Regulatory considerations on the opportunities and
challenges of neurophysiological markers

Luca Pani, MD

Professor of Clinical Psychiatry — University of Miami — Miami, USA
Professor of Clinical Pharmacology - University of Modena and Reggio Emilia, Modena, Italy
Former CHMP, SAWP Member, European Medicine Agency (EMA), London — UK
Former Director General, Italian Medicines Agency (AIFA), Rome —IT

Lpani@Miami.edu / Luca.Pani@unimore.it

UNIVERSITY

UNIMORE ]



mailto:Luca.Pani@unimore.it

Dlsclosure and Disclaimer Statements

The viewpoints and perspectives shared within this presentation are exclusively my own. They should not be interpreted or cited
as representative of, or reflecting, the stance or official policy of any institutions or corporations with which | have previously
been, or currently am, associated.

* Any references to commercial products, their sources, or utilization in the context of the material discussed here should not be
construed as either actual or implied endorsement of such products by any public department or healthcare and payer services.

* Over the past years, | have had the privilege of providing scientific advice to: AbbVie, USA; Acadia, USA; Acumen, USA; Aicure,
USA; Alexion, Italy; BCG, Switzerland; Astra-Zeneca, Italy; Boehringer Ingelheim International GmbH, Germany; Compass
Pathways, UK; EDRA-LSWR Publishing Company, Italy; Ferrer, Spain; Gedeon-Richter, Hungary; GH-Pharma, Ireland; GLG-Institute,
USA; Immunogen, USA; Inpeco SA, Switzerland; lpsen-Abireo, France; Johnson & Johnson USA; LB-Pharmaceuticals, USA;
Magdalena BioSciences, USA; NeuroCog Trials, USA; Novartis-Gene Therapies, Switzerland; Sanofi-Aventis-Genzyme, France and
USA; Lundbeck, Denmark; NapoPharma, USA; NetraMark, Canada*; Otsuka, USA; Pfizer Global, USA; PharmaMar, Spain; Relmada
Therapeutics, USA*; Takeda, USA; Vifor, Switzerland; WCG-VeraSci/Clinical Endpoint Solutions, USA. *Shares/Options

* The field of medicine is continuously advancing, and many data may not be included in this document/presentation. The
information provided is intended as general suggestion and the reader/attendant is advised to independently verify the
information herein, as this is not a definitive source of medical / regulatory / payer guidance and may not reflect the most recent
evidence or practices at the moment of its perusal.

* These slides are both original or have been modified from previous presentations/videos quoted accordingly.

* Please consider this disclosure as we proceed, particularly if | present or mention data that was obtained from Relmada or
NetraMark. Nothing contained herein is, or should be relied on as, a promise or representation as to the future performance of

these Companies in any stock market. Last update: Aug 18t , 2024
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Some regulatory strategies based on Biomarkers

 Enrichment:

a) decrease variability (choosing patients with baseline measures of a disease or a biomarker)
b) prognosis (choosing patients with a greater likelihood of having an endpoint event)
c) predict response (choosing patients who are more likely to respond to the drug treatment)

e Study Mixed Populations:

* Exploring the possibility of studying mixed populations with shared biomarkers (e.g., basket
trials) without strict nosographic indications.

* Apply for Trans-Nosographic Labels:

*Aligning with multi-indications in other therapeutic areas but needing robust biomarkers
and probably better biological understanding.

Enrichment Strategies for Clinical Trials to Support Approval of Human Drugs and Biological Products FDA Guidance for Industry, March 2019
UNIVERSITY
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Biomarkers for drug development in neuropsychiatry

* Developing biomarkers in psychiatry is also an
opportunity because of limited pre-specified
hypotheses (e.g.: lack of neuropathological
evidence)

* The high heritability of psychiatric disorders offers
clues to pathogenesis.

* Processes related to neuronal function and synaptic
organization in schizophrenia?

* Adaptive immunity enhancing inflammation and auto- /
immune processes %3

Metabolomics

* Emerging new technologies and paradigms
* Digital technology

* CompUtatlonal models 1. Trubetskoy V [...] Pardifias AF et Al., Nature, 2022 Apr;604(7906):502-508.
e Artificial |nte||igence and Machine Learning 2. PapeK, et Al,, Nat Rev Neurol. 2019 Jun;15(6):317-328. —
3. StoneR, Science 2024 May;384(6697):728-733. OF MIAMI
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Neurodegenerative vs. Psychiatric disorders
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The AD journey to a biomarker-based diagnosis

* 2011 NIA-AA/IWG criteria
* Biomarkers were integrated with clinical symptoms to support an AD diagnosis in
symptomatic individuals
e 2016 the ATN construct
e amyloid-p (A), tau (T), and neurodegeneration (N)
* Biomarkers were assigned to the pathological process they were measuring

e 2018 NIA-AA research framework
* A biomarker classification system for AD diagnosis across its entire continuum
* amyloid-B and phosphorylated tau biomarkers measured by PET or CSF were the core
features of AD; neurodegenerative biomarkers were noted as not disease-specific.
e 2024 Revised criteria for diagnosis and staging of AD

* AD is defined as a biologic process detectable by abnormal biomarkers when an individual
is asymptomatic.

* bridging the gap between research and clinical practice
UNIMORE
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2024 Revised criteria for diagnosis and staging of AD

Table 1| Categorization of core Alzheimer’s disease
biomarkers

Category Modalities

Amyloid PET and biofluid measures of amyloid-3

proteinopathy (A)
Core1
Biofluid measures of phosphorylated and secreted
Alzheimer’s disease tau (T,)
Core?2 Tau PET and biofluid measures of Alzheimer’s disease tau
proteinopathy (T,)
Table 2 | Intended uses of core Alzheimer’s disease
biomarkers
Category Intended use Details
Early detection of Alzheimer’s disease in
asymptomatic individuals
Core1 Diagnosis Confirmation that Alzheimer’s disease is
an underlying pathology in symptomatic
individuals
Provide information on the likelihood that
Core2 Staging and symptoms are associated with Alzheimer’s
prognosis disease
UNIMORE

Inform on the risk of and rate of progression
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A blood Biomarker based test is better than us in diagnostic accuracy

for AD!

JAMA | Original Investigation

Blood Biomarkers to Detect Alzheimer Disease in Primary Care

and Secondary Care

Sebastian Palmqvist, MD, PhD; Pontus Tideman, MSc; Niklas Mattsson-Carlgren, MD, PhD; Suzanne E. Schindler, MD, PhD; Ruben Smith, MD, PhD;
Rik Ossenkoppele, PhD; Susanna Calling, MD, PhD; Tim West, PhD; Mark Monane, MD, MBA; Philip B. Verghese, PhD; Joel B. Braunstein, MD, MBA;

Figure 3. Comparison Between the Diagnostic Performance of the Physicians and the Blood Tests Using the 1 Cutoff-Value Approach
Along With Presence of Alzheimer Disease Pathology as an Outcome
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Key Points

Question Can ablood test based on the ratio of plasma
phosphorylated tau 217 (p-tau217) relative to non-p-tau217
(expressed as percentage of p-tau217) combined with the
amyloid-B 42 and amyloid-B 40 plasma ratio (the amyloid
probability score 2 [APS2]) accurately identify Alzheimer disease
in primary care and secondary care when prospectively applying
predefined biomarker cutoff values?

Findings There were 1213 patients undergoing cognitive evaluation
in primary or secondary care. The APS2 had high diagnostic
accuracy (range, 88%-92%) for detecting Alzheimer disease
pathology in both primary and secondary care. Dementia specialists
identified clinical Alzheimer disease with a diagnostic accuracy of
73% vs 91% using the APS2 and primary care physicians had a
diagnostic accuracy of 61% vs 91% using the APS2.

Meaning This blood test (the APS2) had high diagnostic accuracy
for identifying Alzheimer disease among individuals with cognitive
symptoms in primary and secondary care, providing superior
performance compared with the diagnostic accuracy after
standard clinical evaluation (not using Alzheimer disease
biomarkers).
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Blood Proteomic Biomarkers aging clocks will do even better
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‘™ Check for updates

Circulating plasma proteins play key roles in human health and can
potentially be used to measure biological age, allowing risk prediction for
age-related diseases, multimorbidity and mortality.

UNIVERSITY
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Point 1: develop biomarkers!

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

processes, pathogenic processes, or responses to an exposure or intervention, including

therapeutic interventions. Molecular, histologic, radiographic, or physiologic characteristics are
all types of biomarkers.

A biomarker is not an assessment of how an individual feels, functions, or survives.
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Point 2: multi component biomarkers (MCB).

e Alternatively referred to as composite, multi-variate, or multi-modal biomarkers.

* The FDA Biomarkers Working Group has defined a MCB as a characteristic or set of
characteristics that is derived from two or more data sources evaluated through an
algorithm as an indicator of normal biological processes, pathogenic processes, or
responses to an exposure or intervention, including therapeutic interventions and
environmental exposures

» Just like for AD and PD, it is unlikely that a single biological process could, alone, be
accountable for the disease complexity and heterogeneity

UNIVERSITY
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Point 3: validate your biomarker.

* Validation is a scientific principle before being a regulatory principle
* Validation does not necessarily mean regulatory qualification

 The most common pathway to integrate biomarkers into drug development is using them
within the context of a specific drug development program

* Regardless of the pathway chosen for review of the biomarker, good scientific evidence is
needed

UNIVERSITY
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The Regulatory journey of a biomarker.

Biological rationale for use of the biomarker. A first step in the development of a
biomarker is to identify a clinical question that a particular biological measure may
be appropriate to address

Analytical validation. The test measures what it was intended to measure;
evaluates sources of variability in how the biomarkers are measured

Clinical validation. The biomarker (through its test) has the ability to predict or
measure the relevant clinical concept. Clinical validation establishes how to interpret
the biomarker value or relative change in the biomarkers at the individual level

Internal validation. The biomarker reflects the underlying process of interest,
independently from confounds or other epiphenomena in the population in
which it is developed

External validation. The biomarker has sufficient predictive validity in an
independent to prove its generalizability.

UNIVERSITY
OF MIAMI
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The risk of overfitting

e Unfortunately, most biomarkers under development fail to demonstrate
generalizability; a critical impediment to external validation is overfitting.

* In data modeling, overfitting is an error that occurs when a model excessively
reflects the idiosyncratic features of the dataset in which it is developed, so that it

underperforms when applied to new data.
* Overfitting happens due to several reasons, such as:

* The discovery set size is too small and does not contain enough data samples to accurately
represent all possible input data values.

* The discovery data contains large amounts of irrelevant information, called noisy data.

UNIVERSITY
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Point 4: the need for longitudinal studies

* Cross-sectional data are not sufficient alone, longitudinal data are needed

* A patient vs. control cross-sectional study inform what to include in a longitudinal
study

* Biomarkers could change depending on disease state

* Longitudinal studies could help anchor the biomarker to a clinical stage

* In psychiatry, longitudinal studies could help describe a discrete symptom domain,
its intra-individual variability and variability across syndromes

» Several pre-competitive initiatives are ongoing in AD/PD to which FDA is partner

UNIVERSITY
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Three conclusive examples of Biomarker integration into drug

development

UNIMORE

1) IND pathway: based upon agreement with the Regulatory Agencies, in the
context of a specific drug development program.

v The most frequent regulatory use of a biomarker

v/ Risk of overfitting

v Mechanistic explanation for the use of a biomarker

2) DDT qualification programs: review and acceptance based upon appropriate
submission qualification package; available for use in any development
program within approved context of use

v Biomarkers can be used in drug development by any Sponsor

v’ Based on FDA review of data

3) Scientific community consensus: broadly/widely used biomarkers,
appropriate scientific support, generally accepted by experts in the field

v Need for longitudinal studies

v Need to share cross-sectional data

v Need convergence in objectives UNIVERSITY

OF MIAMI
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