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Even though the use of cannabinoids as medicinal products has
an almost 5000 year old documented tradition dating back to the
Chinese emperor Shen Nung!, and clinical efficacy with respect to
spasmolytic activity and pain relief, is recognized since the early
19 century even in European academic medicine - today clinical
use is still under intense debate and research is hampered by legal
restrictions in many countries.

Meanwhile more than 100 natural cannabinoid derivatives
are known??. Of these, especially Delta9-Tetrahydrocannabinol
(THC), the major psychoactive constituent of Cannabis sativa, and
Cannabidiol (CBD), a non-psychoactive derivative, are currently in
the focus of research.

Positive effects of cannabinoids have been suggested for many
diseases including, but not limited to neurologic, autoimmune,
inflammatory and mental disorders*.

Several medicinal products containing cannabinoids have gained
clinical approval by the authorities, such as Marinol (THC) in the
U.S. for the treatment of chemotherapy-induced nausea, vomiting
and cachexia in AIDS patients or Sativex (THC/CBD) in Germany for
spasmolysis in multiple sclerosis.

Additionally, there is recurring evidence that cannabinoids
possess tumor-regressive effects, including leukemia - dating
back to scientific reports in the 1970s%°. Since that time various
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cannabinoid derivatives have been evaluated in numerous
tumor models. However, interpretation of the data is
challenging: Conflicting opinions exist as to whether the
endocannabinoid system exerts a tumor-suppressor or
rather an oncogenic role37:8 and references within.

Taking a closer look at the available data, it becomes
apparent that these discrepancies are, at least in part,
due to the diversity of cell and animal models studied, the
pharmacological differences in receptor binding, specificity
or mode of experimental applications of the respective
cannabinoid derivative tested, as well as the different
tumor entities investigated, which does not allow to draw
general conclusions.

Nevertheless, the overwhelming majority of reports
suggest that cannabinoids in fact exhibit anti-tumorous
properties via inhibition of proliferation, induction of
autophagy and/or apoptosis, immunomodulatory effects
and inhibition of angiogenesis, cell invasion as well as
metastasis in in vitro and in vivo models> 74,

Mode-of-action

Cannabinoids  signal trough  G-protein-coupled
cannabinoid receptors (CB). Physiologically, CB, receptors
are predominantly localized in brain tissues whereas CB,
receptors are preferably found in the lymphatic system,
brain, brain endothelium, bone and skin'*1>-22,

In addition, CB, /2 receptor-independent signaling
has been discussed for several cannabinoid derivatives:
THC, CBD as well as endogenous anandamide have been
demonstrated to additionally signal via the orphan G
protein-coupled receptor 55 (GPR55). Notably, the capsaicin
receptor TRPV1 (Transient Receptor Potential Cation
Channel Subfamily V Member 1, aka Vanilloid Receptor
1), frequently co-localizing with CB, or CB,, is also a target
of CBD and anandamide®'®?326, However, distribution
and function of these and potentially other additional
cannabinoid receptors are still under investigation.

Interestingly, while CB receptors physiologically
display distinct tissue-specific distribution patterns,
high expression levels of CB, as well as CB, receptors are
frequently found in cancer - irrespective of distribution
levels in the corresponding physiologic tissue®!'%2%27,

The significance of dysregulation of CB receptor
expression in tumor tissue - or the endocannabinoid
system in its entirety, including endogenous ligands
and endocannabinoid-metabolizing enzymes, is still
vague®”#2728 Some work suggest a direct contribution to
tumorigenesis and tumor aggressiveness?*32, In contrast,
competing data describe an anti-tumorigenic rescue
mechanism of the endocannabinoid system in an attempt
to induce programmed cell death and antiproliferation in
cancer cells®1030333%,

To make it even more complex - accumulating
evidence suggests, that in cells that physiologically
express CB receptors at similar densities as cancer
cells, distinct different pathways are activated upon
cannabinoid exposition resulting in different cell fate,
specifically induction of apoptosis in tumor tissue
- whereas physiologic tissue remains unaffected by
apoptosis3#11123539,

Most knowledge regarding the anti-tumor activity
of cannabinoids and their signaling pathways stems
from glioblastoma research: Here it was demonstrated
that cannabinoids induce apoptosis in glioma cells
via stimulation of de novo synthesis of pro-apoptotic
sphingolipid ceramide in a CB,- and CB,-dependent
manner!*#®4  Downstream, THC treatment leads to
inhibition of the mechanistic target of rapamycin complex
1 (mTORC1), finally resulting in autophagy-induced cell-
death. This complex multistep process includes inhibition
of AKT signaling via upregulation of the transcriptional
regulator, stress-regulated protein p8 (NUPR1), which
has been postulated to be involved in the control of
tumorigenesis and tumor progression3353642-45,

Distinct signaling pathways of other tumor entities upon
cannabinoid exposure are currently under investigation.
For example, in colorectal cancer cells inhibition of RAS-
MAPK as well as PI3K/AKT survival signaling pathways and
in acute leukemia involvement of the MAPK/ERK pathways
was demonstrated*¢*.

As a consequence, multiple cellular functions
influencing cellular viability and integrity are affected,
leading to cell cycle arrest, inhibition of proliferation,
induction of autophagy or apoptosis and impairment of
Cellular migratiOn3,8,11,35,36,40-43,50 and references within.

For acute lymphoblastic as well as myeloid leukemia
our group has recently shown, that subcohorts of acute
leukemia highly express CB, and CB, receptors. Intriguingly,
we were able to demonstrate that CB,,, expression of a
broad range of leukemia cell line models as well as freshly
isolated patient derived blasts was a prerequisite for potent
pro-apoptotic response to THC treatment. Notably, healthy
donor mononuclear cells and patient blasts not responding
to THC displayed significantly lower CB,,, expression
levels. Using selective CB, ,-receptor antagonists as well
as a CRISPR double nickase knockdown approach, we
confirmed receptor dependent induction of apoptosis in
the CB, , expressing cell lines and patient samples'?.

Additionally, subcohort analysis revealed that
antileukemic activity was preferentially observed in blasts
with lymphoid differentiation or myeloid blasts aberrantly
expressing lymphatic antigens'2.
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Since it has been speculated, that anti-leukemogenic
doses of THC might not be achieved in vivo this topic
was addressed by undertaking a plasma inhibitory test:
A reference cell line with well-established sensitivity
towards THC (Jurkat) was cultured in serum extracted
from a patient treated with dronabinol (THC) 2x6 drops/
day of a 2,5% oily solution for best supportive care reasons
(emesis and tumor cachexia). At 48 hours post exposition
to the patient’s serum, an IC50 was reached for the Jurkat
cell line, confirming that anti-leukemic efficacy is indeed
achievable in vivo'2

On a side note, and together with the shown
antileukemic, antiemetic and appetite stimulant efficacies
attributed to cannabinoids, another promising interesting
field of application might be the clinical evaluation of
cannabinoids in the setting of allogeneic transplantation
concepts. Due to its anti-inflammatory properties first
data suggest a positive effect with respect to graft versus
host disease (GVHD): A mouse model for intestinal
GVHD revealed intriguing responses towards treatment
with THC®.. Even more, a recent phase II trial using CBD
in combination with standard prophylaxis resulted in
decreased incidence of acute GVHD®2,

Clinical experience

Despite the fact, that cannabinoids are being intensively
investigated in cancer research for over 40 years, resulting
inalargebody of evidence for the anti-tumorigenic potential
of some cannabinoid derivatives, to our knowledge, so
far there has been only one clinical trial evaluating the
safety and antitumor efficacy of cannabinoids in human
malignancies in vivo: A pilot phase I study was conducted
using THCin patientswithadvanced, recurrentglioblastoma
multiforme. Though not statistically significant (due to the
small number of patients treated) some partial responses
were noted in 9 evaluable patients. Importantly, the above
described downstream signal transduction pathways
identified in previous in vitro studies were successfully
confirmed in patient tumor tissue in vivo?.

In acute leukemia, there is evidence of clinical efficacy
comingfromacasereportofa14-year-old girl suffering from
a highly aggressive, refractory form of acute lymphoblastic
leukemia (BCR-ABL1 positive, Philadelphia-ALL)%. This
patient was treated with Hemp oil extracts obtained from
outside sources for best supportive care. Intriguingly, a
rapid, dose-dependent decrease of leukocytes (starting
with WBC > 300 000/microL) until blast clearance in the
peripheral blood was observed. Importantly, cannabinoid
therapy was well tolerated®3.

Depending on the particular hemp oil strain
administered, antileukemic efficacies varied - bringing
back the focus to the diverging antitumor efficacies of
cannabinoid derivatives described in preclinical models.

Again, this notion states the importance of rigorously
comparing and testing standardized therapeutics in
defined tumor models.

It is utterly remarkable, that the selected case fits into
the defined responder cohort of our own study. Thus, these
data support the systematic evaluation of THC in a clinical
trial for advanced acute leukemia - which is currently
planned at our institution.

Together with the abundance of preclinical data, the
available clinical data support the systematic evaluation
of other tumor entities as well. Currently, two promising
clinical trials are evaluating CBD in solid tumors and the
combination of THC/CBD (Sativex®) with temozolomide
in glioblastoma (https://clinicaltrials.gov, NCT02255292,
NCT01812603 Part A/NCT01812616 Part B/placebo).

Outlook

Cannabinoids bear potential clinically relevant anti-
tumor efficacy. However, it becomes increasingly clear,
that choice of cannabinoid derivative and tumor entity
may significantly alter therapy outcome - and may even
deteriorate course of disease when administered in the
wrong context or using insufficient doses.

Systematic preclinical and clinical evaluation is
mandatory to definitely define patient cohorts benefitting
from such therapies.

Preconceptions and legal restrictions due to the unwanted
psychoactive efficacy of some cannabinoids have hampered
basic research and clinical evaluation for decades.

Of note, as we and others have reported before,
unwanted psychotropic effects can be minimized by slowly
building up the patient’s tolerance towards cannabinoids
by a dropwise titration of administered doses. On the other
hand, it should not remain unmentioned that possible side-
effects like stimulation of appetite, as well as relief of pain,
anxiety and stress may as well profoundly contribute to the
well-being of a terminally ill tumor patient.

Alternatively, non-psychoactive (CB,-independent)
components like CBD may be of special interest. Again,
systematic evaluation of CBD-specific mode-of-action is
needed, which may diverge from other cannabinoids. To
date, controversial opinions exist as to whether CBD acts
receptor-independent, as a receptor agonist on CB, and/or
signals via alternative receptors® 5455,

Regarding the potential antileukemic efficacy, our
preliminary data suggest an at least equipotent to superior
effect of CBD compared to THC with respect to induction of
cell death. FIGURE 1 shows an annexin V-based apoptosis
assay comparing CBD and THC in two leukemia cell models,
the T-lymphoblastic leukemia Jurkat cell line and the acute
myelogenous leukemia cell line MOLM13.
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Proapoptotic efficacy of THC and CBD in leukemia cells
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Figure 1: Proapoptotic efficacy of THC and CDB in leukemia cells.
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Comparison of proapoptotic effects of THC and CBD in two acute leukemia cell lines using an annexin V/propidium iodide-based flow
cytometry approach shows potent efficacy of both cannabinoids — with a benefit of CBD in this model. Cells were treated with THC or
CBD in equivalent concentrations for 48 hours. Drug-carrier control assays, which did not reveal any significant antileukemic effects at the

highest concentrations were provided earlier?.

Further, a combination approach of cannabinoids
and standard (chemo)therapeutics may be attractive as
suggested by several groups. THC or synthetic cannabinoids
(like GW, ACPA, SR1) were beneficially combined with
temozolomide in glioma® or gemcitabine in pancreatic
cancer cell models®, including resensitization of otherwise
chemotherapy-resistant cells®.

For acute lymphoblastic leukemia models a beneficial
synergistic antileukemic effect was suggested for the
combination of THC with cytarabine, anthracyclines
and vincristine*s. However, own preliminary data using
leukemia cell models, do not support universal value of
combination approaches. This may be due to unforeseen
interactions of different substances and cannabinoids
(unpublished data). Detailed preclinical research is highly
recommended to define optimal combination strategies.

To summarize, there is mounting evidence that
cannabinoids as low-toxic agents may have attractive
anticancer/antileukemic efficacy and may be especially of
interest in the context of heavily pre-treated and therapy
refractory, elderly, comorbid or terminally ill patients.

Systematic definition of optimal cannabinoid derivatives,
combination strategies and tumor entities benefiting from
such an approach need to be the focus of future research -
including consequent evaluation in clinical trials to fill the
gap of 5000 years of empiric medicinal cannabis use.
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