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Biomarker-based Dose Selection
Collaborative effort was key in making decisions on targets, compounds and PD measures

2009

• Pharma- significant loss of active trials in psychiatry
• As a result,  many novel MoA compounds, have been tested in humans 

• some have failed/unclear why, others remain untested  (in psychiatry)

• NIMH- interested in supporting early stage trials with these shelved 
compounds.  
• Focus on Phase Ib, Phase IIa trials 
• Focused on experimental designs using quantitative pharmacodynamic (PD) readouts
• Enable development of reliable set of methods for evaluation of compounds designed to act on prioritized neurobiological 

targets.

2012
• NIMH developed the Fast Fail Program

• three contracts to support this goal (mood/anxiety, psychosis, autism spectrum disorder)
▪ Goal: to prioritize targets, select compounds, and identify PD measures, then conduct the trial
▪ Established NAMHC subgroup and formed Industry/Academic/regulatory/NIH collaborations
▪ Future pediatric trial considered

2018
• FAST contract results became available (and ongoing) Pharmaceut Med  2020

• Quality of data generated, informative results, and collaborative input on project design led to interest from Pharma/biotech
• NIMH contacted by companies to test their compounds
• New trial setting up: PF-06412562, D1 partial agonist, on BOLD signal change during spatial working memory in schizophrenia

• Columbia, Penn, Stony Brook, Yale
• Cerevel Therapeutics provided in kind intellectual contributions, API

https://pubmed.ncbi.nlm.nih.gov/32705569/


Need to Validate Biomarkers for use in Phase Ib/ Phase IIa Clinical Trials  
Lessons learned from earlier efforts

Challenges of Biomarker Development
• Development program-related

• Need clarity on biomarker purpose – biomarker development program should not be focused on validating multiple COUs –
lack of focus

• Lack of adequate analytic validation efforts early – unreliable assays undermining observations

• Lack of cohesive planning – focused purpose, focused program

• Limited understanding of disease pathogenesis
• Many changes in proteomic, lipidomic, gene expression profile, changes in imaging etc – but limitations in separating 

pathologic vs epiphenomenon (“downstream” of disease, or unrelated)  

• Disease characteristics that challenge biomarker development:
• Early onset of disorders that continue to progress in clinical severity, especially if not adequately treated early on; biomarkers 

may need to be tweaked to be age appropriate (e.g. task-based measures)

• Uncommon or rare diseases

• Diseases that are genetically and phenotypically heterogeneous, especially with differences in pathogenetic mechanisms: 
multiple subtypes 

• Lack of widely accepted “gold standard” for diagnosis – creating “noise” for qualification of biomarker

• Brain access – limiting disease tissue access for biomarker validation

• Pediatric biomarkers add more complexity- potentially age-related effects



Need to Validate Biomarkers for use in Phase Ib/ Phase IIa Clinical Trials

NIMH Focus  

• Initially
• Stratify subjects: a) have high risk trajectory to illness; b) respond best to treatment

• PD measures

• Longer term
• Outcome measures

• Requires collaborative effort: academics, Industry, government, foundations
• Broad input:  biological targets to select, measures/technical limits, standardization, harmonization, technical and clinical

validation 
• Examples with pediatric cohorts. 

• ASD
• CHR for schizophrenia

• One approach:  FNIH- Biomarkers Consortium
• Enables a PPP/collaborative framework
• Highly experienced in large biomarker efforts, including in CNS

• Neuroscience steering committee – 8 projects
– Spanning disease areas:  AD, MCI, MDD  and ASD

• Includes FDA involvement



Autism Spectrum Disorders:  Which Biomarker Measures?

2012:  Neuroscience steering committee’s ASD Biomarker workgroup

• Reviewed all exploratory biomarkers associated with ASD in the literature 

• Based on small studies, group level analysis

• Looked for replicability, feasibility of data collection in pediatric subjects, sample size, level of analysis 

• EEG and eye tracking were identified as prime candidates for further investment.

2015: Autism Biomarkers Consortium for Clinical Trials- Awarded by NIH and Approved as an FNIH  
Biomarkers Consortium project 

• Awarded to Yale University- Dr. James McPartland, PI 

• NICHD, NIMH, NINDS, Simons Foundation, Janssen, EU-AIMS all members of the consortium

• Support a consortia focused on the validation of EEG, eye tracking in pediatric ASD

• Data release to public database in near real-time



Partners in the ABC-CT Consortium
Strategic Leadership: additional coordination in moving the field forward

Public-Private Partnership- to evaluate biomarkers
• Clinical Research Associates, Simons Foundation Autism Research Initiative – $2M and in-kind 

support

• Janssen R&D, in kind support

– Sharing data deemed useful for the project  

– Relevant studies include the Study to Evaluate the Janssen Autism Knowledge Engine 
(JAKE) in Children and Adults with ASD (NCT02299700)

• EU-AIMS, in kind support

– Sharing data deemed useful for the project

– Harmonized EG, eye tracking measures  

– Relevant studies include EU-AIMS Longitudinal European Autism Project (LEAP) 

• FDA, regulatory expertise provided throughout the project

http://clinicaltrials.gov/show/NCT02299700


ABC-CT Objectives

• Evaluate candidate biomarkers for clinical trials
• Feasibility

• Reliability across sites/over time

• Ability to stratify

• Ability to discriminate ASD vs. HC 

• Construct validity

• Developmental stability/Sensitivity to change

• Predictive of course

• Compare to conventional clinician and caregiver assessments

• Create a community resource spanning genetics, biomarkers, and clinical 
and behavioral information

• Develop infrastructure viable for clinical trials

• Interact with FDA on utility in clinical trials



ABC-CT Study Design
Staged design: refine as you go

• Multi-site, naturalistic study 

• Administrative Core: Yale Center for Clinical Investigation

• Sites: Duke, UCLA, UW, Boston Children’s Hospital, Yale

• Data Coordinating Core: YCCI/YC Analytical Sciences, Prometheus

• Data Acquisition and Analysis Core: SCRI, SiStat, Duke, Yale, BCH, Penn

• Feasibility study: 25 children with ASD and 25 with typical development

• One time point

• Main study: 200 children with ASD and 75 with TD

• Three time points (Baseline, 6 weeks, 24 weeks)

Interim Analysis performed to further focus on most promising biomarkers



ABC-CT Study Design

• Sample characteristics
• Age 6-11

• IQ 60-150

• Medication stable 8 weeks

• EEG
• Resting EEG

• Visual evoked potentials

• Biological motion

• N170 ERP to faces*
* EU-AIMS included

• Eye-tracking
• Activity monitoring

• Interactive social task

• Static social scenes*

• Biological motion*

• Pupillary light reflex*

• Lab-based behavioral tasks
• Face recognition

• Blood draw
• Probands, biological parents

• Clinical Assessments
• ADOS, ADIR, VABS, DAS, CGI, ABC, AIM, PDDBI, 

SRS, CASI, med history,  medication, 
demographics

* EU-AIMS paradigm

Data processing/analysis: Centrally performed, ongoing,
ability to evaluate data quality quickly



Biomarker Acquisition:
ASD: 97-99% across time points
TD: 98-100% across time points

Whole sample

(N=222)

TD

(N=64)

ASD

(N=158)

Test 

TD vs ASD p

Mean .236 .290 .213 F(1,220)=51.5 <.01

SD .225 .073 .070

Primary Eye Tracking Biomarker: Social Composite

11

Overall TD ASD

6 week Test 

Retest ICC

.83 .83 .79

ET Composite

# ASD Participants# TD ParticipantsLess looking at social information

Courtesy of ABC-CT/Jamie McPartland U19 MH108206
Difference holds up at 24 weeks



Eye Tracking- Oculomotor Index- ongoing analysis
An example of how to stratify ASD participants

Less time gazing at faces → face memory,
social/communication scores than those that

gaze at faces more often



Future Biomarker Driven Clinical Trials

• Uncover subgroups of subjects as objective measures that correlate with clinical function

• Select subgroup(s) for trial inclusion that best associate their clinical deficit with 
compound mechanism of action  

• For all biomarkers:

• Consider potential age, gender effects

• Potential loss of data

• Floor and ceiling effects of biomarkers 

• Time it will take to establish biomarker collection sites

• Data processing, analysis

• Centrally performed, ongoing, ability to evaluate data quality quickly

• Analysis to inform future trial design in drug development

Goal: to achieve subject level data with these biomarkers  



Future Biomarker Driven Clinical Trials
An Example

• ASD symptoms are broad
• Early trials should consider which ASD subjects are most likely to respond 

to the drug
- based on specific symptom expression and a physiological baseline status

- age considerations

All subjects with ASD

Measure brain function

3 distinct groups based
on brain function

Select subgroup based
on a link between 
physiology/symptoms
and treatment target 



LOIs Accepted to FDA Biomarker Qualification (BQ) Program

• N170 latency and Oculomotor Index (eye tracking)
• As separate biomarkers https://www.fda.gov/drugs/cder-biomarker-qualification-

program/biomarker-qualification-submissions
• N170:  https://www.fda.gov/media/127494/download

• OMI: https://www.fda.gov/media/136401/download

• Context of use- prognostic
•Biologically homogeneous subgroup

• Enrich clinical trials by reducing heterogeneity

• Select for patients best matched for pharmacologic agent

• FDA Considerations
•Determining cut point

• Functional differentiation of subgroup

• Processing and equipment

Goal is to inform the drug development field on biomarker driven trial designs and validated 
methods

https://www.fda.gov/drugs/cder-biomarker-qualification-program/biomarker-qualification-submissions
https://www.fda.gov/media/127494/download
https://www.fda.gov/media/136401/download


North American Prodrome Longitudinal Study (NAPLS)
Another Consortium Example that includes Pediatric Subjects

Investigators

• Ty Cannon (Yale, UCLA)

• Elaine Walker (Emory)

• Bill Stone (Harvard)

• Matcheri Keshevan (Harvard)

• Barbara Cornblatt (Hillside)

• Diana Perkins (UNC)

• Kristin Cadenhead (UCSD)

• Jean Addington (Calgary)

• Scott Woods (Yale)

• Carrie Bearden (UCLA)

• Dan Mathalon (UCSF) Calgary	

UCSD	
UCLA	

UCSF	

Harvard	

Yale	

Zucker	

Emory	
UNC	

Aims

• Build individualized risk calculator including best replicated clinical, 
demographic, and neurocognitive predictors from literature to date

• Determine whether hormonal, electrophysiological, and anatomical 
abnormalities associated with schizophrenia are stable or progress from the 
pre-onset phase to the full psychosis phase

• Collaboration with NIMH

• Subjects 12-35 years old 

Goal:  develop methods to better predict transition to full psychosis, 
for optimal treatment delivery



Search for a Risk Calculator and Prognostic Biomarkers of CHR  for Psychosis

• NAPLS1 (2006-2008) 291 CHR
• Clinical, demographic, psychosocial assessments- every 6 months for up to 2 ½ years

• NAPLS2 (2009-2014) 596 CHR
• Clinical, demographic, psychosocial assessments- every 6 months for up to 2 years

• Added neurocognitive, hormonal, blood-based (DNA, RNA, proteomics), electrophysiological, and neuroimaging assessments at BL, 12-, 
and 24-months

• NAPLS3 (Yrs 2014-2020)  756 CHR 
• New Sample: To refine and validate prediction models for psychosis- every 2 months for up to two years

• Determine the pre-onset trajectories of gray matter decline, disrupted functional brain connectivity in CHR individuals who develop 
psychosis

• Identify inflammatory and plasticity mechanisms associated with transition



Harmonization of At Risk Multisite Observational Networks for Youth 
(HARMONY) – a U.S.-European collaboration

• Harmonized protocols for clinical, cognitive, electrophysiological, and neuroimaging measures, as well as blood-based biological samples

• Calibration and quality assurance procedures for these measures

• Rigorous testing of the replicability of each consortium’s prediction algorithms

• Platform for pooling data to build more robust models

Parameter	 NAPLS3	 PRONIA	 PSYSCAN	 PNC	

N	Cases	 756	 420	 350	 250	

N	Sites	 9	 7	 7	 1	

Ascertainment	 CHR	Clinics	 CHR	Clinics	 CHR	Clinics	 Pediatric	Clinics	

Entry	Criteria	 SIPS	 SIPS	or	BS	 CAARMS	or	BS	 Any	Psychosis	

Age	Range	 12-32	 15-40	 16-40	 12-25	

Collaboration with multiple networks to further assess, refine, validate measures of psychosis transition
• NAPLS – Tyrone Cannon  https://campuspress.yale.edu/napls/

• Personalized Prognostic Tools for Early Psychosis Management (PRONIA) – Nikos Koutsouleris https://www.pronia.eu

• PSYSCAN – Philip McGuire  http://psyscan.eu

• Philadelphia Neurodevelopmental Cohort (PNC) – Raquel Gur https://www.med.upenn.edu/bbl/philadelphianeurodevelopmentalcohort.html

https://campuspress.yale.edu/napls/
https://www.pronia.eu/
http://psyscan.eu/
https://www.med.upenn.edu/bbl/philadelphianeurodevelopmentalcohort.html


Building Models for Clinical Utility

• NAPLS clinical-based risk prediction tool 
• Individualized risk calculator (AUC=.71) based on large dataset (N=576) – behavioral, cognitive, and demographic measures

• Validation in independent samples (EDIPPP, SHARP)

• Ongoing validation in the PNC, a CHR sample recruited through clinical practice

• LOI accepted to the FDA Biomarker Qualification Program for the IRC-P as a prognostic biomarker intended for use in clinical 
trials

Study Location N N Converters AUC

NAPLS2 North America 596 84 0.71

EDIPPP North America 176 14 0.79

SHARP China 199 46 0.63

PRONIA Europe 149 23 0.73

NAPLS3 North America 309 35 0.73

Totals 1429 202 0.72

https://www.fda.gov/media/139092/download


Ongoing Efforts: Integration of Biomarkers with the NAPLS 
Risk Calculator to Predict CHR Trajectories

• Biological assays could be useful as prognostic biomarkers to predict the trajectory of outcomes in the 
CHR syndrome

• Help further refine the risk calculator

• Other potential advantages

• Could be standardized to facilitate ubiquitous use

• May help point to novel intervention targets

• Could be used as intermediate endpoints in clinical trials of novel interventions

Birnbaum & Weinberger, Dialogues Clin Neurosci. 15, 279–289, 2013



Summary

NIMH uses the consortia model to facilitate clinical trials

• Focus on future biomarker-driven early stage clinical trials 

• Uncover subgroups of subjects as objective surrogates of clinical function

• Select subgroup(s) for trial inclusion that best associate their clinical deficit with compound mechanism of action  

• Further develop PD measures for use in ped PK/PD bridging trials

• Long term: potential use as correlative outcome measures 

• For all biomarkers:

▪ Consider potential age, gender effects

▪ Potential loss of data

▪ Floor and ceiling effects of biomarkers 

▪ Time it will take to establish biomarker collection sites

• Data processing, analysis

• Centrally performed, ongoing, ability to evaluate data quality quickly

• Analysis to inform future trial design in drug development

• Investments in pediatric biomarker research is key


