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A B S T R A C T

Precision psychiatry is an approach designed to improve diagnosis and treatment of mental disorders by 
leveraging biological insights and developing innovative, mechanism-based treatment strategies unconstrained 
by current diagnostic boundaries. At its core, precision psychiatry aims to pinpoint the underlying neurobio
logical mechanisms responsible for the emergence and persistence of symptoms of mental health conditions. This 
approach strives to create diagnostic tools and therapies targeting these mechanisms, potentially addressing 
previously resistant aspects of mental health conditions by providing more precise symptom management and 
possibly altering the disease trajectory. Although still in its nascent stages, the realization of precision psychiatry 
will result in a more refined and biology-informed diagnostic system for mental disorders, requiring significant 
adaptations for clinicians, industry, patients and regulators. Identifying, validating and applying both fluid and 
functional biomarkers are critical steps in the development, testing and application of new precision psychiatry 
diagnostics and treatments. As part of the 2025 Precision Psychiatry Roadmap initiative meeting in Frankfurt, 
experts came together to present and discuss the current status of biomarker identification and validation, patient 
subtyping, and targeted interventions for stratified patient groups. This report features lecture summaries, 
meeting outcomes, and recommendations from both online and in-person audiences. In general, the recom
mendations emphasize standardization, collaboration, clinical implementation, digital innovation, long-term 
planning, and, importantly, patient engagement, as key priorities for advancing precision psychiatry. Despite 
existing challenges, there is strong optimism for the future of precision psychiatry, with continuous efforts to 
refine diagnostic tools and treatment strategies.
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1. Introduction

As part of its Precision Psychiatry Roadmap Initiative, The European 
College of Neuropsychopharmacology (ECNP) organized a two-day 
meeting regarding the current status on the identification, validation 
and application of biomarkers in the field of mental disorders with all 
stakeholders involved, including academic experts, industry leaders, 
and regulatory representatives. The main goal of this collaborative effort 
was to emphasize that advancing novel therapeutics in psychiatry re
quires deep phenotyping and comprehensive biomarker research that 
incorporates both functional and fluid biomarkers, with large, multi- 
modal datasets gathered through consortia-led transdiagnostic studies 
expected to yield the most significant benefits. Considering that the 
meeting mainly focused on the use of biomarkers the following defini
tion is applied: biomarkers are defined as a characteristic that is 
measured as an indicator of normal biological processes, pathogenic 
processes, or biological responses to an exposure or interventions (FDA, 
2016). The meeting program overview can be found in box 1.

The program started with two opening lectures that highlighted the 
rationale and background of the ECNP Precision Psychiatry Roadmap 
initiative, and provided a key example regarding biomarker develop
ment in the field of schizophrenia.

2. Martien Kas: the ECNP precision psychiatry roadmap 
initiative

Measuring biology is considered the cornerstone of diagnosis in 
medicine. For example, blood tests aid the clinical diagnosis of auto- 
immune diseases, such as rheumatoid arthritis or systemic lupus ery
thematosus. Also, cancer patients with, for example, colon cancer, will 
receive personalized treatments following biomarker diagnostics using 
biopsies of their tumor. In contrast, current classification methodologies 
for mental disorders are based entirely on behavioral signs and symp
toms whose patterns have been derived from clinical consensus pro
cesses, with laboratory serving exclusion diagnosis of medical 
conditions that may induce similar symptom clusters (e.g., 

hypothyroidism as a causal factor for a major depressive syndrome). The 
syndrome-based classification systems supporting DSM-5 and ICD-11 
provide a uniform 'language' to assess psychiatric and neurological 
disorders across the globe. Clinicians use these diagnoses to communi
cate with their patients, other clinicians, further stakeholders, and to 
request, when applicable, reimbursement from payors. Also, the current 
diagnostic systems have a pivotal role when it comes to approval of 
novel treatments. Unfortunately, currently available psychotherapies 
and pharmacotherapies are effective only in a proportion of patients 
within these diagnostic categories (Leichsenring et al., 2022).

This heterogeneity in treatment response within diagnostic cate
gories is likely due, at least in part, to biological variation between pa
tients (Clementz et al., 2016; Fountain et al., 2012; Tozzi et al., 2024) 
that is not being accounted for in the current classification system for 
mental disorders. In addition, transdiagnostic overlaps exists for several 
symptom clusters, such as social dysfunction in Schizophrenia, Major 
Depressive disorders, and Alzheimer’s disease (Cross-Disorder Group of 
the Psychiatric Genomics Consortium et al., 2013; Saris et al., 2022). 
This is not unique to mental disorders; fever, e.g., is a common trans
diagnostic symptom of many diseases and underlying pathophysiology. 
This transdiagnostic overlap in symptoms, however, offers the oppor
tunity to develop novel, innovative, and quantitative biological end
points beyond the current diagnostic framework. Specific 
pathophysiology (which can be transdiagnostic, for instance, inflam
mation) is necessary for developing disease-modifying treatments. The 
ECNP New Frontiers meeting 2024 aimed to address these issues and 
indicated a high need for a biology-informed framework to establish 
more precise diagnosis and treatment for mental disorders (Kas et al., 
2025a, 2025b).

Furthermore, following the meeting, the steering committee mapped 
out a Precision Psychiatry Roadmap (PPR) initiative for global align
ment and to start implementing such a biology-informed framework for 
mental disorders. The PPR is comprised of three components: 1) 
Developing global alignment on principles and procedures, 2) Building 
consensus on predictive validity of emerging data, and 3) Operational
izing new knowledge into an evolving biology-informed framework (Kas 
et al., 2025b). An important aspect of the PPR involves reaching 

Text box 1. Overview of topics and presenters of the ECNP Precision Psychiatry Roadmap meeting 2025 in Frankfurt, Germany.

Opening lectures

1. Martien J. H. Kas: The ECNP Precision Psychiatry Roadmap Initiative

2. Kim Q. Do: Bridging the gaps towards precision psychiatry: mechanistic biomarkers for early detection and intervention

Session 1: Biomarker development and validation (Chair: Derek Buhl)

3. Michael S. Sand: Biomarker selection and alignment in a global prospective cohort study of clinical high risk for psychosis

4. Rouba Kozak: Precision Medicine and Biomarkers in the Treatment of Depression: Overcoming Challenges in Drug Development and 
Personalized Care

5. Elizabeth M. Tunbridge: Industry perspective and application of precision psychiatry biomarkers

Session 2: Subtyping patient populations (Chair: Peter Falkai)

6. Maria A. Oquendo: Diagnostic formulations in precisions psychiatry

7. Carol Tamminga: Brain-derived measures for psychosis biotyping

8. Nikolaos Koutsouleris: Neuro-imaging markers for precision psychiatry: depression as an example

9. Gitte Moos Knudsen: Multimodal prognostic and predictive biomarkers in major depressive disorders

Session 3: Targeted interventions in stratified patient groups (Chair: Andreas Reif)

10. Brenda W. J. H. Penninx: Immuno-metabolic depression: strategies and treatment options

11. Frank J. Padberg: Patient stratification and psychotherapy

12. Wayne C. Drevets: The future of precision psychiatry: an industry perspective
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consensus on relevant quantitative biological measures for precision 
diagnostics and treatments for mental health conditions. Therefore, at 
the Precision Psychiatry meeting in Frankfurt, the following challenges 
were addressed to inform and provide recommendations to the field: 1) 
How to select and validate relevant biomarkers for mental health con
ditions? 2) How to reach consensus on predictive validity from emerging 
data? 3) How to operationalize new knowledge into an evolving 
biology-informed framework for mental disorders and to deliver preci
sion diagnostics and treatments?

3. Kim Do: bridging the gaps towards precision psychiatry: 
mechanistic biomarkers for early detection and intervention

In the opening lecture, Dr. Kim Do addressed the unique challenges 
faced by precision psychiatry compared to the broader landscape of 
precision medicine. While precision medicine aims to deliver the right 
intervention to the right patient at the right time, psychiatry faces 
additional complexities due to its reliance on symptom-based diagnoses 
and significant clinical heterogeneity. These factors result in treatments 
that are effective for only a proportion of patients and variable treatment 
responses within diagnostic groups. To advance the field, she empha
sized the critical need for quantitative biological endpoints enabling 
precise diagnosis and targeted treatment, coupled with high-accuracy 
predictive tools for early disease stages.

The presentation outlined a comprehensive translational program 
focused on early detection and intervention in schizophrenia, empha
sizing the development of mechanism-based biomarkers that capture 
neural circuitry dysfunction. This approach aims to enable improved 
patient stratification, personalized treatments, and disease progression 
monitoring.

Dr. Do next illustrated how genetic and environmental risk factors 
interact during neurodevelopment, converging upon a central hub 
characterized by neuroinflammation, NMDA receptor hypofunction, 
mitochondrial dysfunction, dopamine dysregulation, and disrupted 
redox balance. These factors generate oxidative stress in a detrimental 
feedforward mechanism, particularly affecting parvalbumin in
terneurons (PVI) and their associated gamma synchronization, while 
also impacting myelination. These alterations lead to structural and 
functional changes in both local microcircuits and long-range connec
tions, crucial for cognitive, affective, and social functioning (Cuenod 
et al., 2022).

Her research has made significant strides in translating preclinical 
models into clinical trials, focusing particularly on cognition, an unmet 
need in transdiagnostic psychiatry. Initial observations revealed 
decreased glutathione levels in the CSF and prefrontal cortex of 
schizophrenia patients (Do et al., 2000), with key glutathione genes 
associated with the disorder (Gysin et al., 2007; Xin et al., 2016). Using 
transgenic models with impaired glutathione synthesis (gclm-/-), her 
team demonstrated high vulnerability to oxidative stress and success
fully reproduced numerous schizophrenia phenotypes, including 
NMDAR hypofunction (Hardingham and Do, 2016) and disruptions in 
PVIs.

A key discovery emerged from Dr. Do's research: the convergence of 
both genetic and environmental risks on oxidative stress-induced PVI 
impairment in the prefrontal cortex as a "final pathway" underlying at 
least some forms of schizophrenia. This finding positioned oxidative 
stress as a pathological mechanistic hub leading to PVI microcircuitry 
and associated neurocognitive impairments (Cabungcal et al., 2014; 
Steullet et al., 2017).

These insights led to successful proof-of-concept clinical studies 
using N-acetylcysteine (NAC), an antioxidant and glutathione (GSH) 
precursor. In chronic schizophrenia patients, NAC supplementation 
improved negative symptoms (Berk et al., 2008) and EEG mismatch 
negativity, an NMDAR-related component (Lavoie et al., 2008). A sub
sequent trial in early psychosis patients demonstrated target engage
ment, with NAC increasing prefrontal glutathione levels and 

improvements in neurocognition, negative symptoms, and structural 
and functional connectivity. Notably, the patient subgroup with high 
blood oxidative markers showed improvement in positive symptoms 
(Conus et al., 2018). If these findings prove reproducible in independent 
samples, using such biomarkers a priori to stratify patients for such 
treatments in clinical trials, they would validate the proposed causal 
mechanism of the "oxidative stress hub".

Dr. Do also presented a novel molecular mechanism linking mito
chondria and oxidative stress-induced PVI impairments, involving dys
regulation of miR-137 – the encoding gene being a GWAS locus strongly 
associated with SZ –, and COX6A2 (a cytochrome C oxidase complex IV 
marker specific to PVI-dysfunction and impaired mitophagy). These 
findings translated to the identification of brain-derived exosomal miR- 
137 and COX6A2 plasma levels as markers of PVI mitochondria alter
ation 19, suitable for use as objective markers for clinical purpose. They 
exhibited remarkable accuracy in patient selection for treatments tar
geting brain mitochondria dysregulation, thus allowing a path toward 
potential validation of the clinical and functional efficacy of forth
coming clinical trials conducted in the early phase of psychosis.

The lecture concluded by highlighting recent findings on brain- 
derived exosomal microRNAs associated with the redox hub as blood- 
based biomarkers for predicting psychosis transition in clinical high- 
risk individuals and its validation in external cohorts. These advances 
demonstrate the potential of brain-derived exosomal miRNAs of the 
redox hub as quantitative mechanism-based biomarkers that capture 
neural circuitry dysfunction for accurate risk prediction (Khadimallah 
et al., 2022). These studies pave the way for more precise, personalized 
approaches in psychosis prevention and early intervention.

Session 1: Biomarker development and validation

4. Michael Sand: biomarker selection and alignment in a global 
prospective cohort study of clinical high risk for psychosis

The Accelerating Medicines Partnership Schizophrenia (AMP® SCZ), 
constitutes an unprecedented global initiative dedicated to under
standing and addressing clinical high-risk (CHR) states for psychosis 
(Wannan et al., 2024). Dr. Michael Sand provided further insight into 
the AMP SCZ study which is a longitudinal observational study that 
follows approximately 2000 CHR participants and 640 matched healthy 
controls over two years across 43 clinical sites. The study assesses a wide 
range of outcomes, including transition to psychosis, remission of CHR 
symptoms, persistence of attenuated psychotic symptoms, and psycho
social functioning. This ambitious project integrates innovative meth
odologies and diverse data stream to predict psychosis progression, 
improve early intervention strategies, and address unmet clinical needs 
in psychiatry. As the largest global effort of its kind, AMP SCZ represents 
a paradigm shift in mental health research by combining predictive 
biomarkers, harmonized global protocols, and open science 
collaboration.

The CHR state is often defined as a prodromal phase where in
dividuals exhibit attenuated psychotic symptoms, brief psychotic epi
sodes, or genetic and environmental risk factors. Despite the significant 
risk associated with CHR states—up to 35% convert to full psychosis 
within ten years—the population exhibits substantial heterogeneity in 
clinical outcomes. Some individuals recover fully, while others experi
ence persistent symptoms or impaired functioning but neither remit nor 
convert. Objective markers predicting risk to develop full-blown 
schizophrenia would therefore be of enormous value, in order to strat
ify patients into risk-adjusted prevention programs.

Current CHR prediction models, although valuable, lack the preci
sion required for personalized clinical applications. Limited individual- 
level prognostic accuracy, heterogeneous assessment tools, and chal
lenges in implementing predictive models in real-world settings hinder 
their utility. Recognizing these gaps, AMP SCZ aims to establish a uni
fied framework for CHR prediction and intervention through large-scale, 
harmonized data collection and analysis.
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The initiative is spearheaded by a public-private consortium that 
includes the U.S. National Institutes of Health (NIH), U.S. Food and Drug 
Administration (FDA), European Medicines Agency (EMA), pharma
ceutical companies, and non-profit organizations. As the first AMP 
project to target a neuropsychiatric disorder, AMP SCZ emphasizes the 
importance of collaborative, precompetitive research to accelerate 
breakthroughs in mental health.

The overarching goal of AMP SCZ is to provide tools to enable the 
selection of enriched patient populations to considerably improve suc
cess in developing pharmacologic treatments for patients with CHR for 
psychosis. The specific objectives include: 

• Developing Predictive Tools for CHR Outcomes

The project seeks to develop and validate multimodal biomarkers, 
including neuroimaging, electrophysiology, fluid biomarkers, and digi
tal phenotyping, to establish early indicators of pharmacologic treat
ment efficacy. 

• Harmonizing Global Research Networks and Creating a Compre
hensive Data Repository

By standardizing assessment protocols across 43 international sites, 
AMP SCZ ensures that findings are generalizable and reproducible 
across diverse populations. Data from the study will be deposited in the 
National Institute of Mental Health (NIMH) Data Archive (NDA), making 
it accessible for secondary research and fostering transparency and 
collaboration.

The project supports the development of precision therapeutics and 
clinical trial frameworks to address the diverse needs of CHR 
individuals.

4.1. Multimodal biomarkers assessed by the AMP-SCZ consortium in the 
CHR population

The study integrates diverse data streams to capture the complexity 
of CHR states: 

• Neuroimaging: Structural MRI, functional MRI, and diffusion- 
weighted imaging protocols are standardized across sites to assess 
brain connectivity and plasticity.

• Electrophysiology: EEG recordings capture neural responses to 
auditory and visual stimuli, providing insights into neural circuitry 
associated with psychosis risk.

• Fluid Biomarkers: Blood and saliva samples are analyzed for genetic, 
immune, and metabolic markers, including polygenic risk scores for 
schizophrenia.

• Digital Phenotyping: Smartphone-based surveys and passive sensing 
(e.g., GPS, accelerometer data) provide real-time behavioral and 
environmental data. Actigraphy devices measure physical activity 
and rest patterns.

• Speech and Facial Expression Analysis: Natural language processing 
and facial recognition algorithms analyze verbal and non-verbal 
communication, offering novel insights into emotional and cogni
tive states.

Other strengths of the initiative include a large and geographically 
diverse sample, Real-Time Data Collection via digital tools, the inclusion 
of feedback from individuals with lived experience of CHR, and an Open 
Science framework promoting transparency and collaboration.

By leveraging global collaboration, harmonized methodologies, and 
innovative technologies, the project aims to transform our understand
ing of CHR states and advance the goal of preventing psychosis onset. As 
the largest and most comprehensive study of its kind, AMP SCZ has the 
potential to catalyze a new era of precision psychiatry, improving out
comes for individuals at risk of psychosis and addressing a critical public 

health need.

5. Rouba Kozak: precision medicine and biomarkers in the 
treatment of depression: overcoming challenges in drug 
development and personalized care

Mental health disorders, particularly depression, pose significant 
global challenges, both economically and in terms of patient outcomes 
(Friedrich, 2017). Depression is a heterogeneous disorder, characterized 
by a wide range of symptoms and underlying mechanisms, which leads 
to substantial unmet medical needs and treatment difficulties (Herrman 
et al., 2022). The drug development process has been hindered by a 
limited understanding of the disorder's biology, outdated preclinical 
models, and the lack of effective, personalized treatments (Carvalho 
et al., 2016). Despite advancements in neurodegenerative disease 
research, neuropsychiatric disorders like depression often receive less 
attention from drug developers due to high costs, long development 
timelines, and lower success rates in clinical trials.

Given the complexity of depression—encompassing a broad spec
trum of symptoms and frequently co-occurring conditions—a one-size- 
fits-all therapeutic approach is inadequate. There is an urgent need for 
new paradigms in depression drug development. Traditional treatments, 
such as selective serotonin reuptake inhibitors (SSRIs), do target some 
underlying biological mechanism of depression, which is probably not 
universal across patients (given that not all patients respond to SSRIs) 
but present only in a subset of patients with depression (Malhi and 
Mann, 2018; Nestler and Hyman, 2010). These treatments often take 
time to show effectiveness, have limited efficacy, and are associated 
with adverse side effects (Herrman et al., 2022). Precision medicine, 
which commonly integrates biomarker-driven strategies, promises to 
optimize treatment outcomes by tailoring treatment approaches to in
dividual patients (Arns et al., 2022; Hampel et al., 2023).

Biomarkers play a crucial role in enhancing treatment strategies for 
depression. Proximal biomarkers are useful for safety and mechanistic 
validation, while distal biomarkers, although more predictive, are less 
practical in clinical trials (Hampel et al., 2018; Wagner, 2008). By 
“proximal,” we mean pharmacodynamic/response and safety bio
markers per BEST—signals that change soon after treatment initiation 
and are used for mechanistic validation and risk monitoring (e.g., 
on-treatment changes in autonomic or actigraphy measures, and 
NfL/GFAP for CNS safety); this is a timing/context-of-use distinction 
rather than an “upstream/downstream” position in a pathway. By 
“distal,” we mean predictive and prognostic biomarkers baseline or 
longer-horizon measures that estimate likelihood of benefit (predictive) 
or natural disease course (prognostic); while informative for enrichment 
or long-term outcomes, they are less practical to implement broadly in 
trials. Drawing lessons from Alzheimer’s disease, where structured 
biomarker frameworks (e.g., AT(N)) have improved patient selection, 
diagnostic accuracy, and therapeutic targeting, a similar strat
ification/monitoring approach can be applied to depression to address 
diagnostic inaccuracies, heterogeneity, and limited efficacy of current 
treatments (Jack et al., 2013).

Single-domain biomarker approaches have consistently fallen short 
in capturing the biological complexity of brain disorders. Advances in 
omics technologies, combined with AI-driven computational modeling 
and multimodal integration, are now essential for identifying clinically 
meaningful biomarkers and enabling precision medicine. Integrating 
omics, neuroimaging, EEG, and digital health data with machine 
learning can enable accurate patient stratification, dynamic disease 
tracking, and prediction of individualized treatment response, acceler
ating drug development and improving care beyond traditional antide
pressants, which are often slow-acting and ineffective for many patients.

The FDA’s Biomarkers, BEST (Biomarkers, EndpointS, and other 
Tools) guidance provides a framework for incorporating biomarkers into 
drug development, despite challenges related to validation, standardi
zation, and ethical considerations (FDA-NIH Biomarker Working Group, 

M.J.H. Kas et al.                                                                                                                                                                                                                                European Neuropsychopharmacology 105 (2026) 112762 

4 



2016). A multimodal biomarker strategy—integrating genetic, neuro
imaging, molecular markers, and clinical parameters—could revolu
tionize depression treatment by improving diagnostic accuracy, patient 
stratification, and therapeutic strategies (Paul and Potter, 2024).

Standardizing and harmonizing data in large clinical datasets is 
essential for identifying reliable biomarkers for major depressive dis
order (MDD) and other serious mental illnesses (Strawbridge et al., 
2017; Umbricht et al., 2024). Technologies, such as genomics, tran
scriptomics, proteomics, and metabolomics, are expected to provide 
deeper insights into the mechanisms of depression, revealing unique and 
shared biological pathways. These advances allow for the identification 
of novel endophenotypes—distinct biological markers that explain 
variability in depression and treatment responses, enabling personalized 
treatment strategies (Hu et al., 2022).

In response to the need for a deeper understanding of depression and 
treatment variability, the Foundation for the National Institutes of 
Health (FNIH) has launched an initiative to conduct a large-scale 
naturalistic study to generate a comprehensive, harmonized clinical 
dataset. This study aims to identify patient characteristics that predict 
differential treatment responses, focusing on participants with moderate 
to severe depression. Data collection will include molecular and fluid 
biomarkers, imaging, digital, and clinical assessments, providing valu
able insights into the pathophysiology of depression and the develop
ment of more effective, targeted therapies.

5.1. Key recommendations for advancing depression treatment through 
precision medicine

• Leverage Multi-Biomarker Approaches: Evaluate whether a combi
nation of biomarkers can improve diagnosis, patient stratification, 
and treatment selection, targeting the underlying biological mecha
nisms of depression

• Enhance Understanding of Brain Biology: Increase research into the 
complex brain networks involved in depression, using molecular and 
fluid biomarkers, imaging, and digital tools to identify modifiable 
biological targets.

• Advance Drug Development with Technology: Integrate neurosci
ence, data science, and machine learning to optimize clinical trial 
designs, accelerate personalized treatment development, and refine 
patient responses.

• Foster Collaboration Across Sectors: Promote partnerships between 
academia, industry, and regulatory bodies to incorporate biomarkers 
early in the drug development process and facilitate the development 
of reliable biomarkers.

• Personalize Treatment Approaches: Move beyond generalized 
treatments to develop therapies tailored to individual patients, 
improving efficacy and reducing adverse effects.

• Integrate Real-World Data for Continuous Improvement: Invest in 
data-driven approaches, incorporating longitudinal data and digital 
health technologies, to monitor treatment progress and refine stra
tegies over time.

Through the integration of emerging technologies and biomarker 
strategies, depression treatment can progress toward more effective and 
personalized therapies. The FNIH's large-scale study and public-private 
partnerships illustrate the potential of precision medicine to address 
the complexities of depression, ultimately improving patient outcomes 
and accelerating the pace of psychiatric drug discovery.

6. Elizabeth Tunbridge: industry perspective and application of 
precision psychiatry biomarkers

Dr. Elizabeth Tunbridge, Director of Translational Neuroscience at 
Boehringer Ingelheim, discussed the current state and future directions 
of stratification and treatment response biomarkers in neuropsychiatry 
from a drug discovery perspective.

She highlighted the gap between the current clinical diagnostic 
criteria and the individual experiences of patients: many symptoms cross 
diagnostic boundaries and, conversely, there is substantial heterogene
ity within a single diagnostic group. As a result, patients receive care on 
a trial-and-error, rather than tailored, basis. There is a need for more 
precise, biologically-based approach, grounded in the holistic and 
changing needs of the individual patient.

A major barrier to achieving this goal is the lack of validated bio
markers, including predictive biomarkers, to enable patient stratifica
tion, and monitoring biomarkers, to reliably assess treatment response. 
Such biomarkers should be objective and quantitative at the level of the 
individual, and should index some aspect of biological function, even if 
indirectly.

There is currently a trade-off between the extent to which potential 
stratification biomarkers directly index brain function vs. their scal
ability. For example, it is feasible to use neuroimaging measures in early 
clinical development, but this becomes more challenging in late-stage 
trails and in routine clinical practice, at least within the current clin
ical framework. Notably, if sufficiently predictive, stratification bio
markers may ultimately feed into the development of new, biologically- 
based diagnostic schemes. To maximize utility in clinical practice, tests 
used to guide diagnosis and treatment pathways should serve the di
versity of available therapies and therefore should not be proprietary, 
emphasizing the need for precompetitive collaboration in this area.

The detailed requirements for treatment response biomarkers 
changes subtly across clinical development. In early-stage development, 
there is a need for rapid and sensitive readouts of clinical efficacy, even 
if these represent a significant operational burden. In later clinical 
development, treatment response biomarkers need to be suitable for 
collection at scale and accepted by regulators. It would be beneficial for 
such biomarkers to be suitable for longitudinal and remote assessment, 
to capture the true clinical picture and to minimize positive trial effects 
resulting from increased clinical contact. Ultimately, there is a need for 
novel biomarkers and endpoints that can be integrated into clinical 
practice, are accepted by payors and – crucially – index the symptoms 
that most matter to patients and their advocates.

Current approaches to the identification of both stratification and 
response biomarkers focus on either mechanism of action-driven ap
proaches (Krystal et al., 2020), which require a priori hypotheses about 
the nature of putative biomarkers, or data-driven approaches (Wu et al., 
2020), which require de novo data collection and therefore likely in
creases the size of early clinical studies. It is possible that the collection 
of large-scale, deeply-phenotyped datasets will ultimately help to bridge 
the gap between these currently distinct approaches.

In conclusion, Dr. Tunbridge emphasized that, although challenging, 
realizing the goal of precision psychiatry will be highly beneficial to all 
stakeholders. She highlighted the importance of centering the patient – 
by measuring and treating the symptoms that matter – and the need for 
collaboration with all key stakeholders to achieve these goals.

Session 2: Subtyping patient populations

7. Maria A. Oquendo: diagnostic formulations in precisions 
psychiatry

Dr. Maria Oquendo, Professor and Chair of the Department of Psy
chiatry at the University of Pennsylvania, discussed the future strategy 
for the DSM. She began by listing the critiques of the DSM, including its 
atheoretical nature, categorical diagnoses, and reliance on expert 
consensus rather than empirical data. Dr. Oquendo highlighted the re
alities that underpin these characteristics and emphasized the need to 
move towards integrating evolving knowledge, including advances in 
biomarkers, measurements, and classification models.

Dr. Oquendo underscored the importance of harmonizing the DSM 
with the ICD to facilitate global communication about psychiatric di
agnoses. She also noted the need to address comorbidity, which suggests 
that current diagnoses are imprecise.
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She outlined the structure of the DSM committee, which includes 
experts from various fields and aims to develop a strategic roadmap for 
future updates. The committee has formed subcommittees focused on 
structure and dimensions, functioning and quality of life, biomarkers, 
and social determinants of mental health.

Emphasizing the importance of integrating social determinants of 
mental health, culture, functioning, and quality of life into psychiatric 
diagnoses, Dr. Oquendo also stressed the need for the DSM to become a 
living document that can be updated in real time to reflect new 
discoveries.

The committee aims to move away from theoretical agnosticism and 
embrace the biological nature of psychiatric conditions as well as the 
impact of environmental effects. Dr. Oquendo highlighted the impor
tance of placeholders for biomarkers and tools for assessing quality of 
life and function. She also mentioned the need to involve people with 
lived experience and clinicians in the discussion to ensure the DSM 
meets the needs of all stakeholders.

Dr. Oquendo concluded by expressing the committee's commitment 
to making the DSM a flexible and plastic system that can integrate new 
knowledge as it evolves. She invited input from diverse perspectives to 
improve the DSM so it remains relevant, current and useful.

8. Carol Tamminga: brain-derived measures for psychosis 
biotyping

Dr. Carol Tamminga, Professor and Chair of Translational Research 
in Psychosis at UT Southwestern Medical Centre in Dallas, presented on 
the B-SNIP (Bipolar and Schizophrenia Network for Intermediate Phe
notypes) study.

The time has come for discovering and verifying neural biomarkers 
as they present across dimensions of psychopathology (e.g., psychosis, 
depression, aggression) and to attempt to define disease entities by 
biomarker clusters. This method asks not what biomarkers characterize 
a diagnosis (e.g., starting with schizophrenia or Major Depression) but, 
what biological characteristics coalesce within a dimension of psycho
pathology, across diagnoses. In this fashion, the outcome is not merely 
the same disease distribution as already known, but a new disease 
construct based on agnostic neural biological measures, or ‘biomarkers’ 
for short. The Bipolar-Schizophrenia Network for Intermediate Pheno
types (B-SNIP) consortium has measured a family of biomarkers, 
including cognition, electrophysiological markers, and imaging, across 
five sites in the United States. In the first phase, when the outcomes were 
not yet known, a large, rational list of biomarkers that were previously 
demonstrated to be interesting for psychotic disorders was organized, 
and individuals with psychosis were recruited with the expectation that 
some biomarkers would fall on each of the diagnoses. However, the 
outcome was different: no biomarkers fell on any of the conventional 
diagnoses with enough power to diagnose. Thus, the conventional di
agnoses were removed from the probands, and an analysis was per
formed to assess which biomarkers clustered together. Instead, when the 
probands were grouped based on biomarker commonality rather than 
conventional diagnoses, the biomarker-defined groups fell into 3 clus
ters which we named B-SNIP Biotype-1, − 2 and − 3 (Clementz et al., 
2022; Tamminga et al., 2022). To increase the utility of the B-SNIP 
Biotypes, the B-SNIP Consortium is conducting several experiments to 
test hypotheses about clinical outcomes to advantage clinical care. For 
example, the B-SNIP data showed that clozapine increases intrinsic EEG 
activity (IEA) in brain in all Biotypes, but clozapine normalized IEA in 
B-1 only. This led us to hypothesize that clozapine will have antipsy
chotic action specifically in B-1, but not in B-2 or B-3. In a second study, 
it was hypothesized that people with Early Psychosis would respond 
differentially to multi-specialty treatments provided in Early Psychosis 
programs based on Biotype (B-3>B-2>B-1). This study is now recruiting 
Early Psychosis individuals, biotyping them and involving them in an 
early psychosis program near where they live. These young people will 
be assessed after 1 year to test which Biotype group has progressed most 

with the treatment. Additionally, Dr. Tamminga is working with a 
startup pharmaceutical company to bring to market a drug for Cognitive 
Dysfunction in Schizophrenia; the project is very early and there are no 
public data yet.

Finally, Dr. Tamminga highlighted the application of stem cell lines 
derived from individuals with different Biotypes to study psychosis 
pathophysiology. These cell lines have revealed differences in action 
potentials between the Biotypes, suggesting potential ion channel de
fects in certain Biotypes. These research approaches underscore the 
importance of biological diagnoses in understanding and treating psy
chosis. Dr. Tamminga concluded by emphasizing the power of molecular 
diagnoses and the promise of precision psychiatry for patients and their 
families.

9. Nikolaos Koutsouleris: neuro-imaging markers for precision 
psychiatry: depression as an example

In his presentation, Dr. Nikolaos Koutsouleris explored the applica
tion of neuroimaging biomarkers to refine the classification and man
agement of psychiatric disorders, particularly focusing on depression. 
Traditionally, psychiatric disorders, including depression, are diagnosed 
based on a multitude of clinical symptom combinations, which not only 
leads to clinical heterogeneity but produces the enormous biological 
variability within this diagnostic group. This heterogeneity manifests in 
the lack of imaging-based diagnostic separability of patients with 
depressive disorders (Winter et al., 2024) and may underlie treatment 
response variability, with current therapies only benefiting a subset of 
individuals within this diagnostic category.

Using machine learning techniques, Dr. Koutsouleris and colleagues 
analyzed neuroimaging data from patients with depression and schizo
phrenia, achieving a 76% balanced accuracy in distinguishing these two 
conditions. The key factors determining this neuroimaging-based sepa
rability were the age of onset and brain age. Patients with early-onset 
depression exhibited brain patterns more akin to schizophrenia, 
particularly when associated with accelerated brain aging. This suggests 
that early-onset depression may not be a homogeneous condition but 
could represent a distinct neurobiological phenotype, potentially 
bridging the schizophrenia spectrum. These findings underscore the 
importance of integrating neurobiological factors into psychiatric 
diagnosis to account for individual differences in clinical presentation 
and brain aging.

To further address heterogeneity in depression, Dr. Koutsouleris 
presented a clustering approach applied to the clinical-behavioral data 
of a transdiagnostic sample of the PRONIA study, which included pa
tients with first-episode psychosis, first-episode depression and clinical 
high-risk individuals (Dwyer et al., 2022). Using an oncology-inspired 
model for subtype analysis, the team identified four primary factors: 
positive symptoms, negative symptoms, depression severity, and func
tional impairment. These factors were associated with distinct clinical 
and brain-based phenotypes, with some depression patients displaying 
patterns characteristic of schizophrenia, particularly in terms of cortical 
impoverishment. This highlights the challenge of defining depression 
solely by symptomatology and suggests that neuroimaging data could 
offer valuable insights into disease mechanisms.

Furthermore, Dr. Koutsouleris demonstrated how insights from 
neurodegenerative conditions, such as behavioral variant fronto
temporal dementia (bvFTD), could inform the study of psychiatric dis
orders. By applying a classifier trained on neuroimaging data from 
bvFTD patients and healthy cohorts, the team observed diagnostic 
alignment of structural brain patterns in patients with schizophrenia 
(41% of cases), and major depression (22% of cases). This gradient of 
increasing neuroanatomical similarity may point to subtle trans
diagnostic commonalities in brain system pathology, particularly in 
regions involved in salience processing, suggesting potential neurode
generative features in certain depression subtypes. Dr. Koutsouleris 
showed that increasing “bvFTD-likeness” was associated with worse 
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clinical outcomes in depression and psychosis, suggesting that this ‘in- 
silico’ biomarker holds prognostic value for preventive treatment 
strategies.

In a further longitudinal analysis, Dr. Koutsouleris and colleagues 
used neuroimaging data to predict the onset of clinical high-risk (CHR) 
states in patients with depression. A predictive model that integrated 
neuro-imaging biomarkers, including B-V-FTD likeness and mixed syn
drome classifiers, achieved a 70% balanced accuracy in forecasting the 
development of CHR symptoms. This model highlighted the importance 
of using biological data to predict disease progression and outcomes, 
offering a new avenue for targeted interventions in at-risk populations.

In conclusion, Dr. Koutsouleris emphasized the need for a shift to
ward precision psychiatry, where diagnoses and treatments are 
informed by a combination of clinical symptoms and neurobiological 
markers. By integrating biomarkers such as neuroimaging into clinical 
practice, psychiatry can overcome limitations of symptom-based tax
onomy, improving diagnostic accuracy, treatment efficacy, and patient 
outcomes. The findings discussed in this presentation advocate for a 
more refined approach to understanding psychiatric disorders, particu
larly depression, through the lens of neurobiology and precision 
medicine.

10. Gitte Moos Knudsen: multimodal prognostic and predictive 
biomarkers in major depressive disorders

The treatment of Major Depressive Disorder (MDD) is currently 
based on a “one-size fits all” approach where up to 30% of patients do 
not respond to first- or second-line antidepressants (Rush et al., 2006). It 
is now recognized that the lack of prognostic biomarkers is due to a vast 
heterogeneity within the clinical population diagnosed with MDD. Dr. 
Gitte Moos Knudsen subsequently pointed out that the goal of precision 
medicine is to identify biological, psychological, and environmental 
factors, aka predictive biomarkers, that can be leveraged to personalize 
treatment for each individual patient, thereby enhancing the quality of 
care. Previous attempts to identify predictive biomarkers in MDD have 
typically focused on one or two candidate biomarkers, an approach 
which has had limited success (Kennis et al., 2020) and have yielded 
results that have been difficult to replicate with independent data. It was 
here proposed that if the individual biomarkers truly reflect the same 
biological pathophysiology, a multi-domain approach where biomarkers 
are combined should in theory be superior to generate a predictive 
power. This hypothesis was tested based on nine neuroimaging, bio
logical and psychological biomarkers for recovery after antidepressant 
treatment in MDD.

The NeuroPharm 1 project is a naturalistic trial (NCT02869035) 
(Köhler-Forsberg et al., 2020) where non-psychotic and 
antidepressant-free patients (mean age 27 years, range 18–57) with 
moderate to severe MDD initiated escitalopram treatment (with the 
option to switch to duloxetine, if needed) and are followed up at 4, 8, 
and 12 weeks. Symptom severity was assessed with the Hamilton 
Depressive Rating Scale 6 (HAMD-6) at baseline (n = 90), week 4 (n =
89), 8 (n = 87) and 12 (n = 85). Recovery was defined as ≥50% 
reduction in symptoms compared with baseline and primary clinical 
endpoint was recovery status at week 8. Before starting antidepressant 
treatment, patients were phenotyped with a wide range of question
naires, cognitive testing, blood biochemistry, brain scans, and EEG. 
Based on baseline deviations from healthy controls and on unimodal 
predictive power, nine candidate biomarkers that were considered good 
candidates as a part of multimodal predictive biomarkers were selected. 
These included 1) brain serotonin 4 receptor (5-HT4R) binding 
(Köhler-Forsberg et al., 2023); 2) orbitofrontal cortical thickness 
(Beliveau et al., 2022); 3) EEG-assessed vigilance regulation (Ip et al., 
2021); 4) cognition (Dam et al., 2021); 5) cortisol awakening response 
(Vulpius et al., 2023); 6) high-sensitivity C-reactive protein (hs-CRP); 7) 
depressive symptom severity; 8) self-reported childhood trauma; 9) and 
self-reported trait Neuroticism.

Two predictive models were considered: a logistic regression (linear 
effects on the logit scale) and a Random Forest approach (non-linear 
effects), with age, sex and the nine biomarkers as predictors. The com
bined predictiveness of the candidate biomarkers based on the Area 
Under the Curve (AUC) of the predictive model was assessed in a 25-fold 
cross-validation framework. The relevance of each biomarker was 
assessed using Wald regression tests in a logistic model, adjusted for 
multiple comparisons using a max-test approach.

The logistic regression model showed limited discriminative power 
at week 8 (AUC=0.62, p = 0.059) while the Random Forest model 
showed poor discriminative power (AUC=0.48, p = 0.71). At week 12, 
both the logistic regression (AUC=0.62, p = 0.098) and Random Forest 
(AUC=0.64, p = 0.044) model showed limited discriminative power at 
week 12. Although a trend was observed for EEG-vigilance, orbitofrontal 
cortex thickness and cognition to be associated with remission at week 8 
in the logistic model (p-values between 0.01–0.097 before adjustment, 
all above 0.09 after adjustment), combining the unimodal biomarkers 
did not convincingly outperform single biomarkers. Future analyses 
should test if machine learning approaches can lend more support for 
identification of predictive multimodal biomarkers in MDD.

The models employed did not provide much evidence that combining 
biomarkers generated a consistent picture of underlying pathophysi
ology in MDD. With machine learning approaches, however, more var
iables can be taken into account and this strategy is currently being 
pursued. Keeping in mind that the goal is to predict individual responses 
to treatment, a single-site sampled cohort of 100 unmedicated patients 
with MDD where significant co-morbidity has been excluded should be 
enough for this validation. While some evidence that specific candidate 
biomarkers may help predict patient recovery was found, reliable or 
clinically relevant probabilities of recovery for any time point could not 
be obtained. In addition, the associations between individual bio
markers and treatment response can highly vary across the different 
timepoints, emphasizing that both follow-up time points and outcome 
measures should be chosen with great care in future precision medicine 
studies. Biomarker research is also hampered by differences across trials 
in how to define responder/non responder groups, and which scales to 
employ. It is proposed that the field could move faster forward if data 
from large, completed company-based trials on a pre-competitive basis 
could be made available to the field. Instruments to provide resources 
that can make open science a reality would be highly welcome.

Session 3: Targeted interventions in stratified patient groups

11. Brenda Penninx: immuno-metabolic depression: strategies 
and treatment options

Psychiatric disorders are heterogeneous conditions with diverse 
symptom and course profiles. This complicates pathophysiological 
studies as different biological and environmental mechanisms could lead 
to the same disorders. Unravelling this heterogeneity is important to be 
able to provide precision medicine. Dr. Brenda Penninx’s research il
lustrates the importance of disease heterogeneity with the example of 
depressive disorder (depression), a common disorder with large public 
health impact. Unfortunately, in the last three decades we have not seen 
a reduction in the impact of depression on our society, as depression 
continues to be listed as one of the top conditions with the highest dis
ease burden worldwide (Herrman et al., 2022).

The heterogeneity of depression can be seen at various levels. For 
instance, heterogeneity exists at the level of environmental factors that 
contribute to depression risk, with certain patients clearly reporting the 
presence of strong environmental stressors (such as childhood trauma, 
life events, or socioeconomic situation) whereas others are lacking such 
stressors. Heterogeneity also exists at the pathophysiological level. The 
most recent large-scale genome-wide study of depression – involving 
almost 700 K persons with depression and 2 million controls – yielded 
almost 700 genome-wide significant hits (Adams et al., 2025). Exam
ining the functional annotation of these genetic variants confirms the 
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role of brain processes and neuronal dysregulation in depression. 
However, depression also shares genetic variants and pathways with 
cardiovascular traits, such as metabolic and inflammatory biomarkers 
(Bergstedt et al., 2024). These findings are in line with the fact that also 
at the phenotypic level depression is linked both to dysregulation of 
brain function as well as to metabolic syndrome, dyslipidemia, inflam
mation and dysregulated energy metabolism (Marx et al., 2023). In 
addition, although these pathophysiological dysregulations have been 
consistently linked to depression, not all persons with depression pre
sent all these dysregulations to the same extent. In fact, most depressed 
individuals do not present with e.g. metabolic syndrome or inflamma
tion. This clearly illustrates that there is extensive heterogeneity in the 
extent to which different pathophysiological mechanisms are present in 
individuals.

Another relevant source of heterogeneity in depression stems from 
symptom presentation. Depression is classified according to nine key 
symptoms including depressed mood, anhedonia and various cognitive 
and somatic symptoms. However, there is huge variation in the specific 
symptoms that individuals with depression have. Certain symptoms – 
such as sleep and appetite problems – can even have opposite directions 
in patients, either too much or too little sleep/appetite. Examining 
which specific symptom profiles link to underlying pathophysiology, 
could help the identification of specific forms of depression that are less 
heterogeneous in their presentation and etiology.

Using large-scale cohort data from the Netherlands Study of 
Depression and Anxiety (NESDA), Penninx et al. have illustrated 
through a data-driven approach the existence of a subgroup of in
dividuals with ‘immuno-metabolic depression’. In this subgroup, 
comprising 25–30% of all depressed persons in NESDA, a clustering of 
atypical, energy-related symptoms was found (including gaining weight, 
hyperphagia, loss of energy, leaden paralysis, hypersomnia) with 
immune-metabolic dysregulations (including high levels of inflamma
tory biomarkers (CRP, IL6, glycoprotein acetyls) and metabolic dysre
gulations (abdominal obesity, dyslipidemia, insulin and leptin 
resistance) (Milaneschi et al., 2020; Penninx et al., 2025). This supports 
the hypothesis that immune and metabolic abnormalities cluster with a 
specific depressive symptom profile. Identification of this form of 
immunometabolic depression may have relevance for clinical practice. 
It has been shown that persons with immunometabolic depression 
characteristics respond more poorly to standard anti-depressants, and 
may be more responsive to anti-inflammatory or lifestyle interventions. 
Various studies are currently underway to further test this. When doing 
so, researchers should put individual trial data together to arrive at the 
needed scale for testing and validating stratified treatment approaches 
(Penninx et al., 2025).

In conclusion, what this line of research clearly indicate is the large- 
scale cohort studies could help identify clustering of specific patho
physiological mechanisms with relevant symptom dimensions within a 
specific patient group. Next, cross-disorder studies are necessary to 
illustrate to what extent such a symptom-pathophysiology clustering 
crosses diagnostic boundaries. Immuno-metabolic dysfunction as well as 
atypical, energy-related mood symptoms are also present in other psy
chiatric conditions, including e.g. bipolar disorder and psychosis. This 
illustrates the need for future research to focus on harmonizing cohort 
and trial data to arrive at validated and data-driven precision medicine 
approaches in psychiatry.

12. Frank Padberg: patient stratification and psychotherapy

Dr. Frank Padberg discussed the role of patient stratification in the 
field of psychotherapy. He highlighted the individualized nature of 
psychotherapy and the importance of validity for psychological models 
and interventions.

He began by outlining the current state of stratification in psycho
therapy, noting that while digital interventions, standardized methods 
and manuals guide practice, psychotherapy is naturally highly 

individualized. It comprises a large variety of mostly psychological in
terventions, which vary in terms of time per session, frequency of ses
sions and length of overall treatment with at its maximum over 200 
individual of sessions applied over years. Thus, a term ‘precision psy
chotherapy’ (Martinez-Aran and Vieta, 2022) (analogous to ‘precision 
psychiatry’) has not yet been coined, and the field would be reluctant to 
do so. Lastly, differential efficacy of psychological interventions in some 
fields (e.g. in depression) is not easily demonstrated, leading to the 
notion that psychotherapies are equally effective (known as the ‘Dodo 
Bird Verdict’). This phenomenon is also represented in some clinical 
guidelines. Looking with this background at the topics of potential 
theragnostic markers and stratification, one can readily say that there is 
a long list of criteria that could be used for stratification: disease severity 
scores, risk predictors (e.g. Leeds Risk Index), complexity of the condi
tion (co-morbidities), demographic information, socio-economic char
acteristics, disease subtypes, additional clinical information, and 
biomarkers. Among these, mostly severity measures and risk indices 
have been applied for stratification in clinical studies. In contrast, 
numerous biological parameters have been investigated in psychother
apy research as well (e.g. fMRI activation markers in critical brain re
gions), and many small studies with significant findings have been 
published; however, validated biomarkers are still missing.

Dr. Padberg presented two examples of stratification studies based 
on clinical information. Delgadillo et al. (2022) conducted a pragmatic, 
multisite, single-blind RCT (randomization clustered by clinicians) 
involving four Improving Access to Psychological Therapies (IAPT) 
services in northern England. Clinicians involved were psychological 
well-being practitioners who conducted initial assessments in the 
participating services and were qualified in low intensity psychological 
interventions. Patients seeking treatment for common mental disorders 
(MDD, PTSD, OCD, body dysmorphic disorder, phobias, and other 
anxiety disorders) were randomized to either a stepped-care or a strat
ified approach both providing a low or a high intensity intervention. The 
latter was based on the recommendation of a machine learning algo
rithm with participant-reported input measures of depression, anxiety, 
functional impairment, personality traits, employment status, and race 
and ethnicity. The low intensity intervention included cognitive 
behavioral therapy (CBT)-based, coping skills, of up to 8 sessions (30 
min) that were administered under various settings, whereas the high 
intensity interventions included up to 20 sessions (50 min) and 
evidence-based psychotherapy (PT)(CBT, person-centered experiential 
counseling for depression, or Eye Movement Desensitization and 
Reprocessing (EMDR)). The authors found that stratified treatment 
performed better than stepped care.

Another study investigated migrants and refugees from Syria and 
Afghanistan living with depressive symptoms. Dr. Padberg described a 
study involving refugees from Syria and Afghanistan, which used a 
stratified care model based on the Patient Health Questionnaire-9 (PHQ- 
9) to determine the level of intervention needed (Böge et al., 2022). The 
Mental health in Refugees and Asylum Seekers (MEHIRA) trial was a 
multicenter randomized controlled trial in Germany that evaluated a 
stepped and collaborative care model (SSCM) that included culturally 
adapted digital applications, group interventions, and individual psy
chotherapy. In the SSCM model, participants were stratified to these 
interventions according to symptom severity as measured with the 
PHQ-9. The study showed that the stratification SSCM model was 
cost-effective and superior to treatment as usual (TAU) in reducing 
depressive symptoms with several key predictors of symptom 
improvement. Thus, both trials represent examples of successfully 
introducing stratified treatment based on clinical information in mental 
health care.

Next, Dr. Padberg introduced the concept of using childhood 
maltreatment as a further source of information for stratifying psycho
logical interventions. Generally, a developmental model (Draper et al., 
2024) could provide a heuristic framework for the discovery of ther
agnostic markers covering essential domains of development (e.g. 
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nutrition and health, education and cognition) during childhood and 
adolescence. Adverse Childhood Experiences (ACE) and more interper
sonally expressed child maltreatment (i.e. the WHO term) may hamper 
of even disrupt healthy development. Thus, impaired somatic and 
mental health have been associated with ACEs. A recent transdiagnostic 
study by Dr. Padberg’s group that included individuals with borderline 
personality disorders and chronic depression, showed that a novel hi
erarchical clustering approach of Childhood Trauma Questionnaire 
(CTQ) subscale information predicted depressive symptoms and loneli
ness (Goerigk et al., 2024, 2023). This CTQ clustering approach was 
then applied to the large data set of a multicenter randomized controlled 
trial (RCT) where individuals with an early onset chronic depression 
were randomized to two types of psychotherapy: 1) a therapy model that 
included ACE information and provided an array of methods to target 
dysfunctional interpersonal patterns and their associated self-concepts 
(i.e. Cognitive Behavioral Analysis System of Psychotherapy; CBASP); 
and 2) a supportive psychotherapy (SYSP) model, which was provided as 
active comparator (Schramm et al. 2017). In this study, the CTQ clusters 
were qualitatively replicated and clearly predicted the differential 
treatment outcome between CBASP and SYSP during the acute study 
phase and a 2-year follow-up. Thus, for people with higher CTQ scores in 
several domains, CBASP was more effective than SYSP, whereas in 
clusters with lower CTQ scores, both treatments were equally effective. 
Taken together, CM and ACE information could be clearly valuable for 
clinically informing psychological interventions. In addition, this 
perspective may theoretically open new avenues for discovering ther
agnostic markers guiding stratification in psychotherapy (Berens et al., 
2017).

Dr. Padberg further highlighted the stratification potential of 
modular psychotherapy, which combines elements from various thera
peutic models to address the specific needs of patients. He presented a 
study by Schramm et al. (2024) that compared modular psychotherapy 
to conventional CBT in patients with depression and early trauma. In
dividuals with depression, but also relevant comorbidities (e.g. anxiety 
disorders, personality disorders and posttraumatic stress disorder) and a 
history of ACEs were treated with CBT or with modular psychotherapy 
where CBT can be combined with CBASP, mentalizing and mindfulness 
elements according to their individual profiles of interpersonal and 
emotional problems. This pilot RCT clearly demonstrated the feasibility 
of modular psychotherapy and observed superiority in single clinical 
domains, though there was no difference between treatment arms at the 
limited sample size. Thus, a next generation of studies could for example 
compare stepped- and stratified care approaches based on modular 
psychotherapy interventions.

Finally, Dr. Padberg pointed out that psychotherapy research should 
create synergies with the fields of precision psychiatry as psychotherapy 
includes a continuous diagnostic process, e.g. providing context infor
mation about patients' real-life interactions with others or their 
emotional responses to stress. Beside clinical information, validated 
rating scales, tests, and interviews including patient reported outcome 
measures (PROMs), dynamic measures as ecological momentary as
sessments (EMA), as well as biological markers could be obtained during 
this process. Thus, psychotherapy could be a unique ‘discovery model” 
for developing valid theragnostic markers that inform the differential 
application of psychological interventions in mental health care.

13. Wayne Drevets: the future of precision psychiatry: an 
industry perspective

Dr. Wayne Drevets provided a forward-looking industry perspective 
on precision psychiatry and discussed examples from recent J&J clinical 
trials in MDD.

Psychiatric nosology has struggled to advance beyond the extant 
syndromic classification, in which diverse clinical symptoms and 
behavioral signs are compiled to define a disorder, toward a classifica
tion based on pathophysiology. This limitation hinders the discovery of 

new treatments for psychiatric disorders on multiple levels. Firstly, the 
lack of certain knowledge regarding the pathophysiology of psychiatric 
disorders obscures paths to novel mechanistic targets that may prove 
therapeutic for some patients. Secondly, the absence of clinical ap
proaches for identifying the patients most likely to benefit from a novel 
treatment mechanism interferes with the ability to show superiority in 
efficacy relative to currently available treatments that are generically 
available, because the biological heterogeneity encompassed within the 
syndromic diagnostic constructs contributes to variability in the clinical 
response to new treatments. Without differentiation in efficacy, how
ever, many payor systems have been reluctant to value novel treatments 
over the current standard of care—which is priced too low to support the 
research and development costs that companies incur while bringing a 
new drug through development and regulatory approval. Precision ap
proaches for identifying biologically based subgroups of psychiatric 
disorders for stratification in clinical trials thus have become essential to 
the development of new treatments.

To develop such approaches, companies have tested a variety of 
precision approaches for identifying the patients most likely to benefit 
from a novel therapeutic mechanism. At the simplest level, several 
companies are using the pharmacodynamic biomarker of being non- 
responsive to conventional monoamine reuptake inhibiting antidepres
sants to demonstrate the superior efficacy of a new treatment versus 
standard of care treatments. For example, in randomized, controlled 
trials patients with treatment-resistant MDD randomized to receive 
esketamine nasal spray demonstrated greater improvement in MADRS 
scores than placebo when both treatments were administered either in 
conjunction with a newly added SSRI/SNRI antidepressant or as a 
monotherapy (Kim et al., 2019; Reif et al., 2023), and greater 
improvement versus quetiapine XR when each drug was administered in 
conjunction to an continued treatment with an SSRI or SNRI antide
pressant (Reif et al., 2023). In these studies, treatment resistance was 
defined as having not responded to two different antidepressant phar
macotherapies within the current major depressive episode, each 
administered at an approved therapeutic dose for an adequate treatment 
duration.

Other studies in MDD that tested compounds with novel, highly se
lective mechanisms hypothesized to act synergistically with monoamine 
reuptake inhibiting antidepressants instead selected patients who had 
partially (but inadequately) responded to an antidepressant, comparing 
the efficacy of adding the new treatment versus placebo for augmenting 
the antidepressant effect. Such study designs held the advantage of 
eliminating the need to prove a novel treatment’s efficacy was superior 
to that of a standard of care antidepressant treatment in a head-to-head 
randomized controlled trial (a feat which has been an extremely high 
bar for new antidepressant therapies to hurdle). Based on the selectivity 
of some of these new treatments for mechanisms that regulate circuits 
with known behavioral or symptom outputs, nascent precision ap
proaches were tested for the ability to enrich the study participants for 
the likelihood of responding to the new treatment. While many com
panies are endeavoring to develop circuit-based biomarkers and preci
sion approaches to refine subject selection, as well as to develop more 
objective outcome measures, two studies sponsored by Johnson & 
Johnson merit comment.

One set of studies evaluated the antidepressant efficacy and safety of 
the selective orexin-2 receptor antagonist, Seltorexant, as both a mon
otherapy and as an adjunctive therapy in MDD. Because this mechanism 
had soporific effects and the excessive signaling of orexin-2 receptors 
was hypothesized to contribute to insomnia and other hyperarousal 
symptoms in MDD, the study participants were stratified a priori based 
on insomnia symptoms. In Phase 2 proof of concept (POC) trials the 
patient subgroups with higher levels of insomnia showed greater 
improvement in MADRS scores relative to placebo, whether adminis
tered as monotherapies or as adjunctive therapies to the current SSRI/ 
SNRI antidepressant to which the patient had shown inadequately 
responsive (Mesens et al., 2025; Savitz et al., 2021). This nascent 
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precision approach currently is being tested in Phase 3 studies.
Another program assessed the antidepressant efficacy and safety of 

the selective κ-opioid receptor antagonist, aticaprant, in participants 
with MDD who had inadequately responded to current antidepressant 
treatment. In preclinical and clinical studies this mechanism reduced 
anhedonia symptoms and behaviors in experimental animals subjected 
to repeated stress and in humans with mood or anxiety disorders 
(Carlezon et al., 2009; Krystal et al., 2020; Pizzagalli et al., 2020). The 
neurobiological mechanisms underlying the symptom of anhedonia 
putatively involve altered function of the mesocorticolimbic dopami
nergic circuits during the processing of associations between sensory 
and social stimuli, motivated behavior, and experiences of reward and 
pleasure. One mechanism that interferes with reward processing 
through this circuit and produces anhedonia like behaviors in preclinical 
models is mediated by κ-opioid receptor activation by increased 
dynorphin signaling (Muschamp and Carlezon, 2013). Therefore, in the 
randomized, controlled Phase 2 study evaluating the efficacy and safety 
of aticaprant versus placebo, each added to the ongoing SSRI or SNRI 
antidepressant treatment to which the participants had been inade
quately responsive, a precision hypothesis was tested comparing the 
antidepressant treatment effect in participants with higher versus lower 
baseline levels of anhedonia (Schmidt et al., 2024). Anhedonia symp
toms were assessed using the Snaith-Hamilton Pleasure Scale (SHAPS) 
scores. While the primary endpoint (mean change in MADRS at week 6) 
for aticaprant was significant versus placebo the between-group differ
ence was larger among participants with ≥ to versus < baseline median 
SHAPS scores. This nascent precision approach of using a threshold 
SHAPS score at baseline for patient stratification was tested in Phase 3 
studies, however, and proved insufficient to predict a positive outcome 
in response to aticaprant (ClinicalTrials.gov ID NCT05455684 and 
NCT05550532).

Even if such development programs succeed at identifying precision 
approaches capable of matching the right patient with the right circuit- 
based therapeutic, additional obstacles remain before such paradigms 
can be implemented in clinical practice. First, health authorities require 
validation of the stratification approaches used to identify the target 
subpopulation as well as any novel endpoints used to index a therapeutic 
benefit. Additional regulatory requirements will apply if the stratifica
tion approach is intended as a companion diagnostic test, or if a 
biomarker used for this purpose has not already been qualified or vali
dated according to current regulatory standards. Furthermore, any 
diagnostic tool or biomarker used in the clinic must be both scalable and 
relatively convenient for both the patient and the clinician to use. 
Finally, the stratification approach should ideally be cost-effective; 
otherwise, payors may erect additional barriers to use before they are 
willing to reimburse the diagnostic and its associated new treatment.

14. A path forward

The meeting brought into sharp focus the pivotal role of collabora
tion and networking between various stakeholders in advancing preci
sion psychiatry. Strengthening cooperation networks has not only 
facilitated more effective data sharing and joint analyses but also 
created fertile ground for future interdisciplinary projects. These net
works have enabled researchers to connect with peers investigating 
similar questions, fostering a sense of community and shared purpose. 
Importantly, discussions extended beyond academia, engaging stake
holders from industry, regulatory bodies, and patient advocacy groups, 
all of whom have acknowledged the challenges - and opportunities - 
ahead. Conversations about integrating precision medicine into existing 
diagnostic frameworks were particularly promising, laying the ground
work for projects that align more closely with the biological complexity 
of psychiatric disorders.

A key theme throughout the meeting was the recognition that 
progress in psychiatry hinges on deep phenotyping and robust 
biomarker research that incorporates both functional and fluid 

biomarkers. Large, multi-modal datasets, obtained through consortia- 
led studies, taking a transdiagnostic approach, will likely provide the 
most value. There was a broad consensus that psychiatric phenotypes 
often transcend traditional diagnostic categories, pointing to the need 
for a supplementary classification system that is grounded in biological 
markers. While enthusiasm for biomarkers in neuropsychiatry continues 
to grow, participants emphasized the importance of defining and stan
dardizing these tools, as well as ensuring their pragmatic relevance in 
clinical settings (e.g., scalability, costs, movement of the biomarker with 
treatment). Recent research updates - such as the AMP Schizophrenia 
initiative and findings in immuno-metabolic depression - illustrate the 
strides being made. However, translation into routine clinical practice 
remains limited, highlighting the need for methodologically sound trials 
and long-term commitment to international open data initiatives and 
large-scale validation of biological markers across sufficiently diverse, 
and thus representative patient cohorts. Forward and backward trans
lational research approaches were discussed as complementary avenues, 
with acknowledgment that significant impact may take more than a 
decade to materialize.

Delivering precision psychiatry will require multimodal, quantita
tive data and multi-factor models to enable, first, a stratified medicine 
approach, and then fully personalized precision psychiatry. Validated 
functional and mechanistic biomarkers that operationalize patient sub
types should be used to develop treatments based on the given patho
physiological signatures and then tested together in stratified clinical 
trials (Joyce et al., 2017). Furthermore, real world evidence will be 
crucial in establishing a better understanding of patient biology, 
behavior, and symptomatology. Indeed, combining datasets will provide 
the most value; care must be taken to include data from people of all 
diversities. While digital health tools are an exciting and rapidly 
developing space in mental health, more research is needed to under
stand interpretation of the metrics and issues around adherence and data 
collection. The field needs to be more coordinated in its efforts, and 
standardization of terminology across organizations is needed to prog
ress together. This will be a long and difficult journey in which all 
stakeholders, especially patients, need to work together to make 
meaningful progress.

Despite persistent challenges there was a shared sense of optimism 
about the direction in which the field is heading. Educational sessions 
enriched participants’ understanding of multimodal biomarker strate
gies, treatment innovations, and the practicalities of implementation. 
Theoretical discussions were grounded in real-world clinical experi
ences, reinforcing the importance of bridging diagnosis, research, and 
clinical practice. Looking ahead, early identification of trends, increased 
emphasis on prevention, and sustained cross-disciplinary collaboration 
will be essential. While reforming diagnostic frameworks poses chal
lenges, maintaining structured communication among clinicians re
mains crucial. Overall, the meeting served as a catalyst for renewed 
momentum, inspiring a collective effort to refine diagnostic tools, 
personalize treatment strategies, and ultimately improve patient out
comes in psychiatric care.
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Egloff, L., Schmidt, A., Andreou, C., Hietala, J., Schirmer, T., Romer, G., Michel, C., 
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