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The Quest for Disease-Specific Biomarkers

• Diagnosis and treatment of psychiatric disorders 

continue to rely on clinical observation and patient 

self-report 

• The lack of biological features associated with 

psychiatric disorders 

• Undermines their biological validity

• Undermines societal confidence in psychiatry 



BEST: Biomarkers, EndpointS, and other Tools Resource

https://www.ncbi.nlm.nih.gov/books/NBK326791/

Developed by the FDA-NIH Joint Leadership Council to harmonize terms used in 

translational science and medical product development, with a focus on terms 

related to study endpoints and biomarkers

Biomarker Definition: 

A biomarker is a characteristic that is measured as an indicator of normal 

biological processes, pathogenic processes, or a response to an exposure or 

intervention, including therapeutic interventions

BEST defines 7 biomarker categories: susceptibility/risk, diagnostic, monitoring, 

prognostic, predictive, pharmacodynamic/response, and safety.

Diagnostic Biomarkers: A biomarker used to detect or confirm the presence of a 

disease or condition of interest or to identify individuals with a subtype of the 

disease.

• Intent-to-diagnose population

• Positive Predictive Value, Negative Predictive value [importance of enriched 

populations]

• Analytical performance



Neuroimaging                       EEG/MEG

Proteomics                               Metabolomics

Genomics/Epigenomis Transcriptomics

A vast array of candidate biomarkers 

Technological advances have increased 

dramatically

the ability to generate biomarkers   

Major investment in the biology of mental 

disorders

Biological investigations of mental disorders 

dominate funding awards and publications

Increasing availability of large samples

Major initiatives to create large data repositories of 

legacy and new data (e.g., UKB, ABCD, AMP SCZ)

Huge literature on case-control differences in 

biomarkers

For any given biomarker, there are multiple studies 

showing “statistically significant” case-control 

differences

NO DIAGNOSTIC BIOMARKERS IDENTIFIED YET

Current State of Affairs 



Three Key Challenges

Phenotype                                 Overlap with healthy variation               Practical Limitations 

PMID: 34836939; PMID: 32315069; PMID: 31664439

Hughes Phenomenon

Biomarker Selection 

Generalizability

Non-specific Neurosignatures

Multimorbidity 



Challenges Related to the Phenotype
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National Comorbidity Survey

Longitudinal Assessment of Mental Health 

Disorders and Comorbidities Across 4 

Decades Among Participants in the Dunedin 

Birth Cohort Study

Caspi et al. JAMA Netw Open, 2020

Multimorbidity 
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Psychotic experiences and psychotic disorders at age 18 in relation to psychotic 

experiences at age 12 in a longitudinal population-based cohort study.

Zammit et al. Am J Psychiatry  2013 



Copyright © 2015 American Medical 

Association. All rights reserved.

From: Identification of a Common Neurobiological Substrate for Mental Illness

JAMA Psychiatry. Published online  February 04, 2015. doi:10.1001/jamapsychiatry.2014.2206

Shared Patterns of Decreased Gray Matter From the Voxel-Based Morphometry Meta-analysis: Results are from patient vs healthy 
participant comparisons for studies pooled across all diagnoses (A), separately by psychotic or nonpsychotic diagnosis studies (B), and from 
a conjunction across the psychotic and non-psychotic diagnosis group maps in panel B (C). Results show common gray matter loss across 
diagnoses in the anterior insula and dorsal anterior cingulate (dACC). The z score is for the activation likelihood estimation analysis for gray 
matter loss. L indicates left; and r, right.

Schizophrenia, Bipolar Disorder, Major Depressive Disorder, 
Substance Abuse, Obsessive Compulsive Disorder, Anxiety 
Disorders

Reduced GM in patients  Increased GM in patients 

Dorsomedial PFC striatum 

Ventromedial PFC

Superior Temporal Gyrus

Parietal Operculum

Dorsal ACC (all)

Insula (all)

Thalamus 

Amygdala 

Hippocampus
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UC-San Diego

https://abcdstudy.org

Total Sample: n=11,850



Transdiagnostic Neuroimaging-Derived 

Profiles in youth with Mood and Anxiety 

Disorders 
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Transdiagnostic Neuroimaging Profiles in Childhood 

Mood and Anxiety Disorders

Ge R, Sassi R, Yatham LN, Frangou S. Mol Psychiatry. 2022; PMID: 36577839
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https://doi.org/10.1002/hbm.23486 



Pairwise Comparisons between Psychiatric Disorders

15

Correlation Coefficient Confidence intervals

Lower Upper

MDD-SCZ 0.83 0.71 0.9

MDD-BD 0.9 0.83 0.94

MDD-ANX 0.91 0.84 0.95

MDD-OCD 0.8 0.67 0.88

SCZ-BD 0.91 0.84 0.95

SCZ-ANX 0.88 0.8 0.93

SCZ-OCD 0.72 0.55 0.84

BD-ANX 0.88 0.8 0.93

BD-OCD 0.75 0.6 0.85

ANX-OCD 0.7 0.51 0.82

Sprooten et al. HBM 2017 



Major depression Anxiety disorders

Cortical Regions

% of studies per region (normalized by region size)

Sprooten et al. HBM 2017 



Challenges Related to Overlap with Normal 
Deviation
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Normative Modeling 

Individualized measures of deviation from population 

means 



https://www.biorxiv.org/content/10.1101/2023.01.30.523509v1



▶ An empirically benchmarked framework 

for normative modeling in brain 

morphometry

▶ Offers the opportunity to generate

metrics for typical brain structural

trajectories for research purposes

▶ Normative models were generated 

using data from over 37,000 healthy 

individuals aged 3-90 years

▶ An ENIGMA Lifespan working group 

initiative

CentileBrain (www.centilebrain.org)

http://www.centilebrain.org/






Individual-level Deviations vs Average 

“Disease” Maps

Lv et al. Mol Psychiatry 2020; 

Percentile

Percentile

Cortical Thickness

Individual-level Percentile                        Case-Control Differences in  

Deviation in Regional CT                           Regional CT

Ching et al. HBM 2020
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Normative Modeling in Psychiatric Populations 

Wolfers T, Doan NT, Kaufmann T, Alnæs D, Moberget T, Agartz I, et al. Mapping the heterogeneous

phenotype of schizophrenia and bipolar disorder using normative models. JAMA Psychiatry.

2018;75:1146–1155.

Zabihi M, Oldehinkel M, Wolfers T, Frouin V, Goyard D, Loth E, Charman T, Tillmann J, Banaschewski T,

Dumas G, Holt R, Baron-Cohen S, Durston S, Bölte S, Murphy D, Ecker C, Buitelaar JK, Beckmann CF,

Marquand AF. Dissecting the Heterogeneous Cortical Anatomy of Autism Spectrum Disorder Using

Normative Models. Biol Psychiatry Cogn Neurosci Neuroimaging. 2019;4(6):567-578.

Wolfers T, Beckman CF, Hoogman M, Buitelaar JK, Franke B, Marquand A. Individual differences v. the

average patient: mapping the heterogeneity in ADHD using normative models. Psychol Med.

2019;311:1727–1728

Zabihi M, Floris DL, Kia SM, Wolfers T, Tillmann J, Arenas AL, Moessnang C, Banaschewski T, Holt R,

Baron-Cohen S, Loth E, Charman T, Bourgeron T, Murphy D, Ecker C, Buitelaar JK, Beckmann CF,

Marquand A; EU-AIMS LEAP Group. Fractionating autism based on neuroanatomical normative

modeling. Transl Psychiatry. 2020;10(1):384.

Lv J, Di Biase M, Cash RFH, Cocchi L, Cropley VL, Klauser P, Tian Y, Bayer J, Schmaal L, Cetin-

Karayumak S, Rathi Y, Pasternak O, Bousman C, Pantelis C, Calamante F, Zalesky A. Individual

deviations from normative models of brain structure in a large cross-sectional schizophrenia cohort.

Mol Psychiatry. 2021;26(7):3512-3523.



https://www.biorxiv.org/content/10.1101/2023.01.17.523348v1







Practical Limitations



Biomarker Number and Selection



Generalizability

• Model dependence on 

• Algorithm

• Sample Composition

• Training features 



You are here



Archaic name

Complex clinical 

presentations of seizures 

(peri-ictal; ictal; post-

ictal) with significant 

inter-individual and intra-

individual variation 

Multidomain impairment 

in neurocognition and 

affective cognition with 

significant intra-

individual variation

Psychiatric comorbidities 

in up to a third of patients 

Multidimensional 

psychosocial 

disadvantage/impairment 

Lessons from Epilepsy



Multiple and diverse etiological factors 

Specified molecular pathways

Final common pathway underpinning
the emergence of the core clinical
pathology



Epilepsy is defined as a disorder of the brain characterized by an 

enduring disposition towards recurrent seizures with associated 

cognitive, psychological, and social dysfunction.

This definition identifies a “core” clinical feature while recognizing other 

domains of impairment that are not diagnostically necessary or sufficient

Schizophrenia can be defined as a disorder of the brain characterized by 

an enduring disposition towards recurrent positive psychotic symptoms, 

associated with cognitive, psychological, and social dysfunction.

Persistent and recurrent perceptual distortions (i.e., hallucinations) could 

be proposed as the most distinct clinical feature of schizophrenia



Attractor cortical neurodynamics in schizophrenia

Rolls E. Transl Psychiatry 2021

Modeling the transition between the healthy state and the hallucinatory state using maps of brain 

dynamics

Dynamic Causal Modeling for fMRI With Wilson-Cowan-Based Neuronal Equations   Sadeghi et al Front 

Neurosci 2020

This approach which describes the evolution of excitatory and inhibitory activity in a population of 

neurons can be implemented in DCM, yielding parameters that can be directly interpreted 

physiologically

Neurite and Synaptic density in schizophrenia

Onwordi et al Nat Comm 2020;  Kraculjac et al 2021

Estimates of synaptic and neurite density in schizophrenia (e.g., NODDI; SV2A ligands) can inform 

neural firing and system-level dynamic models

Quantification of the dynamic aspects of neurotransmission in the human brain in vivo

This is an area that requires further methodological development as current approaches (e.g., 

functional MRS) probably lack the necessary essay sensitivity

Liquid biopsy: CNS-derived but peripherally harvested extracellular vesicles (EVs)

Goetzl et al FASEB 2022

Nanosized bilayer particles circulating in the blood that carry cargoes such as lipids, proteins, and 

nucleic acids that can be assigned neuronal or  central glial origin; potential to provide a handle into 

molecular pathways

Hallucinations as a window into mechanistic 

underpinnings of schizophrenia 



https://twitter.com/Frangougroup
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