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CONTEXT

This document presents the core thesis
underpinning a programme that is currently
in development at ARIA. We share an early
formulation and invite you to provide
feedback to help us refine our thinking.

This is not a funding opportunity, but in
most cases will lead to one — sign up here
to learn about any funding opportunities
derived or adapted from this programme
formulation.

Neurotechnologies  for

An ARIA programme seeks to unlock a
scientific or technical capability that

changes the perception of what's
possible or valuable

has the potential to catalyse massive
social and economic returns

is unlikely to be achieved without ARIA's

intervention.

PROGRAMME THESIS, SIMPLY STATED

An overview of the programme thesis, accessible & simply stated

Neurological and neuropsychiatric disorders are now the leading cause of ill health and

disability worldwide'. In Europe and the USA alone, their annual economic cost exceeds

USD 1.7 trillion®. Technologies that can precisely sense, interpret and modulate pathological

neural activity could potentially functionally cure many brain disorders. However,

state-of-the-art treatments typically require complex surgical procedures, restricting access to
only the most severely-affected individuals and excluding the vast majority who could benefit

from earlier intervention.
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This programme aims to break these bottlenecks. We will develop a new class of brain
surgery-free neurotechnologies that leverage the body’s natural pathways to reach the central
nervous system without breaching the skull. These new therapies will be responsive —
capable of monitoring disease progression, reporting biomarkers to the individual or their
clinician, and actively modulating brain activity towards a desired, more physiological state.

Our North Star is a responsive neurotechnology that can be delivered systemically or

minimally invasively, in less than 30 minutes, in an outpatient setting.

Recent advances at the intersection of biological and electrical engineering now make this
vision possible. These advances combine the natural ability of certain biological systems to
traverse peripheral pathways and access the central nervous system with sophisticated
electronic systems capable of sensing, processing, and reporting biological activity. By
radically reducing the procedural burden of deploying advanced neurotechnologies, we
can unlock earlier intervention in disease, generate real-world data to identify new and more
effective therapeutic targets, and expand access to powerful new brain therapies.

This programme thesis is derived from the ARIA Opportunity Space: Scalable Neural

Interfaces.

PROGRAMME THESIS, EXPLAINED

A detailed description of the programme thesis, presented for constructive feedback

Why this programme

We are at a pivotal moment where nexi-generation therapies for complex, severe and
prevalent brain disorders are beginning to demonstrate clinical efficacy. Targeted
neuromodulation of deep brain structures is showing promise for a range of otherwise
infractable conditions®, including treatment resistant depression®, refractory epilepsy’,
addiction® and even chronic pain’. Concurrently, cell and gene therapies are emerging as
credible treatment options for neurodegenerative disorders®’.

These early signals highlight the vast potential for neurotechnologies. However, they will
struggle to scale to the people who need them most. Consider deep brain stimulation for
Parkinson’s disease — one of the most well established neurotechnology indications. Annual
global procedures only account for 0.1% of the people living with Parkinson’s disease'"
Even under conservative eligibility assumptions®, the vast majority of potential beneficiaries

remain untreated. If this is the reality for a therapy which has been FDA-approved for over
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20 years, with high response rates™ and a clear reimbursement pathway then emerging
therapies — with more complex procedures, uncertain reimbursement models and untested
patient acceptability — may face even greater barriers to adoption.

While there are many reasons advanced neurotechnologies remain limited in adoption'",
two stand out as ripe for technological progress: and . On the
efficacy side, most treatments are symptom-modifying rather than disease-modifying, and
approaches that target underlying pathology would likely achieve greater uptake. This
challenge motivates our Precision Neurotechnologies programme'®, which is developing
next-generation circuitlevel interventions. On the procedural burden side, the deployment
of high-performance neurotechnologies — such as brain computer interfaces, deep brain
stimulators or cell and gene therapies — requires complex surgical procedures that impose
a series of stacked, multiplicative barriers, fundamentally limiting scalability (see Appendix 1
for further details). Together, these barriers restrict advanced neurotechnologies to only the
most severe, treatment-refractory patients, excluding the vast majority who could benefit
from earlier, less risky intervention.

The goal of this new Massively Scalable Neurotechnologies programme is to develop
high-performance neural interfaces that can be delivered without the need for
transcranial surgery by leveraging the body’s natural pathways into the brain — through
systemic or minimally invasive routes (Figure 1). These systems will be capable of
sophisticated functionality such as continuous monitoring and reporting of disease-relevant
biomarkers and closed-loop neuromodulation to restore physiological states.

Closing-the-loop

The brain is inherently a dynamical system' and many brain disorders can be understood as
disruptions in the regulation of these dynamics — oscillations that are too strong or weak, or
feedback loops that no longer stabilise neural activity or behaviour. To treat such
conditions, a therapeutic must do more than deliver a fixed dose of stimulation; it must
sense, compute, and respond on disease relevant timescales. Closed-loop neuromodulation
applies the principles of control theory to the brain, using biological error signals to adjust
stimulation so as to restore a desired, more physiological state. This control can be
implemented with a user or clinician in the loop — in which case the system must report
disease-relevant biomarkers and respond to external control signals — or in a fully
autonomous, closed-loop manner. We refer to this class of technologies as responsive neural
interfaces. This responsive approach has already been successfully applied to treat
epilepsy®, Parkinson’s disease", chronic pain’, and mood disorders®.
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Figure 1. Responsive neural interfaces should be (1) delivered to the body without transcranial

surgery, leveraging access points such as direct neural pathways (left), the vasculature (centre) or the
CSF (right); (2) navigate to target brain regions; (3) sense endogenous or exogenous signals, and
based on these signals (4) modulate and report neural activity. Inset: example signals that may be
recorded, modulated or read out by a responsive neural interface.



Our North Star is a responsive neural interface that can be delivered without transcranial

surgery. To benefit the greatest number, it should be deployable in an outpatient setting, in

less than 30 minutes, by a broad range of clinical (and potentially non-clinical) staff (see Box
1).

Our theory of change is that by drastically reducing the procedural burden required to
deploy high-performance neurotechnologies, we will unlock: (1) earlier intervention in
disease which has been shown to significantly improve long-term outcomes across a broad
array of brain disorders”%; (2) identification of new therapeutic targets, as broader
clinical deployment generates real-world neural data that cannot be replicated in pre-clinical
models, improving our understanding of disease mechanisms and the predictive validity of
future inferventions®; and (3) significantly increased access, by enabling outpatient or
community-level delivery and reducing dependence on highly specialised urban medical

centres.

Box 1 — MNorth Star Goals

+ Mon-transcranial access: Similar to how solving surgical and procedural burden
drove wide adoption in cardiac pacemakers?®, systems developed under this
programme should reach the brain without the need for transcranial surgery, using
systemic delivery or natural access routes such as the vasculature or cerebrospinal
fluid. We define ‘transcranial surgery’ as any surgical procedure that removes or
destroys cranial bone,

+ Clinical efficacy at validated targets: To overcome entrenched barriers to
adoption, technologies must demonstrate functional impact (e.g. therapeutic
efficacy or readout performance) at least equivalent to, and ideally exceeding,
today's bestin-class interventions. This includes targeting clinically validated
stimulation targets such as the subthalamic nucleus (Parkinson's disease), anterior
nucleus of the thalamus (refractory epilepsy) or subcallosal cingulate
(treatment-resistant depression).

+  Radical simplicity: The procedure should be performed by a range of clinical
(and potentially non<linical) staff, with minimal training, in under 30 minutes,
within a standard outpatient or catheterisation setting. Procedure time is defined as
the active procedural duration required to administer the therapeutic. This excludes
anaesthesia induction, patient preparation, post-procedure recovery and time to
efficacy. Achieving this level of simplicity is essential to break the bottleneck of
limited expertise and centralised surgical infrastructure.
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Ease of Access

Figure 2. A plot of spatial performance for a variety of current neurotechnologies’. Our existing
technology paradigm trades performance against ease of access. Massively Scalable
Neurotechnologies aim to break this trade-off by developing high performance, responsive neural
interfaces that can be delivered without transcranial surgery. Triangle and circular symbols represent
modulation and readout respectively.

Why now

Our current paradigm of neurotechnologies typically trades off performance against ease of
deployment (Figure 2). We believe a confluence of advances across molecular and cellular
biology, nanoscience and bioengineering now makes it possible to create
neurotechnologies that can both scalably access the central nervous system and deliver high
performance.

Biology offers unique opportunities for access to the brain. There are several natural
pathways to the central nervous system, including the vasculature®, the cerebrospinal fluid
system” and direct neural pathways®. Certain biological systems, such as cells or AAVs,
possess tropisms that enable them to be administered peripherally, cross biological

' Spatial performance is shown for illustration purposes and is not the exclusive focus of the
programme. This programme seeks technologies that are performant across various dimensions —
e.g. spatial, temporal, circuit, volumetric coverage — towards the ultimate goal of clinical efficacy.
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barriers” and deliver therapeutic payloads
perform sophisticated functions — such as responding to external cues™™, regulating
pathological neural activity® and reporting disease-relevant biomarkers®. Both access and
performance will be further advanced by Al-driven protein design, improving fargeting

.. e e . 15
efficiency and minimising immune responses .

In parallel, advances in electronic engineering are enabling sophisticated circuitry at
biological length scales — from the cellular-scale (pm)* to blood-vessel-scale (sub-mm)?.
These systems can be delivered to the central nervous system via interventional procedures®
and wirelessly powered” to perform neuromodulation, readout and local computation®.
Increasingly complex functionalities can also be achieved by self-assembling smaller, less

L. 41,42
complex, systems in vivo® .

It is now possible to combine biological and inorganic systems to create biohybrids*** that
merge the advantages of both paradigms. These hybrid systems can access the central
nervous system via peripheral routes®, exploit the natural tropism of biological systems to
target specific brain regions and cell types*, and be precisely and remotely modulated”’.

What we expect to fund

This programme aims to establish the foundations for an entirely new paradigm of massively
scalable neurotechnologies. We are therefore seeking radically new solutions — rather than
incremental improvements of existing approaches — to overcome the bottlenecks of access
and functionality. To achieve this, we anticipate funding a diverse portfolio of early-stage
technologies across the following technical areas:

+ Technology Area 1 (TA1) — Access + Function: Develop responsive neural
interfaces that can reliably reach deep brain targets or other clinically validated brain
targets, without transcranial surgery.

+ Technology Area 2 (TA2) — Prototyping + Adoption: Support a network of
‘Neuro-Acceleration Partners’ to accelerate development, translation and adoption of
technologies developed through this programme.

To achieve the ambitious goals of the programme, we anticipate that project teams will be
highly interdisciplinary and drawn from diverse institutions, spanning fields from synthetic
biology and molecular neuroscience to nanotechnology and electrical engineering, and
including academic groups, start-ups, non-profits, and established industry partners. To
support this, we have launched a teaming platform ahead of the programme call to
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connect researchers and organisations. During the programme, ARIA will support teams in
sharing methodologies, validation techniques, and performance benchmarks to accelerate
collective progress and ensure that results remain comparable across technical areas.

This technical area will form the core technology development activity of the programme,
comprising three sub-areas defined by functionality: readout and biomarkers (TA1.1), remote
modulation (TA1.2) and closed-loop control (TA1.3). Our central thesis is that delivery is the
gating factor for scale: access to the brain without transcranial surgery must be achieved
before advancing performance. Each sub-area will therefore run in two phases. Phase 1
establishes safe, targeted access to the brain and baseline performance — demonstrating
readout, modulation or closed-loop control. Phase 2 builds on this foundation to advance
performance (e.g. spatiotemporal resolution) and capabilities (e.g. multiplexed read/write,
reprogrammable closed-loop control). In addition, Phase 2 will apply technologies in a
disease context to demonstrate pre-clinical therapeutic evidence towards establishing a
pathway for clinical translation. See Table 1 for an overview of possible activities.

All projects in TAT must solve the access challenge — achieving safe, reliable access to the
brain without transcranial surgery. Example activities may include, but are not limited to:

+ Systemic delivery of engineered cells capable of navigating to the CNS, crossing
blood-brain barrier®, integrating with neural tissue® and delivering cargo®’.

+ Direct neural delivery of genetic material via peripheral nerves, leveraging
engineered viruses capable of trans-synaptic transmission*.
Intranasal delivery of biological systems*’ or nanotransducers®.
Intra-CSF or intravasculature delivery of magnetically, acoustically or chemically
guided bioelectronic devices.

o . . . . . 1,52
In vivo clearing of biological barriers to increase access to deep targets®"**.

Safety

Throughout the course of the programme teams will have to report critical safety metrics
such as peripheral accumulation, toxicity and tissue damage. We are also interested in
approaches that incorporate novel safety mechanisms — such as biological off-switches® or
bioreabsorbable electronics® — and delivery strategies that enhance targeting specificity
and reduce systemic exposure.
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Scope

The following activities are likely to be out of scope for this programme: approaches that
rely fundamentally on large-scale or capital-intensive equipment; fully non-invasive systems
that do not incorporate any implantable or biological component (though external devices
for monitoring, power delivery or control are acceptable); and technologies that are not
responsive — for example, those delivering a fixed therapeutic dose rather than one that can
be tuned by endogenous or exogenous signals.

Target

Reliable access to the brain in a 30
minute procedure, without
transcranial surgery.

Rescue disease state, or equivalent
physiological response, in a large-animal
model system (e.g. ovine, porcine).

TA1.1 Readout &
Biomarkers

Demonstrate readout and reporting
of time-series biological data from a
well defined brain region.

Achieve advanced performance in e.g. signal
fidelity, spatiotemporal resolution,
field-of-view.

Demonstrate multiplexed readout of multiple
biomarkers using systemic or remote readout.

TA1.2 Remote
Modulation

Demonstrate user-controlled
modulation of neural activity at a
validated deep-brain target.

Achieve advanced performance in e.g.
efficiency, spatiotemporal resolution,
selectivity.

Demonstrate multiplexed modulation of
distinct neural populations (e.g., excitatory,
inhibitory, different brain regions).

TA1.3 Closed-loop
Control

Demonstrate closed-loop control of
at least one biomarker-based input
to restore or maintain a
physiological state.

Achieve advanced performance in e.g.
latency, spatiotemporal resolution.

Achieve programmable closed-loop operation
integrating multiple inputs and outputs.

Safety

Report key safety parameters e.g.
toxicity, peripheral accumulation,
tissue damage.

Validate longterm safety, performance, and

biocompatibility.  Explore  methods  for

reversibility.

Table 1. Example activities across Phase 1 and Phase 2 of the programme.




To maximise the scientific and translational impact of the programme, all applicants will be
asked to address several key areas in their proposals:

+ Describe the intended clinical context — specifying the condition(s) targeted, how
the technology could be deployed in outpatient or community settings, and how
non-specialist staff could deliver or monitor its use.

+ Based on the target condition, propose relevant performance metrics (e.g. spatial
precision, temporal resolution, closed-loop latency).

+ Describe the validation methods to be used, including any ground4ruth
measurements for verifying performance.

+ Justify the model system to be used and explain its translational relevance to human
applications (noting that all ARIA-funded animal research must comply with the 3Rs).

TA1.1 — Readout and biomarkers

This technical area will develop neural interfaces capable of reading out and reporting
time-series biological data, such as neural firing patterns, gene expression, or other
disease-relevant biomarkers, including biomarkers of integration and survival of the
delivered system. We are particularly interested in approaches that can record signals from
well defined regions of the brain — rather than integrating signals across the entire brain —
and report these signals to external systems®**>*®. These capabilities will enable minimally
invasive monitoring of disease state and therapeutic response, forming the foundation for
closed-loop control in later phases.

TA1.2 — Remote modulation

This technical area will develop neural interfaces capable of remotely modulating neural
activity through electrical, chemical, or genetic actuation, including cellular
reprogramming”. We are particularly interested in approaches that can target and modulate
clinically validated deep brain regions, or other clinically validated brain targets. Possible
activities may include, but are not limited to, genetically encoded actuators enabling

32,33 . 40
= wireless nanotransducers™,

wireless modulation of targeted deep brain circuits
micron-to-millimeter scale bioelectronic implants capable of delivering localised,
programmable stimulation. These systems will provide the actuation layer required for

closed-loop control.
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This technical area will develop closed-loop neural interfaces that can sense their
environment, compare signals to a physiological baseline, and modulate local activity to
restore or maintain a desired neural state. These approaches may draw on tools from
synthetic biology®®, molecular biology®* or CMOS engineering® to enable programmable
control of neural circuits, providing a foundation for dynamic, self-regulating therapies.

To accelerate the translation and deployment of technologies developed through this
programme, ARIA will launch a broad call for Neuro-Acceleration Partners — specialist
organisations that can collaborate with project teams to provide targeted technical and
translational support.

As Phase 1 requires rapid technical progress, a first call, launched in conjunction with TA1,
will identify partners with capabilities in rapid prototyping, electronics and mechanical
design, and novel models for safety testing — helping teams to iterate rapidly and
accelerate R&D. We also believe that Al will play a crucial role in scientific research and are
therefore soliciting potential Al partners to work across funded teams to accelerate critical
parts of their technology development pipeline. This may include supporting TA1 teams with
Al assisted biological or materials engineering, in silico safety testing, biomarker analysis or
novel closed-loop control strategies.

Phase 2 will focus on translation. At the time of the Phase 2 transition, ARIA will launch a
second call to identify partners who can support all aspects of the translational pipeline,
enabling the most promising approaches from Phase 1 to progress efficiently toward
real-world deployment. This call will build on learnings from Phase 1 and may include
partners providing regulatory support, target product profile development, lived-experience
engagement, GMP manufacturing, and preclinical GLP testing. We anticipate a diverse set
of collaborators, ranging from industry partners to charities.

Together, these partnerships will create a continuum of support — from early technical
acceleration to translational readiness — maximising the programme’s impact and reducing
the time from discovery to the clinic.
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What we are still trying to figure out

+

We anticipate funding a diverse portfolio of early-stage technologies. How can we
define a unified framework of metrics for "access” that allows us to rigorously
compare performance and track progress longitudinally, despite the differences in
the underlying physical and biological mechanisms?

We have currently scoped Phase 1 as a two-year sprint to establish access and
baseline function. Given the complex design-build-test cycles inherent to biological
engineering, is this realistic? Would extending Phase 1 to three years significantly
increase the probability of success?

What is a realistic budget range for a Phase 1 project, particularly given the need for
interdisciplinary teams, in vivo testing, and iterative prototyping?

What specific shared capabilities or tools (e.g., standardised validation pipelines,
specific manufacturing capabilities, or computational models) would provide the
highest leverage to accelerate the entire cohort simultaneously?

We need to demonstrate delivery in a system that translates to humans. What is the
right model system? Is it valuable to validate non-transcranial access in rodents, or
are large-animal models (or sophisticated in vitro models) strictly necessary from Day

1 to prove the core thesis?

ENGAGE

Our next step is to launch a funding opportunity derived or adapted from this programme

formulation. Click here to register your interest, or to provide feedback that can help improve

this programme thesis.
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Appendix 1: Procedural Burden Factors

This appendix outlines the key procedural factors that currently limit the scalability of

advanced neurotechnologies. Each represents a compounding barrier — in workforce,

infrastructure, complexity and risk — that collectively constrains access and slows the rate at

which effective therapies can reach patients.

Human capital: The number of clinicians who can perform these procedures is
limited and increasing only modestly®®. Solving the human capital challenge has a
decadal time constant.

Infrastructure: The number of locations where these procedures can be performed
is also limited and the infrastructure is expensive to build®' and operate®®. This limits
access to a handful of urban medical centres, creating geographic and economic
inequities where treatment is simply unavailable®.

Procedural complexity: The deployment of advanced neurotechnologies often
involves multi-step, technically demanding procedures requiring complex patient
selection, imaging and navigation®. Each layer of manual intervention adds time,
cost, and potential failure points, creating a cumulative barrier to throughput and
large-scale deployment.

Surgical risk: Breaching the dura mater and implanting a medical device carries a
non-negligible risk of adverse events®. This can give rise to clinician and patient
hesitancy®® and, at a population level, would place a further burden on already
stretched healthcare systems.
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