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Translating Clinical Evidence to Advance N2B Drug

Development

For decades, nose-to-brain (N2B) drug
delivery has offered an attractive
proposition as a non-invasive means
of reaching the central nervous system
(CNS) while reducing reliance on transport
across the blood-brain barrier'? The
scientific rationale has been supported
by extensive preclinical research yet one
fundamental question has continued to
limit clinical confidence: can a molecule
administered through the nose be shown
to reach relevant regions of the human
brain?>?

Nasal administration is already established
in several CNS-related conditions, including
epilepsy, migraine, depression and opioid
overdose. These products demonstrate many
of the advantages that continue to drive
interest in the nasal route, offering a non-
invasive, easy-to-use alternative to injectable
administration while providing a similarly
rapid onset of action.*> Most, however,
primarily depend on absorption through the
nasal mucosa into the systemic circulation,
with CNS exposure achieved after the active
molecule crosses the blood-brain barrier. 57

Direct N2B delivery has a different
objective. It seeks to use the anatomical
connections of the olfactory and trigeminal
pathways to transport therapeutics from
the nasal cavity to the CNS.8 Interest in this
approach is increasing as the development
pipelines expand to include peptides,
proteins and other molecules with limited
blood-brain barrier permeability!* It is also
being driven by demand for patient-friendly
treatments capable of achieving rapid and
meaningful CNS targeting while reducing
systemic exposure and the associated risk
of peripheral effects?

Recent human imaging studies have now
provided direct evidence of N2B transport
in humans. As a result, the development
question is no longer limited to whether this
pathway exists.’ Attention is increasingly
turning to how reliably it can be achieved,
which factors influence delivery in different
individuals and how the formulation and
delivery system can be configured to improve
performance.

The Challenge of Human Validation

Before this direct human imaging data became
available, N2B delivery had long generated
scientific interest but translation into clinical
development was constrained by two related
challenges: 1) demonstrating that a molecule
reached the human brain and 2) achieving
sufficiently consistent administration to
interpret therapeutic outcomes.2®

Preclinical studies have provided
substantial evidence that compounds can
move from the nasal cavity into the CNS
along pathways associated with the olfactory
and trigeminal nerves.2 However, evidence
of transport in an animal model does not
necessarily establish how a formulation and
delivery system will perform in humans.®
Differences in nasal anatomy, administration
technique, formulation behaviour and
disease-related physiology may all affect
the amount, location and timing of brain
exposurezon

This uncertainty has made it difficult to
separate the performance of a therapeutic
molecule from the performance of its delivery
method. If a clinical study does not produce
the expected therapeutic response, it may
be unclear whether the underlying biological
hypothesis was incorrect or whether the
administered dose failed to reach the intended
CNS regions consistently.? Early clinical
experience illustrates this challenge: in the SNIFF
trial with intranasal insulin, a change in delivery
system during the study was associated with
different clinical outcomes, highlighting how
administration can complicate interpretation
of therapeutic efficacy”

This field is consequently moving towards
system-level approaches supported by direct
human evidence. Rather than treating the
nasal spray system as a passive container,
developers are increasingly considering
formulation properties, spray performance,
deposition location and user interaction as
interdependent elements of the therapeutic
strategy. By leveraging human imaging,
researchers can evaluate the in vivo perfor-
mance of the device-formulation platform,
providing a deeper understanding of the
nasal delivery system and creating new
opportunities for optimisation.

A Step Towards Evidence-Driven N2B
Development

A first-in-human PET study by researchers at
Wake Forest University demonstrates how
human imaging can be applied to evaluate N2B
delivery in vivo.’ The investigation evaluated
the safety, kinetics and regional distribution
of intranasally administered radiolabelled
insulin in 16 older adults (mean age 72 years)
who were either cognitively normal or had
mild cognitive impairment (MCI). Researchers
administered the novel PET radiotracer using
Aptar Pharma’s Cartridge Pump System (CPS),
followed by a 40-minute dynamic PET scan
to quantify regional brain uptake over time.
A positioning guide was used to align the
system with the nasal septum and increase the
likelihood of deposition towards the superior
turbinate and olfactory-regions.

The importance of the study lies beyond
insulin itself. PET enabled researchers to
visualise and quantify brain uptake over
time rather than inferring delivery solely from
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clinical outcomes or peripheral measure-
ments. It therefore provided information
about the performance of an established
nasal delivery system in a human N2B
application and created a basis for further
investigation and optimisation.

What the Study Reveals About Human N2B
Delivery

Brain delivery is achievable. Following
administration, radiolabelled insulin was
detected in multiple regions associated with
cognition and Alzheimer's disease pathology,
including the hippocampus, amygdala and
temporal cortex. These findings provide
direct human evidence that biologically
active molecules can be delivered from the
nasal cavity to anatomically distinct regions
of the brain, supporting the translational
relevance of the olfactory and trigeminal
pathways previously identified in preclinical
studies.’

Delivery is rapid and measurable. PET
imaging showed that radiolabelled insulin
reached the brain shortly after administration,
with most uptake and clearance occurring
within the 40-min imaging period.® This
temporal PET signal reflects the kinetics
of brain delivery and radiotracer clearance
rather than the duration of insulin’s biological
activity, which may continue through receptor
binding and downstream signalling®*
These findings provide direct insight into
CNS delivery kinetics following intranasal
administration, representing an important
step towards defining CNS pharmacokinetics
and informing rational dosing strategies.

Delivery varies across individuals.
Significant brain uptake was observed across
the cohort, but the timing and extent of uptake
were associated with physiological and
clinical characteristics. Importantly, uptake
in the MCI group generally peaked earlier,
declined more rapidly and was lower across
the evaluated brain regions. These findings
suggest that N2B delivery is influenced not
only by the administered therapeutic and
delivery system, but also by individual biology
and the integrity of the underlying transport
pathways.’

Delivery can limit systemic insulin
exposure. No major safety concerns were
identified. Plasma insulin levels did not
change significantly following administration,
blood pressure remained stable and glucose
levels remained above the threshold for
hypoglycemia?® Although the study was not
designed to evaluate long-term safety or
repeated administration, the findings provide

initial human evidence that CNS delivery can
be achieved without substantial systemic
exposure.

Taken together, the results demonstrate
both the feasibility of human N2B delivery
and the complexity of achieving consistent
exposure across populations. By providing
direct evidence of CNS transport in humans,
imaging studies such as this one may also
help distinguish whether an apparent lack
of observable effect reflects the underlying
therapeutic hypothesis, insufficient or
inconsistent delivery to the intended CNS
regions or a combination of both. This
distinction could support more informed
development decisions by reducing
uncertainty around whether the drug or
the delivery approach is limiting clinical
performance. The study also provides an early
indication of how delivery-related variability
may be addressed: its use of a positioning
guide to target the upper-nasal cavity
illustrates the importance of administration
strategy alongside formulation as the field
moves beyond proof of concept towards
optimising performance. Future progress
will therefore depend not only on improving
the consistency and targeting of delivery,
but also on understanding how molecular
characteristics influence transport and CNS
exposure.

The Challenge of Consistent and Targeted
Delivery

The nasal cavity presents a demanding
environment for targeted drug delivery.
Its internal geometry is complex, and the
olfactory-region occupies only a small area
high within the nasal cavity.® Successful
deposition depends on both device
performance and user technique, including
factors such as spray angle, insertion depth

and spray characteristics, particularly when
precise targeting of the upper-nasal cavity
is required.?®

Conventional nasal spray pumps, including
the CPS used in the PET study, were primarily
developed for local or systemic applications,
where broad deposition within the nasal
cavity is often sufficient. N2B delivery
presents a different engineering objective
because effective engagement of the relevant
neural pathways depends on reaching the
olfactory and upper turbinate regions more
reliably.>"

The PET findings demonstrate that the CPS
could support measurable N2B delivery, but
they also highlight why delivery performance
must be interpreted in context. The use of
a positioning guide to improve targeting of
the upper-nasal cavity reflects efforts to
standardise administration and minimise
user-related variability during delivery? There
is therefore growing interest in configurations
that can build on these established nasal
technologies while further improving upper-
nasal deposition and reducing dependence
on highly precise user technique.

Treating N2B Delivery as an Integrated
System

Traditional pharmaceutical development
often begins with the therapeutic molecule,
with the delivery device selected later in
the process. For N2B programmes, however,
this sequence may create avoidable risk.
Formulation properties, spray performance
and user handling can all influence the
effectiveness and reproducibility of drug
delivery. This creates a need for delivery
solutions designed to address the unique
physiological and technical demands of
N2B administration, while supporting more

www.international-pharma.com

INTERNATIONAL PHARMACEUTICAL INDUSTRY 61



Subsection: Neurodegenerative Diseases

precise, reproducible and clinically relevant
CNS delivery®

As N2B drug development matures,
administration strategy is becoming increa-
singly important to improve confidence in
development decisions, strengthen clinical
interpretation and reduce programme risk. As
a result, N2B delivery should be treated as an
integrated system involving the formulation,
pump, actuator and administration procedure.
Consideration of human factors is particularly
important because relatively small changes in
insertion depth or orientation may alter the
location of deposition. Accordingly, device-
formulation co-development, informed by
administration strategy and human factors,
is increasingly being recognised as critical
to optimising therapeutic performance and
advancing development-ready N2B strategies.

Evolving N2B Platforms: Validated
Foundations and Purpose-Configured
Targeting

To support this integrated development
approach, Aptar Pharma has introduced
NeuroSpray™, a purpose-configured multi-
dose platform specifically engineered for
CNS applications. Building on clinically
established platforms, including the CPS used
in the landmark first-in-human PET study,
NeuroSpray™ combines validated delivery
technology with design features intended to
support more consistent upper-nasal targeting
without the need for external positioning
accessories.

Compared with conventional nasal spray
configurations, NeuroSpray™ incorporates a
narrower, more concentrated spray plume to
better align with the targeting requirements

of upper-nasal delivery. Pre-compression
actuation supports more controlled and
reproducible spray generation while reducing
run-off, thereby increasing contact time
within the intended deposition region.

NeuroSpray™ was also developed with
human factors considerations integrated
directly into the system design. Ergonomic
controls and nostril-positioning features
were incorporated to reduce sources of real-
world variability, such as nasal alignment,
insertion depth, orientation errors and the
risk of misuse. Together, these elements aim
to reduce reliance on perfect technique while
supporting patient comfort and usability
across diverse patient populations.

The platform has been evaluated through
a combination of preclinical, performance
and human factors studies to characterise
its delivery performance under clinically
relevant conditions. These internal studies

have demonstrated targeted upper-nasal
deposition, reproducible administration
and usability under real-life conditions. For
example, in vitro testing using a low-viscosity
placebo formulation has shown olfactory-
region deposition of up to 50% under varied
spray angles with NeuroSpray™, compared
with approximately 1-5% for the standard
pump configuration.?

Collectively, these capabilities demon-
strate how an integrated device-formulation
approach can support more consistent
CNS-focused administration across diverse
formulations and clinical programmes,
helping to advance the development of non-
invasive CNS therapies.

Implications for Future Drug Development
Purpose-configured delivery platforms such
as NeuroSpray™ represent one example of
how advances in administration technology
can complement emerging human evidence.
More broadly, they illustrate the direction
in which N2B development is evolving,
from demonstrating biological feasibility
toward systematically optimising delivery
performance.

To address this growing need to validate
delivery performance alongside therapeutic
efficacy, NeuroSpray™ helps developers
incorporate delivery configuration into
the N2B development strategy. Device-
formulation co-development, supported
by deposition modelling, in vitro testing,
imaging and human factors evaluation, can
help characterise CNS exposure and guide
development to help reduce uncertainty
earlier in development.

Conclusion
N2B delivery is becoming a more structured
and evidence-driven development field.
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Human PET imaging has now demonstrated
that intranasally administered insulin can
reach multiple cognition-related regions of
the brain, while also revealing differences
in uptake associated with cognitive status
and other biological variables. These
findings validate the feasibility of the route
but reinforce the need for larger studies,
deeper investigation of patient variability and
stronger control of upper-nasal deposition.

Progress will depend on integrating
molecular science with formulation develop-
ment, device engineering, imaging and human
factors. As N2B drug development evolves,
device-formulation co-development offers a
framework for integrating these elements into
a single therapeutic strategy. Platforms such
as NeuroSpray™, which combine purpose-
engineered delivery technology with human
factors and performance validation, illustrate
how this approach may help improve delivery
consistency while supporting the development
of non-invasive, patient-friendly CNS therapies.
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