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The reproducibility crisis in neuroscience

R\

e Data
o Insufficient power
o Noise
e Analysis
o Highly flexible processing workflows with multiple decision trees
o Unreported assumptions
o Insufficient statistics

e Biased reporting
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SCIENTISTS THOUGHT
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The German National Research Data Infrastructure in
Neuroscience (NFDI-Neuro)
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Barriers for Open Science

(1) are due to lack of data and metadata
standards, of results

(2) of community adopted provenance
tracking methods,

(3) of research data management literacy,

(4) of required time and resources for proper
research data management, and Eone of access

(5) of a privacy preserving research
infrastructure for sensitive data.
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Example of brain PET data sharing

Neuroticism Associates with Cerebral in Vivo
Serotonin Transporter Binding Differently in Males
and Females

Lauri Tuominen, MD, PhD; Jouko Miettunen, PhD; Dara M. Cannon, PhD;
Wayne C Drevets, MD; Vibe G. Frokjaer, MD, PhD; Jussi Hirvonen, MD,
PhD;Masanori Ichise, MD, PhD; Peter S. Jensen, MSc; Liisa Keltikangas-
Jarvinen, PhD;Jacqueline M. Klaver, PhD; Gitte M. Knudsen, MD, PhD; Akihiro
Takano, MD, PhD; Tetsuya Suhara, MD, PhD; Jarmo Hietala, MD, PhD

Data from four different PET centers to address whether neuroticism is related to serotonin
transporter binding in vivo. The data includes thalamic and striatal serotonin transporter
BP,p values and personality scores from 91 healthy males and 56 healthy females.

Serotonin transporter BF,

Center N (MfF) Age Meuroticism® Questionnaire Tracer Thalamus Striatum
MIRS? 31 (3109 236+ 28 21+048 MEO-FI-R [“C]DASE 18+ 029 13+016
NRLF 57 (37/20) 35.1+ 180 1.5+ 0.40 MEO-FI-R [“C|DASE 1.8+ 0.25 1.6+ 0.18
NIMH" 28 (8/20) 363291 19014 HEO-FI-R [“C]DASE 17+ 023 13017

TPC* 31 (15/16) 391451 12+0.76 NEO-FFI [“C]hATIAM 14+ 015 11+0.16




Molecular (and functional) brain atlases

MNI (volume) and FreeSurfer Average (Surface)
Tracer based vs. Target based atlases (multi-sites, multi-tracers harmonization)

How do the different anatomical and functional (fMRI connectivity) atlases match
receptor maps?
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Beliveau et al, J Neurosci 2017; Norgaard et al, Neurolmage 2021; Hansen et al, Nature Neurosci 2022 (in press).
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Review Article

Consensus nomenclature for in vivo imaging of
reversibly binding radioligands
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Consensus on publishing PET experiments

Replication in science
can be improved with
standards for reporting
and sharing of primary
research data

JCBFM

Opinion
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From OpenNeuro ...

e Official repository for BRAIN Initiative

e Part of the Amazon Public Datasets
project
e 627 public datasets
e 21.756 subjects/~16 TB ™
e 10-20 new dataset uploads per '."_f‘”, ‘ ¢
e month OpenNEURO
. Afree and open platform for sharing MRI,
e Serving 1000 + downloads/month MEG, EEG, [EEG, and ECot cata
(o] wooco |
(almost 20TB of data) o

e Over 8K users/month
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...to OpenNeuroPET

Establish PET archive as an
extension of OpenNeuro

- Standard format and content ‘ Openncur
- “Best Practices” for pipelines and QC
checks A free and open

platform for validating
and sharing BIDS-

compliant

: ,and
data

Educate and seek feedback from the [E——
PET user Communlty Participants  Datasets

Establish average images of
receptor density, connecting to the
larger fMRI community 1



OpenNeuroPET

Principles

« Standard format to meaningfully share and combine data

 Follow Guidelines, include “best practices” for data pipelines, and sample
data sets for QC ‘ Open

Benchmarks of success

* Number of scans deposited

OpenNeuro PET

Advancing the art of reliably reproducible data \

sharing within the PET community, NIH has come

¢ Number Of reSUItlng pUb|Icat|0nS together with OpenNeuro to support, store f 4 {"ﬁ\“ N

and ensure BIDS standard validation of each dataset.

Community engagement T — 6497 Partkines
 Provide help to sites
* Integrate with commonly used software
« Stimulate projects

12



OpenNeuroPET setup

National Institute
of Mental Health



OpenNeuroPET

Pl: Robert Innis

Funding: NIMH via BRAIN Initiative (Brain
Research through Advancing Innovative
Neurotechnologies)

Duration: Oct 2021 — Sept 2026

Collaborator: NRU, Rigshospitalet; MGH

Consultant: Russell Poldrack (Stanford)

Mational Institute
of Mental Health

Pl: Gitte Moos Knudsen

Funding: Novo Nordisk Foundation
(Research Infrastructure program)

Duration: Jan 2021 — Dec 2025

Collaborator: NIMH; MGH

Consultant: Russell Poldrack (Stanford)

n
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Data scales in neuroimaging (OpenNeuro PET version)

Articles
(space
aggregated,

(0]
% binding and Peak coordinates & ROI
g TAC missing)
8 NeuroVault & al. \ Molecular brain atlases
c
(]
S OpenNeuroPET
o : -
o . \ Raw data -- study based
CIMBI Raw (PET+anat MRI) + processed data + clinical
v -- tracer based

Adapted from Poldrack & Gorgolewski (2014) https://www.nature.com/articles/nn.3818


https://www.nature.com/articles/nn.3818

Raw Data harmonization
JCBFM
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Raw Data harmonization

Use a common, community-based data structure (the way to store data on hard-drives) and
naming

Comment | Open Access | Published: 02 March 2022

PET-BIDS, an extension to the brain imaging
Brain Imaging Data Structure data structure for positron emission
A simple and intuitive way to organize and describe your neuroimaging and behavioral data tomog raphy

Martin Norgaard, Granville J. Matheson, Hanne D. Hansen, Adam Thomas, Graham

Searle, Gaia Rizzo, Mattia Veronese, Alessio Giacomel, Magsood Yaqub, Matteo

Tonietto, Thomas Funck, Ashley Gillman, Hugo Boniface, Alexandre Routier, Jelle R.

Dalenberg, Tobey Betthauser, Franklin Feingold, Christopher J. Markiewicz, Krzysztof

About BIDS
euroim ca z a s J. Gorgolewski, Ross W. Blair, Stefan Appelhoff, Remi Gau, Taylor Salo, Guiomar Niso,

Cyril Pernet, Christophe Phillips, Robert Oostenveld, Jean-Dominique Gallezot,

Richard E. Carson, Gitte M. Knudsen, Robert B. Innis & Melanie Ganz=

httDS//b|dS neur‘(mmaqn’]q |o/ Scientific Data 9, Article number: 65 (2022)



https://bids.neuroimaging.io/

Raw Data harmonization

OpenNeuro PET: new library PET2BIDS to curate PET and blood data to BIDS standard

(https://github.com/openneuropet/PET2BIDS)

]

{
"BIDSVersion”: "L5.0", “Modality”: "MR",
"Licence" "CCO license”, "MagneticFieldStrength": 3,
“Name": [11C]AZ10419369 PET dataser”, “Manufacturer” “Siemens”,
“Authors”: "NRU, Copenhagen’”, “ManulacturersModelName": “Trio".
"Acknowledgements™: "Hansen et al. 2020 "EchoTime" 0.00304,
Visual stimuli induce serotonin release...., “RepetitionTime™. 1.55,
Hum Brain Mapp. 2020; 41: 4753 4763. “InversionTime": 0.8,
hitps:/idoi.org/10.1002/hbm. 25156", “FlipAngle" 9,
"Funding”: "Lundbeck Foundation”, “NonLinearGradientCorrection™: true
"DatasetDOIL: ™ -

)

“Manufacturer”: “Siemens”,
"ManutacturersModelName": "High-Resolution
Research Tomograph (HRRT, CTiSiemens)",
“BodyPart": “Brain",

“Unit": "BaimL",

“TracerName": "CIMBI-36",
“TracerRadionuciide”: “C11",
“InjectedRadioactivity": 640,
“InjectedRadioactivityUnit™: "MBA",

) 4

E' study folder

1
[E) reaDME

(2) dataset_description.json
participants.tsv 6
[E) participants json 2
5 sup-01 3
5 ses2
= anat

[2) sub-01_ses-01_Tiwjson
[ sub-01_ses-01_Tiwniigz
E pet
B sub-01_ses-01_pet.json
o sub-01_ses-01_petni.gz
@ sub-01_ses-01_recording-manual_blood.json
= sub-01_ses-01_recording-manual_blood.tsv —]

@ sub-01_ses-01_recording-autosampler_blood.json

fr sub-01_ses-01_recording-autosampler_blood.tsv

)
“ime”: {
]
defined by the _pet json”,
“Units™ "s™
4 h
}

“PlasmaAvail’: true,
“WholeBloodAvail": true,
“MetaboliteAvail". true,
“MetaboliteMethod™ "HPLC",

“DispersionCarrected”: false,

“MetaboliteRecoveryCorrectionApplied”: false,

“Description™; “Time in relation to time zero

time plasma_radioactivity whole_blood_radioactivity
metabolite_parent_fraction metabolte_polar_fraction
0 0010

145 4331 3379 05749 0.1336

202 4896 37.42 03149 02746

602 39.84 3205 01469 03548

1248 37.38 3152 0073 0444

There is a lot of extra information
which is not in the image data (ecat
or dcm) — all tracer related, the
library helps creating all metadata
and validates them

Image courtesy of Melanie Ganz 10/08/2022


https://github.com/openneuropet/PET2BIDS

Data Processing harmonization

JCBFM

Original Article

Journal of Cerebral Blood Flow &
Reproducibility of findings in modern 2000, vk 41010 2778276
PET neuroimaging: insight from the aag™
NRM2018 grand challenge ool permisions

DO: 10.1177/0271678X21 1015101
journals.sagepub.com/homeficbfm

®SAGE
Mattia Veronese'* ©®, Gaia Rizzoz'*, Martin Belzunce® ®,
Julia Schubert', Graham Searlel, Alex Whittingtonz,
Ayla Mansur>* ®, Joel Dunn3'5, Andrew Reader” and
Roger N Gunn®% and the Grand Challenge Participants®

Abstract

The reproducibility of findings is a compelling methodological problem that the neuroimaging community is facing these
days. The lack of standardized pipelines for image processing, quantification and statistics plays a major role in the
variability and interpretation of results, even when the same data are analysed. This problem is well-known in MRI
studies, where the indisputable value of the method has been complicated by a number of studies that produce
discrepant results. However, any research domain with complex data and flexible analytical procedures can experience

a similar lack of reproducibility. In this paper we investigate this issue for brain PET imaging. During the 2018
NeuroReceptor Mapping conference, the brain PET community was challenged with a computational contest involving
a simulated neurotransmitter release experiment. Fourteen international teams analysed the same imaging dataset, for
which the ground-truth was known. Despite a plurality of methods, the solutions were consistent across participants,
although not identical. These results should create awareness that the increased sharing of PET data alone will only be

one component of enhancing confidence in neuroimaging results and that it will be important to complement this with
full details of the analysis pipelines and procedures that have been used to quantify data.



Data Processing harmonization

" H H S P Ubl ic Access To evaluate the impact of various preprocessing strategies, we systematically examined 384
i { Author manuscript different pipeline strategies in data from 30 healthy participants scanned twice with the serotonin
Neuroimage. Author manuseript; available in PMC 2020 October 01. transporter (5-HTT) radioligand [] ]C]DﬁSB Five commonly used preprocessing steps with two to

Published in final edited form as:

Newroimage. 2019 October 01; 199: 466-479. doi: 10,1016/ neuroimage. 2019.05.055. four options were II‘.I.M'ESIIE,&TBE'. (1 ot tien (MC) (2) co-registration (3) delincation of

volumes of interest (VOI's) (4) partial volume correction (PVC), and (5) kinetic modeling. To
quantitatively compare and evaluate the impact of various preprocessing strategies, we used the

Optimization of Preprocessing Strategies in Positron Emission
Tomography (PET) Neuroimaging: A ["C]DASB PET Study

performance metrics: test-retest bias, within- and between-subject variability, the intraclass-
correlation coefficient, and global signal-to-noise ratio. We also performed a power analysis to
Martin Nargaard'2, Melanie Ganz'-3, Claus Svarer', Vibe G. Frokjaer!, Douglas N. Greve’, estimate the required sample size to detect either a 3% or 10% difference in 5-HTT binding as a
Stephen C. Strother?, Gitte M. Knudsen' 2’ function of preprocessing pipeline.

The results showed a complex downstream dependency between the various preprocessing steps
on the performance metrics. The choice of MC had the most profound effect on 5-HTT binding,
prior to the effects caused by PVC and kinetic modeling, and the effects differed across VOI’s.

otably, we observed a negative bias in 5-HTT binding across test and retest in 98% of pipelines,
ranging from 0—6% depending on the pipeline. Optimization of the performance metrics revealed a
trade-off in within- and between-subject variability at the group-level with opposite effects (i.e.
minimization of within-subject variability increased between-subject variability and vice versa).
The sample size required to detect a given effect size was also compromised by the preprocessing

strategy, resulting in up to 80% increases in sample size needed to detect a 5% difference in 5-
HTT binding.



Data Processing harmonization

OpenNeuro PET: development of volume and surface based data analysis
pipelines (with/without containerization) to have fully reproducible workflows
(https://github.com/openneuropet/PET _pipelines)

PET-BIDS Derivatives

BIDS PET preprocessing

derivatives: what should be

shared, which form, etc ..

(open specification to HHE=
contribute)

Image courtesy of Martin Ngrgaard 15/12/2021


https://github.com/openneuropet/PET_pipelines
https://docs.google.com/document/d/1yzsd1J9GT-aA0DWhdlgNr5LCu6_gvbjLyfvYq2FuxlY/edit#heading=h.mqkmyp254xh6

04/ 09/ 2022 @ ? Rigshospitalet

@ o
Thank you!

Advancing the art of reliably reproducible data

sharing within the PET community, NIH has come
together with OpenNeuro to support, store
and ensure BIDS standard validation of each dataset.

103 Public Datasets 6,497 Participants
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