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Background: Extensive research exists investigating medicinal
uses of cannabis products in patients with malignancies,
though it is largely unknown how cannabis use may affect the
efficacy of antineoplastics. Like many antineoplastic agents,
cannabis is metabolized by cytochrome P450, leading to
potential interactions. This observational study sought to
identify the prevalence of cannabis use in patients with a
malignancy at the Veterans Affairs Memphis Healthcare System
and analyze the potential for interactions between various
products and the antineoplastic agents the patients received.
Methods: A retrospective review of electronic health records
was completed for patients who used cannabis products
during treatment and accepted the invitation to complete
a survey during January 2024. Prescribed antineoplastic
medications for each patient were recorded, and data were
compiled and analyzed for potential interactions.

Results: A total of 132 patients agreed to participate in the
survey, and 50 (38%) acknowledged use of cannabis products
within the previous 90 days. Forty-five patients (90%) who
used cannabis within 90 days were male, and 29 patients
(58%) were aged 60 to 65 years. Thirty-five patients (70%)
predominantly inhaled cannabis. Twenty-one patients (42%)
had chemotherapy, the most common treatment, 19 patients
(88%) had immunotherapy, 12 patients (24%) used targeted
therapy, and 10 patients (20%) used endocrine therapy.
Conclusions: This analysis found a notable prevalence
of patients with cancer concurrently using cannabis while
being prescribed an antineoplastic. The results of this study
suggest a potential decrease in the efficacy of immunotherapy
and endocrine therapy and an increase in toxicity with
chemotherapy and targeted agents when used alongside
cannabis products.
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Cannabis has a long history of use for
medicinal and recreational purposes.
Research illustrates the potential ben-
efits and increased prevalence of cannabis use
in patients with cancer.” Cannabis products
have been shown to possess antineoplastic
and palliative activity, improving nociceptive
and neuropathic pain in addition to chemother-
apy-related nausea and vomiting.2® Despite
these developments and changing social at-
titudes toward cannabis, there remains a lack
of comprehensive data on patient perspectives
regarding its use, especially in regions where
cannabis remains illegal. This knowledge gap
is notable among veterans undergoing can-
cer treatment in states where cannabis is pro-
hibited. Up to 57% of veterans report lifetime
marijuana use, making it crucial to understand
this population’s cannabis use patterns and
potential interactions with cancer treatments.®

This observational study sought to determine
the prevalence of cannabis use among patients
undergoing cancer treatment at the US Depart-
ment of Veterans Affairs (VA) Memphis Health-
care System and evaluate the potential risks
associated with combining cannabis products
with anticancer therapies.

METHODS
This prospective observational study identi-
fied cannabis use among veterans receiving
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antineoplastic therapy at the Lt. Col. Luke
Weathers Jr. VA Medical Center (WJVAMC) and
analyzed potential interactions between can-
nabis products and their cancer treatments.
Participants included adults aged > 18 years
undergoing antineoplastic therapy at WJVAMC
who consented to the study. Data collection in-
volved a written survey approved by the WJ-
VAMC Institutional Review Board and verbal
consent from participants. The survey asked
participants about their cannabis use in the
previous 90 days, including details on quantity,
frequency, and method of consumption (eg, in-
halation, oral, topical). No incentives were of-
fered for participation.

Surveys from 50 patients who used canna-
bis were analyzed and their electronic health re-
cords were reviewed for sex, age, diagnosis,
and antineoplastic regimen. This information
was securely stored. A literature review was con-
ducted using PubMed and the Cochrane Library
to explore potential interactions between can-
nabis and the antineoplastic agents that were
prescribed to patients in the study, focusing on
toxicity, efficacy, or synergistic effects.

Patients were categorized into 4 groups
based on treatment: cytotoxic chemotherapy,
immunotherapy, endocrine therapy, and tar-
geted therapy. Patients undergoing multiple
types of therapies were included in each appli-
cable category.



RESULTS

A total of 132 patients agreed to participate. Fifty
patients (38%) acknowledged using cannabis
products within 90 days. The patients that used
cannabis products within 90 days of the sur-
vey reported the following malignancies: 8 pa-
tients (16%) had prostate cancer, 3 patients (6%)

TABLE 1. Therapies Used

Type Specific agent

Cytotoxic chemotherapy Melphalan, carboplatin, paclitaxel, etoposide,
5-fluorouracil, irinotecan, oxaliplatin, pemetrexed,
docetaxel, cabazitaxel, -DM1, gemcitabine,

cyclophosphamide

had hepatocellular carcinoma, 7 patients (14 %)

Immunotherapy
had pancreatic carcinoma, 5 patients (10%) had

Pembrolizumab, nivolumab, atezolizumab, ipilimumab,
avelumab, lenalidomide, durvalumab

multiple myeloma, 3 patients (6%) had chronic

lymphocytic leukemia, 9 patients (18%) had ~ rargsted therapy

Zanubrutinib, ibrutinib, sorafenib, acalabrutinib,
dabrafenib, trametinib, trastuzumab, bevacizumab,

non-small cell lung cancer, 3 patients (6%) had
breast cancer, 3 (6%) patients had bladder
cancer, 2 patients (4%) had renal cell car-
cinoma, 1 (2%) patient had chronic myeloid
leukemia, 1 (2%) patient had renal amyloid,
1 patient (2%) had supraglottic squamous
cell carcinoma, 1 patient (2%) had esopha-
geal carcinoma, 1 (2%) patient had small cell
lung cancer, 1 (2%) patient had gastric cancer,
and 1 patient (2%) had follicular lymphoma.

Five (10%) of the cannabis users were fe-
male, and 45 (90%) were male. Twenty-nine
patients (58%) were aged 66 to 75 years,
16 (32%) were aged 56 to 65 years, 3 (6%)
were aged 46 to 55 years, and 2 (4%) were
aged 76 to 85 years.

Thirty-five patients (70%) inhaled cannabis
as opposed to using it via other formulations
or a combination (eg, inhalation and topical).
Thirty-eight percent of patients used canna-
bis once daily, 24% used < 1 daily, and 28%
used it > 2 times daily. Five patients (10%) did
not report the frequency of their cannabis use.
Among the patients who reported cannabis use,
21 (42%) were undergoing cytotoxic chemo-
therapy, 19 (38%) were undergoing immuno-
therapy, 12 (24%) were undergoing targeted
therapy, and 10 (20%) were undergoing en-
docrine therapy. Some patients were treated
with multiple types of antineoplastic agents and
were counted in multiple categories (Table 1).

Following a literature review of cannabis
and antineoplastic agents, patients were eval-
uated for the potential effects of cannabis on
their treatment. The literature review revealed
that 31% of cytotoxic chemotherapy agents
received by patients in this study might have
increased toxicity, and 19% could have re-
duced efficacy when combined with canna-
bis. Among immunotherapy agents received
by patients in this study, 70% might have de-
creased efficacy when combined with can-
nabis use. For targeted therapies, 35% could
have increased toxicity, and 70% of endocrine
agents could potentially have decreased effi-
cacy (Table 2).

daratumumab, imatinib

Endocrine therapy
enzalutamide

DISCUSSION
This prospective study corroborates previ-
ous research by demonstrating that more than
one-third of patients receiving oncology care
at WJVAMC use cannabis, most often inhaled.
Cannabis use was observed among patients
undergoing various cancer therapies, includ-
ing cytotoxic chemotherapy, immunotherapy,
targeted therapy, and endocrine therapy. The
most common malignancies among cannabis
users at WJVAMC include patients with lung
cancer, prostate cancer, pancreatic cancer, and
multiple myeloma. Cannabis use in patients
with pancreatic cancer and multiple myeloma
was significantly out of proportion to their prev-
alence at WJVAMC. This could potentially be
due to their drastic effect on quality of life.
Cannabis use increased the risk of toxic-
ity in patients treated with cytotoxic chemo-
therapy and targeted therapy. Cannabis use
potentially decreased efficacy for patients
treated with cytotoxic chemotherapy and/
or immunotherapy. Cannabis use did not in-
crease the risk of toxicity or efficacy in pa-
tients treated with endocrine therapy.

Antineoplastics/Cannabis Interactions
The potential interactions between cannabis
and antineoplastic therapies administered at
WJVAMC are worth exploring. While this re-
view aims to shed light on possible interac-
tions, it is important to acknowledge that much
of the data is preliminary and derived from in
vitro studies. The interactions should be inter-
preted as potential risks rather than established
facts. Additional research is needed to confirm
these interactions and effectively guide clinical
practices. Understanding these dynamics is es-
sential to optimize patient care and manage the
complex interplay between cannabis use and
cancer treatment.
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Anastrozole, darolutamide, abiraterone, tamoxifen,



Pharmacology

Originating from Central Asia, the can-
nabis plant contains > 400 medicinally rel-
evant compounds, of which about 100 are
cannabinoids (CBs). Key CBs are cannabidiol
(CBD), a nonpsychoactive compound, and
A-9-tetrahydrocannabinol (THC), a psychoactive
compound. THC can make up 20% to 30% of
the dry weight of female cannabis flowers.”

CBs act through the endocannabinoid sys-
tem, involving CB1 and CB2 receptors, en-
dogenous CBs like anandamide (AEA) and
2-arachidonoylglycerol, and various enzymes.
These endogenous CBs, derived from arachi-
donic acid, play roles in cell growth and pro-
liferation.® In some studies, AEA has induced
apoptosis in neuroblastoma cells and inhibited
proliferation in breast cancer cells. However,
other research suggests AEA may block apop-
tosis under certain conditions.®

CB receptors are transmembrane proteins
that interact with CBs differently depending
on tissue type and CB structure. Synthetic
CBs are designed to target specific receptors,
while natural CBs may act as both agonists
and antagonists.'®

Cytochrome P450 Metabolism

The human cytochrome P450 (CYP) 3A sub-
family affects the metabolism of many thera-
peutic drugs, including cancer therapeutics.
The various compositions of cannabis are pri-
marily metabolized by the CYP450 pathway,
the same as many cancer-directed pharmaco-
logic treatments. CBs act as both CYP induc-
ers and inhibitors. THC, for example, is a CYP
inducer whereas CBD is a CYP inhibitor; both
are found in the various compounds available for
consumption.'>'® Pharmacology research has
suggested potential interactions and effects on
established adverse symptoms, but clinical data
are lacking, and current research revealing inter-
actions are only recognized in vitro.'

The Antineoplastic Activity of Cannabis
CBs can affect various cancer-related pathways
such as PKB, AMPK, CAMKK-B, mTOR, PDHK,
HIF-1 «, and PPAR-y. A-9-THC can selectively
induce apoptosis in tumor cells without harm-
ing normal cells, though the exact mechanism
remains unclear. Promising results from early
mouse studies led to a 2006 human study where
intracranial A-9-THC in patients with recurrent
glioma yielded a median survival of 24 weeks,
with 2 patients surviving > 1 year.’

In a 2022 review article, Cherkasova et al
highlighted potential clinical benefits of can-
nabis across various cancers. They found
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that upregulated CB1 receptors in colon can-
cer might enhance the effect of 5-fluoroura-
cil. However, many studies are preliminary and
therefore not definitive.°

Additional research is needed to refine these
findings. Challenges include variability in can-
nabis formulations, the complex tumor micro-
environment, and the legal and psychoactive
issues surrounding cannabis use. These factors
complicate the design of multicenter randomized
studies and may deter patients from disclosing
cannabis use, thereby hindering efforts to fully
understand its therapeutic potential.

Cannabis/Cytotoxic Chemotherapy
Interactions

The chemotherapy agents used in this study in-
cluded carboplatin, paclitaxel, 5-fluorouracil,
etoposide, irinotecan, oxaliplatin, pemetrexed,
docetaxel, cabazitaxel, T-DM1, gemcitabine,
and cyclophosphamide. There is a paucity of
research regarding the interactions between
cytotoxic chemotherapy and cannabis. Most
studies focused on CBD due to its inhibition of
the CYP450 pathway, which is used for metab-
olizing cytotoxic chemotherapies. Through this
mechanism, CBD could potentially increase the
concentrations of chemotherapeutic agents,
enhancing their toxicity.

When combined with irinotecan, canna-
bis can pose risks. A-9-THC undergoes first-
pass metabolism in the liver, mediated by the
CYP450 system and CYP3A4. The glucuroni-
dation of irinotecan is mediated by uridine di-
phosphate glycosyliransferase, leading to its
recirculation within the hepatic system and po-
tentially increased toxicity due to prolonged
drug presence. Cannabis may also compete
with drug binding to albumin, altering the
plasma concentrations of irinotecan and its
conversion to the metabolite SN38.'6

Cannabis products can affect chemotherapy
levels by interacting with cellular transporters.
The MRP1 transporter family, encoded by the
ABCC gene family, is expressed mainly in the
lung, kidney, skeletal muscle, and hematopoietic
stem cells. A 2018 study investigating the effects
of THC, CBD, and CBN on MRP1 transporters
found that the presence of a cannabis compo-
nent increased the concentration of vincristine
3-fold. Additional studies suggest the interaction
with the CB1 receptor may lead to changes in
the expression of MRP1 transporters.'”

CBD inhibits the BCRP transporter, which
functions as an efflux pump for methotrexate.
Consequently, CBD can increase methotrex-
ate levels, potentially enhancing efficacy but



TABLE 2. Patients With Potential Interactions With Cannabis?

Pharmacology

Therapy type Decreased efficacy, No. Increased toxicity, No.  Potentiation, No. No interaction, No.
Immunotherapy 14 0 0 6
Chemotherapy 8 13 2 1
Targeted therapy 0 5 0 9
Endocrine therapy 7 1 1 1

aPatients undergoing combination therapy with multiple antineoplastic agents were counted more than once.

also worsening adverse effects.'®

In pancreatic cancer, CBD specifically inter-
acts with gemcitabine. CB1 and CB2 receptors
are upregulated, and CBD inhibits the GPR55
receptor. These interactions may enhance the
antineoplastic effect of gemcitabine, reducing
cell cycle progression and growth.'®

CBD also interacts with temozolomide (TMZ)
by affecting extracellular vesicles used by cells
for pro-oncogenic signaling and immune sys-
tem evasion. Experiments on patient-derived
glioblastoma cells, both chemotherapy-resistant
and chemotherapy-sensitive, found that CBD in-
creases the formation of extracellular vesicles
with reduced levels of miR21 (pro-oncogenic)
and elevated levels of miR126 (antioncogenic).?
CBD has also been found to decrease prohibitin
levels, a protein associated with TMZ resistance.

In patients with glioblastoma, CBD combined
with chemotherapeutic agents like TMZ, car-
mustine, doxorubicin, and cisplatin has shown
increased sensitivity and improved tumor re-
sponse. CBD is also known to inhibit NF-kB,
a pathway that sustains tumor viability despite
chemotherapy.?' Additionally, CBD inhibits the
P-glycoprotein system, affecting chemother-
apy efflux from neoplastic cells.™ In vitro studies
have found that CBD is synergistic with bortezo-
mib in inhibiting cancer cell viability. In another
glioblastoma model, CBD enhanced the antipro-
liferative effects of both TMZ and carmustine.™

Different cannabis formulations may vary in
how they interact with various cytotoxic che-
motherapeutic agents. Some may potentiate
the effects of chemotherapy and act syner-
gistically to inhibit tumor growth, while others
may lead to increased toxicity.'® More research
is needed to determine which formulations, in
combination with specific agents and doses,
may have significant interactions that warrant
adjustments in chemotherapy dosing.

Cannabis/Immunotherapy Interactions

Cannabis is an immunosuppressant. Data sug-
gest the use of cannabis during immunotherapy
worsens treatment outcomes in patients with

cancer.?? Exogenous (THC) and endogenous
(AEA) CBs negatively affect antitumor immu-
nity by impairing the function of tumor-specific
T cells via CB2 and by inhibiting the Jak1-STATs
signaling in T cells through CNR2. Xiong et al
found that THC reduces the therapeutic effect of
anti-PD-1 therapy.??

In a prospective observational clinical study,
Bar-Sela et al analyzed 102 patients with ad-
vanced cancer—of which 68 were cannabis
users—that were started on immune check-
point inhibitor therapy. The study found that
cannabis users on anti-PD-1 (nivolumab, pem-
brolizumab), anti-CTLA-4 (ipilimumab), and
anti-PD-L1 (durvalumab, atezolizumab) had a
significant decrease in time to treatment pro-
gression and overall survival vs cannabis non-
users.?® However, a 2023 study by Waissengrin
et al found that concomitant use of medical
cannabis with pembrolizumab had no harmful
effect in advanced non-small cell lung cancer.?*
Time to treatment progression of cannabis
users did not differ from cannabis nonusers.?

Cannabis/Endocrine Therapy
Interactions
In addition to having direct antineoplastic ac-
tivity on tumor cells, data exist that show how
cannabis affects the endocrine system. In ani-
mal models, cannabis has been found to sup-
press the whole hypothalamic-pituitary-adrenal
axis as well as other hormones like thyroid,
prolactin, and growth hormone. In breast can-
cer, cannabis competes with estrogen for the
estrogen receptor and suppresses growth.?
The endocrine agents used by patients with
cancer in this study were antiandrogens like abi-
raterone, enzalutamide, tamoxifen and anas-
trozole. Abiraterone is metabolized by CYP450
isoenzymes and uridine diphosphate glycosyl-
transferases. Cannabis inhibits both processes
and therefore may lead to increased toxicities.?”
Conversely, enzalutamide is a strong CYP3A in-
ducer, and cannabis use during enzalutamide
therapy may significantly increase the toxic ef-
fects of cannabis.
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Pharmacology

There is evidence that molecular pathways
involving CB receptors and estrogens over-
lap, which may lead to interactions when an-
tiestrogens are used in cannabis users with
hormone receptor-positive breast cancer.?® In
preclinical studies, tamoxifen has been shown
to act as an inverse agonist on CB1 and CB2
receptors, though the significance of this find-
ing is unclear. There is no research evaluat-
ing the effects of CBs on tamoxifen treatment.
However, CBD has been found to potentiate
the effectiveness of anastrozole or exemes-
tane in breast cancer cell lines.?® DoboviSek
et al demonstrated no inhibitory effect of CBD
on the activity of tamoxifen, fulvestrant, or pal-
bociclib in breast cancer cell lines.?® The inter-
actions between hormone receptor-positive
breast cancer and cannabinoids are complex,
and the clinical significance of these interac-
tions remains difficult to identify.

Cannabis/Targeted Therapy Interactions

The targeted therapies used by patients in
this study included zanubrutinib, ibrutinib,
sorafenib, acalabrutinib, dabrafenib, trametinib,
trastuzumab, bevacizumab, daratumumab, and
imatinib. Compared to other classes of can-
cer treatments, most studies have not demon-
strated decreased efficacy or increased toxicity
of targeted anticancer drugs when used con-
comitantly with CBD.®

Trastuzumab is a recombinant humanized
monoclonal antibody that targets the proto-
oncogene HER2/neu. It is used to treat select
patients with metastatic breast cancer. Stud-
ies have shown that cannabis use does not
attenuate the effectiveness of trastuzumab in
HER2-positive and triple-negative breast can-
cer subtypes.?® One study found that CBD, in
combination with chemotherapeutics and Bru-
ton tyrosine kinase inhibitors, such as ibruti-
nib and zanubrutinib, has synergistic potential
for treating diffuse large B-cell lymphoma and
mantle cell lymphoma cell lines. This synergy
is attributed to the CB1 antagonist activity of
cannabis against diffuse large B-cell lymphoma
and mantle cell lymphoma cell lines.3%!

Moreover, combining cannabinoids with
bevacizumab (a monoclonal anti-VEGF an-
tibody) has been shown to decrease tumor
growth and intratumoral hypoxia in clinically
relevant human glioblastoma models. This
effect is mediated through the downregula-
tion of HIF-1a.22 Long-term studies evaluating
the potential harmful or synergistic potential
of CBD on targeted anticancer therapy are
needed.
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CONCLUSIONS

This exploratory study of patients receiving
cancer therapy at WJVAMC found a significant
prevalence of concurrent cannabis use among
patients undergoing antineoplastic treatments.
Given that many antineoplastic agents are me-
tabolized by the CYP450 enzyme system, the
findings of this study suggest that concur-
rent cannabis use may pose risks of subop-
timal therapeutic outcomes due to potential
interactions affecting drug metabolism. These
interactions could impact the efficacy and tox-
icity of the antineoplastic therapies, potentially
leading to diminished therapeutic effects or ex-
acerbated adverse reactions.

Patients should be informed regarding the
potential decreased efficacy of immunother-
apy with concurrent use of cannabis products.
They should also be aware of the possibility of
increased toxicity with other treatment modal-
ities, though the exact impact on efficacy re-
mains unclear. This highlights the necessity of
caution when combining cannabis with pre-
scribed cancer treatments.

While this study identified possible inter-
actions, its data are preliminary and highlight
the need for more rigorous research. Future
studies should include larger, well-designed
cohorts to compare outcomes between can-
nabis users and nonusers. Such research is
essential to fully elucidate the clinical implica-
tions of cannabis use during cancer treatment,
address the high prevalence of cannabis use
among patients with cancer, and mitigate po-
tential risks associated with combining canna-
bis products with antineoplastic therapies. This
will ensure that treatment strategies are opti-
mized for safety and efficacy in this complex
patient population.
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