J Natl Cancer Inst Monogr (2021) 2021(58): 1gab012

doi: 10.1093/jncimonographs/lgab012
Monograph

MONOGRAPH
Cannabis and the Cancer Patient

Ilana M. Braun, MD,"** Donald I. Abrams, MD,> Stacey E. Blansky, BS,*
Steven A. Pergam, MD, MPH>"%’

Department of Psychosocial Oncology and Palliative Care, Dana-Farber Cancer Institute, Boston, MA, USA; *Department of Psychiatry, Harvard Medical School, Boston,
MA, USA; *Department of Medicine, Zuckerberg San Francisco General Hospital, University of California San Francisco, San Francisco, CA, USA; *School of Industrial
and Labor Relations, Cornell University, Ithaca, NY, USA; “University of Washington School of Medicine, Seattle, WA, USA, °Fred Hutchinson Cancer Research Center,
Seattle, WA, USA and ’Seattle Cancer Care Alliance, Seattle, WA, USA

*Correspondence to: Ilana Braun, MD, Dana-Farber Cancer Institute 450 Brookline Ave, Boston, MA 02215, USA (e-mail: ibraun@partners.org).

Abstract

Session 2 of the National Cancer Institute’s Cannabis, Cannabinoids, and Cancer Research Workshop opened with testimony
from a lymphoma survivor who detailed medicinal cannabis-related improvements in nausea, low appetite, insomnia, and
mental health and the limited clinical counsel she received regarding cannabis use. Discussion next turned to the evolution
of the legal landscape of cannabis in the United States, one in which state and federal laws frequently conflict and the
Controlled Substance Act renders cannabis Schedule I. This legal climate creates conundrums for US medicinal cannabis
researchers who contend with limited funding opportunities, avenues to source trial drug, and procedural red tape and for
oncology clinicians who recommend medicinal cannabis to patients with some frequency while perceiving themselves as ill
equipped to make such clinical recommendations. Ultimately, it creates challenges for cancer patients who find themselves
turning to nonmedical and anecdotal information sources. The risks of cannabis use by the cancer patient were discussed
next. These include infection, pharmacodynamic and pharmacokinetic drug-botanical interactions, cyclic nausea and vomit-
ing, e-cigarette or vaping product use-associated illness, legal issues, and high cost. The session concluded with a broad sur-
vey of the research supporting oncologic cannabinoid use, conclusive evidence for chemotherapy-induced nausea and vomit-

ing, and suggestive evidence for cancer-related pain.

Between December 15 and 20, 2020, the National Cancer
Institute (NCI) held a first-ever 4-day conference on the role
cannabis and cannabinoids play in oncology care. The Trans-
National Institutes of Health Cannabis, Cannabinoids and
Cancer Research Symposium offered as its second session
“Cannabis and the Cancer Patient,” cochaired by Andrew
Freedman, chief of the Clinical and Translational Epidemiology
Branch of NCI's Epidemiology and Genomic Research Program,
and Ilana Braun, MD, assistant professor of psychiatry at
Harvard Medical School and chief of the Division of Adult
Psychosocial Oncology at the Dana Farber Cancer Institute. The
session also included Stacey Blansky, a recent Cornell
University graduate and cancer survivor; Steven Pergam, MD,
MPH, associate professor of medicine at the University of
Washington School of Medicine and Fred Hutchinson Cancer
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Research Center as well as medical director of infection preven-
tion at Seattle Cancer Care Alliance; and Donald Abrams, MD,
professor emeritus of medicine at University California San
Francisco and an oncologist at both Zuckerberg San Francisco
General Hospital and the University California San Francisco
Osher Center for Integrative Medicine. The session provided an
introduction to topics covered in greater depth later in the con-
ference program. This article summarizes the session and offers
some potential future directions.

A Cancer Survivor’s Experience

The “Cannabis and the Cancer Patient” session opened with
eloquent testimony from Stacey Blansky, a recent Cornell
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University graduate and stage IV Hodgkin’s lymphoma survivor
who had used medicinal cannabis to manage an array of
cancer-related symptoms. She was initially drawn to medicinal
cannabis because she viewed it as “natural” and holistic as well
as a means of shifting locus of symptom control away from the
medical community and toward herself. She recounted the lim-
ited clinical counsel she received regarding her decision to use
medicinal cannabis; her oncologist was not well versed in can-
nabis literature and could not say with confidence whether the
drug would aid in managing her side effects. In fact, she was re-
ferred to a separate oncologist within the practice for formal ap-
proval to receive medical cannabis. Ms Blansky described the
personnel at the New York medicinal cannabis dispensary she
frequented as professional and helpful. She presented a con-
stellation of target symptoms to a dispensary pharmacist (New
York law requires that pharmacists staff medicinal cannabis
dispensaries), who guided her toward products with particular
ratios of active ingredients and modes of use (eg, a cannabidiol
[CBD]-based oil and a delta-9-tetrahydrocannabinol [THC]-pre-
dominant vaping pen). Ms Blansky’s target symptoms included
nausea, poor appetite, insomnia, and mental health concerns
such as anxiety and dysphoria. In addition to the positives, Ms
Blansky described the negatives of using medicinal cannabis.
These included a measure of stigma in her medical and per-
sonal lives. She detailed awkward conversations with physi-
cians in which she worked to convince them that her desire for
medicinal cannabis was legitimately health related and not for
diversion to friends on her college campus. She discussed hav-
ing conversations with campus administrators about how she
might use cannabis in her smoke- and vape-free dormitory
without violating university regulations. She also discussed the
considerable out-of-pocket expense (eg, $150 for a 30-mL bottle
of CBD and $80 for a vaping pen with cartridge). She reported
that, now in remission, she is no longer authorized by her medi-
cal team to use medicinal cannabis despite continuation of poor
appetite. Ms Blansky reported that this barring was ultimately
“fine because cannabis isn’t the be-all-and-end-all answer to all
issues ... [I] was using it for 6 months just to deal with a lot of
really horrible side effects of chemotherapy.” That said, her goal
in presenting to the NCI conference was to change the narrative
and unwind preconceived notions among the medical commu-
nity and conference audience of using medicinal cannabis.

United States’ Legal Landscape for Medicinal
Cannabis: Research and Clinical Implications

Dr Ilana Braun described the United States as amid a legal sea
change regarding cannabis law, leading federal and state laws
to frequently conflict. The degree of enforcement of the federal
prohibition has varied by administration. These fluctuations, as
well as the divide between state and federal law, has affected
medicinal cannabis clinical care and research, leaving medici-
nal cannabis at times a conundrum for patients, caregivers,
clinicians, and researchers. Clinicians, then, should routinely
ask their patients about medicinal cannabis in order to guide
care in this domain (1).

Cannabis’ legal history in the United States is marked by 2
key inflection points (2-5). Until the early decades of the 20th
century, state and federal laws agreed in their permissive
stance toward medicinal cannabis, and the botanical existed in
patented formulas for analgesics and other remedies.? Fueled in
part by xenophobic sentiments (eg, the term “marijuana” has
entered the lexicon, linking cannabis to Mexican immigrants) as
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well as by the timber interest (eg, hemp was a competitor to
wood in paper manufacturing), several states began to restrict
or ban cannabis use (6). Harry Jacob Anslinger, the first Federal
Bureau of Narcotics chief, and newspaper publisher William
Randolph Hearst launched a media campaign racializing canna-
bis and linking its use with criminality and insanity. In 1937, the
Marihuana Tax Act was proposed and passed. Of note, the
American Medical Association lobbied against the tax and advo-
cated for greater cannabis research; the act passed nonetheless
(2). Global interest in cannabinoid research persisted and, in re-
sponse, the United States appointed the University of
Mississippi the official grower of cannabis for research purposes
in 1968; it remains so to this day. In 1970, Richard Nixon signed
the Controlled Substance Act into existence. This act assigned
cannabis a Schedule I designation, indicating that the botanical
was not acceptable for medical use, lacked a safety profile ac-
ceptable for medicinal use even under medical supervision, and
possessed a high abuse potential (7). The same act rendered co-
caine Schedule 1I, so classified cannabis is more dangerous than
cocaine (7).

State Initiatives to Legalize Cannabis

Another inflection point occurred in the mid-1990s when,
spurred by a ballot initiative, California became the first state to
legalize medicinal cannabis, and many states gradually fol-
lowed suit (2-5). In 2004, in a fight between federal and state’s
rights, the United States Supreme Court ruled that the federal
government could prosecute patients abiding by their state me-
dicinal cannabis laws, indicating that medicinal cannabis users
were not completely shielded from federal legal exposure (5). By
2012, there were about 12 medicinal cannabis laws on state
books. In that year, Colorado and Washington became the first 2
states to approve adult-use (ie, recreational) cannabis laws (5).
Under the Obama administration, 2 important developments
occurred: first, the US Department of Justice (DOJ) issued a
memo in which the DOJ was prohibited from using its funds to
intervene in the implementation of state cannabis laws (5).
Under the Trump administration, by contrast, the DOJ took a
harder line toward cannabis, blocking more than 24 requests to
grow cannabis alongside the University of Mississippi for re-
search purposes (8). Between 2018 and 2019, the first herbal can-
nabinoid was approved by the US Federal Drug Administration
(FDA) and, in this context, rescheduled from Schedule I to V,
which the FDA would ultimately deschedule, allowing it to stock
pharmacy shelves. Legislation commonly referred to as the
“Farm Bill” legalized cannabis high in CBD and low in THC (ie,
hemp) (5). Although hemp and hemp-derived products are now
legal, many federal, state, and local regulatory uncertainties
continue.

As of the 2020 election cycle, 36 states in the United States
have comprehensive medical cannabis laws on their books, and
15 of those states have in parallel adult-use cannabis laws (5).
The District of Columbia has both such laws as well (5). Eleven
additional states have more limited forms of medicinal canna-
bis legislation (5). Typically, these more restrictive laws allow
for products high in CBD and low in THC. Currently, there are
only 3 states in the United States that have no public access to
nonpharmaceutical cannabinoids (5).

Changes to federal law may be imminent, as then-US
Senator from California Kamala Harris and Jerrold Nadler,
Congressman from New York’s 10th District, proposed the
Marijuana Opportunity, Reinvestment, and Expungement Bill (9,
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10). This act promises to decriminalize cannabis, expunge prior
cannabis convictions from the record, and impose a 5% federal
tax on cannabis sales, with revenue directed toward communi-
ties most affected by the war on drugs. As Vice President,
Kamala Harris has been vocal that the Biden administration
aims to decriminalize cannabis use.

State Medical Cannabis Laws

The 36 state comprehensive medicinal cannabis laws are de-
fined by key features. These laws protect the user from state
criminal penalties (9). They enable access to medicinal cannabis
(eg, through dispensary systems or home cultivation) (9). They
allow for a variety of products to be sold or used and for a vari-
ety of modes of administration, including smoking or vaping us-
ing an electronic device (9).

Most importantly, they ensure that medicinal cannabis is
available to the general public (ie, not just through a pilot pro-
gram) (9). Comprehensive medicinal cannabis laws are gener-
ally structured to identify medical conditions that qualify for
cannabis (9). They tend to allow health-care providers to issue
formal recommendations that medicinal cannabis be used but
not write actual prescriptions. This unique procedure has been
put in place to protect health professionals from federal legal
exposure.

Comprehensive medicinal cannabis laws often stipulate per-
missible possession amounts, and these vary dramatically from
state to state (11). The laws tend to establish state registries and
the issuance of identification cards (9). The health conditions
that qualify for medicinal cannabis vary substantially from
state to state, with the exception of HIV/AIDS and cancer, which
exist in almost every state law (11). This commonality is one of
the reasons that a medicinal cannabis conference is so impor-
tant in the oncology realm.

Medicinal cannabis dispensaries vary in nature from state to
state (11). In general, they are not obligated to offer
pharmaceutical-grade products. They are regulated in many
ways, but important aspects such as the potency of the products
they offer may not be regulated. In most states, medicinal can-
nabis dispensaries are mainly staffed by nonmedical personnel
who advise patients on topics such as dosing and delivery
method.

In many states, several differences between a traditional
prescription and a typical medicinal cannabis recommendation
exist. In the case of a traditional prescription, a health-care pro-
vider stipulates the active ingredient(s). By contrast, with a me-
dicinal cannabis recommendation, a health-care provider does
not usually specify active ingredient(s) in the same manner be-
cause most medicinal cannabis products are not comprised of 1
active ingredient but hundreds that operate through compli-
cated inhibitory and synergistic interactions (12). Further, me-
dicinal cannabis recommendations do not always specify route,
dose, and frequency of use-decisions that may ultimately be
made at the dispensary counter or that patients might deter-
mine through personal experimentation.

Research and Clinical Implications of the US Legal
Landscape

The Schedule I designation carries important research and
clinical implications. In the research domain, this designation

leads to challenges in accessing federal funding to carry out
the research, being able to source the study drug, and negoti-
ating red tape. It leads cannabis researchers to assume a de-
gree of personal, criminal, and financial liability in carrying
out such research. In the clinical realm, clinicians sometimes
assume a contradictory stance toward medicinal cannabis. On
one hand, health-care professionals recommend the agents to
their patients, with greater than 2% of the population in sev-
eral states holding medicinal cannabis licenses (13). On the
other hand, most professional medical associations offer little
clinical guidance around medicinal cannabis (14). Most medi-
cal practice infrastructure ignores the reality of medicinal can-
nabis (14). For instance, the Epic electronic medical record
system (which has dominant share in the United States) does
not offer a convenient way for medicinal cannabis to be added
to a patient’s medication list (14). Some clinicians who recom-
mend medicinal cannabis to their patients acknowledge that
they do not understand the agent well enough to make the
recommendations they are making, and research has also
shown that some patients who use medicinal cannabis per-
ceive a lack of clinical oversight for their use.

A large patient survey in a comprehensive cancer center in
the state of Washington demonstrated that of 25% of those
surveyed had used cannabis in the past year, mainly targeting
physical and neuropsychiatric symptoms. Seventy-four per-
cent had hoped to receive cannabis-related information and
education from their health-care providers whereas only 12%
had (15). A nationally representative sample of 400 medical
oncologists found that 80% discussed medicinal cannabis with
patients in the clinic (16). Almost one-half recommended use
of medicinal cannabis for their patients in the clinic; however,
less than 30% felt knowledgeable enough to make recommen-
dations around medicinal cannabis. The research team’s most
curious finding was that more than one-half of those who
made clinical recommendations fell into the group who did
not feel knowledgeable enough to make them. To better un-
derstand what might be transpiring in the clinic, this research
team went on to conduct qualitative interviews with oncology
patients across the United States using cannabis in compli-
ance with their state laws (n = 24) (1). They found that most
participants received certification to use medicinal cannabis
from a provider new to their care (Ms Blansky recounted a
similar experience), typically through a brief transactional en-
counter. Every participant interviewed disclosed cannabis to
their medical team but tended to report that the medical
team offered considerably little clinical guidance regarding
medicinal cannabis use (similar to Ms Blansky’s experience).
Left to their own devices, patients relied on personal experi-
mentation and commercial information sources. The team
found that most in the sample used medicinal cannabis for
symptom management. However, more than one-half used
medicinal cannabis as cancer-directed therapy, not infre-
quently, in lieu of standard treatments. One participant in the
study summarized their experience, saying “Most doctors
when you mention cannabis, they shut right up, they don'’t
say 2 words to you, they don’t give you an opinion.”

Risks of Cannabis Use for the Cancer Patient

Steven Pergam, MD, MPH, highlighted that cancer patients often
have extensive medication lists and comorbidities and,
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depending on disease and treatment, may be highly immuno-
suppressed. The wide spectrum of modern cancer therapies,
which includes novel chemotherapy agents, biologics, and com-
plex treatments such as hematopoietic cell transplantation and
immunotherapy, makes evaluating risks of cannabis more diffi-
cult in those with cancer. Side effects and/or adverse events
that occur with ongoing cancer treatment make determining
causality of cannabis and cannabis product complications more
difficult. Despite such challenges, the potential benefits of can-
nabis must be weighed in context with known and potential
risks within these patient populations. Dr Pergam discussed
data on infections, neuropsychiatric complications, drug inter-
actions, direct side effects, legal risks, and financial implications
of use among cancer patients.

Infectious Risks of Cannabis in Cancer Patients

A survey among cancer providers asked, “What is your biggest
concern about recommending cannabis to your patients?”
Sixty-two percent stated infection risk (17). The most common
infections possibly linked to cannabis are invasive molds,
which, among patients with hematologic malignancies and
patients undergoing hematopoietic cell transplantation, are as-
sociated with statistically significant morbidity and mortality
(17). Ubiquitous molds, such as Aspergillus species, are common
opportunistic pathogens among patients with prolonged neu-
tropenia, viral infections, those receiving high-dose steroids
and/or small molecule kinase inhibitors, and other risk factors
(18-20). Purported links between cannabis and molds spur from
data that demonstrate high levels of fungal contamination on
cannabis samples. A study in the Netherlands found that 100%
of informally sourced cannabis samples and 64% of commercial
cannabis cigarettes were contaminated (21). In another study,
73% of cannabis cigarettes from 26 chronic users were noted to
grow Aspergillus, and spores easily passed into air samplers
during the smoking process (22). The researchers found 52% of
patients in that study had Aspergillus precipitins in their blood
compared with only 10% of controls, suggesting high-level ex-
posure. Similarly, 3 types of street cannabis and cannabis grown
in government laboratories were positive for Aspergillus spp.
(23). In addition, other clinically important fungal pathogens, in-
cluding highly pathogenic Mucorales spp., have also been de-
scribed (24).

A study evaluating a large commercially insured population
has also linked cannabis use to fungal infections. Using
International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes, patients diagnosed with fungal
infections, with and without concomitant reported cannabis
use, were compared. Specific subgroups assessment was lim-
ited, but the odds ratio for fungal infection in cannabis users
was 3.5 when adjusted for patient age and immunosuppression
(25). Persons who used cannabis and had fungal infections were
more likely to be older and immunocompromised than those
using cannabis without fungal infections. Although this study
provides a large overview, the limited data granularity make
specific links between cancer, cannabis, and fungal infection
more difficult to assess. To date, data causally linking cannabis
use to invasive fungal infections among cancer patients remain
limited and ripe for research.

An important theoretical concern for cannabis use among
cancer patients is emergence of Aspergillus resistance to com-
mon azole antifungal therapies, which are often used for preven-
tion and treatment of invasive mold infections among high-risk
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hematologic malignancy patients. Azole antifungals inhibit fun-
gal cell walls (ie, ergosterol biosynthesis) through interference
with the activity of 14-o-lanosterol demethylase, which the
cyp51A and cyp51B genes encode. Most resistance to date is
linked to genetic changes to cyp51A, which can decrease effec-
tiveness of these agents in treating disease; other resistance
mechanisms have been documented (26-28). Data primarily
from Denmark and Germany have linked the development of
azole-resistant Aspergillus spp. due to the use of azoles in agri-
culture (29). Although associations between resistant fungi and
antifungal use are linked to other agricultural products, studies
suggest that there is also evidence for azole use in the cultivation
of cannabis. In 1 study, 50 illegal cannabis samples taken from
community sources were tested for pesticides and herbicides.

Agricultural azoles, tebuconazole, and propiconazole as well
as other antifungal agents were all detected (30). In Belgium’s il-
licit cannabis industry, similarly, antifungal agents, including
azoles, propiconazole, and tebuconazole, were found in canna-
bis samples (31). Although some states regulate pesticides, her-
bicides, and fungicides used in the cannabis industry (eg,
Washington, California), illicit dealers or home growers may not
follow similar regulations, leading to a potential risk of expo-
sure to azole-resistant fungal pathogens. As of this publication,
there are no direct links to cannabis use and azole-resistant
fungal infections among cancer patients; however, the detec-
tion of agricultural azoles in cannabis samples suggests a po-
tential for emerging resistance and indicates a need for
monitoring, reporting, and regulatory control.

Other organisms, particularly bacterial pathogens such as
Klebsiella pneumoniae and Enterobacter cloacae, have been cultured
from cannabis (32). Although associations between bacteria on
cannabis preparations and infections such as pneumonia are
limited, there have been potential outbreaks linked to cannabis
described in the literature (33). In addition, anatomic changes to
the airway with smoking (eg, decreased function of alveolar
macrophages and injury to respiratory cilia) may increase risk
for infection, particularly pneumonia (34, 35). In fact, smoking
cannabis has been linked to an increased risk of bacterial pneu-
monia in noncancer populations, presumptively due to such
changes (36, 37). Finally, bacterial infections have been linked
directly to smoking cannabis, which remains the primary mode
of use among cancer patients (15).

One must also consider risk for infections with other modes
of use (eg, consumption of edibles). With fungal infections, boil-
ing alone is not sufficient to kill the organism. As one example,
Rhizopus spp. grow best at 130°F, and other molds are known to
be even more thermotolerant. It has been suggested that baking
to at least 300°F for 15 minutes kills Aspergillus conidia (as well as
any bacteria) but also destroys the THC component of cannabis
(38). Due to the wide variety of edible options, both those made
in the home and by the cannabis industry, understanding the
risk of infection is difficult to assess and available data are
limited.

Pharmacodynamic and Pharmacokinetic Drug-Drug
Interactions

Pharmacodynamic Interactions. The neurologic effects of canna-
bis are thought to be some of the potential benefits to patients
but must be considered carefully in cancer patients who are of-
ten already taking central nervous system depressants for pain,
anxiety, or other symptoms. In particular, cannabis effects can
be accentuated when combined with barbiturates, opioids, and
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benzodiazepines (39). Such interactions may be more apt to oc-
cur with edibles, in which THC dosing can be unpredictable in
some formulations, and overdose can lead to mental status
changes (40, 41). Providers should ask about concomitant can-
nabis use when prescribing new neuropsychiatric agents. It is
also important to caution cancer patients using cannabis (as one
does with opioid and benzodiazepine uses) about risks for drows-
iness, awareness, and ataxia while driving. More unpredictable,
illegally sourced cannabis and cannabis products may be laced
with other drugs such as phencyclidine (42). Providers should
also be aware that some patients may use cannabis as an alter-
native to evidence-based pharmaceutical agents that target con-
trol of neuropsychiatric symptoms (eg, depression) (15).

Pharmacokinetic Interactions. Tetrahydrocannabinol and CBD
undergo hepatic metabolism via cytochrome P450 and, as such,
may interfere with other drugs using this metabolic pathway.
Drug-to-drug interactions is another concern because cancer
patients frequently take several prescription drugs whose ther-
apeutic windows may be affected by cannabis use. For instance,
cannabis may inhibit metabolism of the anticoagulant warfarin
due to CYP2C9 interactions, resulting in increased plasma con-
centrations (43). Concurrent cannabis use may also affect the
immunosuppressant tacrolimus (44). There are known canna-
bis-opioid drug-drug interactions (eg, bupronephrine) (45). Most
concerning are potential interactions with cancer therapies
such as nivolumab (46). Assuring cancer patients discuss use of
cannabis products with their medical teams is important so
such interactions can be addressed. This is particularly critical
because patient patterns of cannabis use may be inconsistent
during therapy (eg, outpatient vs inpatient), leading to potential
risk of underdosing or overdosing active medications.

Other Cannabis Toxicities

Long-term cannabis users may experience cannabis hypereme-
sis syndrome, which is characterized by cyclic nausea vomiting
that tends to be worse in the morning. The syndrome is increas-
ingly recognized in emergency departments in states where
cannabis is legal, but pathophysiologic mechanisms remain
somewhat unclear (47). Symptoms can be improved by halting
cannabis use, taking hot showers and baths, or applying topical
capsaicin. Recent reports of an increased risk of severe pulmo-
nary disease associated with vaping products, termed electronic
cigarette vaping-associated lung injury, have been linked to
nonlicensed cannabis products (48). Electronic cigarette vaping—
associated lung injury may be more common in geographies in
which cannabis consumers lack legal access to cannabis dis-
pensaries (49). Although not directly related to the cancer pa-
tient, reports of children, pets, and other household members
accessing edibles can also be a danger (50).

Legal, Employment, and Financial Consequences

Cancer patients should consider the legal ramifications of use
in the context of their local jurisdiction, particularly when
crossing state lines for treatment. Some workplace environ-
ments, such as the military, construction sites, and law enforce-
ment, may require drug testing (51). As noted above, use of
cannabis while operating motor vehicles, even if traveling to
and from clinic, can place patients at risk for legal issues (52).
Having these conversations up front, particularly in areas where
cannabis is illegal on the state level, is critical to sidestep avoid-
able legal complications for patients.

Cancer care remains a major financial burden for patients.
Copayments for pharmaceutical agents, limited coverage for
care, and yearly deductibles can lead to financial challenges
(52). Even in the setting of health insurance, cancer therapy
exposes patients and families to statistically significant out-of-
pocket health-care costs, and cancer and bankruptcy are unfor-
tunately often linked (54, 55). Currently, regardless of whether
they are acquired through formal medicinal cannabis programs
or other means, cannabis products are not covered by insur-
ance. All costs are therefore additional out-of-pocket expenses
for patients using cannabis. Costs of cannabis can vary widely
depending on availability. One ounce of high-quality cannabis
in Seattle ranges from $170 for low quality to $234 for higher
quality, and costs are nearly twice that in the District of
Columbia (56). Excess costs at medicinal cannabis facilities can
drive patients to illicit markets. For instance, in a Michigan
study, patients were found to obtain cannabis more frequently
from illegal community sources due to the high cost of medici-
nal cannabis distributors (57).

Benefits of Cannabis Use for the Cancer Patient

Individuals with cancer may be confronted with a constellation
of symptoms that include nausea and vomiting, loss of appetite,
pain, anxiety, depression, and insomnia. When used with the
awareness of one’s oncologic treatment team, medicinal canna-
bis may serve as a parsimonious intervention with potential to
alleviate all those symptoms as opposed to the prescribing of
multiple medications that may interact with each other or with
the individual’s systemic cancer therapy.

Chemotherapy-Induced Nausea and Vomiting

In the National Academy of Sciences, Engineering, and
Medicine’s review of the health effects of cannabis and cannabi-
noids, the strongest therapeutic evidence for cannabinoids in on-
cology patients pertained to adults with chemotherapy-induced
nausea and vomiting.'? Many clinical trials completed in the
1970s and 1980s with synthetic THC-based products (ie, dronabi-
nol and nabilone) demonstrated that cannabinoids were more ef-
fective than available antiemetics at the time. Numerous meta-
analyses published since reinforce this conclusion (58, 59). A
Cochrane review from 2015 included 23 randomized controlled
cannabinoid trials and concluded that cannabinoid-based medi-
cations are useful in treating refractory chemotherapy-induced
nausea and vomiting as well (60). The 3 most recent meta-
analyses and a systematic review of the systematic reviews,
however, found the effects of cannabinoids in chemotherapy-
induced nausea and vomiting to be less strongly positive; of
note, however, they analyzed the same studies from the 1970s
and 1980s but drew different conclusions (61-63).

Although THC derivatives have been approved for the
chemotherapy-induced nausea and vomiting indication since
1986, controlled trials of whole-plant cannabis as an antiemetic
are few. Due to barriers to studying the botanical itself, there
are only 3 controlled trials of cannabis in chemotherapy-
induced nausea and vomiting in the medical literature and, in 2,
cannabis was only used after dronabinol (synthetic THC) had
failed; hence, cannabis was only used for severe, refractory
symptoms. The third is a randomized, double-blind crossover
trial in 20 cancer patients, the results of which are difficult to in-
terpret (58).
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Nabiximols, a whole-plant cannabis extract with a 1:1 ratio
of THC to CBD delivered as an oromucosal spray, was studied in
addition to standard antiemetics in 16 patients with cancer.
Compared with placebo, nabiximols was more effective as an
antiemetic augmentation strategy (64). A recently published
Australian study found that more patients preferred a 1:1 THC
to CBD capsule added to a standard antiemetic, which proved
more effective than placebo in reducing refractory
chemotherapy-induced nausea and vomiting (65).

A study in the gastrointestinal literature not involving cancer
patients asked 153 outpatients presenting for evaluation to rate 29
antiemetics on effectiveness. Cannabis scored higher than ondan-
setron and all other currently available antiemetics (66). The
American Society of Clinical Oncology Expert Panel on
Antiemetics recommended the FDA-approved cannabinoids be
used only to treat nausea and vomiting resistant to standard
antiemetic therapies. The panel concluded that “evidence remains
insufficient to recommend marijuana in this setting” (67).

Appetite Stimulation

Regarding appetite, the endocannabinoid anandamide leads to
a potent enhancement of appetite in low concentrations in
mice. Cannabinoid receptors are implicated in food intake con-
trol. Knockout mice, genetically programmed not to have a CB1
receptor, tend to eat less than their wild-type littermates, sug-
gesting that cannabinoid receptors are involved in the motiva-
tional aspects of eating.

The best available data regarding the effects of cannabinoids
on appetite in patients with cancer comes from a trial of the
THC derivative dronabinol 2.5 mg twice daily, compared with
megestrol 800 mg daily or a combination of the 2 in 469 adults
with cancer-associated anorexia. Dronabinol was inferior to the
megestrol in increasing appetite and weight, and, when added
in combination, dronabinol seemed to decrease the effect of
megestrol (68). Although the investigators did not find strong
evidence of appetite stimulation of the isolated cannabinoid,
the whole-plant botanical may have a different effect. A smaller
randomized controlled trial of dronabinol alone in cancer
patients demonstrated enhanced chemosensory perception in
the treatment group. Enrolled patients found that food looked
better, appetite improved, and calories increased, but the
patients did not increase weight during the study (69).

There have been 2 additional recent studies. The first was a
randomized placebo-controlled trial in 47 patients with non-
small cell lung cancer randomly assigned to receive nabilone or
placebo. After 8 weeks, the nabilone patients increased their ca-
loric intake; had a higher intake of carbohydrates compared
with placebo; and reported statistically significant improve-
ments in quality of life, emotional, and social functioning as
well as improvements in pain and insomnia but no statistically
significant increase in weight (70). Researchers in a small Israeli
study also investigated capsules containing 9.5 mg of THC and
0.5 mg of CBD in patients with cancer over 6 months of treat-
ment. Of the 17 patients who began the trial, only 11 remained
on study at 6 weeks, and only 6 completed the 6 months. Of
those 6 patients, 3 gained greater than 10% of their weight from
baseline and 3 maintained stable weights. Study participants
also reported improved appetite, mood, quality of life, and less
pain and fatigue (71). In summary, cannabis-based medicines
have not been demonstrated to be particularly effective in en-
hancing appetite in cancer patients. No studies have investi-
gated whole-plant cannabis in this setting, however.
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CBD has become a highly desired cannabinoid for the treat-
ment of a wide variety of medical conditions and symptoms, of-
ten coupled with THC in products with varying ratios of the
two. Because much available clinical data suggest that high dos-
ages of CBD are required to achieve therapeutic effects, much
commercially available CBD represents an underdosage.
Patients with access to medicinal cannabis products often ask
about the best ratio of THC to CBD to improve nausea and poor
appetite. The answer remains unknown because there is little
research investigating any other combination of THC to CBD
other than 1:1 as in nabiximols, the whole-plant extract oromu-
cosal spray. In the Netherlands, cannabis accessed from phar-
macies is available in 2 high THC to CBD ratios and a third that
is 6% THC and 7.5% CBD. Individuals using the lower THC prepa-
ration reported less appetite stimulation than those using
higher THC preparations. Apparently, THC is most involved in
modulating appetite (72). A large ReleafApp-based survey col-
lected information from more than 3300 cannabis users, asking
them to rate improvements across 27 measured symptoms on a
0-10 scale. The majority of the patients participating used the
dried botanical flower, which was associated with greater
symptom relief. Only higher THC levels were associated with
greater symptom relief as well as the prevalence of positive and
negative side effects. CBD potency levels were generally not as-
sociated with either symptom change or side effects (73). Hence,
it would appear that THC may offer more therapeutic benefit for
cancer-associated anorexia-cachexia, although no isolated can-
nabinoid has shown effectiveness. However, once again, it is
important to emphasize that whole-plant cannabis has not
been investigated.

Pain

Elevated levels of the CB1 receptor, like opioid receptors, are
found in areas of the brain that modulate processing of noxious
stimuli. CB1 and CB2 agonists also have peripheral analgesic
actions, and cannabinoids may have antiinflammatory effects.
Opioid antagonists do not block the analgesic effects of cannabi-
noids. The largest body of evidence supporting cannabis as an
analgesic has been generated in patients with neuropathic pain,
particularly HIV-related peripheral neuropathy (74). A small
study in diabetic neuropathy was also positive.

Preclinical data suggest that cannabinoids are effective in
treating and possibly preventing chemotherapy-induced periph-
eral neuropathy in rodents. There is only 1 chemotherapy-in-
duced peripheral neuropathy study of a cannabis-based
medication in the medical literature. Sixteen patients with
chemotherapy-induced peripheral neuropathy were randomly
assigned to nabiximols or placebo in a pilot crossover trial. There
was no difference overall between nabiximols and placebo; how-
ever, the investigators completed a responder analysis of 5
patients who did report an average 2.6-point drop in pain on the
0-10 scale. The resulting number needed to treat (ie, 5) suggests
further study is warranted (75). Two ongoing studies evaluating
cannabinoids in patients with chemotherapy-induced peripheral
neuropathy are currently listed in ClinicalTrials.gov.

Nabiximols, which is not licensed or approved in the United
States, did not fare well in clinical trials of patients with non-
neuropathic cancer pain. Six randomized controlled trials of
nabiximols in cancer pain were identified for systematic review
and 5 for meta-analysis. No difference between nabiximols and
placebo for the difference in the change of average pain score
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was appreciated. This finding remained when only the 3 phase
3 clinical trials were included in the analysis (76).

Preclinical models suggest cannabinoids may be synergistic
with opioids in pain relief. Pharmacokinetic cannabinoid-opioid
interactions were investigated in 11 patients on sustained-
release morphine and 10 on sustained-release oxycodone.
Twelve-hour plasma concentration curves of the opioids were
collected before and after exposing participants to vaporized can-
nabis thrice daily. Morphine plasma concentration decreased a
bit after exposure to the vaporized cannabis, but the change was
not statistically significant. The oxycodone curves were superim-
posable. If the level of the opioid either decreased or stayed the
same, one would expect the pain to stay the same or increase.
Overall, in the 21 participants, the average initial pain score was
40 on a 0-100 numeric rating scale and dropped to 29 on day 5, a
statistically significant 27% reduction in pain. The study, how-
ever, was not powered for pain as an endpoint (77).

In the Israeli medicinal cannabis program, patients receiving
botanical cannabis licenses are asked to complete question-
naires during follow-up. In a report including 2000 patients with
cancer, 53% had baseline pain in the 8-10/10 range. At 6-month
follow-up, only 5% had pain at that level. Most other symptoms
monitored (eg, nausea and vomiting, sleep disorders, restless-
ness, anxiety, headaches) were greatly improved at 6 months as
well (78). It remains unclear, though, whether the improvement
was related to the cannabis or to the fact that the cancer may
have responded to treatment.

Cannabis as an Anticancer Agent

There is much internet attention to the issue of whether cannabis
cures cancer. An analysis of hits on social media demonstrated
that more people are accessing the false news stories touting that
cannabis cures cancer than those viewing the accurate story
debunking these claims (79). Proponents identify isolated case
reports where cannabis was thought to have cured malignancies.
One case report describes 2 young girls with partially resected
pilocytic astrocytomas, a malignancy known to resolve spontane-
ously in some cases. The astrocytomas were only partially
resected when the children were 11 and 13 years of age.
Throughout the next 3 years, the lesions were stable or slightly
progressed. In the subsequent 3 years, both young women
achieved complete remission, and the only thing they had in com-
mon was that they used cannabis daily (80). It is unclear, however,
if remission was actually due to the contribution of cannabis or a
reflection of the tendency for these tumors to spontaneously re-
mit in some cases. The remaining isolated case reports all describe
patients who died with their cancer so clearly do not provide evi-
dence in support of cannabis as an anticancer agent (81-83).
Several other case studies have been reported. Two 38-year-
old men, 1 with a glioblastoma and the other with a grade III oli-
godendroglioma, were treated with chemoradiation and re-
ceived CBD 100-450 mg daily with a good clinical response. Both
had conventional cancer therapy as well, so the contribution of
CBD to their outcomes is unclear (84). Along these same lines,
proponents point to a series including 9 consecutive brain tu-
mor patients in Vienna who received pure CBD 400 mg orally
daily in addition to standard therapy with resection followed by
chemoradiation. Six of the patients had the more aggressive
glioblastoma and 3 had lower-grade tumors. The investigator
stated the usual median survival with glioblastoma is 14 to 16
months, whereas the mean in their series is 22.3 months, sug-
gesting to them that the CBD had a beneficial effect. However,

they also included 3 patients with less aggressive tumors, likely
explaining the prolongation of the mean survival (85).

In a second case series, data were collected in a London
clinic on 119 patients over a 4-year period who received
pharmaceutical-grade synthetic CBD oil at 10 mg twice daily on
a 3-days-on-3-days-off schedule. The authors reported a tumor
response in 92% of patients, but most patients also received
conventional cancer therapy. Only 28 patients received CBD
alone, and no data are presented on their outcomes. Although
the investigators concluded that CBD is a candidate for treating
breast cancer and glioma patients, they did not really provide
evidence to support that claim (86). Hence, neither the isolated
case reports nor the referenced case series provide any convinc-
ing evidence that cannabis has antitumor effects.

Manuel Guzman, PhD, completed the first intervention
study, in which he infused THC via a catheter into the tumors of
9 patients with recurrent glioblastomas. He reported that the
treatment was well tolerated but there was no difference in sur-
vival from patients receiving chemotherapy alone. In vitro, THC
inhibited the proliferation and decreased the viability of glio-
blastoma cells from patient biopsies (87). Later, it was demon-
strated that CBD enhanced the inhibitory effects of the THC in
the same in vitro model (88).

CB1 and CB2 receptors have been assayed in a variety of tu-
mor specimens (89). The importance of overexpression or
underexpression of CB1 and CB2 in different tumors is inconsis-
tent; sometimes it correlates with a good prognosis, and, in
other tumor types, it may be associated with a more aggressive
tumor. Equally concerning, an Israeli group demonstrated that
different cannabis extracts from the whole plant have different
effects on the same tumor from different cell lines (90). These
observations are consistent with the developing conclusion that
cannabis may have no in vivo anticancer effect.

Potential Future Direction

Session 2, “Cannabis and the Cancer Patient,” illuminated how le-
gal conundrums surrounding medicinal cannabis complicate clin-
ical care and the conducting of medicinal cannabis research.
Partially as a result, risks and benefits of medicinal cannabis have
not been well delineated in the cancer patient. Particularly regard-
ing the medicinal benefits of cannabis, much of the research has
centered on individual cannabinoids (eg, synthetic THC deriva-
tives) rather than on the full-spectrum, plant-based medicine.

The NCI's Cannabis, Cannabinoids and Cancer Research
Workshop has demonstrated the high level of interest among
researchers, clinicians, and patient advocates to further
evidence-based approaches to and education surrounding on-
cologic use of medicinal cannabis. The NIH, including the NCI,
should consider developing additional research opportunities
for basic science, oncologic clinical trials of whole-plant canna-
bis, and research studies evaluating how best to disseminate
clinical knowledge regarding medicinal cannabis to medical
professionals, patients and families, and cannabis dispensary
personnel. When randomized clinical trials with “trial drug” are
not feasible, rigorous pragmatic clinical trials harnessing the
widespread use of cannabis among oncology populations in
North America and elsewhere should be undertaken (91). The
aims of clinical trial research should be to assess the benefits
and risks when the botanical is used for indications that oncol-
ogy patients target, including nausea and vomiting, low appe-
tite, pain, insomnia, mental health symptoms such as
depression and anxiety, and as cancer-directed therapy.
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Comparative efficacy trials between different routes of adminis-
tration and concentrations of active ingredients, as well as
dose-finding trials, are also warranted. Once these data are
available, members of the oncologic community will likely be
more confident in guiding cannabis-related clinical care, be-
cause they are a clinician group who particularly value
evidence-based medical decision making.
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