylated-tau; traumatic brain injury, obesity, smoking,
depression, and physical inactivity were significantly associated
with neurodegeneration (Supplementary Video 1; video from
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The platform allowed
the harmonization and
organization of data;
for example, labeling
by variable type,
which was very useful.

”

13

The Hackathon
enabled me to try new
research techniques,
which | have always
wanted to try, but
never had the time or
opportunity to use
previously.

We were introduced to
data from the EPAD
dataset, which we
used to try and
replicate some of our
own results from two
large preclinical
studies.

The Hackathon was
very enjoyable, and
| will certainly use the
tool when conducting
future research.

One possible risk of
the platform is that
users may not know
what the default
options are and
therefore may not
know what the
analysis is doing.

[13

17

1

The platform is really
useful, particularly the
resources around
descriptive analyses,
and visualizing and
understanding

| really enjoyed using
the tool as you could
perform your analysis
and see the output
straight away.

Focusing on the same
dataset, and doing the
most with it that we
were able to, was also
very interesting.

One limitation of the
platform was that
complex statistical

analyses, e.g., mixed
linear models, were

difficult to conduct and

we had to switch back

variables and how
they interact.

” ”

to our original way

of working.
” bh

FIGURE 1

Advantages and limitations of the NTKApp from members of the winning teams (Team Barcelona Neuro Hacker, Spain, and Team UW Badgers, USA).

Team Wicking). This could be clinically useful to show patients
their known biomarker profile alongside modifiable risk factors in
an easy-to-interpret format to allow for lifestyle intervention to
reduce their risk of AD. Supplementary Video 2 (video from Team
MD Eagles) shows results generated by Team MD Eagles.

4 Discussion

The NTKApp is a collaborative analytics tool consisting of
a suite of data harmonization and standardized analysis tools
in three interlinked applications (apps) (Logan et al., 2023): (i)
the NTKCuration app for standardization and harmonization of
uploaded data; (ii) the NTKAnalysis app for data visualization,
exploration, analysis, reporting, and collaborative interpretation
of results; and (iii) the NTKMeta-Analysis app for systematic
assessment of multiple analyses, to evaluate reproducibility and
strength of evidence, while maintaining data ownership and
privacy. Tutorials are available on how to access the NTKApp
and use the three interlinked apps (Supplementary Videos 3-6;
NTKApp tutorials).

The NTKApp enables users to upload, curate, analyze, and
compare biomarker datasets and results, and integrate these with
a range of risk and other phenotypic data. The app offers a
user-friendly tool to improve the way researchers collaborate
and interpret neurologically relevant immunoassay data. The AD
Workbench, which comprises tools such as the NTKApp, aids
in breaking traditional silos in research, provides a forum for
an exchange of ideas and research support, and helps to foster
partnerships between academia and industry. It is anticipated that
results shared from, and data analyses performed in, the NTKApp
will help to inform the development of biomarkers for in vitro
diagnostic tests, and to clarify their use in clinical trials and practice.

Frontiersin Neuroscience

The NTKApp was developed to explore the main clinical uses of
biomarkers, namely screening, diagnosis, prediction and prognosis,
and pharmacodynamic or efficacy monitoring. Screening and
diagnosis could aid in detecting or confirming the presence of
AD pathology, while biomarkers for prediction and prognosis will
forecast the likely course of disease in untreated individuals and
identify patients who are likely to progress faster. Biomarkers for
pharmacodynamic or efficacy monitoring will indicate whether a
biologic response to treatment has occurred, serve as surrogates for
clinical efficacy endpoints, or distinguish between patients who may
or may not respond to therapy.

Based on feedback received following the Hackathon, a scalable,
modular first version of NTKApp was released exclusively via the
AD Workbench in September 2022. Continuous updates will be
implemented to expand its collaboration and analysis capabilities
(e.g., additional biomarkers and diseases) based on user and partner
engagement and feedback.

Two of the biggest obstacles to innovative biomarker research
are limited accessibility to data and inconsistent, siloed information
sources. The NTKApp aims to provide interoperability and
a collaborative framework within an enormous database of
standardized information, allowing users to upload and explore
information, develop and validate hypotheses, and analyze and
display findings for wider sharing. The NTKApp implements
various aspects of the FAIR Data Principles (Wilkinson et al., 2016),
which define characteristics that contemporary data resources
and tools should exhibit to assist discovery and reuse by
third parties. Online data resources and tools are considered
democratic when provision is free, which is the case with the
NTKApp and AD Workbench. This freedom and interoperability
facilitates the undertaking of high-quality research globally,
including more marginalized communities such as low- and
middle-income countries. It is hoped that this tool, and others,
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will revolutionize healthcare research, leading to the development
of clinically invaluable tools for AD diagnosis, prognosis, and
treatment monitoring.

Collaborative research, particularly between institutions, is a
challenge due to differences in data preparation methods, coding
standards, and coding environments. Although the NTKApp
provides a collaborative framework that enables researchers to
share standardized methods, the app creators do not dictate which
methods and standards should be used. In doing so, members of
the research community are encouraged to develop the appropriate
methods and standards for integration into the app for use in
collaborative research and distribution to the research community
as a whole. Thus, appropriate methods and standards can be
developed and adapted over time to meet future needs.

The NTKApp has undergone substantial technical upgrades
since the Hackathon based on user feedback. In the future, use of
the NTKApp will be broadened to become disease and biomarker
agnostic—a new name is currently under discussion.

Author contributions

CR: Writing—original draft, Writing—review & editing. KB:
Writing—original draft, Writing—review & editing. JG: Writing—
original draft, Writing—review & editing. SJ: Writing—original
draft, Writing—review & editing. IM: Writing—original draft,
Writing—review & editing. LV: Writing—original draft, Writing—
review & editing. MS-C: Writing—original draft, Writing—
review & editing. CM: Writing—original draft, Writing—review
& editing. MCl: Writing—original draft, Writing—review &
editing. AA: Writing—original draft, Writing—review & editing.
ER: Writing—original draft, Writing—review & editing. OC:
Writing— original draft, Writing—review & editing. CL: Writing—
original draft, Writing—review & editing. F-CQ: Writing—
original draft, Writing—review & editing. MD: Writing—original
draft, Writing—review & editing. MCa: Writing—original draft,
Writing—review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The authors
declare financial support was received from Roche Diagnostics
International Ltd for the publication of this article. This work
was supported by the Alzheimer’s Disease Data Initiative (the
development of the NTKApp and the Hackathon event), Roche
Diagnostics International Ltd (support and resources), and Nagarro
(support and resources). Medical writing support was funded by
Roche Diagnostics International Ltd.

Acknowledgments

The authors would like to thank Nagarro and Aridhia for
supporting the logistics of the Alzheimer’s Disease Data Initiative
NTK Data Hackathon, and all those who participated. The authors
would also like to thank Shirley Prasad from the Alzheimer’s
Disease Data Initiative for tremendous work organizing the

Frontiersin Neuroscience

10.3389/fnins.2024.1339742

Alzheimer’s Disease Data Initiative NTK Data Hackathon, and
Alina Bauer from Roche Diagnostics GmbH for her part in
organizing the event and the development of the NTKApp. Medical
writing support for the development of this manuscript, under the
direction of the authors, was provided by Sophie Lavelle, MSc,
of Ashfield MedComms, an Inizio company (Macclesfield, UK),
and funded by Roche Diagnostics International Ltd, Rotkreuz,
Switzerland. ELECSYS is a trademark of Roche.

Conflict of interest

CR is CEO and founder of Scottish Brain Sciences and has
been a paid consultant on advisory boards for Actinogen, Biogen,
CogState, Eisai, Eli Lilly, Janssen Cilag, Merck, Novo Nordisk,
Roche Diagnostics, and Signant Health. KB has served as a
consultant at advisory boards or data monitoring committees
for Acumen, Alzpath, BioArctic, Biogen, Eisai, Julius Clinical,
Lilly, Novartis, Ono Pharma, Prothena, Roche Diagnostics, and
Siemens Healthineers, and is a co-founder of Brain Biomarker
Solutions (BBS) in Gothenburg AB, which is part of the GU
Ventures Incubator Program, outside of the present work. JDG
has received research support from GE Healthcare, F. Hoffmann-
La Roche, and Roche Diagnostics, and speaker or consultant
fees from Biogen, Philips Nederlands, and Roche Diagnostics.
SJ has served as a consultant for Alzpath, Merck, and Roche
Diagnostics, and has also received equipment grants from Roche
Diagnostics. IvM has served as a consultant for Roche Diagnostics,
received grants from ZonMW, and received PPP allowance from
Health~Holland (Top Sector Life Sciences & Health). LV has
served as a consultant for Roche Diagnostics and has received
research support from Alzheimer Nederland, OLINK, and ZonMw;
all payments were made to her institution. MS-C has served
as a consultant and attended advisory boards for, and received
project grants from, Roche Diagnostics, and has given lectures in
symposia sponsored by Roche Diagnostics, S.L.U., Roche Farma,
S.A., and Roche Sistemas de Diagndsticos, Sociedade Unipessoal,
Lda; all payments for consultancy, advisory boards, and project
grants were made to his institution; payments for giving lectures
in symposia were made to MS-C directly and his institution.
CPM and MHSC are employees of Gates Ventures LLC and
volunteer for the Alzheimer’s Disease Data Initiative. CAL is an
employee and shareholder of Roche Diagnostics GmbH. F-CQ is
a former employee and shareholder (during employment) of Roche
Diagnostics International Ltd, and Altoida Inc. MCD and MC are
employees and shareholders of Roche Diagnostics International
Ltd. AA, ER, and OC are employees of Nagarro.

The authors declare that this work received funding from
Roche Diagnostics International Ltd. The funder had the following
involvement: provided support and resources for the Hackathon
event; and funded medical writing support for publication of
this article.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fnins.2024.1339742
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ritchie et al.

their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

Blennow, K., and Zetterberg, H. (2018). Biomarkers for Alzheimer’s disease:
current status and prospects for the future. J. Intern. Med. 284, 643-663.
doi: 10.1111/joim.12816

Ebenau, J. L., Timmers, T., Wesselman, L. M. P., Verberk, I. M. W., Verfaillie,
S. C. ], Slot, R. E. R, et al. (2020). ATN classification and clinical progression
in subjective cognitive decline: the SCIENCe project. Neurology 95, e46-e58.
doi: 10.1212/WNL.0000000000009724

Gromova, M., Vaggelas, A., Dallmann, G., and Seimetz, D. (2020). Biomarkers:
opportunities and challenges for drug development in the current regulatory landscape.
Biomark Insights 15:1177271920974652. doi: 10.1177/1177271920974652

Hampel, H., O’Bryant, S. E., Molinuevo, J. L., Zetterberg, H., Masters, C. L.,
Lista, S., et al. (2018). Blood-based biomarkers for Alzheimer disease: mapping
the road to the clinic. Nat. Rev. Neurol. 14, 639-652. doi: 10.1038/s41582-018-
0079-7

Ingala, S., De Boer, C., Masselink, L. A., Vergari, I, Lorenzini, L., Blennow,
K., et al. (2021). Application of the ATN classification scheme in a population
without dementia: findings from the EPAD cohort. Alzheimer Dement. 17, 1189-1204.
doi: 10.1002/alz.12292

Jack, C. R. Jr., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn, B., Haeberlein,
S. B, et al. (2018). NIA-AA Research Framework: toward a biological definition of
Alzheimer’s disease. Alzheimer Dement. 14, 535-562. doi: 10.1016/j.jalz.2018.02.018

Frontiersin Neuroscience

05

10.3389/fnins.2024.1339742

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnins.2024.
1339742/full#supplementary-material

Logan, C., Bauer, A., Bentink, S., Rosenfeld, E., Maxim, A., Tomsa, R,, et al. (2023).
“The AD Workbench NeuroToolKit Application (NTKApp) suite of cloud-based tools
for secure collaborative research in Alzheimer’s disease,” in International Conference
on Alzheimer’s and Parkinson’s Disease and related neurological disorders (AD/PD)
(Gothenberg, Sweden), 722.

Ritchie, C. W., Molinuevo, J. L., Truyen, L., Satlin, A,, Van der Geyten, S.,
Lovestone, S., et al. (2016). Development of interventions for the secondary
prevention of Alzheimers dementia: the European Prevention of Alzheimer’s
Dementia (EPAD) project. Lancet Psychiat. 3, 179-186. doi: 10.1016/52215-0366(15)00
454-X

Roccati, E., Bindoff, A. D., Collins, J. M., Eastgate, J., Borchard, J., Alty, J.,
et al. (2024). Modifiable dementia risk factors and AT(N) biomarkers: findings from
the EPAD cohort. Front. Aging Neurosci. 16:1346214. doi: 10.3389/fnagi.2024.134
6214

Wilkinson, M. D., Dumontier, M., Aalbersberg, I. J., Appleton, G,
Axton, M., Baak, A., et al. (2016). The FAIR guiding principles for scientific
data management and stewardship. Sci. Data 3:160018. doi: 10.1038/sdata.
2016.18

Zetterberg, H., and Bendlin, B. B. (2021). Biomarkers for Alzheimer’s disease-
preparing for a new era of disease-modifying therapies. Mol. Psychiatry 26, 296-308.
doi: 10.1038/s41380-020-0721-9

frontiersin.org


https://doi.org/10.3389/fnins.2024.1339742
https://www.frontiersin.org/articles/10.3389/fnins.2024.1339742/full#supplementary-material
https://doi.org/10.1111/joim.12816
https://doi.org/10.1212/WNL.0000000000009724
https://doi.org/10.1177/1177271920974652
https://doi.org/10.1038/s41582-018-0079-7
https://doi.org/10.1002/alz.12292
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/S2215-0366(15)00454-X
https://doi.org/10.3389/fnagi.2024.1346214
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1038/s41380-020-0721-9
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	NeuroToolKit Data Hackathon: advancing data collaboration in Alzheimer's disease
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


