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Abstract

Background. Dexanabinol is a synthetic analogue of tetrahydrocannabinol identified as a potential anti-cancer
therapeutic by e-Therapeutics PLC. Dexanabinol was selected for further investigation based on its preclinical
tumoricidal activity.This phase | dose-escalation trial examined the safety, drug penetration into the central nervous
system (CNS), preliminary antitumor activity, and recommended phase Il dose.

Methods. Dexanabinol formulated in cremophor/ethanol was administered once weekly via 3-hour intravenous
infusion to patients with brain cancer.

Results. A total of 26 patients were dosed once weekly at 2, 4, 8, 16, 24, 28, and 36 mg/kg. Two patients at 36 mg/
kg were nonevaluable for dose level confirmation, having withdrawn early for reasons unrelated to study treat-
ment. A recommended phase Il dose of dexanabinol was established at 28 mg/kg due to related, reversible adverse
events at higher dose levels that required medications for symptomatic relief. The most common drug-related
toxicities were the depressed level of consciousness and lightheadedness, diarrhea, itching, fatigue, chest discom-
fort, and tingling in the mouth. Systemic exposure to dexanabinol (AUC, t and C__ ) increased from 2 to 36 mg/
kg, with dose nonproportionality apparent at the highest dose; dexanabinol was present in appreciable levels in
the cerebrospinal fluid (CSF), which implies the possibility of exposure of intracranial tumors to drug. Five of 24
efficacy-evaluable patients (21%) experienced stable disease with a median duration of 2 cycles (28-day cycle) as
the best response.

Conclusions. Dexanabinol administered weekly by intravenous infusion was safe and well-tolerated up to 28 mg/
kg in brain cancer patients, but has limited antitumor activity in patients with brain cancer.

Key Points
1. Weekly intravenous infusion of dexanabinol demonstrated safety.

2. Dexanabinol was detectable in cerebrospinal fluid at approximately 0.5% of systemic
concentrations.

Brain metastases are the most common intracranial neoplasm,
occurring in 6-14% of cancer patients affecting between 100 000
and 240 000 Americans annually, and are a significant cause of
morbidity and mortality."® Among adults, lung cancer accounts
for approximately half of these cases. Other metastatic disease
to the brain includes breast cancer (~15% of cases), melanoma

(~10%), renal cancer, colorectal cancer, lymphoma, and tumors
of unknown primary. The incidence of brain metastases has
been increasing for a number of reasons, including longer sur-
vival of patients with the metastatic primary disease from more
effective systemic therapy and enhanced detection. Current
treatment modalities include surgery, stereotactic radiosurgery
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Importance of the Study

Protection against apoptosis is a key hallmark of
cancer, and the ability to selectively induce ap-
optosis in malignant cells versus normal cells is
an attractive strategy for the treatment of brain
cancer. This clinical trial evaluated the candidate
agent dexanabinol that was identified through
network pharmacology for its ability to disrupt
survival mechanisms in cancer cells and cross
the blood-brain barrier and demonstrated a
broad range of tumoricidal activity along with

(SRS), whole brain radiation (WBRT), and chemotherapy.
For metastases that reoccur, there is no FDA approved
treatment besides radiation therapy. Based on various
prognostic factors, median survival of patients with brain
metastases ranges from 3.4 to 14.8 months.

Primary malignant gliomas, glioblastoma (GBM) in par-
ticular, represent the second most common malignant
brain cancer. Standard of care radiochemotherapy results
in a median survival of 14 months* and the addition of a
tumor-treating fields (TTFields) device increase median
survival to approximately 21 months.5 Despite advances in
treatment for newly diagnosed glioma patients, essentially
all patients will experience disease recurrence. For patients
with recurrent disease, conventional chemotherapy is gen-
erally ineffective with response rates <20%. Like metastatic
cancers to the brain, there is a high frequency of diffuse
and leptomeningeal metastases from primary gliomas.
Genome-wide studies have confirmed that GBM is a het-
erogeneous group of diseases that can be sub-classified by
shared genetic aberrations.®” With dismal prognoses and
few effective treatments, clearly new therapies are criti-
cally needed for brain cancer patients.

Protection from apoptosis is a key survival factor for
cancer cells. Many cancer types are characterised by ele-
vated constitutive NFkB activity, which can provide a sur-
vival mechanism for malignant cells via a predominantly
anti-apoptotic function.® Up-regulation of NFkB activity
also plays a key role in the evolution of chemoresistance,
with exposure to prior therapy tending to select for NFkB
up-regulation.®0

Dexanabinol is a synthetic analogue of tetrahydrocan-
nabinol with limited affinity to cannabinoid receptors 1
and 2 and reduced psychotropic activity in comparison
to other cannabinoids. It was initially developed as a
neuroprotective agent due to its anti-inflammatory activity
and its ability to noncompetitively inhibit the N-methyl-
D-aspartate (NMDA) receptor,”'? and has previously
undergone clinical trials for traumatic brain injury and
patients undergoing coronary artery bypass surgery.'3-1®
Dexanabinol was subsequently found to exhibit cytotox-
icity against tumors in vitro and in vivo. Dexanabinol was
further selected for investigation as a potential antitumor
agent based on its ability to inhibit NFkB nuclear trans-
location and the phosphorylation and degradation of
the inhibitor of NFkB (IxB), resulting in a reduction in

multivalent anti-apoptotic and anti-inflamma-
tory properties in preclinical studies. Results
of this study demonstrated the safety and tol-
erability of dexanabinol in patients with brain
cancer. Although single-agent activity was insuf-
ficient to warrant further investigation in larger
trials, the study incorporated an assessment of
dexanabinol drug levels in cerebrospinal fluid
that could address a central question in neuro-
oncology regarding CNS drug penetration.

NFxB transcriptional activity and the accumulation of the
mRNA of its target genes: TNFa and interleukin 6 (IL-6).'®
Dexanabinol can directly block the action of TNFo at the
posttranscriptional level as well," and reduce the secre-
tion of Prostaglandin E2 (PGE2) by regulating the gene
expression of the enzyme cyclooxygenase-2 (COX-2).'8
COX-2 expression is up-regulated in tissue samples from a
wide variety of solid tumours™ and its inhibition in tumor
and stromal cells can lead to anti-proliferative and pro-
apoptotic actions within the tumour.2°

Taken together, targeted induction of apoptosis in cancer
cells versus normal cells provides an attractive strategy for
the treatment of brain cancer, a pernicious disease with
debilitating neurological side effects, and poor prognosis.
Here, we report the results of a phase | dose-escalation trial
of dexanabinol administered via 3-hour weekly intrave-
nous infusion in adult patients with brain cancer.

Methods
Patient Eligibility

Eligible patients were >18 years old with a histologically
confirmed diagnosis of brain cancer (eg, glioblastoma,
anaplastic astrocytoma, anaplastic oligodendroglioma,
anaplastic mixed oligoastrocytoma, low grade gliomas,
brain metastases, meningiomas, or leptomeningeal metas-
tases) having failed prior standard therapy or, in the case of
meningioma, had no other standard therapy option. Patients
had Karnofsky performance status (KPS) scores >60%, a life
expectancy of >8 weeks, and adequate bone marrow (abso-
lute neutrophil count >1.5 x 10%L, platelet count 100 x 10%L,
hemoglobin >9.0 g/dL, white blood cell count >3.0 x 10%/L),
renal (serum creatinine <15 x institution's upper limit of
normal [ULN], estimated glomerular filtration rate >50 mL/
min), liver (AST/SGOT and ALT/SGPT <2.5 x ULN, total bil-
irubin <1.5 x ULN, alkaline phosphatase <2.5 x ULN unless
considered tumor-related), and coagulation (INR <14, PT/
aPTT <1.2 x ULN) functions. Women of child-bearing poten-
tial and men with partners of child-bearing potential agreed
to use adequate contraception while on the study. Patients
were required to have recovered from acute toxic effects of
prior therapy and not to have received investigational agents
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within 28 days of study entry; cytotoxic therapy within
28 days (42 days if nitrosourea, 23 days if temozolomide,
21 days if procarbazine, and 14 days if vincristine);
noncytotoxic agents within 7 days, or surgery within 4
weeks. Patients were excluded if they had a history of al-
lergic reactions to medicines containing polyoxyethylated
castor oil uncontrolled with premedications; a severe or un-
controlled concurrent medical disorder; impaired cardiac
function; were on enzyme-inducing anti-epileptic drugs; or
were pregnhant or nursing females.

Approval by the UC San Diego Human Research
Protections Program (#111827) was obtained and the
study was conducted in accordance with the Declaration
of Helsinki and the International Conference on
Harmonization Good Clinical Practice Guidelines. Patients
provided written informed consent. The clinical trial was
registered on ClinicalTrials.gov as NCT 01654497.

Treatment Regimen and Dose Escalation

Dexanabinol formulated in cremophor/ethanol and diluted
into saline was administered intravenously over 3 h once
weekly during each cycle of 28 days. Planned dose levels
were 2, 4, 8, 16, 24, 28, 36, 40, and 44 mg/kg. Intra-patient
dose escalation was not allowed. Cohort expansion oc-
curred in the 36 mg/kg dose level.

Definition of DLT and MTD

Dose escalation followed a standard 3 + 3 design and was
also guided by an assessment of all grade toxicities and
trends in adverse events seen in subsequent dosing cycles.
Cohort expansion to 6 patients was required if one dose-
limiting toxicity (DLT) was reported, and dose escalation
would stop if 2 DLTs were observed in those 6 patients.
DLT was defined as any possible drug-related, clinically
relevant, grade 3 or 4 nonhematologic toxicity (except al-
opecia; unpremedicated nausea/vomiting; or nausea,
vomiting, or diarrhea lasting <24 h with standard prophy-
laxis and/or treatment), grade 4 diarrhea and vomiting of
any duration, grade 3 febrile neutropenia, grade 4 febrile
neutropenia of any duration, grade 4 neutropenia lasting
>5 days, grade 4 thrombocytopenia or thrombocytopenia
with clinically significant bleeding, grade 4 anemia of any
duration, any clinically significant toxicity that precludes
administration of the next scheduled dose beyond 7 days,
or dose reduction for any reason. The maximum toler-
ated dose (MTD) was defined as the highest dose tested
in which fewer than 33% of patients experienced DLT at-
tributable to the study drug. The recommended phase Il
dose was defined as a dose equal to or below the MTD and
would take into account any cumulative toxicity and review
of the study data as well as data from the concurrent study
of dexanabinol in patients with solid tumor (ETS2101-001:
NCT01489826).

Safety

Safety evaluations of hematology and chemistry were
conducted weekly in cycles 1 and 2 and every 2 weeks

thereafter. Physical examinations were performed on days
1 and 8 in cycles 1 and 2, then days 1 and 15 thereafter.
Vital signs were collected weekly and ECG was performed
predose and within 1 h postdose. Performance status as-
sessment, neurological exam, and urinalysis occurred
monthly. Toxicities were assessed using NCI CTCAE ver-
sion 4.03.

Pharmacokinetic Analysis

Pharmacokinetic (PK) data were obtained to guide the op-
timal dose of dexanabinol. Blood samples (5 mL) were
collected before the dexanabinol dose and at 0.5, 1, 2, and
4 h after the end of infusion on day 1 of Cycle 1, within
30 min after the end of infusion on day 8 of Cycle 1, and
within 30 min after the end of infusion on day 1 of Cycle
2. Cerebrospinal fluid (CSF) samples (3 mL) were also col-
lected via lumbar puncture within 30 min after the end of
infusions on day 8 of Cycle 1 and day 1 of Cycle 2.
Dexanabinol plasma and CSF concentrations were de-
termined using a validated method of high pressure
liquid chromatography with tandem mass spectrometry

Table 1. Baseline Characteristics of All Treated Patients (/= 26)
Age, years
Median 54.5
Range 25-79
Gender
Female 6 23.1
Male 20 76.9
Racial origin
American Indian or Alaskan Native 1 3.8
Asian 2 77
Black or African American 1 3.8
White 21 80.8
More than one 1 3.8
Pathology
Anaplastic astrocytoma 6 23.1
Anaplastic meningioma 1 38
Anaplastic oligodendroglioma 2 77
Brain metastases 2 77
Glioblastoma 12 46.2
Meningioma 3 1.5
Karnofsky performance status
90 5 19.2
80 5 19.2
70 15 577
60 1 3.8
No. of prior regimens
Median 2
Range 1-6
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Table 3. Key Mean Pharmacokinetic Parameters of Dexanabinol
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AUC, ,, Fold Increase

o)
7]
@
1)
2
3]

=

i)
o

s

x
]
=

§)

IR N
O I — 0 - N <
(RN R T o A
- 1 ®m ~§& ¥ 0o <
< o © N ¥ O ¢
NN ™o S N O
N a4 < m <
O o - 0o ® < 1
S P =
- © ©®mM®n - o
f <« © © ® N 19
A = = A — = O
L - © © © o o
N ©® ® L © O O
S ©® O~ ® F O®
- © o 1w ®

- - ®

0w Qo v w oY
o - o o o o o
o o 0 1 =)
M - o © = ®
B O F o W © 19
By = N e oS NS
S N ® 1 © 0 D
O ® = ® N = ™
A M o © N O «
N ¥ K o

Y

O o o o 19 o ™
P P R R
© ¥ © ©

Nt 0 - N N O™
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aGeometric means (CV%) reported.

bMedian.

CArithmetic means (CV%) reported.
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Figure 1. Maximum concentration (C_,) of the dexanabinol

achieved in CSF (A) and plasma (B) by dose cohort.

at POOL Laboratories (Canterbury, Kent, United Kingdom).
Noncompartmental analysis with a serial sampling de-
sign was used to calculate the key PK parameters using
PKSolver 2.0 (China Pharmaceutical University).

Tumor Response

Tumor response was assessed by MRI after every 2 treat-
ment cycles, or earlier if clinically indicated, according to
the Response Assessment in Neuro-Oncology (RANO)
criteria.

Results
Patient Characteristics

Between May 2012 and May 2015, 34 brain cancer patients
were enrolled onto the study at UC San Diego (Table 1). 26
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Table 4. Number of Cycles, PFS and Best Response by Dose Level (N = 24)

Dose No. Cycles PFS (Days) Best Response No.

(marka)  pegian Median CR PR Evaluable
1.75 1-2 48 29-55 0 0 0 8 3

4 1.75 1.75-2.25 60 49-61 0 0 0 3 3
1 1-1.75 27 21-49 0 0 0 S 3

16 1 1-4 27 21-109 0 0 1 2 3

24 1.75 1-2 49 28-55 0 0 0 S 3

28 3 2.25-4 79 60-103 0 0 2 1 3

36 1.75 1-8 51 24-225 0 0 2 4 6

Abbreviations: CR, complete response; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

patients received at least one dose of dexanabinol (8 were
excluded: 5 noneligible, 3 patient choice). Patients were
administered dexanabinol once weekly in sequential dose
cohorts at 2 mg/kg (n=3), 4 mg/kg (n=3), 8 mg/kg (n=3),
16 mg/kg (n = 3), 24 mg/kg (n = 3), 28 mg/kg (n = 3) and
36 mg/kg (n = 8). Dose cohort expansion occurred at the
36 mg/kg level; 2 patients were replaced at this dose level
due to noncompletion of at least 3 doses, giving 6 efficacy-
evaluable patients at this dose.

Safety and Tolerability

No DLTs occurred. Toxicities were generally mild. The
most common adverse events attributed to dexanabinol
were hypokalemia, depressed level of consciousness,
diarrhea, fatigue, lightheadedness, pruritus, alanine
aminotransferase increased, and hypophosphatemia.
All but one patient experienced one or more adverse
events during the trial. Grade 3 treatment-related adverse
events included depressed level of consciousness (n = 2),

hypocalcemia (n = 1), and hypophosphatemia (n = 1). No
Grade 4 or 5 adverse events occurred. Table 2 summarizes
the number of patients with treatment-related toxicities by
dose level and CTCAE grade.

Most adverse events occurred during the first cycle of
investigational treatment but could also be observed up
through the fourth cycle. Depressed level of conscious-
ness was observed in 5 patients at the highest dose level of
36 mg/kg and considered to be drug-related. Although all
patients recovered during the same study visit following
treatment with naloxone, it was decided this dose level
should not be further explored. Mild lightheadedness and
fatigue occurred at lower doses and did not require any
intervention.

In reviewing data from all cohorts of the current study
plus those of another active study in parallel (ETS2101-001:
NCT01489826), depressed level of consciousness, pru-
ritus, and diarrhea were clear drug-related adverse events
that were reversible but required medications for sympto-
matic relief as needed at higher dose levels, particularly at
36 mg/kg dose level. The recommended phase Il dose was,
therefore, defined as 28 mg/kg.
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Figure 2. Progression free survival (days) by dose level and diagnosis. Abbreviations: GBM, glioblastoma; AA, anaplastic astrocytoma; MIlI,
anaplastic meningioma; AQ, anaplastic oligodendroglioma; MET, metastasis.

Pharmacokinetics of Dexanabinol

Following a 3-hour intravenous infusion of dexanabinol,
the geometric mean maximum concentrations of
dexanabinol (C,__ ) of 204 to 20, 100 ng/mL in plasma and
of 1.1 to 114 ng/mL in CSF were reached (¢ _ ) at 0.5 h post
end of infusion (Table 3; Figure 1). Systemic exposure to
dexanabinol (AUC,, and C_,) increased greater than
dose proportionately. There was no excessive accumu-
lation of dexanabinol in plasma following weekly doses,
consistent with the short half-life relative to the dosing in-
terval. Dexanabinol concentrations in CSF were approxi-
mately 0.5% of systemic concentrations.

Antitumor Activity

24 patients were evaluated for response. Five patients ex-
hibited stable disease (21%) at doses of 16 mg/kg or above,
with 4 patients having stable disease for greater than 4
cycles before disease progression (Table 4). These pa-
tients included those with meningioma (n = 2), anaplastic
astrocytoma (n = 2), and glioblastoma (n = 1). Nineteen
patients exhibited progressive disease only and no com-
plete or partial responses were observed. Overall, me-
dian progression free survival (PFS) was 49 days (95% ClI:
48-79 days).The PFS data are summarized according to the
different cancer types (Figure 2).

Discussion

Dexanabinol is generally well tolerated, the most common
adverse events related to dexanabinol being hypokalemia,
depressed level of consciousness, diarrhea, fatigue, lighthead-
edness, pruritus, increased alanine aminotransferase, and
hypophosphatemia. Five out of 8 patients treated at the highest
dose level (dexanabinol 36 mg/kg) experienced the depressed
level of consciousness.The 2 patients who experienced grade 3
depressed level of consciousness received a higher total dose
of dexanabinol based on their body weight, which may have
contributed to the severity of the events. Although the events
of depressed level of consciousness did not meet protocol-
defined dose-limiting toxicity, the high incidence in a small
number of patients was concerning, Thus, the recommended
phase Il dose of dexanabinol was established at 28 mg/kg due
to related, reversible adverse events of depressed level of con-
sciousness, pruritus, and diarrhea at higher dose levels that
required medications for symptomatic relief, and emergent
adverse events in clinical study ETS2101-001.

Dexanabinol was present at appreciable levels in the
CSF, albeit at a small fraction of systemic levels. With CSF
drug levels serving as a surrogate for potential intracranial
tumor drug exposure, it is unlikely that intratumoral drug
levels reached therapeutic concentrations. Considering
that dexanabinol is very highly bound to plasma proteins,
it would have been of interest to further examine the res-
idence time of dexanabinol in CSF; unfortunately, more
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than half of the patients discontinued study treatment prior
to cycle 2 and did not provide additional CSF samples for
analyses. A linear pharmacokinetic profile was observed in
CSF up to 8 mg/kg dosing and up to 24 mg/kg in blood.
The nonlinearity in CSF at higher doses may be related to
tumor burden and the degree of enhancement/leakiness of
the blood-brain barrier in the tumors, particularly consid-
ering the various tumor histologies included in the study.

No objective tumor responses occurred. While the primary
purpose of the study was to determine safety, preliminary
signs of antitumor activity could have guided the selection
of specific tumor histologies for further evaluation. However,
the few cases of the stable disease could not necessarily be
attributed to the efficacy of dexanabinol since they generally
occurred in patients with lower grade histologies.

In conclusion, the first phase | trial of dexanabinol for
adults with brain cancer established the safety and toler-
ability of dexanabinol in this patient population and that
dexanabinol crosses the blood-brain barrier. However, due
to the lack of antitumor activity observed and its discon-
tinued development by the manufacturer, additional inves-
tigation is not forthcoming.

Keywords

brain cancer | cerebrospinal fluid drug exposure |
dexanabinol | NFxB | tetrahydrocannabinol
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