e Taylor & Francis
Taylor & Francis Group

Leukemia & Lymphoma

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ilal20

Clinical effects of a single dose of cannabinoids to
patients with chronic lymphocytic leukemia

Christopher M. Melén, Magali Merrien, Agata M. Wasik, Georgios
Panagiotidis, Olof Beck, Kristina Sonnevi, Henna-Riikka Junlén, Birger
Christensson, Birgitta Sander & Bjorn Engelbrekt Wahlin

To cite this article: Christopher M. Melén, Magali Merrien, Agata M. Wasik, Georgios
Panagiotidis, Olof Beck, Kristina Sonnevi, Henna-Riikka Junlén, Birger Christensson, Birgitta
Sander & Bjorn Engelbrekt Wahlin (2022) Clinical effects of a single dose of cannabinoids to
patients with chronic lymphocytic leukemia, Leukemia & Lymphoma, 63:6, 1387-1397, DOI:
10.1080/10428194.2021.2020776

To link to this article: https://doi.org/10.1080/10428194.2021.2020776

A
© 2022 The Author(s). Published by Informa b View supplementary material (&'
UK Limited, trading as Taylor & Francis

Group.
@ Published online: 17 Jan 2022. Submit your article to this journal &'
. . A
|III Article views: 4295 & View related articles =
@ View Crossmark data (' EE' Citing articles: 4 View citing articles (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ilal20



LEUKEMIA & LYMPHOMA
2022, VOL. 63, NO. 6, 1387-1397
https://doi.org/10.1080/10428194.2021.2020776

Taylor & Francis
Taylor & Francis Group

ORIGINAL ARTICLE 8 OPEN ACCESS | ™) Sheckforspeates

Clinical effects of a single dose of cannabinoids to patients with chronic
lymphocytic leukemia

Christopher M. Melén®**, Magali Merrien®*, Agata M. Wasik¢, Georgios Panagiotidis®¢, Olof Beck®® (®,
Kristina Sonnevi*®, Henna-Riikka Junlén®” @), Birger Christensson®", Birgitta Sander™ and
Bjorn Engelbrekt Wahlin®P*

2Department of Medicine at Huddinge, Division of Hematology, Karolinska Institutet, Stockholm, Sweden; "Medical Unit Hematology,
Karolinska University Hospital, Stockholm, Sweden; “Department of Laboratory Medicine, Division of Pathology, Karolinska Institutet,
Stockholm, Sweden; l]'Department of Laboratory Medicine, Division of Pharmacology, Karolinska Institutet, Stockholm, Sweden; €Unit

of Clinical Pharmacology, University Hospital, Stockholm, Sweden; Department of Clinical Pathology and Cytology, Karolinska

University Hospital, Stockholm, Sweden

ABSTRACT

This phase Il clinical trial investigates a one-time oromucosal dose of tetrahydrocannabinol/can-
nabidiol (THC/CBD) in 23 patients with indolent leukemic B cell lymphomas. Primary endpoint
was a significant reduction in leukemic B cells. Grade 1 — 2 adverse events were seen in 91% of
the patients; most common were dry mouth (78%), vertigo (70%), and somnolence (43%). After
THC/CBD a significant reduction in leukemic B cells (median, 11%) occurred within two hours
(p=.014), and remained for 6 h without induction of apoptosis or proliferation. Normal B cells
and T cells were also reduced. CXCR4 expression increased on leukemic cells and T cells. All
effects were gone by 24 h. Our results show that a single dose of THC/CBD affects a wide variety
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of leukocytes and only transiently reduce malignant cells in blood. Based on this study, THC/
CBD shows no therapeutic potential for indolent B cell lymphomas (EudraCT trial no. 2014-

005553-39).

Introduction

Indolent B cell leukemias are malignant diseases with
several available treatment options [1,2]. However,
some patients do not respond to or do not tolerate
these interventions, particularly the elderly. For these
patients, the treatment contributes to a reduced qual-
ity of life and survival. Therefore, novel treatments and
identification of factors influencing outcome are
needed. Previous experimental studies have indicated
that cannabinoids may induce cell death in lymph-
oma [3-5].

Two G-protein coupled receptors (CB1 and CB2)
mediate most of the effects seen by cannabinoids
[6-9]. CB1 is highly expressed in synapses within the
central nervous system and to a lesser degree in the
peripheral nerves and the enteric nervous system of
the gastro-intestinal tract. CB1 regulates synaptic

signaling and it is through this receptor that delta-9-
tetrahydrocannabinol (THC) produces the psychoactive
effects associated with Cannabis sativa [8,10]. While
THC is an agonist to CB1, the other major component
of Cannabis sativa, cannabidiol (CBD), acts as a CB1
antagonist [11], counteracting the psychotropic effects
of THC [12]. CB2 is expressed in the immune system
including B cells, T cells, monocytes/macrophages, and
dendritic cells [7,13]. In mice, CB2 signaling is import-
ant for retention of immature B cells in bone marrow
sinusoids [14] and for the positioning and retention of
marginal zone B cells in splenic marginal
zones [15,16].

A key mechanism for lymphocyte migration and tis-
sue localization is the chemokine receptor CXCR4 and
its ligand CXCL12 [14]. Specifically, CXCR4 expression
is high on lymphocytes in blood and these lympho-
cytes migrate toward CXCL12 which is produced by
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stroma cells in lymph nodes and bone marrow. CXCR4
is a G-protein coupled receptor, known to interact
with other G-protein coupled receptors, such as CB2,
to modulate the CXCL12-induced effects on cell migra-
tion and homing [17,18].

THC and CBD have shown various effects on the
immune system, such as inhibition of mitogen-stimu-
lated lymphocyte cell replication [19] and T-cell prolif-
eration and cytokine production by signaling via
CB2 [20,21].

Many B-cell lymphomas express CB1 and CB2.
Extensive screening for CB1T mRNA expression across
different B-cell leukemias/lymphomas demonstrated
increased CB1 expression in most cases of mantle cell
lymphoma, follicular lymphoma, and in approximately
half of CLL cases compared to normal B cells [22,23].
Low CB1 expression levels have been associated with
lymphocytosis in mantle cell lymphoma [24] and lon-
ger survival in CLL [25]. Micromolar concentrations of
synthetic agonists to both CB1 and CB2 have been
demonstrated to induce cell death of CB1- or CB2-
expressing lymphoid cell-lines in vitro and in xeno-
grafts [3,5,26].

In view of these findings, we conducted a clinical
trial to investigate the therapeutic potential of THC/
CBD in indolent B cell leukemia/lymphoma. In this
phase Il clinical trial, patients received a single admin-
istration of an oromucosal spray approved for treating
pain and spasticity in multiple sclerosis, Sativex® (THC/
CBD, in a molecular ratio 1/1) [27], to investigate 1)
whether THC/CBD would reduce leukemia/lymphoma
cells in blood and 2) how an elderly population would
tolerate THC/CBD.

Methods
Study design

Asymptomatic patients with CLL or leukemic (lympho-
cytes > 5x 10%/L) mantle, follicular or marginal zone
lymphomas received a single dose of THC/CBD. The
primary endpoint was a reduction of malignant (clo-
nal) B cells in blood. Blood samples were collected at
four timepoints (9 am, 11 am, 1pm, and 3pm) on a
day prior to THC/CBD and at the same timepoints on
a day with THC/CBD (administered at 9 am) and
24and 168h after THC/CBD. The maximum tolerated
dose was established by stepwise increasing the dose
of THC/CBD in every third patient until two adverse
events grade 2 were seen in two or more consecutive
patients (using common terminology criteria for
adverse events, version 4.0), starting from 2.7 mg THC
and 2.5mg CBD (one actuation of Sativex) to 18.9mg

THC and 17.5mg CBD (seven actuations). At the
scheduled interim analysis when the seven actuation-
dose was identified, 10 patients had been treated and
we saw an early decrease of leukemic and normal lym-
phocytes already 2h (11 am) after THC/CBD, which
continued to 1pm (4h) and started to resolve by
3 pm. To ascertain that the changes were not due to a
hitherto unknown diurnal rhythm of normal lympho-
cytes or leukemic cells, we sampled all subsequent 13
patients (12 with CLL) also on a date prior to THC/CBD
(median 6d before [range, 1-26]), and we included an
additional measurement at 10 am on the THC/CBD
day (Supplementary Figure S1).

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee in Stockholm (2015/281-31/2 with amend-
ments 2016/210-32 and 2017/556-32) and by the
Swedish Medical Products agency and registered as
EudraCT trial no. 2014-005553-39. Patients were
included, after providing informed consent, between
April 2016 and February 2019. The date of last follow-
up was 25 June 2020.

Adverse events and peak plasma concentrations of
THC and CBD will also be reported in a parallel
pharmacologic manuscript describing the evaluation
of measuring THC and CBD in other fluids than plasma
(Melén et al., manuscript submitted).

Chemistry, pharmacology assays, and
flow cytometry

Complete blood counts and other routine chemistry
analyses were conducted using the facilities of the
Karolinska University Laboratory. Assays of THC and
CBD concentration measurement were conducted at
the Department of Pharmacology using liquid chroma-
tography-mass spectrometry method as described
previously [28]. Multiparameter flow cytometry on per-
ipheral blood samples for characterizing lymphoid and
myeloid cell populations, as well as for assessing cas-
pase-3 activation (by cleavage of active caspase sub-
strate — PhiPhiLux) for apoptosis in CD19 4+ CD5+ cells,
was done in the routine flow cytometry unit at the
Dept. of Clinical Pathology and  Cytology
(Supplementary Tables S1 and S2; Supplementary
Methods). Surface expression of the homing chemo-
kine receptor CXCR4 was analyzed using flow cytome-
try (Supplementary Figure S2) and CXCR4high/
CXCR4low ratios were calculated.



Enrichment of malignant B cells and analysis of
cell proliferation

Blood samples were enriched for B cells by negative
selection using RosetteSep ", collected using Ficoll-
Paque PLUS (GE Healthcare Life Science, Marlborough,
MA). The flow cytometer BD FACSCanto Il (BD
Biosciences, San Diego, CA) was used to determine the
purity of B cells (Supplementary Methods) and data
analysis was performed using the FlowJo software ver-
sion 10 (Ashland, USA). Cell proliferation of enriched
malignant B cells was assessed by incorporation of *H-
Thymidine (Supplementary Methods).

RNA isolation and real-time PCR

mRNA expression levels of genes encoding for CB1
(CNRT) and CB2 (CNR2) were assessed by real-time PCR
[24] after RNA isolation and complementary DNA syn-
thesis from enriched B cells (Supplementary Methods).
Custom-made  primers were purchased from
Invitrogen, sequences for respective genes are pro-
vided in Supplementary Methods.

Table 1. Clinical characteristics at inclusion.
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Statistics

Comparisons between repeated measurements in the
same individuals were done, using the Wilcoxon
matched-pairs signed-ranks test. The 9 am results from
the day prior to, and the day of, THC/CBD were used
as separate baselines. Survival was analyzed with
Kaplan—-Meier curves. Assessments of other associa-
tions were conducted using Spearman, Fisher’s exact,
or Mann-Whitney-Wilcoxon tests, according to the
nature of the variables. p values are two-tailed and
calculated using Stata version 14.2 (StataCorp LLC,
College Station, TX). Apoptosis and proliferation data
were analyzed using GraphPad Prism version 8
(GraphPad software Inc., La Jolla, CA). p < .05 was con-
sidered significant.

Results

Twenty-three (20 with CLL) elderly patients with indo-
lent B cell malignancy received a one-time administra-
tion of THC/CBD. The patients are described in Table 1.

Characteristic

Age (years)
Male sex
ECOG performance status = 0
Lymphocyte counts (x1 09/L)
Hemoglobin, g per dL
Platelets, per nL
Alanine transaminase elevated
Creatinine elevated
Glomerular filtration rate, mL per minute
Weight, kg
Height, cm
Body surface area, square meters
Systolic blood pressure, mm Hg
Heart beats, per minute
Serum cortisol levels, nmol/L
Diagnosis
Chronic lymphocytic leukemia
Mantle cell lymphoma
Follicular lymphoma
Marginal zone lymphoma
Chronic lymphocytic leukemia, disease stage
Rai stage 0
Rai stage |
Rai stage IV
Binet stage A
Binet stage B
Binet stage C
Indolent lymphoma, disease stage
Ann Arbor stage IVA
CB1 positive disease
mRNA expression, dCt
(B2 positive disease
mRNA expression, dCt
Time since diagnosis, years
Previous treatment
None
Chlorambucil (11.9years before)
Rituximab (1.1 years before)

Median (range) 73 (64-79)
No. (%) 15 (65)

No. (%) 23 (100)
Median (range) 20.5 (6.7-200.1)
Median (range) 13.7 (1.0-15.5)
Median (range) 211.5 (96-370)
No. (%) 0(0)

No. (%) 3 (13)
Median (range) 67 (26-127)
Median (range) 75 (55-120)
Median (range) 174 (162-202)
Median (range) 1.9 (1.6-2.4)
Median (range) 128 (102-164)
Median (range) 69 (48-89)
Median (range) 308 (194-384)

No. (%) 20 (87)

No. (%) 14

No. (%) 14

No. (%) 14

No. (%) 12 (60)

No. (%) 7 (35)

No. (%) 1(5)

No. (%) 18 (90)

No. (%) 1(5)

No. (%) 1(5

No. (%) 3 (100)

No. (%) 17 (74)
Median (range) 12.8 (7.3-17.0)
No. (%) 23 (100)
Median (range) 4.3 (2.8-7.0)
Median (range) 3.0 (0.1-21.4)
No. (%) 21 (91)

No. (%) 1(4)

No. (%) 1(4)




1390 (&) C. M. MELEN ET AL

Table 2. Adverse events.

Grade 1 Grade 2 Grade 3-4 Total Percent (%)
Dry mouth 18 0 0 18 78
Vertigo 15 1 0 16 70
Somnolence 7 3 0 10 43
Hallucinations 7 0 0 7 30
Confusion 2 2 0 4 17
Euphoria 3 1 0 4 17
Paresthesia 3 0 0 3 13
Hypotension 0 2 0 2 9
Rhinitis 1 0 0 1 4
Hoarseness 1 0 0 1 4
Nausea 1 0 0 1 4
Vomiting 1 0 0 1 4
Stomach pain 0 1 0 1 4
Highest grade per patient 13 8 0 21 91

Adverse events

The maximum tolerated dose was seven actuations
(18.9mg THC/17.5 mg CBD); this dose was given to 15
patients. Transient adverse events were seen in 21/23
patients, all grade 1 or 2; most common were dry
mouth (78%), vertigo (70%), and somnolence (43%;
Table 2). The adverse events occurred within the first
6 h, did not require hospitalization and all patients
returned home at 4 pm.

THC/CBD concentrations in plasma

The peak plasma concentrations of THC and CBD were
reached at different time points for different patients.
For THC, the peak concentration in plasma (median
8.8ng/mL) was seen at Th (n=5), 2h (n=12), and 4h
(n=6) and ranged from 0.7 to 24.7 ng/mL. The peaks
of CBD (median 4.9ng/mL) were at Th (n=7), 2h
(n=8), 4h (n=7), and 6h (n=1), with a range of
0.2-17.3ng/mL. The relation between the plasma con-
centrations of THC and CBD was linear (R*> = 0.90;
p <.00005; Figure 1 (A)). THC and CBD levels corre-
lated with the number of actuations (p <.00005) and
with the severity of adverse events (p=.043;
Figure 1(B)).

Effects of THC/CBD on blood cells

Baseline cell counts and relevant fold changes are pre-
sented in Table 3, and representative graphs of the
median values are shown in Figure 2. As expected,
there was an increase of neutrophils, 4h after THC/
CBD, climaxing at 126% by 6h (Figure 2; Table 3).
Serum cortisol levels also increased 4 h after THC/CBD
(Figure 2, Table 3). After THC/CBD, leukemic B cells
decreased already by 10 am, reaching equal nadir at
11 am and 1pm (11% decrease), and remained
reduced at 3PM (8%; Figure 2(A); Table 3). There was a
similar but larger reduction in normal B cells after

THC/CBD, from 10 am with a nadir at 3pm (37%;
Figure 2(B); Table 3). There was also a decrease in
CD3+ cells (nadir 35% at 3 pm; Figure 2(C); Table 3)
but there was no change in CD4/CD8 ratio (Figure
2(D)). Decreases in CD56+ cells and in platelets were
also observed (Figure 2(EF)). Twenty-four hours after
THC/CBD, no effects remained on any leukocyte sub-
set (Table 3).

Influence of cannabinoid receptor expression

The leukemic B cells in all 23 patients expressed CB2
while 17/23 expressed CB1 (Table 1). Neither CB1 nor
CB2 mRNA levels changed after the administration of
THC/CBD at any timepoint (p >.05 for every compari-
son). The six CB1-negative cases, all CLL, showed a
deeper reduction after THC/CBD (15% decrease at
1pm; p=.028) than in the CB1-positive cases (10%
decrease; p =.013; Figure 3(A)).

Effects on CXCR4 expression, apoptosis, and
proliferation

Ratios of CXCR4high/CXCR4low were similar in CB1-
negative and CB1-positive cases (median 9.4 and 9.5,
respectively; p=.54) and were stable in leukemic cells
and T cells when no drug had been given. However,
after THC/CBD administration CXCR4high/CXCR4low
ratios increased in leukemic B cells (Figure 3(B)) and T
cells (Figure 3(C)) at 1 and 3 pm (Table 3). Apoptosis
and cell proliferation did not change at any timepoint
(Supplementary Figure S3).

Existence of a diurnal rhythm in patients with CLL

Thirteen patients (12 with CLL) were sampled on a
date prior to THC/CBD (median 6d before [range,
1-26]), to ascertain any hitherto unknown diurnal
rhythm of normal lymphocytes or leukemic cells.
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Figure 1. Peak plasma levels of THC and CBD, number of actuations and adverse events. (A) Peak plasma levels of delta-9-tetra-
hydrocannabinol (THC) and cannabidiol (CBD), each dot representing a patient. (B) Peak plasma levels of THC and the number of
actuations of THC/CBD and the worst adverse event per patient (gray dot, no adverse event; dark gray triangle, adverse event

grade 1; black diamond, adverse event grade 2).

Without THC/CBD, there was a late significant reduc-
tion in leukemic cells at 1pm only (11%; Table 3);
other leukocyte subsets including T cells did not
change (Figure 2; Table 3).

Long-term follow-up

Leukemic cell counts moderately increased between
the non-THC/CBD day (approximately one week before
therapy), the THC/CBD day, and one week after THC/

CBD. The 9 am leukocyte counts went from 23.2 (day
without THC/CBD) to 24.7 (immediately before THC/
CBD) to 26.0 (a week after THC/CBD) x 10°/L
(Supplementary Figure S4(A)). Thus, the increase in
leukemic cells that was observed one week after THC/
CBD was considered a natural, gradual increase caused
by the disease.

Median follow-up was 2.8years (range, 1.4-4.2).
Seven patients required treatment after the trial, six
with rituximab-bendamustine and one with ibrutinib.
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Figure 2. Changes in median levels of blood leukocyte subsets and serum cortisol levels during the days without and with THC/
CBD. For simplicity, only median values are shown here, detailed data are represented in Table 3. (A) Leukemic B cells. (B) Normal
B cells. (C) CD3+ T cells. (D) CD4/CD8 ratio. (E) CD56+ NK cells. (F) Platelets. (G) Neutrophils. (H) Serum cortisol. Dashed black
lines are from the day without treatment (n=13) and solid gray lines are from the day with treatment (n=23). All results are
presented in relation to sampling at baseline (9 am) for each day. All cell-subset analyses were calculated from absolute blood
counts, except CD4/CD8 (ratio). One circumflex (o) indicates significant changes at the day without treatment, with respect to
baseline with p <.05. One asterisk (*) and two asterisks (**) indicate significant changes at the day with treatment, with respect
to baseline with p <.05 and p <.005, respectively.
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Figure 3. Reduction of CB1-expressing and non-expressing malignant B cells and CXCR4 surface expression. For simplicity, only
median values are shown here, detailed data are represented in Table 3. (A) Reduction of leukemic B cells after THC/CBD in CB1
positive (dashed gray line; n=17) and CB1 negative (dotted gray line; n=6) cases. Changes in CXCR4+/CXCR4- ratio in (B) leu-

kemic B cells and (C) T cells.

One patient died from a cerebral stroke and one from
kidney cancer, both >2years after the trial and with-
out any evidence of leukemia progression. Overall sur-
vival and time to next treatment are shown in
Supplementary Figure S4(B).

Discussion

Cannabinoids are increasingly prescribed for treatment
of spasticity, pain, and epilepsy [29]. Some patients
use cannabinoids during chemotherapy, to alleviate
adverse events, such as nausea and fatigue [30,31]. A
recent study showed that almost one-fifth of cancer
patients use cannabinoids as self-treatment [32]. The
effects these cannabinoids have on benign and malig-
nant cells in vivo are not fully known, since most
knowledge comes from descriptive studies and ani-
mal models.

In this trial, repeated sampling after a single dose
of THC/CBD showed a quick decrease in circulating
leukemic and normal B and T cells in patients with
indolent B cell leukemia. To investigate whether this
was due to diurnal rhythms, the same repeated sam-
plings were conducted on a day prior to THC/CBD
administration on subsequent patients. We then found
that CLL cells in untreated patients display a diurnal
fluctuation, with similarities to circadian rhythms.
Circadian rhythms are 24-h variations in physiological
processes and are generated by the expression of cir-
cadian clock genes in humans. In the CLL cells, the
significant diurnal change in untreated patients might
be due to an aberrant expression of clock genes. The
transcription factor BMALT and the gene CRYT, both
part of the circadian system, are described as being
epigenetically inactivated in CLL [33]. We did not
detect any diurnal changes in normal B or T cells
within the time frame of 9-3 pm.

It was safe to administrate a single dose of THC/
CBD to these elderly patients. Still, psychotropic
adverse events were frequent, being the main dose-
limiting toxicity. For most patients, the side effects
were unpleasant, but they all could return home at
the end of the day. After the first 24 h, there were nei-
ther beneficial nor adverse effects of this single THC/
CBD dose, and the natural course of the disease
remained unperturbed.

Sativex, containing a mixture of THC/CBD, was the
only approved cannabinoid compound available to us,
therefore we could not separate the effects of THC and
CBD. This is a limitation of the study. Our trial did not
reproduce in vitro findings of induced cell death caused
by high concentrations of synthetic [3,5,26] and natural
[4,34] cannabinoids. Indeed, the psychotropic side
effects prohibited the attainment of tumoricidal plasma
concentrations of cannabinoids. We cannot, however,
exclude that THC/CBD acts differently than other canna-
binoids previously used for in vitro studies.

Patients with CB1-negative leukemia showed a
faster and deeper reduction of leukemic cell counts
compared to CB1-positive cases. Normal B cells,
which also have very low CB1 expression [7],
behaved similarly, with a more profound decrease
than leukemic B cells. We cannot in this study
mechanistically explain the slower reduction of the
leukemic cells in blood when both cannabinoid
receptors are expressed, but it has been shown that
CB1 and CB2 can form heterodimers in neurons and
when such heterodimers were formed, stimulation of
one receptor led to negative modulation of its part-
ner [35]. If this also would occur in leukemic cells,
CB1 stimulation would impair the stimulation of
CB2. Since CB2 is involved in homing of leukocytes
to secondary lymphoid tissues, this could partly
explain why CB1-negative cases and normal B cells,
which have very low CB1 expression, had a more



profound decrease after
drug [14-16].

We detected an increased expression of CXCR4 on
the cell surface of leukemic cells and T cells from
blood, at 6h after THC/CBD. CXCR4, together with
other chemokine receptors and integrins, plays an
important role in the interaction between lymphoma
cells and the microenvironment, increasing cell sur-
vival and drug resistance [36,37]. We also found that
the administration of THC/CBD increased cortisol lev-
els. Cortisol is known to affect circadian rhythms in T
cells [38], and to increase CXCR4 expression in T lym-
phocytes [39]. It is likely that the increase of cortisol
was secondary to stress from adverse events rather
than directly induced by the THC/CBD [40]. Based on
our findings we believe that the increase of
CXCR4high expressing cells (both leukemic B cells and
T cells) seen 6h after THC/CBD is a secondary effect
due to elevated cortisol levels and that this increased
expression of CXCR4 is associated to a redistribution
of lymphocytes from blood at 6 h. The increase of neu-
trophils after THC/CBD is probably also a secondary
effect of cortisol and has also been observed in a
study investigating the chronic use of synthetic canna-
binoids [41].

However, our main finding, the fast decrease of cir-
culating leukemic cells 1-2h after a single dose of
THC/CBD, cannot be explained by the later changes in
CXCR4 expression or cortisol levels. Furthermore, THC/
CBD did not affect cell proliferation or apoptosis on
leukemic cells in blood. Therefore, we propose that
cannabinoids induce a redistribution of malignant B
cells away from blood. However, we do not know
where the cells relocate to. It is possible that the cells
adhere to the endothelium of blood vessels, or
migrate from blood to spleen, lymph nodes, and/or
bone marrow. Nevertheless, our data point toward the
involvement of the cannabinoid receptors in regula-
tion of the tissue localization of lymphocytes, as previ-
ously suggested in experimental studies in mice
[14-16]. Whether chronic use of cannabinoids might
result in a sustained redistribution of lymphocyte sub-
sets is not known. In a small study of 20 multiple
sclerosis patients, Sativex intake for up to six weeks
did not significantly affect the levels of different blood
cells populations [42].

Cannabinoids may also impact immune checkpoint
control: a recent study of cancer patients with solid
tumors given immune checkpoint inhibitors showed
that concomitant cannabinoid use correlated with
inferior time to progression and overall survival [43].
Our study demonstrates that THC/CBD affects a wide

exposure to the study
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variety of immune cells in vivo, and this should be
taken into consideration when cannabinoids are used
to treat, for example, nausea from chemotherapy,
because cannabinoid-induced immune modulation
could have unforeseen effects.

We conclude that a single dose of THC/CBD causes
considerable adverse events in elderly, cannabis-naive
patients but did not affect apoptosis or proliferation of
the malignant cells. Instead, THC/CBD probably induced
an early redistribution of malignant and benign blood
cells away from blood. If the malignant cells home to
lymphoid tissues and bone marrow, such a redistribu-
tion would be opposite of that induced by successful
anti-tumoral therapies such as inhibitors of Bruton’s
tyrosine kinase and phosphoinositide 3-kinase, where
malignant cells egress from the bone marrow to the
peripheral blood [44,45]. It is important to consider that
cannabinoids might negatively interfere with anti-leuke-
mia/lymphoma treatment. Based on our findings, this
mixture of cannabinoids should not be considered as
treatment for indolent lymphomas.
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