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Neurodevelopmental Disorders .ﬂ}:ﬂ‘.ﬁ
share challenges and opportunities for biomarker discovery

Attention Childhood onset

Deficit/Hyperactivity Heterogenous presentations

Communication « Comorbidity rules
Motor

Specific Learning Multifactorial etiopathogenesis
Intellectual Disability

Brain connectopathies

 Common disorders of childhood can already be diagnosed in preschoolers (~¥7%) (e.g., Wichstrom et al 2012)

* 67% neuropsychiatric disorders onset within the first 20 years of life (e.g., Kessler et al 2005)
* Continuity of symptom clusters from preschool-age to childhood/adolescence ;
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Autism heterogeneity- d challenge and an opportunity
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Neurodevelopmental Disorders ,*}:Miﬁ
share challenges and opportunities for biomarker discovery
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Brain connectopathies

 Common disorders of childhood can already be diagnosed in preschoolers (~¥7%) (e.g., Wichstrom et al 2012)

* Most (67%) neuropsychiatric disorders onset within the first 20 years of life (e.g., Kessler et al 2005)
* Continuity of symptom clusters from preschool-age to childhood/adolescence 5




Developmental brain connectopathy

Autism < Neurotypical controls (NT)
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Park and Friston, 2013 Di Martino, et al., Milham, 2014
Brain connectome: the A mosaic of dysconnections: ASD-
comprehensive map of brain related increased and decreased
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Non-invasive connectome profiling by R-fMRI

— Sensitive to development
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Resting-state fMRI (R-fMRI) in Autism
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Autism Brain Imaging Data Exchange - open data sharing
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Insights from an autism imaging biomarker challenge: Promises and threats _

to biomarker discovery « MRI powerful and reliable for ASD
[ ]
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Importance of different data modalities
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» Diagnostic differences common across

H Mol Autism, 2021 . i
Towards robust and replicable sex the sexes, ASD-specific sex differences
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Neurosubtyping

Mosaic of latent brain connectopathy factors - i.e., neurosubtypes e 1o ik
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Phenotypic depth and harmonization have lagged In

clinical neuroscience research

(A) Factor 1 associated with
restricted/repetitive behaviors
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(C) Factor 2 associated with
externalizing problems (N = 123)
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Targeting inter-individual differences — transdiagnostic

N=166; n=103 ADHD , N=63 ASD; 6-12 years, 116 males
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Remaining challenges

Developmental perspective to developmental disorders

10% 1% 0%
o  Studies |
considering \
age '
Autism ADHD Schizophrenia Depression
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Di Martino et al., Neuron 2014
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« Longitudinal approaches are needed to
assess traits vs state-related
biomarkers

 Focus on younger ages
* e.g., IBIS >>infants likely to develop autism

* Natural sleep resting state fMRI is
feasible

Pre-Prisma 3T
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Manning et al 2013




Summary and moving forward

* Aggregation of openly-shared increasingly large MRI dataset is

feasible and necessary to facilitate:
» Replicability assessments (should be the norm)
» Leverage heterogeneity

* A priori focus on known sources of variation (e.g., sex at birth, comorbidity...) and
underrepresented subgroups

* Neurosubtyping

* Inter-individual variability across dimensional metrics

« Connectome-based fMRI markers are promising candidate for Multimodal
BioM discovery but clinical utility of BM depends on phenotyping depth

* Need for harmonization efforts focusing on reliable and specific measures
 Measurement-invariance analyses

* Transdiagnostic and longitudinal large-scale efforts needed

Child Mind
' Institute 16
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Drawbacks and proposed solutions...
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Spurious but systematic correlations in functional connectivity MRI networks arise

from subject motion

Jonathan D, Power **, Kelly A. Barnes *, Abraham Z. Snyder *",
Bradley L. Schlaggar *"<9 Steven E. Petersen *™-¢
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A comprehensive assessment of regional variation in the impact of head

micromovements on functional connectomics
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Mitigating head motion artifact in functional
connectivity MRI
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An evaluation of the efficacy, reliability, and sensitivity of motion correction
strategies for resting-state functional MRI
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Approaches to Autism
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Data driven neurosubtyping in autism

A. Diagnostic samples

Within ASD
diagnosis

Transdiagnostic
(ASD, NT and other ND conditions)

Child Mind
Institute

B. Features

P

* Feature selection
- A priori selection
- Quantitative selection
(e.g., Filter, Wrapper methods)

Functional

Bl
;e ! SOUI'CE

e Dimensionality reduction
(e.g. PCA, NMF)

* Data fusion
(e.g. Multi-viewing learning - SNF,
JIVE)

* Data harmonization

(e.g. Combat, Significance-weighted
PCA)

C. Algorithms

Clustering

Y k=4
Latent factor

—

—

//v},;/z Latent factors

j Observation

ormative modeling

Cortical thickness

D. Validation

* Goodness of fit

- Silhouette, Davies-Bouldin index

* Stability

- Cross-method validation, Bootstrapping

* Independent validation
- Clinical (e.g., symptom severity -
ADOS, ADI-R)
- Cognitive (neuropsychological scores)
- Biological (genetics profile - CNV,
common/rare variants)

* Replicability
- Bootstrap aggregation (Bagging)
- Cross-modal validation (e.g., functional
connectivity or structural metrics)

Hong et al., 2020
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