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From data to information
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REAL-WORLD EVIDENCE (RWE)

Real-World Evidence as a capability—

data, tools, processes, organization—

underpinning several functions to drive 

business intelligence
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Big data analytics
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Machine learning models

Machine learning models
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Deep Learning
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Machine learning vs deep learning

How Machine Learning should be applied to 
Neurological Disease Research

• A number of online neuroscience databases are available which provide
information regarding gene expression, neurons, macroscopic brain
structure, and neurological or psychiatric disorders.

• Some databases contain descriptive and numerical data, some to brain
function, others offer access to 'raw' imaging data, such as postmortem
brain sections or 3D MRI and fMRI images. Some focus on the human
brain, others on non-human.

• Link: https://en.wikipedia.org/wiki/List_of_neuroscience_databases
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NEUROIMAGING DATA
• OpenfMRI.org is a project to make fMRI data freely available. It is hosted by Russ Poldrack at the

university of Texas.
• OpenfMRI.org is a project dedicated to the free and open sharing of functional magnetic

resonance imaging (fMRI) datasets, including raw data.

• Neurosynth is a wrapper that “simply” turns paper data into images where brain active regions are 
mapped and allows for meta-analysis of processed data.

• NeuroSynth is a platform for large-scale, automated synthesis of functional magnetic resonance
imaging (fMRI) data extracted from published articles. The Neurosynth website is essentially just
a glorified wrapper around a set of open-source Python and JavaScript packages. In practice, this
means you can use the tools we’ve made available to easily reproduce just about any images or
data you find on this website.

• Oasis brains The Open Access Series of Imaging Studies (OASIS) is a project aimed at making MRI
data sets of the brain freely available to the scientific community

• OASIS is made available by the Washington University Alzheimer’s Disease Research Center, Dr.
Randy Buckner at at Harvard University, the Neuroinformatics Research Group (NRG) at
Washington University School of Medicine, and the Biomedical Informatics Research Network
(BIRN).

Computational neuroscience

• Microphysiological Modeling

• Compartmental Modeling

• Realistic Network Modeling

• Software to support modeling
• Data Acquisition and Control

• Data Analysis and Visualization

• Time Series Data

• Network Visualization

• Database Management
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Areas

• Multi-scale Integration of the Dynamic Activity and Structure of the Brain
To elucidate and link dynamics of the brain and neural circuits with brain function, including its real-
time physiological, behavioral and cognitive outputs

• Neurotechnology and Research Infrastructure
To create tools to image, sense, record and affect real-time brain function and complex behavior, 
and develop theories  and systems to collect, visualize, analyze, model , store, and distribute BRAIN 
data 

• Quantitative Theory and Modeling of Brain Function
To reveal emergent properties of the brain and provide predictive theoretical frameworks to guide 
future research

• Brain-Inspired  Concepts and Designs 
To strategically capitalize on insights gained from BRAIN to inspire novel conceptual paradigms and 
innovative technologies and designs that will benefit society 

• BRAIN Workforce Development
To educate a BRAIN workforce and create new career opportunities for BRAIN discovery and 
innovation

Machine learning in neuroscience (Nature Methods 15, (2018))

• Machine-learning and, in particular, deep-learning approaches can help process
and analyze large volumes of data.

• In supervised deep learning, convolutional neural networks learn from training data by
passing it through a multilayered network of simple modules. Such networks progressively
abstract the data and extract features, which can be applied to analyze new data. Depending
on the input data and the way the networks are trained, the extracted features can vary
widely.

• Image-based data, which are often analyzed manually, can benefit from
advanced machine learning. For example, electron microscopic imaging of brain
tissue routinely yields terabytes of data that are highly laborious to analyze and
annotate manually.

• Tools such as the SyConn pipeline or the Multicut method (Nature Methods 14,
435–442, 2017; Nature Methods 14, 101–102, 2017) can efficiently segment, and,
in the case of SyConn, further analyze such data sets.



16/03/2018

11

Machine learning in neuroscience (Nature Methods 15, (2018))

• Annotating and classifying animal behavior in data sets consisting of hours of video
recordings is similarly tedious when conducted manually. Machine-learning tools such as
classifiers as well as more advanced approaches have been applied to analyze, for
example, Drosophila or mouse behaviors.

• Analyzing calcium-imaging data is another area that has recently seen an influx of
machine-learning methods. Such data are notoriously noisy, and extracting neuronal
spikes is not trivial, especially since the recorded signal depends on the properties of the
calcium indicator used. Supervised learning approaches are flexible enough that they
can work on data sets from different calcium indicators than those they trained on.

• In select examples, machine learning has proven to be a useful tool in the analysis of the
growing deluge of data in neuroscientific research. However, the technology has yet to
reach the mainstream. To be adopted by the broader community, machine-learning-
based approaches will have to demonstrate their robustness under different
conditions. And importantly, efforts will have to be made to facilitate their application
and make them easy to use.

The need for calcium imaging in nonhuman primates: New motor neuroscience and brain-machine 
interfaces (D.J. O'Shea et al. / Experimental Neurology 287 (2017) 437–451)

• A central goal of neuroscience is to understand how populations of neurons coordinate and cooperate in
order to give rise to perception, cognition, and action.

• Nonhuman primates (NHPs) are an attractive model with which to understand these mechanisms in humans,
primarily due to the strong homology of their brains and the cognitively sophisticated behaviors they can be
trained to perform.

• Using electrode recordings, the activity of one to a few hundred individual neurons may be measured
electrically, which has enabled many scientific findings and the development of brain-machine interfaces.
Despite these successes, electrophysiology samples sparsely from neural populations and provides little
information about the genetic identity and spatial micro-organization of recorded neurons. These
limitations have spurred the development of all-optical methods for neural circuit interrogation.

• Fluorescent calcium signals serve as a reporter of neuronal responses, and when combined with post-
mortem optical clearing techniques such as CLARITY, provide dense recordings of neuronal populations,
spatially organized and annotated with genetic and anatomical information. In this paper, we advocate that
this methodology, which has been of tremendous utility in smaller animal models, can and should be
developed for use with NHPs. We review here several of the key opportunities and challenges for calcium-
based optical imaging in NHPs.

• We focus on motor neuroscience and brain-machine interface design as representative domains of
opportunity within the larger field of NHP neuroscience.
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Machine Learning of Functional Magnetic Resonance Imaging Network Connectivity Predicts 
Substance Abuse Treatment Completion 

(Biological Psychiatry, http://dx.doi.org/10.1016/j.bpsc.2017.07.003)

• BACKGROUND: Successfully treating illicit drug use has become paramount, yet elusive. Devising specialized
treatment interventions could increase positive outcomes, but it is necessary to identify risk factors of poor
long-term outcomes to develop specialized, efficacious treatments. We investigated whether functional
network connectivity (FNC) measures were predictive of substance abuse treatment completion using
machine learning pattern classification of functional magnetic resonance imaging data.

• METHODS: Treatment -seeking stimulant- or heroin-dependent incarcerated participants (n = 139; 89
women) volunteered for a 12-week substance abuse treatment program. Participants performed a response
inhibition Go/NoGo functional magnetic resonance imaging task prior to onset of the substance abuse
treatment. We tested whether FNC related to the anterior cingulate cortex would be predictive of those who
would or would not complete a 12-week substance abuse treatment program.

• RESULTS: Machine learning pattern classification models using FNC between networks incorporating the
anterior cingulate cortex, striatum, and insula predicted which individuals would (sensitivity: 81.31%) or
would not (specificity:78.13%) complete substance abuse treatment. FNC analyses predicted treatment
completion above and beyond other clinical assessment measures, including age, sex, IQ, years of substance
use, psychopathy, anxiety and depressive symptomatology, and motivation for change.

• CONCLUSIONS: Aberrant neural network connections predicted substance abuse treatment outcomes, which
could illuminate new targets for developing interventions designed to reduce or eliminate substance use
while facilitating long-term outcomes. This work represents the first application of machine-learning
models of FNC analyses of functional magnetic resonance imaging data to predict which substance abusers
would or would not complete treatment.

The impact of machine learning techniques in the study of bipolar disorder: A systematic review
(Neuroscience and Biobehavioral Reviews 80 (2017) 538–554)

• Machine learning techniques provide new methods to predict diagnosis and clinical
outcomes at an individual level.

• The paper review the existing literature on the use of machine learning techniques in
the assessment of subjects with bipolar disorder.

• Searched PubMed, Embase and Web of Science for articles published in any language up
to January 2017. We found 757 abstracts and included 51 studies in this review.

• Most of the included studies used multiple levels of biological data to distinguish the
diagnosis of bipolar disorder from other psychiatric disorders or healthy controls. We
also found studies that assessed the prediction of clinical outcomes and studies using
unsupervised machine learning to build more consistent clinical phenotype of bipolar
disorder.

• We concluded that given the clinical heterogeneity of samples of patients with BD,
machine learning techniques may provide clinicians and researchers with important
insights in fields such as diagnosis, personalized treatment and prognosis orientation.
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Deep Learning and Computational Neuroscience 

(Neuroinformatics (2018) 16, https://doi.org/10.1007/s12021-018-9360-6)

Machine Learning and Neurosurgical Outcome Prediction: A Systematic Review 
(WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2017.09.149)

• Accurate measurement of surgical outcomes is highly desirable to optimize surgical decision-
making. An important element of surgical decision making is identification of the patient cohort
that will benefit from surgery before the intervention.

• Machine learning (ML) enables computers to learn from previous data to make accurate
predictions on new data. In this systematic review, we evaluate the potential of ML for
neurosurgical outcome prediction.

• Thirty studies were identified that evaluated ML algorithms used as prediction models for
survival, recurrence, symptom improvement, and adverse events in patients undergoing
surgery for epilepsy, brain tumor, spinal lesions, neurovascular disease, movement disorders,
traumatic brain injury, and hydrocephalus.

• Depending on the specific prediction task evaluated and the type of input features included, ML
models predicted outcomes after neurosurgery with a median accuracy and area under the
receiver operating curve of 94.5% and 0.83, respectively. Compared with logistic regression, ML
models performed significantly better and showed a median absolute improvement in accuracy
and area under the receiver operating curve of 15% and 0.06, respectively. Some studies also
demonstrated a better performance in ML models compared with established prognostic indices
and clinical experts.
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