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Patient with recurrent grade 4 astrocytoma responding favorably to intranasal delivery of
NEO100, highly pure perillyl alcohol: illustrative case
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BACKGROUND Better treatments are needed for patients with grade 4 gliomas, especially in the setting of recurrence. The authors are developing
NEO100, a clinical-grade version of the natural monoterpene perillyl alcohol, as a cancer therapeutic to be administered via intranasal (IN) delivery to
patients with recurrent glioma.

OBSERVATIONS A 40-year-old woman was diagnosed with an isocitrate dehydrogenase 1-mutant, CNS WHO grade 4 astrocytoma harboring
an unmethylated MGMT promoter. She underwent surgery and standard chemoradiation treatment with temozolomide (TMZ), but after 6 cycles of
adjuvant TMZ, the tumor recurred. The patient was started on daily IN NEO100 at 288 mg 4 times a day, administered using a nebulizer and nasal

mask. Routine MRI revealed steady tumor regression over the course of 13 months of daily IN NEO100, to the point where the tumor became
inconspicuous. There were no serious adverse events, and her quality of life improved and remained high.

LESSONS The authors present a case in which IN cancer therapy with NEO100 was well tolerated and was associated with striking tumor
regression, providing further evidence that this novel conceptual approach to cancer therapy might become useful for the improved treatment of

recurrent glioma.

https://thejns.org/doi/abs/10.3171/CASE24683
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The most recent WHO classification of tumors of the CNS' utilizes
characteristic mutations in isocitrate dehydrogenase genes (IDH1 and
IDH2) to differentiate between astrocytoma, IDH mutant, and glio-
blastoma (GBM), 2 primary glial neoplasms that can have histological
overlap. Combined, these tumor types represent the most common
and deadliest malignant brain tumors among adults. Regardless of the
treatment regimen, the disease relapses in the vast majority of these
patients, who are left with limited treatment options. The disease does
not respond well to repeat surgery, re-irradiation, or additional rounds
of chemotherapy or immunotherapy; therefore, the prognosis of these
patients continues to remain exceptionally poor.

In view of the persistent medical need for improved treatments, we
are investigating a novel type of intervention: intranasal (IN) delivery
of NEO100, a highly pure, pharmaceutical-grade version of perillyl
alcohol (POH), also called “p-mentha,1,7-diene-6-0l.” POH is a natu-
rally occurring monoterpene related to limonene that is present in the
essential oils of lavender, citrus fruit peel, peppermint, and several
other plants, where it is synthesized through the mevalonate pathway.?
A number of preclinical studies have provided solid evidence of its in
vitro and in vivo anticancer potency in a variety of tumor models.**
Early on, studies showed that POH inhibited the enzymatic activity of
farnesyl-protein transferase in the mevalonate pathway, which caused

ABBREVIATIONS FISH=fluorescence in situ hybridization; GBM = glioblastoma; IN =intranasal; mOS =median overall survival; PA = perillic acid; POH = perillyl alcohol;

RTT=Right to Try; TMZ =temozolomide.
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inhibition of the oncogenic activity of Ras protein, as the latter requires
posttranslational farnesylation for plasma membrane anchoring and
mitogenic activity.® Additional cellular effects of POH were discovered,
such as inhibition of the cytoplasmic sodium/potassium transporter,
which triggers proapoptotic endoplasmic reticulum stress due to the
ensuing electrolyte imbalances, and inhibition of telomerase, which
causes senescence and prevents further cell proliferation. Combined,
these pleiotropic effects of POH result in cell cycle arrest in the G1
phase and inhibition of tumor cell growth, eventually leading to apop-
tosis (see detailed citations in the review by Chen et al.f).

Despite the consistently observed anticancer activity in a variety of
preclinical models, numerous phase 1 and 2 trials in patients with dif-
ferent solid tumors were unable to demonstrate convincing therapeutic
activity in the clinic (see detailed references in the review by Chen
et al.%). In these studies, POH was formulated in gelatin capsules and
given orally in relatively large doses of several grams, 3—4 times daily,
for several months. Gastrointestinal toxicity proved limiting, and some
patients were forced to quit the trials due to unrelenting, chronic mal-
aise (fatigue, nausea, belching, reflux, diarrhea, or constipation).” In
addition, therapeutic activity was unconvincing. As a result, oral POH
was abandoned and did not enter clinical practice. In retrospect, the
failure of oral POH, at least in part, was due to its extensive metabo-
lism by the liver. Efficient POH breakdown by liver enzymes is well
characterized,' and only POH metabolites, but not intact POH, could
be detected in the plasma of treated patients.""

Nasal delivery of chemotherapy is envisioned as a novel, paradigm-
shifting platform to deliver therapeutics to the brain while minimizing
systemic toxicity and first-pass metabolism."*-® Effective nose-to-
brain delivery has been demonstrated in a variety of noncancer condi-
tions, such as migraine, stroke, and other neurological conditions.'s"8
For example, IN insulin has been shown to improve cognition in early
Alzheimer’s disease.'®? Although not yet fully characterized, the pre-
sumed mechanism of brain drug uptake after IN delivery is thought
to involve the olfactory and trigeminal nerves and the nasal mucosa.
Combined, these elements facilitate direct access and quick absorp-
tion of drugs, thereby resulting in greater bioavailability, rapid onset
of drug responses, and protection from breakdown in the liver.2'
However, despite these distinct benefits, IN delivery of cancer thera-
peutics is not established in clinical practice.

To investigate the potential benefits of IN drug delivery for brain
cancer therapy, we developed NEO100, a highly pure version of POH
produced under current good manufacturing practice conditions. A
phase 1 clinical trial,® conducted in 12 adult patients with recurrent
GBM (diagnosed before the establishment of the new WHO classifica-
tion of CNS tumors), investigated the safety of IN NEO100 at escalat-
ing dosages and demonstrated the remarkable safety of this approach.
When looking for preliminary signs of activity, it was noted that the
median overall survival (mOS) was 15 months, which represented a
highly encouraging outcome in view of a generally expected average
survival of 610 months for this patient group.%-* When patients were
stratified according to their IDH status, it was noted that patients with
IDH1-mutant status (n=5) fared even better on average (4 patients
alive at 24 months) than those with an IDH-wildtype status (n=7; no
survivors at 24 months). For this reason, the inclusion criteria of the
ongoing phase 2a trial were expanded to include patients with grade 3
IDH-mutant astrocytoma.

While phase 2a of IN NEO100 continues, patients can also be con-
sidered under the United States Right to Try (RTT) pathway, which
represents a pathway for patients diagnosed with life-threatening dis-
eases, who have exhausted all approved treatment options to receive
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unapproved medical care. Here, we report on such a patient, a female
with recurrent astrocytoma, IDH1 mutant, CNS WHO grade 4, MGMT
promoter unmethylated, who has been under daily IN NEO100 treat-
ment for 13 months and has shown remarkable tumor regression with-
out severe side effects. Her treatment was the same as that applied
in an ongoing clinical trial, an open-label, phase 1/2a dose escala-
tion safety and efficacy study of NEO100 in recurrent or progressive
grade Ill or grade IV IDH1 mutated glioma (ClinicalTrials.gov identi-
fier no. NCT02704858). However, because her recurrent glioma was
larger than 3 x 3 cm?, she was not considered a candidate for this trial
and instead received treatment under the RTT Act. Both the ongo-
ing phase 1/2a clinical trial and the RTT pathway are sponsored by
NeOnc Technologies, Inc.

lllustrative Case

Awoman with recurrent grade 4 astrocytoma has been undergoing
treatment with IN NEO100 for well over a year. At age 40 years, in
November 2021, the patient presented with symptoms of visual aura
with flashing lights, headache, nausea, vomiting, and generalized
tonic-clonic seizure. A partially necrotic left parietal lobe mass was
identified and resected in February 2022. Neuropathological examina-
tion (Fig. 1) revealed an infiltrative glial neoplasm with microvascular
proliferation and elevated mitotic activity. Fluorescence in situ hybrid-
ization (FISH) was negative for 1p/19q codeletion, and an IDH1 R132H
mutation was identified by immunohistochemical analysis (Fig. 1D).
MGMT promoter methylation testing was negative. An integrated
diagnosis of astrocytoma, IDH mutant, CNS WHO grade 4 was made.
The resection was followed in March by standard-of-care chemo-
radiation therapy, consisting of the Stupp protocol, i.e., 6 weeks of
radiation (30 fractions of 2 Gy) with concurrent temozolomide (TMZ) at
75mg/m?, followed by 6 cycles of adjuvant TMZ at 150 mg/m?. However,
before the end of the year, a CT scan revealed that the tumor had
recurred.

The patient was evaluated for participation in the ongoing phase
2a portion of the ongoing IN NEO100 study but was found ineligible
because her tumor exceeded 30 mm in size, based on MRI performed
in January 2023 (Fig. 2). However, she was found eligible for IN
NEO100 under the RTT pathway, and intervention with 288 mg 4 times
per day NEO100 was initiated 4 weeks later. To confirm the biological
uptake of IN NEO100, serum was drawn from the patient shortly after
the administration of the first dose on day 1. Pharmacoanalytical mea-
surements for POH and its main metabolite, perillic acid (PA), were
performed. As shown in Fig. 3, both molecules were readily detect-
able, confirming biological uptake of the drug.

The patient continued to self-administer IN NEO100 during all of
2023 and into 2024. During this time, regularly obtained MR images
revealed slow but continuous tumor regression. Representative
images (Fig. 2) showed a decrease in signal intensity at the lesion
site over the course of 4, 11, and 13 months. Strikingly, at 13 months
after the start of NEO100, the previous enhancement at the tumor site
had disappeared, suggesting that the tumor had regressed below the
detection limit of MRI.

Along with these apparent reductions in tumor size, the frequency
of seizures and the level of anxiety decreased, so that the use of anti-
seizure and anxiolytic medications (gabapentin, levetiracetam, alpra-
zolam, and duloxetine) could be tapered down. Moreover, no serious
side effects of NEO100 were noted, altogether emphasizing that qual-
ity of life improved and remained high during this long-term treatment
regimen.
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FIG. 1. Neuropathological photomicrographs of resected tissue and IDH1 staining. An
infiltrative glial neoplasm was identified, with a clear cellular gradient (A) visualized.
Microvascular proliferation (B), a histologically high-grade feature, and elevated
mitotic activity (C, yellow arrows) were present, amid neoplastic glial cells with
enlarged, irregularly shaped nuclei. Immunohistochemistry was positive for the
IDH1 p.R132H mutation, indicated by brown cytoplasmic staining (D). Hematoxylin
and eosin (A-C). Original magnification x40 (A), x10 (B), x200 (C), and x100 (D).

Informed Consent
The necessary informed consent was obtained in this study.

Discussion

Observations

Recurrence in malignant glioma is almost universally anticipated,
and no effective treatments exist once standard chemoradiation ther-
apy has failed. We are investigating NEO100, which is administered
on a daily basis, 4 times per day, via IN delivery, as a novel approach
to potentially improve on these dismal outcomes. In an earlier case
study,® we were able to demonstrate the presence of both POH and
its metabolite PA in resected brain tumor tissue of a patient with recur-
rent GBM who took a dose of IN NEO100 shortly before surgery. This
finding confirmed that the IN delivery method indeed is able to deliver
the active pharmacological agent to its intracranial target. In the cur-
rent case study, the patient was not scheduled for repeat surgery and
therefore no glioma tissue was available for pharmacoanalysis; how-
ever, a blood draw after IN NEO100 delivery enabled us to readily
confirm the biological uptake of NEO100/POH in this patient. These
results are in pronounced contrast to earlier phase 1 and 2 clinical tri-
als using an oral formulation of POH that failed to detect the presence
of POH in patient blood samples, despite administering significantly
higher amounts of this compound."2 In retrospect, it appears con-
sistent that therapeutic activity in response to oral POH could not be
established.”®

A previously completed phase 1 trial with IN NEO100 demon-
strated its exceptional safety when administered daily over many

months.? Preliminary analysis of efficacy in the 12 patients of that trial
suggested that the greatest benefit might unfold in patients harboring
IDH mutations in their tumor tissues, and the case presented in the
current report adds further compelling evidence to this notion. In the
case presented here, the patient showed remarkable tumor regres-
sion, where after 13 months of daily IN NEO100, no obvious signs of
the tumor remained. This positive development was accompanied by
the better management of seizures, along with an overall improvement
in functional status and quality of life. Over the course of the treatment,
the patient was able to taper down the use of antiepileptic drugs, which
is a rare occurrence in patients with brain tumor-related epilepsy.?®
As seizures in themselves carry an intrinsic risk for injury,® NEO100
treatment benefited this aspect of quality of life.

The presence of an IDH mutation is known to provide a survival
advantage for newly diagnosed patients with grade 4 glioma (astrocy-
toma vs GBM), but whether there is a better prognosis in the setting
of recurrence is less clear. The mOS for newly diagnosed grade 4
astrocytoma, which by definition is IDH mutant, is about 31 months,
whereas the mOS for newly diagnosed GBM, which by definition is
IDH wildtype, is about 15 months.*2 In the recurrent setting (first recur-
rence only, as it applies to our patient), mOS was reported in the 12-
to 20-month range for grade 4 astrocytoma and in the 6- to 9-month
range for GBM.'%%33* However, a study by Tabei et al.*® determined
mOS at 10.1 months for grade 4 astrocytoma (n=13) and 10.5 months
for GBM. It is quite likely that additional molecular expression pro-
files, along with microenvironmental conditions, play a critical role in
shaping the survival of these patients. One such critical component
is MGMT.
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FIG. 2. Postcontrast T1-weighted 3D spoiled gradient recalled echo
(SPGR) images were obtained. A: After recurrence, a baseline study
before the onset of treatment with NEO100 (January 2023). The tumor
burden appears adjacent to the resection cavity (arrow) and was 3.7 x
2.8 x 4.6 cm in size. B: At 4 months after the initiation of treatment
(June 2023), there appears to be less size at the location of tumor
recurrence. C: At 11 months (January 2024), tumor tissue size is
further reduced. D: At 13 months (March 2024), there is no apparent
nodular enhancement at the location of tumor recurrence. These
findings are consistent with disease remission, by both the MacDonald
and RANO (Response Assessment in Neuro-Oncology) criteria.

It is noteworthy that our patient's tumor harbored an unmethyl-
ated MGMT promoter, indicating the presence of MGMT protein in
the tumor cells. MGMT is well known to remove the methyl moiety
placed onto the O°-position of guanine by the alkylating function of
TMZ, thereby neutralizing the cytotoxic impact of the drug and mak-
ing the tumor resistant to TMZ.%- In our patient, this process quite
likely contributed to her relatively early recurrence after chemoradia-
tion therapy with TMZ. A recent study®' retrospectively analyzed the
survival of patient cohorts (n=133) with the same initial diagnosis
as our patient—astrocytoma, IDH mutant, CNS WHO grade 4—who
mostly were treated with resection, followed by the Stupp protocol.
The authors determined that the mOS was 40.7 months for those
patients with a methylated MGMT promoter, but only 18 months for
those with an unmethylated MGMT promoter. Early recurrence in our
patient, therefore, was in line with the dismal prognosis expected from
MGMT unmethylated disease. Worsening our patient's prognosis fur-
ther was the fact that early recurrence usually indicates accelerated
progression and shortened survival in IDH-mutant gliomas.*4
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FIG. 3. Serum concentration (conc.) of POH and PA after IN NEO100.
Five minutes after IN administration of 1 dose of NEO100 (288 mg),
the patient's blood was drawn. The plasma was analyzed for the
presence of POH and PA, the main metabolite of POH. The analysis
was performed in triplicate; shown are the individual data points for
each molecule, along with the mean and standard deviation.
Measurements were performed using high-performance liquid
chromatography coupled with UV detection.*!

Lessons

Our case study presents an example showing that IN NEO100
was well tolerated and correlated with tumor regression. Despite unfa-
vorable conditions, such as early recurrence, unmethylated MGMT
promoter, and large size of the recurrent tumor mass, there was strik-
ing tumor regression upon IN NEO100 treatment, and at present the
patient has surpassed the expected mOS mark of 18 months (since
the initial diagnosis) by a significant margin and in good health, with-
out adverse and unanticipated events. These results further support
the notion that the novel conceptual approach of IN NEO100 has the
potential to become a clinically beneficial regimen for the improved
treatment of recurrent astrocytoma, IDH mutant, CNS WHO grade 4.
Naturally, as a case study, our report is limited by n=1; large clinical
trials, such as the currently ongoing phase 2 study, are necessary to
measure the efficacy of the IN approach with NEO100.

Acknowledgments

We appreciate superb administrative support by Jodi Thiel, Clinical
Research Coordinator at the South Sound CARE Foundation
(Tacoma, WA).

References

1. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO Classifica-
tion of Tumors of the Central Nervous System: a summary. Neuro
Oncol. 2021;23(8):1231-1251.

2. Crowell PL, Elson CE. Isoprenoids, health and disease. In:
Wildman REC, ed. Nutraceuticals and Functional Foods. CRC
Press; 2001:31-54.

3. Gould MN. Prevention and therapy of mammary cancer by mono-
terpenes. J Cell Biochem Suppl. 1995;22:139-144.

4. Mills JJ, Chari RS, Boyer IJ, Gould MN, Jirtle RL. Induction of
apoptosis in liver tumors by the monoterpene perillyl alcohol. Can-
cer Res. 1995;55(5):979-983.

5. Gelb MH, Tamanoi F, Yokoyama K, Ghomashchi F, Esson K,
Gould MN. The inhibition of protein prenyltransferases by oxygen-
ated metabolites of limonene and perillyl alcohol. Cancer Lett. 1995;
91(2):169-175.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chen TC, Fonseca COD, Schonthal AH. Preclinical development
and clinical use of perillyl alcohol for chemoprevention and cancer
therapy. Am J Cancer Res. 2015;5(5):1580-1593.

Bailey HH, Levy D, Harris LS, et al. A phase Il trial of daily perillyl
alcohol in patients with advanced ovarian cancer: Eastern Coop-
erative Oncology Group Study E2E96. Gynecol Oncol. 2002;
85(3):464-468.

Liu G, Oettel K, Bailey H, et al. Phase Il trial of perillyl alcohol
(NSC 641066) administered daily in patients with metastatic andro-
gen independent prostate cancer. Investig New Drugs. 2003;21(3):
367-372.

Meadows SM, Mulkerin D, Berlin J, et al. Phase |l trial of perillyl
alcohol in patients with metastatic colorectal cancer. Int J Gastroin-
test Cancer. 2002;32(2-3):125-128.

Taal W, Oosterkamp HM, Walenkamp AME, et al. Single-agent
bevacizumab or lomustine versus a combination of bevacizumab
plus lomustine in patients with recurrent glioblastoma (BELOB
trial): a randomised controlled phase 2 trial. Lancet Oncol. 2014;
15(9):943-953.

. Hudes GR, Szarka CE, Adams A, et al. Phase | pharmacokinetic

trial of perillyl alcohol (NSC 641066) in patients with refractory solid
malignancies. Clin Cancer Res. 2000;6(8):3071-3080.

Ripple GH, Gould MN, Arzoomanian RZ, et al. Phase | clinical and
pharmacokinetic study of perillyl alcohol administered four times a
day. Clin Cancer Res. 2000;6(2):390-396.

Chen Y, Zhang C, Huang Y, et al. Intranasal drug delivery: the
interaction between nanoparticles and the nose-to-brain pathway.
Adv Drug Deliv Rev. 2024;207:115196.

Crowe TP, Hsu WH. Evaluation of recent intranasal drug delivery sys-
tems to the central nervous system. Pharmaceutics. 2022;14(3):629.
Peterson A, Bansal A, Hofman F, Chen TC, Zada G. A systematic
review of inhaled intranasal therapy for central nervous system
neoplasms: an emerging therapeutic option. J Neurooncol. 2014;
116(3):437-446.

Fan'Y, Chen M, Zhang J, Maincent P, Xia X, Wu W. Updated prog-
ress of nanocarrier-based intranasal drug delivery systems for
treatment of brain diseases. Crit Rev Ther Drug Carrier Syst. 2018;
35(5):433-467.

Fonseca LC, Lopes JA, Vieira J, et al. Intranasal drug delivery for
treatment of Alzheimer’s disease. Drug Deliv Transl Res. 2021;
11(2):411-425.

Ronaldson PT, Williams El, Betterton RD, Stanton JA, Nilles KL,
Davis TP. CNS drug delivery in stroke: improving therapeutic trans-
lation from the bench to the bedside. Stroke. 2024;55(1):190-202.
Chapman CD, Schiéth HB, Grillo CA, Benedict C. Intranasal insulin
in Alzheimer’s disease: food for thought. Neuropharmacology. 2018;
136(B):196-201.

Reger MA, Watson GS, Green PS, et al. Intranasal insulin
improves cognition and modulates beta-amyloid in early AD. Neu-
rology. 2008;70(6):440-448.

Chen TC, da Fonseca CO, Schénthal AH. Intranasal perillyl alcohol
for glioma therapy: molecular mechanisms and clinical develop-
ment. Int J Mol Sci. 2018;19(12):3905.

lllum L. Nasal drug delivery—recent developments and future pros-
pects. J Control Release. 2012;161(2):254-263.

Schénthal AH, Peereboom DM, Wagle N, et al. Phase | trial of
intranasal NEO100, highly purified perillyl alcohol, in adult patients
with recurrent glioblastoma. Neurooncol Adv. 2021;3(1):vdab005.
Chang C, Chavarro VS, Gerstl JVE, et al. Recurrent glioblastoma-
molecular underpinnings and evolving treatment paradigms. Int J
Mol Sci. 2024;25(12):6733.

Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone and
in combination with irinotecan in recurrent glioblastoma. J Clin
Oncol. 2023;41(32):4945-4952.

Brandes AA, Finocchiaro G, Zagonel V, et al. AVAREG: a phase I,
randomized, noncomparative study of fotemustine or bevacizumab

for patients with recurrent glioblastoma. Neuro Oncol. 2016;18(9):
1304-1312.

27. Heiland DH, Masalha W, Franco P, Machein MR, Weyerbrock A.
Progression-free and overall survival in patients with recurrent glio-
blastoma multiforme treated with last-line bevacizumab versus
bevacizumab/lomustine. J Neurooncol. 2016;126(3):567-575.

28. Schonthal AH, Swenson S, Bonney PA, et al. Detection of perillyl
alcohol and its metabolite perillic acid in postsurgical glioblastoma
tissue after intranasal administration of NEO100: illustrative case. J
Neurosurg Case Lessons. 2022;4(8):.CASE22215.

29. Mummudi N, Jalali R. Palliative care and quality of life in neuro-
oncology. F1000Prime Rep. 2014;6:71.

30. Gallagher P, Leach JP, Grant R. Time to focus on brain tumor-
related epilepsy trials. Neurooncol Pract. 2014;1(3):123-133.

31. Dipasquale A, Franceschi E, Giordano L, et al. Dissecting the prog-
nostic signature of patients with astrocytoma isocitrate dehydroge-
nase-mutant grade 4: a large multicenter, retrospective study.
ESMO Open. 2024;9(6):103485.

32. Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus
concomitant and adjuvant temozolomide for glioblastoma. N Engl J
Med. 2005;352(10):987-996.

33. Fasano M, Pirozzi M, Famiglietti V, et al. Clinical activity of rego-
rafenib in elderly patients with recurrent glioblastoma. Mol Clin
Oncol. 2023;18(2):9.

34. Mandel JJ, Cachia D, Liu D, et al. Impact of IDH1 mutation status
on outcome in clinical trials for recurrent glioblastoma. J Neuroon-
col. 2016;129(1):147-154.

35. Tabei Y, Kobayashi K, Saito K, et al. Survival in patients with glio-
blastoma at a first progression does not correlate with isocitrate
dehydrogenase (IDH)1 gene mutation status. Jon J Clin Oncol. 2021;
51(1):45-53.

36. Hegi ME, Oppong FB, Perry JR, et al. No benefit from TMZ treat-
ment in GB with truly unmethylated MGMT promoter: reanalysis of
the CE.6 and the pooled Nordic/NOA-08 trials in elderly GB
patients. Neuro Oncol. 2024;26(10):1867-1875.

37. Kaina B. Temozolomide, procarbazine and nitrosoureas in the ther-
apy of malignant gliomas: update of mechanisms, drug resistance
and therapeutic implications. J Clin Med. 2023;12(23):7442.

38. Kaina B, Christmann M, Naumann S, Roos WP. MGMT: key node in
the battle against genotoxicity, carcinogenicity and apoptosis induced
by alkylating agents. DNA Repair (Amst). 2007;6(8):1079-1099.

39. Miller JJ, Loebel F, Juratli TA, et al. Accelerated progression of IDH
mutant glioma after first recurrence. Neuro Oncol. 2019;21(5):669-677.

40. Zhou Q, Ke X, Xue C, et al. A nomogram for predicting early recur-
rence in patients with high-grade gliomas. World Neurosurg. 2022;
164:€619-e628.

41. Cho HY, Swenson S, Thein TZ, et al. Pharmacokinetic properties
of the temozolomide perillyl alcohol conjugate (NEO212) in mice.
Neurooncol Adv. 2020;2(1):vdaa160.

Disclosures
Dr. Chen holds a patent for NEO100. This work was supported by NeOnc
Technologies, Inc.

Author Contributions

Conception and design: Chen, Schénthal, Senecal. Acquisition of data:
Chen, Swenson, Mittenzwei, Go. Analysis and interpretation of data: Chen,
Schdnthal, Swenson, Mittenzwei, Go. Drafting the article: Schonthal,
Mittenzwei. Critically revising the article: Chen, Schonthal, Go. Reviewed
submitted version of manuscript: Schonthal, Swenson, Senecal, Go.
Approved the final version of the manuscript on behalf of all authors: Chen.

Correspondence
Thomas C. Chen: Keck School of Medicine, University of Southern
California, Los Angeles, CA. thomas.chen@med.usc.edu.

J Neurosurg Case Lessons | Vol 9 | Issue 11 | March 17,2025 | 5


mailto:thomas.chen@med.usc.edu

