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Methodological issue: Reliable biomarkers for brain circuit target engagement are critical for We assessed sensitivity to a known drug FC biomarker (stimulant drugs decreased somatomotor FC) Lo
advancing drug development in central nervous system (CNS) disorders. fMRI has good brain across three methylphenidate resting fMRI datasets with very different study design and parameters: 1) PSSR —— o oo et ot e o
coverage and spatial resolution, but has demonstrated high variability (in brain anatomy and a cross-sectional dataset from the Adolescent Brain Cognitive Development (ABCD) cohort (N=11,875; A~

drug effects), low signal-to-noise ratio (SNR), and lack of validated targets, preventing its stimulant users N=390) 2) a longitudinal precision MR dataset
adoption in clinical development. with controlled methylphenidate administration (N = 7), and

3) a cross-over study of PV/PO methylphenidate with 90 min
of PET/MRI acquisition at four visits. : X . Parallelarm, . . (o7 )
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Aim: empirically evaluate how individualized network mapping (avoiding group averaging) _ Cross-over, o Cm)

and specific fMRI biomarker study design choices influence effect size, statistical power, and Dataset 1 — Cross-sectional (Kay et al., Cell, 2025) Aro ot o Sy e Crossover

sample size req. using a well-established FC biomarker as a test case. ggur%lzpe' Cross-sectional analysis from the ABCD cohort . , x@ | C“r‘:::)‘j:n ' ' =
> Total cohort: N = 11,875 (ages 8—11) i / muty st

A SRR peread Precision (Individual Parcellation) PEM
Passed rigorous imaging/data QC: N = 4,320 ) Precision (Group Parcellation)
Reported stimulant use on day of scan: N = 390 . ) Paired

 Sites/scanners: S Cross-Sectional (Siegel)

Methodological Advance: Precision Functional Mapping * Data collected across 21 sites Cross-Sectional (ABCD)

Harmonized 3T GE, Philips, and Siemens platforms | R ' ' 40 50 60 70 80 90
MRI protocol: Number of Participants
The paradigm shift: individual-defined functional circuits and within-subject (N=1) analysis > Structural + task fMRI | o |
overcomes problems caused by averaging to common structural atlas. - Resting-state fMRI: up to 4 x 5-min runs (TR = 800 ms; up to 20 min total) A parallel arm design revealed the worst power (N = 270 participants needed to achieve 90% power). A
Model covariates/controls: ADHD status, Sex/gender, Other medication use controlled within-participant design was far more sensitive (N = 43 participants needed to achieve 90%

Precision functional mapping (PFM): Define functional areas and networks from resting state power). Adding repeated, longer duration fMRI scans over multiple days further boosted power (N = 22 for

fun_c t_ional, connectivity (BSFC). data in single_ indivi_d uals (using. infgmap or oth.e_r algorithms), use Dataset 2 — Longitudinal precision fMRI trial (Siegel et al., 90% power), and adding individual-specific parcellation achieved the best power (N = 17 for 90% power).
Individual’s areas + within-subject study design to interpret activation/connectivity data. Na ture, 2024)
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B Precision Imaging Drug Trial (Adult)

- Study type: Within-subject longitudinal drug challenge with - fs Next Step: Build a cost optimization model finds that a within-participant design with two visits per

precision fMRI mapping . | condition is ideal. Include Dataset 3.
* Sample: Healthy young adults (N = 7; ages 19-45) -'

Systems: s .. Pt |
© Motor: Hand Y . - Interventions: o
© Motor: Mouth #ﬁ - Psilocybin: 25 mg ; 7 % % C O N C L U S I O N S

@ Visual . . : .
® Auditory Striatum Individual brains > Methylphenidate: 40 mg

© Deaul Mode L R P functional networks] . Design/timing: Study design, individual parcellation, and measurement frequency critically

Group brain networks Single individual (PFM)
Thalamus

@ Action Mode

onto-Pariota ' do not look like the - Drug sessions separated by 1-2 weeks : . i . : :
Egorstalittenttioln Cerebellum average brain > Repeated MRI sessions before, during, between, and after both drug ImpaCted eff|C|ency. Cross-over repeated ViSit deSlgnS with advanced MRI and

® Ventral Attention N7 conditions (average of 18 visits/participant) Precision Functional Mapping (PFM) dramatically increase sensitivity of fMRI
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Dataset 3 — Classic cross-over biomarker study (Tomasi et al., PNAS, 2023) Future Directions: A Biomarker Platform

- Study type: Cross-over biomarker design (3 conditions, separate days)

* Sample: Healthy adults (N = 20; mean age 36.1; 9 females) Precision Imaging Trial to rapidly and cost-effectively assess target engagement... for a non-
- Session structure: 3 scanning days per participant hallucinoqenic EHT2A agonist

Group Average * Pharmacologic conditions: R S R
MSCO01 response MSCO03 response MSCO01 response response - QOral MP 60 mg + IV placebo (3 cc saline) _ Psilocybin S”bﬁft(fivfoiixcpg”fgii;ﬁé)fftes
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Imag!ng platform/protocol: | | | A= T | effects
- Simultaneous PET/MRI on 3T Biograph mMR with 12-channel head caoill , .o

PET + resting-state fMRI acquired concurrently over 90 minutes | Functional connectivity (FC) change
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and improve cost-effectiveness for drug biomarker research.
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Soene > Face (t-statistic ‘ ‘ detect a drug effect across a variety of study designs (cross-section vs cross-over, multiple vs single ] B2 R N like effects
+24 Vo 0 4O - o ® LH S .\gg;& I
mismatched across individuals (third rectangle) and Group average (fourth rectangle) 367 Hyperparameters Siegel (Precision Model L MAP e 5% Interval REFERENCES:
p 0 = No EC Dif Gordon, E. M. et al. (2017) Precision Functional Mapping of Individual Human Brains. Neuron 95, 791-807.e7.
= NO iirerence
“Longer scans boost
d'g . d cut s | 7529-7546.e20 (2025).
prediction and cut Costs In Tomasi, D. et al. Examining the role of dopamine in methylphenidate’s effects on resting brain function.
W - | o i Nature N NRP 3921-26239N,| CTS/CTRFP (BJC Foundation). J. S. Siegel, N.U.F.D., T.O.L. and E.M.G. have Psychedelic

X B
RaSK -5 0 5 on MSCO1 network  on MSCO3 network  on MSCO03 network
m Broad Curve = Uncertainty ' Siegel, J. S. et al., (2024). Psilocybin desynchronizes the human brain. Nature, 632(8023), 131-138.
e869%¢eqqq DI Narrow Curve = Precigion Siegel, J. S. (2024). Precision functional mapping for target engagement in drug development.
trainil:l\lg”;ta)ftirc(i);f)ants brain-wide association A Proceedings of the National Academy of Sciences 120, e2314596120 (2023).
o 10,000 20,000 30’500 o 10,000 20,000 30,000 40,000 D \;7 | FC Difference Related to MTP\A(Fisher 2) | submitted a provisional patent (patent no. 020949/US 15060-1787) for the use of precision functional
Total scan duration (number of training participants ~ Total scan duration (number of training participants G o / mapping for target engagement by experimental therapeutics. MedICIne

Task fMRI contrast ‘Scene > Face’ maps (i-statistics) for two individuals (MSCO01, MSCO03) and for the group. Boundaries of each individual’s ‘context
&
o N hopharmacology, 339-340 NYU 1
200 @ 500 studies” Ooi et al., 2025
x scan time per participant) x scan time per participant) Bayesian Predictive Probability 95% Credible Interval Credible Interval Doesn’t Cross Zero = Significant

Hippocampus
association network’, defined from independently acquired resting fMRI, are overlaid in white on task contrast (left two rectangles), and then , Maximum Belief About Value of FC Difference
Kay, B. P. et al. Stimulant medications affect arousal and reward, not attention networks. Cell 188, H |t h
800 e 1.800° 300 e 600 ’ ) o RGN SUPPORT/COI: The Usona Institute, The Taylor Family Institute, McDonnell Systems Neuroscience Center for
High Belief True Value Is On This Interval

CONTACT: joshua.siegel@nyulangone.org



mailto:joshua.siegel@nyulangone.org

