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ABSTRACT

Glioblastoma multiforme (GBM) is one of the most deadly tumors; even with aggressive
radiochemotherapy, mean survival rates are only around 14 to 16 months post diagnose. Here we present
the follow-up of 15 patients with GBM that have received concomitant cannabidiol (CBD) in addition to
standard therapy, and that have been reported in details two years ago.

The survival time of patients is presented together with prognostic factors such as age at diagnose, molecular
markers and dose of CBD.

The actual median survival time is 28 months, the arithmetic mean is 30.9 months, therefore about three to
five times longer than expected. When comparing the group of patients surviving less than 28 months with
those who lived longer, we found that all subjects who received a low dose of CBD (200mg per day) were
in the group surviving less than 28 months. Apart from the daily dose of CBD, no striking difference was
observed for other prognostic factors.

Itis concluded that CBD contributed to the long term survival of GBM patients, and that this effect depends

on the dose.

© 2023 Gerhard Nahler. Hosting by Science Repository.

Introduction

Glioblastoma multiforme (GBM) is a very rare brain tumor with an
actual incidence of about 3-4 in 100,000 people. It ranks among the most
deadly tumors with mean survival rates around 14 to 16 months post
diagnosis. Since many years, the first-line treatment for GBM is
maximal resection followed by radiotherapy plus concomitant adjuvant
temozolomide (TMZ) after Stupp [1]. Despite of aggressive therapy,
only up to 18% of the patients are still alive two years, 11% three years,
and around 4% five years after diagnosis [2]. Patients living longer than
two years are frequently defined as “long term survivors”. Although
patients surviving 20 years have been reported, such cases are extremely
rare [3].

The formation of GBM is a complex pathological process whereby,
among other molecular modifications, a dysregulated methylation of
DNA and  histone modifications (e.g., methylation or

acetylation/deacetylation) plays a role [4]. DNA methylation in GBM is
characterised by the transfer of a methyl group donated by S-
adenosylmethionine, mainly onto the C5 position of the cytosine to form
5-methylcytosine (5mC); it is a critical regulator of transcription, thus of
tissue homeostasis and organ development [5]. If this happens in
promoter (“regulatory”) regions it is usually associated with gene
silencing of transcription, while methylation in other, non-regulatory,
transcriptional regions of the gene (“gene bodies”) induces an increase
or decrease of transcription. This process is catalyzed by a family of
enzymes called DNA methyltransferases. Although basically reversible,
methylation may be fixed, and can then govern persistent patterns of
gene regulation. DNA methylation is subject of epigenetic influences
and responsive to a wide range of substances including environmental
toxins such as bisphenol A (released from plastic containers), or
epigenetic changes induced by per- and polyfluoroalkyl substances
(PFAS), widely used and persisting in the environment, or endocrine
disrupting compounds (EDCs) such as triclosan, widely used as
antibacterial and antifungal agent in hygiene products [6, 7]. Taken
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together, GBM may be the overall result of many factors including
epigenetic modifications.

It seems that certain molecular aspects favour long term survival of
glioblastoma patients among which MGMT promoter methylation (of
the gene coding for O6-methylguanin-DNA-methyltransferase) and IDH
mutations (of the gene coding for isocitrate dehydrogenase) are the most
relevant, in addition to more general factors such as the possibility for
safe, maximal surgical resection and younger age (below 40 years). The
transcription product of the MGMT gene is the DNA repair enzyme O6-
methylguanin-DNA-methyltransferase that helps the tumor to repair the
chemotherapy-induced DNA damage. Its expression decreases therefore
the effect of alkylating chemotherapeutics such as TMZ. Conversely,
silencing by methylation re-establishes efficacy of chemotherapy.
Besidle MGMT promoter methylation, IDH mutations are also
considered as favourable prognostic factors, particularly when they are
paired with MGMT methylation. The mutation of IDH1 results in the
production of 2-hydroxyglutarate that can inhibit DNA- and histone-
demethylating enzymes. Among the many other factors that possibly
contribute to the prognosis are e.g., the status of the p53 tumor
suppressor protein that regulates cell cycle arrest and apoptosis
(activated by CBD but also by THC), 1p19q deletions that predict a
better survival after both chemotherapy and radiotherapy, or the

transcriptional regulator ATRX (mutations are a risk factor for cancer)
[8]. Furthermore, mutations of the epidermal growth factor receptor
(EGFR) can enhance the division rate of cancer cells, and are a striking
characteristic of more aggressive GBMs.

Patients and Methods

Two years ago, we have reported the extension of overall survival in an
unselected group of 15 consecutive patients with GBM [9]. All patients
received pure phyto-cannabidiol (CBD, >99.8% pure, Trigal Pharma
GmbH, Vienna, Austria) in addition to standard treatment; two patients
received dronabinol (7.5mg THC/day) in addition to CBD, one of them
for eight weeks only (patient number 14), the other patient continued the
combined treatment with CBD and THC until death (patient number 5).
For further details we refer to our previous publication. At present, three
patients are still alive. One subject has been lost to follow up after being
alive for 66 months; all others have been followed until death. In the
following, we review the characteristics of these 15 GBM patients with
the aim to analyse factors favouring their survival. A tabulated summary
of these patients together with their age at diagnose, survival time,
prognostic molecular factors and the dosage of CBD is presented in
(Table 1).

Table 1: Survival time (months) of patients, daily dose of CBD and prognostic factors.

Patient Age at Diagnose Survival since Diagnose | Genetic Markups Dose of CBD
Number® (years) (months) (mg / day)
11 31 66 *? MGMT, IDH, ATRX, 560
5 61 64 MGMT, 1p19q, 400+
41 60* MGMT, 400
1 40 51 n.d. 400
51 49* MGMT, IDH, 600
15 65 40* MGMT, IDH, ATRX, 400
14 56 37 MGMT, 400+
76 28 (median) n.d. 500
57 21 nd. 400
10 54 14 MGMT, IDH, 600
13 35 14 nd. 200
4 60 13 IDH, ATRX, p53, EGFR, 200
12 49 13 IDH, ATRX, 400
9 68 8 MGMT, IDH, 1p19q, 200
8 66 7 IDH, ATRX, p53, 200
Sum 15 Mean 30.9 months

Genetic markups: favourable prognostic factors are, e.g.: MGMT methylated, IDH mutated, ATRX preserved or p53 preserved, or 1pl9 deleted;
unfavourable factors are in italics (e.g., unmethylated / unmutated markers); n.d.: no data;

* - patient received also THC (7.5mg/day) in addition to CBD; * still alive;

° numbers refer to the same patients as in the publication of Likar et al., (2021) [9].

Results

Of 15 patients, 8 (53%) survived for more than 2 years, 7 (47%) for more
than 3, and 3 patients (20%) at least for 5 years. Of these three patients,
one is still alive, another died after 5 years, and one patient has been lost
to follow-up after 66 months (patient number 11). Currently, three
patients are still followed (patient number 6, 3 and 15, alive since 60, 40
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and 49 months respectively). The median survival time is 28 months, the
mean survival is actually 30.9 months.

The median divides patients in two equally sized groups, those with a
shorter or longer overall survival respectively. As can be seen, there is
no striking difference between the groups in terms of age at diagnose or
prognostic molecular factors. However, in the group of patients with a
survival time lower than the median, four patients had received only

Volume 6(1): 2-3



Surprising Long Term Survival in Glioblastoma Patients Treated with Cannabidiol

200mg CBD per day whereas those surviving longer than 28 months had
all been treated with 400 to 600mg CBD/day. This suggests that a higher
dose of concomitant CBD is more effective, and supports the assumption
that CBD contributes to the extension of the overall survival of patients
with GBM.

Discussion

The exact mechanism behind CBD’s tumor suppressing effect is
complex and still incompletely understood. CBD targets tumor cells by
multiple mechanisms; it increases endocannabinoid levels particularly of
anandamide (AEA) by targeting fatty acid amid hydrolase (FAAH),
upregulates the production of reactive oxygen species (ROS) which are
toxic to tumor cells, exhibits anti-inflammatory properties via the
peroxisome proliferator-activated receptor gamma (PPARy), and
inhibits the GPR55 receptor while activating TRPV1 among many other
targets. CBD enhanced also p53-mediated induction of apoptosis [8]. In
combination with TMZ, the activity against GBM cell lines was
improved in vitro, and the survival of tumor-bearing mice was
prolonged, possibly via inhibition of the expression of RAD51, a DNA
repair protein in MGMT-metylated tumors [10]. Moreover, CBD is able
to modify DNA methylation in the brain by regulating the activity of the
respective enzymes [11-13].

Conclusion

The main limitation of this case series is that GBM patients are only
compared to historic controls. However, overall survival is generally
considered as a “hard” and objective endpoint that make results less
sensitive to host- or environment-related influences. Results suggest that
CBD, in a daily dose of 400mg or higher, in combination with standard
treatment, results in a more effective inhibition of GBM-progression,
and - in the average - in a three to five times longer survival.

Conflicts of Interest

None.

Author Contributions

RL performed the clinical patient work. GN consulted physicians on
cannabinoids and wrote the manuscript.

Ethical Statement of Informed Consent
The local Ethics Committee has consented to the treatment with

cannabinoids; informed consent for participation was obtained from the
patients.

Clin Oncol Res doi:10.31487/j.COR.2023.01.05

REFERENCES

10.

11.

12.

13.

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B et al. (2005)
Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl J Med 352: 987-996. [Crossref]

Poon MTC, Sudlow CLM, Figueroa JD, Brennan PM (2020) Longer-
Term (>2 Years) survival in patients with glioblastoma in population-
based studies pre- and post-2005: a systematic review and meta-
analysis. Sci Rep 11622. [Crossref]

Rabab’h O, Al Ramadan A, Shah J, Lopez Negrete H, Gharaibeh A
(2021) Twenty years after glioblastoma multiforme diagnosis: a case of
long-term survival. Cureus 13: e16061. [Crossref]

Dong Z, Cui H (2019) Epigenetic modulation of metabolism in
glioblastoma. Semin Cancer Biol 57: 45-51. [Crossref]

Domingos LB, Silva NR, Chaves Filho AJM, Sales AJ, Starnawska A
et al. (2022) Regulation of DNA Methylation by Cannabidiol and Its
Implications for Psychiatry: New Insights from In Vivo and In Silico
Models. Genes (Basel) 13: 2165. [Crossref]

Kim S, Thapar I, Brooks BW (2021) Epigenetic changes by per- and
polyfluoroalkyl substances (PFAS). Environ Pollut 279: 116929.
[Crossref]

Tiffon C (2018) The Impact of Nutrition and Environmental
Epigenetics on Human Health and Disease. Int J Mol Sci 19: 3425.
[Crossref]

TodorovaJ, Lazarov LI, Petrova M, etal. (2021) The antitumor activity
of cannabidiol on lung cancer cell lines A549 and H1299: the role of
apoptosis. Biotechnology & Biotechnological Equipment 35: 873-879.
Likar R., Koestenberger M, Stutschnig M, Nahler G (2021)
Cannabidiol May Prolong Survival in Patients With Glioblastoma
Multiforme. Cancer Diagn Progn 1: 77-82. [Crossref]

Soroceanu L, Singer E, Dighe P, Sidorov M, Limbad C et al. (2022)
Cannabidiol inhibits RAD51 and sensitizes glioblastoma to
temozolomide in multiple orthotopic tumor models. Neurooncol Adv 4:
vdac019. [Crossref]

Sales AJ, Guimaraes FS, Joca SRL (2020) CBD modulates DNA
methylation in the prefrontal cortex and hippocampus of mice exposed
to forced swim. Behav Brain Res 388: 112627. [Crossref]

Wanner NM, Colwell M, Drown C, Faulk C (2020) Subacute
cannabidiol alters genome-wide DNA methylation in adult mouse
hippocampus. Environ Mol Mutagen 61: 890-900. [Crossref]

Yang X, Bam M, Nagarkatti PS, Nagarkatti M (2019) Cannabidiol
Regulates Gene Expression in Encephalitogenic T cells Using Histone
Methylation and noncoding RNA during Experimental Autoimmune
Encephalomyelitis. Sci Rep 9: 15780. [Crossref]

Volume 6(1): 3-3


https://pubmed.ncbi.nlm.nih.gov/15758009/
https://pubmed.ncbi.nlm.nih.gov/32669604/
https://pubmed.ncbi.nlm.nih.gov/34345547/
https://pubmed.ncbi.nlm.nih.gov/30205139/
https://pubmed.ncbi.nlm.nih.gov/36421839/
https://pubmed.ncbi.nlm.nih.gov/33751946/
https://pubmed.ncbi.nlm.nih.gov/30388784/
https://pubmed.ncbi.nlm.nih.gov/35403130/
https://pubmed.ncbi.nlm.nih.gov/35356807/
https://pubmed.ncbi.nlm.nih.gov/32348868/
https://pubmed.ncbi.nlm.nih.gov/32579259/
https://pubmed.ncbi.nlm.nih.gov/31673072/

