
Expert Opinion on Drug Delivery

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/iedd20

Bringing intranasal drug delivery for malignancies in the
brain to market

Thomas C. Chen, Clovis O. da Fonseca & Axel H. Schönthal

To cite this article: Thomas C. Chen, Clovis O. da Fonseca & Axel H. Schönthal (12 Feb 2025):
Bringing intranasal drug delivery for malignancies in the brain to market, Expert Opinion on
Drug Delivery, DOI: 10.1080/17425247.2025.2464714

To link to this article:  https://doi.org/10.1080/17425247.2025.2464714

Published online: 12 Feb 2025.

Submit your article to this journal 

Article views: 100

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iedd20

https://www.tandfonline.com/journals/iedd20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17425247.2025.2464714
https://doi.org/10.1080/17425247.2025.2464714
https://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17425247.2025.2464714?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17425247.2025.2464714?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2025.2464714&domain=pdf&date_stamp=12%20Feb%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2025.2464714&domain=pdf&date_stamp=12%20Feb%202025
https://www.tandfonline.com/action/journalInformation?journalCode=iedd20


EDITORIAL

Bringing intranasal drug delivery for malignancies in the brain to market
Thomas C. Chena,b,c, Clovis O. da Fonsecad and Axel H. Schönthal e

aDepartment of Neurological Surgery, Keck School of Medicine, University of Southern California (USC), Los Angeles, CA, USA; bUSC/Norris 
Comprehensive Cancer Center, Los Angeles, CA, USA; cNeOnc Technologies, Inc, Westlake Village, CA, USA; dDepartment of Neurological Surgery, 
Federal Hospital of Ipanema, Rio de Janeiro, Brazil; eDepartment of Molecular Microbiology and Immunology, Keck School of Medicine, University 
of Southern California, Los Angeles, CA, USA

ARTICLE HISTORY Received 15 December 2024; Accepted 5 February 2025 

KEYWORDS Blood–brain barrier; brain cancer; glioma; meningioma; NEO100; nose-to-brain pathway; perillyl alcohol; temozolomide

1. Introduction

Malignancies of the brain are a group of cancer types with poor 
prognosis and particular challenges to their treatment. In adults, 
the most frequently diagnosed primary brain tumors are astrocy
toma and glioblastoma (GBM), whereas in pediatric patients it is 
medulloblastoma. Pituitary adenomas and meningiomas are gen
erally benign, although both can potentially progress to a more 
aggressive phenotype. Beyond these primary cancers, the group 
of secondary brain cancers originates from the metastatic spread 
of peripheral cancers, such as those of the lung, skin, breast, 
kidneys, and gastrointestinal tract. Such brain-localized metastases 
are about 10-fold more prevalent than primary brain malignancies, 
and in the United States alone, about 200,000 cases are diagnosed 
each year. Despite continuous improvements and innovations in 
therapeutic approaches, the majority of patients afflicted with 
malignancies of the brain are still dying from the disease [1].

The treatment of all brain-localized malignancies is gener
ally based on surgery followed by radiation therapy (RT) with 
or without chemotherapy, although all of these approaches 
face certain limitations [2]. In the case of chemotherapy, 
a major obstacle is constituted by the blood–brain barrier 
(BBB) [3]. While many oral and intravenous anticancer agents 
are present in the systemic circulation at concentrations that 
are sufficient to effectively target peripheral disease, most 
often they are unable to cross the BBB and reach the brain- 
localized lesions at equally impactful concentrations.

Intranasal (IN) applications of anticancer agents hold the 
promise to provide a more effective route to deliver therapeu
tics to the intracranial tumor site. Rather than being impeded 
by the BBB, IN delivery seeks to circumvent this obstacle and 
minimize its interference by exploiting a pathway of direct 
nose-to-brain transport instead [4–6]. As an approach to 
brain cancer therapy, however, the IN method is still in its 
infancy, and there are no clinically established IN-delivered 
agents that have received market approval. At this time, 
a small number of agents are at various stages of the devel
opment pipeline. Among these, NEO100 (NeOnc Technologies, 
Inc., Westlake Village, California) is the most advanced and is 
currently being investigated in Phase 1 and Phase 2a trials 
with brain cancer patients (see below).

2. Intranasal drug delivery pathways

The concept of IN drug delivery is based on a number of pre
mises, not all of which have been robustly established. Among its 
advantages are the following: Compared to intravenous injection 
or infusion, the IN method is noninvasive and easy to perform; it 
can conveniently be performed by patients themselves with the 
use of nebulizers or nasal sprays. Compared to oral drug delivery, 
it avoids the first-pass effect in the gut and liver, and therefore is 
not subject to early metabolism. Most relevant for the treatment 
of brain cancer is the expectation that at least a fraction of the IN- 
delivered agent enters the brain and reaches the intracranial 
tumor lesion via direct nose-to-brain transport, which effectively 
circumvents the critical BBB obstacle [4–6].

Figure 1 summarizes the variety of physiological pathways 
that are available to IN-delivered pharmacologic agents: (1) The 
most direct passageway to the brain is provided by the branches 
of the trigeminal nerve and the olfactory system. For purposes of 
brain cancer therapy, these neuronal pathways present them
selves as the most desirable route, because brain entry of drugs is 
not subjected to blockage by the BBB. (2) Due to the rich lym
phatic network within the nasal epithelium and the extensive 
vascularization, IN-delivered drugs easily enter the lymphatics 
and the venous system, and thus the systemic circulation, from 
where they encounter the BBB. (3) Similarly, inhaled drugs reach 
the lungs and are effectively delivered to the bloodstream. (4) IN- 
delivered drugs may be subject to mucociliary clearance and 
postnasal drip, which deliver the drugs to the gastrointestinal 
(GI) tract, from where they might reach the systemic circulation.

In general, combinations of these pathways are likely used 
to different degrees by different drugs. For purposes of brain- 
targeted delivery, nose-to-brain transport is considered to be 
the most desirable pathway; even if only a fraction of the total 
IN-administered agent utilizes this pathway, it might still reach 
therapeutically effective levels at the lesion site that otherwise 
might not be possible by oral or intravenous delivery.

3. From bench to bedside to market

The practice of IN delivery has been in common use for a long 
time, in particular for purposes of treating allergies, headaches, 
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and migraines, and more recently to alleviate certain aspects of 
neurological diseases, such as memory loss in Alzheimer’s dis
ease. Naloxone hydrochloride (Narcan) nasal spray, for the acute 
treatment of opioid poisoning, represents another well-known 
example of a marketed IN drug. However, when it comes to brain 
cancer therapy, there is a distinct paucity of the IN approach. The 
two best-characterized agents for IN delivery, and ostensibly the 
most advanced along the developmental pipeline, are IN temo
zolomide (TMZ), which has completed Phase 1 studies, and IN 
NEO100, which has entered Phase 2 studies.

3.1. Intranasal temozolomide

TMZ is an alkylating agent in clinical use as an oral drug for 
malignant glioma. As part of the chemoradiation regimen, 
oral TMZ has been shown to extend median GBM survival 
by several months as compared to radiation alone [7]. TMZ 
is known to penetrate the BBB, but the efficiency is low at 
only 0.2 brain:plasma ratio [8]. It has therefore been 
hypothesized that IN delivery might help to increase the 
accumulation of TMZ at the brain tumor site for greater 
overall benefit.

While a multitude of preclinical research has explored the 
activity of IN TMZ, a Phase 1 study of this approach, sponsored 
by Center Trials & Treatment Europe, was performed between 
December 2019 and September 2022. It investigated the 
safety and potential efficacy of IN TMZ when administered to 
patients with malignant glioma. In total, there were 30 
patients distributed over three cohorts with escalating doses 
of 75, 150, and 200 mg/m2/d over 5 days per week (max: 30  
days). Regrettably, while ClinicalTrials.gov lists this trial 
[NCT04091503] as completed, no results have been posted. It 
therefore remains unclear whether this clinically used IN for
mulation of TMZ is undergoing further development, and it 
does not appear likely that IN TMZ will reach the market any 
time soon.

3.2. Intranasal NEO100

NEO100 is a highly purified, clinical-grade derivative of the 
natural monoterpene perillyl alcohol (POH), a metabolite of 
limonene [9]. A large number of preclinical studies had estab
lished the anticancer activity of POH in different tumor mod
els, but the clinical trials that followed were not successful, 

Figure 1. Physiological pathways available for drugs to reach the brain after intranasal delivery. See text for details. Passage of drugs through these pathways is 
affected by the respective mechanics of delivery devices and administration techniques, different drug formulation-related parameters, physicochemical properties 
of the chosen pharmacologic agents, and nasal anatomy and physiology. See excellent reviews [4–6] for details. (Figure from [9], with permission).
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because oral POH caused dose-limiting gastrointestinal (GI) 
toxicity at the large doses that were administered every day, 
and it did not show significant activity [10–12]. In an attempt 
to avoid GI toxicity and lower the overall dosages, and possi
bly target brain cancer more specifically, an IN formulation of 
POH was devised [13]. These efforts proceeded to the devel
opment of proprietary NEO100 (NeOnc Technologies), which 
obtained investigational new drug (IND) approval by the 
United States Food and Drug Administration (US FDA) for IN 
delivery to brain cancer patients. Multiple cancer trials with IN 
NEO100 are ongoing as of January 2025.

A multi-site, Phase 1/2a study is investigating IN NEO100 in 
recurrent grade IV glioma patients [NCT02704858]. Patients 
are self-administering a dose of 288 mg with a nebulizer four 
times daily, every day, for a total of 1152 mg/day. The Phase 1 
component has been completed and established not only that 
this approach is very safe but also provided preliminary evi
dence of activity [14]. Median overall survival of the 12 
patients was 15 months, which was longer than expected 
(usually 6–10 months) for recurrent grade IV glioma patients 
[14]. Of particular relevance, it was possible to confirm that 
NEO100 indeed reaches the intracranial tumor site after IN 
delivery by having a patient self-administer IN NEO100 in the 
morning before undergoing tumor resection. Resected tumor 
tissue was subjected to pharmaco-analysis, which clearly 
revealed the presence of POH and its main metabolite, perillic 
acid [15]. This was an important finding because it established 
direct proof of principle that an IN-delivered therapeutic was 
able to reach the brain-localized malignancy.

An additional multi-site Phase 2 trial of IN NEO100 has been 
initiated with patients harboring residual, progressive, or 
recurrent high-grade meningioma following resection surgery 
[NCT05023018]. This trial was started in late 2022 and is still 
recruiting patients. Results are not yet available. Yet another 
trial with IN NEO100, a Phase 1b trial in a pediatric population 
with high-grade glioma, has been initiated, but is not yet 
recruiting patients. It is entitled A Study of the Safety, 
Dosing, and Delivery of NEO100 in Patients with Pediatric 
Brain Tumors [NCT06357377] and seeks to assess the safety 
and tolerability of increasing dose levels of IN NEO100 in 
children. Initial results are expected in 2026.

4. Expert opinion

The ability to effectively deliver drugs to the brain is critical for 
the prevention and treatment of brain-localized diseases. 
However, first-pass drug metabolism effects and the obstacles 
placed by the BBB prevent the vast majority of oral or intra
venously delivered therapeutic agents from reaching their 
intended intracranial target sites at adequate concentrations. 
To overcome these constraints, it is thought that IN drug 
delivery might provide a better alternative, in particular in 
view of specific nerve pathways that might enable direct nose- 
to-brain drug transport. However, IN drug delivery faces lim
itations as well, and a large number of variables, not the least 
physicochemical properties and details of formulation, deter
mine the fate of IN-delivered pharmacologic agents. Potential 
biotoxic effects on the nasal mucosa, the nervous innervation, 
or the brain might also arise. Some of these aspects are 

difficult to investigate, in particular in human subjects. 
Furthermore, as outlined in Figure 1, while several physiologi
cal pathways are available for drug transport, it is not possible 
to strictly isolate one over another. More likely, biological 
uptake consists of mixed participation by these individual 
pathways that might vary from one drug to another. 
Nonetheless, in contrast to oral or intravenous drug delivery, 
only the IN option includes an opportunity for direct nose-to- 
brain transport, and even fractional participation of this latter 
pathway might suffice to reach therapeutically relevant 
thresholds of drug concentrations at their intracranial target 
sites.

While there is an increasing number of IN-delivered drugs 
that have successfully reached the market and are directed at 
various systemic and brain-localized diseases, there are no 
such drugs specifically for brain cancer. Many preclinical inves
tigations are ongoing, but clinical studies with brain cancer 
patients remain rare. Among the exceptions is NEO100, which 
has entered Phase 2 studies in recurrent high-grade menin
gioma and glioma patients. Whether it will succeed in reach
ing market approval remains to be seen, but at this point, its 
prospects remain promising.
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