
123

Cannabinoids 
and Pain

Samer N. Narouze
Editor

Caroline A. MacCallum
Assistant Editor



Cannabinoids and Pain



Samer N. Narouze
Editor

Cannabinoids and Pain



ISBN 978-3-030-69185-1    ISBN 978-3-030-69186-8 (eBook)
https://doi.org/10.1007/978-3-030-69186-8

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editor
Samer N. Narouze
Western Reserve Hospital
Center For Pain Medicine
Cuyahoga Falls, OH
USA

https://doi.org/10.1007/978-3-030-69186-8


To my wife, Mira, and my children, John, Michael, and 
Emma—the true love and joy of my life. Without their 
continued understanding and support, I could have not 
completed this book.

This book is also dedicated to the memory of my father, who 
always had faith in me, and to my mother for her ongoing love 
and guidance.



vii

Cannabis has been used throughout history for an array of medical indica-
tions ranging from pain to curing cancer, in addition to recreational, religious, 
and spiritual purposes. Since 1970, marijuana has been classified at the fed-
eral level as a Schedule I substance under the controlled substance act and 
defined as a drug with no currently accepted medical use and a high potential 
for abuse.

To date, medical cannabis is legalized in two-thirds of US states. In the 
November 2020 elections, four more states voted to legalize marijuana for 
recreational purposes. More recently, in December 2020, The House of 
Representatives passed a legislation legalizing marijuana at the federal level. 
Regardless whether the Senate will take up the legislation or not, this reflects 
a whooping change in the public attitude towards cannabis.

Policy makers have outpaced clinical research, creating a critical mis-
match between the state legalization of medical cannabis and the lack of 
knowledge and education among pain physicians. We conducted a national 
survey among pain physicians in 2019 to measure participants’ attitudes, 
beliefs, preparedness, and knowledge regarding medical cannabis. The sur-
vey revealed a mismatch between pain physicians’ favorable attitude regard-
ing the legitimacy of using medical cannabis and their lack of preparedness 
and education.

This reflects the current enthusiastic climate surrounding medicinal can-
nabis and cannabinoids. Physicians and patients are hoping for novel pain 
treatments amid the current opioids crisis. However, there is ongoing uncer-
tainty due to conflicting laws between federal and state governments. This 
conflict coupled with lack of education creates a “gray area” surrounding the 
use of medical cannabis, which can lead to confusion, apprehension, and 
frustration among pain physicians and patients alike.

There is a great necessity for a comprehensive yet easy-to-follow book on 
cannabinoids and pain. I was fortunate to gather some of the national and 
international experts to contribute to the book, each one writing about their 
area of expertise, and for this reason, I am very proud of this book. The main 
objective of the book is to provide physicians managing pain with a compre-
hensive resource on “all that you need to know” about cannabinoids and pain. 
Among the target groups are pain physicians, primary care physicians, inter-
nists, physiatrists, rheumatologists, neurologists, orthopedists, and spine 
specialists.

Preface
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The book comprises 40 chapters organized into 9 parts, covering the basic 
science and clinical applications of cannabinoids in pain management.

The first part reviews cannabis history, regulations, and terminology. The 
second and third parts cover cannabinoids pharmacology from the endocan-
nabinoids system and cannabinoid receptors to phytocannabinoids (THC and 
CBD) and the synthetic ones.

The fourth part focuses on medical cannabis strains and the model of a 
specialized cannabis clinic. It elaborates on practical recommendations for 
the use of medical cannabis, dosing and monitoring, as well as patient safety 
considerations.

The fifth part addresses the mechanisms of action and clinical evidence of 
cannabinoid-based medicine in pain disorders. While Part VI reviews the 
exciting concept of cannabinoids as a substitute for opioids.

Part VII is devoted to the various challenges with medical cannabis, prod-
uct safety and quality control, and mental health risks. It highlights the can-
nabis negative impact on brain development and use during pregnancy and in 
adolescents. More challenges are discussed in Part VIII regarding cannabis 
impairment and adverse events, vaping hazards, and cannabis use disorder. 
The final part discusses future directions of cannabinoids.

A couple of notes about the book: the text has been augmented with sev-
eral instructive tables, illustrations, and images, and the information described 
are based on the current review of the available literature as well as the 
authors’ experience.

The advancement in our knowledge about cannabinoid-based medica-
tions, as the federal government will ease up barriers to clinical research, will 
lead to better understanding of the potential role of cannabis in the treatment 
of various pain disorders and how to incorporate it in clinical practice. It is 
my hope that this book will encourage and stimulate all physicians and 
healthcare providers interested in cannabinoid-based medications and pain 
management.

Cuyahoga Falls, OH, USA Samer N. Narouze
18 December 2020

Preface
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History of Cannabis

Alexander Shustorovich and Samer N. Narouze

In modern day, “cannabis is the most widely cul-
tivated, trafficked and abused illicit drug. About 
147  million people, 2.5% of the world popula-
tion, consume cannabis compared with [only] 
0.2% consuming cocaine and 0.2% consuming 
opiates” [1]. Its widespread use is not a recent 
phenomenon or trend. It is one of the oldest 
domestic plants in the history of mankind, and its 
utilization can be traced back to more than 
10,000 years ago in ancient China [2]. Humanity 
has used cannabis for its medicinal, spiritual, and 
textile properties for thousands of years across 
many cultures and civilizations. However, despite 
its prevalence throughout history, it is currently 
recognized as a Schedule I controlled substance 
under the Controlled Substances Act of 1970, 
defined as having a high potential for abuse, with 
no currently accepted medicinal use in the United 
States [3].

The earliest account of medicinal cannabis 
use is believed to be around 2800 BC, by the 
Father of Chinese medicine, Shen Nung. In the 
medical compendium Pen Ts’ao, Shen Nung 
determined the female plant had a very high 
source of yin, contained a potent medicine, and 

prescribed chu-ma (female hemp) for treatment 
of various ailments, including rheumatoid arthri-
tis, nausea, constipation, and anxiety [4]. Shen 
Nung deemed the herb as “one of the Superior 
Elixirs of Immortality” because of its routine use 
and multiple beneficial effects [4]. Over the cen-
turies, Chinese physicians continued to prescribe 
cannabis and further developed their understand-
ing of its medicinal properties. The famous 
Chinese surgeon, Hua T’o, used cannabis as an 
anesthetic during complex surgeries such as 
colon resection, laparotomies, and thoracotomies 
[5]. In 2006, Jiang et al. identified rare, well-pre-
served archeological specimens of cannabis in 
the 2500-year-old Yanghai Tombs of China [2], 
demonstrating physical evidence of cannabis use 
in ancient spiritual practices.

Although cannabis origins are rooted in Asia, 
it has propagated westward through both trade 
and human migration. Accounts of cannabis util-
ity are found in various scriptures from India, the 
Middle East, Egypt, and Europe [4]. In Romania, 
archeologists have found evidence of cannabis 
used as a sacrament in the form of incense resi-
due at a gravesite of Proto-Indo-Europeans who 
occupied the area 5000 years ago. The root word, 
canna, is identified in the Indo-European lan-
guage, which is regarded as the primordial dia-
lect of English, German, Latin, Greek, Persian, 
and Sanskrit languages [4]. It has similarities 
with the early reference of cannabis as qunabu in 
ancient Mesopotamia (considered the advent of 
civilized human culture) [4]. Use of the word 
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qunabu begins to increase around 250 BC to 
describe the source of oil, fiber, and medicine [6]. 
Meissner described medicinal application of oils 
and incense prepared from the plant as its “aroma 
was pleasing to the Gods” [7]. In Dr. Russo’s 
seminal paper on clinical cannabis in ancient 
Mesopotamia, he recounts use of cannabis 
anointment to treat the “Hand of Ghost,” now 
believed to be early descriptions of epilepsy dis-
order. Other ancient Mesopotamian uses include 
treatment of the cardiovascular, pulmonary, mus-
culoskeletal, and skin disorders [8].

Similar preparations, tinctures, and anoint-
ments were used for both healing and spiritual 
purposes in ancient Egypt. Known by the name 
sm-sm-t, the herb was considered a creation of 
the sun god, Ra, and was used in ceremonies hon-
oring the dead [4]. Remnants of the plant have 
been found in pharaoh burial grounds, such as 
Ramses II, dating back to 1200 BC. Common ail-
ments were treated with mixtures of honey and 
cannabis as identified in various Egyptian medi-
cal texts [4]. Recently, residues of cannabinoids 
such as Δ9-teterahydrocannabinol (THC), canna-
bidiol (CBD), and cannabinol (CBN) were 
detected at the Judahite Shrine of Arad dated 
from the ninth to the early sixth centuries BCE 
(Iron IIA−IIC) [9].

Further progression to the Western world was 
inevitable with expansion of commerce and cul-
ture to the West. William O’Shaughnessy, an 
Irish physician during the mid-nineteenth cen-
tury, introduced cannabis into Western medicine 
as a treatment for tetanus and other convulsive 
diseases. Around the same time, French physi-
cian Jean-Jacques Moreau de Tours experimented 
with cannabinoid preparations for mental health 
disorders [10].

North American cultivation and use of canna-
bis/hemp blossomed in the seventeenth century, 
but quickly wilted during the 1900s. In 1851, 
cannabis was included in the third edition of the 
United States Pharmacopoeia (USP) [10]. 
Subsequent amendments and revisions provided 
detailed recipes for tincture and extract formula-
tions for use as an analgesic, hypnotic, and anti-
convulsant [8]. After the Mexican Revolution of 
1910, a large influx of Mexican immigrants into 

the United States introduced recreational use of 
cannabis. Regarded as the “Marijuana Menace,” 
the plant became strongly associated with new 
coming immigrants, giving root to the fear and 
prejudice exploited by anti-drug campaigners 
during the Great Depression [11, 12]. During this 
period, Harry J.  Anslinger became the first 
Commissioner of the Federal Bureau of Narcotics 
(FBN) in 1930. Anslinger denounced the herb, 
using propaganda such as “Reefer Madness,” to 
escalate public and government concerns. Due to 
quickly increasing use (among immigrants and 
citizens) and concerns about safety, states were 
encouraged by the federal government to begin 
outlawing the plant in the early 1930s [10, 11]. 
However, national prohibition did not take shape 
until the signing of the Marijuana Tax Act of 
1937, which regulated the production, distribu-
tion, and use of cannabis within the United States 
[10]. With growing national hatred toward the 
marijuana plant, the American Medical 
Association reluctantly removed cannabis from 
the USP with the publication of the twelfth edi-
tion in 1942 [10].

Due to Anslinger’s persistence, the United 
States continued to regard marijuana as an “evil 
weed” until the publication of the La Guardia 
Report in 1944 shed some doubt on popular 
belief [12]. Contrary to prior research, the 
report showed that cannabis use did not induce 
“violence, insanity, or sex crimes, or lead to 
addiction or other drug use” [11]. Despite these 
profound findings, the La Guardia Report was 
not well regarded, and sentencing laws became 
more strict during the civil rights movements of 
the 1960s. Ironically, due to a changing politi-
cal and cultural climate during the civil rights 
movement, marijuana use increased in the 
counterculture of the 1960s and 1970s [11]. 
The prevalence of cannabis use peaked in the 
late 1970s, “when more than one-third of high 
school seniors (37 percent in 1976) and one in 
eight Americans over 12 years old (12.8 percent 
in 1979) reported past- month use” [10]. 
Concerned parents nationwide formed a con-
servative parental movement that lobbied for 
more strict marijuana regulation. With the cre-
ation of the US Drug Enforcement Agency 
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(DEA) and persistent parental groups, turmoil 
persisted into the 1980s. A series of significant 
legislature was passed during the 1970s and 
1980s, which severely restricted cultivation, 
research, and access of marijuana. Cannabis 
was rescheduled as a Schedule I controlled sub-
stance under the Controlled Substances Act of 
1970 [3], the Anti-Drug Abuse Act of 1986 
issued mandatory sentences based on the 
amount of the drug involved, and a “new War 
on Drugs” was declared by President George 
Bush Senior in 1989 echoing the fears of the 
early nineteenth century [11].

Yet there remained hope for this persistent 
weed. The National Organization for the Reform 
of Marijuana Laws (NORML) was founded in 
the early 1970s and resisted state and federal 
restrictions. Activists fought for reform as the 
laws were viewed as crude and ineffective in 
reducing marijuana abuse. States and localities 
slowly began to look for alternatives in policy to 
reduce a growing economic burden, prioritizing 
decriminalization rather than pursuing posses-
sion offenses [11]. The Shafer Commission, 
appointed by President Nixon, considered law 
reform to decriminalize personal use of mari-
juana, but President Nixon rejected the recom-
mendation [11]. Nonetheless, decriminalization 
efforts spanned the United States over the next 
few decades throughout individual states [13]. A 
12-year study from 1990 to 2002, analyzing drug 
offenses, demonstrated that 82% of the increase 
in drug arrests nationally (450,000) was primar-
ily for minor marijuana possession charges, 
which translated roughly to $4 billion per year of 
resources being dedicated to marijuana alone 
[14]. The United States was spending billions of 
dollars jailing people for non-violent crimes and 
restricting cannabis research and medicinal 
applications through enforcement of outdated 
prohibition laws.

The passage of Proposition 215  in 1996 
legalized medicinal use of cannabis in California 
and is considered a monumental change in mari-
juana legislature because it catalyzed marijuana 
law reformation over the next 20 years [11]. In 
2012, Colorado and Washington became the 
first two states to legalize the recreational use of 

cannabis, with Amendment 64 and Initiative 
502, respectively [15]. By January 2016, 21 
states had various levels of decriminalization of 
marijuana possession offenses, 26 states had 
legalized medical marijuana use, and another 16 
states had adopted cannabidiol (CBD)-only 
laws [13]. A 2016 survey showed that the pri-
mary use of cannabis in the United States 
remained recreational (89.5% of adult cannabis 
users), with about 10.5% use for solely medical 
purposes,and 36.1% reporting a mixed medical/
recreational use [16]. Initiatives and referenda 
have continued to be drafted and proposed 
within state and federal governments. In fact, 
marijuana legislature was a major topic of dis-
cussion in the 2020 presidential election, and 
most candidates challenged the President of the 
United States, taking positions on cannabis 
reform [17]. As noted in Fig.  1.1, states have 
various combinations of marijuana reform, and 
continued changes are expected. For example, 
in 2020, Vermont began to tax and regulate rec-
reational cannabis sales [18].

Recent preclinical studies in animals have 
increased our understanding of the mechanisms 
of cannabinoid-induced analgesia and have facil-
itated strategies for treating pain in humans. 
Multiple mechanisms have been proposed includ-
ing inhibition of the release of neurotransmitters 
from presynaptic junctions, modulation of post- 
synaptic activity, activation of descending inhibi-
tory pain pathways, and reduction of neural 
inflammation [19]. The active compounds are 
various cannabinoids, such as cannabidiol (CBD) 
and tetrahydrocannabinol (THC), that bind to 
endocannabinoid receptors to produce anxiolytic, 
analgesic, and psychoactive effects [20]. THC is 
the psychoactive component that causes euphoria 
and “high” via the CB1 receptors, while other 
cannabinoids, such as cannabidiol (CBD), lack 
this affinity. Therefore, it was theorized that the 
non-psychoactive compounds were responsible 
for the plant’s therapeutic effects [20]. Recent 
meta-analyses of clinical trials that examined the 
use of medicinal cannabis for chronic pain dem-
onstrated a moderate amount of evidence sup-
porting analgesic activity of cannabinoids, 
especially for neuropathic pain. However, the 
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heterogeneity and small sample sizes of the stud-
ies are a major limitation. Nonetheless, the thera-
peutic properties and relatively benign side effect 
profile of cannabis have made it a favorable alter-
native remedy for chronic pain [20].

In 2018, the federal government passed the 
2018 farm bill which legalized low-THC hemp 
(hemp defined as any cannabis plant that has 0.3 
percent or less of THC) nationwide and effec-
tively removed it from the restrictions of the 
Controlled Substances Act [21]. In near syn-
chrony, the hemp industry boomed throughout 
the country, capitalizing on mass production of 
CBD oils, balms, lotions, and tinctures without 
FDA regulation. Currently, the only FDA- 

approved CBD extract is Epidiolex, indicated for 
severe epileptic conditions (Lennox-Gastaut syn-
drome and Dravet syndrome) [22]. In anticipa-
tion of Canadian legalization of marijuana, 
cannabis stocks surged in 2018, but due to rela-
tively high taxation and surprising deficits in sup-
ply, the cannabis bubble quickly burst in the 
beginning of 2019. Legalization of cannabis in 
Canada has only shown increased use in one age 
group (45–64), without any significant changes 
in the other age groups. Traffic fatalities have 
shown a minimal increase after legalization, but 
this data has been extrapolated from US states 
with legal recreational use [23]. It is important to 
note that the overall risk equilibrates to states 

Fig. 1.1 Map of US state cannabis policies. (Source: mpp.org with permission (2019))

A. Shustorovich and S. N. Narouze

http://mpp.org


7

without legal recreational use after the first year 
[23]. Nonetheless, cannabis acceptance is here to 
stay, and legislative reform (medicinal and recre-
ational) continues to evolve. At the time of publi-
cation, 15 US states and the District of Columbia 
have legalized marijuana for adults over the age 
of 21, and marijuana is legal for medical use in 
36 US states. The end of marijuana prohibition is 
near and, at this rate, may be fully legalized 
within our lifetimes.
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Cannabis Regulations

Yashar Eshraghi and Dustin Duracher

 Introduction

Currently, the climate surrounding medicinal 
cannabis and its derived products is filled with 
both enthusiasm from patients and physicians 
searching for novel treatments and uncertainty 
due to conflicting laws between federal and state 
governments. This confliction creates a “gray 
area” surrounding the use of medical cannabis, 
which can lead to confusion and apprehension 
from physicians and patients alike. At the core of 
this conflict is the Controlled Substances Act 
(CSA) enacted by Congress in 1970. Under this 
act, cannabis and cannabis-derived products are 
classified as Schedule I drugs, which indicates a 
lack of accepted medical use for the drug and 
enacts strict regulations on possession, manufac-
turing, dispensing, and clinical research involv-
ing these substances [1–4]. Despite federal 
regulations, the use of cannabis for medical pur-

poses has moved mainstream with nearly all US 
states decriminalizing either cannabis or 
cannabis- derived products (cannabinoids) for 
specific medicinal purposes [3]. The medical 
community has also reevaluated cannabis as a 
potential medical intervention. This chapter aims 
to provide physicians and other healthcare pro-
viders with an up-to-date understanding of the 
current legal framework surrounding medical 
cannabis.

 Federal Regulations

In 1970, Congress enacted the Controlled 
Substances Act (CSA), which consolidated all 
prior federal laws related to the handling of sub-
stances that possess the potential for abuse [3, 4]. 
Under the CSA, substances are categorized into 
five schedules based on their medical efficacy 
and potential for abuse. Schedule I is the most 
restrictive. Criteria for substances under 
Schedule I include no accepted medical use, lack 
of accepted safety for the substance under medi-
cal supervision, and the high potential for abuse 
[1, 4]. Substances under Schedule I include mar-
ijuana and its cannabinoid derivatives, THC, 
mescaline, psilocybin, peyote, heroin, MDMA, 
and LSD [4]. The CSA specifically defines mari-
juana as:

The term ‘marihuana’ means all parts of the plant 
Cannabis sativa L., whether growing or not; the 
seeds thereof; the resin extracted from any part of 
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such plant; and every compound, manufacture, 
salt, derivative, mixture, or preparation of such 
plant, its seeds or resin. Such term does not include 
mature stalks, oil or cake made from the seeds of 
such plant, any other compound, manufacture, salt, 
derivative, mixture or preparation of such mature 
stalks (except the resin extracted there from), fiber, 
oil, or cake, or the sterilized seed of such plant 
which is incapable of germination. 21 USC 
802(16) [3].

From this definition, cannabis and all canna-
binoids derived from the plant are classified as 
Schedule I, and those who possess, dispense, or 
prescribe said substances are in violation of the 
DEA and can theoretically face criminal 
charges.

Placing cannabis and cannabinoids under 
Schedule I hinders the ability to perform clinical 
trials with cannabis; it restricts access to patients 
and limits the ability of physicians to “pre-
scribe” these substances to their patients. Under 
the CSA, Schedule I substances can only be 
legally possessed and/or dispensed as part of a 
federally approved research program. In order 
to be approved for such research, investigators, 
and all involved manufactures and distributors, 
must secure a Schedule I substance-specific reg-
istration (license) [ 4]. In addition, cannabis 
used for research must be obtained through a 
facility contracted with the National Institute on 
Drug Abuse (NIDA). Currently, the only facility 
contracted with NIDA to grow marijuana for 
research purposes is the University of 
Mississippi.

Given that cannabis and its derivatives are 
Schedule I drugs and can only be dispensed 
through a federally approved research program, 
physicians can only “recommend” their patients 
use medical cannabis but cannot formally write a 
prescription [1, 3]. According to a 2002 federal 
appeals court decision Conant v. Walters, the 
First Amendment prohibits the federal govern-
ment from prosecuting physicians “on the basis 
of the content of doctor-patient communications” 
[2]. The court also ruled that physicians should 
not be held liable for a patient’s actions after said 
communications. However, physicians violate 
the federal law if they prescribe or dispense mari-
juana and may be charged with an “aiding and 

abetting” violation of the federal law if they 
advise patients on how to obtain it [1]. Though 
various states’ laws allow the distribution of can-
nabis through dispensaries to patients who have 
recommendations from their physicians, this 
remains in conflict with the CSA.

Substances categorized under Schedule II 
are, however, less restrictive and familiar to 
physicians and patients alike. Criteria for 
Schedule II includes high potential for abuse, 
and abuse of the substance may lead to severe 
psychological of physical dependence, but there 
is currently an accepted medical use in the 
United States. Common drug classes listed 
under Schedule II are opioids and stimulants. 
Similar to Schedule II, drugs in Schedules III–V 
have an accepted medical use in the United 
States and a sequential de-escalating abuse 
potential. Schedules II–V impose fewer restric-
tions on drugs within these categories and allow 
for a more liberal investigation of these sub-
stances by physicians. For instance, any physi-
cian who holds a Schedule II, III, IV, or V 
prescriber registration can perform research on 
these substances without special approval from 
the DEA, and FDA-approved drugs within 
Schedules II–V can be prescribed legally in 
clinical practice [3, 4]. Proponents of medical 
cannabis often urge rescheduling of cannabis 
from Schedule I to Schedule II to allow for more 
robust, high-quality research in hopes of form-
ing universal, evidence-based recommendations 
on the use of cannabis or cannabis-derived prod-
ucts in treating varying illnesses.

Having an “accepted medical use,” or lack 
thereof, is the defining difference between 
Schedule I and Schedule II. Interestingly enough, 
the CSA does not define the concept of accepted 
medical use. However, the DEA has developed 
criteria that a substance must meet before it can 
be accepted for medical use. These include the 
following: the drug’s chemistry must be known 
and reproducible, there must be adequate safety 
studies, there must adequate and well-controlled 
studies proving efficacy, the drug must be 
accepted by qualified experts, and the scientific 
evidence must be widely available [3]. The only 
exception to these criteria for proving accepted 
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medical use is the FDA approval of a substance 
as a prescription medication.

FDA approval does allow for “differential 
scheduling” of products that are derived from a 
parent compound (e.g., cannabinoids from 
 cannabis) in a more restrictive schedule. For 
example, the FDA has not approved a marketing 
application for cannabis as a whole, but it has 
approved one cannabis-derived (Epidiolex) and 
three cannabis-related pharmaceutical medica-
tions (Marinol, Syndros, Cesamet) for patient use 
when prescribed by a healthcare provider. 
Marinol and Syndros, approved for the treatment 
of anorexia associated with weight loss in AIDS 
patients, contain the active ingredient dronabinol, 
a synthetic delta-9-tetrahydrocannabinol (THC) 
[8]. Marinol was moved to Schedule II following 
FDA approval in 1985 and was eventually moved 
to Schedule III upon petition by the manufacturer 
[4]. Cesamet contains the active ingredient nabi-
lone (synthetically derived THC) and was placed 
in Schedule II after its approval in 1985 for nau-
sea and vomiting associated with chemotherapy. 
Finally, Epidiolex, which contains a purified 
form of cannabidiol (CBD), was approved for the 
treatment of seizures associated with Lennox- 
Gastaut syndrome or Dravet syndrome in patients 
2 years of age and older [8]. Contrarily, recent 
(2016) rescheduling petitions have been denied 
based on the conclusions by the DEA and FDA 
that marijuana still has no currently accepted 
medical use, lacks accepted safety for use under 
medical supervision, and has a high potential for 
abuse [5]. Until more high-quality, reproducible 
data on the efficacy and safety of standardized 
cannabis preparations exist, it is likely that can-
nabis will remain in Schedule I.

 State Cannabis Laws

In 1996, California became the first state to 
decriminalize marijuana for medicinal use. The 
Compassionate Use Act of 1996 allowed qualify-
ing patients and caregivers to cultivate and pos-
sess cannabis for medicinal purposes [3]. Since 
then, a total of 33 states, and the District of 
Columbia, have approved the use of cannabis for 

medical use. In addition, 13 states allow the use 
of low-THC, high-cannabidiol (CBD) products 
for medical use. Limited interference by the fed-
eral government has been a catalyst for the 
expansion of state-regulated medical cannabis 
programs (Fig. 2.1).

In 2009, the Department of Justice issued a 
memorandum to US Attorneys stating federal 
funds should not be used to prosecute persons 
acting within their own state medical laws [1]. 
Most recently, an amendment to the Consolidated 
Appropriations Act of 2018 restricts the DOJ 
from using federal funds to interfere with a 
state’s implementation of medical marijuana 
laws [4].

While most states share similar laws regarding 
medical cannabis use, facets of those laws can 
vary on a state by state basis. In most states, 
patients must obtain a recommendation from a 
physician based on a predetermined qualifying 
medical condition. All states involved allow such 
patients to use and possess small amounts of can-
nabis or CBD products for medical purposes 
without being criminalized; however, amounts 
permissible vary from state to state. Definitions 
of qualifying medication conditions also vary by 
state but typically include chronic debilitating 
diseases such cancer, cachexia related to chronic 
disease, chronic pain, HIV-AIDS, and seizure 
disorders [1]. In states that have collected data on 
patient-reported qualifying medical conditions, 
chronic pain is, by far, the most common reported 
condition for medical cannabis use (67.5% in 
2016) [6]. Of most concern to physicians and 
other permissible healthcare providers is the lack 
of uniform quality control standards for the pro-
duction of cannabis products intended for medi-
cal use. For instance, California requires 
laboratory testing of cannabis and derived prod-
ucts to ensure they meet quality standards man-
dated by the state, while Arizona does not have 
state-mandated testing [7]. As there are no uni-
form methods of quality control testing, it is up to 
recommending physicians or healthcare provid-
ers to familiarize themselves with state policies 
regarding production quality standards to ensure 
the safety of the products they are recommending 
to patients.

2 Cannabis Regulations
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 Research Expansion

Despite failures in rescheduling marijuana from 
Schedule I to Schedule II, recent attempts have 
been made by Congress to deregulate and expand 
research and manufacturing of marijuana for 
medicinal purposes. The American Society of 
Anesthesiologists (ASA) has recently endorsed 
two bipartisan bills that aim to expand and expe-
dite the ability to perform rigorous studies on 
marijuana. H.R. 601, the Medical Cannabis 
Research Act of 2019, was introduced into the 
House of Representatives in 2019 and is cur-

rently under review by the Subcommittee on 
Crime, Terrorism, and Homeland Security. The 
aim of this bill is to expand cannabis research by 
increasing the number of federally registered 
manufactures of cannabis for legitimate research 
purposes. It would also authorize healthcare pro-
viders of the Department of Veterans Affairs to 
provide recommendations to veterans regarding 
participation in federally approved cannabis clin-
ical trials. If this bill were enacted, in its first year 
it would require the Attorney General to increase 
the number of cannabis manufactures for legiti-
mate research purposes from its current number 

Fig. 2.1 Map of state cannabis policies. (Source: mpp.org with permission (2019))
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of one (University of Mississippi) to at least 
three. In addition, the Attorney General would be 
required to conduct annual assessments on 
whether there is an adequate and uninterrupted 
supply of cannabis for legitimate research pur-
poses, and it would allow the Attorney General to 
increase the number of manufactures on a yearly 
basis to maintain an adequate supply of cannabis 
for medical research [9].

The second bill endorsed by the ASA, the 
Cannabidiol and Marijuana Research 
Expansion Act, aims to deregulate and expe-
dite both the research and manufacturing appli-
cation pathway. For both research and 
manufacturing applications, the bill would 
require an action by the Attorney General 
within 60 days of receiving a completed appli-
cation. The AG can accept/deny the application 
or request supplemental information from the 
applicant. If supplemental information is 
requested, the AG will be required to either 
accept or deny the application no later than 
30 days upon receipt of supplemental material. 
In addition, once an application is granted for 
research purposes, the registrant may amend or 
supplement their research protocol without 
reapplying if the registrant does not change the 
quantity/type/source of drug or the conditions 
under which the drug is stored, tracked, or 
administered. In an effort to expand access to 
marijuana for research purposes, the bill would 
allow appropriately registered research groups 
to grow and possess their own marijuana for 
the purpose of medical research for drug devel-
opment. Finally, the bill would require the 
Department of Health and Human Services, 
National Institutes of Health, and other respon-
sible federal agencies to submit a report on 
several topics: the potential therapeutic effects 
of CBD and marijuana on major medical con-
ditions, the side effects of increasing THC lev-
els on the human body, the developing 
adolescent brain, cognitive abilities, the barri-
ers to researching marijuana and recommenda-
tions on how such barriers might be overcome, 
and recommendations for safeguarding the 
potency and purity of marijuana-derived prod-
ucts in the United States [10].

 Conclusion

With an increasing number of states legalizing 
cannabis for medical use and with chronic pain 
being the most commonly cited qualifying condi-
tion by patients, current and future pain physi-
cians will undoubtedly face a growing number of 
inquiries about cannabis use from their patient 
populations. Given the current legal climate sur-
rounding cannabis, physicians are placed in a dif-
ficult situation as they are operating under 
conflicting laws at both the federal and state lev-
els. Also, varying standards of quality control 
measures among states and a lack of FDA- 
approved cannabis-derived medications for 
chronic pain, pain physicians may potentially 
risk harming a patient by “recommending” a 
product whose content, safety profile, and dosage 
cannot be precisely quantified. There is a huge 
demand for higher-quality research on the safety 
profile and efficacy of standardized reproducible 
cannabis preparations.
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The Demand for Medical Cannabis 
Education

Christina Le-Short and Samer N. Narouze

Medical marijuana is legalized in two-thirds of 
US states and used for various conditions includ-
ing epilepsy, multiple sclerosis, post-traumatic 
stress disorder, chronic pain, cancer-related 
adverse effects, and Crohn’s disease [1, 2]. 
However, policy-makers have outpaced clinical 
research and have thus created a critical mis-
match between state legalization and the lack of 
knowledge and education among physicians. As 
more states loosen their legislation surrounding 
marijuana use, health-care providers are increas-
ingly expected to advise patients regarding its 
health benefits and safe use. Despite the growing 
public interest, medical teaching and training at 
the medical school and post-graduate levels are 
widely lacking.

At all levels, from student to attending physi-
cian, health providers feel unprepared to address 
medical marijuana concerns. A recent primary 
care physicians’ survey showed that half of phy-
sicians were not ready to answer patient’s ques-
tions on medical cannabis or they did not want to 
[3]. Two-thirds of medical school deans reported 

their graduates were “not at all prepared” to pre-
scribe medical marijuana, and a quarter reported 
their graduates were not even ready to answer 
questions about the drug [4]. In a survey of post- 
graduate medical trainees, the majority (89.5%) 
of residents and fellows felt “not at all prepared” 
to prescribe medical marijuana, while 35.3% felt 
“not at all prepared” to answer questions. The 
vast majority (84.9%) reported receiving no edu-
cation in medical school nor residency on medi-
cal marijuana. In fact across the nation, only nine 
percent of medical school curricula, documented 
in the Association of American Medical Colleges 
(AAMC) Curriculum Inventory database, contain 
educational content on medical marijuana [4].

Despite the lack of preparedness and training, 
the majority of medical students have a desire to 
learn more about medical cannabis. In a 2020 
survey of medical students at the George 
Washington University School of Medicine, 60% 
of students reported receiving no cannabis educa-
tion in medical school, while 77.2% believed 
there should be more formal education on the 
subject. The majority of students felt “not at all 
prepared” to counsel patients on the hazards or 
benefits of cannabis [5]. Beyond physicians in 
training, a survey of pharmacy students found 
that nearly 80% of students felt the topic of medi-
cal cannabis should be added to existing curricula 
[6]. This widespread lack of preparedness reflects 
a failure on the part of medical schools to adapt to 
changing laws and a changing culture around 
marijuana.
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When medical knowledge is insufficient, it is 
unsurprising that public knowledge is even more 
so. Kruger et  al. compared cannabis users’ 
knowledge about cannabis risks and effective-
ness in treating medical conditions against exist-
ing empirical evidence. They reported 
considerable discrepancies. In a survey of 472 
adults who frequently used cannabis (85% for 
health or medical purposes), only 18% had 
received drug information from their primary 
care provider. Others derived their knowledge 
from personal experience or hearsay. The major-
ity of participants’ beliefs correlated with the 
National Academies of Sciences, Engineering, 
and Medicine (NASEM)’s conclusions for effec-
tiveness and risk. However more than half of par-
ticipants believed cannabis was effective in 
treating cancer, depressive symptoms, and epi-
lepsy, all conditions contrary to NASEM’s con-
clusions. Unsurprisingly, cannabis users who had 
received information from their health-care pro-
vider had better knowledge of medical effective-
ness compared to others [7].

The Veterans Health Administration (VHA) 
conducted a survey on clinician knowledge sur-
rounding cannabis use with 249 responses from 
primary care providers across 39 US states and 
the District of Columbia. They found signifi-
cant knowledge gaps in policy, terminology, 
and current evidence base. Overall, the VHA 
providers felt uncomfortable discussing key 
aspects of cannabis use with their patients, evi-
dencing the need for more widespread clinician 
education [8].

It is a physician’s duty and responsibility to 
educate themselves on the health concerns of 
their patients, and thus it should be the medical 
educator’s responsibility to assure the next gen-
eration of physicians is better prepared. However, 
there are several challenges that prevent the 
implementation of medical marijuana education 
in our medical schools, clinics, and hospitals. 
Firstly, there is an overall dearth of high-quality 
evidence regarding its use. And thus, there is a 
disconnect between prescribers, patients, and 
evidence. For instance, chronic pain remains the 

most common indication for medical cannabis 
use; however the evidence regarding its use is 
inconclusive [9–11]. Without high-quality stud-
ies and requisite knowledge syntheses, develop-
ing evidence-based education becomes nearly 
impossible.

Second, stigma surrounding marijuana makes 
it difficult to make unbiased judgments. In the 
aforementioned surveys, several providers, edu-
cators, and students did not feel the study of can-
nabis was important or should be included in 
medical school education. This in part is due to 
the medical community as a whole behaving dis-
missive of the issue. Many patients may find 
themselves wishing to learn more about the med-
ical uses of marijuana but feel embarrassed to 
bring this up with their provider. Other patients 
are already using medical marijuana, but don’t 
know how to tell their doctors for fear of being 
scolded. This inconsideration of the use of can-
nabis and possible underlying bias needs to be 
further explored.

Third, many state’s policies are in conflict 
with federal policy, where cannabis remains a 
Drug Enforcement Agency (DEA) Schedule I 
substance with no defined medical use. In states 
where marijuana is not legal for medical or recre-
ational use, educators may feel uncomfortable 
speaking about any benefits of an illicit drug.

Across specialties, there are concerns there is 
a knowledge gap among medical practitioners, 
students, and the general public. There is a sig-
nificant need to implement comprehensive 
evidence- based cannabis education plans in the 
USA to educate patients, health professionals, 
and the general public. Medical educators may be 
wary about teaching such a controversial and 
politically charged topic. But they do not need to 
make moral statements on medical marijuana in 
order to communicate the evidence that is already 
known. Medical cannabis is already a therapeutic 
option in the majority of US states and frequently 
requested by patients. Physicians must do more 
to address and get ahead of their patients’ knowl-
edge on cannabis and approach patient concerns 
with an open mind.
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 Introduction

Cannabis has been used throughout history for an 
array of medical indications from pain to curing 
cancer, in addition to recreational, religious, and 
spiritual purposes [1].

Marijuana is the most commonly used illicit 
drug in the United States. An estimated 26.0 mil-
lion Americans aged 12 or older in 2017 were 
current users of marijuana. This number of past 
month marijuana users corresponds to 9.6 per-
cent of the population aged 12 or older [2].

Since 1970 marijuana has been classified at 
the federal level as a Schedule I substance under 
the Controlled Substance Act and defined as a 
drug with no currently accepted medical use and 
a high potential for abuse [3, 4]. To date, 47 out 
of the 50 states allow some form of medical mari-
juana. Thirty-three states and the District of 
Columbia currently have passed legislation for a 
“comprehensive medical marijuana program,” 

according to the National Conference of State 
Legislatures [5]. In addition, 13 states allow only 
the use of low tetrahydrocannabinol (THC)/high 
cannabidiol (CBD) ratio products. Moreover, a 
number of states have also decriminalized the 
possession of small amounts of marijuana.

While medical marijuana is legalized in two- 
thirds of the US states, policy-makers have outpaced 
clinical research and medical education, creating a 
critical mismatch between the state legalization of 
medical marijuana and the lack of knowledge, edu-
cation, and preparedness among physicians.

A recent primary care physicians’ survey 
showed that one-half of physicians either were 
not ready to or did not want to answer patient’s 
questions on medical cannabis [6].

Two-thirds and one-quarter of medical school 
curriculum deans reported that their graduates 
were not at all prepared to prescribe and answer 
questions about medical marijuana, respectively 
[7]. Almost all residents and fellows (89.5%) felt 
not at all prepared to prescribe medical mari-
juana, while 35.3% felt not at all prepared to 
answer questions. The vast majority of residents 
and fellows (84.9%) reported receiving no educa-
tion in medical school or residency on medical 
marijuana. Only 9% of medical school curricula 
document in the Association of American 
Medical Colleges (AAMC) Curriculum Inventory 
database content on medical marijuana [7].

Recently, there have been two bipartisan bills 
that aim to expand and expedite the ability to per-
form rigorous studies on marijuana. H.R. 601, 
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the Medical Cannabis Research Act of 2019, was 
introduced into the House of Representatives in 
2019 and is currently under review by the 
Subcommittee on Crime, Terrorism, and 
Homeland Security. The aim of this bill is to 
expand cannabis research by increasing the num-
ber of federally registered manufactures of can-
nabis for legitimate research purposes [8]. The 
second bill, the Cannabidiol and Marijuana 
Research Expansion Act, aims to deregulate and 
expedite both the research and manufacturing 
application pathway [9].

This reflects the current enthusiastic climate 
surrounding medicinal cannabis and cannabi-
noids. Physicians and patients are hoping for 
novel pain treatments amid the current opioid cri-
sis. However, there is ongoing uncertainty due to 
conflicting laws between federal and state gov-
ernments. This conflict coupled with lack of edu-
cation creates a “gray area” surrounding the use 
of medical cannabis, which can lead to confu-
sion, apprehension, and frustration among pain 
physicians.

We conducted a national survey for pain phy-
sicians with the aim to advance our understand-
ing of the attitudes, beliefs, preparedness, and 
knowledge of pain physicians regarding medical 
cannabis and cannabinoids [10]. This will help 
the pain medicine community identify the current 
barriers and knowledge gaps.

 Development and Description 
of the Applied Questionnaire

The questionnaire employed for the present sur-
vey was adapted from that used previously by 
Philpot and colleagues for surveying attitudes, 
beliefs, and knowledge of primary care providers 
regarding medical cannabis [7]. The original 
questionnaire was adapted by the present authors 
to fit the purpose of surveying pain physicians. 
The adapted questionnaire was presented to a 
small group of experts in pain medicine to gather 
their suggestions and proposals for making it 
more fitting to pain physicians. The survey was 
modified accordingly and was structured into five 
principal domains:

• Domain A (legitimacy): Attitude regarding the 
legitimacy or appropriateness of using canna-
bis for medical purposes

• Domain B (symptoms): Knowledge regarding 
pain-related symptoms for which medical 
cannabis could be helpful

• Domain C (quality of life): Beliefs regarding 
functional aspects related to the quality of life 
in chronic pain patients that medical cannabis 
could improve

• Domain D (worries): Worries and concerns 
regarding the recommendation of medical 
cannabis to chronic pain patients

• Domain E (preparedness): Practitioners’ 
beliefs that they have gained enough knowl-
edge and education regarding medical canna-
bis during their training

In addition to the five principal domains that 
measured participants’ attitudes, beliefs, pre-
paredness, and knowledge regarding medical 
cannabis, we added two blocks of questions for 
relevant demographic and professional 
information:

• Block A (experience with medical cannabis): 
Information regarding registration in a medi-
cal cannabis program, ever recommending 
medical cannabis to patients, and caring for 
patients on medical cannabis

• Block B (personal): Personal information 
including age, gender identity, and years since 
graduation from medical school

The modified questionnaire was tested on a 
training sample of 30 participants to examine 
internal consistency of each domain. For domains 
A through E, which measured attitudes, knowl-
edge, beliefs, and preparedness regarding medi-
cal cannabis, participants were asked to score 
their responses on a scale graded from 0 to 100 
by moving a pointer on a graded scale. For blocks 
A and B (experience with medical cannabis and 
personal data, respectively), participants chose a 
single response out of three possible choices. A 
reliability analysis was carried out on the training 
sample for domains A through E separately. For 
domains B (symptoms), C (quality of life), and D 
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(worries), the reliability index (Cronbach’s α) 
was 0.900, 0.902, and 0.886, respectively, denot-
ing high internal validity. When we removed any 
item from these domains, the corresponding reli-
ability index decreased. Therefore, we retained 
all items in these domains. For domains A (legiti-
macy) and E (preparedness), the reliability index 
was low (Cronbach’s α  =  0.413 and 0.561, 
respectively) denoting low internal consistency. 
One item in domain A (my patients frequently 
request medical cannabis) was inconsistent with 
poor correlation with the other two items 
(r = −0.268 and −0.038, respectively). When we 
removed that item, the reliability index increased 
to 0.834. So we removed that item and retained 
the other two. For domain E (preparedness), one 
item (I attended medical conferences specifically 
to learn about medical cannabis) was inconsistent 
and correlated poorly with the other three items 
(r  =  0.124, −0.017, and −0.150, respectively). 
When we removed that item, the reliability index 
increased to 0.765. Subsequently we removed 
that item, too.

The ultimate questionnaire, which has been 
applied for the main sample, is shown in 
Appendix 1. The questionnaire was entered into 
the QualtricsXM survey software website and was 
accessed and scored by participants in the same 
way as that used for the training sample. The 
American Society of Regional Anesthesia and 
Pain Medicine (ASRA) distributed the survey to 
their active members (acute and chronic pain 
physicians) by email with the web link.

 Statistical Analysis

Data were analyzed using IBM© SPSS© 
Statistics version 22 (IBM© Corp., Armonk, NY) 
and JMP® version 14.3.0 (SAS Institute Inc., 
Cary, NC). Categorical variables were presented 
as number and percentage, and numerical vari-
ables as mean, standard deviation, and quartiles.

For all domains measuring attitudes, knowl-
edge, or beliefs (domains A through E), the ques-
tions were formulated such that higher scores 
denoted higher trend for the dimension measured 
by the domain. Except for domain D which mea-

sured worry or concern regarding recommending 
medical cannabis to a patient, a higher score on 
all other domains denoted a more favorable atti-
tude toward use of medical cannabis. So, in order 
to make a higher score on any domain denote 
more favorable attitude toward use of cannabis, 
we subtracted the scores for domain D from 100 
and used the calculated score to denote comfort 
or ease with recommending medical cannabis to 
chronic pain patients. For data analysis and pre-
sentation, we referred to domain D as “Ease with 
recommending medical cannabis to chronic pain 
patients.”

For each participant, we calculated a mean 
score for each domain by averaging the scores of 
all items (questions) within the same domain. In 
addition, we calculated an overall score for the 
questionnaire by averaging the scores of all five 
domains. Thus, for any participant, the score on 
any domain, as well as the overall score, could 
range from a minimum of 0 (least favorable) to 
100 (most favorable) regarding use of cannabis.

Associations between continuous variables 
and nominal variables on two levels were exam-
ined using point biserial correlation (rpb). 
Kendall’s tau-b rank correlation (τb) was used to 
test associations between continuous and ordinal 
variables. Correlations between continuous vari-
ables were examined using the Spearman rank 
correlation (Superman’s ρ). The Bonferroni 
method was used to adjust the critical P value for 
the number of comparisons in order to maintain 
the alpha error at <0.05. Hence, a two-tailed 
P  <  0.001 was considered statistically 
significant.

 Results

All active members of the ASRA were invited via 
electronically sent mails to take part in the sur-
vey. Out of 1536 members who received the 
email, 334 (21.7%) logged into the survey web-
site during the period from January 29, 2020, to 
March 15, 2020. Of those who logged into the 
website, only 325 entered valid responses to one 
or more items of the questionnaire with an effec-
tive response rate of 21.2%. All survey 
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 participants and responses were anonymous, and 
they were asked to take the survey only once. 
There were no financial or other material incen-
tives provided for survey participants.

Table 4.1 shows the demographic and profes-
sional characteristics of participants. The major-
ity (n = 178, 59%) were 30 to 50 years of age, 
114 (38.3%) were over 50 years of age, and only 
6 (2%) were below 30 years of age. About two- 
thirds of participants (n  =  199, 66.8%) were 
males, about one-third (n = 98, 32.0%) belonged 
to the female gender, and only 1 (0.3%) partici-
pant was non-binary.

Most of participants (n  =  187, 65.8%) had 
been graduated from medical school for more 
than 10  years. About one-fifth of participants 

(n  =  57, 20.1%) had been graduated for 5 to 
10 years, and only 40 (14.1%) participants had 
been graduated for less than 5 years.

Regarding experience with medical cannabis, 
only 39 (13.0%) participants were currently reg-
istered in a medical cannabis program in their 
states, 93 (30.9%) recommended medical canna-
bis for their patients at least once, and 228 
(75.7%) were taking care of patients on medical 
cannabis (Fig. 4.1).

Table 4.2 shows the scores of participants on 
each domain items, while Table  4.3 shows the 
averaged score for each of the five principal ques-
tionnaire domains.

In order of decreasing magnitude, the partici-
pants’ scores were most favorable regarding the 
legitimacy of medical cannabis where 75% of 
participants scored 50 or higher, 50% scored 76 
or higher, and 25% scored 91 or higher on the 
100-point scale for this domain (mean  ±  SD 
score, 67 ± 29).

The participants’ scores were less favorable 
regarding the symptoms cannabis could help 
(75% scored 37 or more, 50% scored 56 or more, 
and 25% scored 67 or more; mean ± SD score, 
53 ± 22) and regarding the ease with recommend-
ing cannabis for patients (75% scored 23 or more, 
50% scored 50 or more, and 25% scored 79 or 
more; mean ± SD score, 50 ± 32).

The participants’ scores were least favorable 
regarding the quality of life aspects helped by can-
nabis (75% scored 23 or more, 50% scored 50 or 
more, and 25% scored 79 or more; mean  ±  SD 
score, 40 ± 23) and regarding the preparedness to 
recommend medical cannabis for patients (75% 
scored 16 or more, 50% scored 31 or more, and 
25% scored 42 or more; mean ± SD score, 32 ± 21).

The overall trend of participants for recom-
mending medical cannabis to their patients was 
moderately favorable with 75% of participants 
scoring 38 or higher, 50% scoring 49 or higher, 
and only 25% scoring 61 or higher on the 100- 
point overall scale (mean  ±  SD overall score, 
50 ± 17) (Fig. 4.2).

Table 4.1 Demographic and professional characteristics 
of participants

Valid responses
Variable Number Percentage
Age <30 years 6 2.0

30–
50 years

178 59.7

>50 years 114 38.3
Total 298 100.0

Gender Male 199 66.8
Female 98 32.9
Non- 
binary

1 0.3

Total 298 100.0
Time since 
graduated from 
medical school

<5 years 40 14.1
5–
10 years

57 20.1

>10 years 187 65.8
Total 284 100.0

Registered to 
recommend 
medical cannabis 
in one’s state

Yes 39 13.0
No 262 87.0
Total 301 100.0

Ever recommended 
medical cannabis 
for patients

Yes 93 30.9
No 208 69.1
Total 301 100.0

Taking care of 
patients on medical 
cannabis

Yes 228 75.7
No 73 24.3
Total 301 100.0

Data are presented as valid number and percentage

S. N. Narouze et al.
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Fig. 4.1 Percentage of 
participants registered in 
medical cannabis 
program, those who had 
ever recommended 
medical cannabis for 
patients, and those who 
were actually taking 
care of patients on 
medical cannabis. MC, 
medical cannabis

Table 4.2 Scoring of participants’ attitudes, knowledge and beliefs regarding use of medical cannabis

Domain
Valid 
responses

Score Score percentiles
Mean SD 25th 50th 75th

A. Legitimacy of medical cannabis
   Physicians should be able to offer cannabis for certain medical 

conditions
325 72 30 50 81 100

   Medical cannabis is a legitimate medical therapy 324 63 31 40 69 90
B. Symptoms cannabinoids may help
   Pain 311 55 28 32 52 76
   Seizures 301 59 29 38 65 80
   Muscle spasms 304 46 27 25 50 68
   Anxiety 303 57 30 35 61 80
   Insomnia 302 52 31 27 51 79
   Depression 297 36 28 10 31 54
   Nausea/Vomiting 305 64 28 50 70 85
C.  Quality of life aspects cannabinoids may benefit in patients with 

CPS
   Energy level 293 30 24 10 25 50
   Mood 295 45 27 21 50 61
   Social engagement 293 38 27 13 34 55
   Sense of hope 294 42 27 20 42 58
D.  Ease with prescription of medical cannabis to patients with CPS
   I’m not worried of getting sued because of discrepancy between 

state and federal regulations
296 50 37 11 50 90

   I’m not worried of getting in trouble ‘later’ like what has 
happened with the opioid crisis

297 49 35 18 50 81

   Preparedness to prescribe medical cannabis to patients with CPS
   I’m prepared enough to answer patients’ questions about medical 

cannabis
297 48 31 21 50 73

   I had enough education regarding medical cannabis during my 
training

292 22 25 4 11 30

CPS chronic pain syndromes, SD standard deviation
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Table 4.4 summarizes the associations 
between demographic and professional charac-
teristics of participants and their scores on the 
five principal domains of the questionnaire.

There was very weak positive association 
between registration in a medical cannabis 
 program and the participants’ overall score (rpb, 
0.199; P value, 0.0005) (Fig. 4.3). Besides, there 
was weak positive association between the par-
ticipants’ ever recommending cannabis to 
patients and their scores for the legitimacy (rpb, 
0.286; P value, <0.0001), symptoms (rpb, 0.260; 
P value <0.0001), and preparedness (rpb, 0.323; P 

value, <0.0001) domains. There was similarly 
weak positive association between the partici-
pants’ ever recommending cannabis to patients 
and their overall score as well (rpb, 0.335; P value, 
<0.0001) (Fig. 4.4).

Otherwise, no statistically significant associa-
tion was observed between the participants’ 
scores for any of the domains and their age, gen-
der identity, time since graduation from medical 
school, or taking care for patients on medical 
cannabis (all P values > critical P of 0.001).

Table 4.5 presents a correlation matrix sum-
marizing the associations among the participants’ 

Table 4.3 Participants’ scores on the five principal domains of the questionnaire and their overall scores on the 
questionnaire

Domain and dimension
Valid N Score Score percentiles

Mean SD 25th 50th 75th
A.  Legitimacy of MC 325 67 29 50 76 91
B.  Symptoms helped by MC 312 53 22 37 56 67
C.  Quality of life aspects improved by MC 191 40 23 23 42 54
D.  Ease with recommending MC 301 50 32 23 50 79
E.  Preparedness to recommend MC 298 32 21 16 31 42
Overall score 326 50 17 38 49 61

MC medical cannabis, N number, SD standard deviation
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Fig. 4.2 Box plot 
illustrating the 
participants’ scores on 
each of the five principal 
domains of the 
questionnaire and the 
averaged score of all five 
domains (overall score). 
Box represents the 
interquartile range. Line 
inside the box represents 
the median. Whiskers 
represent minimum and 
maximum values 
excluding outliers (red 
markers)
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Fig. 4.3 Box plot 
illustrating the relation 
between registration of 
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questionnaire. Box 
represents the 
interquartile range. Line 
inside the box represents 
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represent minimum and 
maximum values 
excluding outliers (red 
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Table 4.4 Association between demographic and professional characteristics of participants and their scores on the 
five principal domains of the questionnaire

Domain
Variable Measure of 

association
Legitimacy Symptoms Quality of life Ease Preparedness Overall

Age Kendall τb −0.086 −0.106 −0.068 0.096 −0.025 −0.058
P-value 0.074 0.025 0.250 0.043 0.607 0.222
N 297 298 189 296 293 298

Male gender Kendall τb 0.091 0.000 −0.064 −0.077 0.100 0.040

P-value 0.061 0.993 0.285 0.108 0.038 0.400
N 297 298 189 296 293 298

Time since 
graduated from 
medical school

Kendall τb −0.074 −0.127 −0.124 0.044 0.023 −0.059
P-value 0.124 0.007 0.039 0.357 0.631 0.213
N 283 284 177 282 282 284

Registration in a 
medical cannabis 
program

rpb 0.134 0.085 0.098 0.160 0.158 0.199
P-value 0.020 0.143 0.178 0.006 0.006 0.0005
N 300 301 190 298 296 301

Ever 
recommending 
medical cannabis 
for patients

rpb 0.286 0.260 0.177 0.085 0.323 0.335
P-value <0.0001 <0.0001 0.015 0.145 <0.0001 <0.0001
N 300 301 190 298 296 301

Taking care of 
patients on 
medical cannabis

rpb 0.107 0.035 0.049 −0.024 0.181 0.084
P-value 0.065 0.547 0.498 0.679 0.002 0.148
N 300 301 190 298 296 301

N valid number, rpb point biserial correlation coefficient, τb Kandall’s tau-b correlation coefficient
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Fig. 4.4 Box plot 
illustrating the relation 
between ever 
recommending medical 
cannabis to patients by 
participants and their 
scores on the five 
principal domains of the 
questionnaire. Box 
represents the 
interquartile range. Line 
inside the box represents 
the median. Whiskers 
represent minimum and 
maximum values 
excluding outliers (red 
markers). MC, medical 
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Table 4.5 Correlation matrix illustrating the correlations among the participants’ scores on the principal domains of 
the questionnaire

Measure of correlation Legitimacy Symptoms Quality of life Ease
Symptoms Spearman ρ 0.661

P-value <0.0001
N 311

Quality of life Coefficient 0.486 0.691
P-value <0.0001 <0.0001
N 190 191

Ease Coefficient 0.024 0.005 0.045
P-value 0.679 0.926 0.538
N 300 301 190

Preparedness Coefficient 0.279 0.259 0.168 −0.074
P-value <0.0001 0.0001 0.021 0.205
N 297 298 188 296

N valid number, ρ Spearman correlation coefficient (rho)
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scores on the principal domains of the 
questionnaire.

There was a strong positive correlation 
between the participants’ scores on the symp-
toms domain and their scores on the legitimacy 
(Spearman ρ, 0.661; P value, <0.0001) and 
quality of life (Spearman ρ, 0.691; P value, 
<0.0001) domains. On the other hand, there was 
moderate positive correlation between the par-
ticipants’ scores on the legitimacy and quality 
of life domains (Spearman ρ, 0.486; P value, 
<0.0001).

There was only weak positive correlation 
between participants’ score on the preparedness 
domain and their scores on the legitimacy 
(Spearman ρ, 0.279; P value, <0.0001) and 
 symptoms (Spearman ρ, 0.259; P value, <0.0001) 
domains (Fig. 4.5).

 Discussion

The present survey helped to elucidate the atti-
tudes, beliefs, knowledge, and preparedness of 
pain practitioners regarding the use of medical 
cannabis for patients with chronic pain disorders. 
Previous studies tried to explore the attitudes or 
practices of primary care providers [7] or pallia-
tive care providers [11] regarding medical 
cannabis.

The findings of the present survey were very 
interesting. The participants’ trend was most 
favorable regarding the legitimacy of medical 
cannabis. Their trend was less favorable for the 
symptoms cannabis could help and for the ease 
with recommending cannabis to patients. The 
participants’ trend was least favorable for the 
quality of life aspects helped by cannabis and for 
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the preparedness to recommend medical canna-
bis to patients. Overall, the participants’ trend for 
recommending medical cannabis to their patients 
was moderately favorable with 75% of partici-
pants scoring 38 or higher, 50% scoring 49 or 
higher, and only 25% scoring 61 or higher on the 
100-point overall scale.

There was a strong correlation between the 
participants’ knowledge regarding the symptoms 
cannabis may help and their beliefs regarding the 
legitimacy of medical cannabis and the potential 
quality of life improvements. In addition, there 
was also a significant, though weaker, correlation 
between the participants’ beliefs regarding the 
legitimacy of medical cannabis and the quality of 
life aspects that may be improved by medical 
cannabis. Notably, the least strong correlations 
were between the participants’ sense of prepared-
ness to recommend medical cannabis to patients 
and their beliefs regarding the legitimacy of med-
ical cannabis and their knowledge regarding the 
symptoms cannabis may help.

The survey response highlights the need for 
physicians’ education and training specially with 
the recent plethora of medical publications 
regarding medical cannabis and cannabinoids for 
pain with inconsistent results. The National 
Academies of Sciences, Engineering, and 
Medicine (NASEM) conducted an exhaustive 
review of medical literature on the health effects 
of cannabis and cannabinoids in its 2017 report 
[1]. The report concluded “there is conclusive or 
substantial evidence that cannabis or cannabi-
noids are effective for the treatment of chronic 
pain in adults.” However, they identified a num-
ber of challenges with research gaps and barriers. 
The Academies noted that only a handful of stud-
ies evaluated the benefit of dispensary cannabis 
in the United States and that little is known about 
dosing or side effects. On the other hand, the 
Cochrane Database of Systematic Reviews in 
2018 concluded that “the potential benefits of 
cannabis-based medicine (herbal cannabis, plant- 
derived or synthetic THC, THC/CBD oromuco-
sal spray) in chronic neuropathic pain might be 
outweighed by their potential harms” [12]. The 
College of Family Physicians of Canada released 
a simplified guideline for prescribing medical 

cannabinoids in primary care. The College rec-
ommended strongly against the use of medical 
cannabinoids for acute pain, headache, fibromy-
algia, osteoarthritis, and back pain while suggest-
ing that they should be considered only for 
intractable neuropathic pain after failure of mul-
tiple analgesics [13].

The present study has a few limitations. First, 
the sampling process was rather selective, in that 
we invited only ASRA members to participate in 
our survey. Despite ASRA being one of the larg-
est pain societies, the trends of its members may 
not be plainly extrapolated to all pain practitio-
ners as they may share uncharacteristic aca-
demic, clinical, or cultural attitudes. We also 
postulate that a larger, more representative pain 
physician’s sample will likely yield a larger edu-
cation gap. Secondly, all participants made their 
entries online so that, owing to privacy issues, 
we could not preclude multiple or duplicate 
entries by the same participant. However, par-
ticipants were clearly instructed to take the sur-
vey only once. Thirdly, the response rate was 
obviously much lower than that recommended 
for self-completed questionnaires [14]. This 
issue may be relevant if subjects with more nega-
tive attitudes regarding medical cannabis are less 
likely to participate [15]. Nonetheless, the 
observed response rate is practically close to that 
reported by previous investigators who con-
ducted a similar survey on a different population 
of healthcare providers [7].

 Summary

The survey revealed a mismatch between the pain 
physicians’ favorable attitude regarding the legit-
imacy of using medical cannabis and their lack of 
preparedness. While the participants’ trend was 
most favorable regarding the legitimacy of medi-
cal cannabis, it was least favorable for the pre-
paredness to recommend medical cannabis to 
pain patients. The survey results will help the 
pain medicine community identify the current 
barriers and knowledge gaps.

Conflict of Interest None.
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A.  Place a mark on the line below each item indicating your level of agreement with the following statements:
Physicians should be able to offer cannabis for certain medical conditions
  Don’t agree at all  Extremely agree
Medical cannabis is a legitimate medical therapy
  Don’t agree at all  Extremely agree
B.  Place a mark on the line below each item indicating how helpful you think cannabinoids are for the following 

symptoms:
Pain
  Not at all  Extremely helpful
Seizures
  Not at all  Extremely helpful
Muscle spasms
  Not at all  Extremely helpful
Anxiety
  Not at all  Extremely helpful
Insomnia
  Not at all  Extremely helpful
Depression
  Not at all  Extremely helpful
Nausea/Vomiting
  Not at all  Extremely helpful
C.  Place a mark on the line below each item indicating how beneficial you think cannabinoids are for the following 

aspects in patients with chronic pain syndromes:
Energy level
  Not at all  Extremely beneficial
Mood
  Not at all  Extremely beneficial
Social engagement
  Not at all  Extremely beneficial
Sense of hope
  Not at all  Extremely beneficial
D.  Place a mark on the line below each item indicating how worried you may be regarding prescribing medical 

cannabis to your patients:
I’m worried of getting sued because of discrepancy between state and federal regulations
  Not at all  Extremely worried
I’m worried of getting in trouble ‘later’ like what has happened with the opioid crisis
  Not at all  Extremely worried
I feel worried or uncomfortable recommending medical cannabis for my patients
  Not at all  Extremely worried
E.  Place a mark on the line opposite each item indicating how prepared you are for prescribing medical cannabis 

to your patients:
I’m prepared enough to answer patients’ questions about medical cannabis
  Not at all  Extremely agree
I had enough education regarding medical cannabis during my training
  Not at all  Extremely agree
I think  I don’t  need  to see more research before offering medical cannabis for my patients
  Not at all  Extremely agree
F. Check a response to the following questions:
Are you registered to recommend medical cannabis in your state?
  Yes
  No

 Medical Cannabis Questionnaire
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Have you ever recommended medical cannabis for your patients?
  Yes
  No
Do you take care of patients on medical cannabis?
  Yes
  No
G. Please check a response to the following questions:
How long have been graduated from medical school?
  <5 years
  5–10 years
  >10 years
What is your age?
  <30 years
  30–50 years
  >50 years
What is your gender?
  Male
  Female
  Non-binary
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Cannabis Terminology

Maria Fernanda Arboleda and Erin Prosk

 Introduction

Cannabis has been used therapeutically for thou-
sands of years to relieve various symptoms. 
However almost 100 years of cannabis prohibi-
tion during the twentieth century caused a gap in 
clinical use and research. There are still signifi-
cant gaps in the understanding of cannabis and its 
components and their pharmacological and 
potential therapeutic benefits. The use of can-
nabis for medical purposes has increased dra-
matically in the last 10 years, and chronic pain 
is one of the main reasons reported for its use 
[1]. There is a wide variability of preferences 
for different cannabinoid-based medicines 
reported among patients living with chronic 
pain. The majority prefer oral administration 
and low delta-9- tetrahydrocannabinol (THC) 
concentrations. However, less than 3% of 
patients receiving advice from medical profes-
sionals, therefore, many patients rely on their 
own research or support from cannabis retailers 
for product selection [2].

To build a foundation of medical cannabis 
knowledge, it is important to start by learning 
about the cannabis plant and its main compo-
nents and therapeutic characteristics and famil-
iarize one’s self with the common terminology, 
both scientific and colloquial to be able to discuss 

with patients and their families. Informed and 
accessible discussion with patients supports 
improved patient communication and trust and 
may contribute to improved outcomes. Such 
understanding of basic cannabis properties and 
common terminology also allows for a better 
communication among clinicians interested in 
the cannabis field.

The aim of this chapter is to review the funda-
mentals of cannabis plants and provide simple 
definitions of the terminology related to 
cannabinoid- based treatments.

 General Aspects of the Cannabis 
Plant

The cannabis plant is one of the oldest docu-
mented plants to be used not only for well-known 
therapeutic and spiritual reasons but also as a 
source of food and textile fiber. Originated from 
central Asia, the cannabis plant belongs to the 
family Cannabaceae that contains only two gen-
era, Humulus, commonly known as hops, and 
Cannabis. Some debate is ongoing related to the 
taxonomy of cannabis classification and whether 
the Cannabis genus is composed of only one or 
more species that may vary according to geo-
graphical origin, morphological characteristics, 
chemotype differences, and genetic sequencing 
[3, 4]. Some authors have suggested that three 
different species exist, C. sativa, C. indica, and 
C. ruderalis. Other researchers have proposed 
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that Cannabis genus is monotypic and that these 
previously mentioned subpopulations represent 
subspecies of C. sativa L. [5, 6].

Cannabis sativa is a dioecious species; this 
means that male and female flowers develop on 
separate plants. New genetics, termed cultivars 
but more commonly “varieties” or “strains,” are 
developed via pollination of female plants by 
pollen from male plants. Rarely, it develops as a 
hermaphrodite with male and female flowers on 
the same plant. Moreover, the plant can reach a 
height of 16 ft (5 m), and it grows in a variety of 
habitats and altitudes. The active molecules, 
known as cannabinoids, as well as abundant ter-
penes and flavonoids are primarily produced by 
the female flowers. Generally, cannabis devel-
oped for medical purposes is cultivated as 
female plants that are propagated by cloning, 
cuttings from “mother” plants in hopes of uni-
form, stable production of specific chemotypes. 
Cultivars are grown indoors or in closed green-
houses as a way to control environmental condi-
tions such as light, temperature, humidity, and 
chemical profile [4]. More recently, the combi-
nation of popularity of cannabis extracts, 
improvements in commercial manufacturing 
equipment, and methodology and evolution of 
cannabis production regulations has allowed for 
the emergence of significant commercial out-
door cultivation.

 Differences Between C. sativa and C. 
indica

Cannabis taxonomy has been subject of a long 
debate. Whether separate species or subspecies, 
Cannabis sativa, subspecie sativa differs from 
Cannabis indica, subspecie indica mainly on its 
phenotypic characteristics and geographical ori-
gins. Sativa cultivars were originally cultivated 
for industrial use for fiber and for culinary utility 
in equatorial regions and are phenotypically 
characterized as tall plants with widely spaced 
branches and long thin leaves. Contrarily, indica 
cultivars are characteristically short plants with 
broader leaves, originating from mountainous 
regions in Southern Asia.

Interestingly, as anecdotal data primarily from 
non-medical use, consumers report sativa- 
predominant varieties to elicit uplifting, cerebral 
effects versus indica-predominant varieties that 
are associated with relaxation and analgesic 
effects. However, such anecdotal reporting has 
not been validated by any placebo-controlled 
studies or randomized controlled trials. It is also 
widely accepted that all commercial cultivars in 
North America are hybrids of sativa and indica. 
Traditionally, the phenotype and origin of the 
plant are unlikely to determine its therapeutic 
effects. This will depend only on the chemovar 
classification and main cannabinoid component, 
such as THC-predominant (chemotype I), THC- 
cannabidiol (CBD) balanced (chemotype II), and 
CBD-predominant (chemotype III) chemotypes 
[7, 8].

Terpenes, which are produced in the glandular 
trichomes of female flowers (small, hair-like 
glands), are responsible for cannabis odor and 
flavor and may also produce specific pharmaco-
logical effects [9]. A hypothesized, but widely 
referenced, theory,describes a potential entou-
rage effect whereby cannabinoids and terpenes 
act synergistically to produce specific pharmaco-
logical effects and may contribute to the tolera-
bility of certain cannabis cultivars [10].

Cannabinoids are synthetized in the glandular 
trichomes of female flowers [11] and include tet-
rahydrocannabinolic acid (THCA) and cannabid-
iolic acid (CBDA). Both compounds are 
progressively decarboxylated during maturation, 
especially during drying of cannabis flowers, and 
accelerated upon heating to convert into THC and 
CBD [12].

 Cannabis Versus Hemp

Widely misunderstood, cannabis or “marijuana” 
and hemp are actually from the same cannabis 
plant species. Hemp is a term to describe a collec-
tion of cannabis cultivars with specific proper-
ties, namely, high production of fiber and seeds 
with minimal production of THC. The main dif-
ferences between cannabis and hemp [6] are 
summarized in Table 5.1.
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 The Endocannabinoid System (ECS)

The ECS is an interesting biological system com-
posed of cannabinoid receptor proteins, such as 
CB1 and CB2, as well as endogenous lipid-based 
neurotransmitters known as endocannabinoids, 
such as anandamide (AEA) and 
2- arachidonoylglycerol (2-AG). THC acts as a 
partial agonist of the G protein-coupled cannabi-
noid receptors, CB1 and CB2, producing the 
majority of psychoactive and specific therapeutic 
effects of cannabis [13]. Conversely, CBD is a 
non-intoxicating phytocannabinoid that exerts 

other therapeutic properties and is still under 
study to better understand its pharmacological 
activity [14].

 Key Terminology

A glossary of the most common and relevant 
terms for medical cannabis and related uses are 
presented in more detail below.

Cannabis
All plant materials, components, and derivative 
products of the cannabis plant, including flowers, 
leaves, seeds, stalks, and other materials and can-
nabis resins, extractions, and other derivative 
products.

Cannabis is listed in Schedule 1 of the 
Controlled Substances Act in the USA, reserved 
for substances with no currently accepted medi-
cal use and a high potential for abuse. The 
removal of cannabis from Schedule 1 has been 
proposed several times dating back to 1972.

Cannabinoid-based medicines or treatments
A general term used to describe therapeutic can-
nabis or cannabinoid-based products where can-
nabinoids are the primary active pharmaceutical 
ingredient. This term is applied regardless of ori-
gin as plant-derived or synthetic cannabinoids.

Cannabinoid-based medicines may be 
approved or unapproved medical treatments, but 
generally are regulated and legally accessible 
though availability of products is varied in differ-
ent countries and jurisdictions.

Pharmaceutical or prescription cannabinoids
Cannabinoid-based treatments have been 
approved as medical treatments for specific indi-
cations. They must be prescribed by a licensed 
healthcare practitioner according to applicable 
local regulations and are available through phar-
macies. In Canada, there are two products autho-
rized as cannabinoid-based pharmacological 
treatments, nabilone (Cesamet®) and nabiximols 
(Sativex®), whereas in the USA, nabilone, 

Table 5.1 Differences between cannabis (or “mari-
juana”) and hemp

Characteristics Cannabis (marijuana) Hemp
Phenotype Short plant and 

large flower 
production

Tall plant and 
small flower

Cannabinoid 
concentration

Traditionally, 
high-THC 
concentrations in 
flowers and, more 
recently, some 
high-CBD cultivars 
have been 
developed

THC must 
measure less 
than 0.3% w/w

Uses Medical and 
non-medical or 
recreational use

Variety of 
commercial 
and industrial 
products 
such as
fiber, textile, 
seeds, source 
of dietary fiber, 
omega-3 and 
omega-6, 
building 
material, and 
paper.

Legal status Legalized in 
Canada since 
October 2018, 
cultivation 
controlled by a 
specific division of 
Health Canada. 
Still a Schedule 1 
substance in the 
USA, legalized by 
many states both 
for medical and 
non-medical use

Legalized in 
Canada since 
1998, 
cultivation 
requires a 
specific license 
from Health 
Canada. 
Recently 
legalized in the 
USA via the 
2018 Farm Bill
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dronabinol (Marinol®), and Epidiolex® are 
available.

Medical cannabis
Cannabis-based treatments that have not been 
approved as medical treatments but have been 
legalized and regulated for patient access. 
Medical cannabis is differentiated from non- 
medical cannabis by a unique access program 
and a required medical authorization. Medical 
cannabis products may be available in many 
forms such as dried cannabis, cannabis extracts, 
oil, capsules, edibles, or topical products.

Cultivars (varieties, strains)
Distinct cultivars of the cannabis plant, having 
unique genetic signature and expressing distinct 
chemical composition. Colloquially referred to 
as strains.

Phytocannabinoids
Cannabinoids that are produced by the cannabis 
plant, primarily in the female flowers. More than 
100 unique cannabinoids have been identified 
[15, 16].

Delta-9-tetrahydrocannabinol (THC)
THC is the primary cannabinoid in almost all 
strains of cannabis, and almost all therapeutic 
effects of cannabis can be attributed to THC. THC 
is the primary psychoactive and intoxicating 
agent and is responsible for most adverse effects 
related to cannabis use.

Cannabidiol (CBD)
CBD is usually the secondary cannabinoid found 
in cannabis; however recent research into its 
analgesic, anti-epileptic, anxiolytic, and anti- 
inflammatory properties has encouraged the 
selective breeding of cannabis strains with high 
concentration of CBD and minimal THC 
concentration.

Cannabinol (CBN)
The degradation molecule of both THC and 
CBD, CBN is often found in significant concen-
tration in cannabis products that have been stored 

for several months. The effects of CBN have not 
been well-studied; however preclinical evidence 
suggests that it may produce sedating, mild psy-
choactive, and mild analgesic effects.

Cannabigerol (CBG)
The pre-cursor compound, CBG is a non- 
psychoactive cannabinoid found in higher con-
centration in immature cannabis plants. In 
addition, CBG is often found in higher concen-
trations in hemp plants and other low-THC culti-
vars. The effects have not been well-studied.

THC-A, CBD-A, etc.
Acidic forms of cannabinoids, existing in the 
natural plant or in “fresh” or “raw” unprocessed 
prior to decarboxylation via drying or manufac-
turing such as for oral administration products.

Terpenes
Aromatic compounds that exist in unique profiles 
in different strains. May provide some therapeu-
tic benefit and may contribute to the varying 
effects of different strains of cannabis.

Some of the most common terpenes found in 
cannabis are D-limonene (commonly found in 
citrus essential oils), beta-myrcene, linalool 
(common to lavender), alpha-pinene, and beta- 
caryophyllene (common to black pepper) [9, 17].

Entourage effect
A proposed theory that cannabinoids and ter-
penes act synergistically to produce specific 
pharmacological effects and may contribute to 
the tolerability of certain cannabis cultivars [10].

Endocannabinoid system (ECS)
The body system made up of cannabinoid recep-
tors, endogenous cannabinoids or endocannabi-
noids, and the enzymes that synthesize or 
degrade them. The ECS has been widely studied 
and has been identified as an important modula-
tory system to support homeostasis of many 
body functions including appetite, sleep, mood, 
memory, and pain sensation, among others [12, 
13, 18].
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Cannabinoid receptors
The group of receptor proteins that bind with 
endocannabinoids and phytocannabinoids. The 
most well-described are the G protein-coupled 
receptors CB1 and CB2, located in the central 
and peripheral nervous systems. Additionally, 
other receptors are known to bind 
 endocannabinoids, often termed orphan cannabi-
noid receptors.

Endocannabinoids
The endogenous cannabinoids produced by the 
body and active at cannabinoid receptors. The 
most well-known endocannabinoids are anan-
damide (AEA) and 2-arachidonolyglycerol 
(2-AG) though several hundreds have been 
identified.

 Cannabis Products and Accessories

Marijuana, Marihuana
The historical slang term marihuana or mari-
juana usually refers to dried cannabis of high- 
THC concentration. The term has recently been 
dropped from legal and regulatory legislation in 
Canada in favor of the term cannabis; however 
the use of the term continues globally and within 
social discussion.

Cannabis extracts
Highly concentrated preparations of cannabis 
which are produced via a variety of manufactur-
ing techniques, such as cannabinoid and terpe-
noid supercritical CO2 extraction, and highly 
flammable solvents such as ethanol, isopropyl 
alcohol, butane, or hexane.

Concentrates (Hashish, Shatter, Dab, Wax) Slang 
terms for highly concentrated preparations of can-
nabis utilizing various methodologies. The potency 
of concentrates can be up to 90% THC by weight. 
Various methods of administration are used to 
inhale these products, but electronic pen-style 
vaporizers and glass bongs are common. 

Concentrates have gained popularity among recre-
ational cannabis consumers [19] and should not be 
recommended for medical purposes [20].

Pipe or Bong
A pipe is a glass or metal device designed to 
combust or inhale cannabis smoke. Similarly, a 
bong is a glass smoking device which combines 
water with the cannabis smoke and may increase 
the cannabinoid potency.

Vaporizer
An electronic device designed to heat dried cannabis 
or cannabis extracts to specific temperature allowing 
for vaporization and required decarboxylation of 
active ingredients. Importantly, vaporizer tempera-
tures stay well below the temperature of combustion 
limiting. Some vaporizers for dried cannabis have 
been recognized as medical devices [21, 22] and 
may be eligible for insurance coverage.

Recently, the use of unregulated, illicit canna-
bis extract vaporizers (also known as electronic 
cigarettes or vape pens) has produced serious 
adverse events including lung toxicity and even 
death [23, 24].

 Conclusion

Understanding the general information about the 
cannabis plant and the basic terminology that 
describes medical cannabis and related uses is 
key for effective communication with patients 
and medical professionals. Once the main con-
cepts are familiarized, clinicians are ready to 
move forward to explore other important areas of 
understanding such as the pharmacology of 
cannabinoid- based treatments and practical con-
siderations for its safe use.

The cannabis plant has a fascinating history 
and unique, still understudied pharmacology. 
There is much discovery to be made in order to 
understand its therapeutic potential and relation-
ship with the human body.
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The Endocannabinoid System

Glenn R. Rech and Samer N. Narouze

 Introduction

The endocannabinoid system (ECS) present in all 
animals, including vertebrates (mammals, birds, 
reptiles, and fish) and invertebrates (sea urchins, 
leeches, mussels, nematodes, and others), arose 
in the phylogeny concurrently with the develop-
ment of the nervous system [1]. The hydra  
(H. vulgaris), a cnidarian in the class Hydrozoa, 
is one of the first animals with a neural network. 
The major function of the ECS in this primitive 
organism was determined by De Petrocellis in 
1999, to control its feeding response [2]. The ECS 
was discovered secondary to the discovery of the 
structure of the psychotropic phytocannabinoid, 
Δ-9-tetrahydrocannabinol (THC). Cannabinoid 
receptor 1 was found during the search for the 
biological target(s) for THC [3].

There are at least two types of cannabinoid 
receptors, CB1 and CB2; both are protein cou-
pled. CB1 receptors are expressed predominantly 
at nerve terminals and mediate inhibition of 
transmitter release, whereas CB2 receptors are 
found mainly on immune cells. The ECS system 
also includes endogenous agonists for cannabi-
noid receptors. These endogenous agonists are 

synthesized on demand and removed from their 
sites of action by cellular uptake and intracellular 
enzymatic hydrolysis [4].

 Brief History of Cannabis and Hemp

The utilization of cannabis for pain can be traced 
back to ancient Chinese texts, dating to 
2900 B.C. The Shennong Ben Cao Jing, a Chinese 
encyclopedia on agriculture and medicine, con-
tains the oldest written record of cannabis as a 
medicine, recommending cannabis for constipa-
tion, rheumatic pain, female reproductive tract 
disorders, and malaria [5].

In terms of American history, it was reported 
that in 1492 Christopher Columbus brought can-
nabis as rope of hemp into the New World. 
Without hemp, Columbus would never have been 
able to discover the New World. The sails and 
ropes of his three ships were made of hemp. The 
cracks between the planks were filled with hemp 
to make the ships watertight. No other natural 
fiber can withstand the forces of the open ocean 
and the stresses of salt water. Moreover, the hold 
of his flagship, the Santa Maria, was filled with 
hemp seeds. These served not only as a protein- 
rich source of nutrition for the crew; they were 
being shipped so that hemp could be planted in 
any newly discovered regions. Furthermore, the 
ships’ lamps were fueled using hemp oil, and 
these lamps allowed Columbus to read the Bible, 
the pages of which were made of hemp, in the 
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evening in his nightshirt, which was also made of 
hemp. In short, hemp was an essential part of 
Columbus’s 7-month long sea voyage [6].

In 1619, Jamestown colony law declared that 
all settlers were required to grow cannabis. 
George Washington grew cannabis for fiber 
production at Mount Vernon as his primary 
crop.

 Components of the Endocannabinoid  
System (ECS)

The ECS system is composed of receptors, trans-
porters, and enzymes that support and control the 
various actions of endogenous cannabinoids 
(eCBs), both in the central nervous system and at 
the periphery. It is striking that at least 12 recep-
tors are activated by eCBs in the same cell. both 
on the plasma membrane (where they can have an 
extracellular or an intracellular binding site) and 
in the nucleus [7].

The discovery of cannabinoid receptors, fol-
lowed by endogenous cannabinoids and their 
regulatory metabolic and catabolic enzymes, led 
to the identification of the endocannabinoid sys-
tem [8] (Table 6.1).

 1. Cannabinoid receptors [CB1, CB2, and, the 
ionotropic cannabinoid receptor, transient 
receptor potential vanilloid 1 (TRPV1)]

 2. Endogenous cannabinoids [or endocannabi-
noids, anandamide (AEA), and 
2- arachidonoylglycerol (2-AG)]

 3. The regulatory metabolic and catabolic 
enzymes [fatty acid amide hydrolase (FAAH), 
monoacylglycerol lipase (MAGL), and 
others]

Another recent article expresses the opinion of 
the composition of the ECS to include receptors 
with an extracellular binding site such as CB1 
and CB2, as well as G protein-coupled orphan 
receptors (GCPRs) 55 and 119; receptors with an 
intracellular binding site such as transient recep-
tor potential vanilloid 1 (TRPV1), TRPV2, 
TRPV3, TRPV4, TRPA1, and TRPM8; and tran-
scription factors such as nuclear peroxisome 

proliferator- activated receptors (PPARs). Three 
subtypes of PPARs are known: PPAR-alpha, 
PPAR-delta, and PPAR-gamma [7].

 eCBs and Their Signal Transduction 
Pathways

Both CB1 and CB2 receptors are members of the 
GPCR family. AEA and 2-AG, the two well- 
documented endogenous cannabinoids, possess 
distinct properties. AEA is a high-affinity partial 
agonist of CB1 receptors and almost inactive at 
CB2 receptors. 2-AG acts as a full agonist at both 
CB receptors with moderate to low affinity [9]. 
The basal level of 2-AG is approximately 1000 
times higher than AEA in the brain [10]. In most 
cases, 2-AG is expressed in the postsynaptic 
membrane. It is then released into and traverses 
the extracellular space, by an unknown mecha-

Table 6.1 The endocannabinoid system

Components of the endocannabinoid system
Cannabinoid 
receptors

CB1 and CB2
Transient receptor potential 
vanilloid 1 (TRPV1), TRPV2, 
TRPV3, TRPV4, TRPA1, and 
TRPM8
G protein-coupled orphan 
receptors (GCPRs): GCPR55 
and GCPR119
Nuclear peroxisome 
proliferator-activated receptors 
(PPARs): PPAR-alpha, 
PPAR-delta, and PPAR-gamma

Endogenous 
cannabinoids
(endocannabinoids)

Anandamide (AEA)
2-Arachidonoylglycerol (2-AG)
2-Arachidonyl glyceryl ether 
(2-AGE, Noladin ether)
Virodhamine
Palmitoylethanolamide
N-Arachidonoyl dopamine
N-Arachidonylglycine
Oleamide
Oleoylethanolamine

Transporters Anandamide membrane 
transporter (AMT) 
Endocannabinoid membrane 
transporter (EMT)

Metabolic enzymes Fatty acid amide hydrolase 
(FAAH)
Monoacylglycerol lipase 
(MAGL)
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nism, where it binds to the CB1 receptor. 
Activated CB1 receptors suppress the release of 
neurotransmitters by inhibiting voltage-gated 
Ca2+ channels, reducing Ca2+ influx and inhibit-
ing adenylyl cyclase, which reduces cAMP pro-
duction. Both CB1 and CB2 receptors activate 
mitogen-activated protein kinase (MAPK) 
enzymes which are involved in a wide variety of 
vital signaling cascades in many cellular 
responses, including cell proliferation, migration, 
transformation, and death [11]. CB2 receptors, 
commonly referred to as “peripheral” cannabi-
noid receptors, are expressed mainly on immune 
cells, such as macrophages, CD4+ T cells, CD8+ 
T cells, B cells, natural killer cells, monocytes, 
and polymorphonuclear neutrophils. The extent 
of their expression in healthy central nervous sys-
tem tissue is quite controversial [12].

 Complexity of the Endogenous 
Cannabinoid System

Receptor-mediated activation by eCBs depends 
on their cellular concentration, which in turn 
depends on a balance between synthesis and deg-
radation operated by different biosynthetic and 
hydrolytic enzymes. ECBs have a short (approxi-
mately 15  minutes) period of activity [7]. 
Metabolic enzymes and transporters are respon-
sible for their timely delivery at the right concen-
tration and to the right target within the cell 
(Fig.  6.1). CB2 receptors have been found on 
microglia cells. Microglia are derived from mac-
rophages and can be viewed as the resident 
immune cells of the brain where they monitor the 
brain for pathological damage. In response to 
specific signals within the brain, they transition 
between different states of activity. The expres-
sion of CB2 receptors depends on the activation 
state of the cell [12].

Interestingly, cannabidiol (CBD) does not 
activate CB1 or CB2 receptors, which likely 
accounts for its lack of psychotropic activity. 
However, CBD interacts with many other signal-
ing systems, including the orphan GPCR and 
GPR55 receptors [13].

 CB1 and CB2 Receptor

The discovery in 1990 that an orphan G protein- 
coupled receptor (SKR6) derived from a rat cere-
bral cortex mediates pharmacological effects of 
THC established the identity of the first cannabi-
noid receptor CB1 [14]. In 1993, a G protein- 
coupled receptor (CX5) expressed in the human 
promyelocytic leukemic cell line HL60 was as a 
second cannabinoid receptor and named CB2 
[15]. Both CB1 and CB2 are G protein-coupled 
receptors (GPCR), also called seven- 
transmembrane receptor. Protein located in the 
cell membrane binds extracellular substances and 
transmits signals from these substances to an 
intracellular molecule called a G protein (gua-
nine nucleotide-binding protein). CB1 receptors 
are densely populated in the nervous system, sub-
stantia nigra, pars reticulata, and globus pallidus 
[16]. CB2 receptors have been located mainly on 
immune cells [12].

 Other Receptors

If we include components that respond to endog-
enous endocannabinoids, the non-selective cat-
ionic channel type-1 vanilloid receptor (transient 
receptor potential vanilloid 1, TRPV1), usually 
activated by capsaicin, heat, and acid, should be 
included. TRPV1 is activated by AEA, but not 
2-AG [17].

Peroxisome proliferator-activated receptors 
(PPARs) are import modulators of cellular 
metabolism in metabolically active tissues 
including liver and adipose tissue. PPARs are 
nuclear receptors which, when activated, trans-
activate target genes involved in metabolic regu-
lation, energy homeostasis, and cell 
differentiation. The cannabinoid AEA can bind 
to PPARα [18].

GPR55 has been labeled as an orphan canna-
binoid receptor. The status of GPR55 as a can-
nabinoid receptor is controversial. GPR55 is 
abundantly expressed in large-diameter dorsal 
root ganglion (DRG) neurons [19].

6 The Endocannabinoid System
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 Transporters

The eCBs, anandamide (AEA), and 
2- arachidonoylglycerol (2-AG) activate cell- 
surface CB1 and CB2 receptors and additional 
intracellular CB receptors [20]. In the brain, Wilson 
and Nicoll identified eCBs as retrograde signaler, 
involving these retrograde messengers that locally 
initiate a signaling cascade in the presynaptic axon 
terminal [21]. How do these eCBs move to loca-
tions of activity? Early observations suggest that 
eCBs are accumulated via a transporter. These car-
riers have been labeled anandamide membrane 
transporter (AMT) or endocannabinoid membrane 
transporter (EMT) [22].

 Enzymes

2-AG and AEA are enzymatically hydrolyzed by 
fatty acid amide hydrolase (FAAH) or monoacyl-
glycerol lipase (MAGL). For AEA, the principal 

metabolic pathway is hydrolysis to arachidonic 
acid by an enzyme fatty acid amide hydrolase 
(FAAH). 2-AG can be metabolized by FAAH; 
however in the brain MAGL is the more impor-
tant enzyme [23].

 Physiological Actions of ECS

The presence of ECS in vertebrates, mammals, 
and humans implies a role in several physiologi-
cal processes, including appetite, cancer, cardio-
vascular diseases, fertility, immune functions, 
memory, reward, coordination, temperature con-
trol, neuroprotection, and pain modulation [17] 
(Fig. 6.2).

The regulation of pain is one of the earliest 
medical requests of the cannabinoids. Numerous 
studies have documented the analgesic effects of 
cannabinoids in various types of pain, including 
chemical, mechanical, thermal, neuropathic, and 
inflammatory pain [24].

Fig. 6.1 The endocannabinoid signaling and metabolism. (a) 2-Arachidonoglycerol (2-AG) is synthesized by two dif-
ferent metabolic pathways: via the cleavage of diacylglycerol by diacylglycerol lipase (DAGL), where diacylglycerol is 
released from membrane phospholipids by phospholipase C (PLC), or via the action of phospholipase A1 (PLA1), 
releasing an sn-1 lysophospholipid from membrane phospholipids, which is cleaved by lyso-PLC in order to generate 
2-AG. On the other hand, a calcium-dependent trans-acylase (NAT) acts on glycerophospholipids and phosphatidyl-
ethanolamine, resulting in N-arachidonoyl-phosphatidylethanolamine (NArPE), which is then cleaved by a calcium- 
dependent NAPE (N-acyl-phosphatidylethanolamine)-specific phospholipase D (NAPE-PLD), releasing 
N-arachidonoylethanolamine (anandamide, AEA) from membrane lipids. While hydrolysis of AEA occurs postsynapti-
cally, via fatty acid amide hydrolase (FAAH) into arachidonic acid and ethanolamine, 2-AG is hydrolyzed by monoac-
ylglycerol lipase (MAGL) into arachidonic acid and glycerol presynaptically. AEA and 2-AG are usually synthesized 
postsynaptically and are released “on demand” to the synaptic cleft, where they modulate presynaptic glutamatergic or 
GABAergic signaling by binding to CB1R or CB2R. (b) Non-retrograde signaling. AEA and 2-AG signal autocrinally 
and non-retrogradely the postsynaptic neuron, modulating synaptic transmission. (c) Neuron-glia signaling. 
Endocannabinoids produced by neurons can bind to the cannabinoid receptors expressed in astrocytes and microglia. 
This neuron-glia signaling is able to modulate several responses. (d) eCB structures. 2-AG and AEA have similar 
molecular structures. They are both polar ester lipids formed by the bond of the omega-6 fatty acid arachidonic acid 
with either glycerol (to form 2-AG) or ethanolamine (to form AEA). (Source: https://www.ncbi.nlm.nih.gov/corecgi/
tileshop/tileshop.fcgi?p=PMC3&id=442443&s=87&r=4&c=3. Rodrigues RS, et  al. Cannabinoid Actions on Neural 
Stem Cells: Implications for Pathophysiology. Molecules. 2019 Apr 5;24(7):1350. doi: https://doi.org/10.3390/mole-
cules24071350. This article is an open-access article distributed under the terms and conditions of the Creative 
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/))
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In approximately 30 years, the endogenous 
cannabinoid system has been discovered, compo-
nents identified and isolated, and characterized 
physiologic properties. Antinociceptive proper-
ties have been allocated to the main cannabinoid 
receptors, CB1 and CB2. Further research is 
essential to characterize the integration of the 
ECS within the pain model.
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Cannabinoid Receptor 1 (CB1)

Glenn R. Rech and Samer N. Narouze

 CB1 Receptors

The CB1 receptor was discovered after the iso-
lation of Δ-9-tetrahydrocannabinol (THC), the 
main psychoactive component of marijuana [1]. 
CB1 is encoded by the gene CNR1, located on 
chromosome 6, and consists of 472 amino acids 
in humans (Fig.  7.1). CB1 along with CB2 
belongs to the superfamily of G protein-coupled 
receptors (GPCRs). These receptors are charac-
terized by a conserved structure consisting of an 
extracellular N-terminal domain, seven trans-
membrane domains, and a C-terminal intracel-
lular tail (Fig.  7.2). When CB1 receptors are 
activated, adenylyl cyclase is inhibited, mitogen- 
associated protein kinase is activated, and cal-
cium and potassium ion channels are regulated 
by signaling through G i/o proteins [2]. CB1 was 
first discovered in the brain. Later, by using 
autoradiography, in situ hybridization, and 
immunohistochemistry, CB1 was proven to be 
the most widely expressed receptor protein from 
the GPCR family in the brain [3]. Ligand bind-
ing sites for CB1 are distributed widely in the 
brain at various levels depending on the regions 
and the neuron types within a given region. 

High levels are observed in the innermost layers 
of the olfactory bulb, hippocampus, lateral part 
of the striatum, target nuclei of the striatum (i.e., 
globus pallidus, entopeduncular nucleus, sub-
stantia nigra pars reticulata), and cerebellar 
molecular layer. The thalamus, other nuclei in 
the brain stem, and spinal ventral horn are low 
in ligand binding. Generally low levels of ligand 
binding in the lower brain stem areas that con-
trol cardiovascular and respiratory functions 
may explain why high doses of cannabinoids are 
not lethal [4].

The CB1 receptors are also expressed in the 
peripheral nervous system. In the peripheral ner-
vous system, the CB1 receptors are mostly 
expressed in the sympathetic nerve terminals. 
Agonists binding to the CB1 receptors are associ-
ated with the cardiovascular system: promote pro-
inflammatory effects [5]. Likewise agonist 
binding to the CB1 receptors expressed within the 
gastrointestinal tract may contribute to obesity. 
CB1 receptors are also found in the liver, muscles, 
bones, reproductive system, and skin [5].

 CB1 Receptor Physiology, 
Pathology, and Pharmacology

Like many GPCRs, the CB1 receptors are pri-
marily located in the cell membrane where they 
are activated by their ligands. However consider-
able observations have reported predominant 
intracellular localization of CB1 receptors in 
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diverse cell types. Following agonist stimulation, 
the CB1 receptors are endocytosed and targeted 
for degradation [6]. Clathrin, a protein described 
as a triskelion with three kinked legs that radiate 
from a central vertex, provides a pit for invagina-
tion of the plasma receptor, placing them into the 
cellular cytoplasm [7]. Additionally, diverse 
intracellular localization of endogenously 
expressed CB1 receptors was reported in studies 
using antibodies that recognize an N-terminal 
epitope of the receptor [2].

The level and duration of CB1 signaling activ-
ity are regulated by the two distinct processes of 
desensitization and endocytosis. Desensitization 
begins within seconds of agonist exposure and 
involves phosphorylation of agonist-activated 
receptors by GPCR kinases. β-arrestin 1 and 
β-arrestin 2 immediately bind to the agonist- 
occupied, phosphorylated GPCR which prevents 
G protein-mediated signal transduction, while 
the GPCR-arrestin complex associates with 
clathrin to initiate GPCR endocytosis [2] 
(Fig. 7.3).

CB1 signaling involvement has also been dis-
covered from within neuronal cells. Cannabinoid 
receptor-interacting protein 1a (CRIP1a) binds to 
the CB1 receptor C-terminus and can attenuate 
constitutive CB1 receptor-mediated inhibition of 
Ca2+ channel activity. Thus, CRIP1a appears to 
act as a broad negative regulator of CB1 receptor 
function [8].

 CB1 Signaling

CB1 receptors are located mainly on the presyn-
aptic terminal. The presynaptic localization indi-
cates that cannabinoids modulate 
neurotransmitter release from axon terminals. 
The effect of cannabinoids on synaptic function 
consists of inhibition of release of a variety of 
neurotransmitters as well as the electrical activ-
ity accompanying depolarization. The neu-
rotransmitters whose release is inhibited by 
activation of cannabinoid receptors include 
L-glutamate, GABA, noradrenaline, dopamine, 

Fig. 7.1 CB1 receptor, blue, and CB2 receptor, green. https://commons.wikimedia.org/wiki/File:Cb1_cb2_structure.
png
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serotonin, and acetylcholine [9]. Therefore, 
depending on the state of the presynaptic termi-
nal, endocannabinoids induce either suppression 
of inhibition or suppression of excitation, 
namely, depolarization-induced  suppression of 
inhibition (DSI) or depolarization-induced sup-

pression of excitation (DSE). DSI is a form of 
fast retrograde signaling from postsynaptic neu-
rons back to inhibitory cells that innervate them 
[10]. DSE, likewise, is a form of fast retrograde 
signaling from postsynaptic neurons back to 
excitatory cells that innervate them [11].

Fig. 7.2 CB1 receptor. 
https://commons.
wikimedia.org/wiki/
File:Cannabinoid_CB1_
Receptor.png
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 CB1 Receptor Distribution

Understanding the distribution of CB1 receptors 
has proved helpful to both predict and understand 
the effects of cannabinoids. For example, the 
high CB1 receptor levels found in the cortex, 
basal ganglia, and cerebellum coincide with the 
prominent effects cannabinoids have on func-
tions attributed to these areas. The low levels 
present in the medullary nuclei responsible for 
regulating respiration are consistent with the 
 limited effects cannabinoids have on the respira-
tory center [4].

 Neocortex

In the neocortex, almost all neurons expressing 
CB1 at high or moderate levels are likely to be 

inhibitory due to the tight correlation between 
glutamate decarboxylase and CB1 mRNA 
expression [12].

 Hippocampus

The hippocampus expresses high levels of can-
nabinoid receptors. One of the most common 
effects of cannabinoid intoxication in humans 
and animals is the impairment of spatial working 
memory due to activation of astroglial CB1 
receptors. The proposed process is described by 
activation of the astroglial CB1 receptor to 
increase ambient glutamate, which in turn acti-
vates NR2B-containing N-methyl-D-aspartate 
receptors (NMDAR). Activation of NR2B- 
containing NMDAR triggers α-amino-3- 
hydroxy-5-methyl-isoxazole propionic acid 

Fig. 7.3 CB1 receptor signaling and biased agonism. 
Upon agonist binding and stimulation of cannabinoid 
receptors, G proteins dissociate into α and βγ subunits 
activating intracellular signaling pathways. G protein- 
coupled receptor kinases (GRKs) phosphorylate the intra-
cellular domains of agonist-activated G protein-coupled 
receptors. The phosphorylated (P) cannabinoid receptor- 
β- arrestin complex initiates endocytosis, internalization, 

and desensitization. Modified from Howlett and Abood 
[18]. cAMP, cyclic adenosine monophosphate; CB1, can-
nabinoid receptor type 1; DAG, diacylglycerol; GPCR, G 
protein-coupled receptor; GRKs, G protein- coupled 
receptor kinases; IP3, inositol triphosphate; PKC, protein 
kinase C; PLC, phospholipase C. Used with permission 
from Samer Narouze, MD, PhD

G. R. Rech and S. N. Narouze



51

receptor (AMPAR) internalization at CA3-CA1 
synapses. These events ultimately induce long- 
term depression of synaptic CA3-CA1 firing and 
spatial working memory (SWM) [13, 14].

 Hypothalamic

Hypothalamic pro-opiomelanocortin (POMC) 
neurons promote satiety. CB1 receptors are criti-
cal for central regulation of food intake. POMC 
neurons have been considered as key drivers of 
cessation of feeding. CB1 activation increases 
feeding, and notably, CB1 activation also pro-
motes neuronal activity of POMC cells. This 
paradoxical increase in POMC activity was cru-
cial for CB1-induced feeding because designer- 
receptors- exclusively-activated-by-designer-
drugs (DREADD)-mediated inhibition of POMC 
neurons diminishes, whereas DREADD- 
mediated activation of POMC neurons enhances 
CB1-driven feeding. The POMC gene encodes 
both the anorexigenic peptide α-melanocyte- 
stimulating hormone and the opioid peptide 
β-endorphin. CB1 activation selectively increases 
β-endorphin but not α-melanocyte-stimulating 
hormone release in the hypothalamus. 
Noteworthy, naloxone, an opioid receptor antag-
onist, blocked acute CB1 receptor activation- 
induced feeding [15].

CB1 activation had a bimodal effect, in which 
lower doses of the CB1 agonist, ACEA, induced 
depolarization of POMC neurons (200  nM), 
while higher doses hyperpolarized these cells 
(1  μM) [15]. Using immunolabeling, CB1 
receptors were detected in both GABAergic and 
glutamatergic presynaptic terminals of POMC 
neurons.

 Midbrain Periaqueductal Gray; Brain 
Stem Rostral Ventromedial Medulla

The midbrain PAG is part of the descending 
inhibitory system responsible for inhibiting pain 
processing at the spinal cord level. The PAG 

sends mono-synaptic projections to the rostral 
ventromedial medulla (RVM) modulating ON- 
and OFF-cells. When activated these cells are 
responsible, respectively, for facilitating and 
inhibiting pain at the spinal cord level [16]. This 
PAG-RVM circuitry expresses several neu-
rotransmitters systems; among them is the can-
nabinoid system [17].

CB1 receptors, the most abundant cannabi-
noid receptor, are present in nervous system 
areas involved in modulating nociception, and 
evidence supports a role of the endocannabi-
noids in pain modulation. However, widespread 
distribution accompanied by expression on vari-
ous presynaptic neuron clouds research on anti-
nociceptive agents.

 Tolerance

Cannabinoid tolerance develops in the absence of 
pharmacokinetic changes. Therefore, biochemi-
cal and/or cellular changes are responsible for 
this adaptation [18]. One hypothesis for tolerance 
development is that receptors lose function dur-
ing chronic agonist stimulation. The phenome-
non of receptor downregulation has been 
observed with cannabinoid receptors. A compre-
hensive study examining the time course of 
changes in cannabinoid-stimulated [35S]GTPγS 
binding and cannabinoid receptor binding in both 
rat brain sections and membranes, following 
daily Δ9-THC treatments for 3, 7, 14, and 21 days, 
found time-dependent decreases in both [35S]
GTPγS binding and [3H]WIN 55212-2 and [3H]
SR141716 binding in the cerebellum, hippocam-
pus, caudate-putamen, and globus pallidus, with 
regional differences in the rate and magnitude of 
downregulation and desensitization [19]. 
β-arrestin 2 regulates CB1 receptor signaling and 
adaptation in a central nervous system region- 
dependent manner [20, 21].

CB1 receptor downregulation following 
chronic cannabis exposure in humans has also 
been reported using positron emission tomogra-
phy [22]. Interestingly, regional specificity of 
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downregulation was also observed in cannabis- 
dependent people, with reduction in cortical 
areas but not in non-cortical areas [23]. The 
receptor downregulation correlated with years of 
cannabis smoking and was reversible upon cessa-
tion. The authors concluded that cortical CB1 
cannabinoid receptor downregulation is a neuro-
adaptation that may promote cannabis depen-
dence in human brain [22, 23].

 CB1 Receptor Ligands

CB1 receptor ligands are summarized in 
Table 7.1.

Ligands affect CB1 differently than CB2 and 
point to principles that could inform rational and 
selective drug design. The yin-yang relationship 
of CB1 and CB2 will facilitate the design of 
selective drugs [24] (Fig. 7.4).

Table 7.1 Cannabinoid receptor 1 (CB1) ligands

Agonists Full Endocannabinoid 2-Arachidonoylglycerol (2-AG)
Synthetic AM-2201

CP 55,940
JWH-018
WIN 55,212-2

Partial Endocannabinoid Anandamide (AEA)
2-Arachidonyl glyceryl ether (2-AGE, noladin 
ether)

Phytogenic Tetrahydrocannabinol (THC)
Synthetic JWH-073

Selective Endocannabinoid Oleamide
Phytogenic Epigallocatechin (EGCG)

Epicatechin
Kavain
Yangonin

Unspecified 
efficacy

Endocannabinoid N-Arachidonoyl dopamine (NADA)
Phytogenic Cannabinol

11-Hydroxy-THC (THC metabolite)
Synthetic Levonantradol

HU-210
Minocycline

Allosteric 
modulators

NAM Endocannabinoid Pregnenolone
Pepcan-12

Phytogenic Cannabidiol (CBD)
Synthetic Fenofibrate

GAT100
GAT228
PSNCBAM-1
RVD-Hpα

PAM Endocannabinoid Lipoxin A4
Synthetic ZCZ-011

Inverse agonists Synthetic Rimonabant
Taranabant

Antagonists Endocannabinoid Virodhamine
Phytogenic Cannabigerol (CBG)

Tetrahydrocannabivarin (THCV)
Synthetic Ibipinabant

Otenabant
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Cannabinoid Receptor 2 (CB2)

Glenn R. Rech and Samer N. Narouze

 Cannabinoid 2 Receptor

The cannabinoid type 2 (CB2) receptor is a G 
protein-coupled receptor that was cloned in 1993 
and consists of 360 amino acids in humans. This 
is somewhat shorter than the 472 amino acid long 
CB1 receptor. It is encoded by the gene CNR2, 
located on chromosome 1. As is common with G 
protein-coupled receptors, the CB2 receptor has 
seven transmembrane spanning domains, a gly-
cosylated extracellular N-terminus, and an intra-
cellular C-terminus (Fig. 8.1).

It shares only 44% sequence homology with 
CB1 receptor at the protein level in humans. Two 
isoforms of CB2 receptor have been identified 
[1]. Traditionally, CB2 receptors have been con-
sidered as the peripheral cannabinoid receptors. 
Later, these receptors have been located through-
out the central nervous system exhibiting several 
unique features [2]. Compared with CB1 recep-
tors, CB2 receptors located in the brain have 
lower expression levels than CB1 receptors. 
Brain CB2 receptors are highly inducible [3].

Unfortunately, CB2 receptors’ modulation of 
neuronal functions, including ion channels, 
receptors, synaptic transmission, and plasticity, 

has not been well investigated. Reasons put forth 
include (1) lack of highly selective CB2 receptor 
antibodies, (2) lack of full knockout CB2 recep-
tor mice, and (3), under some conditions, CB1 
and CB2 receptors can form a heteromer, which 
makes the identification of CB2 receptors’ func-
tion even more complex and difficult [2].

 CB2 Receptor Physiology 
and Pharmacology

CB2 receptors share the seven-transmembrane 
structure, although about 25% shorter than CB1 
receptors. Receptor modulation triggers adenylyl 
cyclase inhibition and promotes MAPK activation. 
Initial experiments failed to detect functional cou-
pling of CB2 receptors to G protein gated inwardly 
rectifying potassium channels and calcium chan-
nels. The failure to detect ion channel modulation 
can be attributed to the functional selectivity of the 
ligands used in the earliest studies [4].

CB2 receptor-mediated pertussis toxin- 
sensitive Gi/o protein stimulation leads to inhibi-
tion of adenylyl cyclase and decreased cAMP 
levels. Pertussis toxin, which blocks the function 
of the heterotrimeric Gi and Go proteins through 
ADO ribosylation, attenuates the ability of ago-
nists to inhibit cAMP accumulation in both CB2 
and CB1 cells [5].

CB2 receptors appear to poorly modulate cal-
cium channels or inwardly rectify potassium 
channels. This is a key difference between CB1 
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and CB2 receptors [5]. Of further interest, CB2 
receptors from different species often have differ-
ent pharmacological responses to identical drugs, 
complicating the drug discovery process [6].

Most G protein-coupled receptors undergo 
some degree of internalization following agonist 
binding. Like CB1 receptors, CB2 receptors 
internalize in response to an agonist, but in vary-
ing degrees [7].

CB2 receptors are highly inducible. CB2 
receptor mRNA levels often increase by as much 
as 100-fold following nerve injury or during 
inflammation [7].

 CB2 Receptor Distribution

Human CB2 receptors are expressed in two iso-
forms, labelled hCB2A and hCB2B.  Human 
hCB2A promoter transcription is stronger in the 
testis and brain regions, whereas hCB2B pro-

moter transcription is stronger in the spleen, leu-
cocytes, and other peripheral tissues. hCB2A 
expression in brain regions was observed in the 
amygdala, caudate, putamen, nucleus accum-
bens, cortex, hippocampus, and cerebellum at 
low levels [8].

CB2 receptors have been labelled as “periph-
eral cannabinoid receptor.” Munro and colleagues 
cloned a receptor for cannabinoids that is not 
expressed in the brain but rather in macrophages 
in the marginal zone of the spleen [9]. CB2 recep-
tor mRNA has been identified in many immune 
tissues. Macrophages, CD4+ T cells, CD8+ T 
cells, B cells, natural killer cells, monocytes, and 
polymorphonuclear neutrophils have the highest 
levels of mRNA [10].

Microglia are derived from macrophages and 
can be viewed as the resident immune cells of the 
brain where they monitor the brain for pathologi-
cal damage. In response to specific signals within 
the brain, they transition between different states 

Fig. 8.1 CB1 receptor, blue, and CB2 receptor, green. https://commons.wikimedia.org/wiki/File:Cb1_cb2_structure.
png
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of activity. The expression levels of CB2 recep-
tors in microglia vary depending on the activation 
state of the cell [11]. CB2 receptors modulate 
microglial migration and infiltration into brain 
areas with active neuroinflammation and degen-
eration [10].

Stempel et al. have demonstrated CB2 recep-
tors on postsynaptic pyramidal neuronal cells 
located in the hippocampus. The authors sug-
gested, on a cellular level within the hippocam-
pus, CB1 receptors expressed presynaptically 
and CB2 receptors expressed postsynaptically 
modulate neuro-chemical transmission [12].

 CB2 Signaling

Around the time that CB1 and CB2 receptors 
were cloned, anandamide and 
2- arachidonylglycerol (2-AG) were identified as 
endogenous cannabinoid agonists. 2-AG is a 
high-efficacy agonist at the CB2 receptor [13]. 
Both Δ-9-THC and anandamide display lower 
relative intrinsic activity for CB2 receptor than 
for CB1 [14].

Dhopeshwarkar et al. describe a phenomenon 
in which different agonists activate distinct (or 
overlapping) intracellular signaling pathways, 
termed functional selectivity. Functional selectiv-
ity, or biased agonism or stimulus trafficking, is 
noted as different agonists activating signaling 
pathways with different potencies. A balanced 
agonist activates all pathways similarly, whereas 
a biased agonist shows bias toward subset path-
ways [7].

CB2 ligands show functional selectivity. 
Shoemaker et  al. found that endocannabinoids 
activated distinct signaling pathways with varied 
and order potencies in CHO cells transfected 
with CB2 receptors. 2-AG was most potent in 
activating the extracellular signal-regulated 
kinases 1/2 (ERK1/ERK 2), but higher concen-
trations were needed to inhibit adenylyl cyclase 
and induce calcium passing [13].

 CB2 Chronic Pain Models

The regulation of pain is one of the earliest med-
ical applications of cannabinoids. Numerous 
studies have documented the analgesic effects 
of cannabinoids in different types of pain, 
including chemical, mechanical, thermal, neu-
ropathic, and inflammatory pain. CB2 receptors 
have been labelled the “peripheral cannabinoid 
receptor” resulting from initial isolation in the 
spleen of a rat.

Complete Freund’s adjuvant (CFA) model, 
which induces nociception and rodent paw swell-
ing, osteoarthritis (OA) produced by intra- 
articular injection of monosodium iodoacetate 
(MIA), and the collagen-induced arthritis (CIA) 
model are well-characterized long-term inflam-
matory pain models. CB2 receptor gene expres-
sion was significantly upregulated in dorsal root 
ganglion (DRGs) ipsilateral to injury under 
inflammatory and neuropathic pain conditions, 
suggesting that these receptors play an integral 
role in the modulation of chronic inflammatory 
pain [15, 16].

Burston et  al. studied the arthritis-producing 
chemical into the knee joint of rats. They deter-
mined the expression and localization of CB2 
receptors were significantly increased in the ipsi-
lateral spinal cord of the MIA-treated rats .
Systemic administration of a CB2 receptor ago-
nist (JWH133) attenuated the knee pain associ-
ated with MIA-induced arthritis in the rat model. 
The authors concluded that acute activation and 
upregulation of spinal CB2 receptors selectively 
attenuate spinal neuronal processing of noxious 
inputs, and JWH133 attenuated the development 
and maintenance of pain behavior (weight bear-
ing on the affected knee joint) [17].

Neuropathic pain is a severe chronic, debilitat-
ing condition associated with nerve injury. 
Assessing neuropathic pain behavior in rodents is 
crucial to validate pain models. Using comple-
mentary genetic and pharmacological approaches, 
distinct components of the cannabinoid system 
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(i.e., genetic deletion, -/- CB1, -/- CB2 receptors) 
have emerged as promising targets to treat neuro-
pathic pain. Presently, models show both CB1 
and CB2 receptor agonists contribute to antinoci-
ceptive effects [15].

Microglia are one of the first spinal cord cell 
types to be activated with peripheral nerve injury, 
which continues for several months. Stimulation 
of CB2 receptors expressed on immune cells by 
either NESS400 or JWH-015, two known CB2 
agonists, led to the attenuation of pain hypersen-
sitivity in several animal models of neuropathy. 
There was a parallel decrease in microglial 
 activation and an increase in anti-inflammatory 
cytokines [18].

 Tolerance

The CB2 receptor is desensitized and internal-
ized following agonist treatment in vitro [4]. The 
first studies were conducted in human CB2- 
transfected CHO cells and demonstrated that 
phosphorylation at S352 appears to play a key 
role in the loss of responsiveness of the CB2 
receptor to CP-55,940. Furthermore, SR144528 
could regenerate the desensitized CB2 receptors 
by activating a phosphatase that dephosphory-
lated the receptor [19]. Atwood et  al. observed 
marked functional selectivity of cannabinoid 
receptor internalization, where WIN55,212-2 did 
not produce internalization, nor did most of the 
aminoalkylindoles tested. They reported that 
Δ-9-THC did not produce any internalization of 
HEK-293 cells expressing rat CB2, but com-
pounds that are structurally similar to Δ-9-THC 
notably JWH133, THCV, and HU210 did [4].

Another study utilizing cultured rat microglia 
cells revealed chronic exposure to 2-AG increased 
CB2 receptor internalization [20]. Hence, the 
pharmacological properties and phosphorylation 
state of the CB2 receptor can be regulated by 
both agonists and antagonists, but this appears to 
be agonist selective. Whether this is also true 
in vivo remains to be defined [21].

Alternatively, Deng et  al. demonstrated in a 
mouse model that chronic cannabinoid CB2 
receptor activation reverses paclitaxel-induced 
allodynia without tolerance or cannabinoid 
receptor 1-dependent withdrawal. Tolerance was 
also not observed with the administration of a 
CB2 receptor analog AM1710 [22].

An overwhelming body of evidence indi-
cates that cannabinoids produce antinociceptive 
effects in inflammatory and neuropathic rodent 
pain models. CB2 receptors are expressed in 
the central nervous system. The challenges 
going forward include distinction among cell 
types associated with CB2 receptor binding, 
agonists which are species specific, and identi-
fication of agonists exclusively binding to CB2 
receptors.

 CB2 Receptor Ligands

CB2 receptor ligands are summarized in 
Table 8.1.

Ligands affect CB2 differently than CB1 and 
point to principles that could inform rational and 
selective drug design. The yin-yang relationship 
of CB2 and CB1 will facilitate the design of 
selective drugs [23] (Fig. 8.2).

Pepcan-12 will be reviewed as one example. 
Pepcan-12 (RVD-hemopressin) is the major 
peptide of a family of endogenous peptide 
endocannabinoids (pepcans) shown to act as 
negative allosteric modulators (NAM) of CB1 
receptors. On the other hand, it acts as a potent 
CB2 receptor positive allosteric modulator 
(PAM). It significantly potentiated the effects 
of CB2 receptor agonists, including the endo-
cannabinoid 2- arachidonoyl glycerol (2-AG), 
for GTPγS binding and cAMP inhibition (5–10 
fold). The wide occurrence of this endogenous 
hormone- like CB2 receptor PAM, with unfore-
seen opposite allosteric effects on cannabinoid 
receptors, suggests its potential role in periph-
eral pathophysiological processes [24] 
(Fig. 8.3).
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Table 8.1 CB2 receptor ligands

Agonists Full Endocannabinoid 2-Arachidonoylglycerol (2-AG)
2-Arachidonyl glyceryl ether

Phytogenic β-Caryophyllene
Synthetic CP55940

HU-210
HU-243
HU-308
JWH-018
JWH-133
L-759633
L-759656
Olorinab
UR-144
WIN 55,212-2

Partial Endocannabinoid Anandamide (AEA)
Virodhamine

Phytogenic Tetrahydrocannabinol (THC)
Cannabinol (CBN)
N-Alkylamide
3,3′-Diindolylmethane

Selective Synthetic AM1241 (ab120934)
Gp 1a (ab120344)

Unspecified 
efficacy

Synthetic AM-1221
AM-1235
AM-2232
JWH-007
JWH-015

Allosteric 
modulators

PAM Endogenous peptide 
endocannabinoids (pepcans)

Pepcan-12 (RVD-hemopressin)

Synthetic Compound C2
Inverse agonists Phytogenic ? Cannabidiol (CBD)

Synthetic 6-Iodopravadoline (AM-630)
BML-190 (indomethacin 
morpholinylamide, ab143353)
JTE-907
SR-144528 (ab146185)

Antagonists Iodopravadoline, AM-630
AM-10257
SR144528
TM-38837
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Fig. 8.2 The yin-yang relationship of CB2 and CB1 receptors. Ligands affect CB2 differently than CB1 receptors. 
(Adopted from Li X et al., Ref. [23], with permission)
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Endocannabinoids: Anandamide 
and 2-Arachidonoylglycerol (2-AG)

Danielle Despina Pete and Samer N. Narouze

 Introduction

Anandamide (N-arachidonoylethanolamine, 
AEA) and 2-arachidonoylglycerol (2-AG) are the 
two highly studied fatty acid neurotransmitters 
within the endocannabinoid system. The discov-
ery of anandamide and 2-AG stems from research 
on the mechanisms of action of delta-9- 
tetrahydrocannabinol (THC) [1]. The identity of 
anandamide and 2-AG was established in 1992 
and 1995, respectively [2, 3]. Both anandamide 
and 2-AG are analogous in structure and general 
function (Figs.  9.1 and 9.2). Differences dis-
played among the two are found in the biochemi-
cal pathways and mechanism of pharmacological 
actions [4].

 Biosynthesis and Breakdown 
Pathways

 Anandamide

Anandamide belongs to the N-acyl ethanolamine 
(NAEs) class and is derived from arachidonic acid 
(AA)-containing phospholipids. From the 

AA-containing phospholipids, a calcium- 
dependent biosynthesis pathway signals for anan-
damide to be made on demand in stimulated cells 
[5]. Once stimulated, AA-containing phospholip-
ids are synthesized via activity of 
N-acyltransferase, converting AA-containing 
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Fig. 9.1 Anandamide chemical structure. (Reprinted 
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phospholipids into N-arachidonoyl-phosphati-
dylethanolamine (NAPE). NAPE is hydrolyzed 
by a phospholipase D-like enzyme to create anan-
damide, making this the major pathway for anan-
damide biosynthesis [6]. The breakdown of 
anandamide is mediated by fatty acid amide 
hydrolase (FAAH) [4]. Once reuptake occurs into 

the cell, FAAH breaks anandamide down into ara-
chidonic acid and ethanolamine. Other break-
down pathways of anandamide include hydrolysis 
by N-acylethanolamine-hydrolyzing acid ami-
dase (NAAA) and oxygenation by cyclooxygen-
ase-2 (COX-2), lipoxygenase isoenzymes (LOX), 
and cytochrome P450 [7–10] (Fig. 9.3).

Fig. 9.3 Biosynthesis and metabolism of anandamide. 
Green arrows, binding and activation; red arrow, metab-
olism and breakdown; yellow arrows, oxidation. 
ABDH4 α/β-hydrolase domain type-4, CB1 cannabi-
noid receptor 1, CB2 cannabinoid receptor 2, COX2 
cyclooxygenase 2, FAAH fatty acid amide hydrolase, 
GDE1 glycerophosphodiester phosphodiesterase 1, 
MAGL monoacylglycerol lipase, NAPE-PLD N-acyl-
phosphatidylethanolamine-specific phospholipase D, 

NATs N-acyltransferases, PA phosphatidic acid, PLCβ 
phospholipase Cβ, PLD phospholipase D, 15-LOX 
15-lipoxygenase, PTPN22 protein tyrosine phosphatase 
non-receptor type 22, PGF2α prostaglandin F2alpha- 
ethanolamide, 15 HAEA 15(S)-HETE ethanolamide, 
TRPV1 transient receptor potential vanilloid type-1 
channel. (Reprinted with permission from ©Samer 
Narouze, MD, PhD)
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 2-AG

2-AG belongs to the monoacylglycerol class and 
is derived from the AA-containing phospholipids 
as anandamide. The corresponding on-demand 
synthesis driven by calcium-dependent biosyn-
thesis pathways also yields 2-AG. Diacylglycerol 
(DAG) is the precursor to 2-AG.

This synthesis pathway is a two-step process 
activating phospholipase C (PLC) to generate 

diacylglycerol (DAG), which is then hydrolyzed 
by DAG lipase to form 2-AG, and is thought to 
occur on postsynaptic neurons in dendritic spines 
and somato-dendritic compartments [5].

Another minor pathway forms 2-AG from 
phosphatidic acid hydrolysis [10] (Fig. 9.4).

The breakdown of 2-AG is mediated by a 
membrane-associated enzyme, monoacylglyc-
erol lipase (MAGL), which dissociates 2-AG into 
AA and glycerol [4].

Fig. 9.4 Biosynthesis and metabolism of 2-AG. Green 
arrows, binding and activation; red arrow, metabolism 
and breakdown; yellow arrow, oxidation. 2-AG 
2- arachidonoyl-glycerol, CB1 cannabinoid receptor 1, 
CB2 cannabinoid receptor 2, COX2 cyclooxygenase 2, 
DAG diacylglycerol, DAGL-α and DAGL -β diacylglyc-
erol lipase-α and diacylglycerol lipase-β, MAGL mono-

acylglycerol lipase, PA phosphatidic acid, PLCβ 
phospholipase Cβ, PLD phospholipase D, 15-LOX 
15-lipoxygenase, PGE2 prostaglandin E2-glycerol ester, 
PIP2 sn-2-arachidonoyl-phosphatidylinositol-4,5- 
bisphosphate, TRPV1 transient receptor potential vanil-
loid type-1 channel. (Reprinted with permission from 
©Samer Narouze, MD, PhD)
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 Endocannabinoids’ Mechanism 
of Action

As with the biochemical and breakdown path-
ways, the endocannabinoids display slight differ-
ences in their mechanism of action. The 
differences noted here are important to the over-
all action of the endocannabinoids in pain 
modulation.

 Anandamide

Anandamide is a partial agonist at both CB1 and 
CB2 receptors, but a full agonist at the ion chan-
nel receptor transient receptor potential vanilloid 
type 1 (TRPV1) [11]. Anandamide shows a selec-
tivity for the CB1 receptor [11]. Although anan-
damide is a partial agonist, it has a higher affinity 
to the CB1 receptor than 2-AG [1]. Once actions 
are carried out at the receptor, anandamide is 
thought to possibly be taken up by transport pro-
teins on both neurons and glia that mediate endo-
cannabinoid uptake [5]. Anandamide can play a 
dual role in nociception: antinociceptive at can-
nabinoid receptors and pronociceptive at the 
TRPV1 receptor [11]. Anandamide has a noted 
“tetrad effect” when injected into mice. The tet-
rad is a combination of inhibition of motor activ-
ity, catalepsy, hypothermia, and hypoalgesia [6]. 
Anandamide helps regulate pain, depression, 
appetite, memory, and fertility. High areas of 
anandamide synthesis take place in brain regions 
important to memory, higher thought processes, 
and movement control [12].

 2-AG

2-AG is a full agonist at CB1 and CB2 recep-
tors. 2-AG relays signals via a retrograde signal-
ing cascade. When 2-AG is released, it controls 
the activity of the complementary presynaptic 
neuron by binding to the CB1 receptor [5]. 
Different mechanisms have been proposed as to 
how 2-AG is induced to leave the postsynaptic 
cell. It is thought 2-AG may be secreted by sim-
ple diffusion or the use of passive carrier pro-

teins may be required to secrete 2-AG [5]. Once 
bound to CB1, activation leads to inhibition of 
neurotransmitter release in the presynaptic cell 
via inhibition of voltage-activated calcium 
channels and enhancement of inwardly rectify-
ing K+ channels in the cell [5]. With 2-AG being 
present at higher levels in nervous tissue than 
anandamide, 2-AG may have a greater role in 
analgesia and antinociception.

 Plasticity of Endocannabinoid 
Signaling

The endocannabinoids are a highly synaptic plas-
tic system. In regard to synaptic plasticity, endo-
cannabinoids’ synaptic plasticity is thought to be 
due to the depolarization-induced suppression of 
inhibition mechanism [4]. Endocannabinoids are 
mobilized as needed by postsynaptic cells to 
inhibit GABA release from presynaptic neurons 
[4]. Glutamate, dopamine, and muscarinic recep-
tor stimulus leads to the synthesis of endocan-
nabinoids. The endocannabinoids mediate 
long-term depression and heterosynaptic long- 
term potentiation [4]. When looking at the 
involvement of 2-AG and anandamide, 2-AG is 
the main endocannabinoid involved in synaptic 
plasticity regulation.

2-AG has a broad effect in neuronal plasticity 
and retrograde signaling. 2-AG mediates long- 
term depression at the hippocampus, cerebellum, 
prefrontal cortex, and ventral tegmental area. At 
the hippocampal neurons, a study using MAG-L 
inhibitors in mice demonstrated that 2-AG modu-
lated both depolarization-induced suppression of 
inhibition and depolarization-induced suppres-
sion of excitation [4]. 2-AG also synapses at the 
Purkinje cells in the cerebellum. Various studies 
in rodents revealed 2-AG to be required in 
mGluR-dependent plasticity and long-term 
depression in Purkinje cells [4]. At the prefrontal 
cortex, 2-AG is responsible for short- and long- 
term forms of plasticity leading to modifications 
of cognitive and motivational functions [4]. 2-AG 
is found to play a role in enabling subthreshold 
doses of dopamine D1 and D2 receptor agonists 
to increase the firing activity at the nucleus 
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accumbens neurons [4]. This evidence shows 
2-AG to play a role in the ventral tegmental area 
modulating the reward pathway [4]. 2-AG is a 
key neuromodulator involved in various synaptic 
plasticities in key brain regions.

Anandamide regulates synaptic transmission 
with mechanisms different from classical retro-
grade action as seen with 2-AG.  Anandamide 
mediates short- and long-term forms of synaptic 
plasticity through an anterograde mechanism. 
Postsynaptic NAPE-PLD localization in the cer-
ebellum is congruent with the autocrine action of 
anandamide at TRPV1 receptors [4]. While 2-AG 
mediates short-term depression through CB1 
receptor-dependent retrograde signaling, anan-
damide is released by a postsynaptic mGluR5- 
dependent mechanism and modulates long-term 
depression through postsynaptic TRPV1 activa-
tion. Both endocannabinoids cooperate by using 
different strategies to modulate synaptic plastic-
ity in brain regions that govern highly dynamic 
processes [4].

 Endocannabinoids in Pain

Endocannabinoids regulate various cerebral 
functions including nociception, mood, appetite, 
and memory. For the purpose of this chapter, 
nociception and pain modulation will be dis-
cussed in depth. There has been an interest in the 
role of exogenously administered cannabinoid 
compounds to induce analgesic effects. When 
noxious stimuli occur, there is an increase in 
endocannabinoid release, thus leading to pain 
modulation effects [12]. Animal studies show 
endocannabinoids to have analgesic actions in 
the periphery, spinal, and supraspinal pain path-
ways [12].

 Peripheral Mechanisms

The cannabinoid receptors in the periphery play a 
vital role in analgesia. Antinociceptive effects are 
noticed when anandamide and 2-AG are adminis-
tered locally and systemically. Models of inflam-
matory pain show elevated concentrations of 

anandamide and 2-AG in peripheral tissues [11]. 
CB2 receptors are also present in the periphery 
leading to 2-AG mainly regulating actions at 
these receptors. 2-AG has been studied to show 
multiple mechanisms leading to pain modulation 
which include inhibiting production and release 
of reactive oxygen species and cytokines, and in 
addition 2-AG will release peripheral endoge-
nous opioids [11]. There is more research describ-
ing the anti-inflammatory and antinociceptive 
mediated actions of 2-AG compared to anan-
damide. There are also CB1 receptors in the 
periphery that localize on sensory afferent termi-
nals where endocannabinoids act to gate the 
transduction of pain from noxious stimuli [11].

 Spinal Mechanisms

A vital region for pain processing occurs at the 
dorsal horn in the spinal cord. Endocannabinoids 
are shown to have antinociceptive effects at this 
region and phase of the pain-signaling pathway 
due to high expression of CB1 receptors. At this 
level, 2-AG inhibits the release of pronociceptive 
neurotransmitters from primary afferent termi-
nals mediated by CB1 receptors [11]. In contrast, 
anandamide was shown to have effects on acute 
and chronic pain via mediation of CB1 receptors 
expressed on inhibitory interneurons and glial 
cells [11]. To get a better picture for when each of 
the endocannabinoids takes effect, a surgical 
incision model was used to assess spinal levels of 
endocannabinoids. Hours after a peripheral sur-
gical incision, there was a marked decrease in 
anandamide concentrations, whereas no changes 
in 2-AG concentration were observed [11]. 
Anandamide concentrations returned to baseline 
as nociceptive behavior subsides [11]. 2-AG con-
centrations increased at a later time point in con-
junction with glial cell activation, CB2 receptor 
upregulation, and resolution of the pain state 
[11].

Anandamide exerts its actions at the onset of 
pain, whereas 2-AG plays a role in the resolution 
of pain. This research shows the difference in the 
timing of endocannabinoid actions of pain 
modulation.

9 Endocannabinoids: Anandamide and 2-Arachidonoylglycerol (2-AG)
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 Supraspinal Mechanisms

Endocannabinoids modulate ascending pain sig-
nals in the thalamus, descending signals in the 
brain stem, and pain sensation in the frontal- 
limbic circuits [11]. Anandamide has a biphasic 
effect on the supraspinal level of pain modula-
tion. Anandamide is released due to stimulation 
of the periaqueductal gray (PAG) or peripheral 
inflammatory insult [5]. In acute pain, anan-
damide that is released causes antinociceptive 
actions. When high concentrations of anan-
damide occur due to prolonged stimulation, 
anandamide modulates pronociceptive responses 
via TRPV1 binding [5].

Anandamide and 2-AG have a synergistic yet 
differential role regarding pain signaling at the 
spinal and supraspinal levels. Stress-induced 
analgesia exhibits a synergistic effect of anan-
damide and 2-AG modulation. Signaling at the 
PAG can result in induction of descending inhibi-
tory GABAergic signaling to the spinal cord, thus 
mediating stress-induced analgesia [5]. In a pro-
longed foot shock modulation study, both endo-
cannabinoids were found to be released in the 
ipsilateral lumbar V dorsal root ganglion upon 
stimulation [4]. The CB1 receptors at the dorsal 
root ganglion and CB2 receptors at the periphery 
involve a synergistic interplay between anan-
damide and 2-AG [4]. The signaling mechanism 
is strengthened when the molecular pathway 
switches. Petrosino et  al. uncovered that both 
endocannabinoid levels were enhanced after 3 
and 7 days of chronic constriction injury at the 
sciatic nerve of a rat [4]. After the 3-day mark, 
endocannabinoid levels were increased only at 
the spinal cord and PAG. However, after 7 days, 
elevated concentrations were detected in the ros-
tral ventral medulla as well [4]. This study pro-
vides evidence of endocannabinoid cooperation 
regarding synergistic involvement in the regula-
tion of pain. This combined effort is present at 
both the spinal and supraspinal levels and can 
modulate chronic pain states.

Chronic pain enhances the endocannabinoid 
signaling effects of both anandamide and 

2-AG. An upregulation of CB2 receptors found 
in such pain states would benefit from endocan-
nabinoid agonism [5]. 2-AG signaling cascades 
from microglial cells mediate effects in persis-
tent pain [5]. Although CB2 receptors are widely 
studied in the literature for chronic pain, CB1 
receptors were also shown to provide antinoci-
ceptive benefit when agonists are present. The 
spinal level endocannabinoids have the greatest 
modulation of pain in chronic pain states dis-
playing a synergistic benefit of the endocannabi-
noid agonists.

Anandamide has also been shown to interact 
with other neurotransmitter systems that may 
play a role in nociception. Cannabinoids might 
directly inhibit 5-HT3 receptors, leading to anal-
gesia and neuroprotection effects [6]. Anandamide 
exerts part of its CNS effects through the 5-HT3 
receptors [6]. Kimura et  al. found micromolar 
concentrations of anandamide to bind to 5-HT1 
and 5-HT2 receptors, thus further describing the 
role of anandamide in other neurotransmitter sys-
tems [6]. The combined efforts of anandamide 
binding at 5-HT and cannabinoid receptors will 
have a positive influence on therapeutic outcomes 
for pain.

 Conclusion

Anandamide and 2-AG are key lipid mediators of 
the endocannabinoid system. Although similar in 
function, the endocannabinoids have a different 
biochemical synthesis and breakdown pathway. 
This system of neurotransmitters is highly plas-
tic, with altered expression and function due to 
physiological state. Anandamide and 2-AG play 
a vital role in pain modulation at the peripheral, 
spinal, and supraspinal levels of the pain process-
ing system. Throughout previous research, endo-
cannabinoids are shown to have a differential but 
synergistic involvement in pain states. Acute and 
chronic nociception is modulated by these endo-
cannabinoids. The site-specific actions of anan-
damide and 2-AG provide crucial pharmacological 
actions in the regulation of pain.
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 Phytocannabinoids

 Introduction

Phytocannabinoids are natural products derived 
from cannabis either interacting directly with can-
nabinoid receptors or sharing chemical similarity 
with endocannabinoids or both [1]. Cannabis 
sativa is a flowering plant belonging to the family 
Cannabaceae. Eighteen chemical families includ-
ing 500 different chemical compounds have been 
identified in the flower and leaves of cannabis so 
far [2]. Among these chemical compounds,100 
active phytocannabinoids have been identified 
within cannabis sativa alone [3]. Apart from 
Δ9-tetrahydrocannabinol (THC), cannabidiol 
(CBD), and cannabinol (CBN), which are the 
most popular phytocannabinoids, others identi-
fied include tetrahydrocannabivarin (THCV), 
cannabigerol (CBG), and cannabichromene 
(CBC) [4]. In contrast to THC and CBD, these 

phytocannabinoids have poor affinities for the 
cannabinoid receptors [5] and display a complex 
range of physiological interaction and mechanism 
of action which is still poorly understood [6].

The relative concentration of different cannabi-
noids and other chemical components varies greatly 
based on the strain, soil, climatic conditions, and the 
cultivation techniques [7]. Besides phytocannabi-
noids, Cannabis sativa contains additional pharma-
cologically active molecules, such as terpenoid and 
β-caryophyllene, that are members of other chemi-
cal families. They also interact and mediate poten-
tial therapeutic actions through cannabinoid 
receptors [8]. Several cannabis terpenoids, for 
instance, limonene, linalool, and β-myrcene, have 
been discovered in other plants as well [9].

Both active and inactive forms of phytocan-
nabinoids coexist in the living plant. Inactive 
monocarboxylic acids (tetrahydrocannabinolic 
acid, THCA) and active decarboxylated forms 
(THC) coexist [10]. Smoking, or heating the 
herb, leads to the transformation of these chemi-
cals by decarboxylation and pyrolysis (Fig. 10.1). 
For instance, combustion above 120 degree 
Celsius leads to decarboxylation of THCA to 
THC [11]. Pyrolysis, or thermal decomposition 
of organic materials at higher temperatures, 
transforms the numerous chemical compounds 
identified inside the cannabis plants into other 
different chemical molecules. The complex inter-
actions of this large number of chemical 
 compounds and the human body are partially 
elucidated.
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 Δ9-Tetrahydrocannabinol (THC)

Δ9-tetrahydrocannabinol (THC), cannabidiol 
(CBD), and cannabinol (CBN) are among the 
most studied cannabinoids. CBD was identified 
in 1940, while THC was first identified in 1964 
[12]. THC is the main psychoactive compound 
of the cannabis plant. It is produced in the flow-
ers and the leaves of the cannabis plant in vary-
ing concentrations. THC concentration varies 
inside different cannabis-based products rang-
ing from 5% in marijuana to 80% in hashish oil 
[6]. THC produces pharmacological effects 
ranging from cognitive changes and psychoac-
tive, anti- inflammatory, antipruritic, bronchodi-
latory, anti- spasmodic, and muscle relaxant 
activities [13]. It is also associated with side 
effects like anxiety, impaired memory, and 
immunosuppression [13].

 Mechanism of Action of THC

THC simulates endocannabinoids like arachi-
donoylethanolamine (anandamide or AEA) or 
2-arachidonoylglycerol (2-AG) and acts as a par-
tial agonist at the CB1 and CB2 cannabinoid 
receptors [14]. Activation of the cannabinoid 
receptors results in a decrease in the concentra-
tion of the second messenger molecule cAMP 
through inhibition of adenylate cyclase.

THC exists as isomers like (+) trans-Δ9- 
tetrahydrocannabidiol, (−) trans-Δ9- 
tetrahydrocannabidiol [15], and (+) 
trans-Δ9-tetrahydrocannabidiol being the most 
abundant and well-studied isomer. Other 
extracted forms of THC include Δ8-THC-type 
[16] and the Δ 9-THC-type [17] cannabinoids, 
which are double-bond position isomers of THC, 
the former being less psychologically potent than 
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the latter [18]. Stereochemistry of this compound 
is important since it influences its actions. This 
can be illustrated with the example of dexanabi-
nol (HU-210): the (−)enantiomer is a potent 
 psychotrophically active compound, while the 
(+)enantiomer (i.e., HU-211) has no THC-like 
psychotropic effects [18].

In vivo animal studies show evidence of THC 
acting on neuronal cannabinoid type 1 (CB1) 
receptors with high affinity [15]. The CB1 recep-
tor activation mediates its psychoactive proper-
ties including changes in mood or consciousness, 
memory processing, and motor control [19]. In 
animal studies, activation of CB1R by THC pro-
duces a “tetrad” effect: (1) suppression of loco-
motor activity, (2) hypothermia, (3) immobility 
in the ring test, and (4) antinociception in the tail- 
flick or hot-plate test [15].

THC can both activate and inhibit neurotrans-
mitter release on the neurons they act upon. In 
vivo studies by brain microdialysis confirm the 
CB1-mediated increase in neurotransmitter 
release of acetylcholine, glutamate, and dopa-
mine in rat prefrontal cortex [20–22]. THC- 
mediated CB1 receptor activation can increase 
dopamine release in mouse and rat nucleus 
accumbens [21, 23]. The THC-induced dopa-
mine release in the endocannabinoid system has 
been postulated as a potential mechanism of 
action for brain reward or specifically for animal 
(rat/squirrel/monkey) neural reward system [21, 
23]. THC-mixed stimulatory-inhibitory effect on 
the central nervous system is correlated with its 
mixed clinical effect on cognition.

In vivo, THC can act both as a proconvulsant 
or an anticonvulsant [24, 25]. It also exhibits dual 
action as an anxiolytic as well as an anxiogenic 
agent in rats or mice [26, 27].

THC has many other pharmacological targets 
that are not related to the CB1 and CB2 receptors. 
It activates other receptors like GPR55 [28] and 
transient receptor potential cation channels (e.g., 
TRPV1, TRPV2, TRPA1) and the serotonin 
receptors 5-HT2 [29]. TRPV1 is important for 
detection and regulation of temperature; it pro-
vides sensation for burning, heat, and pain [30]. 
TRPV2 is involved in many pathological states 
including cancer and inflammatory response [31, 

32]. Detailed mechanism of action for THC and 
receptor interaction are subjects of ongoing 
research. Please refer to Chap. 29 for details on 
the mechanism of antinociception.

Cannabidiol is a non-intoxicating phytocan-
nabinoid. CBD accounts for 40% of the Cannabis 
sativa extract [33]. CBD works synergistically 
with THC for its analgesic effect while decreas-
ing its psychoactive and cognitive side effects 
such as sedation and memory impairment of 
THC [34]. Despite the small number of in vivo 
studies, the specific THC and CBD 
(phytocannabinoid- phytocannabinoid) interac-
tions and its biological or physiological effects 
are poorly understood. Please refer to Chap. 11 
for detailed CBD pharmacology and 
pharmacokinetics.

 Applied Pharmacology 
and Pharmacokinetics

A large diversity of cannabis-derived products 
exist in the market, and its specific use has been 
associated with direct health outcomes and 
adverse reactions. The iconic embodiment of 
consuming cannabis has been linked to smoking 
a joint. Inhalation or smoking via a joint, spliff, 
pipe, blunt, and water pipe/bong is the most com-
monly used form of consumption [35, 36]. Other 
routes of administration (ROA) range from 
vaporizing (inhalation), oral spray, edibles, tinc-
tures (alcohol-based liquid cannabis extracts), 
other oromucosal/sublingual routes (e.g., cap-
sules and lozenges), transdermal topicals 
(cannabis- infused lotions, balms, oils), intrave-
nous routes (syringe) to rectal routes (supposito-
ries) [16–37]. Their applied pharmacology and 
pharmacokinetics differ greatly between differ-
ent ROA (Table 10.1). Refer to the Chap. 22 on 
dosing and titration.

Direct data comparing analgesic efficacy and 
safety profile of different cannabis products 
depending on ROA is scarce [16]. Epidemiological 
studies concerning the harmful effects of smok-
ing cannabis have been reported [38]. Smoking, 
as the specific ROA, has been associated with 
many pulmonary complications.
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 Absorption

 Smoking

Smoking cannabis produces rapid and efficient 
absorption, shorter duration of action, and higher 
blood concentration of THC [39–42]. Absorption 
and bioavailability of THC depend on the depth 
of inhalation, the type of smoking device, the 
puff duration, the subjects’ smoking habit (i.e., 
breath-holding), and the composition of ciga-
rettes [43]. Each joint contains 500 mg–1.0 g of 
cannabis plant, 7.5–225  mg of THC (1–30%), 
and 0–180 mg CBD (0–24%) [44]. The absorp-
tion of THC through smoking is highly variable 
individually based on factors described above. 
The bioavailability of smoking THC ranges from 
2 to 56% [39, 43]. In practice, systemic bioavail-
ability ranges a maximum of 23 ± 16% [41] and 
27 ± 10% [45] in plasma concentration studies. 
The mean plasma concentration of THC after one 
single inhalation of “low-dose” cannabis ciga-
rette (1.75% THC) is 7.0 ± 8.1 ng/ml, while that 
of a “high-dose” cannabis cigarette (3.55% THC) 
is 18.1 ± 12.0 ng/m [40].

Vaporization offers a potential risk reduction 
tool with similar pharmacological profile as 
smoking cannabis [46]. It has the potential to 
reduce the formation of carbon monoxide, poly-
cyclic aromatic hydrocarbon, and tar [46]. 
Variability in vaporized cannabis is subject to 
many determinants such as the type of cannabis, 
the amount of cannabis placed in vaporizer, the 

temperature, the duration of vaporization, and the 
type of vaporizer used. Refer to the Chap. 36 on 
adverse events and Chap. 37 on vaping hazards.

 Oral

In contrast, oral absorption is slow, variable, and 
highly dependable on its associated food inges-
tion [45, 47]. Based on bioavailability alone, the 
conversion factor between inhalation and oral 
absorption has been estimated to be 2.5 [48].

Given that cannabinoids are lipophilic, some 
literature suggests that fatty meal or lipophilic 
formulation (cookie or oil-based) enhances can-
nabinoid absorption and bioavailability [49]. 
However, there is some controversial evidence in 
rats and human studies [50]. All oral ingestion 
undergoes first-pass metabolism in the liver. For 
example, dronabinol, or Marinol®, has a bio-
availability of 10 to 20% of the administered dose 
after extensive hepatic first-pass metabolism 
[Marinol® FDA product monograph].

 Oro-mucosal and Intranasal

Nabiximols (Sativex®) is a 50:50 THC/CBD 
cannabis extract in the form of buccal spray. In 
one single oro-mucosal administration of nabixi-
mol (Sativex®) (four sprays totalling 10.8  mg 
Δ9-THC and 10  mg CBD), mean peak plasma 
concentrations of both THC (~5.5  ng/mL) and 

Table 10.1 Applied pharmacology of cannabis-based products according to ROA

Inhalation Oral Topical
Liquid 
extract Rectal Ophthalmic

Absorption rapid 
(seconds)

1–2 h variable, enhanced by 
water and oleic acid 
in ethanol

10–
45 minutes

Variable,
depends on its 
base formulation

1 h

Peak plasma 
availability

3–10 min 4–6 h Variable, ~1.4 h Variable 2–8 h Several 
hours

Bioavailability 10–35% Variable, 
6–10%

Variable Variable Variable, up to 
13.5%

6–40%

Duration of 
action

1–6 h 4–12 h 48 h steady-state 2–8 h Variable Variable
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CBD (~3 ng/mL) typically occur within 2 to 4 h 
[Sativex product monograph]. For detailed phar-
macology of nabiximols, please refer to the Chap. 
17 (nabiximols).

 Rectal

Rectal application avoids first-pass metabolism. 
THC itself cannot be absorbed rectally, while its 
pro-drug THC-hemisuccinate is easily absorbed 
rectally. The suppository formulation greatly 
influences their absorption and bioavailability 
[51]. In rectal suppositories, THC-hemisuccinate 
formulation can offer a bioavailability of up to 
13.5% [52]. Due to the lack of first-pass metabo-
lism, the estimated relative effectiveness of the 
oral vs. the rectal formulation was 25–50% [51].

 Transcutaneous

Transcutaneous application avoids first-pass 
metabolism. Transdermal cannabis-based prod-
uct absorption is enhanced by using water and 
oleic acid in propylene glycol and ethanol [53].

 Distribution

Tetrahydrocannabinol has high plasma protein 
binding and large volume of distribution [43]. In 
the blood, approximately 90% of THC is distrib-
uted to the plasma and another 10% to red blood 
cells [54]. The plasma concentration of THC has 
been described to fit two-, three-, or four- 
compartment models [55–58]. Given its lipophi-
licity, the initial volume of distribution of THC is 
small (2.5–3 L) compared to its steady-state vol-
ume of distribution (236 L or 3.4 L/kg assuming 
70 kg bodyweight) [58, 59].

 Metabolism and Elimination

THC is metabolized in the liver via microsomal 
hydroxylation and oxidation by cytochrome P450 
enzymes CYP 2C9, 2C19, and 3A4 [6].THC is 

metabolized into an active form 11-OH-THC, 
which mimics the action of THC in the brain. 
Further breakdown then occurs to produce 
11-nor-9-carboxy-THC, the inactive metabolite.

More than 55% of THC is excreted in the 
feces and ≈20% in the urine. The main metabo-
lite in urine is the ester of glucuronic acid and 
THC-COOH and free THC-COOH and, in the 
feces, mainly 11-OH-THC [39].

 Conclusion

Phytocannabinoids are natural products derived 
from cannabis either interacting directly with 
cannabinoid receptors or sharing chemical simi-
larity with endocannabinoids. THC is the main 
psychoactive compound of the cannabis plant. 
ROA of THC range from vaporizing (inhalation), 
edibles, oromucosal/sublingual routes (e.g., 
capsules,oils, lozenges), transdermal topicals 
(cannabis-infused lotions, balms, oils) to rectal 
routes (suppositories). Their applied pharmacol-
ogy and pharmacokinetics differ greatly between 
different ROA.  THC produces pharmacological 
effects ranging from cognitive changes and psy-
choactive, anti-inflammatory, antipruritic, bron-
chodilatory, anti-spasmodic, and muscle relaxant 
activities. It is also associated with side effects 
like anxiety, impaired memory, and immunosup-
pression. Further research and human studies are 
required to validate medical uses of THC.
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 Phytocannabinoids

Medical use of cannabis dates back to the Neolithic 
times and was mentioned in the world’s oldest 
pharmacopeia, the Pen-Ts’ao Ching [1]. Cannabis 
was used for diseases like rheumatic pain, consti-
pation, and others [1]. Its medical use spread to 
India, the Middle East, Africa, Europe, and the 
Americas. It was not until the eighteenth century, 
when Dr. William B. O’Shaughnessy, an Irish phy-
sician, introduced cannabis for treating rheuma-
tism, convulsions, and muscular spasms of tetanus 
and rabies [2]. Today, cannabis and its related prod-
ucts have gained broader acceptance among the 
public for its recreational and medical use. For the 
history of the cannabis use, please refer to Chap. 1.

Cannabis includes various species, the most 
well-known being Cannabis sativa, Cannabis 
indica, and Cannabis ruderalis. Cannabinoids 
are chemicals either derived from cannabis, for 
example, phytocannabinoids, cannabidiol (CBD) 

and Δ9-tetrahydrocannabinol (THC); synthetic 
medications like nabilone, dronabinol, and 
rimonabant; or endogenous chemicals that stimu-
late cannabinoid receptors. Phytocannabinoids 
consist of natural products capable of either 
interacting directly with cannabinoid receptors or 
sharing chemical similarity with endocannabi-
noids or both [3]. Cannabinoids consist of a 
promising area of interest for treatment of several 
disorders including neurologic diseases (seizure, 
multiple sclerosis, diabetic peripheral neuropa-
thy, HIV, peripheral neuropathy), Crohn’s dis-
ease, irritable bowel syndrome, generalized 
anxiety disorder, post-traumatic stress disorder, 
and chronic pain.

More than 100 active phytocannabinoids have 
been identified within Cannabis sativa plant 
alone [4]. The two most studied phytocannabi-
noids are Δ9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD).

 Cannabidiol and Its Various Clinical 
Effects

CBD is a non-intoxicating phytocannabinoid. It 
was first discovered by Dr. Roger Adams and his 
team at the University of Illinois in 1940; how-
ever, its chemical structure was first identified in 
1963 [5] (Fig. 11.1). CBD accounts for 40% of 
the Cannabis sativa extract [6]. Its lack of psy-
choactivity has gained popularity and interests in 
its clinical use. CBD has been associated with 
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analgesic, anti-inflammatory, anticonvulsant, 
anxiolytic, and antipsychotic effects [7], for 
example, Epidiolex®, a highly purified, plant- 
derived cannabidiol prescription medication that 
was recently approved by FDA. It is indicated for 
seizures associated with Lennox-Gastaut syn-
drome or Dravet syndrome in the USA [8]. For 
Epidolex’s pharmacology and pharmacokinetics, 
please refer to the Chap. 16.

Another FDA-approved prescription medica-
tion is nabiximols or Sativex®. Nabiximols is a 
cannabinoid oromucosal spray containing extract 
of CBD and THC [9]. It is approved for multiple 
sclerosis-induced spasticity in Canada and many 
European countries but not in the USA. Multiple 
meta-analyses have demonstrated analgesic 
effects of nabiximol in the treatment of chronic 
neuropathic pain [10–12]. There is also some 
controversial evidence on the use of nabiximol 
for cancer pain [13, 14]. For pharmacology and 
pharmacokinetics of Sativex, please refer to the 
Chap. 16.

 Pharmacodynamics of Cannabidiol

CBD has low affinity for both cannabinoid recep-
tor 1(CB1R) and cannabinoid receptor 2 (CB2R). 
It acts as a partial antagonist of CB1R and as a 
weak inverse agonist of CB2R [15]. At the level 
of CB1R, it causes negative allosteric modulation 
of the orthosteric receptor [16–18]. CBD also 
interacts with other non-cannabinoid targets, 
including serotonin 1A receptor (or 5-TH1A), 
vanilloid receptor 1 (TRPV1), and adenosine 
A2A receptors, which regulates the perception of 

pain [7]. These complex CNS mechanisms can 
partially explain multiple clinical effects. For 
example, in rat models, high dose of CBD intra-
cerebral administration activates TRPV1 recep-
tors to produce anxiolytic effects [19]. CBD also 
induces antidepressant effect in mice by enhanc-
ing 5-HT and glutamate levels in the prefrontal 
cortex [20]. CBD acts through a positive alloste-
ric modulation of 5-HT1A serotonin receptors 
and increases serotoninergic and glutamatergic 
transmission [20]. CBD also antagonizes alpha-1 
adrenergic receptors [21, 22]. It is also an alloste-
ric modulator of the μ- and δ-opioid receptors 
[23]. CBD’s action as a CB2R inverse agonist 
may explain its anti-inflammatory properties 
[24]. In the presence of THC, CBD has complex 
physiological effects. CBD works synergistically 
with THC for its analgesic effect while decreas-
ing its psychoactive and cognitive side effects 
such as sedation and memory impairment of 
THC [25].

CBD may also act as an inverse agonist of 
GPR3, GPR6, and GPR12 [26] and as an antago-
nist of the orphan receptor GPR55 which is con-
sidered a novel cannabinoid receptor [27].

For detailed mechanisms of analgesia of CBD, 
please refer to the Chap. 24.

 Applied Pharmacology 
and Pharmacokinetics

A large diversity of cannabis-derived products 
exist in the market, and its specific use has been 
associated with direct health outcomes and 
adverse reactions. CBD-containing products 
range from different strains of cannabis and its 
derived products, “CBD oil,” and prescription 
medications (Epidiolex® and Sativex®). First, 
the iconic embodiment of consuming cannabis 
has been linked to smoking a joint. Inhalation or 
smoking via a joint, spliff, pipe, blunt, and water 
pipe/bong is the most commonly used form of 
consumption [28, 29]. Other routes of adminis-
trations (ROA) range from vaporizing (inhala-
tion), dabbing, e-cigarettes, oral spray, edibles, 
drinkables, tinctures (alcohol-based liquid 
 cannabis extracts), other oromucosal/sublingual 
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Fig. 11.1 CBD chemical structure. In public domain, https://
commons.wikimedia.org/w/index.php?curid=7712509
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routes (e.g., capsules and lozenges), transdermal 
topicals (cannabis-infused lotions, balms, oils), 
intravenous routes (syringe) to rectal routes (sup-
positories) [30–32]. In addition to medical can-
nabis and Epidiolex®, there are many forms of 
“CBD oil” in the market [33]. In fact, the “can-
nabis oil” products can be regrouped into three 
subtypes: (1) hemp and seed oil, (2) hemp-based 
CBD oil, and (3) cannabis oil [34–36]. Their 
applied pharmacology and pharmacokinetics dif-
fer greatly between different ROA. Please refer to 
the Chaps. 18 and 21.

 Smoking

Smoking cannabis produces rapid and efficient 
absorption, shorter duration of action, and higher 
blood concentration. Absorption and bioavail-
ability depend on the depth of inhalation, the type 
of smoking device, the puff duration, the breath 
hold, and the composition of cigarettes. Little 
clinical data exists in literature for pharmacology 
of smoked CBD.  It is estimated that CBD bio-
availability is similar to those of THC, with a 
mean value of 31% (range 11–45%) [37]. Each 
joint contains 500  mg–1.0  g of cannabis plant, 
7.5–225 mg of THC (1–30%), and 0–180 mg of 
CBD (0–24%) [38].

Vaporization offers a potential risk-reduction 
tool with similar pharmacological profile as 
smoking cannabis [39]. It has the potential to 
reduce the formation of carbon monoxide, poly-
cyclic aromatic hydrocarbon, and tar [39]. 
Variability in vaporized cannabis is subject to 
many determinants such as the type of cannabis, 
the amount of cannabis placed in vaporizer, the 
temperature, the duration of vaporization, and the 
type of vaporizer used.

 Oral

In contrast to smoking, oral absorption is slow, 
variable, and highly dependable on its associated 
food ingestion [40, 41]. Oral CBD bioavailability 
is estimated to be approximately 6% [22,42]. A 
double-blinded human study in 14 Huntington’s 

disease patients for 6 weeks of oral CBD admin-
istration (10  mg/kg/day  =  about 700  mg/day) 
measured their plasma levels of cannabidiol [43]. 
The mean weekly plasma concentrations of CBD 
in treatment group ranged from 5.9 to 11.2 ng/ml 
over the 6  weeks of CBD administration [43]. 
CBD levels averaged 1.5  ng/ml 1  week after 
CBD was discontinued and were undetectable 
thereafter [43]. Administration of oral CBD 
(40 mg) in the form of chocolate cookie to healthy 
volunteer results in a mean plasma CBD levels 
ranged between 1.1 and 11 ng/mL (mean, 5.5 ng/
mL) after 1 hour [42]. The course of CBD in the 
plasma over 6 hours was in the same range as the 
course after 20 mg THC [42].

Given that cannabinoids are lipophilic, there 
are a small number of animal and human studies 
which suggest that fatty meal or lipophilic formu-
lation (cookie or oil-based) enhances cannabi-
noid absorption and bioavailability [44]. In rats, 
co-administration of THC and CBD (12 mg/kg) 
with lipid long-chain triglycerides (LCT)-based 
formulation (sesame oil) by oral gavage has dem-
onstrated an absolute increase in absorption [44]. 
The absolute bioavailability of CBD was three 
times higher in the lipid-based (Cmax = 308 ng/
mL; AUC = 932 h.ng/mL) versus lipid-free for-
mulation (Cmax = 87 ng/mL; AUC = 327 h.ng/
mL) [44].

 Transcutaneous

Transcutaneous application of cannabinoids 
avoids first-pass metabolism. Cannabinoids are 
lipophilic, thus inhibiting the diffusion process 
across the aqueous layer of the skin [45]. CBD, 
unlike THC, is more permeable for transcutane-
ous absorption. In human studies for transdermal 
combination therapy, the permeability of CBD 
and CBN was found to be tenfold higher than for 
THC [46]. Ethanol concentrations of 30–33% 
also significantly increase the transdermal absorp-
tion of both THC and CBD [46]. Different formu-
lations of CBD-related transdermal products that 
were investigated clinically include gel and 
creams [47, 48]. The CBD transdermal gel was 
investigated in guinea pigs in relation to their 
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plasma concentration. The steady-state plasma 
concentration of CBD after transdermal gel appli-
cation was 6.3 +/− 2.1 ng/mL, which was attained 
at 15.5 +/− 11.7  hours [48]. This steady- state 
plasma concentration can be increased by 3.7 
times by the use of a permeation enhancer. The 
Cmax without the enhancer vs. with the enhancer 
was 9 ng/mL vs. 36 ng/mL. Time to reach maxi-
mal concentration or Tmax was reached at 38 h 
without enhancer and 31  h with enhancer post-
application, respectively [48]. In pre-clinical stud-
ies, topical CBD cream was administered daily on 
experimental model of mice suffering from auto-
immune encephalomyelitis (EAE) [47]. The CBD 
maximum concentration, or Cmax, was 8 ng/mL 
with a Tmax of 38  h and a steady-state plasma 
concentration of 6 ng/mL [47].

Direct data comparing analgesic efficacy and 
safety profile of different cannabis products ROA 
is scarce [30]. Epidemiological studies concern-
ing the harmful effects of smoking cannabis have 
been reported [49]. Smoking, as the specific 
ROA, has been associated with many pulmonary 
complications. Refer to the Chaps. 36 and 37 for 
adverse events and vaping hazards.

 Volume of Distribution

The distribution of THC and CBD is time depen-
dent. Given their high lipophilicity, the cannabi-
noids rapidly penetrate the tissues and have large 
volume of distribution [41]. THC’s volume of 
distribution is estimated to be around 10  L/kg 
[41]. Similarly, CBD has an apparent average 
volume of distribution of CBD of 32.7  L/kg 
(higher than THC) [37].

 Metabolism

Similar to THC, CBD undergoes extensive 
hepatic first-pass metabolism in the liver [45]. It 
undergoes extensive phase 1 metabolism [45]. 
CBD is metabolized by primary oxidation and 
side-chain oxidation [50, 51]. CBD is metabo-
lized predominantly by liver CYP3A4 and 
CYP2C19. Therefore, drugs that inhibit or induce 

these CYP enzymes would increase or decrease 
CBD levels.

Like THC, CBD plasma level decreases rap-
idly after smoking. The rapid decline follows a 
multi-phasic pattern [22]. The half-life of CBD 
has been estimated to be 18–33 h for intravenous 
administration, 27–35  h for smoking or inhala-
tion, and 2–5  days for oral administration [43, 
50].

 Elimination

CBD is excreted both in urine and feces. Unlike 
THC, a large portion of CBD is excreted 
unchanged in the feces [45, 52]. More than 30 
different metabolites of CBD can be identified in 
urine. The most abundant metabolites are hydrox-
ylated 7 (or 11)-carboxy derivatives of CBD 
(inactive), with 7 (or 11)-hydroxy CBD (active) 
as a minor metabolite [53].

 Safety Profile and Side Effects

CBD has proven to be well tolerated, with low 
toxicity in several studies. Common side effects 
of CBD include somnolence, fatigue, change in 
appetite, and change in sleep pattern [54]. In an 
animal study using rhesus monkey, the LD50 on 
IV administration of CBD was determined to be 
212 mg/kg [55]. Rhesus monkeys were adminis-
tered 150, 200, 225, 250, or 300 mg/kg intrave-
nous (IV) CBD for 9  days [55]. The signs of 
toxicity were described as tremors and CNS inhi-
bition (depression, sedation, and prostration). The 
oral LD50 could not be determined in that spe-
cific study [55]. To date, the exact dose of LD50 
oral in human is yet to be determined. Long-term 
CBD safety was evaluated in children suffering 
from intractable seizure disorders in a multi-site, 
US-based program [56]. A total of 607 patients 
participated in the study administering oral CBD 
starting at 2–10 mg/kg/d, titrated to a maximum 
dose of 25–50  mg/kg/day for a median of 
48  weeks. AEs were reported in 88% of all 
patients, and severe AEs such as convulsions and 
status epilepticus were reported for 33% of 
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patients. A total of 146 (24%) patients withdrew; 
the most common reasons were lack of efficacy 
(89 [15%]) and AEs (32 [5%]). The severe 
adverse reactions of Epidiolex®, although rare, 
range from suicidal thoughts, suicide attempts, 
agitation, depression, aggression, and panic 
attacks [8].

 Cannabidiol Interaction 
with Tetrahydrocannabinol

CBD and THC interactions remain poorly under-
stood despite a few studies [57–60]. Two particu-
lar mechanisms of interaction between CBD and 
THC have been postulated in the literature: (1) 
pharmacokinetic interactions and (2) pharmacody-
namic interactions. First, CBD is a known inhibi-
tor of hepatic drug metabolism for THC through 
pharmacokinetic interactions [61]. In rat models, 
CBD pre-treatment (30  minutes) prior to the 
administration of THC effectively increases THC 
concentration in the rats’ brain [62]. However, this 
effect is not consistently observed in simultaneous 
administration of THC and CBD.  The additive 
effect was not observed in in vivo studies [Zuardi 
et al. 1984]. This was later explained by its phar-
macodynamic interactions. Second, in rat models, 
THC/CBD interactions cause both antagonism or 
potentiation in a “rate- dependent” phenomenon 
due to pharmacodynamic interactions [63]. CBD 
exhibits a negative allosteric modulation of CB1 
receptors; thus it can mitigate the negative psycho-
tropic effects of THC. In rat models where THC 
and CBD were simultaneously administered, it 
was demonstrated that the mean dose ratio of 
CBD/THC was 8.1 when the antagonistic effects 
were observed and 1.8 when the effects of THC 
were potentiated [64]. These studies suggest that 
simultaneous administration of high-dose ratios of 
CBD/THC may favor a pharmacodynamic over a 
pharmacokinetic interaction, as what was observed 
in humans [64, 65].

Using functional magnetic resonance imaging 
(fMRI) in healthy volunteers revealed that delta- 
9- THC and CBD had opposite effects on regional 
brain function (in the striatum during verbal 

recall, in the hippocampus during the response 
inhibition task, in the amygdala when subjects 
viewed fearful faces, in the superior temporal 
cortex when subjects listened to speech, and in 
the occipital cortex during visual processing). 
Pre-treatment with CBD prevented the acute 
induction of psychotic symptoms by delta-9- 
THC [65].

 Conclusion

CBD is a non-intoxicating phytocannabinoid. It 
acts as a partial antagonist of CB1R and as a 
weak inverse agonist of CB2R. CBD also inter-
acts with other non-cannabinoid targets, includ-
ing serotonin 1A receptor (or 5-TH1A), vanilloid 
receptor 1 (TRPV1), and adenosine A2A recep-
tors, which regulates perception of pain. CBD 
has been associated with analgesic, anti- 
inflammatory, anticonvulsant, anxiolytic, and 
antipsychotic effects. CBD works synergistically 
with THC for its analgesic effect while decreas-
ing its psychoactive and cognitive side effects 
such as sedation and memory impairment of 
THC. Further studies are required to validate the 
medicinal applications of CBD.
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 Introduction

Cannabinoids are lipophilic molecules that 
interact with the human endocannabinoid sys-
tem (ECS). Two cannabinoid receptor (CBR) 
subtypes have been identified, CB1 receptors 
(CB1R) (cloned in 1990) and CB2 receptors 
(CB2R) (cloned in 1993), which differ in sig-
naling mechanisms, tissue distribution, ago-
nist/antagonist sensitivity, and an amino acid 
sequence with CB2R sharing only 44% of 
amino acid sequence identity with CB1R [1–3]. 
Phytocannabinoids are natural products derived 
from cannabis either interacting directly with 
cannabinoid receptors or sharing chemical 

similarity with endocannabinoids or both. 
Phytocannabinoids are produced by glandular 
trichomes covering the cannabis plant surface. 
The majority of phytocannabinoids are canna-
bigerolic acid (CBGA) derivatives and are dis-
tinguished into classes by the way this 
precursor is cyclized. Most of them are insolu-
ble in water but soluble in lipids, alcohol, and 
non-polar organic solvents. While 
Δ9-tetrahydrocannabinol (THC) and cannabi-
diol (CBD) are the most studied phytocannab-
inoids, other phytocannabinoids that require 
mention and can exert a physiologic action 
once metabolized include cannabigerol 
(CBG), cannabichromene (CBC), cannabinol 
(CBN), and tetrahydrocannabivarin (THCV).

 Synthesis of Phytocannabinoids

Biosynthesis of phytocannabinoids is initiated by 
the combination of geranyl pyrophosphate and 
olivetolic acid, to form cannabigerolic acid 
(CBGA). CBGA is converted to either cannabig-
erol (CBG), tetrahydrocannabinolic acid 
(THCA), cannabidiolic acid (CBDA), or canna-
bichromenic acid (CBCA) by one of the four 
separate synthases, FAD-dependent dehydroge-
nase enzymes [4]. For the propyl homologues 
THCVA, CBDVA, and CBCVA, there is an anal-
ogous pathway based on CBGVA from divarino-
lic acid instead of olivetolic acid.
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 Cannabinoids 
and the Endocannabinoid  
System (ECS)

Cannabinoid receptors are predominantly present 
in cortical structures such as the hippocampus 
and the olfactory bulb and less densely in the 
basal ganglia, cerebellum, and spinal cord. This 
results in increased smell sensation and positive 
effects on memory, cognition, and movement. 
Historically, the most common route of adminis-
tration has been inhalation. Absorption is rapid 
after inhalation, and the bio-availability ranges 
from 10% to 35%. Given the evolution of a global 
cannabis industry, products for oral, submucosal, 
sublingual, and transdermal consumption/appli-
cation are widely available. There are also less 
relevant routes like rectal, aerosols, and eye drops 
available in the consumer marketplace [5, 6].

Evidence has suggested that cannabinoid- 
based medicines have a favorable safety profile 
when compared to opioid medications [7]. Due to 
the relative lack of receptors in the brain stem, 
there is minimal threat to suppress the respiratory 
drive. Commonly reported adverse effects are 
tachycardia, restlessness, excessive sedation, 
nausea, or vomiting as well as hallucinations.

 Minor Cannabinoids

 Cannabinol (CBN)

CBN was the first cannabinoid isolated from 
Cannabis sativa [8]. CBN is a nonenzymatic oxi-
dation by-product of THC (Fig. 12.1). It was dis-
covered accidentally due to the rampant 
degradation of THC to CBN due to poor quality 
transportation and storage conditions related to 
the nineteenth century [9]. It is moderately psy-
choactive and found in small concentrations in 
Cannabis cultivars.

Though CBN has a lower affinity for CB1 (Ki 
211.2 nM) and CB2 (Ki 126.4 nM) [10] and often 
found inactive as a sole agent, it has demonstrated 
greater sedative properties when combined with 
THC [11]. It has also demonstrated anticonvul-

sant [12], anti-inflammatory [13], and antibacte-
rial properties against MRSA [14–16]. CBN is 
also a TRPV2 agonist with potential in the treat-
ment of burns [17]. It inhibits keratinocyte prolif-
eration, independent of cannabinoid receptors; 
thereby it may find an application in topical prep-
arations for dermatologic conditions [18]. CBN 
stimulates the recruitment of quiescent mesen-
chymal stem cells in the bone marrow, thereby 
showing promise in bone formation [19]. CBN 
has also been found to inhibit breast cancer- 
resistant protein at very high concentrations 
(IC50 145 mM) [20].

 Cannabigerol (CBG)

Cannabigerol is found in small amounts in the 
cannabis plant (Figs.  12.2 and 12.3). CBG was 
purified and isolated in the same year as THC 
[21], and it lacks psychotropic effects. CBG has a 
weak partial agonistic effect at CB1 (Ki 440 nM) 
and CB2 (Ki 337 nM) [22].

CBG stimulates a variety of receptors involved 
in pain, inflammation, and heat sensitization. It 
stimulates TRPV1, TRPV2, TRPA1, TRPV3, 
TRPV4, and α2-adrenoceptor activity [23]. CBG 
antagonizes TRPV8, suggesting an application in 

OH

O

Fig. 12.1 Cannabinol (CBN)

OH

HO

Fig. 12.2 Cannabigerol (CBG) 

H. Clarke et al.



89

prostate cancer, detrusor overactivity, and  bladder 
pain [24, 25], while gamma aminobutyric acid 
(GABA) uptake inhibition explains the muscle 
relaxant properties of CBG compared to CBD 
and THC [26].

The analgesic and anti-arrhythmic effects and 
lipoxygenase blocking ability were found to sur-
pass that of THC [13]. CBG is a potent 
α2-adrenoreceptor agonist and moderates 
5-HT1A antagonist explaining its analgesic and 

antidepressant properties [23, 27]. CBG was also 
found to have modest antifungal effects [28]. In 
addition, CBG has demonstrated remarkable 
anticancer and cytotoxic properties in high doses 
on human epithelioid carcinoma and breast can-
cer in basic research models [29, 30]. CBG inhib-
its keratinocyte proliferation suggesting benefits 
in psoriasis [18]. CBG is also a strong anan-
damide uptake inhibitor and has demonstrated 
antimicrobial effects against MRSA [14].
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 Cannabichromene (CBC)

CBC was isolated simultaneously by two meth-
ods, one using a hexane/florisil extraction method 
from hashish and the other by benzene percola-
tion of hemp [31, 32] (Fig. 12.4).

CBC usually constitutes 0.3% of cannabis; 
however rich cannabis strains can be produced 
through extensive cross-breeding. The transient 
receptor potential (TRP) channels, a class of cat-
ionic channels that act as signal transducers by 
altering membrane potential or intracellular cal-
cium (Ca2+) concentrations, interact with the 
ECS, modulating inflammation and pain.

CBC interacts with TRP cation channels, 
inhibiting deactivation of endocannabinoids, 
thereby stimulating CB2 receptors (Ki 100 nm). 
However, it lacks significant activity at CB1 
receptors (Ki > 1 μM) [32].

In animal models, CBC has demonstrated pain 
relief, along with potentiating the analgesic 
effects of THC, reducing colonic inflammation 
and paw edema by inhibiting macrophages and 
monoacylglycerol lipase (MAGL), a key enzyme 
involved in the hydrolysis of the endocannabi-
noid 2-arachidonoylglycerol (2-AG) [34, 35].

The mechanism of CBC’s effects in mammals 
is supported by pharmacodynamic studies that 
have shown that CBC can stimulate TRP ankyrin 
type 1 (TRPA1) cation channels (EC50¼ 90 nM) 
and also desensitize them (IC50¼ 370  nM). 
CBC also interacts with TRPV3 and TRPV4 cat-
ion channels (EC50¼ 600 nM and 1.9 μM) and 
also desensitizes the TRPV2 and TRPV4 (IC50¼ 
6.5 and 9.9 μM, respectively), thereby having an 
effect on reducing inflammation in animal mod-
els [33, 36, 37]. Moreover, CBC has demon-

strated a positive effect on the viability of 
mammalian adult neural stem cell progenitor 
cells, thereby exhibiting a role in brain function 
[33].

 Tetrahydrocannabivarin (THCV)

THCV is a propyl analogue of THC, found in low 
concentrations in dried plant material (Fig. 12.5). 
However, concentrations as high as 16% by dry 
weight have been reported in certain cases [38]. 
THCV can exhibit dual action by behaving both 
as an agonist and as an antagonist at CB1 recep-
tors depending on the concentration [39]. It has 
demonstrated anticonvulsant properties in rodent 
cerebellum and pyriform cortex [40]. There is 
evidence of THCV acting on CB2 receptors to 
suppress carrageenan-induced hyperalgesia and 
inflammation, as well as phases of formalin- 
induced pain behavior via CB1 and CB2 in ani-
mal models [41].

Through antagonizing CB1 receptors, THCV 
was found to suppress appetite and reverse the 
intoxicating effects of THC in animal models. 
The mechanism of neutral antagonism of THCV 
is free from adverse events associated with the 
CB1 antagonists like rimonabant (SR141716A) 
which led to depressive episodes and potentially 
worsened neurodegenerative disease outcomes, 
leading to withdrawal from the market for clini-
cal uses [42].
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 Conclusion

While CBD and THC are the most common phy-
tocannabinoids used clinically, the minor canna-
binoids, cannabigerol (CBG), cannabichromene 
(CBC), cannabinol (CBN), and tetrahydrocan-
nabivarin (THCV), have demonstrated pre- 
clinical promise as anticonvulsant, 
anti-inflammatory, antibacterial, and antidepres-
sant agents. Anticancer and cytotoxic activities 
on human epithelioid carcinoma and breast can-
cer have been demonstrated in basic science 
models. While phytocannabinoids have demon-
strated early promise, the need for further 
research and robust drug development in the 
years ahead is paramount to determine what role 
if any these compounds might eventually play in 
clinical care.
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Cannabis Drug Interactions

George Polson, Matthew Chung, Salman Hirani, 
and Christina Le-Short

 Introduction

Roughly 70% of Americans take at least one pre-
scription drug, with 50% of the population taking 
at least two and 20% taking five or more prescrip-
tion drugs [1]. In addition, up to 80% of 
Americans use some form of over-the-counter 
medication, while 25% of Americans are regular 
consumers of herbal remedies [2]. With such 
widespread use of prescription and non- 
prescription medications, and the increasing 
availability of cannabis-derived products avail-
able over the counter, it is imperative health-care 
providers understand the potential drug-drug 
interactions and mechanisms of interaction that 
prescription, over-the-counter, and herbal medi-
cations have with cannabis.

While cannabinoids can be a promising treat-
ment modality for pain, favored for its relatively 
benign side effect profile, the risks associated 

with its use should be seriously taken into 
account. In this chapter we will delve into can-
nabis drug interactions that providers should be 
aware of in order to ensure patient safety.

 Routes of Administration

Cannabis and cannabinoids can be consumed in a 
variety of ways, including inhalation, ingestion, 
mucosal, topical, and rectal administration. Each 
method has unique characteristics that make it 
more or less appropriate for consumers. The 
pharmacokinetics and effects observed should be 
taken into consideration during selection of a 
route of administration [3]. Pertaining to the 
pharmacokinetics of the two most common 
ingredients of THC and CBD, studies thus far 
have considerable variation and are far too heter-
ogenous to report specifically beyond what is 
mentioned in the administration routes that 
follow.

Inhalation through combustion is the primary 
method of delivery chosen by the majority of 
cannabis users due to its rapid delivery, quick 
onset of effects, and ease in titrating the dose to 
the desired degree [4]. Smoking cannabis 
involves burning the Cannabis sativa flower 
(including its stems and seeds) and inhaling the 
active components released. Methods for smok-
ing have included joints, bowls, variations of 
pipes (including water pipes), hookahs, or blunts 
(cannabis rolled into tobacco-leaf wrapper from a 
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cigar). Bioavailability of tetrahydrocannabinol 
(THC) through this route has been reported to be 
as high as 30% [5]. Cannabidiol (CBD) has a 
similar bioavailability to THC at approximately 
31% [6]. Alternatively, vaporization requires 
heating the flower to a temperature at which 
active ingredients of the plant are released for 
inhalation. This method is perceived to be a safer 
alternative to smoking due to the absence of com-
bustible irritants although potentially toxic levels 
of elevated ammonia and heavy metals have also 
been found [7]. Oil-based vaporizers place users 
at risk for consumption of higher concentrations 
of THC and CBD.  Much like its combustion 
counterpart, vaporization has various limitations 
given its lack of testing and inconsistencies with 
surrounding content including additive residues.

With oral consumption, absorption is slower 
with a delayed peak THC concentration. In this 
format, bioavailability of THC is much lower 
than its smoking counterpart, ranging from 4% to 
20%, due to variable absorption rates and signifi-
cant first-pass metabolism. Available oral formu-
lations include hashish resins or oil concentrates 
(in the form of hash, butane honey, or butane 
hash oils). Due to the low bioavailability of can-
nabinoid formulations, alternative routes have 
largely been developed to improve the amount of 
delivered cannabinoids [8].

Oromucosal formulations in the form of dis-
solvable strips, sprays, medicated lozenges, or 
tinctures were developed to avoid first-pass 
metabolism by the liver. This route is more com-
monly used by patients who are in need of a con-
tinually high level of cannabinoid concentration, 
with THC and CBD content comprising as much 
as 70% of some products. In comparison to inha-
lation, this route has an increased time to effect 
and increased duration of effect and has lower 
potency at an equivalent dose (due to a lower bio-
availability). In essence, there are no significant 
differences among oral and oromucosal routes 
(including sublingual forms) [8].

Topical administration, including ointments, 
creams, and dermal patches, innately serves to 
produce an extended effect as it avoids exposure 
to first-pass metabolism. Cannabinoids are highly 
hydrophobic, making transport across the dermal 

barrier the rate-limiting step [8]. No controlled 
studies to date have been conducted on topical 
ointments and creams. Dermal patches are lim-
ited to preclinical data which suggest low absorp-
tion with max peak plasma levels at 1.5 hours.

Rectal administration poses as an attractive 
alternative in cases of significant comorbidity 
with its potentially higher absorption and lower 
first-pass metabolism [8]. However current 
knowledge surrounding rectal administration of 
cannabis is limited. Despite the paucity of data, 
there are increasing reports of its use as this route 
allows for high concentrations, especially of 
THC, without their associated psychotropic 
effects as it avoids initial metabolism by the liver.

 Cannabinoid Drug Interactions

The most clinically relevant cannabinoid drug 
interactions are additive pharmacodynamic inter-
actions when co-administered with other agents 
that have similar physiological effects. Sedation 
may be increased with other CNS depressants, 
opioids, alcohol, and antihistamines, while tachy-
cardia may increase with tricyclic antidepres-
sants, stimulants, and sympathomimetics [9]. 
THC is metabolized by liver cytochrome P450 
enzymes, predominantly CYP3A4 and CYP2C9, 
while CBD is metabolized predominantly by 
CYP3A4 and CYP2C19. Therefore, drugs that 
inhibit or induce these CYP enzymes would 
increase or decrease THC and CBD levels [8, 9].

 Specific Drug Interactions

 Over-the-Counter (OTC) Analgesics

Over-the-counter analgesics consistently are pre-
scribed as first-line treatment for a variety of pain 
syndromes. As a significant number of medica-
tions fall under this category, studies into their 
potential interactions with cannabis derivatives 
are quite fragmented. Despite this challenge, it 
remains imperative to raise awareness of poten-
tial interactions due to the ubiquitous presence of 
these medications throughout the general public.
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Nonsteroidal anti-inflammatory drugs 
(NSAID) such as ibuprofen, naproxen, or aspirin 
serve to reduce inflammation as a means of man-
aging increased systemic pain. NSAIDs work by 
selectively or broadly inhibiting COX-1 and 
COX-2 enzymes, which in turn decreases prosta-
glandin synthesis that is involved in inflamma-
tion [10]. While CBD and THC also display 
anti-inflammatory effects, this is accomplished 
by a separate mechanism involving endocannabi-
noids and T-cell regulation [11]. It has been 
shown that even at physiologic doses, THC and 
CBD do not appear to affect COX inhibition [12]. 
Despite this finding, providers should exhibit 
caution as there is insufficient evidence to draw 
any specific conclusions from.

Of particular interest is aspirin, formally 
known as acetylsalicylic acid, as it is not only 
used as an analgesic but also as an anti- thrombotic 
for those with extensive cardiac history. Aspirin 
serves as an irreversible inhibitor of COX-1, 
which can decrease levels of thromboxane A2 
leading to decreased platelet aggregation [4]. 
This anti-thrombotic effect helps to decrease the 
risk of cardiovascular events, and thus aspirin is a 
globally prescribed medication. As mentioned 
above, while no direct drug-drug interactions 
have been found between NSAIDs and cannabis 
derivatives, one study did show that THC demon-
strated an anti-inflammatory effect that was 
nearly 20 times greater than that of aspirin [13]. 
However providers should be aware of the limits 
of current knowledge.

Another common over-the-counter agent is 
paracetamol or acetaminophen, which displays 
both analgesic and antipyretic effects. While the 
exact mechanism of action has yet to be eluci-
dated, current understanding includes mediation 
of analgesia through descending serotonergic 
pathways with a peripheral site of activation 
either occurring through prostaglandin inhibi-
tion or the activation of cannabinoid receptors 
[14]. Where practitioners should exhibit caution 
with paracetamol and cannabis-derived medica-
tions is the potential for liver injury due to the 
overload of drugs that are predominantly metab-
olized through the hepatic P450 system. CBD 
and acetaminophen share the CYP2E1 and 

CYP1A2, and potential concomitant use of both 
medications increases the risk for drug-induced 
hepatotoxicity [15]. Practitioners should advise 
of cautious and measured use of paracetamol in 
the context of associated use of cannabis or its 
derivatives.

 Neuropathic Agents

Classically, pain symptoms are categorized as 
either nociceptive or neuropathic in origin. 
Neuropathic analgesics acting directly on the 
somatosensory system have continued to grow in 
usage. While there have been minimal studies 
involving interactions between neuropathic 
agents and cannabis, preliminary evidence has 
shown potential for likely associations that can 
alter pain management decision making.

Gabapentin is an anticonvulsant that is fre-
quently used for neuropathic pain that displays a 
mechanism of action that is primarily based on 
voltage-dependent calcium channels [16]. 
Cannabinoid agonists alter voltage-dependent 
calcium channel (VDCC) function by both can-
nabinoid (CB) receptor-mediated G-protein acti-
vation and modulation by CB ligands [17, 18]. As 
it pertains to specific cannabis derivatives, it has 
been shown that THC given in combination with 
gabapentin can increase the potency of anti- 
allodynic effects of both drugs without signifi-
cantly increasing the risk for negative side effects 
[19]. The ability for gabapentin and cannabinoids 
to have overlapping effects also allows for gaba-
pentin to be used as an agonist replacement for 
substance use disorders, including cannabis [20].

Pregabalin is another anticonvulsant agent 
that can be considered first-line treatment for 
neuropathic pain alongside gabapentin. One pre-
clinical study showed that pregabalin, another 
VDCC ligand, was able to curb physical and 
mental responses that occur during cannabinoid 
agonist cessation likely as it works on similar 
metabolites [21]. There is evidence to suggest 
that cannabinoid direct agonists, endogenous 
cannabinoids, and gabapentinoids such as gaba-
pentin and pregabalin share pain systems [20]. 
Practitioners should monitor for potential 
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 overlapping effects when both agents are used in 
combination with cannabis.

While not as widely used as gabapentinoids, 
tricyclic antidepressants (TCA) also provide neu-
ropathic analgesia albeit through unclear mecha-
nisms. As best understood, TCAs appear to 
indirectly affect endogenous opioid receptors 
within the central nervous system [22]. While not 
as delineated as other medications, TCAs are 
assumed to be processed by hepatic cytochrome 
P450 isozymes that are also shared by THC [23]. 
There are multiple reports of cardiac side effects 
when TCAs are administered in the context of 
recreational cannabis use [23–25]. Due to the sig-
nificant cardiac profile that tricyclic depressants 
display on its own, the possibility of increased 
risk due to additional use of cannabis or its deriv-
atives should caution providers.

 Opiates

With recent increased public scrutiny on overuse 
of opioid medications for both acute and chronic 
pain, there have been introductory efforts exam-
ining how cannabis derivatives and opioids inter-
act with one another. In 2018, approximately 2/3 
of all drug overdose deaths (46,802 deaths) in the 
USA were attributed to opioid use [26]. Despite 
this statistic, the CDC reported that in 2018 there 
were still 170 million opioid prescriptions writ-
ten that year. As there is continued legalization at 
the state level of recreational and medicinal can-
nabis within the USA, practitioners should 
closely examine for potential interactions with 
concomitant use of both agents.

Various efforts have begun to describe a con-
nection between cannabinoids and opioid medi-
cations as it pertains to pain signaling pathways 
as well as general cytochrome P450 metabolism. 
While limited in overall scope, current literature 
has been able to demonstrate rudimentary asso-
ciations between opioids and cannabis deriva-
tives such as THC and CBD.

Studies have shown that the previously 
accepted THC stimulation of kappa and delta 
opioid receptors may also enhance the analgesic 
effect that morphine displays through mu opioid 
receptors. There is also evidence that both classes 

of drugs share signal transduction mechanisms 
through decreases of cyclic adenosine mono-
phosphate production by G-protein activation 
[27]. Both mu opioid and cannabinoid receptors 
share use of these G-protein-related activation 
systems and are found to be in close proximity to 
one another in areas such as the nucleus accum-
bens and dorsal striatum [28]. Furthermore, THC 
leads to release of dynorphin A which is metabo-
lized into opioid metabolites, possibly leading to 
a synergistic effect [29].

One study showed that buprenorphine, a par-
tial mu opioid agonist, had interactions with mul-
tiple cytochrome P450 isozymes, with the most 
significant being CYP3A4, as well as to a lesser 
extent with CYP2C8 and UGT2B7 pathways 
[30]. In vitro data demonstrated that CBD (but 
not THC) served as an inhibitor for the CYP3A4 
system. Both buprenorphine and CBD serve as 
competitive substrates for UGT2B7. This inhibi-
tory combination could lead to elevations of 
serum buprenorphine levels [31].

It has been shown that vaporized cannabis can 
enhance the antinociception of morphine and 
oxycodone without significant increased risk of 
adverse effects [27]. An appropriate oral dose of 
THC can augment the analgesic potential of 
acute oral doses of morphine, codeine, and other 
opioid analgesics [29]. Animal models have 
shown that CBD does not affect brain concentra-
tions of morphine or methadone [28]. This same 
study also showed that CBD co-administration 
with fentanyl did not worsen respiratory depres-
sion or cardiovascular complication and, in gen-
eral, was safe and well tolerated [28]. Vierke 
et  al. however did show that CBD increased 
blood concentration levels of buprenorphine, a 
common medication used for opioid maintenance 
therapy [30].

Despite these potential interactions, there is 
continued evidence of synergistic analgesic 
effects that cannabis has with opioids as well as 
reduction in complications and withdrawal symp-
toms [9]. Furthermore, there has been evidence to 
show that prescribed cannabis use has led to 
lower opioid overdose mortality rates in areas 
with access to medical marijuana as well as 
decreased use of opioids all together [1, 9]. One 
study revealed that patients with terminal cancer 
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refractory to optimal opioid treatment achieved 
significant pain improvement with a THC/CBD 
oromucosal spray (nabiximols) without the need 
for increasing pain medication use later on [30]. 
Overall, with current widespread use of opioid 
medications, there is a need for continued work 
to examine its interactions with cannabis and 
cannabinoid derivatives.

 Antiepileptics

There has been growing consumer interest with 
cannabis derivatives, specifically CBD, as it per-
tains to seizure management. While multiple 
studies show promising benefits of cannabis for 
refractory syndromes, there remains a significant 
lack of data before it can be considered standard 
of care [32]. Further complicating the prescribing 
of medications is the preponderance of CBD- 
derived agents labeled as “natural plant-based 
product” that is outside the purview of many 
practitioners [33]. Despite these barriers, most 
providers whose management includes the use of 
antiepileptic drugs (AEDs) recognize that coun-
seling and education as it pertains to the risks and 
benefits of medical marijuana will continue to 
become more commonplace [34].

While CBD is recognized as having a larger 
role in seizure control compared to THC, its 
exact mechanism of action has yet to be fully 
delineated. Various proposals for CBD include 
indirect activation of the endocannabinoid sys-
tem by blocking anandamide (ANA) uptake, 
modulation of calcium channels of TRPV1 recep-
tors, antagonism of G-protein-coupled receptor 
GPR55, or possibly even target abnormal sodium 
channels [35]. THC, on the other hand, has weak 
agonist activity of endocannabinoid receptors 
CB1 and CB2 [35]. In addition, the cytochrome 
P450 system is shared between cannabis deriva-
tives and antiepileptic drugs such as CBD, cloba-
zam, and topiramate, which all serve as substrates 
for the CYP2C19 isozyme system [35].

One open-label safety study showed that 
increasing levels of Epidiolex (cannabidiol) dem-
onstrated significantly increased serum levels of 
clobazam, rufinamide, topiramate, zonisamide, 

and eslicarbazepine [36]. This same study 
showed consistent transaminitis as an adverse 
effect when there was concomitant use of 
Epidiolex and valproate. In a different animal 
study, CBD was shown to potentiate the antiepi-
leptic effects of phenytoin and phenobarbital 
while reducing the effects of chlordiazepoxide, 
clonazepam, and ethosuximide [37]. A small 
pediatric study found that CBD raised clobazam 
levels and adjustments of clobazam were required 
to avoid side effects [38]. Adverse effects such as 
sedation or altered mental status due to increased 
levels of AEDs have been reported in these stud-
ies. While use of most antiepileptic medications 
should be managed under the care of an experi-
enced neurologist, practitioners of all back-
grounds should be aware of potential drug-drug 
interactions that arise due to use of cannabis 
derivatives alongside antiepileptics.

 Psychotropics

Typically used as an umbrella term for medica-
tions predominantly prescribed by a psychiatrist, 
psychotropic drugs can be broadly defined as any 
agent that affects the mind, emotions, or behav-
iors [39]. Antidepressants, anxiolytics, and anti-
psychotics are among the most commonly 
prescribed medications in the USA with an 
increasing percentage of the population pre-
scribed with these medications for a longer dura-
tion of time [40]. Evidence has shown that illicit 
cannabis use leads to an increased likelihood of 
treatment failure and subsequent psychotic 
relapse, which unfortunately is often further 
treated with the introduction of additional psy-
chotropic agents [41]. Due to the sheer volume 
and variety of drugs under the classification of 
psychotropic medications, there are limited stud-
ies that explore the possible drug-drug interac-
tions as it pertains to cannabis.

One overarching assumption is that within the 
central nervous process, cannabinoids may inter-
fere with the efficacy of various antipsychotics or 
antidepressants by interfering with dopaminergic 
and serotonergic systems [42]. Psychotropic 
agents share various hepatic CYP450 isozymes 
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with both CBD and THC. Antipsychotics, benzo-
diazepines, and antidepressants all serve as 
CYP3A4 substrates, leading to potential increases 
or decreases of systemic CBD bioavailability 
[43]. THC has been found to be an inducer of 
CYP1A2; therefore THC can potentially decrease 
serum concentrations of clozapine, duloxetine, 
olanzapine, haloperidol, and chlorpromazine [44, 
45]. Additional pathways that CBD, THC, and 
psychotropics share include CYP2C9 and 
CYP2C19, all of which emphasize the need for 
providers to be observant of potential, negative 
drug-drug interactions [40].

Drug-specific studies between psychotropics 
are also limited in number. One in  vivo study 
found that THC decreased the neurobehavioral 
efficacy of risperidone but not clozapine [42]. 
Researchers attributed this finding to a specific 
P-glycoprotein (P-gp) at the blood-brain barrier 
whose expression is upregulated by 
THC. Risperidone has a greater affinity for this 
P-gp compared to clozapine; thus THC exposure 
can lead to lower brain concentrations of risperi-
done compared to clozapine. This possibly can 
explain why clozapine is the typical agent of 
choice once first-line antipsychotics fail. CBD 
has also consistently been shown to display anx-
iolytic effects regardless of dose, while THC also 
displays these same properties albeit at controlled 
doses. Researchers used this finding as it per-
tained to prescribing cannabis replacement ther-
apy to wean patients off of benzodiazepines and, 
in doing so, did not find significant side effects 
with use of both agents concomitantly [46]. 
Introductory research has also demonstrated that 
CBD has limited effects on certain barbiturate 
medications [47].

 Anticoagulants and Antiplatelets: 
“Blood Thinners”

While cannabis has many assumed or theoretical 
interactions with a variety of prescribed medica-
tions, the most pervasive in the literature is the 
interaction that THC, CBD, and, to a lesser 
extent, cannabinol (CBN) may have with various 
anticoagulant and antiplatelet agents. Precautions 
should be taken to closely monitor patients with 

concomitant use of cannabis-derived medica-
tions. It has been shown through in vitro studies 
that THC and CBN display anti-thrombotic activ-
ity and inhibit clot formation [48].

 Warfarin
Warfarin shares many of the same cytochrome 
P450 enzymes that cannabis serves as a substrate 
for, including CYP2C9, CYP2C19, and 
CYP3AA4 [49]. Yamaori et  al. demonstrated 
through in vitro studies that the three major com-
ponents of cannabis, THC, CBD, and CBN, all 
showed competitive inhibition of CYP2C9 of the 
S-warfarin isomer [50]. As such, there are multi-
ple reported cases where the addition of a 
cannabis- derived medication led to suprathera-
peutic INR levels in patients using warfarin for 
various comorbidities [51, 52]. As warfarin dos-
ages fall within a narrow therapeutic window, 
close and regular monitoring of INR should be 
performed to enable proper titration of this anti-
coagulant while a patient is also on drugs that 
contain THC, CBD, or CBN.

 Direct Oral Anticoagulants
Increasing in prevalence are direct Xa and throm-
bin inhibitors, all of which are grouped together 
as direct oral anticoagulants (DOACs). DOACs 
serve as substrates for P-glycoproteins and, to a 
lesser extent, the CYP3A system, both of which 
can be affected by cannabis [49]. DOAC absorp-
tion occurs through the gastrointestinal tract, spe-
cifically through P-gp efflux transporter, for 
which CBD is a substrate [53]. This inhibitory 
effect could theoretically lead to unintentional 
accumulation of DOACs. As these drugs are 
unable to be measured regularly by any serum 
marker, precautions should be made with use of 
these novel anticoagulants in combination with 
cannabis-derived medications. While there are no 
specific reported cases of such adverse reactions, 
both apixaban and rivaroxaban warn against 
interactions with CYP3A and P-gp inhibitors on 
its product labels, due to the increased bleeding 
risk [49].

 Clopidogrel
Antiplatelet agents also have widespread utility 
for a variety of medical conditions. Clopidogrel, 
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formally known as Plavix, prevents platelet acti-
vation and aggregation by inhibiting the P2Y12 
[49]. While the exact mechanism of metabolism 
has yet to be elucidated, CYP2C19 has been 
found to be one pathway that is used by clopido-
grel during its inactive prodrug form [54]. CBD 
serves as an inhibitory substrate of CYP2C19, 
thus could lead to increased serum levels of clop-
idogrel due to decreased metabolism [55].

 Heparin/Fondaparinux
Neither heparin nor fondaparinux is expected to 
have interactions with cannabis or its derivatives 
[49]. Neither has been associated with the cyto-
chrome P450 system, UDP glucuronosyltransfer-
ases, or P-glycoprotein. Heparin is cleared either 
through saturation by endothelial cells or renal 
excretion, while fondaparinux is also cleared by 
the renal system [56] (Table 13.1).

Table 13.1 Summary of cannabis drug interactions found in literature

Drug class Specific medication Potential interaction
Over-the-counter 
analgesics

NSAID No demonstrable effect that THC or CBD has on COX 
inhibition

Aspirin No distinct drug-drug interaction; THC may potentiate 
anti-inflammatory effects of aspirin

Paracetamol In theory, concern for hepatic overload with concomitant use 
of THC and CBD

aNeuropathic 
agents

Gabapentin Overlapping effects on cannabinoid receptors leading to 
increase anti-allodynic effects

Pregabalin Possibility of sharing similar metabolites and pain systems as 
cannabinoids

TCA Case reports of recreational cannabis use increasing the risk 
of cardiac side effects

aOpioids Morphine Enhanced antinociception without significant increase in 
adverse effects

Codeine THC shown to augment analgesic potential when both 
administered orally

Fentanyl Co-administration with CBD did not worsen respiratory or 
cardiovascular function and was well tolerated

Buprenorphine Combination with CBD may increase serum buprenorphine 
levels

aAntiepileptics Clobazam, rufinamide, topiramate, 
zonisamide, eslicarbazepine

CBD-derived anticonvulsant raised serum levels of these 
medications

Valproate Persistent transaminitis with adjacent use of CBD derivatives
Phenytoin, phenobarbital CBD may increase anticonvulsant effects
Chlordiazepoxide, clonazepam, 
ethosuximide

CBD may decrease anticonvulsant effects

aPsychotropics Duloxetine, clozapine, olanzapine, 
haloperidol, chlorpromazine, 
risperidone

THC potentially decreases serum concentrations and 
neurobehavioral efficacy

Blood thinners Warfarin Cannabis derivatives lead to supratherapeutic INR levels
DOAC CBD shares cytochrome P450 isozymes that theoretically can 

increase DOAC serum levels
Clopidogrel CBD can decrease metabolism of clopidogrel due to 

competitive inhibition of shared substrates
Heparin/fondaparinux No known interaction as these agents are processed by 

endothelial and renal cells
aCo-administered cannabinoids with these medications may lead to additive pharmacodynamic interactions and 
increased sedation with other CNS depressants, opioids, benzodiazepines, and alcohol. Tachycardia may increase with 
tricyclic antidepressants and stimulants
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 Introduction

Dronabinol, the active ingredient in Marinol® cap-
sules, is synthetic delta-9- tetrahydrocannabinol 
(delta-9-THC). Delta-9- tetrahydrocannabinol is a 
naturally occurring component of Cannabis 
sativa L. Dronabinol is a cannabinoid designated 
chemically as (6aR-trans)-6a,7,8,10a- tetrahydro-
6,6,9-trimethyl- 3-pentyl-6H-dibenzo[b,d]pyran- 
1-ol (Fig. 14.1).

Dronabinol is insoluble in water and is formu-
lated in sesame oil. Marinol (Solvay 
Pharmaceuticals, Belgium) is an oral soft gelatin 
capsule that is available in 2.5  mg, 5  mg, and 
10 mg doses [1].

The Drug Enforcement Administration (DEA) 
maintains FDA-approved products of oral solu-
tions containing dronabinol in Schedule II of the 
Controlled Substances Act [2].

Marinol is indicated for the treatment of:

 1. Anorexia associated with weight loss in 
patients with AIDS

 2. Nausea and vomiting associated with cancer 
chemotherapy in patients who have failed to 

respond adequately to conventional antiemetic 
treatments

 Mechanism of Action

All cannabinoids act on CB1 and CB2 receptors in 
the central nervous system and peripheral organs 
and tissues including the immune cells, liver, and 
lungs [3, 4]. Dronabinol has equal affinity for 
CB1 and CB2 receptors, but efficacy is less at CB2 
receptors. Cannabinoid receptors found in neural 
tissues are thought to be responsible for dronabi-
nol’s therapeutic effects. CB1 likely mediates its 
anti-emetic and appetite-stimulating effects [5].
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 Pharmacokinetics

The pharmacokinetics of dronabinol is very dif-
ferent from smoked or vaporized cannabis which 
enters the bloodstream and brain in seconds. The 
onset of action of dronabinol is 30–60  minutes 
after ingestion [6]. The maximal plasma concen-
tration is reached 60–120  minutes after oral 
ingestion, but may take up to 6 hours [3]. The 
half-life of dronabinol is 25–36 hours [1].

Of the ingested dose, 90–95% is absorbed 
from the gastrointestinal tract, but due to the first- 
pass hepatic metabolism and high lipid solubility, 
only 10 to 20% of the dose reaches the systemic 
circulation [6]. The volume of distribution is 
large, 10 L/kg, resulting in low levels of excretion 
for prolonged periods of time [1]. The drug is 
predominately metabolized by the liver and 
excreted predominately in feces (50%) and some 
in the urine (10–15%) [7, 8].

 Therapeutic Use

Dronabinol is FDA approved to treat anorexia in 
patients with HIV/AIDS and chemotherapy- 
induced nausea and vomiting unresponsive to 
more conservative antiemetics. It has also been 
used off label in moderate to severe obstructive 
sleep apnea [9]. The recommended starting dose 
for HIV associated anorexia is 2.5  mg twice a 
day, 1 hour before lunch and dinner [10]. For 
chemotherapy-induced nausea and vomiting, the 
recommended starting dose is 5  mg 1–3  hours 
prior to chemotherapy followed by 5  mg every 
2–4 hours [10].

Although dronabinol is not FDA approved for 
pain, there are few reports suggesting a potential 
role. Cooper et al. [11] conducted a randomized, 
placebo-controlled, double-blind study compar-
ing the magnitude and duration of analgesic 
effects of smoked marijuana and dronabinol 
using a validated experimental pain model. Both 
marijuana and dronabinol decrease pain severity, 
with dronabinol provided longer-lasting pain 
relief while having less abuse potential.

A number of other studies have shown some 
analgesic effect in chronic pain when compared 
to placebo, but more evidence is necessary [3]. 

Narang et al. [12] found that dronabinol can pro-
vide additional analgesia for patients taking opi-
oids for chronic noncancer pain. Another 
randomized double-blind placebo-controlled 
crossover trial showed that dronabinol has a mod-
est but clinically relevant analgesic effect on cen-
tral pain in patients with multiple sclerosis [13].

 Safety, Toxicity, and Adverse Effects

Several studies have shown no major safety issues 
and good tolerability of dronabinol [4]. However, 
due to its psychotropic effects and drug abuse 
potential, its therapeutic use is controversial. 
Substance use disorder is actually uncommon and 
only seen in prolonged use of high doses [1]. The 
most common adverse effects include headache, 
dizziness, tiredness, myalgia, and muscle weak-
ness [4, 13]. The side effects are dose dependent 
and rarely cause discontinuation of therapy [14, 
15]. Caution should be used in the elderly popula-
tion as they are more susceptible to the CNS seda-
tive side effects [10]. Common drug-drug 
interactions are summarized in Table 14.1 [1].

Table 14.1 Dronabinol drug-drug interactions

Drug Clinical effect
Opioids, barbiturates, 
benzodiazepines, ethanol, 
lithium, antihistamines, 
muscle relaxants, other CNS 
depressants

Additive drowsiness 
and CNS depression

Amphetamines, cocaine, 
other sympathomimetic 
agents

Additive hypertension, 
tachycardia, possibly 
cardiotoxicity

Atropine, scopolamine, 
antihistamines, other 
anticholinergic agents

Additive tachycardia, 
drowsiness

Amitriptyline, amoxapine, 
desipramine, other tricyclic 
antidepressants

Additive tachycardia, 
hypertension, 
drowsiness

Fluoxetine, disulfiram Hypomanic reaction
Barbiturates, antipyrine Decreased clearance of 

these medications due 
to competitive 
inhibition of 
metabolism

Theophylline Increased theophylline 
metabolism (similar 
effect to that reported 
with smoking of 
marijuana)
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Nabilone (Cesamet)

Nathan J. Harrison and Hunter Simpson

 Introduction

Chemotherapy remains one of the mainstay treat-
ments for many forms of cancer. Unfortunately, 
chemotherapy-induced nausea and vomiting 
(CINV) is a common side effect that can present 
significant challenges to continuing treatment. 
For example, patients may experience inability to 
perform activities of daily living, difficulty main-
taining weight, and interference with socializing 
and rest. Without a prophylactic antiemetic, 
approximately 70–80% of cancer patients receiv-
ing chemotherapy will experience nausea and 
vomiting [1, 2]. Up to 30% of patients actually 
consider discontinuing chemotherapy because of 
CINV’s disruptive effects [3].

In the 1970s, some younger cancer patients 
smoking marijuana reported improvement in 
their CINV symptoms [4]. As a result, academic- 
and industry-sponsored studies began investigat-
ing Δ9-tetrahydrocannabinol (Δ9-THC) and 
synthetic analogues, including nabilone, for 
CINV [5, 6]. Nabilone is a synthetic cannabinoid 
whose structure mimics Δ9-THC (Fig.  15.1). 
Initially developed by Eli Lilly and Company, it 
received FDA approval in 1985 but was with-
drawn prior to marketing. Valeant Pharmaceuticals 
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then acquired the product, secured FDA approval, 
and marketed it under the name Cesamet. It is 
approved by the FDA for the treatment of 
chemotherapy- induced nausea and vomiting.

While earlier studies of nabilone showed 
promise compared to older antiemetics such as 
prochlorperazine, the advent of serotonin antago-
nists and their superior efficacy has supplanted 
these older antiemetics [7]. Nonetheless, Cesamet 
remains an option for breakthrough CINV resis-
tant to the conventional treatments. Due to its role 
in modulation of the endocannabinoid system, 
clinical trials have investigated the use of nabilone 
as an analgesic. However, results are inconclu-
sive, and its use for pain control is not currently 
FDA approved nor widely recommended [8–17].

 Clinical Trials

Nabilone was developed in the 1970s, when 
interest was rising in non-Δ9-THC cannabinoids 
that could produce therapeutic effects without the 
side effects that accompany botanical marijuana 
[5]. In one of the earliest clinical trials of CINV, 
patients received 2 mg of nabilone or 10 mg pro-
chlorperazine during the first cycle of chemother-
apy for various cancers. Patients were then 
crossed over to receive the opposite antiemetic 
for the second cycle of chemotherapy [6]. 
Nabilone was more effective for providing com-
plete relief of nausea and vomiting (8% vs. 0%) 
and more effective for partial response (72% vs. 
32%) [6]. In a similar study of patients receiving 
cisplatin, a highly emetogenic agent, Einhorn 
et al. performed a double-blind crossover trial of 
2 mg nabilone or 10 mg prochlorperazine for the 
first cycle of chemotherapy. The patients were 
crossed over to the other antiemetic for the sec-
ond cycle. Nabilone significantly reduced sever-
ity and duration of nausea and frequency of 
vomiting [18]. Several more studies reported 
nabilone’s superiority as an antiemetic compared 
to prochlorperazine but, not surprisingly, also 
noted numerous side effects including dizziness 
and disorientation, which suggested a need for 
close monitoring of this THC analogue [19, 20].

With the advent of more effective antiemetic 
categories including serotonin antagonists such as 

ondansetron and substance P/neurokinin 1 (NK-1) 
antagonists such as aprepitant, older agents like 
prochlorperazine and nabilone are less often used. 
In fact, current guidelines by the National 
Comprehensive Cancer Network recommend 
dexamethasone, serotonin receptor antagonists, 
and aprepitant for medium- and high-emetic-risk 
chemotherapy [21]. Nabilone is not listed as a 
first-line antiemetic but instead is suggested as a 
rescue for breakthrough nausea and vomiting [21].

While not an approved FDA use, numerous 
clinical trials have investigated the use of nabi-
lone as an analgesic. Some of these trials report 
small yet significant improvements in perceived 
pain [8–14, 22]. Specific studies suggest its effi-
cacy in the treatment of various subtypes of 
chronic pain including neuropathic pain, fibro-
myalgia, non-cancer pain, and spasticity associ-
ated with multiple sclerosis [8–14, 22]. 
Interestingly, one observational study on the use 
of nabilone as an adjunct in palliative cancer pain 
found that nabilone was associated with an over-
all decrease in the use of opioids and other drugs 
(e.g., NSAIDs, TCAs, gabapentin, dexametha-
sone, metoclopramide, ondansetron) [22]. 
Finally, two studies on the use of nabilone in pain 
associated with fibromyalgia found significant 
improvements in sleep when compared to pla-
cebo [11] and amitriptyline [16].

Unfortunately, other studies on the analgesic 
effects of nabilone have found virtually no 
improvement [15–17]. Furthermore, more recent 
systematic reviews of the current literature on 
nabilone have concluded that the quality of evi-
dence to support the use of nabilone as an analge-
sic is rather weak [23–25].

 Pharmacology 
and Pharmacokinetics

Nausea and vomiting are largely regulated in the 
area postrema to the nucleus tractus solitarius. 
The neurotransmitters involved include sero-
tonin, dopamine, substance P, and NK-1. CB2 
receptors are primarily found on immune cells, 
whereas the CB1 receptors are found throughout 
the central and peripheral neurons [26]. CB1 is 
an inhibitory receptor that reduces neuronal 
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excitability and neurotransmitter release and is 
found in large numbers in the central nervous 
system, in areas known to be involved in CINV 
[27]. Nabilone is an orally active synthetic can-
nabinoid, and an analog of THC and its mecha-
nism of action appears to be its agonism at CB1 
receptors and indirect modulation of the other 
neurotransmitters involved in nausea and vomit-
ing [5, 27–29]. The analgesic properties of nabi-
lone derive from stimulation of both CB1 and 
CB2, known to be found throughout regions 
involved in nociception in the CNS and spinal 
cord [30, 31].

Nabilone is rapidly and completely absorbed 
in the GI tract [5] and has 95–100% bioavailabil-
ity [16]. Food has not been shown to affect its 
absorption [32]. Time to reach peak plasma con-
centration is within 2  hours [32]. The apparent 
volume of distribution is 12.5 L/kg [32], and it 
displays extensive and rapid tissue distribution 
[16]. Nabilone is extensively metabolized, but 
the activity of its metabolites is not established 
[32]. In vitro, it has been shown to only be a weak 
inhibitor of the cytochrome P450 system and 
thought to not interfere with the metabolism of 
other P450-mediated medications [32]. Nabilone 
is excreted primarily in the feces (~60%) [32]. It 
has not been determined how age, gender, and 
hepatic and renal function may affect the metabo-
lism and elimination of nabilone [32].

 Dosage and Administration

Cesamet is supplied as 1  mg capsules, and the 
usual adult dosage is 1 or 2 mg twice daily with 
the lowest effective dosage tried first. The maxi-
mum recommended daily dose is 6 mg divided in 
three doses daily. Cesamet can be given two to 
three times daily during the cycle of chemother-
apy and up to 48 hours after the cycle ends.

 Monitoring, Adverse Events, Drug 
Interactions, and Abuse Potential

The effect of renal and hepatic dysfunction on 
Cesamet metabolism is not known. Currently 
there is no recommendation for renal or hepatic 

function testing prior to starting treatment. 
Cesamet is a Schedule II controlled substance 
with abuse potential and psychoactive effects, so 
it should be cautiously monitored in patients with 
a personal or family history of substance abuse or 
mental health disorders. Safety and efficacy for 
patients under 18 years of age have not yet been 
established, so caution should be taken regarding 
its psychoactive effects.

 Adverse Effects

Common central nervous system side effects 
from nabilone include drowsiness, dizziness, ver-
tigo, euphoria, ataxia, depression, lack of con-
centration, and somnolence [32]. Due to these 
CNS effects, patients should be instructed not to 
drive, operate machinery, or engage in any haz-
ardous activity while receiving nabilone. In addi-
tion to CNS effects, xerostomia is the second 
most encountered adverse effect [32]. Patients 
may also experience cardiovascular effects such 
as tachycardia and hypotension [32].

 Drug Interactions

Currently, there is limited data on potential drug 
interactions with nabilone. However, there are 
additive CNS depressant effects when combined 
with benzodiazepines, alcohol, and codeine, so 
caution should be used when patients using these 
medications are being started on nabilone treat-
ment [32].

 Abuse Potential

Nabilone can produce euphoria or marijuana-
like “high” effects in some patients, so similar to 
marijuana, the potential for abuse exists [32]. 
There does not appear to be any withdrawal 
symptoms after discontinuation of clinical trials 
of 5 days duration [32]. Longer-term studies on 
nabilone have not been conducted, but absti-
nence syndrome has been demonstrated with 
high-dose Δ9- THC after duration of greater than 
12 days [32].
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Cannabidiol (Epidiolex)

Nathan J. Harrison

 Introduction

Lennox-Gastaut syndrome (LGS) and Dravet 
syndrome (DS) are two rare, treatment-resistant 
seizure disorders in the category of childhood- 
onset epileptic encephalopathies [1, 2]. These 
disorders can lead to developmental slowing, 
cerebral and cognitive dysfunction, and behav-
ioral disturbances due to epileptogenic activity 
during brain maturation [3–5]. DS produces con-
vulsive seizures, while LGS causes drop seizures, 
both of which can lead to significant traumatic 
injuries. The first-line antiepileptic drugs (AEDs) 
for these syndromes include valproate, lamotrig-
ine, and topiramate but can often be poorly toler-
ated and ineffective and usually require multiple 
alternative AEDs in combination, yet still may 
not completely control the seizures. This leaves 
patients, parents, and clinicians seeking alterna-
tive treatments [4].

The use of Cannabis sativa plant as medicine 
dates back as far as 2700 B.C. in China [6]. The 
first mention of cannabis used as an anticonvul-
sant dates back to 1843 when the physician and 
chemistry professor W.B.  O’Shaughnessy in 
Calcutta, India, tested a preparation of Cannabis 
indica on multiple animal species and humans to 
determine benefit to various conditions. Among 

his most pertinent results, he reported a 4-day, 
seizure-free period after administering a prepara-
tion Cannabis indica to a 40-day-old girl with 
recurrent seizures previously resistant to any of 
the typical treatments of the day [7].

Approximately 100 different phytocannabi-
noids have been identified in Cannabis sativa and 
C. indica, with Δ9-tetrahydrocannabinol (Δ9- 
THC) and cannabidiol (CBD) being the two most 
studied pharmacologically active cannabinoids 
[8] Fig. 16.1. In contrast to Δ9-THC, CBD lacks 
the psychotropic and intoxicating effects but 
remains pharmacologically active through a dif-
ferent mechanism of action than Δ9-THC and 
therefore presents a promising option for 
treatment- resistant epilepsy (TRE) [9]. Several 
small human trials examining CBD were per-
formed in the 1980s and 1990s that suggested its 
possible benefit as an anticonvulsant [10–12].

Greenwich Biosciences, a branch of GW 
Pharmaceuticals, began developing a plant- 
derived pharmaceutical grade liquid CBD which 
was utilized in an Expanded Access Program 
(EAP) to treat TREs [13]. This EAP evolved into 
three pivotal human studies that eventually led to 
a 2018 FDA approval of this liquid CBD under 
the brand name Epidiolex and in 2019 under the 
name Epidyolex in Europe.
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 Clinical Trials

The first open-label EAP trial with CBD included 
162 patients aged 1–30 with greater than 17 dif-
ferent seizure disorders, of which DS and LGS 
were the most common (23% and 22%, respec-
tively) [13]. The promising results led to three 
robust trials named GWPCARE 1, 3, and 4.

GWPCARE 1 Devinsky et  al. examined the 
effects of CBD on Dravet syndrome at 20 mg/kg/
day divided twice daily against placebo [14]. Both 
the placebo and the CBD group had similar demo-
graphics, concomitant AEDs, and seizure fre-
quency. They found an adjusted median difference 
of 22.8% fewer monthly seizures in the CBD 
group and a 19.2% reduction in total seizures. As 
a determination of how the caregiver perceived 
benefits with treatments, the Caregiver Global 
Impression of Change (CGIC) scale demonstrated 
62% reporting improvement in the CBD group 
compared to 34% in the placebo group [14].

GWPCARE 4 Thiele et al. conducted a similar 
study with CBD 20 mg/kg/day divided BID com-
pared to placebo for LGS and found 17.2% 
decrease in monthly drop seizure frequency in 
the CBD group and a CGIC improvement of 58% 
in the CBD group compared to 34% in the pla-
cebo group [15].

GWPCARE 3 Devinsky et  al. compared the 
reduction in drop seizures in LGS patients using 

10 mg/kg/day BID vs. 20 mg/kg/day BID against 
placebo in order to determine if a lower dosing 
retained effectiveness [16]. The reduction in 
monthly drop seizure frequency was 41.9%, 
37.2%, and 17.2% in the 20 mg/kg/day, 10 mg/
kg/day BID, and placebo group, respectively 
[16]. Adverse effects had been noted in 
GWPCARE 1 and GWPCARE 4 including som-
nolence, diarrhea, decreased appetite, and ele-
vated LFTs [14, 15]. In GWPCARE 3, there were 
adverse effects in 94% of the 20 mg/kg/day BID 
group compared to a lower rate of 84% in the 
10 mg/kg/day BID group and 72% in the placebo 
group. Correspondingly, this reduction in side 
effects but continued seizure reduction may 
account for the CGIC score of 66% in the 10 mg/
kg/day BID group compared to only 57% in the 
20  mg/kg/day BID group. Fortunately, while 
each of the three studies noted adverse effects in 
CBD treatment arms, these adverse effects 
largely resolved with time or dose reduction [16]. 
These studies collectively demonstrated that 
CBD could reduce seizure frequency compared 
to placebo in LGS and DS and dose reduction 
decreased the incidence of side effects [14–16].

 Pharmacology 
and Pharmacokinetics

CBD’s anticonvulsant exact mechanism of action 
is not known but seems to be unrelated to direct 
agonism of receptors CB1 and CB2 of the endo-
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cannabinoid system in contrast to how Δ9-THC 
functions [9]. Instead, CBD’s anticonvulsant 
effect appears to occur from its action at numer-
ous other receptors, ion channels, and neurotrans-
mitter transporters that may be part of the 
endocannabinoid system and whose overall 
downstream effect is to decrease neuronal excit-
ability. For instance, CBD appears to antagonize 
G protein-coupled receptor 55 (GPR55) and tran-
sient receptor potential cation channel (TRPM8) 
and acts as an agonist at 5HT-1a and 5HT-2a, 
TRPV1-3, and TRPV4 [17]. CBD also inhibits 
anandamide reuptake which could play a benefi-
cial role as anandamide can antagonize epileptic 
discharges in the hippocampus. Anandamide lev-
els have been found to be low in the cerebrospi-
nal fluid of new-onset temporal lobe epilepsy 
patients suggesting its presence in greater 
amounts has an antiepileptic effect [18].

CBD is metabolized mainly by the enzymes 
CYP3A4 and CYP2C19. Therefore, when coad-
ministering an inhibitor of these enzymes, the 
plasma levels of Epidiolex may increase, and a 
reduction in dose may be necessary to avoid 
adverse reactions. Similarly, coadministration of 
other medications metabolized by CYP3A4 and 
CYP2C19 will result in elevated levels of that 
medication [19]. For example, a threefold increase 
in the CYP2C19 substrate N-desmethylclobazam 
(norclobazam) was observed when coadminister-
ing Epidiolex and clobazam which can lead to 
clobazam-related side effect. Clobazam is com-
monly used as a concomitant antiepileptic drug 
(AED) for treatment- resistant epilepsy, so caution 
should be observed when coadministering 
Epidiolex and clobazam [20]. Another commonly 
used AED, valproic acid, is an inhibitor of 
CYP2C9 and when coadministered with Epidiolex 
can elevate liver enzymes [21].

Epidiolex has a time to maximum plasma con-
centration of 2.5–5  hours at steady state. 
Coadminstration of Epidiolex with a high- 
calorie/high-fat meal can increase the maximum 
serum concentration by fivefold versus healthy 
volunteers who fasted. It is recommended that a 
high-calorie/high-fat meal accompany each dos-

ing to reduce dose variability. The half-life of 
cannabidiol is 56–61  hours after twice-daily 
administration for 1 week. Cannabidiol is primar-
ily metabolized by the liver with a minor contri-
bution of the gut by the enzymes CYP3A4 and 
CYP2C19. Cannabidiol is converted to an 
active metabolite, 7-OH-CBD, at a 39% lower 
dosage than the parent drug and then further 
converted to an inactive metabolite, 7-COOH- 
CBD. Cannabidiol is excreted in the feces with a 
small contribution of renal clearance [19].

 Dosage and Administration

Epidiolex is supplied as 100  ml of a colorless, 
strawberry flavored oil in a 100 mg/ml bottle and 
includes a calibrated syringe for dosing. Weekly 
titration is recommended to reach the minimal 
effective dose and monitor for any adverse effects 
(Table 16.1). Initial dosing of Epidiolex starts at 
2.5 mg/kg twice daily (5 mg/kg/day) for the first 
week. Titration can continue by 5  mg/kg/day 
weekly (2.5 mg/kg BID) up to a maximum dos-
age of 20 mg/kg/day (10 mg/kg BID) [19]. While 
the recommended maintenance dose is 10 mg/kg/
day, 20 mg/kg/day did produce a greater reduc-
tion in seizure frequency, albeit with increased 
adverse effects [16]. While the pediatric popula-
tion is the primary consumer of Epidiolex, the 
drug’s safety and efficacy have not been estab-
lished in patients less than 2 years old [19].

Table 16.1 Initiation, titration, and monitoring of 
Epidiolex

Approved for treatment of seizures associated with 
Lennox-Gastaut syndrome or Dravet syndrome in 
patients 2 years old or older
Obtain serum transaminases (AST, ALT) and total 
bilirubin prior to initiating treatment
Dose adjustment needed for moderate to severe 
hepatic impairment
Recommend starting dose of 2.5 mg/kg BID and can 
titrate upward weekly by 2.5 mg/kg BID to minimum 
effective dose up to maximum of 10 mg/kg BID
Monitor AST, ALT, and total bilirubin at 1, 3, and 
6 months
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 Monitoring, Adverse Events, 
and Drug Interactions

Prior to starting treatment with Epidiolex, serum 
liver transaminases (AST and ALT) and total bili-
rubin should be obtained because there is poten-
tial for cannabidiol to cause hepatocellular injury 
[14, 15, 19]. Patients with elevated baseline 
transaminase levels three times above the upper 
limit of normal and elevations of bilirubin twice 
the upper limit of normal (ULN) should be evalu-
ated for causes prior to initiating treatment with 
Epidiolex. After initiating treatment of Epidiolex, 
repeat serum transaminases and total bilirubin 
should be monitored at 1  month, 3  months, 
6 months, and thereafter if any symptoms arise 
suggesting hepatic dysfunction. In clinical trials, 
elevated transaminases greater than 3 times the 
ULN occurred most commonly when Epidiolex 
was administered with valproic acid and cloba-
zam combined (30%), followed by valproic acid 
only (21%) and then clobazam alone (4%), which 
was only slightly greater than Epidiolex alone 
(3%) [19].

If the patient has mild hepatic impairment 
(Child-Pugh A), no dose adjustments are neces-
sary. If moderate hepatic impairment exists 
(Child-Pugh B), start titration at 2.5 mg/kg/day 
gradually increasing as necessary to a maximum 
of 10  mg/kg/day. When the patient has severe 
hepatic impairment (Child-Pugh C), initiate at 
1 mg/kg/day titrating to a maximum of 4 mg/kg/
day [19].

 Adverse Effects

The most common side effects of CBD include 
gastrointestinal effects such as diarrhea, abdom-
inal pain, decreased appetite/weight loss, and 
increased LFTs. Central nervous system adverse 
effects include somnolence and fatigue. The 
incidence of somnolence and fatigue was related 
to dose, with a higher incidence of patients 
experiencing sedation with 20  mg/kg/day than 
with 10 mg/kg/day [16]. Patients receiving clo-

bazam in addition to cannabidiol also experi-
enced a significantly higher incidence of 
somnolence and fatigue than patients only using 
cannabidiol [19].

Antiepileptic drugs are known to increase the 
risk of suicidal ideations and behavior, so it is 
recommended to consider these same risks when 
prescribing Epidiolex. While there were no 
reports of suicidal thoughts or events in any of 
the landmark trials GWPCARE 1, GWPCARE 3, 
or GWPCARE 4, the manufacturer recommends 
close monitoring for changes in behavior or 
mood, worsening depression, or any suicidal 
ideation.

 Abuse Potential

While cannabidiol is derived from the Cannabis 
sativa plant, it appears to lack the euphoric effects 
of the other neuroactive cannabinoid, Δ9-THC 
[6]. In order to test if the same was true of 
Epidiolex, a study was conducted with therapeu-
tic and even supratherapeutic doses of Epidiolex 
in recreational polydrug users [22]. After approval 
by the FDA in 2018, the DEA classified Epidiolex 
as a Schedule V controlled substance.
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Nabiximols (Sativex®)

Michael Boivin

 Introduction

Nabiximols (Sativex®) is a prescription cannabi-
noid approved in 29 countries outside of the 
United States [1]. Like other prescription canna-
binoids (nabilone, dronabinol), nabiximols meets 
all the standards for efficacy, safety, and consis-
tency required for approval of any pharmaceuti-
cal [1]. Unlike prescription cannabinoids, 
nabiximols is formulated from extracts from the 
Cannabis sativa plant versus being synthetically 
produced [2]. Although this medication has been 
consistently approved as an adjunct for the symp-
tomatic relief of MS spasticity, some countries 
have approved it as an adjunct for the manage-
ment of MS-related neuropathic pain and cancer- 
related pain unresponsive to opioid therapy [2]. 
This chapter will review this cannabinoid, the 
evidence to support its use, and key consider-
ations when being used for chronic pain.

 Nabiximols Production

GW Pharmaceuticals was founded in 1998 in the 
UK [3]. It has grown millions of cannabis plants 
in a sophisticated glasshouse environment to 
allow for control over the many factors that 
impact cannabis plant development [3]. The uni-

formity of this facility allows for the production 
of cannabis that meets the pharmaceutical indus-
try’s demand for quality, safety, and efficacy [3]. 
Even with control of the plant’s environment, 
growth medium, genetics, and processing, it is 
important to remember that product of the can-
nabis plant can be highly variable [3].

Once grown, the manufacturer harvests and 
extracts the cannabinoids from the plant material. 
The manufacturer immerses batches of dried 
plant material into liquid carbon dioxide at 
extremely high pressure to extract ingredients 
into the solvent [3]. These ingredients are then 
separated and purified [3].

To produce a uniform pharmaceutical product, 
the manufacturer produces two types of botanical 
drug substances (BDS) [4]. The first BDS 
(Tetranabinex®) is an extract of a cannabis plant 
containing delta-9-tetrahydrocannabinol (THC) 
as the principle cannabinoid [4]. The second 
BDS (Nabidiolex®) is an extract of a cannabis 
plant containing cannabidiol (CBD) as the prin-
ciple cannabinoid [4]. Other BDS may be gener-
ated from extracts high in other cannabinoids 
(CBC, CBG, THC-V, CBD-V) [4]. The different 
BDS are blended to ensure that the ratio of THC/
CBD is consistent across each batch and each ml 
contains 27 mg of THC and 25 mg of CBD [2]. 
Each BDS also contains a proprietary blend of 
non-cannabinoid ingredients seen with whole- 
plant extracts such as terpenoids, sterols, fatty 
acids, carotenoids, and flavonoids [4].M. Boivin (*) 
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 Nabiximols Approval 
and Indications

Nabiximols has attained regulatory approval in 
29 countries for the adjunctive treatment of spas-
ticity related to multiple sclerosis (MS) [1].

It was approved in Canada in 2005. In this coun-
try, it also has received indication for adjunctive 
treatment for neuropathic pain due to MS and as 
adjunctive treatment for moderate to severe persis-
tent background cancer pain not responsive to the 
highest tolerated dose of strong opioid therapy [2].

Nabiximols has been used off-label for a vari-
ety of conditions. Case reports and studies have 
evaluated its role in neuropathic pain [5–8], pain 
associated with rheumatoid arthritis [9], treating 
cannabis dependence [10, 11], and tic reduction 
[12].

 Nabiximols Contraindication

The Canadian product monograph lists that 
nabiximols is contraindicated in [2]:

• Patients with known or suspected allergy to 
cannabinoids, propylene glycol, ethanol, or 
peppermint oil

• Patients with serious cardiovascular disease, 
such as ischemic heart disease, arrhythmias, 
poorly controlled hypertension, or severe 
heart failure

• Patients with a history of schizophrenia or any 
other psychotic disorder

• Children under 18 years of age
• Women of child-bearing potential not on a 

reliable contraceptive or men intending to 
start a family

• Pregnant or nursing women

 Nabiximols Evidence

 Nabiximols for MS-Related Spasticity

Spasticity is common in people with MS [13]. 
Over 85% of people with MS have some spastic-

ity, 50% have at least mild spasticity, and up to 
17% have severe spasticity [13]. Although medi-
cations such as baclofen, tizanidine, benzodiaze-
pines, and botulinum toxin are used to manage 
MS-related spasticity, they may not be effective 
or are limited due to adverse effects [13].

There have been a number of studies explor-
ing the role of nabiximols in reducing MS-related 
spasticity (Table  17.1). These studies reported 
improvement in self-reported spasticity severity, 
and some reported improvement in sleep qual-
ity/disruption. One observational study reported 
that people with MS-related spasticity will nor-
mally respond within the first 6 weeks of treat-
ment [14]. This provides guidance when starting 
this therapy, as poor response by 6 weeks may 
be a strong indicator of a poor responding 
patient [14].

 Nabiximols for MS-Related 
Neuropathic Pain

Pain has been reported to occur in up to 86% of 
people with MS [19]. One study found that 61% 
of people with MS reported a painful condition 
with an intensity on a visual analogue scale of at 
least 4/10 [19]. MS-related pain includes head-
ache (43%), neuropathic pain in the arms or legs 
(26%), back pain (20%), painful spasms (15%), 
and trigeminal neuralgia (3.8%) [13]. Of note, 
68% of the people in one study reported dissatis-
faction with care received and that clinicians 
often underestimate the pain problem [19].

Most of the pain experience by people with 
MS is neuropathic in origin [13]. There has 
been interest in the potential role of cannabi-
noids in managing neuropathic pain as many 
individuals do not experience significant pain 
reduction or cannot tolerate current treatment 
options [20].

Two studies have evaluated the role of nabixi-
mols in the management of MS-related neuro-
pathic pain (Table  17.2). These studies 
demonstrate that there may be a potential role for 
nabiximols in the management of MS-related 
neuropathic pain and sleep quality/duration.
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 Nabiximols for Cancer-Related Pain

Individuals with cancer will often present with 
chronic pain which may be related directly from 
tumor involvement or due to an adverse effect 
from chemotherapy [24]. Traditionally, opioids 

have been relied upon to manage cancer-related 
pain [24]. This treatment option can be 
 problematic for many people [24]. There has 
been increased interest in opioid alternatives or 
adjunctive treatment to help to improve pain con-
trol and reduce opioid-related harm.

Table 17.1 Nabiximols for MS-related spasticity

Reference Type Participants Intervention Duration Discussion and results
[15] RCT 160

(80 placebo)
Nabiximols 
adjustable dose 
versus placebo

6 weeks A 100 mm visual analogue scale was used to assess 
the improvement in the participant’s symptoms
Significant improvements in:
  Spasticity
  Quality of sleep

[16] RCT 189
(65 placebo)

Nabiximols 
adjustable dose 
versus placebo

6 weeks Numerical rating scale (0–10) to assess spasticity 
severity
Significant improvement in patient self-reported 
spasticity severity
No significant change in Ashworth scale

[17] RCT 337
(170 placebo)

Nabiximols 
adjustable dose 
versus placebo

15 weeks Numerical rating scale (0–10) to assess spasticity 
severity
Significant chance in self-reported spasticity 
severity

[18] RCT 241
(117 placebo)

Nabiximols 
adjustable dose 
versus placebo

19 weeks 572 patients given nabiximols for 4 weeks run-in, 
participants who responded to nabiximols in run-in 
were then randomized to nabiximols (n = 124) or 
placebo (n = 117)
Numerical rating scale (0–10) to assess spasticity 
severity
Compared to placebo, there was a significant 
improvement in self-reported spasticity severity and 
frequency. There was also an improvement in sleep 
disruption

Table 17.2 Studies evaluating nabiximols for MS-related neuropathic pain

Reference Type Participants Intervention Duration Discussion and results
[21] RCT 339

(172 placebo)
Nabiximols 
adjustable dose 
versus placebo

14-week 
initial phase 
to determine 
responders
14-week 
open-label 
randomized 
withdrawal

Numerical rating scale (0–10) to assess pain 
intensity
Non-significant reduction in pain at 14 weeks. 
50% of those receiving nabiximols and 45% of 
those receiving placebo reached a 30% reduction 
in NRS score
During withdrawal phase of nabiximols 
responders, there was a significant difference in 
30% reduction in pain intensity, sleep quality, 
and change in pain intensity from baseline 
versus placebo

[22] RCT 66
(32 placebo)

Nabiximols 
adjustable dose 
versus placebo

5 weeks Numerical rating scale (0–10) to assess to assess 
symptom intensity
Nabiximols was associated with a significant 
improvement in mean intensity of pain and sleep 
disturbances versus placebo
A 2-year open-label extension of the study 
found that there was no evidence of tolerance in 
responders to nabiximols treatment [23]
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Several studies have evaluated nabiximols as 
adjunctive treatment in the management of 
cancer- related pain (Table  17.3). Overall, the 
results are mixed with some studies finding the 
addition of nabiximols leading to significant 
improvement in pain intensity, where others 
have not.

Another trial evaluated nabiximols for 
chemotherapy- related neuropathic pain [25]. 
This small study (n = 16) did not find a statistical 
significant difference between placebo and 
nabiximols [25]. There were five participants 
who reported a 2/10 or greater reduction in pain 
intensity [25]. This trended toward statistical sig-

Table 17.3 Studies evaluating nabiximols for advanced cancer pain

Reference Type Participants Intervention Duration Discussion and results
[26] RCT 360

(59 
placebo)

Nabiximols 
adjustable dose 
versus placebo
Also compared 
THC extract

2 weeks Numerical rating scale (0–10) to assess pain 
intensity
Statistical reduction in pain intensity with 
nabiximols, compared to placebo
THC extract was associated with a non- significant 
reduction in pain intensity compared to placebo
Twice as many patients taking nabiximols showed a 
reduction of more than 30% from baseline pain 
NRS score when compared with placebo
No change in the median dose of opioid 
background medication, breakthrough doses, sleep 
quality, or nausea scores

[27] RCT 360
(91 
placebo)

3 nabiximols 
treatment groups 
(1–4 sprays,  
6–10 sprays,  
11–16 sprays)  
and placebo

9 weeks Numerical rating scale (0–10) to assess pain 
intensity
The 30% responder rate primary analysis was not 
significant for nabiximols versus placebo
A secondary continuous responder analysis of 
average daily pain from baseline to end of study 
demonstrated that the proportion of patients 
reporting analgesia was greater for nabiximols than 
placebo overall and specifically in the low-dose and 
medium-dose groups

[28] RCT 399 study 1
404 study 2

Nabiximols 
adjustable dose 
versus placebo

5 weeks Numerical rating scale (0–10) to assess pain 
intensity
The primary efficacy endpoint (percent 
improvement (study 1) and mean change (study 2) 
in average daily pain NRS scores) was not met in 
either study
Post hoc analyses of the primary endpoints 
identified statistically favorable treatment effect for 
nabiximols in US participants <65 years that was 
not observed in patients <65 years from the rest of 
the world

[29] RCT 397
(198 
placebo)

Nabiximols 
adjustable dose 
versus placebo

5 weeks Numerical rating scale (0–10) to assess pain 
intensity
Non-significant reduction in average pain with 
nabiximols compared to placebo
Nabiximols was statistically superior to placebo on 
two of three quality-of-life instruments at week 3 
and on all three at week 5
In exploratory post hoc analyses, US patients, but 
not patients from the rest of the world, experienced 
significant benefits from nabiximols on multiple 
secondary endpoints
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nificance, and the authors reported a number 
needed to treat as five [25].

 Nabiximols for Chronic Pain

Nabiximols has also been studied for the man-
agement of chronic pain (Table  17.4). The cur-
rent studies evaluated nabiximols for neuropathic 
pain and pain associated with rheumatoid arthri-
tis. Studies conducted to date demonstrate that 

some individuals with chronic neuropathic pain 
or rheumatoid arthritis may benefit from the use 
of nabiximols.

 Nabiximols Tolerability

Like other cannabinoid medications, nabiximols 
is associated with an increased risk of central ner-
vous system (CNS) adverse effects and a poten-
tial for dependence [2]. In placebo-controlled 

Table 17.4 Studies evaluating nabiximols for chronic pain

Reference Type Participants Intervention Duration Discussion and results
[6] RCT 125

(62 placebo) with 
neuropathic pain 
characterized by 
allodynia

Nabiximols 
adjustable dose 
versus placebo

5 weeks Numerical rating scale (0–10) to assess 
symptom change
The mean reduction in pain intensity scores 
(primary outcome measure) was greater in 
patients receiving nabiximols than placebo
Improvements in Neuropathic Pain Scale 
composite score, sleep NRS, dynamic 
allodynia, punctate allodynia, Pain 
Disability Index, and Patient Global 
Impression of Change were greater on 
nabiximols vs. placebo

[7] RCT 303
(118 placebo) 
with peripheral 
neuropathic pain 
with allodynia

Nabiximols 
adjustable dose 
versus placebo

15 weeks Numerical rating scale (0–10) to assess 
symptom change
At the 30% responder level, there were 
statistically significant treatment differences 
in favor of nabiximols
There was also a reduction in mean 
peripheral neuropathic pain 0–10 NRS 
scores in both treatment groups that was 
numerically higher in the nabiximols group 
but which failed to reach statistical 
significance
Sleep quality 0–10 NRS score and Subject 
Global Impression of Change (SGIC) also 
demonstrated statistically significant 
treatment differences in favor of nabiximols
An open-label 9-month extension of the 
study found that efficacy was maintained 
with no evidence of tolerability developing 
[8]

[5] RCT 48 crossover trial 
in patients with 
neuropathic pain 
due to brachial 
plexus avulsion

Nabiximols 
adjustable dose
THC spray with 
adjustable dose

14–20 days 
on each 
treatment

Numerical rating scale (0–10) to assess 
symptom change
The primary outcome measure was the 
mean pain severity score during the last 
7 days of treatment
Secondary outcome measures included 
pain-related quality of life assessments
The differences in pain diary scores were 
clinically significant
Measures of sleep showed statistically 
significant improvements

(continued)
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trials in MS, adverse events have usually been 
mild or moderate in severity with discontinuation 
rates from treatment due to undesirable effects of 
9.8% of patients on nabiximols compared to 
4.7% on placebo [2]. With nabiximols being self- 
titrated to effect, patients are likely to experience 
a higher incidence of adverse events during the 
titration period than when the optimal dose is 
established [2].

The most prevalent adverse effects from the 
Canadian nabiximols product monograph are 
listed in Table 17.5.

 Nabiximols Dosage 
and Administration

 Administration

Nabiximols is for buccal use only. The spray 
should be directed to below the tongue or toward 
the inside of the cheeks [2]. The site should be 

varied, and the patient should be advised not to 
direct the spray towards the pharynx and not to 
inhale the spray. It must not be sprayed into the 
nose [2].

 Dosing

Nabiximols is normally dosed using a self- 
titration method [2]. The treatment initiation and 
titration commonly involves [2]:

• On day 1 of treatment, patients should take 
one spray during the morning and one spray 
during the afternoon/evening. The morning 
dose can be taken at any time between waking 
up and 12 noon and, the afternoon dose can be 
taken at any time between 4 pm and bedtime.

• On subsequent days, the patient may gradu-
ally increase the total number of sprays, by 
one spray each day, as needed and tolerated. 
There should be at least a 15-minute gap 
between sprays. During initial titration, sprays 
should be evenly spread out over the day.

• If unacceptable adverse reactions such as diz-
ziness or other CNS-type reactions develop at 
any time, dosing should be suspended until 
they have resolved. Some patients may be able 
to continue therapy at the dose reached by 
increasing the interval between doses; others 
may require their subsequent doses reduced. 
Patients should then carefully re-titrate to a 
tolerated dosage regimen that gives acceptable 
symptom relief.

The usual dose ranges between 4 and 8 sprays 
daily. The majority of patients require 12 sprays 
or less, and the dosage should be adjusted as 

Table 17.5 Most common nabiximols-related adverse 
effects [2]

Nabiximols 
(%)

Placebo 
(%)

Dizziness 25.0 8.2
Fatigue 12.5 8.4
Nausea 9.6 5.7
Vertigo 6.5 2.0
Dry mouth 6.1 3.1
Asthenia 5.6 3.1
Diarrhea 5.5 3.9
Disorientation (includes 
confusion)

4.1 0.8

Disturbances in attention 3.9 0.1

Note: The lists of adverse effects in this table are not com-
plete. Clinicians are encouraged to review the nabiximols 
product information for a complete list of adverse effects

Reference Type Participants Intervention Duration Discussion and results
[9] RCT 58

(27 placebo)
Nabiximols 
adjustable dose 
versus placebo

5 weeks Numerical rating scale (0–10) to assess 
symptom change
In comparison with placebo, the nabiximols 
produced statistically significant 
improvements in pain on movement, pain at 
rest, quality of sleep, DAS28, and the 
short-form McGill Pain Questionnaire at 
present component

Table 17.4 (continued)
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needed and tolerated. There is limited experience 
with doses higher than 12 sprays per day. Some 
patients may require and may tolerate a higher 
number of sprays [2].

 Storage, Stability, and Dosage Form

 Storage and Stability

Once opened and in use, nabiximols should be 
used within 28  days (5.5  ml vial) or 42  days 
(10 ml vial). Prior to opening, nabiximols should 
be stored upright in a refrigerator (2–8 °C). Once 
opened, the spray may be stored at room temper-
ature (15–25 °C) [2].

 Dosage Form

Nabiximols is provided in a buccal spray [2]. 
Each 100 microliter spray contains 2.7 mg THC 
and 2.5 mg CBD [2]. The extract contains 50% 
v/v ethanol [2]. It also contains the non- medicinal 
ingredients of propylene glycol and peppermint 
oil [2].

 Summary

Nabiximols is a prescription cannabinoid that 
matches all the regulatory requirements for other 
pharmaceutical medications. It is approved in 
many regions of the world for the adjunctive 
management of MS-related spasticity, MS-related 
pain, and advanced cancer pain not responding to 
opioid therapy [2]. Unlike other prescription can-
nabinoids (nabilone, dronabinol), nabiximols is a 
whole plant derivative that contains additional 
ingredients including terpenoids, fatty acids, and 
flavonoids. Although there is some conflicting 
efficacy data, there is evidence to support the use 
of nabiximols for a variety of different neuro-
pathic pain conditions. Overall, nabiximols is 
well tolerated, and tolerance to adverse effects 
normally occurs with continued use. The buccal 
administration and proper storage are important 

to ensure a patient achieves the most benefit from 
this product.
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Cannabis Strains to Chemovars

Michael Boivin

 Introduction

Cannabis is one of the world’s oldest cultivated 
plants [1]. It originated in Central Asia and has 
been grown and used as food, for its fiber, and as 
a drug plant [2, 3]. With the wide number of uses, 
the plant was widespread by man to different 
regions of the world [1].

The medical use of cannabis dates back over 
5000 years, where it was considered for the man-
agement of fatigue, rheumatism, and malaria [4]. 
Although used for millennia for the management 
of pain, it was strongly prohibited in the twenti-
eth century due to its psychoactivity and recre-
ational use. Its use was highly restricted based in 
international regulations [4].

This chapter will provide a quick review on 
the cannabis plant growth, plant components, 
cannabis classification, and the implication of 
chemovars on medical cannabis use.

 Cannabis sativa L.

Cannabis sativa L. is a dioecious (containing 
male and female productive organs) annual plant 
[4]. It is found in a wide variety of regions around 
the world [5]. It can be found in all temperate and 
tropical climates, except humid tropical rainfor-

ests [3]. It is estimated that close to one-third of 
the earth’s land mass would be suitable for out-
door cannabis cultivation in some form [6].

There has been significant debate on the tax-
onomy of the cannabis plant [3]. Some view can-
nabis as a single species with multiple varieties 
or up to four different species: Cannabis sativa, 
Cannabis indica, Cannabis ruderalis, and 
Cannabis afghanica [7].

Cannabis sativa and Cannabis indica are the 
most relevant for medical cannabis use [5]. 
Cannabis ruderalis is a hardier variety of canna-
bis that is characterized by sparse growth and 
rarely used as a source for medical cannabis [5]. 
Cannabis sativa is a tall plant (2.5 m to 3.5 m) 
with thin leaves, whereas Cannabis indica tends 
to be shorter (1.8 m), bushier, and with broader 
and darker green leaves [5].

 Cannabis Cultivation and Trichomes

Cannabis cultivation and processing have a sig-
nificant impact on the cannabinoid and constit-
uents within the plant. The plant genetics, 
growth medium, environmental conditions, 
nutrition, and processing can impact the yields 
of different constituents [8]. Even small 
changes in any of these factors can lead to 
changes in cannabis products produced. This is 
important from a clinician’s perspective as 
unlike pharmaceutical products, which are syn-
thesized to be identical for each batch, there 
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can be some variance between cannabinoids 
and other constituents between similar plants 
and growing conditions.

 Importance of Trichomes

A key area of focus for medical cannabis is the 
trichomes on the cannabis plant. These trichomes 
(hair-like outgrowths) cover the leaves, bracts, 
and stems of the cannabis plant [4]. The trichomes 
are also concentrated on the female flower [3].

These trichomes secrete resin that contains 
pharmacologically compounds [3]. The ones of 
most interest are cannabinoids and terpenoids 
[3]. These compounds are secondary metabolites 
which are not used by the plant in normal struc-
tural growth, development, or reproduction of the 
organism [8]. It is thought that these compounds 
play an important role in the defense of the plant 
from herbivores and environmental stresses [8]. 
The trichomes are designed to protect the vital 
areas of plant structure for species survival [8]. 
Like other plants, the most vital area for plant 
survival is in the reproductive areas such as the 
flower, and thus it contains a large portion of 
these trichomes and cannabinoids [8].

 Cannabis Constituents

Although the focus of patients and research tends 
to be on the cannabinoids delta-9- 
tetrahydrocannabinol (Δ9-THC, THC) and can-
nabidiol (CBD) concentration of a cannabis 
product, there are over 500 distinct compounds in 
cannabis. This includes constituents from 18 dif-
ferent chemical classes and over 100 different 
phytocannabinoids [9].

 Cannabinoids

There have been more than 100 different canna-
binoids that have been identified in cannabis [10]. 
In C. sativa, cannabinoids are biosynthesized and 
accumulated as cannabinoid acids and subse-
quently decarboxylated into their active forms 
[4]. The most prominent phytocannabinoids in 

the cannabis plant are tetrahydrocannabinolic 
acid (THCA) and cannabidiolic acid (CBDA), 
which are converted to THC and CBD when 
heated [11]. The cannabinoids in cannabis are 
divided into ten subclasses [4, 12]:

• THC – Δ9-Tetrahydrocannabinol
• CBD – Cannabidiol
• THCV – Δ9-Tetrahydrocannabivarin
• CBC – Cannabichromene
• CBDV – Cannabidivarin
• CBL – Cannabicyclol
• CBN – Cannabinol
• CBG – Cannabigerol

Although the cannabinoid focus has been pri-
marily on THC and CBD, there is increased inter-
est in the role of other cannabinoids. In a typical 
cannabis plant, there are low concentrations of 
these other cannabinoids, but through plant 
genetics and breeding, cannabis plants are being 
grown with significantly higher levels. This will 
hopefully increase the number of studies being 
conducted to evaluate their role in chronic dis-
ease management.

The pharmacology and evidence of the differ-
ent cannabinoids in the management of chronic 
pain will be reviewed in more detail in later 
chapters.

 Terpenoids

Terpenoids (terpenes) are essential oils and are 
part of the largest group of plant chemicals with 
15,000–20,000 fully characterized [12]. Terpenes 
are not unique to the cannabis plant, and there are 
more than 150 different types in the cannabis 
plant [13]. Terpenoid concentrations in cannabis 
flowers can range from up to 10% within tri-
chomes, and with selective breeding, there are 
cannabis plants with terpenoids making up to 
3.5% of the flower concentration [14]. Terpenoids, 
and not the cannabinoids, are responsible for the 
aroma of cannabis [12].

There has been increasing interest in terpe-
noids for their pharmacological properties. 
Table 18.1 reviews the different key terpenoids of 
interest in the cannabis plant.
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Like phytocannabinoids, selective cannabis 
breeding can allow for higher concentrations of 
specific terpenoids. This will hopefully provide 
clear guidance on the ideal concentrations of can-
nabinoids and terpenoids to reduce specific 
patient symptoms.

 Other Cannabis Compounds

Along with cannabinoids and terpenoids, there 
are a large number of other compounds found in 
cannabis. There is currently not a significant 
amount of evidence on the potential role of these 
compounds when consumed with cannabis [9]. 
These compounds include [9]:

• Nitrogenous compounds
• Amino acids
• Proteins
• Enzymes
• Glycoproteins
• Hydrocarbons
• Simple alcohols
• Aldehydes
• Ketones

• Fatty acids
• Simple esters and lactones
• Steroids
• Non-cannabinoid phenols
• Flavonoids
• Vitamins
• Pigments

 Entourage Effect of Cannabis 
Constituents

The focus to date has generally been on the selec-
tion of cannabis varieties based on the level of 
THC and CBD in the product. Originally, it was 
thought that the main actions of cannabis were 
only dependent on the levels of these specific 
cannabinoids. Besides cannabinoids, there are 
hundreds of other potentially pharmacologically 
active compounds that are consumed when can-
nabis is used by an individual.

The “entourage effect” is the belief that the 
pharmacological benefits of medical cannabis are 
not associated with the cannabinoids alone, but 
are also associated with the terpenoids and other 
constituents in the plant [12]. This is supported 

Table 18.1 Terpenoids of interest in cannabis [4, 12, 14]

Terpenoid
Commonly 
found in Key points

ß-Myrcene Hops Widespread in C. sativa
May provide analgesia and muscle relaxation
May reduce inflammation
When combined with THC, it is thought to cause the “couch-lock” seen 
with recreational cannabis use

α-Pinene Pine May reduce inflammation
Bronchodilation effects
Acetylcholinesterase inhibitor which may counteract the short-term memory 
deficits from THC

Limonene Lemon Anxiolytic and antidepressant actions
May improve gastroesophageal reflux
Promotes apoptosis of breast cancer cells

Linalool Lavender May reduce anxiety
May promote sedation
May provide analgesia and local anesthetic effects
Anticonvulsant/anti-glutamate properties

ß-Caryophyllene Pepper Anti-inflammatory action
May be cytoprotective on gastric tissues
May have anti-malarial action

Caryophyllene 
oxide

Lemon balm Antifungal properties
May be associated with decreased platelet aggregation
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by the response to botanical cannabis often being 
more effective than when an isolated cannabinoid 
is used alone [15].

 Cannabis Classification: Strains 
Versus Chemovars

Herbal cannabis is unique from traditional 
medicine as the latter tends to focus on a single 
medication that targets a specific site [16]. 
Although the THC and CBD within cannabis 
were once thought to be the only active ingredi-
ents, it is now believed that the range of con-
stituents contribute to the therapeutic effects of 
cannabinoids [16].

There are thousands of different cannabis 
varieties available for both recreational and med-
ical users. This can seem overwhelming for clini-
cians and patients to select the optimal product 
for their specific condition or symptoms. There 
have been a number of different classification 
systems to help to differentiate between the wide 
number of products.

 Strains

Cannabis strain terminology was adapted to iden-
tify different varieties of cannabis. While the 
strain term is used in microbiology to describe 
bacteria or viruses with certain attributes, it has 
no official standing in botany [17]. The use of the 
term strain is not recommended when selecting 
medical cannabis.

Due to the illicit growth and use of cannabis, 
there has been the creation of a wide number of 
names associated with specific cannabis varieties 
[16]. Names such as Pink kush, AK-47,and Bubba 
Kush are commonly used by recreational users 
and producers [16]. These names are picked 
based on the plant morphology, leaf shape, plant 
height, color, smell, and speed of growth [16]. 
They are also classified based on the plant origin 
as being either “indica-based” or “sativa-based” 

[16]. There is a belief that the sativa-based prod-
ucts tend to be uplifting, energetic, and causing 
more cerebral effects whereas indica-based prod-
ucts are promoted as being more calming and 
grounding [16].

Unfortunately, there are significant issues 
with this classification system, such as the fol-
lowing [16]:

• The vast majority of current cannabis varieties 
available for purchase are hybrids of indica 
and sativa plants. The use of indica versus 
sativa is discouraged by many experts for 
medical cannabis use [7].

• There is no consistency in the naming conven-
tion of cannabis. A Pink kush from one pro-
ducer can vary significantly in constituents 
from a product with the same name from 
another producer.

• There is no link between this labelling and 
classification and how it relates to the man-
agement of patients with specific symptoms.

 Chemovar

When referring to a specific cannabis variety, the 
preferred term is chemovar [11]. This term is 
used as it refers to not only the cannabinoid com-
ponents but also the other constituents in the 
product that contribute to the pharmacological 
effects of cannabis [11].

 Practical Chemovar Selection 
for Clinicians

Currently, there is not strong evidence to support 
the selection of one specific chemovar for the 
management of patients with chronic pain. Some 
clinicians find chemovar selection challenging. It 
is important to remember that chemovar selection 
is guided based on primarily on expert opinion. 
Table 18.2 provides some key considerations to 
aid clinicians when selecting chemovars.
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 Summary

Cannabis has been used medically for thousands 
of years. Although the taxonomy of the plant is a 
topic of debate, the use of chemovars aims to 
highlight the role of different constituents in the 
pharmacological effects of medical cannabis. 
Clinicians must remember that cannabis is a 
plant-based medicine. This can lead to differing 
levels of active compounds based on how the 
plant is grown and processed.

Currently, there are no absolute recommenda-
tions on which chemovar to use for a specific 

patient. As more research is published on the role 
of the different constituents, it will become increas-
ingly a more precise chemovar selection process 
for a specific patient with a medical condition.
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 Introduction

Despite its long and complex history, the most 
common medical reasons for cannabinoid use 
have remained consistent. Most patients are using 
medical cannabis for mental health conditions 
such as anxiety, depression, or post-traumatic 
stress disorder (PTSD), chronic pain manage-
ment, and sleep improvement [1]. Due to persis-
tent social stigma and patients’ fear to discuss 
current cannabis use with their physician, most 
are not receiving any professional guidance or 
supervision [2].

Additional barriers may contribute to access 
challenges to cannabinoid treatments such as 
limited medical education, variable regulatory 
restrictions, and lack of high-quality evidence to 
support its clinical safety and efficacy [3].

Although cannabis has been legally approved 
for medical purposes in various countries, 
patients are still accessing to illicit medical can-
nabis products [4, 5]. Unfortunately, many 
patients are taking cannabis products without any 
knowledge of dosage, actual indications, specific 
contraindications, potential drug-drug interac-
tions, risks of some methods of administration, 
and possible side effects. The vast majority are 
not familiar with the importance of consuming 

only standardized and compliant cannabis-based 
treatments versus illicit cannabis products [6]. 
Consequently, establishment of supportive edu-
cational programs for patients [7] is also key to 
promote a responsible use of cannabinoids for 
medical purposes.

The ongoing development and expansion of 
recognized medical cannabis clinics have been 
significant throughout the last decade in most 
countries where cannabis for medical purposes 
has been approved. In many cases, the emergence 
of medical cannabis clinics followed the develop-
ment of compassion clubs or medical cannabis 
dispensaries throughout the 1990s and 2000s in 
North America. The focus on clinical support led 
to care models utilizing multidisciplinary teams 
to provide medical assessment and professional 
advice regarding medical cannabis use. Medical 
cannabis advocates or education specialists may 
support integration of cannabis and clinical 
knowledge within the care model. The support of 
cannabis educators may be important for knowl-
edge transfer to healthcare professionals within a 
medical cannabis clinic and to bridge care and 
education to patients who are already using illicit 
or unregulated cannabis and seek to transition to 
cannabis-based medicines. Furthermore, within 
the multidisciplinary approach, standardized pro-
tocols, and implementation of effective models, 
ongoing development and expansion of care are 
necessary to deliver consistent service and educa-
tion, to ensure best practice care and positively 
impact health-related quality of life [8].
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Notably, a medical cannabis clinic should 
focus on patient-centered interventions [9] and 
prescription of individualized cannabinoid-based 
treatments based on available clinical evidence 
[10]. The clinic model must make clear distinc-
tion between medical and non-medical use of 
cannabis, and personnel should avoid recommen-
dations for the use of cannabis for non-medical or 
recreational purposes.

The aim of this chapter is to describe a sus-
tainable, adaptive way to deliver healthcare ser-
vices to patients that might be candidates for 
cannabinoid therapy. While initially the estab-
lishment of the best model of care is a critical 
focus, the implementation of continuing medical 
education and clinical research development 
should also be relevant and a high priority. In 
order to support the recommendations and enrich 
the discussion, we share the experience from a 
leading medical cannabis clinic, Santé Cannabis, 
located in Québec, Canada. Santé Cannabis has 
operated four clinical sites since 2014 and has 
assessed more than 8000 patients for cannabinoid- 
based treatments.

 Description of a Medical Cannabis 
Clinic

As occurs in other ambulatory clinics such as 
chronic pain clinics, the creation of a comprehen-
sive and multidisciplinary team [11] is crucial for 
optimal patients’ care [12]. When establishing 
the clinic model, it is essential to determine the 
clinic objectives and assess available resources, 
whether the clinic will serve institutional or com-
munity needs. These objectives should inform 
clinic protocols in accordance with the goals and 
in consideration of regulatory framework, needs 
of the medical community, and resource limita-
tions, including trained healthcare professionals 
and support personnel.

For a dedicated medical cannabis clinic, inte-
gration with the healthcare community will be an 
initial challenge. Importantly, cannabinoid-based 
treatments must always be considered as an 
adjunct to conventional therapies so communica-
tion with a patient’s healthcare team is always 
necessary.

During the development of Santé Cannabis in 
2014, the medical cannabis regulations were 
evolving to introduce regulated commercial pro-
duction; however, distribution was limited to 
direct mail order from producers rather than via 
pharmacies. This meant that medical cannabis 
patients would require significant education to 
support the initiation and titration of medical 
cannabis treatments. Additionally, conservative 
medical community and limited guidelines for 
physicians emphasized the need for peer support 
among medical cannabis prescribing physicians. 
Patient care and education were established as 
the key pillars for the model development.

The initial process involved in this model of 
care is presented in Fig.  19.1. Importantly, 
patients were established and remain at the center 
of the model. With a diverse group of physicians, 
all practicing part-time, this model relies on the 
core team of trained, expert registered nurses. 
Standards of care must be adapted to each par-
ticular healthcare system, medical cannabis regu-
lations, and country-specific community 
challenges [13].

The model of this community-based clinic has 
rapidly evolved to offer diverse services such as:

 1. Medical cannabis clinic with a referral model 
for institutional and community-based physi-
cians and nurse practitioners. After screening, 
eligible patients receive assessment, prescrip-
tion and treatment initiation, and follow-up 
until stable. Once patients are stable, they may 
be transferred back to the referring physician 
to continue the medical cannabis treatment.

Physician
completes a
referral form.

Referral form and
supplemental

documents are
submitted by the

patient.

Patient fills-in
specific online

health
questionaires.

Documentation is
reviewed by a

multidisciplinary
team.

If the patient is
eliglible an initial
visit is booked.

Patient is seen by
a multidisciplinary
specializaed team

for potential
cannabinoid

therapy.

Fig. 19.1 Initial process at a medical cannabis clinic

M. F. Arboleda and E. Prosk



137

 2. Training and resource center for healthcare 
practitioners; Santé Cannabis shares its treat-
ment protocols, procedures, and guidelines 
with interested physicians. A continuing med-
ical education series of webinars, CMEs, and 
preceptorships is available. Support services 
are available for medical cannabis patients 
and their families.

 3. Contract research organization offering a full 
suite of research services to public and private 
partners. Unique patient database may be 
accessed for the development of randomized- 
controlled trials with cannabis industry 
partners.

 Referral and Screening

Generally, there are two ways in which a patient 
may access a medical cannabis clinic:

 1. Referral initiated by a physician
A referral for medical cannabis consulta-

tion may be received internally at a large clini-
cal center, hospital, or other institution or 
from other external physicians in a 
community- based setting. Referral is often 
necessary as many physicians are not pre-
pared to assess patients for medical cannabis, 
for reasons of limited medical education, lack 
of resources, or an organizational policy. The 
referral may have been generated by the 
patient request, but to be considered valid 
must be authorized by a licensed physician or 
other authorized healthcare professional.

 2. Direct access or self-referral
A medical cannabis clinic may consider 

admitting patients who are unable to receive a 
referral from a treating physician. In the early 
days of a medical cannabis clinic establish-
ment, or a new regulatory framework, direct 
access may be necessary to support patient 
needs. It is also common that patients do not 
have access to a family or primary care physi-
cian at all.

Medical cannabis clinics must consider 
their own resource limitations, liability, and 

credibility when considering whether to 
accept self- referral patients. In all cases, it is 
recommended to encourage patient referral if 
possible, to support integration of medical 
cannabis treatments with primary care. In the 
event that a referral is not possible, a patient 
may still consent to communication with their 
primary care physicians and healthcare pro-
viders such that information about the medical 
cannabis treatment may be communicated.

In both cases, the referral form must be 
attached to supporting documents such as a 
summary of the medical record, list of current 
and previous medications, relevant laboratory 
test results, and diagnostic and imagery 
reports.

A referral form may follow a standard consul-
tation request template but ideally should at least 
include the following information:

• Patient’s personal information (name, date of 
birth, contact information)

• Primary diagnosis
• Secondary diagnoses
• Medical summary
• Previous and current pharmacological 

treatments
• Healthcare professional contact information

And detail about the specific relative contrain-
dications for cannabinoids:

• Cardiovascular status
• History of substance use
• Mental health, especially personal or family 

history of schizophrenia, bipolar disorder, or 
psychotic episodes

Once the patient’s referral and documentation 
are received, a screening review for eligibility 
should be completed prior to booking an initial 
visit. If possible, the review should be completed 
or at least verified by a healthcare professional 
such as a trained nurse.

Some of the main aspects to be considered 
during screening are the following:
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• The patient has a chronic condition for which 
clinical evidence has shown a potential benefit 
for cannabinoid-based treatment:

 – Neurological disorders (i.e., multiple scle-
rosis, drug-resistant epilepsy, Parkinson’s 
disease)

 – Chronic pain (of various etiologies)
 – Mental health illness (i.e., social anxiety 

disorder, PTSD)
 – Symptoms associated to cancer and its 

treatments (i.e., chemotherapy-induced 
nausea and vomiting, cancer pain, anorexia, 
etc.)

• Previous trial of conventional pharmacologi-
cal treatments has failed to relieve symptoms.

• Patient is not pregnant, breastfeeding, or plan-
ning to become pregnant.

• Patient age and risk-benefit of cannabinoid- 
based treatments considering the severity of 
symptoms and the patient’s trial of conven-
tional pharmacological treatments.

• No uncontrolled or unstable cardiovascular 
disease.

• No history of substance use disorder or can-
nabis use disorder.

• No personal history of psychosis, unstable 
schizophrenia, and bipolar disorder.

If any complication or missing information is 
identified, the patient file may be considered a 
screening failure. The referring physician or 
other physician or specialist may be required to 
provide further information in order to complete 
the screening. Patients should be made aware of 
the status of their file during the review process.

If the patient fulfills this screening criteria, 
allocation to a specific physician should follow 
according to the primary symptom or medical 
condition. Where possible, an interdisciplinary 
team of pain specialist, neurologist, psychiatrist, 
and palliative care specialist is ideal to support 
the vast majority of patient needs.

 Initial Visit

The role of clinic support staff is critical to 
explain clinic policies and set reasonable expec-

tations with admitted patients. Patients should be 
advised that coming for an initial visit does not 
mean that they will certainly be prescribed with 
cannabinoid-based treatments. They might not 
be candidates for this specific therapy. At the ini-
tial visit, further discussion with the healthcare 
provider will determine final treatment 
decisions.

Finally, in most countries more than 90% of 
patients do not have insurance coverage for their 
medical cannabis treatment. Generally, patients 
spend approximately $85 USD per month [5]. 
Costs could be an important barrier to access can-
nabinoid therapy [14]. Having this conversation 
with patients and/or family is also necessary.

At initial visit, patients should complete spe-
cific health questionnaires or validated scales 
related to their main symptom [15]. Other mea-
surement tools to support assessment of other 
symptoms and for health-related quality of life 
assessment are also suggested such as the revised 
Edmonton Symptom Assessment System 
(ESAS-r) and the EQ-5D tool [16, 17]. In order 
to assist this process, support staff may orient 
patients and answer any questions that they might 
have.

Where possible, the assessment may be initi-
ated by a registered nurse in order to improve 
clinic efficiency and continuity of care for 
patients. The nurse completes a standardized 
evaluation to confirm all information from the 
referral process and reviews the baseline mea-
surement tools in detail as well as clinical data 
such as vital signs, weight, etc.

This detailed medical history and customized 
information about medical cannabis risk factors 
are essential to confirm eligibility and to design 
the appropriate treatment plan. Selection of spe-
cific chemovar such as THC-predominant, THC-
CBD balanced or CBD-predominant products, as 
well as presence of other cannabinoids and cer-
tain terpenes will always require a complete clin-
ical assessment. [18, 19].

Finally, the patient will be seen by the physi-
cian specialist. Certain cases must be discussed 
between the multidisciplinary team of the regis-
tered nurse and physician before deciding if the 
patient is a candidate for cannabinoid therapy. 
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This conversation will also help to establish 
appropriate chemovar selection, starting dose, 
and titration regimen [20].

If incorporation of cannabinoid treatment is 
considered, complete medical cannabis educa-
tion is provided to patient and/or family (caregiv-
ers). Professional guidance for safe access to 
standardized cannabinoid-based products should 
be carefully delivered. Patients will then pur-
chase the recommended medical cannabis treat-
ment and initiate treatment.

 Follow-Up and Monitoring

Throughout the titration process, a close monitor-
ing and supervision by clinical staff are critical. 
Close monitoring of medical cannabis treatments 
improves adherence and could identify the emer-
gence of possible adverse effects. If possible, 
monthly phone follow-up is highly recommended 
until a stable dose is met. Vulnerable patients 
may benefit from an in-person follow-up visit at 
4–6  weeks post treatment initiation. Generally, 
follow-up at 3-month intervals is recommended 
until treatment is stable. If required, refer patients 
back to the treatment agreement to confirm their 
commitment agreed upon program [21].

Figure 19.2 illustrates a proposed patient- 
centered pathway for clinical assessment, medi-
cal cannabis prescription, and follow-up.

 Patient Education and Physician 
Communication

Standardized patient education is essential to 
offer reliable medical cannabis information, 
manage patient’s expectations, clarify frequent 
misconceptions, and review treatment 
objectives.

A medical cannabis educator may be a 
trained nurse or in some cases clinic support 
staff. Table 19.1 includes the main subjects to 
be discussed with the patient and/or family. 
Elaboration and delivery of educational mate-
rial, handouts, and patient leaflets are highly 
recommended.

To ensure best ongoing care, a referral report 
of communication letter should be sent to the 
referring physician or healthcare professional 
within 1–2 days of treatment initiation. The com-
munication should indicate the recommended 
treatment and follow-up frequency for the medi-
cal cannabis treatment as well as specific recom-
mendations such as monitoring of potential risk 

Fig. 19.2 Phases for medical cannabis treatment and safe access
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factors, potential adverse effects, or down- 
titration of pharmaceutical medication.

 Protocols and Procedure Guidelines

One of the key projects for the establishment of a 
medical cannabis clinic is the development of 
guidelines and protocols. The development, 
training and implementation, and ongoing 
improvement of clinic protocols are crucial to 
assure best practice of care.

First, the profile, role, and responsibly of each 
clinic team member should be determined in 
accordance to the proposed clinic model. 
Administrative support staff complement the 
clinic team to ensure efficiency and continuous 
care. Roles of the clinical care team must con-

sider the specific regulations and healthcare 
training of each member. Registered nurses, phy-
sicians, and medical cannabis educators must all 
receive effective training on clinic protocols, 
related not only to cannabinoid therapy but also 
to the specific model of care.

Protocols and procedure guidelines should be 
aligned with the mission of the clinic. Generally, 
a medical cannabis clinic should strive to be a 
center of excellence that provides best clinical 
practice for medical cannabis treatments.

Detailed protocols must be developed and 
could be adapted to different clinical environ-
ments mainly for:

• Clinical indications for medical cannabis 
treatments based on available evidence and 
the expertise of the physician team

Table 19.1 Medical cannabis patient education

Main subject Description
Medical cannabis 
general 
information

•  Medical cannabis is not an approved medical treatment and is therefore not a first-line 
treatment

•  As a complementary or adjunct treatment, patient should not stop concomitant medications
•  Medical cannabis is a personalized treatment and response is individual
•  Difference between medical and non-medical cannabis use
•  General and basic concepts about the cannabis plant and its main components
•  THC versus CBD general characteristics

Treatment 
objectives

•  Specify primary and secondary symptoms for medical cannabis treatment
•  Reduction of pharmaceutical medications with physician support may be possible once 

cannabinoid-based treatments are stable
•  Review and manage treatment expectations
•  Ensure the importance of ongoing communication and follow-up is understood
•  Highlight treatment agreement and patient’s commitment to follow treatment plan
•  Eliminate the use of illicit products (whenever applicable)

Cannabinoid- 
based treatment 
administration

•  Explain the recommended route of administration (i.e., oral, inhaled, combined) and give 
specific and detailed instructions

•  Starting dose and titration regimen instructions
•  Importance of treatment adherence and compliance
•  Use of a journal to record complete treatment information

Potential side 
effects

•  Always mention possible side effects related to THC and/or CBD
•  Explain that most side effects can often be avoided with patient, careful titration, and close 

follow-up
•  Offer a strategy to stay in close contact with patient and family to report any adverse effects 

and to answer any questions related to their treatment
Support access to 
safe cannabinoid 
products

•  Recommend safe and consistent products with certified laboratory testing
•  Encourage purchase of cannabinoid products from licensed providers only

Warnings and 
precautions

•  Risk of impairment, especially with THC products
•  Patient to be aware of legal requirements, travel restrictions, and any home- or work-based 

limitations
•  Patient to ensure products are stored securely and discretely
•  Caution against concomitant use of alcohol or other recreational drugs
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• Proper screening for cannabinoid contraindi-
cations and precautions

• Collection of clinical data, patient sociodemo-
graphic information, complete medical his-
tory, and validated symptom measures

• Identification of problematic cannabis use
• Standardized treatment plan development

 – Method of administration and chemovar 
selection according to primary and second-
ary treatment objectives

 – Starting dose and titration regimen accord-
ing to patient’s medical condition and 
health status

 – Follow-up and monitoring schedule
• Patient treatment agreement, including expec-

tations for compliance, warnings, and 
precautions

• Standards of medical cannabis patient educa-
tion, including prepared documentation to 
provide to patients, caregivers, and family

• Processes for ongoing communication with 
patients, family, and referral physicians

• Methods for the clinic to maintain compliance 
with regulatory requirements, such as docu-
mentation templates and a process to review 
regulation changes regularly

 Continuing Medical Education

Among the greatest challenges to the understand-
ing and recommendation of cannabinoid-based 
treatments is the limited access to medical can-
nabis education [22, 23]. Medical cannabis edu-
cation of healthcare professionals through 
medical cannabis clinics has emerged upon 
development with recognized academic institu-
tions. Such partnerships between medical canna-
bis clinics and academic centers facilitate changes 
in medical training which are generally long- 
term multi-year projects. Initially, programs may 
be developed via elective opportunities for medi-
cal trainees that enhance the knowledge level and 
understanding of practical considerations for 
cannabinoid prescription upon graduation.

The development of complementary, continu-
ing medical education programs for visiting phy-
sicians, residents, nurses, and pharmacists 

provides outstanding opportunities to acquire 
practical skills on cannabinoid prescription. 
Beyond the theoretical and pharmacological edu-
cation, practical training programs have been 
developed by Santé Cannabis including physi-
cian and healthcare professional mentorship and 
preceptorships to observe clinical activity in 
action [24]. Such methods allow physicians to 
become more confident about recommending and 
prescribing cannabinoid-based treatments for 
specific conditions. Nurse and pharmacist educa-
tion is also critical to provide complementary 
education and support to medical cannabis 
patients [25].

Provision of educational resources to medical 
professionals may also serve as supplemental 
funding opportunity for medical cannabis clinics. 
Moreover, community-based education and sup-
port services for medical cannabis patients should 
be encouraged at every opportunity.

Finally, as more countries adopt medical can-
nabis regulations, the creation of international 
training programs and preceptorships is also pos-
sible through medical cannabis centers. This cer-
tainly contributes to improve patient access and 
education to highly trained physician leaders 
worldwide.

 Research Development

As part of the clinical experience at a medical 
cannabis clinic, accurate data collection requires 
specific commitment and resource allocation 
under precise protocols and data monitoring 
requirements. Initially, this allows the 
 development of real-world evidence via prospec-
tive observational studies, registries, and patient 
surveys. Real-world evidence has gained signifi-
cant attention as a complement to medical can-
nabis randomized controlled trials (RCTs). 
Real-world data may be more reflective of actual 
clinical practice and offers valuable insights on 
adverse effects and therapeutic benefits of medi-
cal cannabis.

As RCTs to assess safety and efficacy of med-
ical cannabis treatments continue to develop 
slowly, observational studies and real-world evi-
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dence that emerge from medical cannabis clinics 
may complement findings and bridge gaps to 
clinical practice and social realities. However, 
real-world evidence does not substitute evidence 
of RCTs on safety and efficacy of cannabinoid- 
based treatments [26].

A medical cannabis clinic might be a suitable 
site for the completion of well-designed clinical 
trials. Development of clinical trials might open 
an opportunity to strengthen the clinical revenue 
model via partnerships with pharmaceutical com-
panies and industry leaders to support the devel-
opment of new cannabis-based therapeutic drugs. 
This requires a team of experts, research staff, 
good clinical practice training and certification, 
and authorization from regulatory bodies. After 
several years of real-world evidence collection 
and subsequent protocol improvements, Santé 
Cannabis began developing services as a 
cannabis- focused contract research organization 
in 2018, now offering CRO services to several 
sponsors.

 Conclusion

The establishment of a medical cannabis clinic 
first requires a detailed assessment of the regula-
tory system for medical cannabis products and 
the needs of the medical and patient communi-
ties. Once understood, the clinic model should be 
built upon specific protocols and guidelines to 
ensure standards of care. A multidisciplinary 
team is always required to provide patient- 
centered interventions aligned with medical can-
nabis treatment objectives. Patient education 
must be a key pillar of the clinic model and may 
evolve over time as the needs of patients change. 
There is a significant need and, therefore, an 
opportunity to develop medical cannabis educa-
tion programs for healthcare professionals. Such 
programs provide key leadership to the medical 
community and support the validation of clinical 
practice guidelines, including elements for safe 
and responsible cannabinoid prescription. 
Research development has been hindered by lim-
ited resources and regulatory restrictions. 

However, clinical experience and observational 
studies have opened up many possibilities to 
advance in the deployment of RCTs. Medical 
cannabis clinics might operate as training and 
resource centers for the establishment of clinical 
practice guidelines and as research centers to 
support collection of real-world evidence and the 
development of investigational cannabinoid- 
based drugs. Established medical cannabis clin-
ics such as Santé Cannabis in Quebec, Canada, 
offer invaluable knowledge transfer and can serve 
as a model for development and adaptation of 
focused medical cannabis practices and clinics 
across many international countries.
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Barriers for the Prescription 
of Cannabinoid-Based Medicines

Maria Fernanda Arboleda and Erin Prosk

 Introduction

The clinical use of cannabinoid-based medicines 
as a complement for the treatment of different 
medical conditions, including chronic pain, is 
becoming more frequent worldwide. More than 
70% of patients report seeking professional 
advice regarding potential therapeutic benefits of 
medical cannabis [1]. However, several chal-
lenges and limitations have been encountered 
which prevent healthcare professionals from pro-
viding informed recommendations concerning 
the use of cannabinoid therapy [2]. A recent sur-
vey showed that more than 80% of healthcare 
practitioners are not sufficiently prepared and 
knowledgeable about medical cannabis. Thus, 
more than 50% do not feel comfortable discuss-
ing about this possible treatment with their 
patients [3].

While these challenges remain, many devel-
opments are underway to find appropriate solu-
tions and to meet the needs of patients. The aim 
of this chapter is to review the main barriers for 
the safe and responsible prescription of medical 
cannabis and to present an overview of strategies 
to meet or mitigate the present challenges.

 Barriers for Cannabinoid 
Prescription

The growing patient’s interest in the potential 
benefits of cannabinoid-based medicines is often 
at odds with the concerns among physicians and 
other healthcare professionals [4]. Diverse barri-
ers have been identified for the prescription of 
cannabinoid-based treatments, and these are 
summarized in Fig.  20.1. The most significant 
hurdles are discussed in more details below.

 Social Stigma for the Use of Cannabis

Most people have grown up in an era where can-
nabis has been prohibited. Previously, the use of 
cannabis as a medical tool has been recorded as 
early as 2700 B.C. [5]. It was used by Chinese 
physicians to treat malaria, constipation, and 
rheumatic pains and as an analgesic in childbirth, 
among others. During the nineteenth century, 
cannabis was introduced to Western medicine by 
Dr. O’Shaughnessy and was widely used and 
accepted by recognized European physicians for 
its anticonvulsant, anti-inflammatory, and anal-
gesic effects [6]. In fact, cannabis was classified 
as a legitimate medical compound by the United 
States Pharmacopeia in 1851. Unfortunately, 
with rising concerns over its psychotropic effects, 
association with various crimes, and political 
interests, it was removed during the 1940s from 
this list. Furthermore, cannabis was prohibited in 
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the United States upon enactment of the 
Marihuana Tax Act in 1937 and is still classified 
federally as a Schedule 1 drug with a high poten-
tial of abuse under the Controlled Substances Act 
since 1970 [6, 7]. However, recent years have 
started to see some evolution, via various amend-
ments since 1990, which allowed states to enact 
their own medical cannabis and cannabis laws 
and prohibit the Justice Department from inter-
fering. The federal 2018 Farm Bill legalized the 
production of low-THC cannabis or hemp culti-
vars, coinciding with the FDA approval and 
effective de-scheduling of Epidiolex in the same 
year. Similar evolution of cannabis policy has 
progressed across the globe for the last 20 years, 
resulting in a patchwork of medical cannabis 
legalization and access in various countries.

Consequently, the prohibition of cannabis, or 
marijuana, and the lack of differentiation 
between medical and nonmedical uses of canna-
bis have encouraged the development of preju-
dice, myths, and social stigma. Such stigma 
persists among both healthcare professionals and 

patients despite the approval of several pharma-
ceutical cannabinoids and the improved charac-
terization of the effects of cannabis in general. 
Patients may be uncomfortable or even afraid to 
try cannabinoid-based treatments and may be 
concerned about perception of their family and 
peers and may perceive a risk of psychoactive 
effects or addiction. For this reason, it is crucial 
to make a clear distinction between medical and 
recreational uses of cannabis. This exercise may 
elucidate the therapeutic objectives of incorpo-
rating cannabinoid-based medicines as an adjunct 
to chronic pain management.

 Myths Versus Realities of Medical 
Cannabis Use

As medical use of cannabis has been reintro-
duced in several states and countries for specific 
clinical conditions, it is key to address miscon-
ceptions related to social stigma, lack of reliable 
information, and now commercial influence in 
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the information age. Patient education or reedu-
cation will support treatment adherence and 
allow for better acceptance and perception of 
medical cannabis among the general population. 
Table 20.1 summarizes the most frequent myths 
versus realities regarding the use of medical 
cannabis.

 Research Gaps and Limitations 
to Justify Medical Cannabis Use

Over the last 40, years there has been emerging 
interest among researchers to investigate various 
properties of cannabis and cannabinoids. The 

Table 20.1 Frequent myths versus reality of medical cannabis use

Myth Reality
Smoking is the only 
way to administer 
medical cannabis

Drawing from historic use of cannabis, and inaccurately, cannabis has been administered as 
teas, tinctures, and butter or bhang in India since 1000 B.C. and in other Eastern cultures. In 
modern times, there are various routes of administration available for medical cannabis 
products such as oral (i.e., extracts), inhaled (i.e., vaporization), topical, etc. with specific 
pharmacokinetic characteristics that offer a diversity of treatment options for symptom 
control and patient accessibility [8].
The use of a particular method of administration will depend on the treatment objective. Due 
to its rapid onset, inhalation is recommended to control acute symptoms (i.e., breakthrough 
pain) [9]. The use of reliable and safe delivery system such as a vaporizer is highly 
recommended [10, 11].
For long-acting effects, consider oral route of administration [9, 12].

THC is for 
recreational use, 
whereas CBD is 
medicinal

A long-held stigma dating back to the origin of cannabis prohibition assumes that because 
THC is primarily responsible for the psychoactive effects of cannabis, it cannot be 
therapeutic. Conversely, THC has demonstrated potential therapeutic benefit for several 
indications. Clinically, many patients do not report psychoactivity or a feeling of “being 
high,” indicating a potential pharmacological difference between medical and recreational 
users. For those patients who do experience negative psychoactive effects, dose titration and 
other strategies may be effective to mitigate effects.

Cannabis can cure 
cancer and/or other 
medical conditions 
(“the miracle 
drug”)

A myth that is common among cancer patients or patients who may have sought information 
online where the effects and potential benefits of medical cannabis have been falsely and 
sometimes grossly overstated. No clinical evidence to support its use as a curative therapy in 
cancer patients or in other medical conditions [13]. However, cannabinoid-based treatments 
have shown benefit for cancer-related symptoms and may be considered as an adjunct 
clinical tool for symptom control. Cannabinoid therapy is not a first-line treatment, and 
while occasionally dose reduction of concomitant treatments is possible, it is unlikely to 
replace other medications.
Healthcare professionals must be prepared to communicate accurate information, sometimes 
reeducating from misinformation found online, to patients, caregivers, and community in 
order to define realistic expectations [14].

Medical cannabis is 
natural and 
therefore must not 
produce any 
adverse effects or is 
inherently safer 
than pharmaceutical 
or “unnatural” 
products

The safety profile of THC and CBD has been characterized in several studies, and the 
expected adverse effects are well-documented for pharmaceutical cannabinoids [15]. Less is 
documented about the safety profile of cannabis; however, the risk of lethal overdose is 
almost negligible, with no known occurrence. Nevertheless, the risk of adverse effects still 
exists, and overdose may contribute to the severity of such effects. Cognitive, psychiatric, 
and cardiovascular such as tachycardia or hypotension adverse effects are mostly related to 
THC and its main active metabolite 11-OH-THC. Both THC and CBD may also produce 
adverse effects such as dry mouth, dizziness, somnolence, and fatigue.
These effects are dose dependent and generally classified as mild to moderate. Slow titration 
of cannabinoid therapy is key to avoid severe adverse effects [12].

Any patient is 
eligible for 
cannabinoid 
therapy

Like any medication, cannabinoid-based treatment is not for everyone. There are specific 
indications and contraindications for cannabinoid prescription. A history of psychiatric 
illness such as schizophrenia or psychotic episodes and active, unstable cardiovascular 
illness such as unstable arrhythmia or uncontrolled hypertension are contraindications 
related primarily to THC [12].
A detailed and systematic medical history is required to decide who is a candidate for 
cannabinoid-based treatments [16].

(continued)
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characterization of the main components of the 
endocannabinoid system contributed signifi-
cantly to this increase in interest [24]. Numerous 
systematic reviews and meta-analyses have sup-
ported the use of cannabinoid-based treatments 
in neuropathic pain and some other medical con-
ditions [25, 26]. However, diverging conclusions 
and areas of debate have appeared as part of the 
discussion. Importantly, in several studies, the 
heterogeneity of study population, such as com-
bination between different types of chronic pain, 
may have interfered with analysis and might have 
caused limitations to current evidence [27].

This lack of high-quality evidence for the use 
of medical cannabis in chronic pain patients is 
often out of step with observational studies, real- 
world evidence, and patient case reports that 
indicate significant potential benefit for cannabi-
noid-based treatments in chronic pain popula-
tions, including potential for opioid substitution 
[28]. To resolve these discrepancies, well-
designed randomized controlled trials are 
required to validate efficacy and safety of medi-
cal cannabis. These study designs must consider 
population characteristics and adequate sample 
size calculation; must specify cannabinoid for-
mulations and terpene profile, cannabinoid dos-
age, titration regimen, and route of administration, 
and must assess treatment changes and the use of 
concomitant medications in long-term follow-

up. Perhaps most critically, investigators must 
dedicate attention to the classification of differ-
ent types of pain within the study population. To 
bridge the gap between real-world evidence, 
evaluation of emotional, functional, and health- 
related quality-of-life impact and patient’s satis-
faction or perception of change is necessary. 
Finally, limitations related to placebo group 
blinding when delta-9-tetrahydrocannabinol 
(THC) is being used should be carefully 
addressed [29].

 Lack of Knowledge Regarding 
Cannabis Regulatory Frameworks

With the existing and ever-evolving patchwork 
of cannabis legislation globally, it is under-
standably challenging to comprehend legal 
regulatory frameworks. By focusing on local 
status and regulatory requirements in  local 
jurisdiction and on a developed understanding 
of available cannabinoid- based treatments, 
healthcare professionals play an important 
educational role [2].

In 2013, Uruguay was the first country to fully 
legalize cannabis, and in October of 2018, 
Canada became the largest country and the first 
G20 nation to legalize and regulate cannabis. 
Although the use of medical and recreational 

Table 20.1 (continued)

Myth Reality
Medical cannabis 
will produce 
addiction

Previously termed cannabis dependence or cannabis abuse in DSM-4 has been characterized 
in DSM-5 as cannabis use disorder (CUD). Probability of becoming addicted to cannabis 
after lifetime exposure is 8.9% [17]. Lifetime probability of transition from cannabis use to 
CUD is around 27% [18]. Importantly, all this data comes from recreational use of cannabis, 
primarily of high-THC and unregulated products. Specific predictors for this risk of 
development of CUD include males, early-onset cannabis users, and childhood traumatic 
events. Cannabis withdrawal has been recognized in around 50% of heavy cannabis users 
upon cessation [19]. No clinical studies have yet been published related to the risk of 
development of CUD during medical cannabis use [20]. Undergoing CBD research for 
substance use disorder (i.e., opioid use disorder) is promising [21–23].

THC delta-9-tetrahydrocannabinol; 11-OH-THC 11-hydroxy-tetrahydrocannabinol; CBD cannabidiol, DSM-4 
Diagnostic and Statistical Manual for Mental Disorders, fourth edition; CUD cannabis use disorder; DSM-5 Diagnostic 
and Statistical Manual for Mental Disorders, fifth edition
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cannabis has not been federally legalized in the 
United States, several states have legalized its 
use. While still a Schedule 1 drug, the US Food 
and Drug Administration (FDA) has recognized 
the potential opportunities that cannabinoid- 
based therapies could offer [30]. So far, this regu-
latory agency has approved one purified, 
plant-derived cannabinoid-based treatment, a 
cannabidiol (CBD) oral solution for drug- 
resistant epilepsy [31, 32], and two synthetic can-
nabinoid formulations of THC and THC 
analogues, dronabinol and nabilone [15].

While more than 30 countries have now autho-
rized the use of medical cannabis [33], access to 
cannabinoid-based treatments is still variable, 
and there remain barriers to access safe products 
with suitable quality control. Regardless of legal 
status, many patients are procuring “cannabis 
treatments” from illegal or unregulated sources 
and without appropriate clinical guidance and 
safe monitoring. Worryingly, some patients have 
been exposed to infectious risks associated with 
the administration of contaminated cannabis 
products [34, 35].

A robust regulatory framework, including 
consistent cannabis supply chain and complete 
testing for various pathogens, heavy metals, and 
contaminants, is essential. However, while regu-
lations and the responsible healthcare agencies 
are still maturing in some jurisdictions, the appli-
cation of the required quality standards may not 
be sufficiently regulated.

Finally, accurate testing of cannabinoid and 
terpene profile is essential to provide clinicians 
with the necessary information and confidence to 
give a medical cannabis prescription and accurate 
dosing. Unfortunately, when cannabis products 
are obtained from illegal or underregulated mar-
kets, the laboratory analyses are not reliable. 
Unsupported claims may be commonly found 
describing such illegal or underregulated prod-
ucts. In the United States, several manufacturers 
have been fined for claims that their THC and 

CBD products can treat and even cure some med-
ical conditions, in violation of the Federal Food, 
Drug, and Cosmetic Act [30, 36].

Overall, regulatory frameworks and approval 
of cannabinoid-based treatments continue to 
evolve across many countries. Regulatory agen-
cies in countries that have legalized medical can-
nabis continue to simplify access barriers and 
provide clear information under pressure from 
both patients and healthcare professionals.

 Limited Medical Cannabis Education

Poor academic training is evident when health-
care practitioners are asked to rate their medical 
cannabis knowledge [3, 37]. Around 85% of 
health professionals would like more medical 
cannabis training and resources, mainly written 
summaries, and online learning programs [4].

Qualified educational curriculums in this field 
are scarce, and it is still uncommon to find recog-
nized medical schools reviewing the 
 endocannabinoid system, phytocannabinoids, 
terpenes, and their medical applications. Certified 
courses, symposiums, and prescribing training 
programs have emerged recently to bridge this 
important gap.

 Development of Medical Cannabis 
Education Programs with High 
Scientific Content

Medical cannabis education should be designed 
to meet diverse learning objectives, including 
foundational, theoretical concepts and practical 
recommendations. As with the consideration of 
any new treatment option, responsible prescrip-
tion in a collaborative, interdisciplinary setting 
should be encouraged. Some of the key elements 
to be considered in medical cannabis academic 
programs [38] are summarized in Table 20.2.
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 Conclusion

There remain many barriers to the understanding 
and possible acceptance of medical cannabis that 
affect healthcare professionals and patients 
across the globe. In the current context of limited 
training, reluctance and concern from healthcare 
professionals are valid but contrast with patient’s 
interest. However, as clinical evidence and more 
reliable information of medical cannabis prod-
ucts develop, an increased patient awareness is 
expected, and healthcare professionals must also 
improve their knowledge and understanding of 
cannabinoid-based treatments. Medical cannabis 

regulation advancements have been crucial for 
improved access and the resulting societal under-
standing and acceptance of the therapeutic use of 
cannabis. There are still significant gaps in train-
ing opportunities and in high-quality clinical 
research that require commitment and coopera-
tion between government, academic, and indus-
try stakeholders.
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 Introduction

There has been a growing interest in the use of 
cannabinoid-based medicines among chronic 
pain patients worldwide [1–3]. While high- 
quality clinical research remains limited and reg-
ulatory frameworks slowly advance to approve 
the use of medical cannabis, healthcare providers 
of different specialties are now keen to acquire 
evidence-based information for best clinical 
practices. A significant difference between cur-
rent and desired levels of medical cannabis 
knowledge among healthcare practitioners 
(HCPs) has limited the prescription of 
cannabinoid- based medicines and the provision 
of optimal medical guidance [4]. Worryingly, 
around 21% of patients are using cannabis thera-
peutically but without medical advice and safe 
monitoring [5], and more than 70% do so without 
legal authorization [6].

Existing clinical guidelines for cannabinoid 
use in chronic pain are scarce [7]. Currently, 
some literature supports the use of medical can-
nabis for neuropathic pain conditions as a third- 
line treatment [8]. However, such guidelines cite 
insufficient evidence to recommend medical can-
nabis for other types of chronic pain [9, 10]. To 
bridge the gap between recommendations and 

reality, some practical guidance for the safe and 
responsible prescription of medical cannabis 
have emerged [11–13]. Furthermore, some les-
sons learned have been shared from clinicians 
who practice in countries where cannabis has 
been fully legalized [14–15]. And finally, the use 
of cannabinoid-based medicines or medical can-
nabis has been proposed as an adjunct for several 
clinical settings [16].

While clinical evidence continues to evolve, 
there is a growing demand to implement medical 
cannabis training programs and educational 
resources to guide healthcare professionals in the 
often-unique prescription and regulatory process. 
As interest and access grows, experienced, multi-
disciplinary teams must be prepared to provide 
appropriate response to patient questions and to 
carefully identify patients who are potential can-
didates for cannabinoid-based medicines.

As a way to fulfill some current gaps, the aim 
of this chapter is to present a systematic approach 
to the prescription of cannabinoid-based medi-
cines. Specific steps will guide HCPs to gain con-
fidence and to be prepared to make informed 
recommendations. To accomplish this, best prac-
tices utilize common clinical tools and the collec-
tion of a detailed and focused medical history. 
Experience from a leading Canadian specialized 
medical cannabis clinic has been key to provide 
all these practical considerations.
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 Cannabinoid-Based Medicines: 
What Is Currently Available?

Before considering cannabinoid-based medicines 
as a complementary treatment, health profession-
als must identify which products are legally 
available in their countries [17].

In general, existing cannabinoid-based thera-
pies are classified either as pharmaceutical can-
nabinoids or as natural cannabis. Figure  21.1 
shows in detail the diverse cannabinoid-based 
medicines currently available.

Pharmaceutical cannabinoids may be syn-
thetic or plant-derived and have been approved as 
pharmaceutical treatments or prescription drugs. 
Most randomized controlled trials (Phases I–III) 
have utilized pharmaceutical cannabinoids so 
more is known about their safety and efficacy in 
various clinical applications [18]. Consequently, 
regulatory agencies in specific countries have 
approved their use for certain medical 
conditions.

Products derived from natural cannabis are 
still considered unrecognized treatments. More 
clinical evidence is required to confirm their 
safety and efficacy [19]; however, it has been 
observed that patients may find their effects more 
tolerable [18].

 Prescription or Pharmaceutical 
Cannabinoids

Learning about pharmaceutical cannabinoids is 
crucial because most clinical trials have been per-
formed with these products. Nabilone, dronabi-
nol, nabiximols, and Epidiolex® have met 
rigorous regulatory standards for specific medi-
cal approvals in diverse jurisdictions. Summarized 
practical information for each pharmaceutical 
cannabinoid is presented in Table  21.1 [18, 
20–23]:

• Nabilone (Cesamet®) is a synthetic analogue 
of delta-9-tetrahydrocannabinol (THC) and 
was approved in 1986 by the US Food and 
Drug Administration (FDA) for the treatment 
of chemotherapy-induced nausea and vomit-
ing which has failed conventional treatment. It 
is now quite widely available as a generic drug 
in several different countries [23]. In some 
cases, it has been used off label for acute and 
chronic pain management and has been evalu-
ated for specific pain conditions [24–27]. It is 
approximately ten times more potent than 
natural THC and is administered in oral form 
[18, 28].

Cannabinoid-
based medicines

Prescription or
pharmaceutical
cannabinoids

Nabilone
(Cesamet®)

Dronabinol
(Marinol®)

Nabiximols
(Sativex®) 

Plant-derived
purified CBD
(Epidiolex®)

Natural cannabis

Dried flower
(%)

Extracts-oils
(mg/ml)

Fig. 21.1 Cannabinoid-based medicines: pharmaceutical versus natural cannabis
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Table 21.1 Pharmaceutical cannabinoids: practical information

Pharmaceutical 
cannabinoid

Main characteristics and 
components Pharmaceutical form and dosing Approval (therapeutic indications)

Nabilone 
(Cesamet®)

Synthetic analogue of 
THC (10 times more 
potent than natural THC)

Capsules: 0.25 mg, 0.5 mg, 
1 mg
Oral administration
Initiation dose: 0.25 mg HS
Titrate dose according to 
symptoms
Maximum dose: 2 mg 3 times 
a day (6 mg per day)

CINV which has failed 
conventional treatment

Dronabinol 
(Marinol®)

Synthetized THC Capsules: 2.5 mg, 5 mg, 
10 mg
Oral administration
Starting dosage anorexia: 
2.5 mg, 1 hour before lunch 
and dinner. Maximum dose: 
10 mg BID
Starting dosage CINV:
  5 mg/m2, 1–3 hours prior to 

chemotherapy. Maximum 
dose: 15 mg/m2 per dose, 
for four to six doses per day

Titrate dose accordingly

1. Anorexia in HIV patients with 
weight loss
2. CINV which has failed 
conventional treatment

Nabiximols 
(Sativex®)

Natural extract of 
Cannabis sativa with 
THC and CBD in a 
balanced ratio (1:1)
Each single 100 
microliter spray contains 
2.7 mg THC, 2.5 mg 
CBD
Excipients: 0.04 ethanol 
and propylene glycol. 
Peppermint flavoring

Oromucosal spray, solution 
(10 mL), sublingual 
administration or inside of the 
cheeks. Site should be varied
Starting dose: 1 spray HS
Titration regimen: increase 
number of sprays according to 
symptoms and administer BID 
if needed
Maximum dose: 12 sprays per 
day (~32 mg THC, 30 mg 
CBD)

1. Adjunct for spasticity in MS not 
responding to standard therapies

Epidiolex® Plant-derived purified 
CBD
Inactive ingredients: 
dehydrated alcohol, 
sesame seed oil, 
strawberry flavor, and 
sucralose

Oral solution: 100 mg/ml of 
CBD. Each bottle contains 
100 mL
Starting dose: 2.5 mg/kg BID 
(5 mg/kg/day)
Titration regimen: after 1 
week increase to 5 mg/kg BID 
(10 mg/kg/day)
  Weekly increments of 

2.5 mg/kg BID as tolerated
Maximum dose: 10 mg/kg 
BID (20 mg/kg/day)
Measurement of liver function 
tests prior to starting treatment
Adjust starting dose in 
moderate (1.25 mg/kg BID) 
and severe (0.5 mg/kg BID) 
hepatic impairment

1. Treatment of seizures associated 
with Lennox-Gastaut syndrome 
and Dravet syndrome (drug- 
resistant epilepsy) in patients 
2 years of age or oldera

BID twice daily, CBD cannabidiol, CINV chemotherapy-induced nausea and vomiting, HIV human immunodeficiency 
virus, HS at bedtime, MS multiple sclerosis, THC delta-9-tetrahydrocannabinol
aPrecaution: concomitant use of valproate and high doses of Epidiolex® could increase AST and ALT [38]. If concomi-
tant use of clobazam and Epidiolex®, measurement of clobazam and N-desmethylclobazam levels is necessary [39]
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• Dronabinol (Marinol®) is a synthetized cap-
sule of THC that is FDA-approved for anorexia 
in human immunodeficiency virus (HIV) 
patients with weight loss, since 1992. It is also 
approved for chemotherapy-associated nausea 
and vomiting that has failed traditional thera-
pies [18].

• Nabiximols (Sativex®) was developed by GW 
Pharmaceuticals in the United Kingdom (UK). 
It is a natural extract blended from three culti-
vars of Cannabis sativa which comes in the 
form of an oromucosal spray. This balanced 
formulation of THC and cannabidiol (CBD) 
has been approved in more than 30 countries. 
However, it is not approved in the USA though 
it is recommended by the American Academy 
of Neurology mainly as an adjunct for spastic-
ity in multiple sclerosis (MS), a common and 
disabling symptom affecting approximately 
80% of this population [29–31]. A major limi-
tation for its use relates to the high costs of the 
product and restricted insurance coverage.

• Epidiolex® is the first plant-derived cannabi-
noid treatment to be approved by the 
FDA. This authorization was released in 2018 
for use in Lennox-Gastaut and Dravet syn-
drome for patients aged 2 years or older [32]. 
One year later, the European Drug Agency 
also approved its use for the same clinical con-
ditions [33]. Epidiolex is an oral solution of 
purified CBD (98%) at a concentration of 
100  mg/ml. Its safety and efficacy to treat 
drug-resistant epilepsy has be verified in mul-
tiple clinical trials [34–37].

 Natural Cannabis

This class of cannabis-based medicines refers to 
herbal cannabis products or products derived 
from plant cannabis, mainly available as dried 
flower and oral products such as oils, extracts, 
capsules, and tinctures. Due to the complexity 
of these natural extracts and variable composi-
tion of active ingredients, including cannabi-
noids, terpenes, and flavonoids, it remains 
difficult to standardize and manufacture prod-

ucts to standards acceptable for use in clinical 
trials. Product diversity may be appreciated by 
some patients, but access to numerous strains 
and methods of administration are important 
limiting factors in a controlled clinical or 
research setting. Some authors have also ques-
tioned the validity of placebo group blinding to 
assess the effects of THC [40]. Given the above-
mentioned reasons, observational studies and 
real-world evidence have gained increasing 
attention in the cannabis field [41].

 Inhalation
Dried cannabis is administered by inhalation, tra-
ditionally with a cigarette or a pipe, but now, 
much more commonly with an electronic vapor-
izer. Cannabinoid concentration in dried canna-
bis is expressed in percentage of dried weight 
(i.e., THC 10% w/w). Onset of effect occurs after 
3–10  minutes of administration [42] and has a 
short duration of 2–4  hours [43]. Dose control 
may be limited as patients must implement a con-
trolled inhalation technique in order to receive a 
consistent effect. Due to its rapid onset and short- 
acting effect, inhalation is recommended to con-
trol acute symptoms such as breakthrough pain, 
panic attacks, sleep induction, and appetite stim-
ulation [12].

The use of a vaporizer could reduce the release 
of noxious chemicals due to temperature control 
(suggested between 180 and 220 °C) [44]. Some 
of these devices have been investigated to con-
firm safety and efficacy in chronic neuropathic 
pain [45–47].

Practical Recommendations [11, 12]
• Start with a single inhalation, pause for 

10–15  minutes, and titrate according to 
symptoms.

• If a single inhalation is well tolerated and 
there is no therapeutic benefit, increase to two 
inhalations, and evaluate desired therapeutic 
effects.

• A slow dose escalation and waiting 10–15 min-
utes before increasing the number of inhala-
tions is key to reduce the likelihood of 
developing adverse effects.
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• Breath holding is not recommended due to 
increased exposure to harmful substances.

• Inhalation of cannabinoids should be avoided 
when a concomitant pulmonary condition 
such as chronic obstructive pulmonary disease 
(COPD) has been identified [48, 49].

 Oral Administration
This method of administration has a unique phar-
macokinetic profile from inhalation, and the can-
nabinoid concentration of oral products is 
expressed in mg/mL. Due to extensive first-pass 
effects among other factors, cannabinoid bio-
availability is low and variable (5–20%). Onset of 
effect appears after 60–90 minutes of oral admin-
istration, and it has a long-lasting duration 
approximately 8–12 hours [43]. For this reason, 
when patients report persistent symptoms such as 
baseline chronic pain, sleep disturbance, and 
uncontrolled anxiety, this method of administra-
tion should be considered [12].

Practical Recommendations [11, 12]
• In most cases start with low doses of THC 

(1–2  mg) and CBD (2.5–5  mg). This is an 
individualized treatment; thus each patient 
will respond differently to cannabinoid 
therapy.

• Sublingual administration is generally recom-
mended for a faster absorption.

• When initiating treatment or up-titrating the 
dose, always start at the evening or bedtime 
dose.

• Titrate slowly every 3–5  days until desired 
therapeutic benefits are achieved. If side 
effects are observed, return to previous dose.

• Consider administration twice daily (BID) or 
even three times per day (TID) if needed.

• In elderly patients always consider initiating 
with the lowest possible dose and titrate every 
5–7 days.

• For previous occasional or regular consumers 
of cannabis: Consider the patient’s experience 
to prescribe an appropriate starting dose. In 
many cases, patients may have taken unregu-
lated products where no accurate cannabinoid 
concentration is provided.

In some cases, both inhalation and oral (com-
bined) delivery methods are indicated such as 
when a patient presents with uncontrolled persis-
tent pain and breakthrough or pain crisis.

When inhalation and oral administration are 
combined, practical recommendations for each 
may be followed; however it is recommended to 
stagger dose titration between the two methods.

 Therapeutic Properties 
of Cannabinoids: THC Versus CBD

The complexity of the cannabis plant has been 
well characterized over the last few decades; it is 
known to contain more than 500 chemical com-
pounds that might interact with the endocannabi-
noid system [28, 50]. In general, those compounds 
that are unique to the cannabis plant are known as 
cannabinoids or phytocannabinoids to differenti-
ate from those that are synthetically derived. The 
primary phytocannabinoid is delta-9- 
tetrahydrocannabinol, or THC, a partial agonist 
to G-protein-coupled cannabinoid receptors CB1 
and CB2. THC has been shown to be primarily 
responsible for the psychoactive effects of can-
nabis. Contrarily, cannabidiol, or CBD, is consid-
ered a nonintoxicating phytocannabinoid which 
is generally well tolerated. It does not appear to 
bind to CB1 or CB2 receptors at physiologically 
meaningful concentrations [51, 52]. When thera-
peutic doses of CBD are co-administered with 
THC, it might improve tolerability and safety 
versus THC alone. THC and CBD are the most 
studied cannabinoids in clinical trials [53–55].

The main therapeutic properties of THC and 
CBD as complementary treatments are summa-
rized in Fig. 21.2 [16, 19]. The taxonomy of the 
cannabis plant is still widely debated, and it is 
estimated that more than 700 unique cultivars 
with unique chemical and morphological proper-
ties may exist [70]. Importantly, product selec-
tion may be greatly simplified by focusing on 
treatment objectives and determining (1) the pre-
ferred method of administration and (2) ratio of 
specific cannabinoid profile of THC versus CBD 
[71]. Generally, products may be classified as 
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THC-rich (chemotype I), THC and CBD bal-
anced (chemotype II), or those considered CBD- 
rich (chemotype III) [72].

 Practical Recommendations 
for the Prescription of Cannabinoid- 
Based Medicines

Key elements related to medical cannabis use are 
listed below [11]:

• Always define clear therapeutic goals with 
patients and/or family, and manage cannabi-
noid-based medicines expectations [12].

• A comprehensive medical history should 
always be recorded. History of cannabis use 
for medical and nonmedical purposes is also 
essential.

• Screening for problematic cannabis use 
with specific tools (i.e., CUDIT-r) might be 
useful [73]. However, there are still limita-
tions to identify cannabis use disorder 

(CUD) among subjects using cannabis for 
medical purposes [74].

• Keep in mind that cannabinoids are not a first- 
line treatment. Conventional pharmacological 
and non-pharmacological treatments should 
be tried before considering cannabinoid-based 
therapy.

• Medical cannabis is not for everyone. There 
are specific indications and contraindications 
to be considered.

• Cannabinoid therapy is useful for symptom 
control as an adjunct to conventional treat-
ments. In some cases, it might help to reduce 
concomitant medication dosage. This reduc-
tion should be carefully monitored by an HCP.

• There is some limited clinical evidence to sup-
port the potential opioid-sparing effect of can-
nabinoids [75]. Some literature supports 
opioid and cannabinoid synergistic effect for 
chronic pain management without signifi-
cantly altering plasma opioid levels [76]. 
Opioid titration must be carefully monitored 
by an HCP.

THC-predominant
(chemotype I) 

•  Chronic pain relief (mainly
   neuropathic pain) (26)(67)

•  Appetite stimulation in
   HIV and cancer patients
   (60-63)

•  Improves sleep quality
   (i.e. in PTSD improves
   nightmare frequency) (64)

•  Reduces CINV (65)

•  Depression as a symptom
   associated with chronic
   conditions (low doses
   only, high doses have
   reported negative effects)
   (67)

•  Anxiolytic effect
   (mainly in social anxiety
   disorder) (56, 58, 59)

•  Seizure control (drug-
   resistant epilepsy) (34-
   37)

•  Neuroprotection (i.e.
   traumatic brain injury)

•  Antiinflammatory

•  Antioxidant

•  Ongoing research for
   substance use disorder
   (i.e. OUD) (57)

•  Psychotic symptoms in
   Parkinson's disease (66)

CBD-predominant
(chemotype III)

THC/CBD balanced (1:1)
(chemotype II)

•  Adjunct for spasticity in
   MS (30).

•  Cancer pain (more
   evidence is required) (68,
   69).

Fig. 21.2 Main therapeutic benefits of THC and 
CBD.  CINV, chemotherapy-induced nausea and vomit-
ing; HIV, human immunodeficiency virus; MS, multiple 

sclerosis; OUD, opioid use disorder; PTSD, posttraumatic 
stress disorder

M. F. Arboleda and E. Prosk



159

• Some patients might not feel any therapeutic 
benefit even with significant cannabinoid 
doses. If possible, consider prescribing a dif-
ferent chemotype or changing the method of 
administration. As seen with other treatments, 
cannabinoids could also fail to show consis-
tent pain reduction.

• If high doses of THC are utilized, do not stop 
cannabinoid therapy abruptly; consider taper-
ing down to avoid withdrawal symptoms.

 Clinical Evidence to Support 
Cannabinoid Use in Specific Medical 
Conditions

Although conclusions of systematic reviews and 
meta-analyses are inconsistent and generally 
limited by poor quality, the main conditions to 
consider cannabinoid-based medicines are [67, 
77, 78]:

 1. Chronic neuropathic pain. Most studies have 
been done with THC-rich inhaled products.

 2. Spasticity in multiple sclerosis.
 3. Chemotherapy-induced nausea and vomiting.
 4. Drug-resistant epilepsy, specifically Lennox- 

Gastaut and Dravet syndromes.
 5. Palliative care. For symptom control when 

conventional therapies have failed.

 Is the Patient a Candidate 
for Cannabinoid Therapy? 
A Systematic Approach

After reviewing the regulatory status and avail-
ability of cannabis-based medicines in the coun-
try or state of practice, it is then important to 
develop a consistent, systematic approach to 
clinical assessments.

This systematic assessment to determine if a 
patient is potential candidate for cannabinoid- 
based medicines will guide the process and sup-
port physician’s evaluation and treatment 
recommendations. The key steps are summa-
rized in Table 21.2 and discussed in further detail 
below.

Table 21.2 Systematic assessment for potential cannabinoid therapy

Key steps Description
1.  Develop a 

complete clinical 
assessment and a 
thorough medical 
history

(a)  Document a detailed medical history, and determine primary and secondary symptoms 
to be treated (application of validated measurement tools is recommended)

(b) Record all pharmacological and non-pharmacological treatments previously tried
(c)  Document the patient’s history of previous cannabis use and any adverse effects (for 

medical and nonmedical purposes)
(d) Review any precautions and/or contraindications for cannabinoid treatment

2.  Define treatment 
objectives and 
manage 
expectations

(a)  Discuss the treatment objectives with patient and/or family, and ensure patient has 
reasonable expectations

(b) Review the treatment agreement and required education about the treatment risks

3.  Define a 
treatment plan: is 
the patient a 
candidate for 
cannabinoid 
therapy?

(a)  Chemotype selection (THC versus CBD) according to the treatment objectives
(b)  Method of administration according to acute versus persistent symptoms and medical 

status
(c) Starting dose and titration regimen

4.  Elaborate a 
medical 
document or 
prescription, in 
line with specific 
regulatory 
requirements

(a)  Explain process for safe access to cannabinoid-based medicines from authorized 
licensed producers

(b) Keep in mind costs and product availability

(continued)
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 1. Develop a Complete Clinical Assessment 
and a Thorough Medical History
 (a) Document a Detailed Medical History 

(Determine Primary and Secondary 
Symptoms)

Once a complete medical history has been 
carefully developed, identification of primary 
and secondary symptoms is essential; this will 
guide treatment objectives. Application of vali-
dated and rapid assessment instruments such as 
the Brief Pain Inventory Short Form (BPI-SF) 
[79], the Edmonton Symptom Assessment 
System revised (ESAS-r) [80], and the EQ-5D 
[81] is highly recommended. This could be help-
ful to understand the intensity of various symp-
toms (i.e., pain, anxiety, insomnia, lack of 
appetite, nausea, etc.) and the consequent impact 
on health-related quality of life.

Additionally, the use of these tools could 
guide chemotype selection (i.e., if pain and 
important concomitant anxiety are the targeted 
symptoms, a THC/CBD-balanced or a CBD- 
predominant product might be considered). 
Finally, objective treatment response is possible 
when these tools are applied at each follow-up 
visit.

 (b) Record All Pharmacological and Non- 
pharmacological Treatments Previously 
Tried

As previously mentioned, cannabinoids are 
not a first-line treatment. For this reason, identifi-
cation of previous pharmacological and non- 
pharmacological treatments is extremely 
important.

 (c) Always Determine History of Previous 
Cannabis Use (Medical and Nonmedical)

History of previous cannabis use will be an 
important factor to determine:

• The main interests and objectives for cannabi-
noid consumption (medical versus nonmedi-
cal purposes)

• What has the patient already tried and meth-
ods of administration

• Source of cannabinoid products (legal versus 
illegal markets)

• If there has been any previous therapeutic 
benefit

• If the patient has experienced any negative or 
adverse effects (i.e., paranoia, panic attacks, 
cognitive impairment, etc.)

• The risk for problematic cannabis use (screen-
ing tools could be helpful)

• Chemotype selection, starting and mainte-
nance cannabinoid dosage (naïve versus regu-
lar users)

 (d) Any Precautions and/or Contraindications 
for Cannabinoid Treatment?

Have in mind that cannabinoid therapy is not 
for everyone and selection of specific cannabi-
noid should be done carefully. Most contraindi-
cations are related to THC [19]:

• Unstable or uncontrolled cardiovascular con-
ditions (i.e., ischemia, uncontrolled arrhyth-
mia, and uncontrolled hypertension).

• Personal history of psychosis, schizophrenia, 
bipolar disorders.

Key steps Description
5.  Monitor side 

effects and 
establish 
frequency of 
follow-up visits

(a) Always explain potential cannabinoid adverse effects
(b)  Recommend the use of a diary to record dose, frequency, symptom control, and side 

effects
(c)  Close monitoring is crucial. A phone follow-up during the titration phase is highly 

recommended
(d)  Determine frequency of follow-up visits according to patient’s medical condition and 

treatment objectives

Table 21.2 (continued)
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• Patients under 18  years of age should not 
receive THC. However, CBD is not contrain-
dicated and could be used for drug-resistant 
epilepsy in pediatric population.

• Patients under 25 years of age should be lim-
ited to CBD or CBD-rich chemotypes with 
limited quantities of THC.

• Avoid inhaled cannabinoids if concomitant 
severe pulmonary disease is present.

• Hypersensitivity to cannabinoids.
• Pregnancy or breastfeeding.

Some precautions to be considered when 
prescribing cannabinoid-based treatments are 
[11, 19]:

• Reduce starting dose if there is renal or liver 
function impairment. Dose escalation should 
be done carefully (i.e., every 5–7  days). 
Lowest effective dose should be used, and 
inhalation should be avoided. CBD may raise 
tacrolimus levels [82].

• History of substance use disorder and risk of 
CUD.

• Activities requiring coordination and con-
centration: driving should be avoided for at 
least 4 hours after inhaled cannabis use and 
6–8  hours after oral administration [11] 
even when concomitant CBD has been used 
[83].

• Consider possible drug-drug interactions (i.e., 
clobazam, valproic acid, warfarin), and avoid 
using cannabinoids with alcohol.

 2. Define Treatment Objectives and Manage 
Expectations

Always discuss with patients and/or family 
cannabinoid treatment objectives and manage 
their expectations. Clarify that cannabis-based 
medicines may help with symptom relief but 
there is no evidence of curative properties. 
Additionally, patient education is crucial to sup-
port a beneficial outcome and avoid adverse 
effects or other negative experiences. Take 
enough time to explain about cannabinoid treat-

ments, address common misconceptions, and dif-
ferentiate between medical and nonmedical 
cannabis use. Always confirm patient’s commit-
ment to follow the treatment plan, eliminate the 
use of illicit products, and continue contact with 
the healthcare team to report benefits or adverse 
effects.

 3. Define a Treatment Plan: Is the Patient a 
Candidate for Cannabinoid Therapy?

Based on the patient’s health status and past 
medical history, decide if that person is or not a 
candidate for cannabinoid-based medicines 
based on an analysis of the benefit-risk profile. 
Always keep in mind that cannabinoids are a per-
sonalized treatment and each patient may have an 
individualized response.

Identification of primary symptom and con-
comitant secondary symptoms will be key for 
chemotype selection. This could vary and will be 
done on a case-by-case basis.

Determining the appropriate method of 
administration will be defined according to acute 
versus persistent symptoms and the accessibility 
to the patient. Starting dose and titration regimen 
should always be fully and carefully explained to 
each patient.

 4. Elaborate a Medical Document or 
Prescription, in Line with Specific 
Regulatory Requirements

Each country or state jurisdiction will have its 
own regulatory framework, and availability of 
cannabinoid-based medicines may differ. 
Therefore, make sure that you know which legal 
products are available and what documentation 
must be completed. Always recommend safe and 
consistent products with certified laboratory test-
ing that ensures standardized quality control (i.e., 
from authorized licensed producers). To enable 
patients’ access to medical cannabis products, 
keep in mind the costs to the patient, and try to 
recommend treatments that are sustainable and 
are consistently available.
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 5. Monitor Side Effects and Establish 
Frequency of Follow-Up Visits

Patients should be carefully monitored when 
cannabinoid therapy is initiated. The use of a 
diary is suggested to record product name and 
dose such as number of inhalations, or milliliters, 
the dose frequency, and resulting symptom con-
trol, side effects. A phone follow-up is generally 
a good strategy during the first few weeks of the 
titration phase to confirm treatment adherence 
and to identify potential side effects.

Establish a follow-up plan with your patient 
and/or family. At each visit evaluate if treatment 
objectives were achieved. If limited or no bene-
fits are observed, consider a transition to a differ-
ent chemotype or an increased cannabinoid dose 
or frequency.

Record adverse effects that may be related to 
cannabinoid treatment. Most adverse effects are 
related to THC and are dose dependent. Such 
adverse effects can often be avoided with careful 
titration and close follow-up [12]. The most fre-
quent adverse effects related to both THC and 
CBD are somnolence, dizziness, sedation, and 
dry mouth. THC may also produce euphoria, 
anxiety, headache, blurred vision, cognitive 
effects, and not so common toxic psychosis and 
cardiovascular side effects such as tachycardia 
and orthostatic hypotension [11]. High doses of 
CBD in excess of 1000 mg per day may produce 
fatigue, diarrhea, and abnormal liver function 
tests [84]. Finally, cannabinoid hyperemesis syn-
drome is an unusual adverse effect that has been 
observed in chronic and heavy recreational can-
nabis users [85].

 Conclusion

In the current climate and popularity of medical 
cannabis treatments, it is essential for HCPs to 
understand the main characteristics of cannabis 
and cannabinoid-based treatments. Before rec-
ommending cannabis-based medicines as an 
adjunct for specific conditions and symptoms, a 
foundational understanding of therapeutic poten-
tial, possible risks, and the regulatory framework 

must be developed. Existing clinical evidence has 
been primarily derived from the investigation of 
prescription or pharmaceutical cannabinoids. 
Well-designed studies are still required to iden-
tify the efficacy and safety of natural cannabis 
products in a controlled setting. Although con-
clusions of systematic reviews and meta-analyses 
are conflicting, cannabinoid recommendations 
have focused mostly on chronic neuropathic pain, 
spasticity in multiple sclerosis, and chemotherapy- 
induced nausea and vomiting. When considering 
a prescription for cannabis-based medicine, a 
systematic approach is essential to assess poten-
tial candidates. While clinical evidence of 
cannabinoid- based medicines develops slowly, 
anecdotal reports and patient interest grow at a 
steady pace, requiring healthcare teams to con-
tinue to keep pace with education and training 
opportunities.
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Cannabinoid-Based Medicines: 
Dosing, Titration & Monitoring

Caroline A. MacCallum, Lauren de Freitas, 
Lindsay A. Lo, and Michael Boivin

 Introduction

Cannabis formulation and administration meth-
ods play an important role in onset, duration, and 
effects experienced by patients. Since impairment 
and adverse events are THC dependent, the use of 
oral ingested oils is often recommended for medi-
cal cannabis, as it allows for precise dosing of 
THC vs. inhaling vaporized flower. In order for 
patients to experience minimal/no side effects, 
while also achieving pain/treatment goals, a safe 
cannabis dosing strategy is to “start low and go 
slow”. Patients using cannabis flower may benefit 
from using a “mindful vaping technique”. Using 
THC and CBD products concurrently, or a CBD-

dominant product can help balance THC-mediated 
adverse effects, and may allow for higher toler-
ance of THC than  THC-predominant products. 
Once cannabis treatment has been initiated, ongo-
ing monitoring by a healthcare professional is 
essential to achieve optimal dose and reduce 
unwanted adverse events.

 Methods of Administration

 Inhalation: Smoking and Vaporizing

Inhaled cannabis products can be either smoked 
(i.e., via a “joint,” bong, pipe) or vaporized (i.e., via 
a vaporizer); however, vaporization is preferred 
since it releases fewer harmful by-products and is 
associated with decreased adverse pulmonary 
symptoms [3]. Smoking heats cannabis to 600–
900  °C, releasing harmful carcinogens (e.g., tar, 
ammonia, polyaromatic hydrocarbons) and carbon 
monoxide [4]. Smoking can also reduce THC 
delivery, as 30–60% of cannabinoids are lost in 
“sidestream smoke”, resulting in only 10–60% 
absorption of the administered dose [2, 3, 5, 9]. In 
contrast, vaporization requires 160–220 °C of heat, 
releasing little, if any, carbon monoxide, although 
more longitudinal research is needed as hydrocar-
bons may still potentially be produced [4]. Due to 
reduced combustion and more efficient decarbox-
ylation than smoking, vaporization allows for 
greater precision of dosing with minimal side-
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stream smoke loss, requiring 30–50% less dried 
cannabis with reduced adverse events [5]. Some 
vaporizers are considered medical devices by regu-
latory bodies in different countries.

The rapid onset and duration of action of 
inhaling cannabis products provides an advan-
tage in managing intermittent or acute symptoms 
such as breakthrough pain, nausea, panic attacks, 
appetite, and sleep initiation. Vaporization should 
be considered as an “as-needed” option for the 
daytime to supplement a background of oral can-
nabis when not operating heavy machinery, 
including driving.

When considering inhalation as a route of 
administration, it is important to consider sight and 
fine motor abilities in using an inhalation device. 
Patient education and counseling regarding proper 
inhalation techniques, including how to dose can-
nabis flower consistently, are essential. Other con-
siderations for inhalation include the cost, frequency 
of dosing, and odor (vaporization produces less 
odor than smoking but more than oral route). 
Dosing specific factors to be aware of include the 
size of the chamber, depth of the inhalation taken, 
how long the inhalation is held, temperature that the 
cannabis is heated to, and more [6].

Recent advances have led to “metered dose” 
inhaler devices, which contain decarboxylated THC 
and/or CBD in a powdered form that is inhaled 
without heat, similar to asthma inhalers. The Syqe® 
Inhaler device has shown a promise in a recent clini-
cal trial among medical cannabis patients [7]. Other 
vaporizers can be tethered to an individual’s per-
sonal smartphone or device, which can set the 
desired temperature for the vaporizer among other 
factors. Some vaporizer pen devices have vibration 
features to notify an individual when a specific 
amount of THC and/or CBD has been inhaled.

 Oral

Oral cannabis preparations (i.e., oils and cap-
sules) have the longest onset and duration of 
action of all the delivery methods (Table 22.1), 
and are therefore advantageous in managing 
chronic conditions, namely, chronic pain and 
associated symptom clusters (see Chap. 25 on 

Cannabinoids and Pain: Clinical Evidence). 
Ingested oils allow for precise dosing by using a 
graduated syringe or medicine dropper. Using a 
1.0-milliliter (mL) syringe with 0.1 graduations 
is preferred, as it will accurately dose the oil to 
0.01 ml (vs. medicine droppers which may be 
0.25 ml graduations), therefore making oral dos-
ing easier and a more accurate method of titrating 
than other routes [2]. When using a new bottle of 
product, consider decreasing the dose slightly, as 
cannabinoid content can vary between batches.

Oral cannabis preparations have an absorption 
rate of 20–30% [9]. As such, they should be swal-
lowed directly and not mixed in a food where the 
dose can be lost, especially if doses are small. 
However, if a patient must put it in food prior to 
ingestion, it is recommended to place it directly 
on a spoon with the food (ie yogurt, applesauce) 
to ensure that the full dose is ingested. Cannabis 
should never be mixed in a liquid where it will 
adhere to the side of the glass (cannabis is very 
hydrophobic). Some patients report a faster onset 
of action when ingesting cannabis with food con-
taining fat, and even delayed absorption until 
food with fat has been ingested [8]. Although 
some patients report a faster absorption sublin-
gually, pharmacokinetic studies demonstrate 
minimal absorption of THC oil directly into the 
bloodstream via the oral mucosa [9, 10]. 
Conversion of THC to THC-COOH, the main 
long-acting molecule, occurs through first-pass 
metabolism by the liver upon swallowing [11].

Edibles are unlike pharmaceutical preparations 
in the sense that they are prepared in the form of 
mints, gummies, brownies, energy shots, teas, dis-
solvable powders, breath strips, and more. Edible 
routes are usually harder to dose, and have the 
potential to overconsume them as a snack [12]. 
Refer to Chap. 36 on Cannabinoid-Related 
Adverse Events and Impairment for information 
about recreational vs. medical populations, pay-
ing attention to the differences in their intent and 
choice of product route and potency. Edibles are 
not designed as a means of standardized dosing 
for medical patients, but more for recreational 
use. However, some  medical patients on stable 
dosing may prefer edibles instead of an unpalat-
able oil.
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 Oromucosal

Oromucosal preparations are available as buccal 
sprays, tinctures, and lozenges, and generally 
contain an alcohol base to enhance absorption 
from the oral cavity. The best evidence for oromu-

cosal cannabis preparations is for nabiximols 
(such as Sativex©) which are pharmaceutically 
developed, plant-derived cannabis products that 
deliver a standardized 1:1 ratio of THC and CBD 
with each spray (see Chap. 17 on Nabiximols 
(Sativex®)) [13].

Table 22.1 Cannabis methods of administration

Routes Smoking/vaporization Oral Oromucosal Topical
Onset (min) 5–10 60–180 15–45 Variable
Duration (h) 2–4 6–8 6–8 Variable
Form(s) and 
Uses

Dried flower and concentratesa
Smoking can involve using a 
cannabis “cigarette” (joint, 
spliff), pipe or water pipe 
(bong), dabs, shattera
Vaporization requires the use of 
an electronic device that heats 
the cannabis loaded into the 
vape chamber and releases the 
resulting vapor

Oils/extracts, capsules 
(dronabinol, nabilone), 
edibles (cannabis-
infused food and 
beverages)

Sprays (nabiximols), 
tinctures
Oromucosal 
preparations are 
applied either 
sublingually, 
buccally, or through 
the nose to the 
nasopharyngeal tract 
via a pump-action 
spray

Creams, balms, 
salves, 
ointments, 
patches, oils
Topicals are 
directly applied 
to the skin 
externally

Pros Rapid onset of action
Doses can be quickly titrated to 
desired effect
Commonly used for acute/ 
episodic symptoms (e.g., 
breakthrough pain). 
Vaporization requires lower 
heat and produces less exposure 
to toxicants compared to 
smoked cannabis

Longer duration of 
action to provide relief 
for chronic conditions/ 
symptoms
Wide range of products
No inhalation required
No respiratory risks 
involved
No odor and are more 
convenient, discrete, 
and accurate dosing 
when using oils

Intermediate onset 
and duration of 
action
Nabiximols are 
pharmaceutically 
developed with 
evidence of its 
efficacy in specific 
patient populations 
(i.e., multiple 
sclerosis)

Act locally, 
recommended 
for smaller 
areas
No respiratory 
risk.  Minimal 
systemic effects 
(when applied 
to intact skin) 
and therefore 
minimal risk of   
intoxication

Cons Smoking and vaporizing 
require dexterity to prepare and 
administer cannabis
Vaporizers can be expensive 
and some are not portable
Smoking should not be 
recommended due to the 
harmful carcinogens and 
by-products released
Vaporizers produce less CO 
and pulmonary symptoms than 
smoking but can still release 
some harmful polyaromatic 
hydrocarbons and tar
Potential respiratory 
consequences (bronchial 
irritation, cough, sputum). 
Long-term lung safety is still 
unknown with both smoking 
and vaporization

Slower titration due to 
delayed onset, delayed 
peak of action, and 
interindividual 
variability in dosing 
requirements
Unintended effects can 
last for several hours

Expensive and 
availability can vary 
based on country/
region

Limited data on 
topical 
preparations; 
including the 
extent of 
systemic 
absorption
Local effects 
may not be 
strong enough/
penetrate to 
depth  to 
produce desired 
symptom relief

© Caroline MacCallum, MD, used with permission. Information gathered from [1, 2]
aSee Chap. 31 on Product Safety and Quality Control, Table 31.2, for more information on concentrates
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The onset of action of oromucosal products is 
between that of the inhalation and oral routes, 
where it is slower than inhalation, but faster than 
oral cannabis onset [9]. However, the duration of 
action of oromucosal products are comparable to 
oral cannabis preparations, (Table  22.1) since 
some of the spray is swallowed [2]. Oromucosal 
sprays (i.e., nabiximols) may be particularly 
helpful among those experiencing difficulty in 
measuring daily doses with other cannabis prod-
ucts (e.g., cannabis oils, vaporizing). However, 
they may be limited in use due to a lack of avail-
ability and affordability for some individuals and 
populations. There is limited evidence for prod-
ucts such as lozenges and other tinctures; how-
ever, this is certainly a very desired route for 
patients who are not interested in inhaling can-
nabis and want a faster onset of action.

 Topical

A summary of the differences and similarities of 
the varying routes of administration can be found 
in Table 22.1. Due to first-pass metabolism and 
digestion, oral consumption of cannabis has a 
reduced bioavailability compared to inhaling 
cannabis, translating into a greater onset of action 
and increased duration of effects. In comparison, 
smoking and vaporization provide a more rapid, 
delivery of THC via alveoli in the lungs, allowing 
for rapid absorption into the bloodstream [14]. 
However, smoking requires full combustion of 
dried flower, which also releases harmful by-
products such as tar, carbon monoxide, ammonia, 
and polycyclic aromatic hydrocarbons [3], thus 
increasing the risk for acute and/or chronic pul-
monary-bronchial harms [15]. Vaporization 
requires less heat application than smoking and 
therefore has been increasingly popular as a 
“safer” method to consume cannabis, as it pro-
duces fewer toxic by-products, including signifi-
cantly decreased CO concentrations when used 
appropriately [3, 4]. It is important to consider 
the varying onset of effects between routes of 
administration and the cannabinoid composition 
(i.e., CBD vs. THC) when titrating doses and 

making recommendations to patients in avoiding 
adverse events, discussed below.

There is limited evidence for topical formula-
tions, which demonstrate variable kinetic profiles 
[16]. Patients report that some preparations may 
have a fast onset of action, similar to inhalation, 
however, with a slightly longer duration of action 
(still less than oral). Topicals may contain can-
nabis that is either CBD-dominant, THC-
dominant, or combinations of both THC and 
CBD. This route is generally not effective in 
managing systemic symptoms, such as sleep ini-
tiation, generalized pain, and nausea, as topical 
preparations do not penetrate intact skin deep 
enough to enter the bloodstream, or contain large 
enough cannabinoid quantities. This factor may 
be advantageous in patients with localized symp-
toms who want to minimize daytime exposure to 
THC while also decreasing potential risks such 
as impairment during work/driving hours.

It is generally recommended to use topicals 
on small-to-medium areas. Variables to consider 
which affect topical skin penetration (and hence 
efficacy) include the carrier base, covering the 
site after application, skin integrity, and essen-
tial oils/terpenes from the cannabis plant (which 
may disrupt the skin barrier). Topicals may be 
more effective in areas with minimal adipose 
tissue. Patients have reported that topicals help 
with joint pain including small joints in the 
hands, wrists, knees, feet, and elbows. This may 
be due to CB1 receptors found in the synovial 
membrane, as demostrated in some animal mod-
els [17]. It has also been reported by patients 
that topicals can be especially helpful for mus-
culoskeletal pain including inflammatory, non-
inflammatory, and connective tissue injuries 
including sprains and strains [14]. Another com-
mon use of topicals is to treat headaches (scalp, 
temporal, and jaw area), myalgias – especially 
paraspinal/cervical area, and musculoskeletal 
injuries [14]. There has been an increasing 
demand for topicals in skin conditions including 
psoriasis, eczema, and challenging ulcers (i.e., 
pyoderma gangrenosum and sickle cell), as well 
as more common household conditions such as 
burns and wound pain [18].
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 Dosing

 Concentration and Potency

Cannabis dosing is dependent on the THC and/or 
CBD content of each plant chemovar, which is 
labeled as a percentage of CBD or THC in the 
total weight of the dried cannabis flower (%/g), 
or by concentration in cannabis oils (mg/ml). The 
cannabinoid concentration in the cannabis flower 
can typically range from 0.1% to 30% of CBD 
and/or THC. In unregulated markets, THC con-
centrations have large variability, as do the ratios 
of other cannabinoids in these products, includ-
ing CBD and other cannabinoids, as well as 
terpenes.

In order to dose cannabis products accurately, 
given that impairment and adverse events are 
THC dose-dependent, recommendations should 
be based on the mg of THC, not on the concentra-
tion (%) [2]. The exact mg of THC consumed in 
each dose can be calculated (approximately) if 
the potency (%) and mg of the product consumed 
are both known [19]. This tends to be easier when 
working with oils than with dried flower. For 

example, assuming 100% absorption, a chemovar 
containing 24% THC would theoretically deliver 
240 mg of THC to a patient if they inhaled 1 gram 
of that dried product. However, if the chemovar 
contained 12% THC, it would instead provide 
120 mg of THC per 1 gram of dried flower, mean-
ing that the patient would need to consume 2 
grams of the 12% THC to receive the same mg of 
THC as the chemovar containing 24% THC. 
Generally, consider recommending a higher con-
centration chemovar for patients with limited 
income, as it may be more cost-efficient given 
that less product is needed to deliver the desired 
dose (see Chap. 31 on Product Safety and Quality 
Control, Table  31.2, for more information on 
concentrates).

 Cannabis Flower Dosing

Dosing strategy for cannabis flower is described 
in Fig. 22.1. First, the chemovar is selected, and 
then “mindful vaping” technique is used. The 
vast majority of patients vaporize for acute 
symptomatic relief. As a result, THC:CBD in a 

• = Total consecutive inhalation doses required for symptoms relief 

• THC = CBD or THC only
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• Start with 1 inhalation 

• Wait 15-30 minutes 

• Increase by 1 inhalation every 15-30 minutes till symptoms improve 

No relief or side effects
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Final Dose

Fig. 22.1 Suggested algorithm for initiating and titrating cannabis flowers (© Caroline MacCallum, MD, and Samer 
Narouze, MD, PhD, used with permission)
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1:1 ratio, or THC dominant chemovars are most 
commonly used by patients (CBD does not have 
the “breakthrough” effect). This is a way to 
encourage patients to take an one inhalation, 
then wait 15–30 minutes, and then check in and 
see how they feel. The lowest effective dose 
(“less is more”) is especially important for new 
patients. Since the onset of action for inhalation 
is 5–10 minutes (Table 22.1); as long as a patient 
waits atleast 15 minutes between inhalations that 
should be acceptable. Subsequently, they can 
continue increasing by one inhalation each time 
they take another dose, again waiting set time 
between doses. Their total dose is the sum of all 
the inhalations required to achieve symptom 
control in one “sitting”. So, for example, if a 
patient took one inhalation, waited 15–30 min-
utes; then two inhalations, waited 15–30  min-
utes; and then three inhalations and then had 
relief of symptoms, their optimal dose would be 
six inhalations for that specific flower. The next 
time they dose, they can take six inhalations con-
secutively, without waiting 15–30  minutes 
between inhalations. Take caution in summing 
up the number of inhalations if there are gaps 
longer than 30 minutes between inhalations, as 
the concentration of cannabinoids will be 
reduced and the total inhalations will be overes-
timated. Patients should be encouraged to restart 
this process for each new type of cannabis flower 
they use. Each flower can have different potency, 
and even if the potency appears to be the same, 
the cannabinoid profile will likely vary and that 
can increase or decrease the efficacy for that 
flower. If a patient stops using cannabis for more 
than 5 days, they should restart this whole pro-
cess as they will have lost tolerance. The dose 
can vary with vaporization depending on the 
severity of symptoms, and it is common for 
patients to adjust the dose based on symptoms.

 Cannabis Oil Dosing

Although THC-mediated adverse events are often 
early and transient, improving the safety profile 
of medicinal cannabis can be achieved through 
low dosing and slow titration. The safest dosing 

strategy for cannabis is to “start low, go slow”, 
and to stay at the lowest dose that allows the 
patient to reach their treatment goals with mini-
mal/no side effects. With safe appropriate dosing, 
side effects (such as euphoria) can be avoided/
minimized while achieving symptom manage-
ment [2]. Adverse events are also mitigated when 
patients develop a tolerance to these effects over 
a number of days, without developing a tolerance 
to the benefit.

Patients do not need to experience euphoria in 
order to achieve symptom improvement. Incorpo-
rating CBD into a  THC- dominant regimen can  
be helpful in balancing THC-mediated adverse 
events, especially for cannabis-naïve patients. 
Patients can better tolerate higher doses of THC 
when CBD is present with THC vs. THC (or syn-
thetic THC) “monotherapy” [2, 20, 21].

Another alternative to minimize THC adverse 
events is to start patients on a CBD-dominant regi-
men, as many patients may not need to use THC to 
manage their daytime symptoms. Figure  22.2 
demonstrates a safe initiation and titration for can-
nabis oil. Consider starting patients on 5  mg of 
CBD-dominant oil twice daily (Fig. 22.2, step 1), 
and titrate by 5 mg CBD twice daily (Fig. 22.2, 
step 2), every 2–3 days. The majority of patients 
respond to 50–100 mg/day (2, 28). Depending on 
the patient’s response, the titration increase could 
be drawn out to increase every 2–7 days. However, 
a 5 mg of CBD twice daily increment increase is 
well tolerated, and most patients can increase by 
this amount every 2–3 days.

Daytime CBD oil can continue to be titrated 
alone, or if there are issues with sleep, 1–2.5 mg 
of THC can also be initiated at bedtime (Fig. 22.2, 
step 1); either concurrently with daytime CBD 
initiation or bedtime. THC initiation can be 
delayed until daytime CBD is optimized. 
Continue increasing bedtime THC by 1–2.5 mg 
every 2–7  days (Fig.  22.2, step 2) [2, 22]. 
Beginning oral THC dosing at bedtime is com-
mon and beneficial for patients who do not want 
to experience the effects of THC during the day. 
Consider dosing cannabis oil 1–2 hours prior to 
bed for those with difficulty initiating sleep or 
administering it at bedtime for those with sleep 
maintenance issues.
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If daytime symptom alleviation is not 
achieved after titrating daytime CBD dose to 
target as well as nighttime THC to target 
(Fig. 22.2, step 2), consider initiating 1–2.5 mg 
of THC during daytime and titrating by 
1–2.5 mg every 2–7 days (Fig. 22.2, step 3). The 
majority of patients respond to less than 40 mg 
THC/day while maintaining the patient’s CBD 
dose from this point on (28). If this is well-toler-
ated, continue to increase the dose of THC in 
1–2.5 mg increments and increase the frequency 
to two to three times per day (Fig. 22.2, step 4). 
Titrate the dose to the optimal dose or the lowest 
effective dose (Fig. 22.2, step 5) until adequate 
symptom management is achieved, aiming for 
less than 40 mg of THC total dose daily [2]. If 
considering going above 40  mg/day of THC, 
expert consultation is recommended. Since 
adverse events of cannabis are due to THC, it is 
important to modify the dose of cannabis based 
on the milligrams of THC.

For patients suffering from severe pain and/or 
functional impairment, those in palliative care, or 
patients who have experience with cannabis use 
(either medically or recreationally), a “rapid 
treatment” protocol is suggested [28]. Patients 

could start on a balanced THC/CBD product at a 
slightly higher dose of 2.5–5  mg (THC/CBD) 
once day increasing to twice daily and titrating 
by 2.5–5  mg (THC/CBD) every 2–3  days until 
the patient’s goals are met or until 40 mg of THC 
has been reached [22].

Patients should be informed that if they expe-
rience any THC adverse events (see Chap. 36 on 
Cannabinoid-Related Adverse Events and 
Impairment), they should transition back to the 
previous, most well-tolerated dose. If the patient 
is an older adult and/or has complex comorbidi-
ties or extensive polypharmacy, a lower starting 
dose of 1 mg of THC should be considered which 
can be increased by the same dose every 2–7 
evenings.

 Achieving Optimal Therapeutic Dose 
and Cannabis Rotation

The optimal therapeutic dose is the dose which 
allows the patient to reach their pain/function 
treatment goals with minimal or no side effects. 
Slow dose increase over time helps tolerance to 
build slowly (i.e., to minimize potential euphoria 
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Fig. 22.2 Suggested algorithm for initiating and titrating cannabis oils (© Caroline MacCallum, MD, and Julia JA 
Clark used with permission)
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and side effects) as dose is titrated to manage 
symptoms. Please see Table 22.2 for questions to 
ask patients in determining their therapeutic 
dose.

 Cannabis Chemovar Rotation and 
Reduction

Changing the type of cannabis plant, route of 
administration, and dose may be helpful for some 
individuals to achieve better control of their 
symptoms. Additionally, adherence can be 
another important consideration if treatment 
goals are not being met, and this should be regu-
larly assessed (Tables 22.2 and 22.3).

Based on clinical experience, consider reduc-
ing cannabis if a patient is using more than 5 g of 
THC predominant dried cannabis or dose of more 

than 25 mg of oral THC at bedtime or more than 
50 mg oral oil in 24 hours (Table 22.3). This can 
be achieved by reducing the THC dose by 2.5–5 
mg per day every 2–7 days. Medical patients can 
frequently reduce quickly depending on their 
starting dose. If consuming higher doses of THC 
or concerns of cannabis use disorder, a longer 
and slower taper may be required. CBD could be 
incorporated if the patient is not tolerating the 
reduction in THC or symptoms are bothersome.

Patients will normally have a reduced THC 
tolerance (‘washout’) after 5 days of stopping 
THC-containing cannabis. However, in some 
patients this can take up to two weeks or more. It 
has been observed that after this washout, patients 
respond to cannabis as if they were previously 
naive to THC. If reinnitiating THC containing 
cannabis, it is suggested to restart THC at a dose 
of 2.5 mg. 

There are many situations where a patient may 
need to stop or reduce cannabis use (e.g., travel-
ling, hospitalization, incarceration). Practically, 
if the patient is using less than 2 g of THC-
predominant dried cannabis, or less than 20 mg 
of THC oil per day, they are unlikely to have any 
signs of withdrawal and, therefore, there is no 
need to slowly taper the THC dose. Even above 
these doses, withdrawal symptoms are infre-
quently seen in medical cannabis patients. The 
primary concern with stopping medical cannabis 
is a decrease in control of their health condition 
for which this medication is being used to 
manage.

Table 22.3 Cannabis rotation and dose reduction

Cannabis chemovar “rotation”
When patient is using:
 >3 g of dried THC
 >20 mg THC oil at bedtime
 >30 mg THC oil in 24 hours without response
Cannabis dose reduction
When patient is using:
 >5 g of dried THC
 >25 mg THC oil at bedtime
 >50 mg THC oil in 24 hours

© Caroline MacCallum, MD, and Samer Narouze, MD, 
PhD, used with permission

Table 22.2 Questions to determine an optimal therapeu-
tic dose for cannabis

Is the patient using regulated products?
Is the patient following the recommended treatment 
plan?
Is the dose optimized for adequate symptom control?
Can an increase in the dose help to reach a patient’s 
pain/function goals further?
Is the patient correctly using their products?
 Vaporization:
  Do they know how to turn it on?
  Do they have the dexterity to grind the cannabis 
flower?
  Can they see and set to the correct temperature 
setting?
   Do they have adequate inhalation technique?
 Oil:
  Can they open the child-proof top?
  Can they hold the bottle and syringe to draw the 
oil?
  Can they see the graduations on the syringe?
Are there any adverse events experienced?
Does the product type or route of administration or 
chemovar need to be changed?
Does the chemovar cannabinoid composition need to 
be changed?
Is the patient adherent to treatment? Are there cost 
barriers to optimizing cannabis dose (especially for 
CBD)? If they have a drug plan, would a prescription 
for nabilone help affordability?

© Caroline MacCallum, MD, used with permission
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 Monitoring

Monitoring is an essential component of the 
cannabis treatment plan as it aids in establish-
ing the patient’s effective cannabis dose, and in 
reaching their desired pain/function goals, 
while also ensuring safety. When determining 
the monitoring strategy for cannabis with an 
individual patient, prior experience with can-
nabis, comorbid medical conditions, and the 
ability to adhere to a treatment plan, should be 
taken into consideration. Special populations 
(see Chaps. 23, 33 and 34) in particular may 
need more regular follow-up visits than others. 
Initially, consider follow-up within 1–3 months 
of starting the treatment plan to review the 
dose and corresponding symptom outcomes, 
concurrent medications, and potential drug 
interactions, with the possibility of tapering 
other medications, if appropriate. After the 
patient is stabilized on a particular dose, con-
sider follow-up appointments every 
3–6 months, depending on the patient’s medi-
cal history, prior cannabis experience, and their 
ability to adhere to the treatment plan [2] 
(Table 22.4).

Patients should be encouraged to track their can-
nabis use, including the products they use, route of 
administration, dose, and a record of individual 

symptoms and/or condition outcomes and adverse 
events (see Chap. 36 on Cannabinoid-Related 
Adverse Events and Impairment). The use of a 
mobile cannabis tracking app may be helpful for 
patients, as well as for clinicians, in attaining an opti-
mal cannabis dose for their patients. Alternatively, 
this can be done in the form of a journal (see 
Fig.  22.3). Finally, healthcare providers can also 
implement validated questionnaires such as GAD-7 
(General Anxiety Disorder-7) [23], depression 
PHQ-9 (Patient Health Questionnaire) [24], and the 
BPI (Brief Pain Inventory) pain scale [25], which 
may provide some objective measures. These results 
can be tracked in subsequent follow-up visits to help 
inform future cannabis dosing and direction as well 
as for research and pharmacovigilance purposes.

 Summary

Patients should be educated on proper vaporiza-
tion and/or cannabis oil dosing and titration regi-
mens (Fig. 22.1). The optimal therapeutic dose is 
the dose that allows the patient to reach his/her 
pain/function treatment goals with minimal or no 
side effects. Euphoria or impairment (i.e., feeling 
“high”) does not have to occur in order to experi-
ence symptom improvement.

It is preferred to start low and go slow when 
titrating to the optimal dose. The most accurate dos-
ing uses mg of THC and CBD via oils. This is more 
challenging with cannabis flower due to many vari-
ables. Starting with CBD primarily for daytime 
symptom control as a standalone (without THC) is 
preferential, with THC for night time symptoms. If 
daytime symptoms are not well controlled, THC 
can be added to daytime regimen. Inhaled THC is 
short-acting over oils and may be preferred as a 
“PRN” depending on lifestyle factors. If using THC 
flower for daytime, consider recommending a che-
movar that also contains CBD to reduce adverse 
events. Patients require ongoing monitoring by a 
healthcare provider to achieve optimal therapeutic 
dose, as they may require adjustments to their prod-
ucts and regimen (Fig. 22.4).

Table 22.4 Proposed management of cannabis adverse 
events

Mild/moderate Severe

Possible cannabis 
adjustments to address 
adverse events

Encourage 
patient to reach 
out for support
Use breathing 
(i.e. “box 
breathing”) and 
mindfulness 
techniques
Use distraction 
techniques

Recommend 
patient to 
safely 
proceed to  
ER (i.e., 
someone 
else to drive)
Stop 
cannabis use

Return to previously 
tolerated dose
Add or increase 
CBD
Reduce THC dose
Change chemovar
Change route of 
administration
Stop cannabis use if 
risk outweighs 
benefit

© Caroline MacCallum, MD, used with permission
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Date:

Licensed Producer:                                 Product/Strain:

Route of Administration:         Inhalation         Oral Oil         Topical

Dose Consumed: 

if you are consuming oral oil use the ilustralid below and fill in the dose you consumed. 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ml ml ml

am  pm

ml ml ml ml ml ml ml

Time Taken:                               Onset Time:                  Duration of Effects= 

Positive Effects On Symptoms                        Negatives 

Tremor Reduction

Seizure Reduction

Intestinal Ease

Appetite Stimulated

Mental Focus

Mood lilted 

Anxiety

Dizziness

Drowsiness

Sleepiness

Nausea

Diarrhea

Other:

Headache

Impaired

Memory Issues

Brain Fog

Fatique

Dry Mouth

Pain Relief

Muscle Relaxation 

Energizing

Motivating 

Inflamation Reduct.

Improved Sleep

Other 

How effective was your medication?

Much Worse

Notes

No Change Optimal

Mark an X or circle your overall feeling after taking your medication. Your optimal dose is the dose what
gives you the most amount of symptom relief with the least amolun of side effects. 

–4 –3 –2 –1 0 1 2 3 4

Fig. 22.3 Patient journal to monitor cannabis efficacy and adverse events (© Caroline MacCallum, MD, and Fonda 
Betts, use with permission)
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Cannabinoid-Based Medicines: 
Patient Safety Considerations

Caroline A. MacCallum, Lindsay A. Lo, 
and Michael Boivin

 Introduction

Cannabis education can mitigate risks and pro-
mote patient safety. There are considerations, 
precautions, relative contraindications, and con-
traindications for cannabinoids use. It is impor-
tant for clinicians recommending cannabis 
(CRC) to assess the benefits and risks of medical 
cannabis use for each patient individually. 
General contraindications for cannabis use 
include those who have severe and unstable car-
diac and pulmonary conditions, psychosis, those 
who are pregnant/breastfeeding, and adolescents 
(Table 23.1).

Patients need to be evaluated on a case-by- 
case basis, as there may still be options available, 
and contraindications may not necessarily be 
“absolute.” Further research is needed to assert 
definitive conclusions around contraindications 
for cannabis use, as data pertaining to this topic 
remains varied.

 Practical Considerations 
for Cannabis Use

It is important to understand some of the general-
ization and assumptions implied in Table 23.1:
 1. Contraindications typically pertain to the use 

of THC and are dose-dependent.
 2. CBD may be an option even where THC may 

be a contraindication. CBD does not have the 
same adverse event profile as THC.

 3. CBD and THC can be used as a means for 
harm reduction for substances with greater 
risk of morbidity and mortality (i.e., opioids).

 4. CBD could be an appropriate harm reduction 
in patients who have a contraindication to 
THC and/or are currently using high doses of 
THC (i.e., psychosis or pregnancy).

 5. Finally, some contraindications are specific to 
the route of administration (smoking) espe-
cially in those with respiratory conditions. 
Ingestible cannabis oils and even vaporization 
would be safer options in these patients where 
smoking would be contraindicated.
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 Considerations

 Immunocompromised Patients

When recommending cannabis to immunocom-
promised patients, clinicians should ensure high- 
quality products that are free of contaminants and 
toxins. Due to cannabis being a plant, there is a 
possibility that  it can become infected with 
microorganisms. Immunocompromised users are 
at a higher risk of developing infections from 
contaminated cannabis, especially when using 
inhaled cannabis. As such, a regulated source that 
is compliant with mandatory contaminant testing 
should always be used for immunocompromised 
populations. Best practice is to select producers 
using gamma radiation on dried flower and car-
bon dioxide extraction when extracting CBD and 
THC for oils to ensure microorganisms such as 
fungus and bacteria are killed.

 Calcineurin Inhibitors, Protein 
Disulfide Isomerase (PD1) Inhibitors, 
and Biologics

The immunosuppressive calcineurin inhibitors 
such as cyclosporine and tacrolimus are metabo-
lized by CYP 3A4 (see Table 23.2 cannabinoid- 
drug interactions below). The use of these agents 
with CBD can increase the level of calcineurin 
inhibitor toxicity. Therefore, it may be best to 
avoid cannabis in this patient population, unless 

the risk benefit ratio for other symptoms favors 
otherwise as that point considering lower dose of 
cannabis should be done under the direction of a 
cannabis expert.

Caution should be used with PD1 inhibitors, 
also known as immune checkpoint inhibitors. In 
a retrospective analysis, cannabis (CBD) may 
worsen the efficacy of nivolumab in those with 
advanced melanoma, non-small cell lung can-
cer, and renal clear cell carcinoma [4]. Cannabis 
can help relieve many symptoms associated 
with cancer and chemotherapy and allow for full 
completion of immunotherapy, as well as reduce 
the need for glucocorticosteroids. It is recom-
mended to hold cannabis a few days pre- and 
post- immunotherapy infusion [5], although 
more research is required to determine the sig-
nificance of this interaction on treatment 
outcomes.

Biologic therapies are commonly used for 
autoimmune inflammatory conditions, multiple 
sclerosis, asthma, and some malignancies. These 
medications do not have the same mechanism of 
action as PD1 inhibitors and are not metabolized 
by CYP 3A4. They may safely be used concur-
rently with cannabinoids.

 Chronic Kidney Disease

It is important for patients with chronic kidney 
disease (CKD) to avoid smoking and to abstain 
from illicit sources of cannabis that may contain 
contaminants such as heavy metals, pesticides, 

Table 23.1 Considerations and potential contraindication for cannabinoid

Considerations Precautions Relative contraindications Contraindications
Immunocompromised
Chronic kidney disease
Older adults
Patients with concurrent 
medical conditions
Polypharmacy
Potential drug 
interactions

Concurrent mood or anxiety 
disorder
Have risk factors for 
cardiovascular disease
Tobacco use
E-cigarette use
Severe liver dysfunction /disease
Medications associated with 
sedation or cognitive impairment
Driving or safety sensitive 
occupations

Under 25 years of age
Current or past cannabis 
use disorder
Current or past 
substance use disorder

Unstable cardiovascular 
disease
Respiratory disease (if 
smoking cannabis)
Personal or strong family 
history of psychosis/ 
bipolar
Pregnant, planning on 
becoming pregnant, or 
breastfeeding

© Caroline MacCallum, MD, used with permission. Information gathered from Refs. [1–3]
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and solvents [6]. However, cannabinoids are 
generally safe among patients with CKD.  For 
instance, when administered orally, cannabi-
noids are primarily metabolized by the liver, and 
then excreted in feces, with only 20% of metabo-
lites being excreted in urine. There is no evi-
dence to suggest that CBD adversely affects 
kidney function, although there may be a con-
cern with CBD- drug interactions involving kid-
ney transplantation [6]. Cannabis has a potential 
role in improving many symptoms associated 
with end-stage renal disease (ESRD) and CKD 
[7]. Two-thirds of individuals with stage 3–5 
CKD experience pain, with many using opioids. 
Nausea and vomiting are common for those on 

hemodialysis (1 in 5 patients). Anorexia, insom-
nia, and uremic pruritus are also common in 
ESRD.  These symptoms may be responsive to 
cannabis therapy and may be an option for some 
of these individuals.

 Older Adults and Patients 
with Concurrent Medical Conditions

Cannabis can be a useful tool in elderly popula-
tions. It may be an appropriate choice in elderly 
patients exhibiting a poor response or inability to 
take traditional treatments. Elderly patients are 
more likely to use cannabis for medical purposes 

Table 23.2 Potential cannabinoid drug interactionsa

Enzyme Interaction and effect Drugs
CYP 3A4 Inducers: may decrease THC and/or CBD

Inhibitors: may increase THC and/or CBD
Substrates: CBD is potential inhibitor of 
CYP3A4 and could increase 3A4 substrates. 
Caution with medications with smaller 
therapeutic index (e.g., tacrolimus). Unlikely 
to have effect on THC

Carbamazepine, phenobarbital, phenytoin, 
rifampin, St. John’s wort
Azole antifungals, clarithromycin, 
diltiazem, erythromycin, grapefruit, HIV 
protease inhibitors, macrolides, 
mifepristone, verapamil
Alprazolam, atorvastatin, carbamazepine, 
clobazam, cyclosporine, diltiazem, HIV 
protease inhibitors, buprenorphine, 
tacrolimus, cyclosporine, phenytoin, 
sildenafil, simvastatin, sirolimus, 
verapamil, zopiclone

CYP 2C9 Inducers: may decrease THC concentration. 
Unlikely to have effect on CBD
Inhibitors: may increase THC concentration. 
Unlikely to have effect on CBD
Substrates: THC and/or CBD may increase 
drug levels, should monitor for toxicity

Amiodarone, fluconazole, fluoxetine, 
metronidazole, valproic acid, 
sulfamethoxazole
Carbamazepine, rifampin
Warfarin, rosuvastatin, phenytoin

CYP 2C19 Inducers: may decrease CBD and THC
Inhibitors: may increase CBD and THC
Substrates: CBD may increase the level of 
medications metabolized by 2C19 such as 
norclobazam (active metabolite in 
clobazam). CBD may also prevent 
clopidogrel from being activated. Unlikely to 
have effect on THC

Carbamazepine, rifampin, St. John’s wort
Cimetidine, omeprazole, esomeprazole, 
ticlopidine, fluconazole, fluoxetine, 
isoniazid
Aripiprazole, citalopram, clopidogrel, 
diazepam, escitalopram, moclobemide, 
norclobazam, omeprazole, pantoprazole, 
sertraline

CYP 1A1 and 1A2 Substrates: smoking cannabis can stimulate 
these isoenzymes and increase the 
metabolism of these medications

Amitriptyline, caffeine, clozapine, 
duloxetine, estrogens, fluvoxamine, 
imipramine, melatonin, mirtazapine, 
olanzapine, theophylline

p-glycoprotein Substrates: CBD may inhibit p-glycoprotein 
drug transport. Should monitor for toxicity. 
No effect from use of THC

Dabigatran, digoxin, loperamide

© Caroline MacCallum, MD, used with permission. Information gathered from Refs. [11, 15–21, 49]
aFormal drug interaction studies with cannabinoids have not been conducted. Other drug interactions are possible as 
more individuals use cannabinoids with other medications
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compared to other age cohorts, and have been 
reported to experience associated improvements 
in quality of life, sleep, appetite, and pain [8]. 
There has been no preclinical or clinical evidence 
to suggest that higher CBD levels may be toxic 
among older subjects. To make this statement, 
strong, high-quality evidence is required. It may 
be that risks due to cannabis use among the 
elderly are related to chronic histories of recre-
ational use rather than acute impairments and 
toxicities [9].

Importantly, there is increasing evidence in 
the potential role of cannabis to reduce poly-
pharmacy. Data from a large elderly sample pop-
ulation (N = 901) supports medical cannabis as a 
safe and efficacious treatment option for elderly 
people [8]. The most common indications for 
medical use of cannabis were cancer-associated 
pain (36.6%), nonspecific pain (30%), and symp-
toms related to chemotherapy treatment (24.2%). 
After 6 months of cannabis use, 93.7% showed 
slight to significant improvement with 41.9% 
showing a significant improvement. The median 
in pain intensity reduction on a 10-point pain 
scale was from 8/10 to 4/10. Interestingly, the 
number of falls actually decreased from 53.4% 
to 21.9%. There was also a reduction in opioid 
analgesic use or complete cessation in 18.1% of 
patients. Quality of life also significantly 
improved 6 months post-cannabis treatment 
among this sample (p < 0.001, n = 861). Only 
3.6% of participants reported a severe adverse 
event. The authors reported that 31.7% of par-
ticipants experienced an adverse event with the 
most common being dizziness (9.7%) and dry 
mouth (7.1%) [8]. Overall, the authors con-
cluded cannabis to be safe and efficacious in 
elderly populations. They noted improvements 
in all conditions and pain levels and that canna-
bis treatment may reduce the use of other medi-
cations [8]. Though evidence supports the 
benefits of medical cannabis for some elderly 
patients, it should still be used with caution. 
Specifically, lower starting dose, slower titration, 
and later THC introduction are recommended in 
order to avoid adverse events such as falls and 
orthostatic hypotension, which are more com-
mon among this population.

 Polypharmacy and Drug  
Interactions [10]

Cannabis is generally safe to use concomitantly 
with other medications, as significant drug inter-
actions are uncommon [10]. To date, there are no 
known drugs that cannot be used with cannabis 
if necessary [11]. Most of the concern for drug 
interactions involves the use of cannabis with 
CNS depressants. While it should be stressed no 
drug-drug interactions with cannabis pose a risk 
for cardiac or respiratory arrest, there is potential 
for additive side effects at the pharmacodynamic 
level. For instance, when clobazam is taken with a 
high dose of CBD (>200–300mg), higher levels of 
N-desmethylclobazam, a sedating metabolite, may 
be produced. This could result in increased seda-
tion, and therefore caregivers should be counselled 
on such. A slow CBD titration is recommended in 
these patients so that if sedation was to increase, it 
would be gradual in onset. At that point, clobazam 
could be reduced, providing treatment goals are 
being met (ie reduction in seizures) [12]. Blood 
testing for metabolites could be considered, how-
ever, typically the increase sedation is evident 
clinically (and gradually) before lab tests result. 
Worsened sedation and cognitive impairment 
can occur with the concomitant use of cannabis 
and alcohol, opioids, antipsychotics, benzodiaz-
epines, tricyclic antidepressants, or antiepileptics 
[13].  Recent evidence has suggested CBD may 
cause elevated liver enzymes in some individuals 
[14]. The influence of CBD dose and co-morbid-
ities has not yet been established. Baseline and 
repeat liver enzymes during the initiation period of 
CBD may be warranted in some cases.

THC is oxidized predominantly by CYP fam-
ily enzymes 2C9, 2C19, and 3A4, while CBD is 
metabolized predominantly by CYP2C19 and 
CYP3A4. Therefore, CYP inhibitors may increase 
serum levels, while CYP enzyme inducers may 
decrease serum levels. Potential pharmacokinetic 
drug interactions involving CYP enzymes are out-
lined in Table 23.2.  It is important to note that, 
although theoretically drugs metabolized by the 
CYP enzyme family may interact with cannabis, 
many of these findings have not been established 
in humans. The most robust data regarding drug 

C. A. MacCallum et al.
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interactions comes from clinical trials with 
Nabiximols, which found most data to not be clin-
ically significant. If a patient is deemed at risk for 
an actual or potential drug interaction, increased 
monitoring should be implemented.

 Precautions

 Concurrent Active Mood or Anxiety 
Disorder

Cannabis does not appear to increase the likeli-
hood of developing depression, anxiety, and post-
traumatic stress disorder [1]. In bipolar disorder, a 
near-daily use may be linked to increased symp-
toms compared to nonusers [1]. Evidence sug-
gests either a bidirectional relationship between 
cannabis use and anxiety disorders or no associa-
tion between cannabis use and anxiety [22]. While 
there is not enough evidence to infer causality, 
there is a risk associated with increased levels of 
cannabis use and increased risk of developing 
psychosis [1]. The risk increased further with 
genetic vulnerabilities, experiences of childhood 
trauma/maltreatment or early stressors in life, 
early age of initiation, and regular use, therefore 
making some individuals more vulnerable to the 
effects of cannabis than others  (see Chap.33 on 
Cannabinoids and Mental Health Risks) [1, 23].

 Patients with Risk Factors 
for Cardiovascular Disease (CVD)

To date, the evidence is inconclusive if cannabis 
use is associated with cardiovascular disease [1]. 
In populations that are more likely to experience 
CVD, cannabis use is fairly low [1]. However, 
CVD is a relative contraindication for cannabis, 
and precaution should be exercised in patients 
with risk factor for CVD.

 Tobacco Use

Smoking tobacco is a known risk factor for car-
diovascular disease, respiratory disorders, and 

strokes [1]. As such, patients who are smoking 
tobacco in addition to cannabis may be at an ele-
vated risk. In terms of cannabis use patterns, 
nicotine dependence alone is not a risk factor for 
the development of problematic cannabis use [1]. 
However, the behavior of smoking may also 
make those who smoke tobacco more likely to 
smoke cannabis.

 E-Cigarette Use

There has been an increase in the incidence of 
e-cigarette or vaping product use-associated lung 
injury (EVALI) over the last several years. 
E-cigarettes are battery-operated devices that heat 
a liquid to deliver an aerosolized product [24]. 
E-cigarette use has been linked to severe respira-
tory illness, marked by bilateral infiltrates on chest 
imaging [24]. As of January 2020, the United 
States had reported 2558 hospitalizations with 
nonfatal cases and 60 fatal cases [25]. In a 98 
patient report, 89% of patients reported using THC 
products in e-cigarette devices [24]. THC e-ciga-
rette or vaping products were commonly reported 
to be obtained from illicit sources. As such, the 
CDC recommends to not use e-cigarette or vaping 
products obtained from unregulated sources [26]. 
It should be noted that EVALI has not been associ-
ated with dried product cannabis vaporization. 
Dried product vaporization has been legal for 
medical use in Canada since 2001 with no reported 
cases of EVALI. Cautions should be taken when 
recommending vaporization pens; This is espe-
cially true for those with respiratory conditions 
(see Chap. 37 on Cannabis Vaping Hazards).

 Severe Liver Dysfunction or Disease

There is no strong evidence of an association 
between cannabis use and the progression of 
existing liver disease [1]. In individuals with viral 
hepatitis C, there is limited evidence of no asso-
ciation between the progression of liver fibrosis 
or hepatic disease with daily cannabis use [1]. A 
recent systematic review and meta-analysis sup-
ports that cannabis does not increase the preva-
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lenc or progression of liver fibrosis in individuals 
with viral hepatitic C [27]. 

Additionally, as cannabis is metabolized by 
CYP enzymes, patients with  any progressive 
liver disease, or those on multiple concomitant 
medications metabolized by  the CYP enzymes 
outlined in Table 23.2 may lead to drug interac-
tion with CBD/THC, and therefore require a dose 
adjustment for CBD/THC or their prescription 
medication. 

 Medications Associated with Sedation 
or Cognitive Impairment

There is moderate evidence for association 
between cannabis use and the development of 
substance dependence or a substance use disor-
der (e.g., alcohol, tobacco) [1]. However, alco-
hol dependence alone was not found to increase 
the risk of developing problematic cannabis use 
[1]. Additionally, there is limited evidence for 
the association between cannabis use and 
changes in patterns of use of licit and illicit sub-
stances such as opioids, alcohol, and tobacco/
nicotine [1]. There should be precautions taken 
with the additive effect of sedating or cognitive 
impairing medications. Cannabis, specifically 
THC, can cause sedation and cognitive impair-
ment. In patients taking these medications, cau-
tion should be exercised when starting a patient 
on THC.

 Driving and Safety Sensitive 
Occupations

CRCs should be aware if patients will be engag-
ing in safety sensitive activities (e.g. driving) or 
occupations. Safety sensitive occupations are 
those in which impairment may lead to signifi-
cant risk of injury or death to oneself or others. 
Cannabis may cause impairment in a variety of 
neurocognitive and psychomotor domains [28]. 
Evidence supports that daily use of THC, as is 
seen with medical patients, may build tolerance 
to to the impairing effects of THC, particularly at 
lower doses  [28–31]. Risk of impairment 

increases as THC dose increases [28, 30]. While 
evidence supports a THC-dose dependent risk, 
there is debate around the risk, if any, for CBD 
consumption. However, recent studies show that 
there is no neurocognitive or psychomotor 
impairment, including for driving tasks, associ-
ated with CBD doses of up to 100 mg  [32, 
33].  Although CBD is believed to be non- 
impairing, other terpenes and cannabinoids may 
impact impairment, particularly in naive users. 
Individuals using THC should not drive or par-
take in safety-sensitive activities for at least 4 
hours post inhalation, 6 hours post oral ingestion, 
or for 8 hours if euphoria is experienced [11, 28]. 
For individuals using CBD, a careful risk vs ben-
efit ratio should be considered. If CBD use causes 
improved function (e.g. less impairment com-
pared to untreated condition or other medica-
tions) and there are no alternative options, the 
same guidelines should be employed until 
absence of impairment is established. 

 Relative Contraindications

 Individuals Under the Age of 25

The use of cannabis in children and teens is con-
troversial. There are several risks that should be 
known by healthcare providers involving the use 
of cannabis under 25 years of age. Youth may have 
an increased chance of cannabis use disorder. 
Regular cannabis use by youth may also be associ-
ated with increased risk of persistent cognitive 
effect, increased social dysfunction, anxiety, and 
depression [34–36]. In those at risk, younger ini-
tiation of cannabis use is associated with earlier 
onset of schizophrenia and bipolar disorder, as 
well as worse outcomes [37]. There are some cases 
where cannabis may be useful and appropriate if 
conventional treatments have failed, such as in epi-
lepsy and autism. However, these chemovars typi-
cally contain predominantly CBD.  Careful 
evaluation by the healthcare provider and caution 
over problematic use and addiction must be taken, 
especially if using chemovars containing higher 
ratios of THC/CBD or no CBD (see Chap. 
32 on Cannabinoids and Brain Development).
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 Cannabis Use Disorder (CUD)

Cannabis is generally contraindicated in patients 
with a current or past cannabis use disorder 
(CUD). CUD is primarily a concern with recre-
ational use and is reported in the literature to have 
an approximately 9% occurrence [38]. Self- 
reported problematic cannabis use in Canadian 
cannabis users was 6.8% [39]. While it is usually 
less of an issue in medical cannabis use, it 
remains important to assess potential risk factors 
for CUD. Risk factors include depression, male 
gender, current tobacco use, use of  other illicit 
drugs, poor school performance, oppositional 
behaviors, younger age of first alcohol use, 
parental substance abuse, antisocial behaviors, 
and childhood sexual abuse (see Chap. 38  on 
Cannabis Use Disorder).

 Substance Use Disorder (SUD) 
and Consideration for Harm 
Reduction

Medical cannabis should be used with caution in 
patients with a current or past substance use dis-
order. Precautions should always be taken to 
assess abuse potential, and history with substance 
use disorder may increase the risk of abuse. 
However, some clinicians have used cannabis as 
a harm reduction strategy in select patient popu-
lations with frequent monitoring and follow-up. 
The use of nabiximols (a 1:1 ratio of THC/CBD) 
has also showed promise in the treatment of sub-
stance use disorders including CUD. The lack of 
overdose death risk with cannabis generally 
makes it a safer option compared to other medi-
cations such as opioids or benzodiazepines.

 Contraindications

 Cardiovascular Disease

Cannabis should be used with caution in cardio-
vascular conditions. Cannabis, more specifically 
THC, may cause acute cardiovascular effects, 
such as increased heart rate and postural hypoten-

sion [1]. While cannabis produces no QTc issues 
[40], it should be used with caution in unstable 
cardiac conditions, such as acute congestive heart 
failure, critical aortic stenosis, poorly controlled 
atrial fibrillation or hypertensive heart disease, 
and angina, due to possible tachycardia and 
hypertension. To date, there is limited evidence 
of statistical significant association between THC 
use and myocardial infarction, stroke, and 
increased risk of diabetes [1].

 Respiratory Disease

Smoking cannabis is heated to 600–900 °C, lead-
ing to the production of carbon monoxide and 
carcinogens through combustion. In contrast, 
vaporization of cannabis is approximately 160–
220  °C causing little, if any, release of carbon 
monoxide [41]. Smoking cannabis releases the 
same harmful chemicals also found in tobacco 
smoking such as polyaromatic hydrocarbons, 
carbon monoxide, and tar. Smoked cannabis has 
been shown to have an approximately threefold 
increase in the amount of tar inhaled compared to 
smoked tobacco, with up to 30% more tar retained 
in the respiratory tract than tobacco [42].

Vaporization is a more efficient method for 
decarboxylation (i.e., conversion of raw acids in 
the plant THCA and CBDA to THC and CBD, 
respectively). There is also a reduction in the loss 
of cannabinoids and terpenes. Sidestream smoke 
leads to a 30% to 50% loss of cannabinoids, thus 
increasing the overall cost of cannabinoid-based 
medicine.

There is substantial evidence associating can-
nabis smoking and worsening of respiratory 
symptoms, as well as more frequent chronic 
bronchitis episodes [1]. However, it remains 
unclear if cannabis use is associated with the 
development of COPD, asthma, or a worsening 
of lung function. When considering the evidence, 
there is limited data to support an association 
between cannabis smoking and increased risk of 
developing chronic obstructive pulmonary dis-
ease (COPD), when controlling for tobacco use 
[1]. Further, there is no or insufficient evidence to 
evaluate if there is association between cannabis 
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smoking and hospital admission for 
COPD,  asthma development, or asthma exacer-
bation [1]. It is always best to recommend alter-
native routes of consumption to smoking; this is 
particularly important for patients with preexist-
ing respiratory conditions.

Despite smoked cannabis having a lower inci-
dence of COPD and lung cancer than tobacco 
[43], smoking cannabis is not recommended. 
Moderate evidence supports the lack of associa-
tion between cannabis use (smoked) and inci-
dence of lung, head, and neck cancers [1]. 
Alternatives to smoking, such as using ingest-
ibles (i.e., oils/capsules) or oromucosal products 
may be preferred over vaporizing dried flower in 
those with lung disease.

 Psychosis and Bipolar Disorders

Cannabis is contraindicated in psychosis, unless 
CBD-predominant preparations are being used, 
as a risk is related to THC content of cannabis. 
CBD has been shown to help alleviate psychotic 
symptoms of schizophrenia [44]. Caution should 
be used when patients have a personal or family 
history of psychosis, schizophrenia, or bipolar 
disorder (for more information, See Chap. 33 on 
Cannabinoids and Mental Health Risks). If 
deemed appropriate for cannabis use, careful 
guidance from the treating healthcare provider 
must be taken to ensure symptoms are being well 
managed and not exacerbated. In addition, moni-
toring for problematic use and cannabis use dis-
order is also important in these patients. For more 
information on the risks of cannabis use among 
individuals with personal or familial histories of 
mental health disorders,  see  Chap. 33 on 
Cannabinoids and Mental Health Risks. 

 Pregnancy and Breastfeeding

The use of cannabis during pregnancy may 
increase adverse outcomes for women and the 
fetus [42]. While there is a lack of evidence for an 
increased risk of major malformations related to 
in utero cannabis exposure, continuous cannabis 

exposure may produce negative effects on fetal 
growth and development. However, evidence 
supporting this is largely varied. Maternal can-
nabis use in pregnancy has been associated with 
increased odds of maternal anemia, decreased 
birth weight, and infants needing placement in 
neonatal intensive care [45]. Conversely, a large 
meta-analysis (N = 32,483) found inadequate evi-
dence associating infant exposure to cannabis in 
utero with low birth weight [46]. Additionally, 
another large retrospective cohort study 
(N = 12,069) also found that cannabis alone was 
not associated with significant adverse outcomes 
[47]. However, concurrent cannabis and tobacco 
smoking was found to increase the risk of adverse 
perinatal outcomes such as maternal asthma, pre-
term birth, decreased head circumference, and 
decreased birth weight [47]. As such, the possi-
bility cannot be ignored that neonatal morbidity 
may exist when cannabis is used during preg-
nancy. For breastfeeding mothers, it is important 
to note that THC can be detectable in breast milk 
for up to 6 days after last use [48].

In summary, current evidence does not sup-
port an increased risk of major malformations. 
There is a possible negative effect on fetal growth 
with continuous exposure to cannabis in utero 
and possible increased transient neonatal morbid-
ity. There is concern regarding the negative effect 
on neurodevelopment, especially with frequent 
and continuous maternal cannabis use during 
pregnancy.

 Summary

Healthcare providers should be aware of consid-
erations including special populations, preexist-
ing or past history of medical conditions, 
substance use history, and other medications 
before initiating a cannabinoid-based medicine. 
CRCs are encouraged to engage patients in a 
shared decision process to weigh the risks and 
benefits of cannabis, allowing for an individual-
ized cannabis treatment plan for each patient.

As with any psychoactive medication, strate-
gies to mitigate adverse events include “starting 
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low and going slow,” shorter trial period, more 
frequent monitoring and reassessment for effi-
cacy, adverse events, and drug interactions. The 
majority of adverse events are THC dose- 
dependent. As such, CBD-dominant products 
may be a useful alternative to THC or in addition 
to mitigate risk (see Chap. 22 on Cannabinoid- 
Based Medicines: Dosing, Titration and 
Monitoring). With proper education, a treatment 
plan, patient engagement, and appropriate prod-
uct selection, many of these adverse events can 
be avoided. Alternatively, these complex patients 
could also be referred to a physician with addi-
tional experience in cannabinoid medicine as 
these patients can require additional support and 
expertise.
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Cannabinoids and Pain: 
Mechanisms of Action

Samer N. Narouze

 Introduction

Cannabinoids act simultaneously or synergisti-
cally on multiple pain targets within the peripheral 
and CNS [1–3]. Alongside acting on cannabinoid 
receptors (CB1 and CB2), cannabinoids may mod-
ulate pain through interaction with the putative 
non-CB1/non-CB2 cannabinoid G protein-cou-
pled receptor 55 (GPR55) and GPR18 which is 
also known as the N-arachidonoyl glycine 
(NAGly) receptor [4, 5], as well as other well-
known G protein-coupled receptors (GPCRs) such 
as serotonin (5-HT) and opioid receptors [6, 7].

Moreover, cannabinoids can interact with dif-
ferent transient receptor potential ion channel 
subfamilies (TRPV, TRPA, and TRPM) [2, 3]. 
TRPV1 is involved with temperature control, 
pain transmission, and modulation, as well as the 
integration of diverse painful stimuli [8–10].

Cannabinoids have various effects on the 
cys- loop ligand-gated ion channel superfamily 
(e.g., nicotinic acetylcholine, glycine, GABAA, 
GABAA-ρ, 5-HT3 receptors) [11–19]. 
Anandamide, THC, and cannabidiol directly 
activate glycine receptors, contributing to 
cannabinoid- induced analgesia in inflammatory 
and neuropathic pain [12–15], while 

2- arachidonoylglycerol (2-AG) and cannabidiol 
(CBD) are positive allosteric modulators mainly 
at the α2-containing GABAA receptor subtypes 
[16, 17]. On the other hand, cannabinoids (THC) 
negatively allosterically modulate and inhibit 
nicotinic and 5-HT3 receptors [11, 18, 19].

The anti-inflammatory action of cannabinoids 
may contribute to their analgesic effects [20, 21]. 
Cannabinoid (CBD) action as a CB2 inverse ago-
nist may explain its anti-inflammatory properties 
[22]. Some cannabinoids modulate and activate 
different isoforms of the nuclear receptor peroxi-
some proliferator-activated receptors (PPARα, β, 
and γ) [23].

Additionally, non-cannabinoid constituents of 
the cannabis plant (e.g., terpenoids and flavo-
noids) may contribute to the analgesic and anti- 
inflammatory effects of cannabis [24, 25].

 Endocannabinoids’ Mechanism 
of Action

 Anandamide (AEA)

Anandamide is a partial agonist at both CB1 and 
CB2 receptors, but a full agonist at the transient 
receptor potential vanilloid 1 (TRPV1) receptor. 
Although anandamide is a partial agonist, it has a 
selectivity and higher affinity to the CB1 receptor 
than 2-AG [26]. Once actions are carried out at 
the receptor, anandamide is thought to possibly 
be taken up by transport proteins on both neurons 

S. N. Narouze (*) 
Western Reserve Hospital, Center For Pain Medicine, 
Cuyahoga Falls, OH, USA
e-mail: narouzs@hotmail.com
Twitter: @NarouzeMD

24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69186-8_24&domain=pdf
https://doi.org/10.1007/978-3-030-69186-8_24#DOI
https://en.wikipedia.org/wiki/GABA_A_receptor
mailto:narouzs@hotmail.com
https://twitter.com/narouzemd


192

and glia that mediate endocannabinoid uptake 
[27]. Anandamide can play a dual role in noci-
ception: antinociceptive at cannabinoid receptors 
and pronociceptive at the TRPV1 receptor [28]. 
Anandamide has a noted “tetrad effect” when 
injected into mice. The tetrad is a combination of 
inhibition of motor activity, catalepsy, hypother-
mia, and hypoalgesia [29, 30].

Anandamide also interacts with other neu-
rotransmitter systems that may play a role in 
nociception. Cannabinoids might directly 
inhibit 5-HT3 receptors, leading to analgesia and 
neuroprotection effects [29]. Anandamide exerts 
part of its CNS effects through the 5-HT3 recep-
tors [29]. In addition, it was shown that micro-
molar concentrations of anandamide bind to 
5-HT1 and 5-HT2 receptors, thus further describ-
ing the role of anandamide in other neurotrans-
mitter systems [31].

 2-Arachidonoylglycerol (2-AG)

2-AG is a full agonist at CB1 and CB2 receptors. 
2-AG may be secreted from the postsynaptic 
neuron by simple diffusion or through a passive 
carrier protein [27]. Once bound to CB1, activa-
tion leads to inhibition of neurotransmitter 
release in the presynaptic cell via inhibition of 
voltage- activated calcium channels and enhance-
ment of inwardly rectifying K+ channels in the 
cell [27, 32].

Subsequent to neuronal depolarization, the 
Ca2+-dependent release of glutamate from pre-
synaptic vesicles activates NMDA receptors at 
the postsynaptic neurons leading to excitatory 
postsynaptic currents (EPSCs). This variation 
of membrane excitability quickly triggers the 
synthesis of 2-AG.  Then, 2-AG travels retro-
grade to stimulate CB1 receptors on presynap-
tic terminals, which in turn activate K+ channels 
and inversely inhibit Ca2+ channels, thus inhib-
iting excitatory neurotransmitter release [32] 
(Fig. 24.1).

 Endocannabinoids and Pain 
Modulation

Endocannabinoids are sensitized on demand. 
When noxious stimuli occur, there is an increase 
in endocannabinoid release, thus leading to pain 
modulation effects [30]. Animal studies show 
endocannabinoids to have analgesic actions in 
the periphery, spinal, and supraspinal pain path-
ways [30] (Table 24.1).

 Peripheral Mechanisms

Models of inflammatory pain show elevated con-
centrations of anandamide and 2-AG in periph-
eral tissues [28]. The cannabinoid receptor, CB2, 
in the periphery plays a vital role in analgesia. 
2-AG has been studied to show multiple mecha-
nisms leading to pain modulation which include 
inhibiting production and release of reactive oxy-
gen species and cytokines, and in addition 2-AG 
will release peripheral endogenous opioids [28]. 
There is more research describing the anti- 
inflammatory and antinociceptive mediated 
actions of 2-AG compared to anandamide. There 
are also CB1 receptors in the periphery that local-
ize on sensory afferent terminals where endocan-
nabinoids act to gate the transduction of pain 
from noxious stimuli [28].

 Spinal Mechanisms

Endocannabinoids have antinociceptive effects at 
the dorsal horn in the spinal cord due to high 
expression of CB1 receptors. At this level, 2-AG 
inhibits the release of pronociceptive neurotrans-
mitters from primary afferent terminals mediated 
by CB1 receptors [28]. In contrast, anandamide 
was shown to have effects on acute and chronic 
pain via mediation of CB2 receptors expressed on 
inhibitory interneurons and glial cells [28]. In a 
surgical incision model, it was shown that hours 
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Fig. 24.1 Synthesis of 2-AG and the retrograde signaling. 
(a) The variation of postsynaptic membrane excitability 
triggers the synthesis of 2-AG. (b) 2-AG travels retrograde 
to stimulate CB1 receptors on presynaptic terminals, 
which in turn activate K+ channels and inversely inhibit 
Ca2+ channels, thus inhibiting excitatory neurotransmitter 
release. 2-AG is metabolized in the presynaptic neuron 
with MAGL into arachidonic acid and glycerol. 2-AG, 

2-arachidonoylglycerol; CB1, cannabinoid receptor 1; 
CB2, cannabinoid receptor 2; COX2, cyclooxygenase 2; 
DAG, diacylglycerol; DAGL-α and DAGL-β, diacylglyc-
erol lipase-α or diacylglycerol lipase-β; MAGL, monoac-
ylglycerol lipase; PA, phosphatidic acid; PLCβ, 
phospholipase Cβ; PLD, phospholipase D; PIP2, sn-2-ara-
chidonoyl-phosphatidylinositol-4,5-bisphosphate. (Used 
with permission from ©Samer Narouze, MD, PhD)
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after a peripheral surgical incision, there was a 
marked decrease in anandamide concentrations, 
whereas there were no changes in 2-AG concen-
tration [28]. Anandamide concentrations returned 
to baseline as nociceptive behavior subsides. 
2-AG concentrations increased later in conjunc-
tion with glial cell activation, CB2 receptor 
upregulation, and resolution of the pain state 
[28]. Endocannabinoids have different effects on 

pain modulation. Anandamide exerts its action at 
the onset of pain, whereas 2-AG plays a role in 
the resolution of pain.

 Supraspinal Mechanisms

Endocannabinoids modulate ascending pain sig-
nals in the thalamus, descending signals in the 
brain stem, and pain sensation in the frontal- 
limbic circuits [28]. Anandamide has a biphasic 
effect on the supraspinal level of pain modula-
tion. Anandamide is released due to stimulation 
of the periaqueductal gray (PAG) or peripheral 
inflammatory insult [27]. In acute pain, anan-
damide that is released causes antinociceptive 
actions. When high concentrations of anan-
damide occur due to prolonged stimulation, 
anandamide modulates pronociceptive responses 
via TRPV1 binding [27].

 Anandamide and 2-AG Synergistic 
Effect

Anandamide and 2-AG have synergistic yet dif-
ferent roles in pain modulation at the spinal and 
supraspinal levels. Stress-induced analgesia 
exhibits a synergistic effect of anandamide and 
2-AG through induction of descending inhibitory 
GABAergic signaling to the spinal cord, thus 
mediating stress-induced analgesia [27]. In a pro-
longed foot shock modulation study, both endo-
cannabinoids were found to be released in the 
ipsilateral lumbar V dorsal root ganglion upon 
stimulation [33]. The CB1 receptors at the dorsal 
root ganglion and CB2 receptors at the periphery 
involve a synergistic interplay between anan-
damide and 2-AG [33]. Both endocannabinoids 
levels were enhanced after 3 and 7 days of chronic 
constriction injury at the sciatic nerve of a rat 
[33]. After the 3-day mark, endocannabinoid lev-
els were increased only at the spinal cord and 
PAG. However, after 7 days, elevated concentra-
tions were detected in the rostral ventral medulla 
as well [33]. This study provides evidence of 
endocannabinoid cooperation regarding syner-
gistic involvement in the regulation of pain.

Table 24.1 Cannabinoid multimodal analgesic mecha-
nisms of action

Cannabinoid antinociception pathways
Peripheral

Peripheral CB2 receptor activation can 
lead to pain modulation by inhibiting 
production and release of inflammatory 
mediators (reactive oxygen species and 
cytokines)
Endocannabinoids can release 
peripheral endogenous opioids
Peripheral CB1 receptors act to gate the 
transduction of pain from noxious 
stimuli

Spinal
CB1 receptors are highly expressed on 
dorsal horn and DRG. CB1 activation 
leads to inhibition of pronociceptive 
neurotransmitter release from primary 
afferent terminals
CB2 receptors expressed on spinal 
inhibitory interneurons and glial cells
Anandamide exerts its actions at the 
onset of pain, whereas 2-AG plays a 
role in the resolution of pain

Supraspinal
Cannabinoids modulate:
  Ascending pain signals in the 

thalamus
  Descending signals in the brain stem
  Pain sensation in the frontal-limbic 

circuits (THC targets preferentially 
the affective qualities of pain)

Anandamide has a “biphasic effect.” 
On-demand release during acute pain 
causes antinociceptive effects. High 
concentration of anandamide due to 
prolonged stimulation leads to 
pronociceptive responses via TRPV1 
binding

CB1 cannabinoid receptor type 1, CB2 cannabinoid 
 receptor type 2, DRG dorsal root ganglion, THC Δ9-
tetrahydrocannabinol, CBD cannabidiol, AEA anan-
damide, 2-AG 2-arachidonoylglycerol, TRPV1 transient 
receptor potential vanilloid type 1. (By ©Samer Narouze, 
MD, PhD, used with permission)
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Chronic pain enhances the endocannabinoid 
signaling effects of both anandamide and 
2-AG. An upregulation of CB2 receptors found in 
such pain states would benefit from endocannabi-
noid agonism [27]. 2-AG signaling cascades 
from microglial cells mediate effects in persistent 
pain [27].

 Endocannabinoid Receptors

 CB1 Receptors

 Central CB1 Receptors
CB1 receptor is the most abundant GPCR in the 
mammalian brain; thus it is referred to as the 
“brain cannabinoid receptor” [34]. CB1 receptors 
are expressed centrally in all brain structures and 
in decreasing density from the olfactory bulb, 
cerebellum, hippocampus, basal ganglia, cortex, 
and amygdala to the hypothalamus, thalamus, 
and brain stem [35].

They are expressed in most brain areas on pre-
synaptic terminals of both glutamatergic and 

gamma aminobutyric acid (GABA)-ergic neu-
rons [36]. Moreover, CB1 receptors can also be 
expressed postsynaptically where it can form het-
erodimers in association with other GPCRs 
including the dopamine D2, adenosine A2, or 
orexin type-1 receptors [37–39].

The intracellular region of CB1 is most regu-
larly coupled to Gi/o proteins. Consequently, the 
activation of CB1 receptors inhibits adenylate 
cyclase activity with subsequent reduction of 
intracellular cyclic adenosine monophosphate 
(cAMP) level or promotes mitogen-activated pro-
tein kinase (MAPK) activity [34] (Fig.  24.2). 
Decreased cAMP level leads to activation of 
voltage- gated K+ and inhibition of Ca2+ channels, 
thus inhibiting neurotransmitter release [40–42]. 
In neurons, CB1 activation of Gi/o can also directly 
inhibit voltage-activated Ca2+ channels [32].

Neuronal depolarization rapidly triggers the 
synthesis of endocannabinoids, particularly 
2-AG, at postsynaptic neurons. Subsequently, 
2-AG travel backward to stimulate CB1 receptors 
on presynaptic terminals, and then after it is inac-
tivated by hydrolytic enzymes. This “on-demand” 

Adenylate cyclase activity

Intracellular signaling

Mitogen-activated protein kinase (MAPK) pathway
Cell proliferation and differentiation

Extra-cellular

Intra-cellular

C

N

CB1
GPCR

CB2
GPCR

2-AG 2-AG

α αβ β
γ γ

Inhibition of voltage-activated Ca++ channels
Enhancement of inwardly rectifying K+ channels
Inhibition of neurotransmitters release

cAMP

Fig. 24.2 CB1 receptor activation. The intracellular 
region of CB1 is most regularly coupled to Gi/o proteins. 
The activation of CB1 receptors by binding to a ligand 
(2-AG) inhibits adenylate cyclase activity with subse-
quent reduction of intracellular cyclic adenosine mono-

phosphate (cAMP) level or enhances mitogen-activated 
protein kinase (MAPK) activity. Decreased cAMP level 
leads to activation of voltage-gated K+ and inhibition of 
Ca2+ channels, thus inhibiting neurotransmitter release. 
(Used with permission from ©Samer Narouze, MD, PhD)
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synthesis of endocannabinoids leads to CB1- 
mediated activation of K+ and inhibition of Ca2+ 
channels, thus controlling both excitatory and 
inhibitory neurotransmitter releases, which even-
tually tunes the duration of synaptic activity and 
synaptic plasticity [43, 44].

CB1 is also found in non-neuronal cells of the 
brain, predominately in astrocytes, where its acti-
vation stimulates the release of neurotransmit-
ters. Unexpectedly, astroglial CB1 receptor 
activation seems to induce intracellular Ca2+ lev-
els, triggering the release of glutamate and the 
subsequent activation of presynaptic metabo-
tropic glutamate receptors [45–47] (Table 24.2).

 Peripheral CB1 Receptors
CB1 receptors are also expressed in the periph-
eral nervous system and in almost all mammal 
tissues and organs including the adrenal glands, 
smooth and skeletal muscle, heart, lung, gastro-
intestinal tract, liver, male and female reproduc-
tive systems, bone, adipose tissue, and skin [32]. 
The CB1 receptors play a vital role in the main-
tenance of homeostasis and regulating adrenal, 
cardiovascular, lung, gastrointestinal, and repro-
duction functions, among others.

Peripheral CB1 receptors are mainly localized 
on sensory afferent terminals where endocan-
nabinoids act to gate the transduction of pain 

Table 24.2 Cannabinoids mechanism of action in chronic pain

Cannabinoids’ mechanism of action in chronic pain
CB1 receptors
Central Expressed abundantly centrally (CNS and spinal)

On presynaptic terminals of both glutamatergic and gamma aminobutyric acid (GABA) neurons
GPCR receptors, coupled to Gi/Go α proteins
CB1 receptor activation inhibits adenylate cyclase activity and reduces intracellular cAMP
Activation of voltage-gated K+ and inhibition of Ca2+ channels, inhibiting neurotransmitter 
release

Peripheral Peripheral CB1 receptors are mainly localized on sensory afferent terminals, modulating the 
transduction of pain from noxious stimuli, an important role in peripheral pain sensitization

CB2 receptors
Central The role of CB2 in the brain is still controversial

Expressed in activated spinal microglia and astrocytes
Like CB1, CB2 receptor is a GPCR and is coupled to Gi/Go α proteins. Thus, its stimulation 
inhibits adenylate cyclase activity

Peripheral CB2 receptors are abundantly expressed in the immune system cells
CB2 receptor activation reduces the release of pro-inflammatory cytokines and 
lymphoangiogenic factors
CB2 receptors represent key regulators of inflammatory and nociceptive responses
CB2 receptors can control the activation and migration of immune cells

TRPV1
TRPV1 channels are largely expressed in dorsal root ganglia and sensory nerve fibers (Aδ and 
C-type)
TRPV1 has paradoxical effect on pain
TRPV1 activation contributes to pain transmission and neurogenic inflammation
TRPV1 “desensitization” occurs following TRPV1 stimulation due to increase of intracellular 
Ca2+ (see text)
This fast process of TRPV1 desensitization and inactivation leads to the paradoxical analgesic 
and anti-inflammatory effects of TRPV1 agonists
There is intracellular cross talk between TRPV1 and CB1 or CB2 as they are colocalized in 
peripheral and central neurons

GPR55
GPR55 is activated by THC while antagonized by CBD
There are heteromers between GPR55 and CB1 receptors
GPR55 activation may play an opposite role to CB1 by enhancing neurotransmitter release
GPR55 also involved in mechanical hyperalgesia resulted from neuropathic and inflammatory 
pain
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from noxious stimuli [3], thus playing an impor-
tant role in peripheral pain sensitization.

 Central CB2 Receptors
The role of CB2 in the brain is still controversial. 
In contrast to CB1, CB2 receptors in the brain are 
limited, and its expression is restricted to specific 
neuronal cells and becomes abundant in activated 
microglia and astrocytes [45, 48].

Like CB1, CB2 receptor is a GPCR and is 
coupled to Gi/Go α proteins. Thus, its stimulation 
inhibits adenylate cyclase activity and activates 
MAPK [32].

 Peripheral CB2 Receptors
In contrast, CB2 receptors are abundantly 
expressed in the immune system cells such as 
monocytes, macrophages, B and T cells, and 
mast cells. CB2 receptor activation reduces the 
release of pro-inflammatory cytokines and lym-
phoangiogenic factors [49–51]. Moreover, CB2 
receptors are also present in other peripheral 

organs playing a role in the immune response, 
including the spleen, tonsils, thymus gland, and 
keratinocytes, as well as in the gastrointestinal 
system [32].

Accordingly, CB2 receptors represent key 
regulators of inflammatory and nociceptive 
responses and can control the activation and 
migration of immune cells [52, 53].

 Other Putative Endocannabinoid 
Receptors: TRPV1 and GPR55

 TRPV1

The transient receptor potential vanilloid type 1 
(TRPV1) channel, also known as the capsaicin 
receptor, was the first member of the TRPV chan-
nel subfamily to be discovered and cloned [54]. 
TRPV1 channels are activated by capsaicin, 
endocannabinoids, and phytocannabinoids 
[55–57].

Table 24.2 (continued)

Cannabinoids’ mechanism of action in chronic pain
Other receptors

THC activates 5-HT7, 5-HT2A, and alpha-2 adrenoceptors (descending inhibitory pathway)
THC, CBD, and anandamide directly activate glycine receptors, contributing to cannabinoid- 
induced analgesia in inflammatory and neuropathic pain
2-AG and CBD are positive allosteric modulators at the α2-containing GABAA receptor 
subtypes
Cannabinoids (THC) inhibit nicotinic, 5-HT3, andNMDA receptors contributing to analgesia
THC, CBD, and endocannabinoids activate PPARα and PPARγ receptors contributing to the 
analgesic, anti-inflammatory, and neuroprotective effects

Opioid 
receptors

Cross talk and heteromers between cannabinoids and opioids receptors (see text)
Synergistic interactions between cannabinoid and opioid analgesia
CB2 activation triggers the release of beta-endorphin

Transport 
proteins and 
metabolizing 
enzymes

CBD augments anandamide effects by inhibiting its uptake and metabolizing enzyme, FAAH
This is an area of ongoing research

CB1 cannabinoid receptor type 1, CB2 cannabinoid receptor type 2, cAMP cyclic adenosine monophosphate, THC 
Δ9-tetrahydrocannabinol, CBD cannabidiol, AEA anandamide, 2-AG 2-arachidonoylglycerol, GPCR G protein- coupled 
receptor, GPR55 G protein-coupled receptor 55, TRPV1 transient receptor potential vanilloid type 1, NMDA N-methyl-
D-aspartate, FAAH fatty acid amide hydrolase. (By ©Samer Narouze, MD, PhD, used with permission)
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TRPV1 function is heavily dependent on the 
binding of key regulatory proteins that induce 
changes in its phosphorylation state. The phos-
phorylation induced by adenosine triphosphate 
(ATP), protein kinase A (PKA), PKC, 
phosphoinositide- binding protein (PIRT), and 
phosphatidylinositol 4,5-bisphosphate (PIP2) is 
required for TRPV1 activation and cation gat-
ing. TRPV1 activation contributes to pain trans-
mission, neurogenic inflammation, synaptic 
plasticity, neuronal overexcitability, and neuro-
toxicity [57–60].

TRPV1 “desensitization” occurs as the rise of 
intracellular Ca2+ following TRPV1 stimulation 
activates proteins (i.e., calmodulin) that stabilize 
the channel in a closed conformational state or 
Ca2+-dependent phosphatases (i.e., calcineurin), 
which dephosphorylate and inactivate TRPV1 
[59–63]. This fast process of TRPV1 desensitiza-
tion and inactivation is thought to underlie the 
paradoxical analgesic, anti-inflammatory, and 
anti-convulsant effects of TRPV1 agonists [57, 
64, 65].

TRPV1 channels are largely expressed in 
dorsal root ganglia and sensory nerve fibers 
(Aδ and C-type) [66]. In sensory neurons, 
TRPV1 channels work as molecular integrators 
for multiple types of sensory inputs that con-
tribute to generate and transmit pain. In central 
neurons, lower amounts of TRPV1 channels 
are expressed both pre- and postsynaptically, 
where they act to regulate synaptic strength 
[66–68]. They usually affect pain, anxiety, and 
depression by inducing effects opposite to 
those exerted by CB1 receptors in the same 
context [32].

Moreover, there is intracellular cross talk 
between TRPV1 and CB1 or CB2 as they are 
colocalized in peripheral and central neurons 
(sensory neurons, dorsal root ganglia, spinal 
cord, brain neurons) [67, 69]. Recently, a multi-
plicity of interactions between cannabinoid, opi-
oid, and TRPV1 receptors in pain modulation 
was discovered [70]. This provides a great oppor-
tunity for the development of new multiple target 
ligands for pain control with improved efficacy 
and side effects profile [71].

 GPR55

GPR55 is considered by some experts as the third 
cannabinoid receptor, CB3. GPR55 belongs to 
the large family of GPCRs, and its endogenous 
ligand is lysophosphatidylinositol (LPI) [72, 73].

GPR55 is activated by Δψ-THC while antago-
nized by cannabidiol (CBD). Conflicting data 
exist regarding the likelihood that low concentra-
tions of endocannabinoids may activate GPR55 
[74, 75]. These controversies might be explained 
by biased signaling depending on the cell type 
and condition or the formation of heteromers 
between GPR55 and CB1 receptors [76, 77]. 
Activation of GPR55 might play an opposite role 
to CB1 by enhancing neurotransmitter release 
[32]. GPR55 may play a role in mechanical 
hyperalgesia associated with inflammatory and 
neuropathic pain [78].

 Phytocannabinoids (THC and CBD)

 THC

Δ9-tetrahydrocannabinol (THC) is an analog to the 
endocannabinoid, anandamide (AEA). It is respon-
sible for most of the pharmacological actions of 
cannabis, including the psychoactive, memory, 
analgesic, anti-inflammatory, antioxidant, antipru-
ritic, bronchodilator, antispasmodic, and muscle 
relaxant activities [79, 80]. THC acts as a partial 
agonist at CB1 and CB2 receptors [22]. THC has a 
very high binding affinity to CB1 receptor which 
mediates its psychoactive properties. Interestingly, 
most of the negative effects of THC, psychogenic 
effects, impaired memory, anxiety, and immuno-
suppression, can be reversed by other constituents 
of the cannabis plant (other cannabinoids, CBD, 
terpenoids, and flavonoids) [24, 80].

 CBD

Cannabidiol (CBD) is the other important can-
nabinoid in the cannabis plant. It is the non- 
psychoactive analog of THC.  CBD have 
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significant analgesic, anti-inflammatory, anti- 
convulsant, and anxiolytic activities without the 
psychoactive effect of THC [81]. CBD has little 
binding affinity for either CB1 or CB2 receptors, 
but it can antagonize them in the presence of 
THC. CBD behaves as a non-competitive nega-
tive allosteric modulator of CB1 receptor, and it 
reduces the efficacy of THC and AEA [82]. This 
may explain the “entourage effect” that CBD dis-
plays, as it improves the tolerability and safety of 
THC by reducing the likelihood of psychoactive 
effects and other adverse effects such as tachy-
cardia, sedation, and anxiety [80, 83].

 Mechanisms of Action in Pain 
Modulation

The phytocannabinoids THC and CBD are lipo-
philic substances that readily cross the blood- 
brain barrier and interact with receptors in both 
the central and peripheral nervous systems, exert-
ing analgesic effects especially in hyperalgesia 
and inflammatory states [84, 85] (Table 24.3).

 THC

THC exhibits CB1 receptor-mediated antinoci-
ception through activation of supraspinal sites 
and descending serotonergic and noradrenergic 
pain modulatory pathways to produce antinoci-
ceptive effects via spinal 5-HT7, 5-HT2A, and 
alpha-2 adrenoceptor activation [86, 87].

The frontal-limbic distribution of cannabinoid 
receptors explains the central mechanism of THC 
analgesia as it targets preferentially the affective 
qualities of pain. Functional magnetic resonance 
imaging revealed that amygdala activity contrib-
utes to the dissociative effect of THC on pain per-
ception related to cutaneous ongoing pain and 
hyperalgesia that were temporarily induced by 
capsaicin [88]. THC reduced the reported 
unpleasantness, but not the intensity of ongoing 
pain and hyperalgesia. THC also reduced func-

Table 24.3 THC and CBD mechanisms of action in pain 
modulation

THC and CBD mechanisms of action in pain 
modulation
THC

Partial agonist at CB1 and CB2 receptors (see 
Table 24.2)
High binding affinity to CB1 receptor
The frontal-limbic distribution of CB1 
receptors explains the central mechanism of 
THC analgesia as it targets preferentially the 
affective qualities of pain
Activation of supraspinal descending 
serotonergic and noradrenergic pain 
modulatory pathways
Spinal 5-HT7, 5-HT2A, and alpha-2 
adrenoceptor activation
CB2 receptor activation reduces cytokine- 
mediated neuro-inflammation
Non-CB1/non-CB2 receptor-mediated 
antinociception by inhibiting nicotinic, 5HT3, 
and NMDA receptors
Activation of glycine receptors, contributing to 
analgesia in inflammatory and neuropathic 
pain

CBD
Weak binding affinity for either CB1 or CB2 
receptors. However, antagonist of CB1 and 
CB2, in the presence of THC
Non-competitive negative allosteric modulator 
of the CB1
Act synergistically with THC and contribute to 
its analgesic effect while providing an 
“entourage effect”
Regulates the perception of pain through 
non-CB1/non-CB2 mechanisms
Modulation of non-cannabinoid GPCRs 
(5-HT1A), ion channels (TRPV1, TRPA1, 
TPRM8, NAGlyR), and PPARs
Activation of glycine receptors, contributing to 
analgesia in inflammatory and neuropathic 
pain
Augments anandamide (AEA) effects by 
inhibiting its uptake as well as its metabolizing 
enzyme, FAAH

CB1 cannabinoid receptor type 1, CB2 cannabinoid recep-
tor type 2, THC, Δ9-tetrahydrocannabinol, CBD cannabi-
diol, AEA anandamide, 2-AG 2-arachidonoylglycerol, 
GPCR G protein-coupled receptor, GPR55 G protein- 
coupled receptor 55, TRPV1 transient receptor potential 
vanilloid type 1, NMDA N-methyl-D-aspartate, PPAR per-
oxisome proliferator-activated receptors, NAGlyR 
N-arachidonoyl glycine receptor, FAAH fatty acid amide 
hydrolase. (By ©Samer Narouze, MD, PhD, used with 
permission)
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tional connectivity between the amygdala and 
primary sensorimotor areas during the ongoing 
pain state. The authors concluded that peripheral 
mechanisms alone cannot account for the disso-
ciative effects of THC on the pain that was 
observed and amygdala activity contributes to 
inter-individual response to cannabinoid analge-
sia [88].

The analgesic effects of THC are mediated 
through mechanisms distinct from those respon-
sible for the psychoactive effects. THC has addi-
tive analgesic effect with kappa opioid receptor 
agonists. This effect is blocked by kappa antago-
nism, but opioid receptor antagonism does not 
alter the psychoactive effects of THC [89].

Cannabinoids may exert other non-CB1/non-
 CB2 receptor-mediated antinociceptive effects 
by interacting with 5HT3 and N-methyl-d- 
aspartate receptors [89, 90].

CB2 receptors serve an important role in 
immune function, inflammation, and pain modu-
lation specially in allodynia and hyperalgesia 
states [91, 92]. The presence of CB2 receptors on 
microglia within the nervous system may explain 
the cannabinoids’ role in neuropathic pain modu-
lation by reducing cytokine-mediated neuro- 
inflammation [91, 92].

CB2 receptor expression has been demon-
strated in areas of the peripheral and central ner-
vous system relevant to pain perception and 
modulation, including the dorsal root ganglion, 
spinal cord, and microglia. This explains the 
analgesic effects produced by CB2 agonists 
[93–97].

CB2-selective agonists suppress neuronal 
activity in the dorsal horn via reduction in C-fiber 
activity and wind-up involving wide dynamic 
range (WDR) neurons [98, 99]. There is increase 
in peripheral CB2 receptor protein or mRNA 
expression in inflamed tissues and in the dorsal 
root ganglion in neuropathic states [100–102].

 CBD

CBD regulates the perception of pain mainly 
through non-CB1/non-CB2 mechanisms. CBD 
interacts with a significant number of other tar-

gets, including non-cannabinoid GPCRs (e.g., 
5-HT1A), ion channels (TRPV1, TRPA1, 
TPRM8, GlyR), and PPARs. Moreover, CBD 
augments anandamide (AEA) effects by inhibit-
ing its uptake as well as its hydrolysis by the 
enzyme fatty acid amide hydrolase (FAAH) [3, 
78, 103].

CBD can act synergistically with THC and 
contribute to its analgesic effect while providing 
an “entourage effect,” minimizing the negative 
psychoactive effects of THC [80]. This depends 
on the differences in concentration of THC/CBD 
in the cannabis chemovar. Although CBD as a 
monotherapy has not been evaluated clinically in 
the management of pain, its anti-inflammatory 
and anti-spasmodic effects and good safety pro-
file suggest that it could be a safe and effective 
analgesic [104, 105].
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 Introduction

In this chapter, we have summarized systematic 
reviews of randomized controlled trials using 
cannabis-based medicine for pain, including, but 
not limited to, chronic pain (non-cancer pain, 
neuropathic pain, centralized pain disorders such 
as fibromyalgia, rheumatic inflammatory pain, 
cancer pain) and acute pain.

There have been many cannabis-based medi-
cine studies in patients with chronic non- 
cancer pain; only the most recent studies were 
included. 

 Chronic Non-cancer Pain

There are a series of systematic reviews com-
pleted on the chronic non-cancer pain popula-
tion that demonstrate a significant analgesic 
effect of cannabis-based medicines. In 2020, a 
thorough systematic review and meta-analysis 

(N  =  36 RCTs; n  =  4006 patients) was con-
ducted investigating the effects of cannabinoids 
on chronic non-cancer pain [1]. Various canna-
binoid products and methods of administration 
(smoked cannabis, oromucosal cannabis sprays, 
and oral cannabinoids) were compared to pla-
cebo for analgesia. The authors concluded that 
there was moderate evidence to support canna-
binoids for the use of chronic non-cancer pain. 
The best results were seen with study durations 
of 2–8  weeks (weighted mean difference, 
−0.68; [95% CI, −0.96, −0.40]; I2  =  8%; 
p < 0.00001) with longer studies showing only 
a mild benefit. Another meta-analysis and meta-
regression by the American Psychological 
Association found that cannabis therapy has a 
medium-to-large analgesic effect across the 
chronic non-cancer pain studies they investi-
gated (Cohen’s d  =  −0.58; 95% CI: −0.74, 
−0.43) [2].

A large systematic review and meta-analysis 
of systematic reviews (containing two or more 
RCTs) examined medical cannabinoids for the 
management of chronic pain, spasticity, or nau-
sea and vomiting [3]. The authors completed a 
responder rate analysis (an analysis of benefit 
determined by the proportion of patients who 
attained at least a 30% improvement in VAS 
(visual analog scale) pain scores or reached a 
defined minimal clinically important difference).  
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The meta-analysis (N = 15 RCTs) revealed that 
a greater proportion of patients (39%) taking 
cannabinoids for chronic pain had at least a 30% 
reduction in pain compared to the proportion 
taking placebo (30%) (RR = 1.37; 95% CI, 1.14 
to 1.64; NNT  =  11). Among seven of the 
included systematic reviews with meta-analyses 
examining pain and cannabis [4–10], three stud-
ies found significant improvement in pain rat-
ings by 0.4–0.8 points compared to placebo [1, 
4, 7, 9]. Five reviews reported a 30% or greater 
reduction in pain [5–7, 10], with only two of the 
five reviews producing statistically significant 
findings [6–10]. One of the meta-analyses men-
tioned above compared inhaled cannabis to pla-
cebo in 178 patients with chronic neuropathic 
pain [6].This study noted an NNT of 5.6 to pro-
duce a  >  30% reduction in VAS neuropathic 
pain score across chronic painful neuropathies 
of different etiologies [6].

Neuropathic pain was examined among 13 of 
the 15 RCTs [11–23], and cancer pain was assessed 
in the remaining two [24, 25]. These findings 
should be interpreted with caution due to high 
attrition, exclusion of patients with variable pain 
scores, and lack of clarity on blinding and random-
ization. Sensitivity analysis found study size and 
duration affected findings (subgroup differences, 
p ≤ 0.03), with larger and longer RCTs finding no 
benefit. Specifically, inhaled cannabinoids had an 
RR of 1.52 (95% CI 1.17 to 1.99) and an NNT of 
six, while oromucosal cannabinoids had an RR of 
1.28 (95% CI 1.02 to 1.61) and an NNT of 16, with 
no significant differences among subgroups 
(p = 0.34). Small studies (≤150 patients) had an 
RR of 1.56 (95% CI 1.26 to 1.92) and an NNT of 
six, while large studies (>150 patients) had a non-
significant RR of 1.09 (95% CI 0.86 to 1.39), with 
a statistically significant difference in subgroups 
(p = 0.03). RCTs lasting less than one week had an 
RR of 1.58 (95% CI 1.13 to 2.20) and an NNT of 
five; RCTs of 2–5 weeks had an RR of 1.79 (95% 
CI 1.31 to 2.43) and an NNT of seven; and RCTs 
of 9–15  weeks had a nonsignificant RR of 1.07 
(95% CI 0.87 to 1.32). Subgroup comparisons 
were statistically significant (p  =  0.01) [3]. 
Evidence for benefit was classified as low or very 

low as per GRADE (Grading of Recommendations, 
Assessment, Development and Evaluation), with 
the highest risk of bias among RCTs of inhaled 
medical cannabinoids [3].

Interestingly, low-dose THC (1.29% THC) 
seems to be as effective as an analgesic as moder-
ate dose THC (3.53% THC) compared to placebo 
on neuropathic pain patients. A double-blinded, 
placebo-controlled, randomized controlled trial, 
included in the systematic review mentioned 
above, compared the effect of low-dose vapor-
ized THC compared to medium-dose vaporized 
THC and to placebo on 39 patients with neuro-
pathic pain [16]. There was a significant reduc-
tion in neuropathic pain using the VAS 
(P < 0.0001 at 3 hours, p = 0.0018 at 5 hours) 
with minimal psychoactive effects [16].

In addition to analgesia, some studies showed 
improvement in factors negatively associated with 
chronic pain, such as sleep, anxiety, and depres-
sion. Numerous phase 1–3 studies in over 2000 
patients with 1000 patient years of exposure uti-
lizing nabiximols  1:1 THC/CBD oromucosal 
spray demonstrated marked improvement in sleep 
parameters in patients with a wide variety of pain 
conditions including multiple sclerosis, periph-
eral neuropathic pain, intractable cancer pain, and 
RA [26]. 40–50% of patients in these studies 
attained good or very good sleep quality, and 
showed no tolerance to the benefit of nabixi-
mols  with no need for dosage increase over 
four years [27]. This added benefit on the symp-
tom clusters associated with chronic non-cancer 
pain is somewhat novel to cannabis-based medi-
cines compared to the alternative pharmaceuticals 
currently used.

Health Canada concludes on neuropathic pain 
and chronic non-cancer pain, “A few studies that 
have used experimental methods having predic-
tive validity for pharmacotherapies used to allevi-
ate chronic pain, have reported an analgesic effect 
of smoked cannabis. Furthermore, there is more 
consistent evidence of the efficacy of cannabi-
noids (smoked/vaporized cannabis, nabiximols, 
dronabinol) in treating chronic pain of various eti-
ologies, especially in cases where  conventional 
treatments have been tried and have failed” [28].
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 Chronic Neuropathic Pain

The Cochrane Database of Systematic Reviews in 
2018 published its review on cannabis-based med-
icines for chronic neuropathic pain in adults, 
which included 16 studies with 1750 participants 
[26]. Studies ranged from two to 26 weeks in dura-
tion, and compared placebo (15 studies) or dihy-
drocodeine (one study) to a plant-derived 
combination of THC and CBD oromucosal spray 
(10 studies), synthetic oral THC (nabilone, two 
studies), inhaled herbal cannabis (two studies), or 
oral plant-derived THC (dronabinol, two studies). 
Findings among eight of the studies examined 
(n = 1001) showed that cannabis-based medicines 
may increase the number of people achieving 50% 
or greater pain relief compared with placebo [21% 
versus 17%; RD, 0.05 (95% CI 0.00 to 0.09); 
NNTB 20 (95% CI 11 to 100); low-quality evi-
dence] [26].

The results were uncertain regarding whether 
herbal cannabis reduced mean pain intensity 
(very low-quality evidence), which may be a 
reflection of the exclusion of participants with a 
history of substance abuse and other significant 
comorbidities from the studies, together with 
their small sample sizes [23]. The authors con-
cluded that “the potential benefits of cannabis- 
based medicine (herbal cannabis, plant-derived 
or synthetic THC, THC/CBD oromucosal spray) 
in chronic neuropathic pain might be outweighed 
by their potential harms” [25] .

 Fibromyalgia

Systematic reviews focusing on pain reduction, 
in particular pain populations, yielded inconsis-
tent results. Registry data on patients initiating 
medical cannabis for treatment  of fibromyalgia 
showed that after commencing medical cannabis 
treatment, all patients reported significant 
improvement in every parameter on the question-
naire [29]. Additionally, 50% of patients stopped 
taking other medications for fibromyalgia [29]. A 
randomized controlled trial (RCT) on the use of 
nabilone, an oral synthetic cannabinoid, on sleep 
in patients with fibromyalgia showed that it was 

superior to amitriptyline, a drug currently used 
for chronic non-cancer pain [30]. Another ran-
domized double-blind trial in 40 patients with 
fibromyalgia utilizing nabilone showed a signifi-
cant decrease in VAS for both pain and anxiety to 
placebo [31].  A recent larger scale study (n = 
878) reported promising results for the utility of 
CBD for fibromyalgia [32]. Within this sample, 
72% of participants substituted CBD for pain 
medications, including opioids (53.3%) and ben-
zodiazapines (23.1%). Fewer side effects and 
better symptom control were the most commonly 
reported reasons for substituition. As such, CBD 
may be a useful in not only improving symptom 
control, but also decreasing risk of harm associ-
ated with common pain medications such as 
opioids. 

 Rheumatoid Arthritis

A double-blind, randomized, parallel group trial 
compared nabiximols, to placebo in 58 patients 
with pain due to rheumatoid arthritis (RA) [33]. 
There were statistically significant improvements 
in pain on movement and at rest, quality of sleep, 
28-joint Disease Activity Score (DAS28), and 
short-form McGill Pain Questionnaire “pain at 
present” component [33, 34, 35]. Notably, there 
were no adverse event-related withdrawals or 
serious adverse events in the nabiximol  group 
[33].

Despite these promising results, the above 
studies on patients with fibromyalgia and rheu-
matoid arthritis have small sample sizes, and two 
systematic reviews have reported that there is 
currently still insufficient evidence for analgesic 
benefit with cannabis-based medicines in patients 
with fibromyalgia, back pain, osteoarthritis, and 
rheumatoid arthritis [36, 37].

 Cancer Pain

Regarding cancer pain, the results of two system-
atic reviews are unclear and inconsistent, [8, 38] 
with meta-analytic findings not reaching statisti-
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cal significance for the therapeutic potential of 
cannabis on cancer pain [8].

A systematic review (n = 6 RCTs; n = 1460 
participants) and a meta-analysis (n  = 5 RCTs) 
investigating the effects of cannabis/cannabi-
noids on cancer-related pain compared with pla-
cebo or another alternative active agent showed 
that for adults with advanced cancer, cannabinoid 
adjunctive therapy did not reduce cancer- 
associated pain.

Health Canada concluded that “the limited 
available clinical evidence with certain cannabi-
noids (dronabinol, nabiximols) suggests a mod-
est analgesic effect of dronabinol and a modest 
and mixed analgesic effect of nabiximols on can-
cer pain” [28].

For more detailed review on cannabinoids and 
cancer pain, please refer to Chap. 26.

 Acute Nociceptive Pain

A systematic review and meta-analysis of 18 
RCTs (n = 422) compare cannabis to placebo on 
several acute pain measures including acute pain 
threshold, pain intensity, pain unpleasantness, 
pain tolerance, and mechanical hyperalgesia 
[39]. There was a small increase in pain thresh-
old, a small-to-medium increase in pain toler-
ance, and a small-to-medium reduction in 
unpleasantness with cannabis compared to pla-
cebo, but no change in pain intensity or mechani-
cal hyperalgesia. This study concluded that 
cannabis may improve the negative effect associ-
ated with pain, rather than decrease the acute 
pain signal itself [39].

A review of seven RCTs for acute pain found 
a reduction in pain among one of the included 
studies, no effect among five of the studies, and 
worse pain in the remaining study. They con-
cluded that cannabinoids have no role in acute 
pain [40].

More recently, a systematic review and meta- 
analysis suggests that the analgesic role of peri-
operative cannabinoid compounds is limited, 
with no clinically important benefits detected 
when cannabinoids are added to traditional sys-
temic analgesics. Particularly, there seems to be 

an increased incidence of postoperative pain and 
hypotension associated with the addition of peri-
operative cannabinoids to traditional systemic 
analgesics. These results do not support the rou-
tine use of cannabinoids to manage acute postop-
erative pain at the present time [41].

 Summary

The National Academies of Sciences, 
Engineering and Medicine [42] conducted an 
exhaustive review of the medical literature on 
the health effects of cannabis and cannabinoids. 
Findings from the report state “there is conclu-
sive or substantial evidence that cannabis or 
cannabinoids are effective for the treatment of 
chronic pain in adults.” The report noted that 
only a handful of studies specifically evaluated 
outcomes related to dispensary cannabis in the 
United States and that little is known about dos-
ing or side effects. It appears that more consis-
tent methodology is needed among future 
research designs with regard to cannabis prod-
uct, dosing, method of intake, timing of admin-
istration, pain scale measurements, and how 
pain is subjectively measured and reported. 
Without this, it is challenging to compare the 
breadth of data that now exists on cannabis and 
its effect on pain. Expert physicians and 
researchers in cannabis-based medicines are 
working on a systematic review that will pro-
vide a detailed, up-to-date tool for healthcare 
providers and patients to assist them with deci-
sions about CBP derived from the cannabis 
plant as a treatment option for chronic pain and 
co- occurring conditions [43].
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Cannabinoids and Cancer Pain

Matthew Chung, Barlas Benkli, Salman Hirani, 
and Christina Le-Short

 Introduction

Pain is one of the most distressing and debilitating 
symptoms that cancer patients can experience 
and is often a cause for severe impairment of 
quality of life [1, 2]. A systematic review and 
meta-analysis reported that 51% of patients with 
cancer experienced pain regardless of staging [2]. 
Elevated rates of pain were reported by patients 
with advanced, metastatic, or terminal disease at 
a rate of 52% [2]. In addition, 28% of patients 
continued to report pain following curative and 
anti-cancer therapies [2]. Patients with a cancer 
diagnosis may also have pain prior to their diag-
nosis, which may be further compounded by 
cancer-related treatment (i.e., surgery) [3]. 
Patients are often reluctant to mention their pain 
or raise concerns related to their discomfort, 
restricting function. It is imperative to adequately 
address the topic of pain during cancer treatment, 
as insufficiently controlled pain during this 
period can predispose patients toward the devel-
opment of chronic pain following treatment ces-
sation [4].

Early detection and improved cancer treatment 
have led to an increasing number of cancer 
survivors along with an increased life expectancy 
following diagnosis. With increasing prevalence 
of cancer patients and cancer survivors, pain 
control has become a cornerstone for cancer 
management, as it supports the ideals of quality 
of life, compliance with therapy, physical 
function, and overall outlook on life [3]. This 
population has potential for multiple medical and 
psychosocial complications that can have a direct 
effect on adequately controlling their pain [5]. As 
pain shifts from the short-term effects of treatment 
to a long-term issue, providers rely on chronic 
pain management strategies to optimize pain 
relief [6]. Chronic pain syndromes that cancer 
survivors often experience include neuropathy, 
lymphedema, myalgia, arthralgia, post-surgical 
pain, and genital pain to name a few [7]. This 
population is far different from those with chronic 
pain without a history of cancer as they have 
localizable tissue damage while also being at risk 
for recurrence of disease [6]. Yet the source of 
chronic pain in cancer survivors without active 
disease is often secondary to cancer treatment 
rather than the cancer itself [6]. Cancer treatment 
in the form of surgery, radiation, chemotherapy, 
hormonal therapy, steroids, hematopoietic stem-
cell transplantation, and bisphosphonates is all 
known to have associated pain in cancer survivors 
[6, 8, 9]. The mechanisms underlying cancer 
treatments and chronic pain are largely unknown, 
with neural injury as a possible consequence of 
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surgery and radiation. Sources of chemotherapy-
related pain include associated neuronal damage, 
mitochondrial damage, and heightened oxidative 
stress resulting in further inflammation and alter-
ation of neurotransmission [10].

With an ever-growing survivorship population, 
cancer survivors with chronic pain may benefit 
from similar treatment strategies employed in 
chronic pain of non-cancer origin [4, 6]. Among 
cancer survivors, chronic nociceptive, neuro-
pathic, and postoperative pain is largely managed 
with systemic pain medications including opiates 
as first-line therapy [11]. Growing concerns 
regarding long-term use of systemic opiates, 
including adverse events, lack of effectiveness, 
abuse, dependence, and tolerance, are similar for 
patients with cancer- and non-cancer- related 
chronic pain and have resulted in consideration 
of non-opioid as well as noninvasive modalities 
to control chronic cancer pain.

Cannabis is the most commonly used controlled 
substance in the United States and is more 
commonly used in an inhalational format for its 
psychoactive properties [7]. Use of cannabis in the 
cancer population has been studied with variable 
levels of evidence in the treatment of nausea, 
anorexia, pain, cancer itself, anxiety, and sleep 
disorders [12–19]. Among various symptoms 
encountered among cancer patients, pain has been 
commonly cited as one of the most common 
indications for use [20]. Although a significant 
portion of cancer patients use cannabinoids, the 
ratio of those who receive medical guidance on 
this topic is relatively low and has been reported 
by Pergam et al. as low as 15% [21].

Cannabinoids (CB) have previously been 
identified as potential adjuvant analgesics in the 
setting of cancer pain [22, 23]. CBs are devel-
oped within trichomes or glands that are found on 
flowers and fan leaves of cannabis plants [20]. 
The term cannabinoids encompasses endocan-
nabinoids, phytocannabinoids, and synthetic can-
nabinoid analogues [24]. This alternative form of 
analgesia has been used by cancer patients both 
with and without medical guidance in various 
formulations. More medically relevant prepara-

tions of CB and CB analogues include cannabis 
extracts with varying THC/CBD ratios, nabixi-
mols (an extract with a 1:1 THC/CBD ratio), and 
THC analogues such as nabilone and dronabinol 
[24]. The cannabis plant itself is consumed by 
patients through smoking, vaping, and oral inges-
tion. Other studied forms of cannabinoids include 
THC oils, THC oromucosal spray, and nabixi-
mols (THC/CBD) oromucosal spray [25].

At the time of publication of this chapter, 
cannabinoids have had no approved indication in 
the United States for cancer pain. Canada, Israel, 
and several European countries currently use 
cannabinoids in symptomatic treatment of cancer, 
although there is no EU-wide framework for 
medical use of cannabinoids [26]. As of 2019, 
nabiximols, nabilone, and dronabinol were used 
for varying indications including multiple 
sclerosis- related spasticity, neuropathic pain, loss 
of appetite, and nausea in several European coun-
tries. In this chapter we aim to explore relevant 
mechanisms of cancer pain that are addressed by 
cannabis and cannabinoids, current understand-
ing with a summary of pre-clinical and clinical 
studies to date, clinical considerations, as well as 
commentary on the future of cannabinoids in 
cancer pain.

 Relevant Mechanisms 
of Cancer Pain

Nociception in cancer pain can take on various 
forms of visceral, somatic, and neuropathic pain. 
Cancer pain can be encountered as a consequence 
of a combination of changes within the body at 
various cellular, tissue, and systemic levels dur-
ing any phase of cancer including proliferation, 
invasion, and metastasis. Notably, the type of 
cancer can also impose variable types and sever-
ity of pain. Added, the corresponding immune 
system and its response to cancer are a well- 
known contributor of cancer pain. During incep-
tion and progression of a tumor mass, several 
immune mediators (including prostaglandins, 
endothelins, protons, bradykinin, proteases, 
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nerve growth factor, and tumor necrosis factor) 
are released and interact with receptors found on 
peripheral nociceptive nerve terminals that 
engage abnormal discharge and increased excit-
ability. Tumor growth in the area of peripheral 
nerves can further degenerate neural integrity and 
consequentially impose neuropathic complaints 
including hyperalgesia and/or allodynia. The 
impact of tumor growth on the peripheral ner-
vous system in this fashion can perpetuate the 
development of central sensitization, further 
enhancing neurotransmission of nociceptive 
input via the dorsal horn and perception of spon-
taneous and breakthrough pain.

Although the medicinal properties of cannabis 
have been known for quite some time, it was not 
until the discovery of THC and subsequent reve-
lations surrounding the components of the endo-
cannabinoid system that led to further 
understanding of cannabinoid-induced analgesia 
[27, 28]. Following tissue injury, neural and non- 
neural cells produce arachidonic acid derivatives 
called endocannabinoids. Specifically, anan-
damide and 2-arachidonoylglycerol (2-AG) are 
two endocannabinoids that modify sensitization 
and inflammation following injury through its 
targeted interaction with cannabinoid receptors 
[29]. CB type 1 (CB1) and CB type 2 (CB2) are 
two G protein cannabinoid receptor subtypes that 
are coupled to potassium and calcium channels 
that are involved in postsynaptic membrane 
hyperpolarization as well as presynaptic reduc-
tion in neurotransmitter release. CB1 receptors 
can be found in the central and peripheral ner-
vous system, with predominance in the former. 
CB2 can be found predominantly in the periph-
eral nervous system, with its specific expression 
on immune cells and keratinocytes [30]. Direct 
action on the CB1 and CB2 receptors in the 
peripheral nervous system contributes toward 
attenuated release of inflammatory agents and 
enhanced release of analgesic opioids in various 
inflammatory and neuropathic pain models [31]. 
CB1 receptor activation in the periphery of affer-
ent nociceptive nerve endings reduces hyperalge-
sia by opening G protein-coupled potassium 

channels, inhibiting voltage-dependent calcium 
channels, as well as inhibiting release of sub-
stance P and calcitonin gene-related peptide 
(CGRP). CB2 receptor activation leads to secre-
tion of beta-endorphins that subsequently acti-
vate mu opioid receptors in the adjacent 
peripheral nociceptive afferent nerve endings 
which open similar G protein-coupled potassium 
channels for anti-nociception through hyperpo-
larization of transmitting action potentials. 
Although many studies and pain models predi-
cate involvement of the CB1 and CB2 receptors in 
the periphery, more recent studies also reveal 
CB1 in the central nervous system which can be a 
promising target in pain management [32, 33]. 
CB1 receptors in the central nervous system 
(CNS) are shown to be modulated by THC, with 
promising results in mice pain models. There are 
also studies on how CBD modulates CB1 recep-
tors in CNS; however further studies are needed 
to assess utility in pain management [32].

Apart from direct effects of CB effector 
mechanisms, cannabinoids attempt to quell 
concerns pertaining to opiate use. CB receptor 
activation is suggested to potentiate response to mu 
opioid receptors when concomitantly used with 
opiates [34–36]. Additionally CB receptor 
activation may prevent opioid tolerance [37]. This 
assumption is based on previously demonstrated 
parallels in agonism of CB2 and endothelin B 
receptors (the latter of which is commonly involved 
in cancer pain) and its downstream effect on mu 
opioid receptors [14]. The endocannabinoid system 
and its discovery have brought increasing focus 
and attention toward targeting the activation of CB 
receptors with exogenous cannabinoids in pain.

 Current Understanding of Clinical 
Studies

As mentioned previously, cancer pain can arise 
from one or more various mechanisms, inflam-
matory, visceral, or neuropathic. Patients may 
also have an underlying history of non-cancer- 
related pain coexisting with their cancer pain. 
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Additionally, pain may be further enhanced by or 
manifested from psychiatric disease or psycho-
logical disturbance in the form of pain catastro-
phizing. Thus, it is imperative to keep all facets of 
pain or pain contributors in mind during the man-
agement of a cancer patient rather than treating 
the cancer pain itself. Since the breadth of evi-
dence of cannabinoids and overall pain may 
supersede the extent of this chapter, we aim to 
address the evidence specifically pertaining to 
cannabinoids in cancer pain.

The first study examining cannabinoids 
(specifically oral THC) with advanced cancer 
pain included ten patients that were double 
blinded and placebo controlled. This study by 
Noyes et al. examined pain relief, pain intensity, 
as well as other symptoms using a range of doses 
from 5 to 20  mg and found that higher doses 
demonstrated improved analgesia [9, 38]. In a 
follow- up study, the authors compared various 
doses of THC and codeine for similar analgesic 
effects and demonstrated higher doses of THC to 
be more sedating than codeine [9].

In a multicenter, double-blind, placebo- 
controlled study, nabiximols and THC were com-
pared among advanced cancer patients who had 
insufficient analgesia from their opiate regimen. 
The nabiximols arm demonstrated significant 
relief of cancer pain [16]. In a follow-up, open 
lab study from Johnson et al., the same group of 
nabiximols patients continued to have sustained 
relief in their pain from chronic use without need 
for titration or any other medication meant for 
pain control [39]. To further study potential lev-
els of cannabinoid components, Portenoy et  al. 
further investigated nabiximols in a graded-dose 
trial in a randomized study that included simi-
larly opiate-treated advanced cancer patients. 
Noyes et al. found that lower doses (fewer sprays) 
had significant pain control while higher doses 
(greater sprays daily) had higher associated 
adverse effects [38, 40].

In a prospective observational study, 112 
advanced cancer patients, who had pain and a 
variety of other cancer-related symptoms (i.e., 
anorexia), were given nabilone, a synthetic can-

nabinoid. Maida et al. demonstrated that nabilone 
use had associated improvement of cancer-related 
symptoms including pain [41]. Furthermore, 
these patients tapered their existing analgesic 
regimens (including nonsteroidal anti- 
inflammatory drugs, tricyclic antidepressants, 
gabapentin, etc.) and required lower starting 
doses for analgesic relief [35, 41].

In a randomized, placebo-controlled study 
involving 360 cancer patients with opioid refrac-
tory cancer pain patients, nabiximols in various 
dosages were administered and compared to pla-
cebo. Low-dose (2.7–10.8 mg THC/2.5–10.0 mg 
CBD) and medium-dose nabiximols (10.8–
16.2 mg THC/10.0–15.0 mg CBD) were shown 
to have more effectiveness in reduction of pain 
from baseline to end of study (low p  =  0.008, 
medium p  =  0.038). High-dose nabiximols 
(29.7–43.2  mg THC/27.5–40.0  mg CBD) had 
insignificant effects on pain and were also shown 
to have higher frequency of adverse events [40].

In a randomized, placebo-controlled pilot 
study of nabiximols, Lynch et  al. investigated 
chronic induced neuropathic pain (CIPN) in can-
cer patients. No significant difference was seen 
for pain control given the small sample size, yet it 
demonstrated some associated improvement for 
CIPN [42].

Among clinical studies investigating 
cannabinoids and cancer pain, side effects and 
adverse events were consistent with other 
symptoms encountered in other studies exploring 
cannabinoid use for other indications [43]. THC 
was commonly associated with euphoria, mental 
clouding, and drowsiness [9, 17]. Nabiximols in 
several studies had commonly reported somno-
lence, dizziness, confusion, nausea, hypotension, 
fatigue, and dry mouth. It was also reported that 
most side effects were often mild, temporary, and 
curtailed with adjustment of treatment doses [9, 
38, 40–42].

In historical human studies, cannabinoids at 
tolerable doses were shown to have efficacy com-
parable to low-dose opioid treatment [9, 38]. 
More recently, THC/CBD combination medica-
tions have been studied as an adjunctive treat-
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ment for pain relief with mixed results [16, 39, 
40, 44]. Nabiximols, a THC/CBD combination, 
is approved for use in multiple sclerosis to treat 
spasticity in Canada, New Zealand, and some 
European countries, while in Canada it is also 
indicated for cancer pain. In a randomized 
placebo- controlled study, an oral formulation of 
nabiximols was shown to be associated with 
increased pain relief at stable, tolerable doses 
[39, 40]. In another large randomized 
 placebo- controlled study, Lichtman showed 
nabiximols was not superior to placebo [44]. An 
additional study investigating pain along with 
other cancer- related symptoms (i.e., chemother-
apy induced nausea) showed nabilone was asso-
ciated with improvement in multiple 
cancer-related symptoms along with pain in addi-
tion to decreased analgesic use [41]. A phase 3 
study by Fallon et  al. investigating nabiximols’ 
efficiency in chronic pain failed to show superi-
ority to placebo; however in a subset of patients 
that included 30% of patients from the United 
States, all under the age of 65 years demonstrated 
significant improvement [23].

There are multiple challenges in conducting 
trials and the subsequent development of guide-
lines in management of cancer pain including but 
not limited to heterogeneity of this patient popu-
lation, patient safety, and variable methods of 
administration. Future studies on cannabis and 
cannabinoids with these challenges addressed are 
needed to establish efficacy, side effect profile, 
and pharmacokinetics to explore any semblance 
of a guideline for clinical practice. With its cur-
rent federal classification as a Schedule 1 sub-
stance, cannabis and cannabinoids are limited to 
investigation as a medical product [45].

 Clinical Considerations

The management of pain and suffering is uniquely 
tailored to each individual regardless of a diagno-
sis of cancer. Therein, it is of utmost importance 
to continue to explore novel classes of analgesics 
and noninvasive therapies. The growth and popu-

larity in the use of cannabis and cannabinoids 
have led to significant crossover of medical and 
recreational use among consumers inclusive of 
cancer patients. Most experienced clinicians will 
have encountered anecdotal benefits among their 
patients; however the danger lies in the largely 
unregulated and inconsistent product which is of 
grave concern even among those involved in 
research of these drugs. It is imperative to caution 
use among cancer patients due to dynamic factors 
of immunocompetence, physiology, and chemo-
toxic medication regimen, alongside potential 
disease recurrence or regression.

Cannabinoid use incites concerns due to the 
impact and potential side effects throughout the 
body, including nervous, cardiac, gastrointesti-
nal, and pulmonary systems. The neuropsychiat-
ric effects of cannabinoids largely stem from the 
THC components given its anxiety and psycho-
active properties. This may explain why most 
formulations of synthetic cannabinoids that 
include THC also have CBD components [46, 
47]. Untoward effects of cannabinoids have been 
demonstrated to cause tachycardia and high 
blood pressure among patients with existing car-
diac disease and can subsequently cause compli-
cations [47]. In an inhalational form, cannabis 
has demonstrated impaired immunological 
response and consequent infections [48].

It is also important to keep in mind growing 
concern of potential cross-reactivity of chemo-
therapy, regular opiate use, and psychotropic 
agents among cancer patients using cannabi-
noids. To date, there are both in vitro and in vivo 
studies suggesting THC and CBD effect induc-
tion and inhibition of liver enzymes; however 
further studies are needed. At this time, there is 
simply insufficient evidence to guide clinical 
decision-making [49–52]. Providers should keep 
an open dialogue with cancer patients regarding 
cannabinoid use for education and treatment-
related clinical decision-making.

The topic of cannabinoid and concurrent 
opiate use is a question commonly brought up by 
cancer patients, caregivers, and physicians as 
regular opiate use has been a part of standard of 
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care in cancer pain management. Current practice 
based on federal regulations has inevitably led 
patients to choose one treatment over the other or 
with the physician turning a blind eye to dual 
therapy. In chronic pain, cannabinoids are thought 
to have both primary pain-relieving effects in 
addition to synergistic analgesia, decreasing tol-
erance and minimizing side effects with concom-
itant opiate use. Studies have shown that 
cannabinoids decrease the risk of opioid addic-
tion by amplifying analgesic effects of opioids at 
mu receptors while dampening positive reinforc-
ing effects [53, 54]. Reassuringly, many 
 cancer- related studies have suggested the inclu-
sion of cannabinoids and opiate therapy as part of 
future randomized control studies. The question 
of how cannabinoids can potentially address our 
growing concerns of opiate overuse, tolerance, 
and dependence in cancer pain largely remains 
unanswered with an inability to provide any 
guidance for clinical decisions at this time.

It is important as clinicians and scientists 
dedicated toward the health and well-being of 
patients that we continue to educate and promote 
the refinement of current knowledge.

 Commentary on the Future 
of Cannabinoids in Cancer Pain

Current environment regarding cannabis and 
cannabinoid use in the United States is consumer 
driven with the oncologist and pain provider 
often taking the stance of turning a blind eye or 
running the risk of guiding patients into unknown 
and potentially deleterious territory. Due to state- 
level approval, the marketplace for under- 
regulated cannabis-based products will continue 

to escalate as patients seek out an alternative 
route for pain control. According to the National 
Conference of State Legislature (NCSL), a vast 
majority of states (all except 4) permit medical 
cannabis/cannabinoid use in some form; among 
them 12 also have legislature to allow recre-
ational use approved or in progress [17]. Although 
an increasing number of US states have legalized 
medical cannabinoids in the last decade, lack of 
federal regulations, regulatory bodies, and pau-
city of guidelines limits use by healthcare profes-
sionals and patients while also making it difficult 
to have large-scale studies to determine its effi-
ciency in treatment of cancer pain. Without fur-
ther study, patients who exercise cannabis/
cannabinoid use may be subject to suboptimal 
therapy (from factors of poor medication selec-
tion and improper dosing) and be at risk of 
becoming ostracized by their opiate-prescribing 
physicians (given their risk of liability).

Following the review of updated clinical and 
pre-clinical data available, the authors agree that 
while treatment of cancer pain with cannabis and 
cannabinoid appears promising, tolerability 
remains questionable, and efficacy is lacking 
requiring further study. Added, the authors sug-
gest that cannabinoids (dronabinol, nabilone, 
nabiximols, medical cannabis) should not be con-
sidered as part of regular management in cancer 
pain given their lack of evidence thus far. 
Alternatively, CB agents can be considered for 
other cancer-related symptoms (such as nausea 
and vomiting), but only in situations of standard 
treatment failure or as an adjunct to certain agents 
when appropriate. Lastly, we recognize that 
increased awareness and advocacy for change by 
policymakers are paramount for successful study 
of this form of analgesia.
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Cannabinoids in cancer pain – clinical trial summary

Authors, 
year of 
publication Study type

Cannabis or 
cannabinoid 
formulation Study population

Patients 
enrolled; 
treatment 
arm(s); 
placebo or 
no control Adjuvant therapies

Degree of benefit 
documented

Lynch 
et al. 
2014 [42]

Randomized 
placebo- 
controlled 
crossover 
pilot study

Nabiximols 
spray (mean 
treatment of 
8 sprays; 
range of 
3–12 sprays)

Cancer patients 
with 
chemotherapy- 
induced 
neuropathic 
pain

16;16;0 Unknown No significant 
difference between 
nabiximols and 
placebo; however, 5 
participants 
reported two-point 
or greater reduction 
in pain. An 
extension study (10 
patients) carried out 
6 additional months 
demonstrated 
modest 
improvement 
beyond initial pain 
reduction

Portenoy  
et al. 
2012 [40]

Randomized 
placebo 
controlled

Nabiximols 
spray (low 
dose, 4 
sprays; 
medium 
dose, 10 
sprays; and 
high dose, 16 
sprays) and 
placebo

Advanced 
cancer and 
opioid- 
refractory pain

360; 
268; 91

Opiates 1.Primary end point 
involving 
comparison of 
proportion of 
patients in each 
study group 
obtaining 30% 
reduction in 
baseline pain was 
not significant
2. Improved pain in 
low-dose group 
(100 microL to 
600 mL involving 
concentrations of 
2.7 mg THC/2.5 mg 
CBD with each 100 
microL spray)

Johnson 
et al. 
2010 [16]

Randomized 
placebo- 
controlled 
parallel group 
study

Nabiximols 
spray (2.7 mg 
THC and 
2.5 mg CBD 
in 100 
microL 
pump) vs. 
THC spray 
(2.7 mg per 
100 microL)

Advanced 
cancer with 
inadequate 
analgesia 
despite chronic 
opioid dosing

177; 
THC/
CBD 
60; THC 
58; 
placebo 
59

Opiates Nabiximols arm 
demonstrated 
improved pain 
compared to 
placebo 
(p = 0.024); 
nabiximols arm 
participants took 
fewer doses of 
breakthrough pain 
medication 
compared to 
placebo 
(p = 0.004); THC 
arm without any 
significant pain 
changes
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Authors, 
year of 
publication Study type

Cannabis or 
cannabinoid 
formulation Study population

Patients 
enrolled; 
treatment 
arm(s); 
placebo or 
no control Adjuvant therapies

Degree of benefit 
documented

Maida 
et al. 
2008 [41]

Prospective 
observational

Nabilone 
(Cesamet)

Advanced 
cancer patients

112; 47; 
65

Opiates, 
nonsteroidal 
anti- 
inflammatory 
drugs, tricyclic 
antidepressants, 
gabapentin

Improved pain 
score and decreased 
total morphine 
equivalent doses 
compared to 
baseline were 
demonstrated in the 
treatment arm. 
Additionally lower 
rate of starting 
adjuvant therapies 
of and greater 
tendency to 
discontinue active 
adjuvant therapies 
of NSAID, TCA, 
and gabapentin

Noyes  
et al. 
1975 [38]

Randomized 
control study

THC oil 
capsules

Advanced 
cancer

10; 10; 
0

Opiates 
(methadone 
specifically)

Increased pain 
relief correlation 
with higher doses 
of THC (p < 0.001); 
doses studied 
included placebo, 
5 mg, 10 mg, 
15 mg, or 20 mg

Noyes 
et al. 
1975 [9]

Randomized 
control study

THC oil 
capsules

Advanced 
cancer

36;36;0 Opiates Pain reduction 
demonstrated in 
20 mg of THC over 
placebo (p < 0.05); 
no significant 
difference in 
analgesia between 
THC and codeine. 
A rotation of 
placebo, THC, and 
codeine was given 
to all participants)
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 Introduction

Opioid (illicit, prescription, nonmedical prescrip-
tion) overdose mortality is the leading cause of 
accidental death in the United States. In 2016, 
opioid overdose was responsible for 42,249 
deaths in the United States, the equivalent of 115 
people/day [1]. There is a strong dose-dependent 
risk of harm related to opioids, especially with 
regard to fatal overdose [2]. The CDC reports that 
a dose of 50 mg morphine equivalent dose (MED) 
doubles the risk of fatal overdose compared to 
20 mg MED, and when the dose is greater than 
90 mg MED, the risk increases tenfold [3].

Alternative analgesics are necessary to address 
this crisis since chronic non-cancer pain (CNCP) 
is estimated to affect 20% of the adult population. 
Current CNCP guidelines recommend reassess-
ing risk- benefit ratios for opioid doses exceeding 

a 90 mg MED due to accompanied increases in 
morbidity and mortality and a lack of evidence 
for associated improvements in pain and func-
tion. Opioids are considered second-line therapy 
for CNCP and are used frequently after unsuc-
cessful attempts with first-line agents [4]. Despite 
the frequent use of opioids for CNCP conditions, 
opioids were unable to produce superior analge-
sia compared to non-opioid treatments among a 
12-month RCT of neuropathic pain patients [5].

Physicians face an increasing number of CNCP 
patients not achieving their pain management 
goals and a lack of options to safely address their 
patients’ pain. Given the complexity of chronic 
pain, most agents used for the management of neu-
ropathic pain are off-label [6]. There is a growing 
public and professional interest in the possibility 
that cannabis might help curb the opioid epidemic. 
The major distinct differences that might give can-
nabinoids an edge over opioids are:

 1. Cannabis has a superior safety profile in com-
parison to opioids, with no reported deaths 
directly due to overdose.

 2. Patients develop selective tolerance to the psy-
choactive effects of cannabis quickly over a 
period of days, without concomitant tolerance 
to the benefits, and therefore maintain the 
same daily dose for many years.
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 Pharmacology

Anatomical, biochemical, and molecular studies 
support the existence of reciprocal interactions 
between the endocannabinoid and opioid sys-
tems. The mesolimbic DA pathway represents 
the main common link allowing for crosstalk 
between these two systems, although the gluta-
matergic and GABAergic systems are also impor-
tant targets for this interaction [7]. There are 
synergistic interactions between cannabinoid and 
opioid analgesics [8]. 

Cannabinoids have multimodal mechanisms of 
action to produce analgesia, including the inhibition 
of nociceptive processing through modulation of 
neuronal circuits in the CNS, pro-inflammatory 
molecule release, mast cell activation (via indirect 
activation of CB1 and CB2 receptors), as well as 
modulating endogenous opioid receptors in primary 
afferent pathways [9–11]. Several lines of evidence 
support the interconnection between cannabinoid 
and opioid signally. Specifically, THC has additive 
analgesic efficacy with kappa opioid receptor ago-
nists. THC may also  displace opiates from the 
μ-opioid receptor, as well as allosterically modulate 
the μ- and δ-opioid receptor to inhibit their activity 
[12, 13]. Preclinical evidence demonstrates that 
CB1 receptor antagonists can potentially reverse 
morphine-induced peripheral antinociception 
among inflammatory pain models, indicating the 
endocannabinoid system’s role in opioid-related 
actions [14, 15]. CB2 receptor agonists have also 
been shown to  can evoke peripheral analgesia by 
triggering the release of beta-endorphin in response 
to stimulation of CB2 receptors expressed in human 
keratinocytes [16]. As such, there is a strong evi-
dence that cannabinoid and opioid effects share 
receptor interactivity as well as downstream second 
messenger effects. From a clinical standpoint, this 
may provide an opportunity for therapeutic synergy 
[16]. In intractable or difficult-to-control pain, using 
low-dose cannabis as an adjunctive therapy may be 
an approach to decrease opioid dosed, and thus risk 
of opioid related harm, while improving control of 
pain [17, 18].

When combined with THC, the effective dose 
50 (ED50) for morphine is 3.6 times lower than 
that of morphine alone [19]. Similarly, the com-

bination of THC with codeine reduces the ED50 
by 9.5 times [19]. It was shown that vaporized 
cannabis augments the analgesic effects of opi-
oids without significantly altering plasma opioid 
levels [20]. Specifically, adjunctive vaporized 
cannabis (3.56% THC, three times a day) signifi-
cantly decreased pain by 27% among chronic 
pain patients without significantly altering the 
opioid pharmacokinetics or plasma opioid levels 
[20, 21]. With a therapeutic index of 1:>1000, 
cannabis is considered one of the least physiolog-
ically toxic analgesics, compared to codeine 
(1:20), alcohol (1:10), and heroin (1:5) [22]. A 
paucity of cannabinoid (CB) receptors in the 
brainstem, and therefore a lack of respiratory 
depression, may account for the lower toxicity. In 
comparison, there is significant risk of sleep-dis-
ordered breathing associated with opioids, espe-
cially if combined with other CNS depressants 
such as benzodiazepines [23]. cannabinoids 

 Observational and Epidemiological 
Evidence

There is preliminary evidence to suggest that med-
ical cannabis initiation may either reduce the opi-
oid dose required for pain relief or it may replace 
the use of opioids altogether, decreasing the risk of 
opioid- related fatalities due to overdose [21, 24]. 
Specifically, 97% of medical cannabis patients 
“strongly agreed/agreed” that they are able to 
decrease the amount of opiates they consume 
when they also use cannabis, and 81% “strongly 
agreed/agreed” that taking cannabis by itself was 
more effective at treating their condition than tak-
ing cannabis with opioids [21]. Another survey 
revealed high self-reported use of cannabis as a 
substitute for prescription drugs (63%), particu-
larly pharmaceutical opioids (30%), benzodiaze-
pines (16%), and antidepressants (12%). 
Interestingly, 42% of patients reported accessing 
cannabis from illegal/unregulated sources [24].

Other cross-sectional survey evidence suggests 
that medical cannabis use is associated with a 64% 
reduction in opioid use, in addition to improved 
quality of life and decreased medication-related 
side effects [25]. Cannabis may alleviate symptom 
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clusters that can accompany CNCP, including nau-
sea, anxiety, insomnia, and depression [11, 26]: 
thereby potentially reducing the psychological dis-
tress associated with chronic pain [27, 28]. The 
COMPASS study (n  =  431) determined that the 
medical use of cannabis, even after adjusting for 
confounders, produced a greater reduction in pain 
among the cannabis group compared to controls 
(Difference  =  1.10; 95% CI  =  0.72–1.56) and, 
moreover, that physical components of quality of 
life and mood also significantly improved com-
pared to the control group [29].

However,  there are conflicting reports show-
ing that cannabis use may increase risk for opioid 
abuse. Investigators analyzed data from wave one 
(2001–2002) and wave two (2004–2005) of the 
National Epidemiologic Survey on Alcohol and 
Related Condition to assess the associations 
between cannabis use and change in risk for inci-
dent nonmedical prescription opioid use and opi-
oid use disorder at 3  years. Results indicated 
that  cannabis use at wave one was associated 
with an  increased incidence of nonmedical pre-
scription opioid use (OR = 5.78; 95% CI, 4.23–
7.9) and opioid use disorder (OR = 7.76; 95% CI, 
4.95–12.16) at wave two. Adjustment for back-
ground characteristics did not impact the statisti-
cal significance of these associations. The authors 
concluded that “cannabis use, even among adults 

with moderate to severe pain, was associated 
with a substantially increased risk of nonmedical 
prescription opioid use at 3-year follow-up” [30].

Campbell et al. reported the effect of cannabis 
use in people with chronic non-cancer pain pre-
scribed opioids. At 4-year follow-up, cannabis 
users had a greater pain severity score (risk ratio 
1·14, 95% CI 1·01–1·29, for less frequent cannabis 
use; and 1·17, 1·03–1·32, for daily or near-daily 
cannabis use) and greater generalized anxiety dis-
order severity scores (1·07, 1·03–1·12; and 1·10, 
1·06–1·15). The authors concluded there was no 
evidence that cannabis use reduced pain severity 
or exerted an opioid-sparing effect [31].

Medical marijuana laws (MCLs) reduce pre-
scription medication use in Medicare part D and 
Medicaid populations [32, 33]. States with medi-
cal cannabis laws between 1999 and 2010 had a 
24.8% lower mean annual opioid overdose mor-
tality rate (95% CI, −37.5% to −9.5%; P = 0.003) 
compared to states without medical cannabis 
laws [34]. However, extending the analysis 
through 2017, the association between state med-
ical cannabis laws and opioid overdose mortality 
reversed direction from negative 21% to posi-
tive  23%, and remained positive after account-
ing  for  recreational cannabis laws [35] 
(Fig. 27.1). However, authors concluded that they 
found it was unlikely medical cannabis exerted a 
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true effect on opioid outcomes, and the associa-
tion was most likely spurious [36].

Other recent evidence from the United States 
using Medicaid data between 2011 and 2016 sup-
ports lower opioid prescribing rates among legal-
ized cannabis states [37, 36]. Specifically, opioid 
prescribing decreased by 5.88% (95% CI –11.5% to 
−0.21%) in states with medical cannabis laws and 
by 6.38% (95% CI, −12.20% to −0.56%) in states 
with both recreational and medical laws [36].

 Clinical and Meta-Analytic Evidence

 As per the 2014 treatment algorithm for the phar-
macological management of neuropathic pain 
(Fig.  27.2) by the Canadian Pain Society 
Consensus Statement for Chronic Neuropathic 
Pain, cannabinoids are considered as a third-line 
treatment, with a number needed to treat (NNT) 
of 3.4  in comparison to TCAs (2.1), pregabalin 
(4.5), and gabapentin (6.5) [4]. For the major-
ity  of  patients  with neuropathic pain,  opi-
oid risk may exceed the benefits; As such, many 
physicians would consider cannabinoids as a sec-
ond line treatment. More recently, data from clin-
ical trials, systematic reviews, and meta-analyses 
have demonstrated moderate level of evidence 
for the use of medical cannabis in chronic pain 

and neuropathic pain populations [29, 38–42]. 
Specifically, when pooling all cannabis-based 
medicines together, cannabis was superior to pla-
cebo in producing substantial and moderate pain 
relief, decreasing pain intensity, while also 
improving sleep, psychological distress, and 
overall global improvement [42–45]. Other meta-
analytic evidence (n = 33 RCTs) found that can-
nabinoids reduced mean pain scores by −0.70 
compared to placebo (p  <  0.001), and that all 
routes of administration (inhaled, oral and oro-
mucosal) equally significantly reduced mean 
pain scores compared to placebo (all p < 0.001) 
[44]. Meta-regression revealed similar analgesic 
effects for neuropathic and non-neuropathic pain 
(p  =  0.262) [44]. The Canadian Pain Society 
Consensus Statement for Chronic Neuropathic 
Pain, designated opioids as a second-line treat-
ment, while cannabinoids were considered third-
line (Fig 27.2). For most patients with neuropathic 
pain, opioid risk may exceed the benefits; As 
such, many physicians would consider cannabi-
noids as a second line treatment. This has led to 
the investigation of using cannabis as a substitu-
tion or adjunctive therapy option for opioids. 

An RCT investigating if cannabis enhanced the 
analgesic effects of low dose oxycodone, found 
that while neither low-dose cannabis (5.6% THC, 
560 mg cannabis cigarette) or low-dose oxycodone 

First line

•  TCAs, Gabapentinoids, SNRIs

•  Opioids

•  Cannabinoids

•  Topical agents, Anticonvulsants, Ketamine & Lidocaine infusions

TCAs, (tricyclic antidepressants); SNRIs, (serotonin noradrenaline reuptake
inhibitors).
© Caroline MacCallum, MD and Samer Narouze, MD, PhD, used
with permission.
Data gathered from references [4, 47, 48]
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(2.5 mg) elicited analgesia alone, when used con-
comitantly participants had increased pain thresh-
old and tolerance [46]. Interestingly, the higher 
dose of oxycodone (5 mg) did not show improved 
analgesia when used concomitantly with cannabis 
[46]. A recent Phase II study also reported improved 
analgesia with the concomitant use of 4 mg hydro-
morphone and 2.5 mg dronabinol [47]. This time, 
no benefit was seen at the higher doses dronabinol 
(5 mg and 10 mg),  in addition to there being an 
increased risk for abuse and adverse events [47]. As 
such, the optimal  range for therapeutic syn-
ergy appears to be within the lower dosing ranges 
of THC and opioids. It should be noted that there is 
some conflicting evidence with respect to how effi-
cacious concomitant use of low dose THC and opi-
oids is for improving analgesia [48]. 

In a recent study with 600 chronic pain 
patients, some of whom were using more than 90 
MED/day, opioid doses were individually tapered 
(~10% reduction every 1–2 weeks) while adjunc-
tive medical cannabis was provided (maximum 
rate of 0.5 g/day per 10% decrease in opioid 
dose) [49]. After six months, 26% stopped taking 
opioids, 55% decreased opioid use by ~30%, and 
19% had no response. In line with this, a recent 
systematic review (n = 9 studies; 7222 partici-
pants) found a 64–75% reduction in opioid dose 
when used concomitantly with cannabis, with 
32–59.3% of the CNCP patient sample using 
cannabis for opioid substitution [49]. 

 Proposed Cannabis Adjunct 
Initiation Trial with Opioid Therapy

Utilizing adjunctive agents for pain relief is a 
well-recognized treatment approach, such as the 
concomitant use of TCAs and gabapentinoids in 

neuropathic pain syndromes. Table 27.1 describes 
a proposed cannabis adjunct initiation trial with 
opioid therapy. This approach would allow for 
cautious initiation of cannabis with a focus on 
efficacy, safety, titration, and monitoring. 
Cannabis should be considered especially for 
patients who are taking ≥90 MED and not achiev-
ing pain management goals, or when further 
escalations in opioid dose would produce harms 
that exceed the benefits [50].

It is important to reassess patients at two to 
four week intervals during the initial titration 
phase in order to monitor for adverse events and 
response, and to provide education and support. 
A greater than 30% decrease in pain intensity 
and/or improvement in overall function are indic-
ative of a successful trial and optimal dose. Once 
the optimal dose is achieved, follow-up may be 
less frequent (every three  months). Cannabis 
adjunct therapy may allow clinicians to use lower 
opioid doses and reach better pain management 
outcomes, without an exposure to the equivalent 
level of risk and harm. An opioid taper could be 
considered two to four weeks post-cannabis ini-
tiation. This may be appropriate if symptoms are 
improving, or if there is an increase in opioid-
related adverse events. It is important for patients 
to be educated on symptoms of opioid withdrawal 
as they may mistake withdrawal symptoms as 
indication of increased baseline chronic pain. 
Proper education and counseling are paramount 
to a successful opioid taper. It is advisable to con-
sider a slow taper, 5–10% reduction in opioid 
every 2–4  weeks (or even longer) as tolerated. 
The tapering process should be individualized, 
and the progress is re-evaluated frequently and 
adjusted as needed. Cannabis, namely THC more 
so than CBD, may be helpful in ameliorating the 
symptoms of opioid withdrawal such as pain, 

Table 27.1 Proposed steps for cannabis adjunct trial with opioid therapy

Step 1 – Assessment
Step 2 – Starting cannabis at a low dose
Step 3 – Slow titration until optimal dose
Step 4 – Frequent monitoring
Step 5 – Optimizing the titration
Step 6 – Consider stopping the trial and discontinuing cannabis if no response

MacCallum et al. [39]
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anxiety, tremor, insomnia, irritability, nausea, 
diarrhea, and malaise.

Sihota et  al. proposed a similar titration and 
taper regime as above  [51]. They reported that 
chronic pain patients not reaching treatment 
goals should  start with CBD-dominant oral 
extracts and add THC if needed. They proposed 
starting at 0.5–3  mg THC,  increasing  1–2  mg 
once or twice a week, with a maximum of 30-40 
mg/day. When improvement to daily functioning, 
desire for less medication to control pain, or opti-
mized cannabis dose was reported begin opioid 
tapering. A very similar taper schedule of 5–10% 
MED every 1–4 weeks was suggested. Finally, 
they recommened defining clinical successs as 
improvement to quality of life or function, ≥30% 
reduction in pain intensity, ≥25% reduction in 
opioid dose, a reduction in opioid dose <90 mg 
MED and/or reduced opioid related adverse 
events. Approaches such as the ones defined 
above may be beneficial to chronic pain patients 
not reaching treatment goals with their current 
opioid treatment regime.

We acknowledge that comprehensive assess-
ments for psychological dependency and  addiction 
risk are essential components for long-term opi-
oids or cannabinoids use  in the management of 
chronic pain. The goal of the above suggested 
algorithms  is to mitigate harms  associated with 
long term opioid use  and reduce the overall  
opioid burden, especially in those  taking high 
MED. Additionally, these strategies are  intended 
to be used with  biopsychosocial tools for best 
results. Those with substance use disorder, are at a 
higher risk of cannabis use disorder and as such 
need to be considered with additional caution if 
these strategies are to be applied to this popula-
tion. We recommend all patients, even without his-
tory of substance use disorder, have ongoing 
monitoring for risk of addiction using appropriate 
validated questionnaires. 

 Summary

Opioid overdose (prescription and illicit) is the 
leading cause of accidental deaths in the United 
States. Investigations into alternate analgesics 
such as cannabis are warranted. Cannabinoids 

not only have a superior adverse event profile 
compared to opioids, with no reported deaths 
directly related to overdose, but they also allow 
patients to be maintained on a stable dose over a 
number of years, unlike opioids.

Preclinical evidence supports the existence of 
reciprocal interactions between the endocannabi-
noid and opioid systems, and illustrates that the 
antinociceptive effects of cannabinoids are medi-
ated through mechanisms distinct from those 
responsible for the psychoactive effects. 
Observational studies point to a reduction of opi-
oid use with concomitant cannabis use, which is 
typically associated with reduced side effects, 
symptom clusters, and improved quality of life. 
Further evidence has shown a reduction in opioid 
prescribing among states with medical cannabis 
laws, and those with both medical and recre-
ational cannabis laws.

Improved pain-related outcomes and reduced 
opioid-related harm are observed when low-dose 
THC is introduced as an adjunctive therapy with 
lower doses of opioids. Long-term administration 
of opioids can lead to tolerance and opioid-
induced hyperalgesia, so co-administration of low 
doses of THC in conjunction with low doses of 
opioids seems to be an attractive regimen reduc-
ing the need to escalate opioid dose while increas-
ing opioid potency and reducing side effects. It is 
imperative to use addiciton risk and psychological 
dependency assessments as well as other biopsy-
chosocial tools for best outcomes.

In short, small doses of opioids in combina-
tion with cannabinoids may provide an alternate 
method of treating refractory or complex pain, 
while overcoming the undesirable effects of opi-
oids and psychotropic effects of cannabinoids. 
Further research is warranted to clarify this rela-
tionship further.
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Cannabinoids as a Substitute 
for Opioids: Suggested Algorithm
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Barlas Benkli, and Christina Le-Short

 Introduction

Physicians and clinics are inundated on a daily 
basis with questions by patients regarding can-
nabis use. The rate of acceptance and availability 
of cannabis products has outpaced physician 
knowledge to adequately answer these questions 
[1]. Patient interest in cannabis use to treat vari-
ous ailments has increased drastically over the 
past several years. Internet searches for the 
phrases “cannabidiol” or “CBD” rose 126% from 
2016 to 2017 and another 160% from 2017 to 
2018 [2]. In April 2019 alone, the terms were 
searched 6.4 million times [2]. As it stands, some 
form of medicinal marijuana has been legalized 
in 33 states and the District of Columbia. These 
states are attempting to legislate which condi-

tions qualify for treatment with cannabis, with 
little scientific basis for those decisions [3]. With 
over 22 million Americans consuming cannabis, 
and that number rising on an annual basis, there 
has never been a more critical time for doctors to 
be armed with appropriate guidelines and algo-
rithms [4]. If physicians fail to appropriately and 
adequately address questions regarding cannabis 
use, patients will turn to the Internet and to bud-
tenders in search of answers in lieu of medical 
guidance [1, 5, 6].

Current data is not enough to establish the 
benefit of cannabinoids in the management of 
pain; however there are many studies providing 
insight to potential benefits of cannabinoids in 
pain management. In particular, there is evidence 
of potential benefits of cannabis-based medicine 
in the treatment of chronic neuropathic pain [7] 
and spasticity due to multiple sclerosis [8].

Building a widely accepted algorithm for can-
nabis is difficult given how the drug is classified 
and still controversial. Given that cannabis is still 
considered illegal at the federal level, the research 
needed to assess for a safety profile has yet to be 
done at the scale needed to definitively provide 
one algorithm for all patients.

Multiple guidelines and algorithms have 
recently been published for opiate use for numer-
ous medical conditions through various special-
ties and societies. The goal of such an algorithm 
for the use of cannabinoids would be to stan-
dardize care for patients across providers so that 
all patients are treated equally. As further 
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research, understanding, and acceptance across 
the political and medical spectrum is gained, the 
algorithm and guidelines should be continuously 
updated.

 Suggested Algorithm for Use 
of Cannabinoids in Pain 
Management

Upon evaluation of the patient’s history and a 
thorough physical exam, certain questions must 
be answered before initiation of a cannabinoid as 
an adjuvant for pain management. First, the 
patient should be a minimum of 18 years of age. 
Cannabis has been associated with developmen-
tal delay in children and adolescents [9–11]. 
Ehrenreich and colleagues’ behavioral study 
showed an association between attentional defi-
cits in adults after cannabis abuse in early-onset 
users (younger than age 16 when cannabis use 
started) compared to those who were older [9]. 
In a study of 122 lifetime cannabis users, Pope 
et al. found that early-onset users, those who ini-
tiated cannabis use at an age less than 17, were 
associated with overall poorer cognitive perfor-
mance in neuropsychological tests [10]. Lastly, 
Schneider and Koch’s findings showed that 
chronic synthetic cannabinoid receptor stimula-
tion in peri- pubertal rats, in comparison to 
adults, exhibited long-lasting deficits in senso-
rimotor gating, object recognition memory, and 
the performance of instrumental tasks [11]. 
Therefore, ensuring that the patient is at least 
18 years old can help circumvent some of these 
concerns.

Obtaining a thorough history of prior drug 
abuse is an imperative next step. If there is a cur-

rent or former abuse of alcohol or drugs, cannabis 
therapy is not recommended. There is a scarcity 
of human trials pertaining to cannabinoid pain 
therapy and drug abuse; however, there are sev-
eral rodent studies that can be referenced. The 
CB1 receptor antagonist, SR-141716A, was 
found to attenuate the reward system for many 
substances including heroin and ethanol, there-
fore decreasing the addictive potential of these 
substances [12]. Cannabinoid agonists also elic-
ited relapse and heroin-seeking behavior in ani-
mals with a history of addiction [13]. These 
findings suggest that the CB1 receptor may play 
a role in addictive behavior and the activation of 
it may promote relapse in patients with a history 
of drug abuse.

If the patient is greater than 18 years of age 
with no history of drug or alcohol abuse, methods 
of categorizing the chronicity of pain will help in 
determining whether cannabis therapy will be 
beneficial. The efficacy of cannabinoid receptor 
agonists on acute postoperative pain has been 
inconclusive with some studies claiming less 
than or no analgesic effect compared to placebo/
other medications, while others have shown sig-
nificant analgesic effect in postoperative or 
trauma-induced pain [14–17]. Given these find-
ings, we cannot recommend the initiation of can-
nabinoids in the acute setting. However, these 
studies did not compare the use of THC agonists 
in patients with a prior history of THC use, which 
is a patient population that could benefit in the 
acute postoperative setting.

CB1 agonists have been found to have an anal-
gesic effect in patients with chronic pain, espe-
cially in the management of neuropathic, cancer 
pain, and spasticity management. As referenced 
above, studies have shown great efficacy in relief 
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of those types of pain. Consroe et al. found that 
within their study population of 112 multiple 
sclerosis (MS) patients, 95% found cannabis 
improved not only spasticity but also chronic pain 
in their extremities [18]. Some also found symp-
tomatic relief of stress, sleep, mood, stiffness, and 
spasm with the use of cannabis [19]. In a study by 
Wade et  al., pathologies including MS, spinal 
cord injury (SCI), brachial plexus injury, and limb 
amputation all showed increased pain relief with 
both TCH and CBD compared to placebo [20]. 
CB receptor agonist, WIN 55, 212–2, has been 
shown to be more efficacious than morphine in 
the inhibition of the “wind up phenomenon” (a 
phenomenon that contributes to the development 
of hyperalgesia and allodynia) [21]. These find-
ings are especially important because they target 
neuropathic pain, which has proven to be difficult 
to treat. Endogenous and exogenous cannabi-
noids continue to be studied for their role in can-
cer pain management. Guerrero and colleagues’ 
mice study resulted in cannabinoids aiding in 
increasing the pain threshold for tumor-afflicted 
mice [22]. For chemotherapy-induced nausea and 
vomiting, cannabinoids have been found to be a 
useful antiemetic as well as an appetite stimulant 
[23, 24].

Once establishing the type of pain, the next 
step is to determine prior methods of pain con-
trol. Cannabinoids are usually not the first line of 
pain control, likely due to the controversy sur-
rounding them and a small number of human tri-
als pertaining to their efficacy. Per the Canadian 

Pain Society, cannabinoids are a third-line agent 
for the management of neuropathic pain follow-
ing SSRIs, methadone, and topical lidocaine 
[25]. For cancer pain, studies including nabixi-
mols as add-on therapy to opioids vs placebo 
showed increased efficacy in intractable cancer 
pain [26]. Both opioids and cannabinoids attenu-
ate nociception via G protein-coupled mecha-
nisms and thus have a synergistic interaction 
[24]. Engagement of the cannabinoid receptor, 
HU-210, was also shown to help with the antino-
ciceptive effects of morphine and prevent the 
development of tolerance. This could aid in pro-
longing the use of opioids without incremental 
dose increases, thus aiding to prevent the 
unwanted side effects of opioid ingestion [27]. 
Naef et al. showed that THC alone had enhanced 
hyperalgesia compared to antinociception when 
combined with morphine [28]. Therefore, canna-
binoids should likely not be used solely or as the 
first agent in the management of chronic pain 
conditions.

For neuropathic pain, synthetic cannabinoids 
such as nabilone or nabiximols, can be added as a 
third-line treatment. For chronic cancer and non- 
cancer- related pain, it may be beneficial to tailor 
the addition of the cannabinoid to the patient’s 
opioid tolerance threshold. Adding a synthetic 
cannabinoid when the patient develops tolerance 
to their opioid regimen or when adverse effects of 
opioids become limiting may aid in the efficacy 
of the opioid without worsening the side effect 
profile (Fig. 28.1).

28 Cannabinoids as a Substitute for Opioids: Suggested Algorithm
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No 
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Fig. 28.1 Medical Cannabinoids Analgesic Algorithm. *Some experts prefer age > 25
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Perioperative Management 
of Patients on Cannabis/
Cannabinoids

Amita Kundra

 Introduction

Cannabis plants produce chemicals known as 
cannabinoids, which induces a wide range of 
effects on its consumers. At least 100 of these 
cannabinoids have been identified within the 
plant, of which the two popular ones are cannabi-
diol (CBD) and tetrahydrocannabinol (THC). 
THC is psychoactive (mind-altering), whereas 
CBD is not.

Cannabis remains the most widely used illicit 
drug in the USA. An estimated 22 million people 
over the age of 12 consume cannabis products 
per year. With the widespread legalization of can-
nabis for medicinal and recreational purposes, 
this chapter will evaluate marijuana’s effects and 
potential complications that may occur in the sur-
gical setting.

 Perioperative Effects

 Pulmonary Effects

The consumption of cannabis can lead to a higher 
risk of various types of pulmonary complica-
tions. When cannabis is consumed in the hand- 
rolled and unfiltered cigarette form, it can lead to 

inhalation of carcinogenic chemicals and irritants 
such as benzopyrene and benzanthracene into the 
lungs. The cannabis oil that is used in e-cigarettes 
also contains chemical irritants such as propylene 
glycol. When propylene glycol is heated, it can 
lead to the inhalation of several chemical irritants 
and respiratory carcinogens such as formalde-
hyde. When these chemicals are inspired, it can 
lead to opacification of the centrilobular airspaces 
that resembles pneumonia. The inhalation of can-
nabis in the cigarette form can also lead to higher 
carboxyhemoglobin levels and tar retention in the 
airways [1].

The inhalation of marijuana results in a peak 
effect of cannabinoids in just 15 minutes, which 
can last up to 4  hours. Smoking cannabis can 
have similar effects on the lungs as cigarettes [2].

It can cause cough, increased mucous produc-
tion, and inflammation of the lungs. This inflam-
mation can cause an asthmatic effect, which may 
lead to bronchospasm. Cannabis consumption 
can also cause adverse breathing patterns in 
patients called hypoventilation and increase their 
risk for aspiration [3].

 Cardiovascular Effects

Cardiovascular effects of cannabis can range 
from increasing heart rate, increasing risk for 
arrhythmias, and increased risk of myocardial 
infarctions. The mechanism is believed to be sec-
ondary to beta-adrenergic stimulation of CB1-R 
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receptors. Stimulation of these receptors leads to 
sympathetic stimulation and inhibition of para-
sympathetic system [1].

One of the most common sequalae of cannabis 
consumption is tachycardia. One study showed 
that an elevated heart rate (tachycardia) could last 
for 90 minutes after the onset of marijuana inha-
lation [2].

Young patients who received higher doses 
were at risk for developing premature ventricular 
contractions, atrial fibrillation, and atrial flutter 
[4, 5]. Patients were also observed to have hyper-
tension. These affects were observed to be dose 
dependent. When the plasma concentration of 
cannabis increased, it can lead to an increase in 
systolic pressure compared to baseline lasting for 
up to 60 min after smoking.

Most importantly, marijuana use has been 
shown to be an independent risk factor (fivefold 
risk in the first hour of marijuana use) for myo-
cardial infarction [6, 7].

 Hemostatic Effects

Cannabis has been shown to affect bleeding pat-
terns in patients, which can be a significant con-
sideration during surgery. Several studies have 
evaluated marijuana’s anticoagulation effects [8, 
9]. Cannabinoids and their metabolites are 
believed to inhibit platelet aggregation, a crucial 
step in the process of clot formation. Furthermore, 
this has been shown to be a dose-dependent, 
implying that high-dose marijuana consumers 
have a higher risk of bleeding diathesis during 
surgery [10].

Another recent study shed more light on the 
anticoagulant effects of cannabis. Cannabis was 
found to inhibit platelet activation, the step that 
precedes platelet aggregation [11].

On the contrary, others documented an 
increased platelets’ aggregation in the presence 
of THC [12].The increased clot formation could 
be why patients who use cannabis have a higher 
risk of developing heart attacks and strokes [13].

THC stimulates the sympathetic system, 
inhibits the parasympathetic system, and induces 
arterial wall inflammatory response through oxi-

dative stress, platelets activation, deformation of 
oxidize LDL, and over-reactivation of factor VII 
which may lead to endothelial erosion and throm-
bus formation in normal coronary arteries [13].

Recent studies have shown that ischemic 
stroke is one of the most common vascular side 
effects in cannabis consumers [14]. In fact, young 
patients (25–35 years old) who consume canna-
bis have a 2.3- to 2.9-fold risk of stroke compared 
to tobacco smokers [15, 16]. However, preexist-
ing conditions may also play a role in these 
sequelae. The mechanism is believed to occur 
secondary to action of the CB1-R receptors. 
Typically CB1-R receptors will increase blood 
flow secondary to vasodilation [16]. However in 
situations of hypoxia and hypercapnia, the activa-
tion of these receptors leads to decreased cerebral 
blood flow [17].

 Temperature Regulation

Cannabis exposure has been associated with tem-
perature dysregulation. Cannabinoid-induced 
hypothermia seems to be mediated by CB1-R 
activation. It can be reversed with administering a 
CB1-R antagonist such as rimonabant [18].

Cannabis exposure was shown to be associ-
ated with hypothermia and shivering in the peri-
operative period. Shivering can be a concerning 
phenomenon in the postanesthetic period. It can 
lead to increased heart rate, blood pressure, myo-
cardial oxygen consumption, and myocardial 
ischemia.

 Drug Interactions

Cannabis can interact with many drugs used in 
anesthesia practice.

Patients who consume cannabis regularly can 
have significantly increased anesthetic require-
ments. A small randomized, single-blinded study 
showed that routine marijuana users required sig-
nificantly higher doses of propofol (almost twice 
the normal dose) for appropriate sedation [19].

THC is primarily metabolized in the liver, by 
the CYP 450 system of enzymes; furthermore, 
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THC and CBD concentrations are high in the 
liver after oral ingestion, which results in an even 
greater hepatic load for metabolism. This under-
pins the reason why patients who consume can-
nabis may have an increased tolerance for 
opioids, chlorpromazine, and barbiturates, which 
are routinely used in sedation and are also metab-
olized by the liver.

In terms of inhaled anesthetics, studies have 
shown that cannabis consumers have a higher tol-
erance of inhaled anesthetics such as isoflurane 
and sevoflurane [20].

Therefore, most practitioners recommend that 
patients hold off on consuming cannabis before 
their surgery. As states prepare for the legaliza-
tion of recreational marijuana, more research is 
being performed to study the effects of cannabis 
on those who are undergoing anesthesia and 
surgery.

 Preoperative Evaluation

During the preoperative interview, it is important 
to determine the patient’s level of exposure to 
cannabinoids. It is important to ask about the 
duration of the consumption, the frequency of 
consumption, and how the cannabis is consumed. 
It is also important to determine the time elapsed 
since last use. If the patient has had surgery in the 
past, it is important to inquire whether the patient 
has had any complications such as any history of 
hyperreactive airway or severe shivering with the 
previous anesthetic.

It is important to distinguish the patients who 
are chronic cannabis users from those who are 
new users. Patients who are new users tend to 
have different perioperative findings than those 
who are chronic users. New users are more likely 
to develop tachycardia and systolic hypertension 
within 2 hours of consumption. They are predis-
posed to develop malignant arrhythmias such as 
atrial fibrillation, ventricular fibrillation, ventric-
ular tachycardia, and Brugada pattern. If they 
have a previous history of coronary artery dis-
ease, they are at risk of developing coronary 
spasm. From a pulmonary standpoint, they are at 

risk of developing airway hyperreactivity or uvu-
litis [20].

Patients who are chronic users are more likely 
to have different perioperative findings that occur 
due to inhibition of the sympathetic system. Their 
heart rate may range from a bradycardia to a 
tachycardia. They have a tendency to develop 
orthostatic hypotension, sinus arrest, and intraop-
erative hypothermia. They are also at risk of 
developing coronary vasospasm and/or myocar-
dial infarction [20].

 Conclusion

As states continue to legalize the use of recre-
ational marijuana, there will continue to be more 
patients seen who consume cannabis. In the peri-
operative setting, there is more to learn about the 
safety and efficacy of cannabis and cannabinoids. 
As more information is obtained, hopefully the 
anesthesiology community will come together to 
establish protocols to reduce perioperative com-
plications and improve outcomes.
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The Colorado Experience

Alexander Shustorovich

 The Colorado Experience

Colorado has been a pioneer state in the forefront 
of marijuana legislature reform. Following medi-
cal cannabis legalization in California in 1996 
[1], Colorado legalized limited amounts of can-
nabis for medicinal use in November 2000. 
Patients with debilitating disease (e.g., cancer, 
HIV/AIDS) and associated signs and symptoms, 
such as cachexia, severe pain, severe nausea, sei-
zures related to epilepsy, and spasticity in setting 
of neuromuscular disorders (e.g., multiple sclero-
sis), qualified for medicinal cannabis use [2]. 
Upon recommendation by their physicians, 
patients were issued registry identification cards 
by the Colorado Department of Public Health 
and Environment (CDPHE) [3] for possession of 
up to 2 ounce of usable cannabis and up to 6 mar-
ijuana plants (with 3 or fewer being mature, flow-
ering plants) [2]. There was no form of regulated 
market available, and most of the medical supply 
came from individual grow operations or care-
giver grow operations arbitrarily limited to five 
patients [2]. Caregiver grow operations also had 
to be registered with CDPHE. For the next 
decade, the medical cannabis market in Colorado 
functioned in a rather “wild west” fashion, based 
upon the integrity of the growers to produce high- 

quality medicine. Quality caregivers mostly 
operated delivery services or used discreet retail 
locations in fear of federal persecution, demon-
strated by multiple raids and seizures of California 
dispensaries during this period [4].

The Ogden Memorandum of 2009 issued an 
official “hands-off” policy by the Justice 
Department, which instructed US Attorneys not 
to “focus federal resources in your States on indi-
viduals whose actions are in clear and unambigu-
ous compliance with existing state laws providing 
for the medical use of marijuana” [2]. This fed-
eral memo provided a sense of security to facili-
tate medicinal cannabis commercialization across 
the states. It was regarded as the “green light” 
from the federal government to open a medical 
cannabis business. Meanwhile, a non-profit orga-
nization in Colorado, Sensible Colorado, sued 
the state over the arbitrary limitation of five 
patients per caregiver and eventually triumphed 
in 2007, lifting the patient restriction and paving 
the way for storefront dispensaries [4]. In 2009, 
Colorado legislature passed HB 10-1284 and SB 
10-109, enacting the Colorado Medical Marijuana 
Code, which established a medical marijuana dis-
tribution system and commercialized distribution 
of cannabis. This not only provided licensure to 
businesses for production and distribution but 
also imposed regulations on patients, caregivers, 
and doctors [4]. Various state revisions followed 
to “clean up” the Colorado Medical Marijuana 
Code and required joint efforts from the CDPHE 
and the Colorado Medical Marijuana Enforcement 
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Division (CMED) to implement regulations. The 
number of registered patients with the CDPHE 
dramatically increased from about 5000 in 2009 
to almost 119,000 in 2011 [3].

Near the end of 2012, Colorado became the 
first state in the world to legalize recreational 
cannabis use with the passage of Amendment 64 
[5]. Although medical cannabis continued to be 
regulated in a commercial market, recreational 
cannabis had specific personal possession and 
grow limitations [3]. See Table 30.1 for details of 
Amendment 64 provisions.

Nonetheless, as intended by Amendment 64, 
full regulation and commercialization were 
achieved by 2014. The established infrastructure 
allowed for growth, manufacture, processing, 
and sale of cannabis products recreationally to 
adults over the age of 21. The implemented taxes 
were meant to support public health initiatives 
and fund the public school capital construction 
assistance fund [6]. Many entrepreneurs viewed 
the legalization of marijuana as a lucrative busi-
ness opportunity. Recreational sales boomed 
after legalization, increasing yearly, while medi-
cal marijuana sales only saw a modest increase 
initially, with relative leveling off and decline 
over the most recent years [7] (Fig.  30.1). The 
sales of retail marijuana products more than tri-

pled, from $303 million in 2014 to $1.09 billion 
in 2017 [7] (Table 30.2). An average of $90 mil-
lion in retail marijuana products were sold in 
2017 up from $25 million in 2014 (Table 30.2). 
“Since 2014 sales of retail flower have gone up 
516%, infused edibles up 226%, and infused 
non-edibles up 135%” [7]. With the growing 
sales of recreational marijuana, the state govern-
ment appreciated a significant rise in tax and 
license revenue over the next 4 years (data only 
available through June 2018), although it is 
important to note that marijuana taxes only made 
up about 1.52% of the tax revenue collected by 
the state [7] (Fig. 30.2).

And yet, the seemingly glamorous sales and 
tax revenue did not come without public health 
and social concerns. Colorado has set the stage 
for the country and the rest of the world by 
becoming the innovator of marijuana reform. To 
some it is considered the big social experiment 
demonstrating a plausible model for cannabis 
legalization, while to others, it has posed even 
more questions. What would the end of cannabis 
prohibition truly look like? What is the long-term 
safety of daily use of recreational marijuana? 
How do I talk to my kids about this? Anecdotally, 
it was anticipated that there would be large 
increases in recreational marijuana use (both 
adults and minors), reduced marijuana-related 
crime, and increased motor vehicle accidents 
(MVA). Short-term effects of cannabis intoxica-
tion include deficits in attention, memory, learn-
ing, and decision-making [8], but due to decades 
of prohibition, proper research on the effects of 
chronic cannabis use has been limited. What has 
been gathered thus far and what is reliably known 
are that marijuana use in developing minds (e.g., 
the youth) causes both structural brain abnormal-
ities and altered neural activity in the user [8]. 
More importantly, we must further our under-
standing of how these neurological changes 
translate to psychological and functional 
outcomes.

Dr. Roberts conducted a thorough cautionary 
review in 2019 evaluating health and safety 
effects of marijuana in Colorado [3]. At the time 
of publication, the state had legal recreational 
marijuana use for about 5  years. He noted that 

Table 30.1 Amendment 64 provisions

Amendment 64
Regulate the growth, manufacture, and sale of 
marijuana in a system of licensed establishments 
overseen by state and local governments
Allow individuals who are 21 years old or older to 
possess, use, display, purchase, transport, and 
transfer—to individuals who are 21 years old or 
older—one ounce or less of marijuana
Allow individuals who are 21 years old or order to 
possess, grow, process, and transport up to 6 marijuana 
plants, with certain restrictions
Require the state legislature to enact an excise tax on 
marijuana sales, of which the first $40 million in 
revenue raised annually must be credited to a state 
fund used for constructing public schools. The excise 
tax must be approved by a separate statewide vote
Require the state legislature to enact legislation 
concerning the growth, processing, and sale of 
industrial hemp

Source: https://www.colorado.gov/pacific/sites/default/
files/13%20Amendment%2064%20LEGIS.pdf
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cannabis potency had increased over the last sev-
eral decades, and the “weed our parents smoked 
in the 60s and 70s” was far less potent compared 
to the presently cultured breeds. Current com-
mercialized cannabis is near 20% tetrahydrocan-
nabinol (THC), while in the 1980s the 
concentration was <2%. This increase only con-
siders cannabis flower, yet other formulations 
such as waxes and oils can reach 80–90% THC 
[3]. The review demonstrated an increase in 

cannabis- related presentations to the emergency 
departments (ED) and hospitalizations across the 
state. Most prevalent were admissions for acute 
psychosis related to intolerance to the cannabis 
potency [3, 9]. This was consistent with large 
reviews conducted by the World Health 
Organization (WHO) and the National Academies 
of Sciences, Engineering, and Medicine 
(NASEM) that identified statistically significant 
association between cannabis use and develop-

$120,000,000

$100,000,000

$80,000,000

$60,000,000

$40,000,000

Ja
n 

20
14

M
ar

 2
01

4

M
ay

 2
01

4

Ju
l 2

01
4

S
ep

 2
01

4

N
ov

 2
01

4

Ja
n 

20
15

M
ar

 2
01

5

M
ay

 2
01

5

Ju
l 2

01
5

S
ep

 2
01

5

N
ov

 2
01

5

Ja
n 

20
16

M
ar

 2
01

6

M
ay

 2
01

6

Ju
l 2

01
6

S
ep

 2
01

6

N
ov

 2
01

6

Ja
n 

20
17

M
ar

 2
01

7

M
ay

 2
01

7

Ju
l 2

01
7

S
ep

 2
01

7

N
ov

 2
01

7

Ja
n 

20
18

M
ar

 2
01

8

M
ay

 2
01

8

$20,000,000

Medical sales

$0

Retail sales

Fig. 30.1 Monthly marijuana sales, by type, 2014 to 
June 2018. Note: Medical marijuana sales (gross sales 
minus wholesale) and sales of accessories/other products 
that do not contain medical marijuana. Retail marijuana 

sales (gross sales minus wholesale) and does not include 
sales of accessories/other products that do not contain 
retail marijuana. (Source: Colorado Department of 
Revenue, Marijuana Enforcement Division [11])

Table 30.2 Annual and average monthly sales of marijuana products, 2014 to June 2018

Calendar 
year

Annual total sales Average monthly sales
Medical Retail Total Medical Retail Total

2014 $380,284,040 $303,239,699 $683,523,739 $31,690,337 $25,269,975 $56,960,312
2015 $418,054,912 $577,536,343 $995,591,255 $34,837,909 $48,128,029 $82,965,938
2016 $445,616,062 $861,587,411 $1,307,203,473 $37,134,672 $71,798,951 $108,933,623
2017 $416,516,782 $1,091,185,437 $1,507,702,219 $34,709,732 $90,932,120 $125,641,852
2018 $138,387,136 $474,477,654 $612,864,790 $27,677,427 $94,895,531 $122,572,958

Source: Colorado Department of Revenue, Marijuana Enforcement Division [11]
Notes: Medical marijuana sales (gross sales minus wholesale) and sales of accessories/other products that do not con-
tain medical marijuana. Retail marijuana sales (gross sales minus wholesale) and does not include sales of accessories/
other products that do not contain retail marijuana
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ment of schizophrenia and psychoses in geneti-
cally predisposed, frequent users [3, 8, 9]. 
Nonetheless, thousands of other users have con-
tinued to partake in ingesting and inhaling can-
nabis products without these negative effects 
[10].

Surprisingly, the youth marijuana use has not 
dramatically increased since legalization of rec-
reation marijuana in Colorado [3, 7, 9, 10]. Both 
Dr. Roberts and Dr. Leyton demonstrated that 
although many high schoolers had tried mari-
juana, there was no significant overall increase in 
sustained marijuana use [3, 9]. There has been an 
objective increase in marijuana use among adults 
(age 21 and over), but this was likely to be 
expected, as adults were the targeted demo-
graphic group. However, most significant was the 
overall decrease in marijuana-related arrests. 
There was a total of 302 marijuana-related arrests 
in Denver, CO, in 2017, which is considerably 
reduced from the 1605 arrests in 2012 [7]. But 

unfortunately, a statistical racial divide has per-
sisted, which likely pokes holes at our society’s 
cultural construct and not necessarily cannabis 
reform [7, 10]. Contradictory to common belief, 
cannabis-related MVAs only initially increased 
within the first year of recreational legalization 
but then leveled off to rates similar in states with-
out legalization [9].

The Colorado experience over the last 6 years 
has been a trying time filled with legislative, 
social, and economic reform. Being the first to 
legalize recreational marijuana use pushed the 
state government into uncharted territory. As 
expected, it was not smooth sailing, and many 
concerned citizens and families have left the state 
to find refuge from the “reefer” movement [10]. 
There is still much to learn about the long-term 
psychological and physiological effects on daily 
users. The data we have now suggests we should 
tread with caution, but further research with large 
cohorts is required to truly understand the risks, 

$25,000,000

$20,000,000

$15,000,000

$10,000,000

$5,000,000

Fe
b-

14
Ap

r-1
4

Ju
n-

14
Au

g-
14

O
ct

-1
4

D
ec

-1
4

Fe
b-

15
Ap

r-1
5

Ju
n-

15
Au

g-
15

O
ct

-1
5

D
ec

-1
5

Fe
b-

16
Ap

r-1
6

Ju
n-

16
Au

g-
16

O
ct

-1
6

D
ec

-1
6

Fe
b-

17
Ap

r-1
7

Ju
n-

17
Au

g-
17

O
ct

-1
7

D
ec

-1
7

Fe
b-

18
Ap

r-1
8

Ju
n-

18

$0

CY 2014:
$67,594,325

CY 2015:
$130,411,174

CY 2016:
$193,604,811

CY 2017:
$247,368,474

CY 2018:
$130,931,662

Fig. 30.2 Total taxes, licenses, and fees, 2014 to June 2018. Note: Calendar year 2018 taxes reported through June 
2018. (Source: Marijuana Enforcement Division [12])

A. Shustorovich



247

benefits, and safety of cannabis use. Economically, 
it has proven to be a sound business venture, but 
at a relatively high risk. Previously protected by 
the Ogden and Cole memorandums, US Attorney 
General Jeff Sessions rescinded these provisions 
in January 2018 reminding everyone cannabis is 
still considered a Schedule I substance by the 
Drug Enforcement Agency (DEA) and business 
owners remain at risk of being persecuted at the 
federal level [3]. It is difficult to not compare 
marijuana prohibition to prohibition of alcohol in 
the early twentieth century. Nonetheless, objec-
tively speaking, Colorado has shown us what a 
leap in marijuana reform looks like. Time will 
only tell when social norms, cultures, and politi-
cal values adjust accordingly. It seems we have a 
potential working model (although not perfect) 
for cannabis reform, but the rate of progression 
will depend on the ever-changing social climate.
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Product Safety and Quality Control

Caroline A. MacCallum, Lindsay A. Lo, 
Fonda Betts, and Michael Koehn

 Introduction

There are a number of quality control variables to 
consider when choosing medical cannabis prod-
ucts including the presence of contaminants, 
microorganisms, and pesticides. Patients may 
unknowingly assume that cannabis from any 
source is equally safe to use. Clinicians and 
patients must be aware of the potential differ-
ences between regulated cannabis products and 

those from unregulated sources in order to make 
informed decisions that best fit the medical needs 
of the patient.

 Cannabis as a “Natural” Medicine

Many patients assume that cannabis, being a plant 
and thereby a “natural” medicine, implies inherent 
safety with no side effects. Subsequently, patients 
may have a false sense of security that CBD is 
“safe”, and that THC is “harmful.” While CBD 
may have less serious adverse events when com-
pared to THC, potential health concerns relating to 
product standardization, labelling, and integrity 
including contaminants, microorganisms, and pes-
ticides are discussed in the next section.

 Standardization and Quality 
Control

Where medical cannabis is still illegal, and even 
in countries where cannabis is only legal at the 
state level, there are frequent gaps in quality con-
trol processes, which may be overcome with fed-
eral legaliztion and implementation of standards 
of practice for growing and testing cannabis. 
Many cannabis products lack mandatory stan-
dardized laboratory testing to ensure a safe final 
product, which are free of or contain acceptable 
range for human consumption of contaminants, 
pesticides, microorganisms, and even diluents/
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fillers (see Chap. 37 on Cannabis Vaping 
Hazards).

There is much confusion surrounding canna-
bis product labelling, terminology, and market-
ing. Companies may use terms such as “organic,” 
“sustainably grown,” “pesticide-free,” or “grown 
in living soil” to differentiate themselves in the 
marketplace. Without regulation, these terms 
may or may not reflect the efficacy or purity of 
the final product sold to consumers. The integrity 
of cannabis products depends on the standard of 
practice of the grow facility and the company’s 
own inherent quality assurance processes, poli-
cies, and procedures.

While some cannabis companies may claim to 
produce a cleaner and safer product, to date there 
is no substantial evidence that any one of these 
growing methods is inherently safer than another. 
Even with good manufacturing processes (GMP) 
compliant cannabis, there are still many contrib-
uting factors and potential for contaminants from 
the environment to be present in the final product 
[1–3]. For example, cannabis grown outdoors 
could contain pesticides released from the air or 
water from a neighboring contaminated crop [2, 
3]. This affirms the need for mandatory regulated 
testing and standardized labelling to provide 
reassurance that patients’ health and safety are 
preserved. It is best practice to ask the seller to 
provide the “Certification of Analysis” (COA) for 
each product to ensure that the product labelling 
meets the labelling requirements by state.

 Contaminants

Product contaminant exposure may vary from 
region to region depending on regulatory proto-
cols and where patients choose to purchase their 
cannabis. Products obtained from legal cannabis 
producers, such as in Canada, have passed man-
datory government regulations that are enforce-
able through licensing. Cannabis products that 
are legally sold in Canada through retail and 
online stores must pass standardized testing for 
contaminants.

In unregulated markets, there are several 
issues healthcare providers and patients should 

be aware of. Cannabinoids can be extracted from 
the plant to form concentrates in a process involv-
ing polar solvents, such as naphtha,  butane, or 
petroleum ether, which may leave toxic residues 
that the patient will consume. This process of 
extraction results in highly concentrated contam-
inants and THC content (up to 80% THC). These 
highly potent concentrates or “dabs” are com-
monly used by recreational users who acknowl-
edge greater tolerance and withdrawal in 
accordance with their use [4]. In contrast, in a 
regulated medical cannabis market where butane, 
propane, ethanol, and CO2 are used as solvents, 
high-quality products can be produced and tested 
for residual contamination. Solvent quality and 
manufacturing processes both play an important 
role in the creation of high-quality extracts. 
Medical professionals, in collaboration with their 
patients, should assess both the medical effects 
and product safety of concentrated cannabis 
products used in treatment.

Although the hazards of vaping are mentioned 
in Chap. 37, particular factors regarding contami-
nants are important to reiterate. E-cigarettes may 
use propylene glycol (1,2 propanediol) and glyc-
erol as propellants, which when heated can pro-
duce formaldehyde, a Group 1 carcinogen 
(International Agency for Research on Cancer - 
IARC) [5]. 1,3 Propanediol is a new propellant 
being studied and tested as a replacement for 
these, but more research on the long-term safety 
profile is needed [6]. Vitamin E acetate has been 
associated with e-cigarette and vaping-associated 
lung illness (EVALI) related to vaping devices, 
liquids, refill pods, and cartridges [7]. Evidence 
from the CDC among 49 states in the United 
States suggests that illicit products with THC 
were associated with a higher risk of EVALI, 
likely resulting from the vitamin E concentration 
within the devices and products.

An additional preliminary report on pulmonary 
illness related to e-cigarette use found that in 53 
cases, 84% of patients were using THC in their 
e-cigarette device [8]. Patients most commonly 
presented with respiratory (98%) and gastrointes-
tinal (81%) symptoms, and bilateral infiltrates 
were seen on CT chest scans [8]. While 94% of 
cases were hospitalized and 32% were intubated/
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ventilated, only one death was reported [8]. A vari-
ety of products and devices were reported however 
the most common THC- containing device (67%) 
was under the “dank vape” label, a black-market 
product [8]. An additional study revealed up to 
91% of patients reported obtaining their THC-
containing e- cigarette device from an informal, 
illegal source [7].

In summary, the majority of pulmonary ill-
nesses related to vaporization have been associ-
ated with illicit product use [7–9]. Further, they 
tend to be seen in younger people using THC and 
nicotine containing e-cigarettes recreationally. 
Currently, there are no safety or long-term stud-
ies on pen ingredients. Ideally, ingestible oil 
products should be encouraged for medical use. 
If a patient wishes to use a vaporization pen, it is 
best practice to advise on potential risks, check 
the ingredients being reported on the label, and 
recommend regulated products. If any respiratory 
symptoms occur, stop and report them to your 
governing agency.

While no vaporizer to date has demonstrated a 
complete absence of polyaromatic hydrocarbon 
production [10], it appears that  there may be a 
reduction of toxic high molecular weight com-
pounds (including tar) with vaporization of dried 
flower. There may still be exposure to low weight 
compounds such as ammonia [10]. However, it 
has been suggested that ammonia levels in vapor-
ized dried cannabis may be due to synthetic fer-
tilizers. More research on flower contaminants as 
well as by-products of vaporization of dried can-
nabis is required [10].

 Microorganisms

Cannabis may become contaminated with a vari-
ety of microorganisms such as pathogenic bacte-
ria, yeast, and mold. This may occur during 
cultivation, harvesting, drying, storage, and dis-
tribution [3]. Humid conditions can make canna-
bis more vulnerable to microbial contamination. 
Common microbial contaminants include pow-
dery mildew, Salmonella species, Escherichia 
coli, Penicillium species, Aspergillum species, 
and other bile-tolerant Gram-negative bacteria 

[3]. While care should always be taken when 
sourcing products for any patient, there is an ele-
vated need when dealing with at-risk popula-
tions, such as those who are immunocompromised. 
Patients with immunocompromising conditions 
are at a higher risk for microbial infection, espe-
cially for inhaled cannabis. A more serious con-
taminant, the Aspergillus species, can cause 
serious effects when inhaled [3]. Additionally, 
cannabis may also become contaminated with 
mycotoxins, a harmful metabolite produced by 
fungi. The main mycotoxins of concern are afla-
toxins, ochratoxins, and vomitoxins [3]. While 
several factors, such as growing/handling prac-
tices and humidity, influence the risk of cannabis 
becoming contaminated, it is best practice to 
source products from producers who adhere to 
rigorous contaminant testing and quality assur-
ance protocols.

 Pesticides

Lack of federal regulation in the United States 
does pose some risk for pesticide use in certain 
cannabis products. Out of 26 samples from legal 
dispensaries in Washington state, 22/26 (86%) 
tested positive for pesticides. Many had multiple 
contaminants and had levels of 10,000–100,000 
parts per billion (ppb), exceeding the upper limit 
of quantification. There were 24 distinct pesticide 
agents including insecticides, miticides, fungi-
cides, and insecticidal synergist and growth regu-
lators [11]. Several factors contribute to this issue 
including unregulated pesticide use, lack of regu-
latory and industry oversight, lack of available 
organic certification, and lack of federal/state 
laboratory standardization. Pesticide- 
contaminated products are dangerous, particu-
larly to young patients with epilepsy or other 
neurological conditions. Further, this could also 
result in exposure to known carcinogens. In order 
to safeguard cannabis consumers, proper stan-
dards must be applied as with any product 
intended for human consumption. Health stan-
dards may improve under federal legalization and 
regulation of cannabis where ongoing laboratory 
testing is required for the issuance of a sales 
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license. Additional measures may include man-
dating integrated pest management that effec-
tively restricts the use of many synthetic 
pesticides while testing, and tracking to ensure 
that all products sold in dispensaries can be traced 
from seed to sale. An example of such regulation 
can be seen in Canada.

Prior to a 2017 mandate, Health Canada 
testing found roughly 5% of tested samples 
came back positive for restricted pesticides 
such as fungicides. Currently, license holders 
are permitted to only  use pesticides or pest 
control products that are approved for use on 
cannabis in accordance with the pest control 
products act (PCPA) [12]. Adequate controls at 
the site of production must be in place to ensure 
unauthorized pest control products are not 
used. Health Canada requires mandatory test-
ing for pesticide active ingredients for all can-
nabis products before being sold. Testing for 
microbes and heavy metals is also done. Due to 
mandatory testing, a sample of medical canna-
bis in 2018 was found to contain the banned 
pesticide myclobutanil, a known carcinogen. 
Regulation drastically improves the quality, 
safety, and consistency of cannabis products, 
although healthcare providers should be aware 
that even regulated cannabis can occasionally 
be contaminated. This is especially the case 
when recommending products for at-risk 
patient population such as those that are 
immunocompromised.

 Gamma Irradiation

Gamma irradiation is commonly used in agricul-
ture to sterilize food products through exposure to 
ionizing radiation. The FDA, WHO, CDC, Health 
Canada, and USDA have all found irradiation to 
be safe for food products. While there are limited 
safety studies regarding cannabis and gamma 
radiation, currently available evidence suggests 
cannabis is also safe following irradiation; there 
are no “mutations” or alterations to the product 
or  any “residual” radiation observed on canna-
bis as a result of using gamma radiation [13, 14]. 
However, monoterpene content may be slightly 
reduced as is seen in other agricultural products 

[13]. Some researchers feel that this reduction in 
monoterpenes could reduce the efficacy of the 
cannabis plant, however, the impact has not been 
well characterized in clinical studies.

Gamma irradiation will kill pathogenic fungi; 
however it will not neutralize mycotoxins that are 
already present. There have been no studies to date 
that have proven the safety of an irradiated product 
that is smoked, but many licensed producers in 
Canada irradiate their cannabis in order to meet the 
strict limit of 1000 colony forming units (CFU) per 
gram of finished product. There are cannabis pro-
ducers globally who irradiate cannabis in order to 
consistently meet government- mandated testing 
limits of microbial contamination throughout the 
production process. Consistent irradiation may help 
better manage product supply to meet the needs of 
patient, rather than waiting for a failed test to iden-
tify a product that will need further treatment or dis-
posal after months of growing and processing. 
Much of the popularity of irradiation among 
licensed producers is directly tied to strict standards 
set out by the government in the legalized and regu-
lated market. In order to maintain consistently low 
microbial counts from production to consumption, 
gamma irradiation may be seen as a necessity. 
Alternatively, the extraction process for making 
cannabis oils (including CO2 and ethanol extrac-
tion) seems to result in the most “sterile” product 
possible, suggesting this to be the best route for 
immunocompromised individuals over inhaled 
gamma-radiated products where possible (see 
Chap. 23 on Cannabinoid-Based Medicines: Patient 
Safety Considerations for more information).

 Labelling

While understanding labelling is an essential 
component of promoting product safety, it can be 
challenging to ascertain how the labelling of a 
product relates to dose and expected effect. There 
is little guidance on “dose expression” or how a 
specific dose of THC that is labelled on a particu-
lar product translates into the amount to consume 
for desired effects [13]. This has left both novice 
and more frequent users of cannabis unsure of the 
appropriate dose to take, especially among edible 
and oral products [15].
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Evidence has shown  that available cannabis 
products frequently fail to meet basic label 
 accuracy standards for pharmaceuticals. Edible 
cannabis products (N = 75) from three major met-
ropolitan areas (San Francisco, Los Angeles, and 
Seattle) were analyzed in one study. With respect 
to THC content, 17% were accurately labelled, 
23% were under-labelled, and 60% were over-
labelled [16]. The median THC:CBD ratio of 
products with detectable CBD was 36:1. Products 
containing significantly more THC than labelled 
place patients at risk of experiencing significant 
adverse events. On the other hand, under- labelled 
products might not achieve the desired therapeu-
tic benefits [16]. Another report analyzed 84 can-
nabidiol extracts purchased online and found that 
69% had mislabelled cannabinoid content [17]. 
Recently, a class action lawsuit was launched 
against several large Canadian cannabis compa-
nies for incorrect labelling claims on medical and 
recreational cannabis packaging [18]. This inci-
dent demonstrates the variation in analytical 
results and difficulties with cannabis labelling, 
even in a highly regulated market like Canada.

In a medical context, cannabis is “recom-
mended” or “certified” by a physician. This is 
based on policy rather than science indications. 
Therefore, practicioners may have little influence 
over the dose or frequency of cannabis;  this 
may be left to the dispensary and patient. This is 
in contrast to recreational use, which may lead to 
greater acute impairment from using more than 
intended or problematic use in an attempt to alle-
viate negative mental states.

As with any health product, required regula-
tions for labelling and packaging are needed to 
ensure product safety and to optimize patient out-
comes. Countries in which cannabis is legal at a 
federal level, such as Canada, can be valuable 
resources to look to for examples on regulatory 
labelling practices. Generally, this pertains to pro-
viding concise, but detailed, information on the 
product that is easily viewable on the packaging. 
This may include product specifications such as 
the common name of the product, cannabinoid 
content (THC and CBD), packaging date, expiry 
date, net weight of cannabis, number of discrete 
units, and list of ingredients/food allergens. It is 
also useful to have an easily identifiable brand or 

producer with information on how to contact the 
producer if necessary. Additional labelling prac-
tices that may help both patients and providers 
include specifications on the intended use of the 
product and optimal storage conditions. It is also 
best practice to have a health warning message 
included, as there would be with any other health 
product. When assessing products, it is useful for 
healthcare providers and patients to be aware of 
the maximum amount of cannabinoids allowed per 
product within their jurisdiction. This can be help-
ful in spotting black market items, as they may 
often exceed legally allowed cannabinoid limits. 
The above specifications are potential indicators 
that can be used to assess product quality and 
safety, as well as assisting in safe dose titration.

Several principles outlined by Hammond 
[15] and Health Canada [19] may assist in the 
proper assessment of labelling (Table  31.1), 
including strategies to communicate “dose 
expression,” so that consumers can appropri-

Table 31.1 Principles to guide cannabis labelling and 
packaging regulations

Principles to guide cannabis labelling and packaging 
regulations
Cannabinoid content (THC and CBD) clearly labelled
   For example: THC ## mg/g, Total THC ## per unit 

## mg
Labelling provides guidance on THC amounts
   For example, communicating the number of tablets 

or capsules per dose, or the volume of product to be 
delivered

THC labelling reinforced by other packaging 
regulations, such as unit-dose packaging
   For example, if an edible product contained 10 mg 

of THC but was split into 5 servings, unit-dose or 
dose per serving would show 2 mg of THC

Labelling clearly identifies type of product and 
provides common basis for comparisons between 
products, to the extent possible
   While there is no standard THC dose or serving that 

can be used across all products, indications such as 
total THC content can be useful to give a broad 
comparison

Packaging has a security feature to indicate no 
opening prior to purchase
Labelling clearly indicates packaging and expiration 
date

© Caroline MacCallum MD, used with permission [15, 
19]
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ately titrate doses with as few impairments as 
possible.

It should be noted that specific labelling 
requirements differ based on geographical 
 location. Each US state has different specifica-
tions and requirements. It is important for health-
care providers to know labelling requirements for 
each state they are practicing in. For labelling 
requirements by state, please visit “Cannabis 
Labelling Requirements by State” by Weber 
Packaging Solutions [20].

 Concentrates and Potency

Changes in cannabis potency over the last two 
decades are well documented. Analysis of can-
nabis preparations seized by the US Drug 
Enforcement Administration between 1995 
and 2014 showed that the potency of sinsemilla 
samples has increased. Overall, the potency of 
illicit cannabis plant material has consistently 

risen over time from approximately 4% THC in 
1995 to 12% in 2014. On the other hand, the 
CBD content had fallen on average from 0.28% 
in 2001 to <0.15% in 2014 [21].

A more recent study showed that Δ9-THC 
concentration has increased dramatically over 
the last 10 years, from 8.9% in 2008 to 17.1% in 
2017. The mean Δ9-THC/CBD ratio also rose 
substantially from 23  in 2008 to 104  in 2017. 
From 2008 to 2017, there was a marked increase 
in the proportion of hash oil samples (cannabis 
concentrates) from 0.5% to 4.7%, and their mean 
Δ9-THC concentration increased from 6.7% to 
55.7%.

Generally, it is advised that for medical pur-
poses, highly concentrated THC products are not 
used. Higher THC potency and increased dose 
are highly correlated with adverse events and 
side effects. Healthcare providers should be 
familiar with common extracts to assist in prod-
uct evaluation and mitigation of risk to patients. 
Table 31.2 outlines common concentrates found 

Table 31.2 Common cannabis concentrates

Cannabis 
concentrate Description
Solvent-based extracts
“Live” 
resin

Hydrocarbon extract. Extracted from fresh cannabis plant material. Preserves higher concentration of 
terpenes

Shatter Hydrocarbon extract. A golden, translucent, brittle concentrate. Brittle due to crystallization of 
THCA in the extract
Up to 90% potency

Wax Hydrocarbon extract. Soft concentrate that varies in appearance, texture, and color depending on 
processing technique
Common forms include:
Budder: Whipped into a smooth consistency with a high terpene concentration. Also termed: badder, 
frosting, icing, and more
Crumble: Purged wax (removal of any residual solvents) to create a drier texture concentrate. Have 
porous appearance like a honeycomb
Both are generally 60–90% THC potency

CO2 Uses carbon dioxide under extreme temperature and pressure to extract cannabinoids and terpenes 
from plant. Commonly used to create cannabis oils and vape products
Wide range of THC and CBD potency

Distillate Viscous, translucent, flavorless oil. Concentrates made through an extensive refinement process in 
which crude extracts like CO2 and EtOH are distilled. Often used in edibles, topicals, and vape 
cartridges
Generally, 70–90% THC potency

Isolate Commonly uses a vacuum pump which pulls cannabis through fine sand filtration
Cannabinoids can be isolated into concentrated crystalline structures or powder. Other cannabinoids 
and plant impurities removed. Can add cannabis terpenes to final product
Nearly 100% THC or CBD potency

(continued)
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in both illicit and legal markets. Concentrates 
can be split into two categories, solvent-based 
extracts and solventless extracts. Hydrocarbon 
extracts (BHO) are a class of solvent-based 
extracts created using hydrocarbon solvents like 
butane and propane to extract cannabinoids and 
terpenes from cannabis with a closed-loop 
extraction system. Hydrocarbon extraction bet-
ter preserves the cannabinoids and terpene pro-
files of a particular strain. Several common types 
of BHO extracts include shatter, wax, and “Live” 
resin. Other solvent-based extracts include CO2 
oil, distillate, and isolate. Cannabis concentrates 
can also be made through solventless processes. 
Common solventless extracts include dry sift, 
hash, and rosin. Please see Table 31.2 for more 
details. 

 Product Safety and Clinical 
Applications: A Common Clinical 
Scenario

Patients commonly bring products to the clinic. 
For example, a bottle of oil or a syringe contain-
ing thick cannabis extract without a label. The 
instructions may be as vague as “I dose an amount 
of product the size of half a grain of rice.” They 

may also indicate that they get the product “from 
a friend” who is an “organic” grower and it is 
“100% CBD” and “safe.”

It is important for physicians and patients to 
understand that there is no way to have confi-
dence when dosing an unknown product without 
a label, company name, or any of the other impor-
tant details which are required to guarantee stan-
dardization and safety of the product for human 
consumption. Please see the below list of ques-
tions which can aid a healthcare provider in 
assessing a patient’s cannabis product.

Cannabis laws vary by state and countries. In 
some jurisdictions, physicians can discuss canna-
bis and its use with patients, but may not be able 
to recommend specific products or help patients 
obtain them. Clinicians should review and 
encourage patients to implement the framework 
highlighted in Table 31.3 to help guide them in 
their decision-making regarding safe cannabis 
products. Additionally, see Fig. 31.1, an example 
of a cannabis dosing calculator, which may aid 
patients in determining their current dose of 
THC/CBD.  Positioning of THC and CBD con-
centrations is not standard, ask your supplier if 
you are not sure (see Chap. 22 on Cannabinoid- 
Based Medicines: Dosing, Titration, and 
Monitoring for more information).

Cannabis 
concentrate Description
Solventless extracts
Bubble 
hash/ice 
water hash

Created by agitating cannabis buds in ice water and filtering water through fine screen bags
Water is then filtered and trichomes of the cannabis flower are collected leaving a paste known as 
“hash”
Generally, 40–60% THC potency

Kief/dry 
sift

Kief: Flower is ground and sifted, leaving behind complete trichome glands
Dry sift: Mechanically separated and collects resin glands from the cannabis flower using a series of 
different sized mesh screens. Only small trichome heads can pass through
Generally, 50–80% THC potency

Rosin Solventless concentrate extracted using high pressure and gentle heat to squeeze terpene-rich 
cannabinoid concentrate from cannabis flowers
Generally, 40–75% THC potency

© Caroline MacCallum, MD, used with permission. Information gathered from Refs. [22, 23]

Table 31.2 continued
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 Summary

It is crucial to provide cannabis education in 
order to mitigate risks and promote patient safety, 
as many unwanted side effects can be avoided 
with proper education. Medical cannabis must be 
standardized to ensure consistent delivery of 
active components, namely, CBD and THC 
(among other cannabinoids and terpenes).

Quality control standards reduce exposure to 
harmful chemicals and contaminants such as 
pesticides, extractions, microorganisms, dilu-
ents, and fillers. These are important consider-

ations when selecting cannabis products, and 
should not be overlooked by healthcare provid-
ers, medical patients, and cannabis consumers 
in general.

Regulated products from a legal source 
should always be recommended for use. This is 
particularly important for patients in at-risk 
populations such as immunocompromised or 
the elderly. Ensuring product safety and quality 
control should always be a top priority for 
healthcare providers looking to use cannabi-
noids in their practice.

Table 31.3 Proposed framework for the safe selection of cannabis product

Proposed Framework for the safe selection of cannabis product
What are the product details (name of the product, grower/producer, distributor)?
For dried flower or inhaled concentrates: What is the listed % of THC and CBD?
For ingestible oils: How many mg of THC and CBD per ml of oil?
Does the patient have the product with them or a picture of the label? Confirm type of product (i.e., oil, flower, 
shatter, concentrate), labelling, date of packaging, expiry date
Does the company have a legitimate website? (is it only found on social media?)
Where was the product purchased? (online, dispensary, health food store, etc.)
Is it a legal, regulated product?
   (a) Know the cannabis regulations in your state
   (b) Research to assess if the patient has been using a regulated product or recommend one that is regulated.
What is the chemovar profile for the product? (i.e., what is the concentration of the other cannabinoids and 
terpenes?)
How long has the patient been taking the product? Has the response been consistent over time (i.e., batch to batch 
variability?)
What is the dose, route, frequency, and where possible total daily mgs of THC and CBD (for oils)? (please see 
Fig. 31.1 to aid in calculating dose if necessary)
What symptoms have improved with the product?
What adverse events have been experienced?

© Caroline MacCallum MD, used with permission
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Fig. 31.1 Cannabis dosing calculator. (© Caroline MacCallum MD and Fonda Betts, used with permission) [24] 
* Positioning of THC and CBD concentration on the label is not standardized. Ask your supplier if you are not sure 
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Cannabinoids and Brain 
Development

Samer N. Narouze

There is evidence from human and animal studies 
that a vulnerable period for chronic cannabinoid 
administration exists during certain phases of 
development. Prenatal and early cannabis expo-
sure result in measurable brain changes.

Since greater neuromaturation takes place dur-
ing adolescence, there is evidence that the adoles-
cent brain is at great deleterious risk, compared 
to the adult brain [42]. The deleterious effects of 
weekly cannabis use by teenagers are evident, 
which include lower IQ scores, decreased verbal 
memory, poorer executive function, decreased 
sustained attention, neurocognitive abnormalities, 
and abnormalities in brain morphometry [37].

The findings below signify the importance of 
identification of adolescent cannabis use and pre-
natal cannabis exposure to prevent and minimize 
damage to the developing brain.

 Epidemiology of Youth 
Cannabis Use

The American population’s perception of cannabis 
risk has significantly decreased. According to the 
Monitoring the Future Study, since 2016 there has 
been some leveling of inhalational cannabis trends 

among 10th and 12th graders, while some increase 
in use among 8th graders [33]. As cannabis usage 
increases and the public perception shifts, viewing 
cannabis as less harmful, likewise the age of first-
time cannabis use declines [28]. Clinical criteria for 
cannabis use disorder may be met at any age; how-
ever, such criteria among users are met most often 
during adolescence or young adulthood [4, 15].

 Risk and Prognostic Factors May 
Be Divided into Temperamental, 
Environmental, and Genetic 
Categories

 Temperamental Risks
Certain personal temperamental risk factors 
increase the likelihood of adolescent cannabis use 
disorder. Internalizing or externalizing disorders, 
antisocial personality disorder, and conduct dis-
order in children and adolescents are associated 
with greater risk of future substance use disorders. 
Likewise, these factors also increase the likeli-
hood of cannabis use disorder [3]. Behavioral 
disinhibition in young people is associated with 
early-onset substance abuse, including multiple 
substance involvement and conduct disorder [30].

 Environmental Risks
Certain risks are categorized as environment 
risks, which increase the likelihood of cannabis 
and other substance abuse. Such risks include 
poor academic performance, unstable/abusive 
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family situation, personal tobacco abuse, can-
nabis use by family members, family substance 
abuse, and low socioeconomic status. Since can-
nabis is readily available, this relative abundance 
within a community increases the risk of develop-
ing a cannabis use disorder [3]. Traditionally dur-
ing early teens, adolescents start drinking alcohol 
and using illicit substances. Higher-risk com-
munities have earlier onset of alcohol and sub-
stance use at elementary and early middle school 
periods [22]. Cannabis is frequently among the 
first drugs of adolescent experimentation in the 
United States, among all demographics [19].

 Genetic and Physiological
Genetic factors are thought to influence the devel-
opment of cannabis use disorders [1]. Heritable 
factors have been estimated to contribute between 
30% and 80% of the total variance in risk, regard-
ing cannabis disorders. Given the common envi-
ronmental and genetic factors, shared between 
abusers of cannabis and other substances, there is 
likely a common genetic basis for conduct disor-
der and adolescent substance abuse.

 Underage Cannabis Use in the Context 
of Other Substances
Lifetime use among American eighth grad-
ers (13–14-year-old cohort) includes alcohol 
(22.8%), electronic cigarettes (17.5%), cannabis 
(12.8%), tobacco cigarettes (9.8%), inhalants 
(7.7%), prescription amphetamines (5.7%), and 
prescription tranquilizers (3.0%) [34].

The Texas School Survey of Drug and Alcohol 
Use provides data for cohorts younger than age 
12, grades 4–6. The Texas study reveals the life-
time use for the following drug categories within 
the fourth grader cohort: alcohol (12.7%), nico-
tine (2.8%), cannabis (0.8%), and inhalants (liq-
uids, sprays, and gases that people sniff or inhale 
to get high) (11.1%). Among fourth graders, other 
drug categories were not evaluated. This survey 
also reveals that many fourth graders report that 
they never heard of cannabis (26.1%), inhalants 
(16%), nicotine (6%), and alcohol (3.6%). Given 
the lack of knowledge of many fourth graders and 
their lifetime use data, it can be hypothesized that 
many first initiate their use in late childhood (as 

young as 9), with increased incidence of usage 
into early adolescence [47].

According to the Monitoring the Future 
National Survey Results on Drug Use, 35.6% 
of 12th graders used cannabis within the past 
12 months, ranking this drug as the second most 
commonly used [34]. There is an inverse correla-
tion between the perception of the risk associated 
with marijuana use and actual use (Fig. 32.1) [53].

 Animal Models of Early 
Cannabis Use

The dose-dependent toxicity of the main psycho-
active component of cannabis, in brain regions 
rich in cannabinoid (CB1) receptors, is estab-
lished in animal studies [28].

Healthy adult rats demonstrate enhanced bind-
ing of CB1 receptors within areas such as the pre-
frontal cortex (PFC) in comparison to juveniles. 
Researchers assessed ontogeny of CB1 receptor 
in adolescent and adult rats in vivo using positron 
emission tomography. These findings suggest 
that there is increased reliance on the cannabi-
noid system as an adolescent’s brain develops 
[52]. Therefore regions undergoing maturation 
with CB1 receptors may be at increased risk for 
cannabis-induced alterations.

Using the rat model, cannabis use was asso-
ciated with measurable brain changes. Cha et al. 
used male rats to illustrate that adolescent rats 
(postnatal age 30–32  days) were much more 
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susceptible to cannabis exposure than adults 
(postnatal age 65–70  days), when exposed to 
delta9-tetrahydrocannabinol (THC). The effects 
of THC on male adolescent and adult rats in the 
Morris water maze were measured. Adolescent 
and adult rats were treated acutely with THC 
doses varying between 2.5 and 10 mg/kg or con-
trol vehicle while trained on the spatial version 
of the water. THC impaired both spatial and non- 
spatial learning more in adolescents more than 
in adults at all doses tested. The authors also 
mentioned that this chemically induced develop-
mental sensitivity is analogous to the effects of 
ethanol [14].

In another study using the rats, Schneider 
and Koch concluded that chronic pubertal, but 
not adult chronic cannabinoid treatment impairs 
sensorimotor gating, recognition memory, and 
the performance in a progressive ratio task in 
adult rats. Adult and pubertal rats were exposed 
for 25 days to the synthetic cannabinoid agonist 
WIN 55,212-2 (1.2 mg/kg) or the control vehicle. 
The following endpoints were measured for each 
animal: object recognition memory, performance 
in a progressive ratio operant behavior task, 
locomotor activity, and prepulse inhibition of 
the acoustic startle response. Prepulse inhibition 
was significantly disrupted only by chronic peri-
pubertal cannabinoid treatment. Interestingly, 
this long-lasting prepulse inhibition deficit was 
reversed by the medication haloperidol, a dopa-
mine antagonist. Pubertal-treated rats also had 
lower break points in progressive ratio schedule. 
Adult rats exposed to the synthetic cannabinoids 
did not show any difference between controls. 
The study highlights the vulnerability of rats to 
cannabinoid agonists during puberty. The authors 
draw parallels to human disease. Since prepulse 
inhibition deficits, object recognition memory 
impairments, and anhedonia/avolition are among 
the endophenotypes of schizophrenia, they sug-
gest that chronic cannabinoid administration dur-
ing pubertal development may serve as an animal 
model for some aspects of schizophrenia [50].

Euphoria and reward processing involve 
amygdala and nucleus accumbens, observed in 
substance abuse models. Animal cannabis mod-
els have revealed that cannabinoid substances 

can alter the synaptic transmission of nucleus 
accumbens [38] and amygdala [5]. Rat model of 
THC exposure illustrates that structural abnor-
malities occur in the nucleus accumbens of 
THC- treated rats, similar to experiments which 
illustrated rat brain changes due to amphetamine 
exposure [35]. These findings suggest that canna-
binoids promote dopamine activity in the meso-
limbic dopamine system. Kolb et  al. exposed 
rats to THC for 12  days, with either low dose 
(0.5 mg/kg) or escalating doses (0.5–4.0 mg/kg). 
Golgi-Cox staining was used to evaluate brain 
histology. All rats exposed to THC (regardless of 
dose) had increased length of the dendrites and 
increased number of dendritic branches in the 
shell of the nucleus accumbens in the medial pre-
frontal cortex, when compared with THC-naïve 
controls. Researchers did not appreciate the his-
tological change in the hippocampus, striatum, 
orbital frontal cortex, parietal cortex, or occipital 
cortex, when comparing the two cohorts [35].

 Human Evidence

 Prenatal Cannabis Exposure

Cannabis consumption during pregnancy has 
been associated with gestational disorders such 
as preterm birth, intrauterine growth restriction, 
low birth weight, and increased risk of miscar-
riage [40]. However, the underlying biochemical 
mechanisms are not fully understood.

Garcia-Serra et al. revealed that only a small 
fraction of pregnant women using substances 
admitted their use. Of the 107 pregnant women 
evaluated, maternal hair analysis showed a 15.9% 
positivity for drugs of abuse (17 cases): 11 canna-
bis, 7 cocaine, 1 cannabis and ecstasy, and 1 can-
nabis and cocaine. Only one mother admitted to 
cannabis use and another one to cocaine use [25].

Cannabis and cigarettes are the most com-
monly used substances among pregnant women 
[43]. Early brain development is very suscep-
tible to substances, even nicotine. The proposed 
mechanism for nicotine-related disruption of 
neurodevelopment is through the effects of ace-
tylcholine. Jacobsen el at. evaluated white matter 
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of adolescent smokers and nonsmokers with and 
without prenatal exposure to maternal smoking. 
Authors suggest that nicotine-induced disruption 
of the development of auditory corticofugal fibers 
may interfere with the ability of these fibers to 
modulate ascending auditory signals, leading to 
reduced efficiency of neurocircuitry that supports 
auditory processing [31].

Cannabis-induced neurobehavioral changes 
can be detected in newborns and persist into later 
stages of child development and adulthood. In 
utero cannabis exposure leads to impairments 
in specific functional domains including cogni-
tive deficits, impairments in inhibitory control, 
impulsivity, hyperactivity, and increased risk of 
developing an addiction disorder later in life [16, 
17, 43, 57] (Table 32.1).

THC concentrations in the fetus are lower 
than in mother [26]. Pregnant rhesus macaque 
monkeys were administered intravenous doses of 
0.3 mg/kg THC, and fetal compartment distribu-
tion was measured. THC concentration peaked 
15  minutes after maternal intravenous intake. 
Samples were analyzed for THC and a major 
metabolite, 11-nor-9-carboxy-THC, by radioim-
munoassay. Fetal concentrations were 28% of 
the maternal measurements. THC half-life was 
greater in the fetal compartment, compared to the 
pregnant mother [6].

During early fetal development, the endo-
cannabinoid system starts to develop, which is 

integrated with other neurotransmitter systems. 
Cannabis exposure during the prenatal period 
may cause changes in structures involved in 
the regulation of emotional systems and execu-
tive functions. Affected central nervous system 
regions, which have been implicated, include 
the mesolimbic system, prefrontal cortex, the 
hypothalamic- pituitary axis, and striatum [48].

The cannabinoid receptor one (CB1) is respon-
sible for the effects of cannabis on motor and cog-
nitive function in the CNS. Wang et al. used in situ 
hybridization to evaluate CB1 mRNA expression 
in normal human fetal (approximately 20 weeks 
of development) and adult brains. Fetal brains 
had distinct heterogeneous patterns of the CB1 
mRNA expression in various regions. There was 
greater expression of the mRNA in the hippocam-
pal cornu ammonis region and basal nuclear group 
of the amygdaloid complex. In the adult brain, 
the regions with positive gene expression were 
the same regions which were positive for CB1 
mRNA in the fetal brain, such as the hippocam-
pus. Additionally, the adult brain had greater gene 
expression in the cerebral cortex, caudate nucleus, 
putamen, and cerebellar cortex. The authors con-
clude that “the high CB1 mRNA expression in the 
fetal hippocampus and amygdala indicates that 
these limbic structures might be most vulnerable 
to prenatal cannabis exposure” [54].

In another study Wang et  al. used in situ 
hybridization histochemistry to evaluate mRNA 
expression in mid-gestation (weeks 18–22) 
human fetal specimens. Pregnant women with 
evidence of cannabis use were compared to 
pregnant non-users (controls). Gene expressions 
for CB1 and dopamine receptor subtypes, D1 
and D2, were evaluated. The targeted anatomic 
structures were striatum and mesocorticolimbic 
structures (amygdala and hippocampus). Fetuses 
of pregnant women who used cannabis had sub-
sequent reduction of D2 mRNA expression in the 
amygdala basal nucleus. This effect was greater 
in male fetuses. The magnitude of this gene 
expression change was related to the amount of 
maternal cannabis intake during pregnancy. The 
authors state that “in utero cannabis exposure 
may impair distinct mesocorticolimbic neural 
systems that regulate emotional behavior” [55].

Table 32.1 Summary of developmental effects associ-
ated with prenatal cannabis exposure in humans

Prenatal cannabis exposure
Neonate Tremors and exaggerated startle
9 months Impaired mental development
3–4 years Impaired short-term memory

Impaired verbal, visual, abstract, and 
quantitative reasoning

6 years Impaired sustained attention
Increased impulsivity and hyperactivity

9–12 years Impaired visual problem-solving and 
executive functioning
Increased inattention, impulsivity, and 
hyperactivity

14–
21 years

Increased risk for smoking and 
marijuana use

Used with permission from Samer Narouze, MD, PhD
Data compiled from Refs. [16, 17, 24, 43, 57]

S. N. Narouze



263

Maternal cannabis and alcohol exposure dur-
ing pregnancy result in diminished opioid-related 
genes in the central nervous system. The mRNA 
expression for opioid peptide precursors pre-
prodynorphin and preproenkephalin and opioid 
receptors (mu, kappa, and delta) were evalu-
ated. Pregnant women who used cannabis had 
fetuses with increased mu receptor expression in 
the amygdala, reduced kappa receptor mRNA in 
mediodorsal thalamic nucleus, and reduced pre-
proenkephalin expression in the caudal putamen. 
Alcohol use during pregnancy reduced kappa 
receptor mRNA in amygdala, claustrum, puta-
men, and insula cortex [56].

Prenatal cannabinoid exposure (PCE) can 
cause depression by decreasing serotonin levels 
while increasing dopamine levels. While cogni-
tive impairment is mediated by an increase in 
norepinephrine and a decrease in glutamate level. 
On the other hand, locomotor impairment is 
mediated by changes in the GABA and glutama-
tergic systems (Fig. 32.2).

The relation of prenatal cannabis to brain 
morphology was evaluated by neuroimaging in 
children aged 6–8  years old. Prenatal cannabis 
exposure resulted in cortical thickness differ-
ences. Cannabis-exposed children in utero had 
thicker frontal cortexes, compared to controls. In 

utero maternal cannabis smoking resulted in cor-
tical thinning of the superior frontal and superior 
parietal cortices [21].

The effects of prenatal marijuana exposure on 
delinquent behaviors are mediated by a decrease 
in neurocognitive functioning. A longitudinal 
study was performed by enrolling 580 preg-
nant women and monitoring the offspring for 
14 years. Standardized methods (The Self Report 
Delinquency scale and Child Behavior checklist 
delinquency subscale) were used to measure out-
comes, in addition to psychological, neurocog-
nitive, social, environmental, and demographic 
characteristics. Women who used cannabis during 
pregnancy were significantly more likely to have 
children at age 10 with attention problems and 
clinical signs of depression. Consequently, child 
depressive symptoms and attention problems at 
age 10 significantly predicted delinquency at 
14 years. At age 14, children of cannabis users 
during pregnancy (one or more joints per day) 
reported more delinquent  behavior, odds ratio 
1.76 (confidence interval 1.05–2.96) [17].

Three prospective longitudinal studies exam-
ining the effects of prenatal marijuana expo-
sure and delinquent behaviors have been widely 
cited. The Ottawa Prenatal Prospective Study in 
the late 1970s enrolled 698 pregnant women. 

Prenatal cannabis
exposure

Synaptic
impairment

Behavior
changes

Locomotor
impairment

↑AEA/2AG ↑ TH ↑ MAO ↑ Cortisol

↑ GABA↓ 5HT↓ Glutamate ↑ DA ↑ NE

↓GAT-I

Fig. 32.2 Prenatal cannabinoid exposure (PCE) and pos-
sible neurotransmitter system changes. (Data compiled 
from Ref. [46]. 2-AG, arachidonyl glycerol; 5HT, sero-
tonin; AEA, anandamide; DA, dopamine; NE, norepi-

nephrine; GAT-1, GABA transporter type1; MAO, 
monoamine oxidase; TH, tyrosine hydroxylase. © Samer 
Narouze, MD, PhD, used with permission)
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In 1982 Maternal Health Practices and Child 
Development Study in Pittsburgh enrolled 1360 
women. The Generation R study in Rotterdam, 
the Netherlands, enrolled 9778 mothers, who 
delivered between 2002 and 2006. A summary 
of their findings is summarized in Table  32.1. 
Convergent findings link cannabis use during 
pregnancy to offspring behavioral issues [29].

 Early-Onset Substance Use 
and Subsequent Substance Disorder

Adolescents are at great risk of substance use dis-
order (SUD) development with early substance 
exposure and use, making this age group particu-
larly vulnerable and high risk [37].

Nicotine use disorder (NUD) is much more 
likely when children start using the substance 
regularly at age 10. Specifically, young female 
users are at greater risk of developing NUD, 
compared to other cohorts [36].

Adolescent alcohol use is associated with 
increased lifetime risk for developing an alcohol 
use disorder [41].

Likewise, early cannabis use is associated 
with an increased risk of developing cannabis 
use disorder (CUD): 11.5% of adults who used 
cannabis before age 14 developed the Diagnostic 
and Statistical Manual of Mental Disorders Fifth 
Edition (DSM-5) criteria for. In contrast, only 
2.6% adults who first used cannabis after age 18 
developed CUD [49].

 Early Cannabis Use Results 
in Measurable Brain Changes

Since greater neuromaturation takes place at 
younger ages, the impact of cannabis on the 
brains of adolescents is more significant [28]. 
Zalesky et al. illustrated that heavy cannabis use 
resulted in impaired axonal connectivity in sev-
eral regions of the corpus callosum. They revealed 
that the age of cannabis use onset impacted both 
radial and axial diffusivity. The severity of micro-
structural changes is correlated with earlier onset 
of cannabis use [58].

Cannabis use is quantitatively associated with 
nucleus accumbens and amygdala abnormalities 
in young adult recreational users (Gilman et al. 
2014). There is great density of endogenous can-
nabinoid receptors (which bind to THC) located 
specifically in nucleus accumbens and amygdala 
[11]. The amygdala and nucleus accumbens are 
involved in reward processing. Euphoria asso-
ciated with substance use involves these two 
structures. It has been established that the ven-
tral tegmental area and the nucleus accumbens 
have critical roles in the processing of rewarding 
stimuli and consequently in drug addiction [38].

Gilman et  al. evaluated right-handed young 
adult recreational cannabis users (versus con-
trols) with high-resolution MRI.  The authors 
specifically mentioned that “marijuana partici-
pants used marijuana at least once a week, but 
were not dependent, according a Structured 
Clinical Interview for the DSM-IV.” Gray matter 
density, surface morphometry, and regional and 
total brain volumes were then measured. Young 
adult cannabis users had greater gray matter 
density in the left nucleus accumbens extending 
to subcallosal cortex, hypothalamus, sublen-
ticular extended amygdala, and left amygdala. 
Dose- dependent volume changes were noted in 
left nucleus accumbens. Statistically significant 
shape differences were also detected in the left 
nucleus accumbens and right amygdala. These 
findings show that cannabis use, less than doses 
that meet DSM-4 abuse criteria, results in dose- 
dependent changes in neural reward structures 
(Gilman et al. 2014). This data is consistent with 
dendritic arborization in animal models men-
tioned above [35]. Alcohol intake was taken into 
consideration: cannabis users reported drinking a 
greater number of alcoholic drinks per week than 
cannabis-naïve controls (Gilman et al. 2014).

 Cannabis Psychiatric Side Effects 
in Younger Users

Changes in energy levels affect stability, and eat-
ing habits are often observed with adolescent 
cannabis user. In this cohort dramatic decrease 
in academic performance, absenteeism, and 

S. N. Narouze



265

decrease interest in school activities are often 
observed. These observations are likely due to 
acute intoxication and the subsequent coming- 
down effect. Actions taken by adolescents, in 
order to hide their cannabis usage, also result in 
behavior changes [39].

Cannabis usage before age 15 is a strong pre-
dictor for future cannabis abuse, risk of mental 
diseases, and abuse of other substances. These 
subsequent manifestations may be seen by early 
adulthood [23, 39].

Early cannabis use is associated with external-
izing issues, such as conduct disorder. Adolescent 
use of marijuana is a predictor of internalizing 
problems, indicative that early use is an indepen-
dent risk factor for the development of mental 
health disorders [18]. About a third of adoles-
cents with cannabis use disorder have internal-
izing disorders (such as depression, anxiety, 
posttraumatic stress disorder), and about 60% 
have externalizing disorders (such as ADHD 
and conduct disorder) [3]. About 30% of bipo-
lar patients also have current cannabis usage or 
dependence. Cannabis usage is related to earlier 
onset of first manic episode [7]. Cannabis usage 
during youth (adolescence) is correlated with 
greater prevalence of depression [13].

Marijuana smokers, ranging between 14 and 
17 years old, are more impulsive. Dougherty et al. 
reported significantly higher Barratt Impulsiveness 
Scale scores in adolescent cannabis smokers rela-
tive to non-cannabis-smoking control subjects. 
14–17-year-old subjects were evaluated on mul-
tiple cognitive and behavioral domains, including 
decision-making, attention, memory, and impul-
sivity. After controlling for performances across 
all measures, impaired short-term recall memory 
and consequence sensitivity impulsivity were 
associated with marijuana use. The authors con-
clude that their finding is consistent with previ-
ous observations that adolescent marijuana use is 
strongly associated with cognitive and behavioral 
impairments. They add that these specific perfor-
mance deficits are potential therapeutic targets of 
intervention for vulnerable cohorts [20].

Cannabis is viewed as a “gateway” drug. 
Frequent cannabis users have a much higher 
lifetime probability of abusing other substances 

(such as cocaine and opioids), compared to non-
users [19]. Cannabis use before age 17 is strongly 
correlated with substance use and the abuse of 
other illicit drugs use before age 18 [2]. Sixty- one 
percent of cannabis users below age 18 reported 
problematic use of other substances: alcohol 
(48%), cocaine (4%), methamphetamine (2%), 
and heroin/other opiates (2%) [3]. Adolescent 
medical cannabis users were approximately two 
times more likely to report the nonmedical use 
of prescription drugs and illicit substances, other 
than cannabis [10].

Adolescents and young adults who use multi-
ple simultaneous substances have neurocognitive 
deficits above and beyond the impact of added 
single substances. Effects of multi-substance use 
are greater, when examining evidence of alcohol 
and nicotine, cannabis and nicotine, alcohol and 
cannabis, cannabis and methamphetamine, and 
alcohol and cocaine [37].

 Early-Onset Cannabis Use Produces 
Greater Brain Morphologic Changes

Battistella et al. show gray matter changes, using 
voxel-based morphometry, in a group of regular 
cannabis smokers in comparison with a group of 
occasional smokers. The study shows that regu-
lar cannabis use is associated with gray matter 
volume reduction in the medial temporal cortex, 
temporal pole, parahippocampal gyrus, insula, 
and orbitofrontal cortex. These regions are asso-
ciated with emotional, motivational, and affective 
processing, with ample cannabinoid CB1 recep-
tors. Positive results correlated with the frequency 
of cannabis use. The magnitude of gray matter 
volume reductions correlated with either heavy 
use or adolescent onset use. In adolescent- onset 
cannabis subjects, significant gray matter volume 
reduction was observed, even if the current intake 
levels were classified as recreational (in distinc-
tion with heavy) use. The authors concluded that 
adolescent cannabis use affects developmental 
ontogenic processes, which are significant and 
long lasting [8].

Researchers have postulated that early can-
nabis use results in alterations in synaptic con-
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nections, leading to poorer cognitive functioning. 
Shollenbargera et  al. examined the relation-
ships between cannabis use and prefrontal cor-
tex (PFC) and inferior parietal gyrification in 
subjects between 18 and 25  years old, divided 
into cannabis users and controls. (As previously 
mentioned, many in this cohort started during 
adolescence.) Those with comorbid psychiatric/
neurologic disorders and other drug use were 
excluded. Cannabis use was correlated with 
decreased gyrification in ventral-medial prefron-
tal cortex, medial prefrontal cortex, and frontal 
poles. Significant differences were not found in 
hemispheric or inferior parietal local gyrification 
index, suggesting that aberrant gyrification may 
be localized to specific PFC regions in emerging 
adults. Cannabis use was associated with slightly 
decreased surface area in medial and ventral lat-
eral prefrontal cortexes. The authors concluded 
that their findings have cognitive implications, 
since they found an association between canna-
bis use and reduced gyrification in regions asso-
ciated with self-referential thought and social 
cognition [51].

Gruber et  al. examined the relationship 
between age of onset of cannabis use, white mat-
ter microstructure, and reported impulsivity in 
chronic heavy cannabis smokers. Cannabis users 
had significantly greater self-reported impulsiv-
ity scores, compared to healthy controls. The 
Barratt Impulsiveness Scale (BIS) was used 
to quantify impulsivity tendencies. Each of the 
three BIS subscores and the total score reached 
statistical significance: attention (t(41)  =  1.89, 
p = 0.03), motor (t(41) = 1.91, p = 0.03), non- 
planning (t(41) = 1.92, p = 0.03), and total impul-
sivity (t(41) = 2.28, p = 0.01) [28].

Early-onset cannabis users consume more can-
nabis, compared to later-onset users. Younger- 
onset cannabis smokers versus those who started 
older smoked more often (smokes/week; 18.76 vs. 
15.51) and more than twice as much marijuana per 
week (grams/week; 14.65 vs. 6.66) [28].

There is a relationship between fractional 
anisotropy changes and behavioral impulsiv-
ity in cannabis smokers, especially in subjects 
who started before age 16. Cannabis users had 
significantly reduced fractional anisotropy in 

both left and right genu of the corpus callosum 
with statistically significantly higher Barratt 
Impulsiveness Scale scores, compared to non-
user controls. This relationship was stronger 
among cannabis users who started before turn-
ing 16 years old, compared to those who started 
using cannabis after becoming 16  years old. A 
strong association was revealed between the can-
nabis onset age and fractional anisotropy in both 
the left and right genu, implicating cannabis as 
a cause for lower white matter fiber integrity in 
the anatomical areas. The authors postulate that 
the findings are due to alterations in cannabinoid 
receptors, disrupting normal adolescent white 
matter development [28]. This pre-16-year-old 
use cohort has demonstrated limited ability to 
inhibit inappropriate responses during cognitive 
assessments [27] .

The pathophysiology of increased impulsiv-
ity may be alterations in the crossing of fibers 
through the genu [28]. These fibers connect the 
left and right dorsolateral prefrontal cortex, which 
have strong interconnections to the anterior cin-
gulate cortex [44, 45]. Dorsolateral prefrontal 
cortex and anterior cingulate cortex are compo-
nents of the cingulo-fronto-parietal cognitive 
attention network, which have roles in executive 
control, inhibition, attention, and feedback-based 
decision-making [12]. This study’s limitation 
includes the concurrent use of tobacco by some 
subjects [28].

 Human Study Limitations: Subjects 
Using Multiple Substances

Identification of early-onset cannabis side effects 
are challenging, due to study design limitations. 
Many studies are observational, not accounting 
for co-use of substances, which have unique 
impacts, potentially modifying outcomes. Lack 
of adequate control subjects also influences 
the strength of cannabis studies. Mostly cross- 
sectional studies do not allow for temporal con-
clusions, regarding cannabis exposure followed 
by neurocognitive findings. Many studies do not 
measure the potency of the cannabis products 
used by the subjects. Often unaccounted for is 
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the strain of plant or type of cannabis products, 
tetrahydrocannabinol (THC) or cannabidiol 
(CBD) [37].

Many factors can impact findings, including 
total exposure (quantity/frequency), potency and 
content, route of administration, outcomes such 
as hangover symptoms, and co-use of substances. 
ABCD Substance Use module assesses the wide 
variety of available substances in society from 
OTC cough/cold medicines, caffeine, anabolic 
steroids, and tobacco products to various inhal-
ants and various illicit substances. Regarding 
cannabis, researchers should account for the dif-
ferent variables associated with its usage: route 
of administration (smoked versus ingested versus 
inhaled), concentration, potency, synthetic can-
nabinoids, cannabis tinctures, cannabis-infused 
alcohol, and edible cannabis [37].

Brain changes noted in users of both cannabis 
and alcohol are complex. Altered white matter 
microstructure in adolescents was identified in 
alcohol and cannabis-using teenagers, compared 
with controls. Inferior frontal and temporal areas 
decrease in fractional anisotropy [9]. Jacous 
et  al. compared adolescents who used cannabis 
and participated in binge-drinking and those who 
did not use cannabis and participated in binge- 
drinking. Binge-drinkers who used cannabis 
had higher fractional anisotropy values, which 
revealed some cannabis-related protection. This 
finding may have been due to cannabis function-
ing as a substitute for alcohol at times, further 
reducing the negative impact of alcohol-related 
oxidative stress [32].
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Introduction

The relationship between cannabis and mental 
health is a highly debated and complex topic. 
While directionality between associations has yet 
to be determined, there does appear to be an asso-
ciation. Though there is evidence that in some 
individuals cannabis use may result in adverse 
mental health outcomes, there is also evidence to 
support the opposite, with cannabis being shown 
as beneficial for some conditions. An additional 
layer of complexity comes from differences 
between recreational and medical users. 
Intentions and patterns of use are inherently dif-
ferent between the two populations. As such, so 
are certain risks and considerations. To date, a 

large portion of the literature is from recreational 
studies. Translations to medical populations 
should be made with caution. Cannabis 
Recommending Clinicians (CRC) should be 
aware of both risks and potential benefits for can-
nabis and mental health.

 Cannabis and Risk of Psychosis

One of the primary concerns resulting from the 
use of cannabis is risk of psychosis. The relation-
ship between cannabis and psychosis is complex. 
Important considerations regarding cannabis use 
patterns, risk of precipitation or relapse of a psy-
chotic illness, and the risk of exacerbation of 
residual psychosis are still not thoroughly under-
stood, particularly for medical populations. 
These must be acknowledged when interpreting 
the evidence around psychosis risk and cannabis. 
Careful attention should be paid to how well evi-
dence coming from recreational populations may 
transfer to medical populations.

In the stress-diathesis model of disease, psy-
chiatric illness develops due to the intersection of 
one’s genetic, biological, psychological, social 
vulnerabilities, and liabilities. The risk of devel-
oping or aggravating psychosis from cannabis 
use is dependent on the burden of biopsychoso-
cial vulnerabilities and the presence of internal 
and external stressors.

The risk of initiation of a de novo psychotic 
episode or the development of a new psychotic 
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illness in individuals without underlying risk fac-
tors or genetic predisposition appears to be low. 
Much of the literature pointing to increased psy-
chosis comes from recreational cannabis users; 
who use higher THC doses, frequently used in 
adolescence, and have risk factors and/or a 
genetic predisposition to psychosis. The risk of 
cannabis and a psychosis relapse in those with 
previously stable psychosis, as well as the exac-
erbation of residual psychosis (in those with per-
sistent psychotic illness), is less clear. Both of 
these groups may have other concurrent disorders 
or symptoms clusters including anxiety, depres-
sion, PTSD, insomnia, or pain, which may lead to 
self- medication with cannabis. Clinical observa-
tion and case reports show that for some patients, 
the use of cannabis may lead to reduced psycho-
logical distress from the burden of their psychotic 
illness. This reduction in psychological distress 
may be due to the alleviation of these secondary 
symptoms. It is therefore reasonable to bal-
ance the overall risks and benefits of cannabis use 
to patients with psychosis on a case-by-case 
basis. It is important to note that the risk of psy-
chosis is related to THC dose. When weighing 
risks and benefits, the patterns of use must be 
taken into account.

It is important to distinguish cannabis intoxi-
cation-related perceptual disturbance from psy-
chotic illness, which has functional implications. 
Psychotic illness in this context is defined in a 
broad sense, including schizophrenia and other 
psychotic-related illnesses. Brief psychosis and 
chronic psychotic illness may have different risk 
factors that are not well delineated. Bipolar affec-
tive disorders may have similar risk patterns, and 
therefore the above comments on psychosis may 
be applicable to bipolar affective conditions.

The National Academies of Sciences’ compre-
hensive review in 2017 concluded that increased 
levels of cannabis use were associated with an 
increased risk of developing psychosis. This risk is 
further increased with genetic vulnerabilities, expe-
riences of childhood trauma/maltreatment or early 
stressors in life, and early age of initiation and reg-
ular use, making some individuals more vulnerable 
to the effects of cannabis than others [1–3].

Genetic predisposition may account for 
69–84% of the link between cannabis and psy-

chosis [4]. A meta-analysis examining 30 studies 
of healthy controls compared to those at ultra- 
high risk (UHR) of psychosis revealed that not 
only did UHR individuals have increased rates of 
cannabis use and cannabis use disorder (CUD), 
but they also had increased positive symptom-
atology such as paranoia and unusual thought 
content compared to controls [5]. Twin studies 
also reveal heritability estimates for CUD rang-
ing from 51% to 70%, with strong expression of 
a particular trait locus variant for cholinergic 
receptor nicotinic α2 subunit (CHRNA2) associ-
ated with increased risk of CUD, worsening cog-
nitive performance, increased risk of 
schizophrenia, and attention deficit hyperactivity 
disorder (ADHD) [6]. Presence of a single nucle-
otide polymorphism in the AKT1 genotype or a 
catechol-O-methyl transferase (COMT) gene 
with a valine-to-methionine (Val/Met) polymor-
phism has been implicated in the development of 
psychosis and risk for cannabis-induced psycho-
sis especially when use commences in adoles-
cence [7, 8].

Among individuals with current psychosis 
and/or bipolar disorders, acute THC administra-
tion increases suspiciousness, perceptual disor-
ganization, and paranoia compared to 
individuals without psychosis or bipolar disor-
der [9]. Ongoing recreational cannabis use in 
this population has been found to lead to an 
exacerbation of symptoms (including an 
increased number of episodes), decreased adher-
ence to medications (including a reduced treat-
ment response), and an overall poorer prognosis, 
especially with frequent, high- potent cannabis 
use [8]. Individuals with schizophrenia who 
were former frequent users of cannabis were 
significantly less likely to have a relapse in psy-
chosis compared to those with schizophrenia 
currently using high-potent chemovars [10]. 
Moreover, benefits were observed among those 
using cannabis in smaller doses of less potency 
taken less often (less than monthly) [10]. High-
potency chemovars may be preferred by patients 
with psychotic disorders in an attempt to control 
symptoms. In cannabis-using patients with 
schizophrenia, many reported the effects pro-
duced from high potency CBD and low potency 
THC chemovars were too short and weak.
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THC may precipitate psychosis in certain indi-
viduals with risk factors and high-risk patterns of 
use. However, the majority of medical cannabis 
users do not experience psychosis/schizophrenia. 
This is most likely, at least in part, due to intent of 
use and use patterns that favor less potent THC 
chemovars and lower overall quantities used. It 
remains important to understand the risk factors 
and prevalence of psychotic-like experiences and 
psychosis among the general population. 
Specifically, heavy and daily use of cannabis, com-
bined with an early onset of use, personal/family 
history of psychosis, and continued use after expe-
riencing a psychotic episode, can pose an increased 
risk for the onset of psychosis (Table 33.1).

In summary, it appears that the majority of 
new cases of  psychosis involving  cannabis  use 
among those with psychosis risk factors  including 
genetic predisposition. The risk of cannabis and 
its potential influence on the clinical course for 
either psychosis relapse or residual psychosis 
exacerbation is not clear from the literature, and 
likely varies on a case-by-case basis. CBD does 
not appear to pose the same inherent risk as THC 
and should be considered as a separate treatment 
option; it may be used as an adjuvant in the man-
agement of treatment-resistant psychosis. It is 
important for future research to clarify the dis-
tinction between association and causation 
between cannabis use and psychosis.

 Cannabis Use Disorder (CUD)

Cannabis misuse can lead to clinically significant 
impairment or distress, known as cannabis use 
disorder (see Chap.  38 on Cannabis Use 
Disorder). Some clinical features of CUD include 
difficulty reducing use; expressions of concern 
from social networks; demanding prescriptions; 
poor work, school, and/or social functioning; 
mood, anxiety, or psychotic symptoms; other 
substance abuse; interference with completion of 
productive activities; and experiences of with-
drawal symptoms (e.g., anxiety, fatigue). CUD is 
typically more prevalent among recreational 
users than medical users for a variety of reasons, 
including clinician monitoring, standardization 
of doses and products, etc.

It is important to screen for risk of CUD using 
validated questionnaires such as the Cannabis 
Use Disorder Identification Test-Revised 
(CUDIT-R) [22] or a modified Opioid Risk Tool 
(ORT) [23]. Only the CUDIT-R is specific to can-
nabis; however, the ORT highlights a number of 
important considerations for risk of opioid addic-
tion which are relevant and similar to the risk for 
cannabis addiction. Each test has limitations that 
clinicians should be familiar with. For example, 
most medical cannabis patients use cannabis as 
medicine on a daily basis for their chronic 
condition(s). Good clinical judgment should be 
applied when scoring the CUDIT-R, in particular 
for medical patients, as they would receive an 
additional  4 points for using cannabis “4 or more 
times a week.” Some risk factors for CUD include 
premorbid depression, current substance use 
(tobacco, alcohol, and/or illicit substances), 
childhood traumas, low socioeconomic status, 
and an early age of initiation of 
use.  Interestingly, many of these same  risk fac-
tors overlap with those for risk of psychosis with 
recreational cannabis. 

Behavioral factors such as chronic use that is 
intensive (daily or near daily) are associated with 
worsening mental health trajectories. A more 
severe CUD diagnosis (out of mild, moderate, 
severe) is more strongly associated with mood 
and anxiety disorders compared to milder diag-
noses [24]. Individuals with mood and anxiety 
disorders are more likely to engage in behaviors 

Table 33.1 Risk factors for psychosis with recreational 
cannabis use

Genetic vulnerability/family history of psychosis; 
personal history of mental health illness [4–10]
Childhood traumas/maltreatment; early stressors in 
life [1–3]
Frequent (daily/near-daily), chronic, heavy use 
(amount used each time) [4, 8, 11–13]
High-potent use (high THC concentrations) [11, 
14–17]
Use of cannabis in adolescence (see Chap. 34 on 
Cannabinoids and Adolescence) [18]
Continued use after experiencing a psychotic episode 
[1, 8]
Route of administration [19–21]
Intent of use
Combination of any of the above factors increases this 
risk further [1, 3, 8]

© Caroline MacCallum MD, used with permission
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that contribute to this risk, such as using high- 
potency cannabis in an effort to mitigate their 
negative symptoms [25, 26]. However, high- 
potency cannabis use among this population can 
exacerbate symptoms of depression [27, 28] and 
anxiety  [29–31], with doses as low as 5  mg of 
THC eliciting anxiogenic responses [32].

Like cannabis and psychosis, genetic predis-
position may account for the association between 
cannabis and anxiety. Individuals with a short 
allele in the 5-HTLPR gene experience greater 
anxiety when using cannabis, particularly upon 
frequent, high-potency use [8]. Regular recre-
ational cannabis users were found to experience a 
greater prevalence of current mental health dis-
tress compared to less frequent users (10.1% vs. 
18.4%), and a greater incidence of a prior diagno-
sis of depression (18.4% vs. 29.9%) [31].

 Cannabis Withdrawal Syndrome

Cannabis withdrawal syndrome (CWS) can lead 
to a variety of symptoms. CWS can develop 
between one and seven days post-cessation of 
use, and can last up to 28  days [33]. Cannabis 
withdrawal has been proposed to contribute to 
continued recreational cannabis use [34] and 
likely contribute to the development of 
addiction.

Cannabis withdrawal may produce irritability, 
nervousness/restlessness, low mood, reduced 
appetite, chills, and insomnia. CWS is not com-
monly seen in the medical population, especially 
in patients using chemovars with higher CBD con-
tent. Although there is some evidence for with-
drawal among recreational populations, it is rarely 
serious enough to require medical intervention, 
[35] and typically is not observed frequently over-
all among individuals who use cannabis. Only 
one-third of recreational cannabis users in the gen-
eral population experience withdrawal symptoms 
compared to 50–95% of heavy users in institu-
tional or research settings [36]. Medical cannabis 
patients consume less than 2.5 g/day on average 
[37]. Clinically, CWS is not seen in patients stay-
ing within this appropriate medical cannabis dos-
ing range, as symptoms are dose-dependently 
related to THC, and may not apply in the context 

of CBD.  If withdrawal is responsible for symp-
tomatology, physicians can alter dosing and can-
nabinoid composition to manage or treat these 
symptoms of anxiety [33]. For example, in patients 
consuming > 3–5 grams/day of dried flower, some 
clinicians may  suggest a  dose increase of CBD 
(usually in the form of oil) in order to facilitate 
THC dose reduction, or ultimately (where possi-
ble), a THC “washout” as a means of harm reduc-
tion. It has been observed in the author’s clinical 
practice that a THC washout for at least five to 
seven days (ideally one to two weeks, but this is 
frequently not possible in these individuals) may 
be sufficient to serve as a “THC reset”. After this 
intervention, these patients will commonly behave 
as if they were THC naive. If/when they restart 
THC (oil is preferred over inhaled for more con-
sistent symptom control and to reduce the risk of 
euphoria), they have been observed to benefit from 
much lower doses of THC. These lower THC 
doses may be maintained over time without need 
for escalation (especially in combination with 
CBD oil). These patients are best cared for by phy-
sicians with the required cannabis  expertise to 
manage the troubleshooting and complexities of 
these cases.

 Other DSM-5 Cannabis-Induced 
Mental Health Disorders

 Cannabis-Induced Psychotic Disorder 
[38, 39]

 A. Presence of delusions or hallucinations.
 B. Evidence from the history, physical examina-

tion, or laboratory findings of either one of 
the following:
 1. The symptoms in the first criterion devel-

oped during or soon after cannabis intoxi-
cation or withdrawal.

 2. The disturbance is not accounted for by a 
psychotic disorder that is not substance 
induced.

 C. Evidence that the symptoms are accounted 
for by a psychotic disorder that is not sub-
stance induced might include the following:
 1. The symptoms precede the onset of sub-

stance use (or medication use).
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 2. The symptoms persist for a substantial 
period (e.g., about a month) after the ces-
sation of acute withdrawal or severe intox-
ication, or are substantially more than 
what would be expected, given the type or 
amount of the substance used or the dura-
tion of use.

 3. Other evidence suggests the existence of 
an independent non-substance-induced 
psychotic disorder (e.g., a history of recur-
rent non-substance-related episodes).

 4. The disturbance does not occur exclu-
sively during delirium.

 5. The disturbance causes clinically significant 
distress or impairment in social, occupa-
tional, or other areas of functioning.

 Cannabis-Induced Anxiety Disorder 
[38, 39]

 A. Panic attacks or anxiety predominate in the 
clinical picture.

 B. Evidence from the history, physical examina-
tion, or laboratory findings of either of the 
following:
 1. The symptoms in the first criterion devel-

oped during or soon after substance intox-
ication or withdrawal.

 2. The disturbance is not better accounted for 
by an anxiety disorder that is not sub-
stance induced. Evidence that the symp-
toms are better accounted for by an anxiety 
disorder that is not substance induced 
might include the following:

 3. The symptoms precede the onset of sub-
stance use.

 4. The symptoms persist for a substantial 
period (e.g., about a month) after cessation 
of acute withdrawal or severe intoxication 
or are substantially more than expected 
given the type or amount of the substance 
used or the duration of use.

 5. Other evidence suggests the existence of 
an independent non-substance-induced 
anxiety disorder (e.g., a history of recur-
rent non-substance-related episodes).

 6. The disturbance does not occur exclu-
sively during delirium.

 7. The disturbance causes clinically signifi-
cant distress or impairment in social, 
occupational, or other important areas of 
functioning.

 Cannabis-Induced Sleep Disorder  
[38, 39]

 A. A prominent and severe disturbance in sleep.
 B. There is evidence from the history, physical 

examination, or laboratory findings of both of 
the following:
 1. The symptoms in the first criterion developed 

during or soon after cannabis intoxication or 
after withdrawal from or exposure to it.

 2. The disturbance is not better explained by 
a sleep disorder that is not substance/med-
ication induced. Such evidence of an inde-
pendent sleep disorder could include that:

 3. The symptoms precede the onset of can-
nabis use.

 4. The symptoms persist for a substantial 
period (i.e., about a month) after the cessa-
tion of acute withdrawal or severe 
intoxication.

 5. There is other evidence suggesting the 
existence of an independent non- 
substance-/medication-induced sleep dis-
order (i.e., a history of recurrent 
non-substance-/medication-related 
episodes).

 6. The disturbance does not occur exclu-
sively during delirium.

 7. The disturbance causes clinically signifi-
cant distress or impairment in social, 
occupational, or other important areas of 
functioning.

 Efficacy of Cannabis for Mental 
Health

 Anxiety and Depression

A recent systematic review and meta-analysis 
determined that pain symptoms (64%), anxiety 
(50%), and depression/mood (34%) were com-
mon reasons for medical cannabis use [40]. In a  
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separate review, relaxation and anxiety relief 
were found to be the two most widely reported 
reasons for using cannabis both recreationally 
and for medical purposes, with a consistent anx-
iolytic effect of cannabis for therapeutic purposes 
observed [33]. Worsening of anxiety disorders 
among patients using cannabis may be attributed 
to baseline factors (clinical and sociodemo-
graphic parameters) rather than cannabis use 
itself or to patients obtaining and using  alternative 
chemovars recreationally [33, 41]. Longitudinal 
evidence has shown either frequent recreational 
cannabis use preceding the onset of anxiety dis-
orders, anxiety disorders preceding the use of 
cannabis for medical purposes, or evidence for 
no association between cannabis use and anxiety 
[33]. Therefore, it is crucial to assess patterns of 
use, level of consumption, and cannabinoids con-
tent when attributing the harms of use to 
cannabis.

THC should be used with caution among con-
current active mood, anxiety, and/or substance 
use disorders. THC is anxiolytic at low doses and 
anxiogenic at higher doses. Among a Canadian 
cohort taking medical cannabis for anxiety, 
depression, and/or agoraphobia/panic disorder 
(n = 2032 survey responses), 92% of the total par-
ticipants stated that cannabis improved their 
symptoms, with 53.7% replacing non-psychiatric 
medication and 46.3% replacing psychiatric med-
ication with cannabis for medical purposes [42].

CBD appears to be anxiolytic at all doses. 
There is evidence to suggest that CBD, with little 
or no THC, may be beneficial among some anxi-
ety and depressive disorders [42]. A recent review 
examining six  RCTs, one  case series, and 
one case report concluded that CBD is well toler-
ated and has a promising role in alternative ther-
apy for anxiety disorders with minimal 
adverse  events other than sedation and fatigue 
[43]. The use of 300 mg of oral CBD among ado-
lescents with social anxiety disorder (SAD) 
(n = 37) has been shown to be effective in reduc-
ing anxiety over a 4-week period [44] which has 
been observed in other SAD populations [45, 46]. 
Moreover, 600 mg of CBD may be beneficial in 
reducing social stress, even among a population 
that is considered clinically high-risk for devel-
oping psychosis [47].  In clinical practice, much 

lower doses of CBD, such as 50–100mg per day 
in two divided doses, have been noted to be help-
ful in reducing  anxiety. 

 Post-Traumatic Stress Disorder

PTSD, although distinguished from anxiety dis-
orders, is recognized as an anxious condition [33] 
in response to traumatic experience. Cannabis 
(THC) has been increasingly recognized to treat 
the symptoms associated with PTSD, which has 
been shown to be associated with improved sleep, 
negative affect management, and a reduction in 
nightmares and daytime flashbacks [33]. A recent 
systematic review and meta-analysis also points 
to some evidence for medical cannabis use 
among PTSD patients, particularly in reducing 
anxiety, altering memory-related processes, and 
improving sleep [48].

Another recent population-based cross- 
sectional study among Canadians, using data 
from the 2012 Canadian Community Health 
Survey-Mental Health, provided epidemiological 
evidence for a reduction in severe depressive and 
suicidal states among individuals with PTSD 
using cannabis compared to non-using patients 
[49]. Cannabis can be considered a harm- 
reduction strategy among individuals with PTSD, 
as it has been reported to reduce the use of other 
harmful drugs, such as opioids [50].

Similar to the evidence for anxiety, medicinal 
cannabis with CBD and little-to-no THC may 
reduce PTSD symptomatology including depres-
sive symptoms and frequent nightmares [51]. 
Although a recent article published in The Lancet 
by Black et al. [52] suggests that cannabis is not 
effective in the treatment of mental disorders, it is 
not without methodological flaws [53]. While it 
is agreed that a large proportion of the evidence is 
still in its infancy, preliminary results are promis-
ing for the management of PTSD and anxiety- 
related disorders with cannabis.

 Psychosis and Bipolar Disorder

As discussed in the  section “Recreational 
Cannabis and Psychosis” above, THC may not be 
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appropriate for those with psychosis and/or bipo-
lar disorders. Evidence for the safety and efficacy 
of CBD in psychosis is still limited [54]. CBD 
has been investigated, up to 1500 mg, as an anti-
psychotic among individuals with psychosis with 
some promise [54, 55]. It was associated with 
increased anandamide concentrations [56, 57] 
and decreased side effects compared to other 
antipsychotics such as amisulpride [58]. Other 
clinical trials using CBD (1000  mg/day for 
6 weeks) adjunctive to usual antipsychotic ther-
apy among patients with chronic schizophrenia 
have observed reductions in positive, but not neg-
ative, symptoms among individuals taking CBD 
in comparison to placebo [59, 60]. A recent 
review of clinical trials concluded CBD (400–
1000 mg/day) proved to have relatively good effi-
cacy in managing positive symptoms, moderate 
efficacy in treating negative symptoms, and rela-
tively low efficacy in managing the cognitive 
symptoms of schizophrenia [61], with sedation as 
the most common side effect reported [54]. 
Alternatively, CBD may produce cognitive ben-
efits among patients with first-onset psychosis. 
CBD at a dose of 600  mg has been shown to 
decrease underlying learning and memory 
impairments among first-episode patients with 
schizophrenia [62] and among individuals at high 
risk of developing psychosis [63].

However, CBD monotherapy for patients with 
treatment-resistant schizophrenia (TRS) proved 
to be unsuccessful [64]; alternatively dronabinol 
may be useful clinically for TRS [65]. CBD 
monotherapy, at any dose, among bipolar disor-
ders did not produce beneficial effects for manag-
ing manic episodes [54, 66]. More evidence is 
required in longitudinal trials with larger sample 
sizes to determine the role of CBD as adjunctive 
or monotherapy for those at risk or with treat-
ment-resistant psychosis or bipolar disorder.

 Summary

When treating individuals with mental health 
disorders, it is imperative to identify those with 
existing biopsychosocial vulnerabilities and 
mental health concerns prior to initiating can-
nabis treatment. The risks and benefits should 

be weighed by the physician on a case-by-case 
basis with the patient. As with any off-label 
prescription medication, and especially in high-
risk patient populations, a shorter trial for can-
nabis initiation should be considered, with 
frequent monitoring and reassessment for effi-
cacy, adverse events, drug interactions, etc. 
Chemovars high in CBD with little-to-no THC 
may be beneficial in some anxiety disorders 
(i.e., social anxiety disorder) as well as among 
cases of PTSD and insomnia. Additionally, 
CBD should be considered preferentially over 
THC in these populations. Observational stud-
ies show efficacy of cannabis in treating anxi-
ety, PTSD, or insomnia; however, larger studies 
are needed.

Evidence has suggested that rates of men-
tal health illness may be high in medical can-
nabis dispensary users, so the use of structured 
clinical assessments in conjunction with stan-
dardized symptom severity questionnaires 
may be beneficial in minimizing harms [67]. 
An assessment of one’s ability to balance 
occupational, recreational, and personal 
responsibility is the best clinical indicator of 
risk versus harm.
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Cannabinoids and Adolescence

Caroline A. MacCallum and Lauren de Freitas

 Introduction

The impact of cannabis on the developing brain 
is an important consideration. The endocannabi-
noid system is involved in regulating neuronal 
development throughout different developmen-
tal  stages from perinatal to young adulthood 
(Fig.  34.1). Depending on the stage of devel-
opment, cannabis can potentially have varying 
influences on physiological and behavioral pro-
cesses. A “critical period” theory emerged upon 
discovery of increased endocannabinoid system 
activity during the onset of puberty, when cog-
nitive capacities are increasing throughout the 
brain (i.e., increased executive functioning due 
to prefrontal cortical maturation particularly in 

the frontal cortex and limbic system), making it 
potentially more vulnerable to cannabis’ effects 
when used recreationally [1, 2]. Early, regular 
recreational cannabis use throughout crucial 
periods of neuronal development, such as adoles-
cence, has been associated with cognitive impair-
ments, including a lower IQ and school dropout, 
although this evidence is inconclusive [3–7]. The 
use of cannabis in adolescence is generally not 
recommended.

 Medical Cannabis and Adolescence

In the vast majority of cases, the risk out weighs 
the benefit for the use of medical cannabis in 
adolescence. Although some adoelscence report 
using medical cannabis for mental health condi-
tions, such as anxiety, evidence is not yet robust 
enough to support its efficacy or safety within 
this population. The use of CBD in epilepsy 
is one of the few excepts to this. It is strongly 
recommended that only experienced clinicians 
recommending cannabis (CRC) work with these 
patients. 

 Potential Risks of Cannabis Use in 
Adolescence

Even though medical cannabis use is not recom-
mended in adolescence, many adolescents report 
using cannabis. As such, it is important for cli-
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nicians to be aware of associated  risks.  The 
use of cannabis in the early youth period (i.e., 
10–15 years of age and using at least monthly) is 
strongly associated with adverse health impacts 
[9, 10]. Regular cannabis users under the age of 
18 years old may be at increased risk for persis-
tent cognitive effects, as well as increased social 
dysfunction, anxiety, and depression [11–15]. 
Heavy, frequent cannabis use among individu-
als 15  years old or younger is associated with 
both cognitive impairment and mental illness 
later in life [16]. Other evidence suggests  that 
adolescent- onset cannabis users show slowed 
learning compared to controls when not acutely 
intoxicated, with associated deficits observed 
within the medial temporal and midbrain func-
tioning [17]. Recent evidence suggests that these 
chronic cognitive deficits, such as learning or 
memory impairments, resulting from heavy can-
nabis use in adolescence may be overestimated 
in terms of magnitude and prevalence  [18, 19]. 
Deficits have been shown to resolve following a 
period of abstinence [18, 19].

Finally, one of the greatest risks regarding ado-
lescent cannabis use is the potential impact on men-
tal health. Recent meta-analytic evidence suggests 
heavy cannabis use in adolescence may  increase 
the  risk of developing psychosis and/or sub-
stance use or abuse [20]. Among youth at risk, a 
younger age of first cannabis use may be associ-
ated with a younger age of onset of schizophrenia 
and/or bipolar disorder, in  addition to other wors-
ening psychological outcomes [11–15]. Regular 
recreational cannabis use under the age of 18 is 
also associated with an increased risk for devel-
oping major depression and increased suicidality 
early in adulthood (OR = 1.37 and 3.46, respec-
tively)  [21]. This association was not seen for 
developing anxiety or suicidal ideation later in 
life [21]. Potency of cannabis use, in addition to 
the frequency of use, is an important factor when 
considering the mental health risks of cannabis 
use in adolescence. A recent cohort study exam-
ining 1087 participants reporting past-year can-
nabis use determined that high-potency cannabis 
use is associated with increased frequency of use 
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(AOR = 4.38), cannabis problems (AOR = 4.08), 
and likelihood of an anxiety disorder (AOR = 
1.92), compared to less-potent cannabis use [22]. 
More research is still greatly needed within the 
area.  Currently, a large scale investigation,  the 
Adolescent Brain Cognitive Development 
(ABCD) Study [23], is  underway to  conduct 
neurocognitive and neuroimaging assessments 
on children prior to cannabis use and following 
them longitudinally over time [24]. This will help 
clarify many of the risks discussed above.

 Treatment-Resistant Epilepsy

There is conclusive evidence for the use of can-
nabidiol  in treatment-resistant  pediatric epi-
lepsy, specifically regarding reduction in 
seizure  frequency, spasticity  (in severe com-
plex motor disorder), sleep difficulties, pain, 
and quality of life  improvement [25]. A recent 
systematic review examining four high-quality 
RCTs and 19 non-randomized studies con-
cluded that there is moderate certainty that 
CBD reduced the frequency of seizures among 
drug-resistant pediatric epilepsy, but could not 
extend this conclusion to other cannabis-based 
medicines [26]. Accumulating evidence for the 
benefits of oral CBD in pediatric epilepsy has 
led to the development of Epidiolex®, a puri-
fied oral CBD solution approved for the treat-
ment of Dravet syndrome and Lennox-Gastaut 
syndrome [27]. The use of CBD among pediat-
ric patients may produce adverse events among 
this population compared to placebo includ-
ing diarrhea, vomiting, fatigue, somnolence, 
decreased appetite, and much less commonly 
status epilepticus and abnormal liver function 
test results [28, 29].

In another recent study,  Liver enzyme 
abnormalities were reported in a very small 
number of patients,  which may have resulted 
from concomitant ingestion with three or more 
antiseizure medications known  to be  metabo-
lized by the liver [30–34]. Specifically, among 
those who had increase in hepatic amino-
transferase levels, it was found there was also 
concomitant administration of valproic acid 

[29]. This potential adverse event needs further 
investigation. 

 Discussing Cannabis use 
with Adolescents 

In 2019, a Canadian survey revealed that 44% of 
youth aged 16–19 reported using cannabis within 
the past year [35]. As a result, it can be seen just 
how important it is to counsel patients on respon-
sible cannabis use and provide resources they can 
utilize if they are concerned about their use. The 
Canadian Pediatric Society has outlined various 
ways that healthcare practitioners can counsel 
both young patients and their parents regarding 
responsible cannabis use, and may be a valuable 
resource for clinicians [10].

It is imperative to make the clinical setting a 
safe space for adolescents to discuss the use of 
psychoactive substances, such as cannabis, in 
order to converse about specific strategies for 
approaching cannabis use in both an effective 
and safe manner (Table 34.1). In order to do so, it 
is important to understand potential reasons ado-
lescents  may be turning to cannabis use.  There 
is an association between youth who report self- 
medicating with cannabis and their perceptions 
of the inadequacies of the medical system and 
ineffective medical interventions. Many youths 
reported feeling invalidated by the medical sys-
tem and dissatisfied by solutions and medications 

Table 34.1 Recommendations for reducing cannabis- 
related harms

1. Start low and go slow
2. Consider appropriate time and place
3. Choose less risky cannabis products
4. Choose safer methods of cannabis consumption
5. Utilize safer smoking practices
6.   Reduce the amount of cannabis used andt how 

frequently it is used
7. Avoid synthetic cannabis altogether
8. Avoid mixing cannabis with tobacco and alcohol
9. Don’t drive high – have a plan for transportation 
before using cannabis
10. Consider your risk profile and avoid using 
cannabis if pregnant

Adapted from Valleriani et al. [36]
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offered. Cannabis was framed by young people 
as the “better” and natural alternative to pharma-
ceuticals [37]. Youth report using cannabis for 
medical purposes as self-medication, including 
relief from depression, anxiety, insomnia, pain, 
and concentration difficulties [38].  Screening 
questionnaires such as the Cannabis Abuse 
Screening Test (CAST) [39], CRAFFT [40], and 
the Severity of Dependence Scale (SDS) [41] can 
be used to help identify at-risk patients who may 
require greater support or intervention. 

The Canadian Students for Sensible Drug 
Policy (CSSDP) has also created a “Sensible 
Cannabis Education” toolkit for educating 
youth, which includes recommendations for 
reducing cannabis-related harms (Table  34.1) 
[36]. There is an opportunity to speak with 

youth about cannabis, but for this conversa-
tion to be effective, there are number of con-
siderations and  important questions to ask 
(Table 34.2).

Summary

There are a number of significant risks asso-
ciated with cannabis use  in adolescence. 
Evidence on the efficacy and safety of medi-
cal cannabis in this population is limited, with 
the exception of treatment-resistant epilepsy. 
As such, the risks most often outweigh the ben-
efits and medical cannabis use in adolescents is 
generally not recommended. Despite this, can-
nabis use is not uncommon in this population, 
with many reporting self- medication for mental 
health. It is imperative clinicians can provide a 
safe and supportive space to educate and dis-
cuss strategies to decrease risks. When possible, 
screening tools should be used to identify at-
risk patients who may require greater support.
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Cannabinoids and Child 
Development: During and After 
Pregnancy

Qian Cece Chen and Samer N. Narouze

 Epidemiology

According to the most recent data from the 
National Surveys on Drug Use and Health 
(NSDUH), in 2018, it was estimated that 43.5 
million of Americans reported using marijuana in 
the last 12 months, which corresponds to 15.9% 
of the total population in the United States [1]. 
When compared to data from 2002 to 2017, this 
estimate is thus far the highest. Among the illicit 
drugs used by pregnant women, marijuana use 
continues to be the highest. In 2017, for example, 
7.1% of pregnant women reported marijuana use 
in the past month compared to 1.4% of opioid use 
and 0.4% of cocaine use (Fig. 35.1) [1, 2]. From 
2015 to 2017, marijuana use has also increased 
more significantly from 3.4% to 7.1%, while opi-
oid use increased from 0.8% to 1.4%, and cocaine 
use increased from 0.0% to 0.4% (Figs. 35.1 and 
35.2) [1, 2].

Among the pregnant women who use mari-
juana, 16.2% reported almost daily use through-
out their pregnancy [3]. In addition, overall an 
estimated 70% of women, including both preg-
nant and non-pregnant, believed there is a mini-

mal or no risk for marijuana use [3]. Similarly, 
a study conducted on pregnant women in the 
United Kingdom showed that those who concur-
rently used both marijuana and other substances 
such as cocaine stopped cocaine use during preg-
nancy; however 48% of these women continued 
to use marijuana throughout their pregnancy, 
believing that it was safe to use and safer than 
the other illicit drugs and smoking cigarette [4].

Various studies show that there may be poten-
tial risk factors associated with increased mari-
juana use during pregnancy (Table 35.1). These 
risk factors include women who live in urban 
cities, are younger than 25 years of age, did not 
graduate from high school, are from a low socio-
economic background, have a history of cigarette 
use or other illicit drug use, and reported ongo-
ing emotional stressors [5]. These emotional 
stressors may be due to trauma, financial burden, 
depression, and abuse. In addition to these risk 
factors, women who experienced significant nau-
sea from motion sickness also reported higher 
rates of marijuana use [6].

 Effect of Cannabis During 
Pregnancy

Research on the effect of marijuana on pregnant 
women, the fetus, and later child development is 
still limited and inconclusive. What is known is 
that when used in the inhalation form, the serum 
carbon monoxide level found in pregnant women 
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Table 35.1 Potential risk factors for increased cannabis use during pregnancy

Risk factors for increased cannabis use during pregnancy

Demographic Other substance use
Emotional 
stressors

Pregnancy-related 
symptoms

Urban cities
No high school diploma
Low socioeconomic 
background
<25 years old

Also smokes cigarette
Other illicit drugs including cocaine, 
heroin

Financial
Trauma
Depression
Abuse

Nausea from motion 
sickness

Q. C. Chen and S. N. Narouze



289

is 5 times higher than the level found in those who 
smoked cigarettes [7]. Given that the fetal oxy-
genation depends solely on gas exchange with 
the mother, this can potentially lead to harmful 
effects on the fetus.

Marijuana can also affect the physiology of 
the placenta. It can increase the permeability of 
the placental barrier to pharmacologic agents 
and other recreational drugs used, consequently 
placing the fetus at higher risk from the effects 
of these agents used along with marijuana [8]. 
It is also believed to increase vascular resistance 
within the placenta, resulting in decreased cir-
culation [9]. THC, the active compound that is 
found in marijuana and known for its psychoac-
tive effects, has shown to readily cross the placen-
tal barrier. With maternal ingestion of marijuana, 
the concentration of THC found in fetal blood 
can be 1/3 to 1/10 of the level in the material cir-
culation. THC is a highly lipophilic compound. 
When passed to the fetus, it can distribute and 
deposit into the brain and other fat- rich organs of 
the fetus [10].

 Effect of Cannabis After Delivery

The studies that attempt to examine the effect of 
marijuana after delivery and during child devel-
opment (Table  35.2) are often confounded by 

the concurrent maternal use of other illicit sub-
stances or cigarettes, which are known to affect 
fetal and child development. However marijuana 
is believed to hinder fetal growth rate, beginning 
in the second trimester of pregnancy, resulting in 
low birth weights in infants who were exposed in 
utero. These infants tend to be smaller in length 
and have smaller head circumferences compared 
to other infants. In addition, exposure to mari-
juana in utero may lead to stillbirth, low Apgar 
scores, and an overall increased risk of requiring 
NICU admission after delivery [11].

In later developmental stages, newborns with 
a history of marijuana exposure can exhibit 
abnormal arousal patterns, reflexes, excitability, 
poor habituation, abnormal high-pitched cries, 
and abnormal sleep patterns [12–14].

During the childhood stage, these children 
can be observed to have low verbal reasoning 
skills; deficits in language comprehension, mem-
ory, vision, and executive function; and poor 
impulse control and attention [15]. However due 
to potential confounding factors such as envi-
ronmental influences on child development and 
demographic variables, which are often difficult 
to control in studies, a direct correlation between 
marijuana exposure and the above deficits cannot 
be concluded.

 Cannabis and Breastfeeding

Cannabis is now the most commonly reported 
recreational drug used by pregnant and lactat-
ing women. Up to 36% of women report having 
used marijuana at some point in their preg-
nancy, and 18% report having used it while 
breastfeeding [16].

Bertrand et  al. [17], using mass spectros-
copy techniques, identified and quantified the 
concentration of several cannabinoids found 
in breast milk samples. They found measur-
able levels of THC in 63%, 11-hydroxy-Δ-9-
tetrahydrocannabinol in 9%, and cannabidiol in 
9% of the collected samples.

THC is highly lipophilic and can be expected 
to accumulate in fat-rich organs such as the brain. 

Table 35.2 Potential effects of cannabis at different 
developmental stages

Effects of cannabis at different developmental stages
In utero Infant Childhood
Fetal growth 
restriction
Stillbirth
Preterm birth

Low birth 
weight
Low Apgar 
scores
Hyperactivity
Abnormal 
arousal patterns
Abnormal infant 
reflexes
Poor habituation
High-pitched 
cries
Abnormal sleep 
patterns

Poor cognitive 
function
Low verbal 
reasoning
Poor language 
comprehension
Memory deficits
Visual impairment
Poor impulse 
control
Impaired attention

35 Cannabinoids and Child Development: During and After Pregnancy
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Accordingly, cannabinoids may accumulate pref-
erentially in brain tissue when brain growth and 
development are occurring rapidly and when 
breastfeeding most often occurs [18].

 Summary

Although a direct correlation between marijuana 
use in pregnant women and fetal and child devel-
opment cannot yet be defined, the potential risks 
already indicate a reason for concern. As a result, 
both the American College of Obstetricians 
and Gynecologists (ACOG) and the American 
Academy of Pediatrics (AAP) both advise 
against the use of marijuana during pregnancy 
and breastfeeding. State laws that legalize mari-
juana however do not currently list marijuana 
as a contraindication for pregnancy. In addition, 
advertisement and social media often promote 
various purported benefits of marijuana, includ-
ing its use for motion sickness, that often are 
not supported by scientific evidence. As a result, 
prenatal education plays a vital role in reducing 
marijuana use during pregnancy. According to 
ACOG and AAP guidelines, all pregnant women 
are recommended to undergo routine screening 
for marijuana. Due to the still limited understand-
ing of marijuana and its long-term effects, more 
research is needed to ensure safe use of this drug.
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Cannabinoid-Related Adverse 
Events and Impairment

Caroline A. MacCallum, Lauren de Freitas, 
Lindsay A. Lo, Lauren Eadie, 
and Jeffrey R. Brubacher

 Introduction

Cannabis can cause cognitive and psychomotor 
impairment in some individuals, as THC can pro-
duce acute psychoactive effects and intoxication 
upon use. Different clinical tests and batteries 
can be used to assess the degree of neurocogni-
tive impairment, as there is no evidence of cor-
relation between impairment and blood-THC or 
metabolite concentration. Cannabis impairment 
can impact daily life and/or cause harm when 
driving or performing safety sensitive tasks due 
to impaired psychomotor skills. Risk and extent 
of cannabis-induced impairment depends on 
both modifiable (eg. intent, administration route, 
tolerance, frequency, dose) and non-modifiable 
(genetics, metabolism, comorbidities) factors, 
making it an important discussion to have when 
trying to minimize patient impairment. Chronic 
adverse events of cannabis are due to heavy, 

repeated use over time, typically via smoking, 
which can lead to issues such as respiratory 
alterations, risk of worsening of mental health 
disorders in some individuals, and infrequently 
cannabinoid hyperemesis syndrome.

 Acute Adverse Events

 Cannabinoid-Related Adverse Events

Cannabinoids, such as CBD and THC, act on 
peripheral and central receptors, and are rec-
ognized for their anti-anxiety, antidepressant, 
analgesic, muscle relaxant, anti-inflammatory, 
antihistamine, and antiepileptic properties, among 
others. In addition to therapeutic benefits, some 
individuals also experience alterations in neuro-
psychological functioning following cannabis 
consumption. Acute adverse events are typically 
dose-dependent, reflect an individual’s short-term 
response to consuming cannabis, and depend on 
the dose and route of administration among other 
factors, which are discussed in Table 36.1.

 Cannabis Intoxication Syndromes

Cannabis (THC) use may lead to cannabis intoxi-
cation or cannabis intoxication delirium [1, 2].

Cannabis (THC) can produce acute psycho-
active effects and feelings of intoxication upon 
use, such as altering an individual’s level of con-
sciousness, cognition, perceptions, and affect. 
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These short-term effects can last anywhere from 
1 to 5 hours, and vary in magnitude depending 
on the route of administration, dose consumed, 
current frequency of cannabis use and/or other 
drug use, as well as the “set and setting” (e.g., 
an individual’s mood, expectations, and attitudes 
toward the effects of cannabis at time of use and 
the social setting cannabis is used in, respec-
tively) [3]. 

 Cannabis Intoxication Delirium
The diagnosis of cannabis intoxication delirium 
relies on the presence of delirium (an acute alter-
ation in mental ability that is characterized by 
restlessness, incoherence of thought and speech, 
and illusions), and is appropriate when the fol-
lowing two symptoms predominate in someone 
who has taken cannabis [1, 2]:
 1. Disturbance in attention (i.e., reduced ability 

to direct focus, sustain, and shift attention) 
and awareness (reduced orientation to the 
environment)

 2. An additional disturbance in cognition (i.e., 
memory deficit, disorientation, language, 
visuospatial ability, or perception)

Similarly, the International Statistical Classification 
of Diseases and Related Health Problems [4] 
defines acute intoxication from cannabinoids as:
 A. The general criteria for acute intoxication 

must be met.
 B. There must be dysfunctional behavior or per-

ceptual abnormalities, including at least one 
of the following:

 1. Euphoria and disinhibition
 2. Anxiety or agitation
 3. Suspiciousness or paranoid ideation
 4. Temporal showing (a sense that time is 

passing very slowly, and/or the person is 
experiencing a rapid flow of ideas)

 5. Impaired judgment
 6. Impaired attention
 7. Impaired reaction time
 8. Auditory, visual, or tactile illusions
 9. Hallucinations with preserved orientation

Table 36.1 Adverse events associated with cannabis use

Adverse events Most common Common Rare
THC related
Dizziness
Cognitive effects
Dry mouth
Anxiety
Drowsiness
Fatigue

✓
✓
✓
✓
✓
✓

THC and CBD related
Nausea ✓
THC related
Euphoria
Blurred vision

✓
✓

THC and CBD related
Headache ✓
THC related
Orthostatic hypotension
Psychosis or paranoia
Depression
Ataxia or discoordination
Tachycardia
Cannabis hyperemesis syndrome
Amotivational syndrome

✓
✓
✓
✓
✓
✓
✓

Route specific
Diarrhea (due to carrier oil)
Cough, phlegm, or bronchitis (due to smoking cannabis)

✓
✓

© Caroline MacCallum, MD, used with permission. Information gathered from [9, 53, 92, 93]
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 10. Depersonalization
 11. Derealization
 12. Interference with personal functioning
 C. At least one of the following signs or symp-

toms must be present:
 1. Increased appetite
 2. Dry mouth
 3. Conjunctival injection
 4. Tachycardia

 Acute Neurocognitive Impairment

Cannabis produces short-term alterations in neu-
ropsychological functioning upon consumption 
among some individuals, known as acute impair-
ment. Acute cannabis use, specifically THC and 
other cannabinoid receptor 1 (CB1) agonists, 
may impair learning, attention, concentration, 
memory, judgment, and decision-making in addi-
tion to producing acute alterations in psychomo-
tor performance (i.e., reaction time, processing 
speed, coordination, motor control), drowsiness, 
and temporal slowing [5–7].

 Clinical Tools and Metabolites 
to Measure Neurocognitive Impairment
Unlike alcohol, there is no clear evidence that 
cannabis impairment can be determined from 
“per se” levels of THC or other cannabinoid 
metabolites in bodily fluids. Verbal learning, 
memory, concentration, and psychomotor per-
formance appear to be most impacted during 
cannabis impairment, particularly under infor-
mationally complex and time-pressured contexts 
[8]. Although this provides a general overview of 
typical symptoms, it does not accurately reflect 
the experiences of everyone who consumes 
cannabis. People who take cannabis regularly 
will develop tolerance, and as a result, medical 
cannabis patients may have elevated blood THC 
levels but still perform normally on cognitive 
and motor tests [9].

Assessing neurocognitive impairments and 
adjusting the associated doses of THC is impera-
tive to improving patients’ quality of life. Several 
general neurocognitive tests that can be admin-
istered to measure neurocognitive impairment 
[10–15] are shown in Table 36.2.

Table 36.2 Neurocognitive tests and cognitive domains

Neurocognitive test Neurocognitive correlate assessed
Paced Auditory Serial Attention Test Auditory information processing speed and working memory
Wechsler Adult Intelligence Scale 
Digit Symbol Test

Concentration, psychomotor speed, and graphomotor abilities

Trail Making Test A and B Processing speed, visual attention, and task-switching
Grooved Pegboard Test
(Dominant and Non-Dominant)

Fine motor coordination and speed

Hopkins Verbal Learning Test 
Revised with 20-minute delay

Learning/ability to retain, reproduce, and recognize information after a 20 
minutes delay. Immediate and delayed recall of verbal information

Adult Memory and Information 
Processing Battery

Spatial Recall Test: Visuospatial memory
Symbol Digit Modalities Test: Concentration, psychomotor speed, and 
graphomotor abilities
Paced Auditory Serial Addition Test: Auditory information processing speed 
and working memory
Word Generation List: Lexical fluency
Selective Reminding Test: Verbal learning and memory

Brief Neurocognitive Battery Animal Fluency: Semantic fluency and executive control
Boston Naming Test-15: Expressive language
Coding: Attention and visuomotor processing
Digit Span: Auditory attention and working memory
Stroop Color Naming: Attention and speed of information processing
Stroop Word Reading: Attention and speed of word reading
Stroop Interference: Inhibition and cognitive flexibility
Trails Making Test-A: Simple attention, visual scanning and processing 
speed
Trails Making Test-B: Visual scanning, divided attention and cognitive 
flexibility

Eadie et al. [20]
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 Driving and Safety-Sensitive 
Activities

An individual’s ability to operate heavy machin-
ery or drive safely may be negatively impacted by 
acute cannabis use, potentially leading to serious 
injury or death. This risk is especially high when 
cannabis is combined with alcohol [16, 17] or 
other impairing substances. General recommenda-
tions state that cannabis use should be separated 
from driving, and that drivers should never com-
bine alcohol with cannabis. Individuals should not 
drive for at least four hours after inhaling canna-
bis, six hours after orally ingesting cannabis, and 
eight hours if euphoria is experienced after admin-
istration [17–19]. However, an important distinc-
tion that is often missed is separating THC from 
CBD.  THC has known dose- dependent effects, 
and thus poses majority of the risk for impair-
ment [20–22]. CBD, on the other hand, has shown 
no association with increase cognitive or psy-
chomotor impairment for doses up to 100 mg of 
CBD [23, 24]. 

Cannabis impairs the psychomotor skills 
required for safe driving. Cannabis slows reaction 
time and impairs automated tasks such as reaction 
time, tracking ability (e.g., staying within a lane), 
or monitoring the speedometer and maintaining a 
constant speed [17, 25–32]. Expert panels com-
pared experimental studies of cannabis vs. alcohol 
impairment, and concluded that a blood alcohol 
concentration (BAC) of 0.05% causes a similar 
degree of impairment as whole blood THC levels 
of 2–5 ng/mL, although the type of impairment 
differs [33–35]. Several recent meta-analyses 
all concluded that cannabis increases the risk of 
crashing, albeit to a relatively small extent (OR < 
2) and to a lesser extent than with alcohol [17, 31, 
36, 37]. However, previous research is limited by 
many technical difficulties involved with studying 
the collision risk associated with cannabis. Two 
recent high- quality studies found that low levels 
of THC (<5 ng/mL) were not associated with a 
statistically significant increased risk of collision 
[38, 39]. At higher THC levels (>5 ng/mL), the 
risk of collision was significantly increased in 
one study (OR  =  3.2), [39] but not in the other 
(OR = 1.7, p = 0.35) [38].

Several caveats are required when applying 
the cannabis and collision risk data to the medi-
cal cannabis population. First, the vast majority of 
this evidence comes from people who take canna-
bis recreationally and not for medical reasons. The 
intent of recreational cannabis use is inherently 
different than when cannabis is taken for medical 
reasons. While medical cannabis patients take can-
nabis to alleviate their symptoms, the typical goal 
of those using cannabis recreationally is euphoria 
or relaxation – effects that are commonly achieved 
by using cannabis with high THC and minimal 
CBD content, and by inhalation instead of inges-
tion (see section “Factors Affecting Cognitive 
Impairment”). This difference makes for different 
cognitive and psychomotor outcomes in these two 
populations. In line with this is the mounting evi-
dence that daily use of THC, as is seen in most 
medical cannabis patients,  may increase toler-
ance to the impairing effects of THC [20, 21, 40]. 
However, many studies that are used as evidence 
for cannabis impairment are based upon naive or 
infrequent users. A study  comparing  infrequent 
to daily users found that at  a 0.5 mg/kg dose of 
THC, there was significant impairment in all mea-
sures for infrequent users  [21]. In contrast, daily 
users did not show acute impairment in almost all 
of the impairment tasks, with the one except being 
a decline in impulse control at high THC concen-
trations (>10 ng/ml) [21]. This highlights a major 
issue in translating findings from infrequent/
non-medical users  to medical  populations.  It is 
also important to recognize that medical cannabis 
patients may have some degree of psychomotor or 
cognitive impairment resulting from their under-
lying symptoms or illness. Many of the medical 
conditions treated with cannabis are associated 
with increased risk of motor vehicle collisions. For 
example, epilepsy, multiple sclerosis, schizophre-
nia, arthritis, insomnia, anxiety, and depression 
all have shown to increase risk of motor vehicle 
collisions [41–44]. Treating these conditions with 
cannabis may actually improve patients’ neuro-
cognitive and psychomotor functioning, espe-
cially as they develop tolerance to the impairing 
effects of THC (see  section “Frequency of Use 
and Tolerance”) [9]. Another consideration is that 
medications (such as benzodiazepines, antihista-

C. A. MacCallum et al.
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mines, antidepressants, and opioids), which may 
be used instead of cannabis in some patients, can 
also increase collision risk. In fact, the risk with 
many of these medications, although lower than 
with alcohol, appears to be as high as, or higher 
than, the risk associated with cannabis [38, 45–
47]. There is a clear need for more research on 
collision risk in the medical cannabis population.

 Chronic Adverse Events

Evidence remains varied on chronic adverse 
health effects associated with chronic canna-
bis use. It is important to note that much of the 
evidence comes from recreation users engaging 
in  frequent, high THC potency cannabis use. 
As such, many of the risks identified may not 
be applicable to medical populations who have 
inherently different patterns of use. Among 
potential risks include worsening mental health, 
substance dependency, cognitive impairment, and 
respiratory harm (if cannabis is smoked) [48].

Long-term use of cannabis in some indi-
viduals  has been associated with psychological 
impairments such as the worsening of mental 
health disorders, namely, psychosis or schizo-
phrenia [49], and less clearly, depression, espe-
cially if use commenced in adolescence  (see 
Chap. 34 on Cannabinoids and Adolescence) 
[50]. Dependency may also be a risk, and is 
estimated to have a lifetime risk of about 9% 
in cannabis users  [51].  In some cases, this may 
lead to cannabis use disorder (CUD). For more 
information on the risk factors of CUD please see 
Chap. 38 on Cannabis Use Disorder.

The association between cannabis use and 
chronic cognitive deficits is  highly debated. 
Though some evidence shows there may be 
neurocognitive deficits in long-term, frequent 
users, the directionality of the association 
remains unclear. Deficits in verbal learning, 
memory, and attention have been reported in 
long-term, heavy cannabis users, but these find-
ings may be attributable to the acute not chronic 
impairing effects  of THC  [52, 48]. A recent 
systematic review and meta-analysis  looking 
at cognivite function in cannabis-using adoles-

cents and young adults found deficits resolved 
following a period of abstinence  [52]. Similar 
findings in adults have shown full or partial 
recovery from cognitive deficits following 
abstinence as well  [48].  As previously stated, 
much of the literature is from recreational 
populations, but  medical cannabis users often 
have more conservative patterns of use, which 
are associated with less risk. In fact, one of the 
more  comprehensive studies for medical can-
nabis, the Cannabis for Management of Pain: 
Assessment of Safety Study (COMPASS), 
reported improved cognitive function following 
year-long use of medical cannabis [53].

Finally, smoking cannabis is a known harm 
[50]. Chronic use of smoked cannabis has been 
associated with respiratory effects such as an 
irritation of the mucosa lining within the bronchi 
and lungs, as well as chronic bronchitis [50]. It is 
less clear whether chronic cannabis use is asso-
ciated with lung cancer or chronic obstructive 
pulmonary disorder (COPD), as the evidence is 
typically confounded by tobacco use (see Chap. 
23 on Patient Safety Considerations) [50].

 Cannabinoid Hyperemesis 
Syndrome

Cannabis, THC in particular, can produce both 
antiemetic effects at low doses (i.e., reducing 
chemotherapy-induced nausea and vomiting) 
and hyperemetic effects within the gastrointes-
tinal tract and central nervous system at high 
doses, known as cannabinoid hyperemesis syn-
drome (CHS) [54–56]. CHS is classified by per-
sistent nausea and abdominal discomfort/pain, 
which can transition to frequent cyclical vomit-
ing and subsequent weight loss [57] associated 
with chronic (one to >25 years of use), frequent 
(weekly to daily), high-dose THC use [56]. A 
review of CHS (N  =  76 studies) in those over 
18 years old (25% female) who used cannabis for 
an average of 12.9 years found that respondents 
began to notice symptoms of nausea and vomit-
ing after having smoked cannabis for a mean of 
9.4 years [54]. Cases of CHS resulting from syn-
thetic cannabis use (i.e., K2, Kryptonite) have also 
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been observed, which can cause adverse events at 
lower doses than THC [54, 56]. Although CHS 
is more common among recreational users with 
heavy cannabis use, heavy use is necessary but 
not sufficient to elicit CHS [58] (Table 36.3).

CHS has clinically been categorized into 
three phases: the prodromal phase (severe anxi-
ety, agitation, and autonomic symptoms includ-
ing sweating, flushing, thirst, and stomach pain); 
the hyperemetic/vomiting phase (debilitating 
abdominal pain, severe cyclical nausea, and vom-
iting that can happen without warning, taking hot 
showers or baths for symptom relief); and the 
recovery phase (resolution of compulsive bathing 
and other symptoms after prolonged cessation of 
cannabis use, which can be enhanced by intrave-
nous fluid replacement) [55, 56].

The complex pathophysiology of CHS still 
remains unclear (Fig. 36.1). In addition to bind-
ing to cannabinoid receptors in the brain, THC 

also binds to cannabinoid receptors within the 
enteric nervous system. One theory suggests that 
chronic, heavy, use can cause cannabinoid recep-
tor stimulation in the brain to be overridden by 
cannabinoid binding in the gut, leading to para-
doxical hyperemesis [54]. Prolonged, high doses 
of THC can alter endocannabinoid function-
ing through the downregulation of cannabinoid 
receptor type 1 (CB1),  dysregulating stress and 
anxiety responses, thermoregulation, the transient 
receptor potential vanilloid (TRPV) system, and 
certain neurotransmitter systems, thereby poten-
tially mediating the pathophysiology of CHS [55, 
56]. Excessive stimulation of enteric cannabinoid 
receptors may cause diffuse splanchnic vasodila-
tion, potentially contributing to abdominal pain 
[55]. THC is also known to slow peristalsis and 
gastric emptying, which may be other contribut-
ing factors to the experience of CHS [54]. CHS 
may have a genetic component to it via hepatic 
drug-transforming enzymes that increase canna-
binoid metabolite levels, promoting emesis [55]. 
Laboratory tests appear normal aside from mild 
leukocytosis, hypokalaemia, and ketonuria due 
to associated dehydration and acute renal failure 
[55, 59].

CHS prevalence is largely unknown due to 
symptomatic overlap with other disorders, most 
notably, cyclical vomiting syndrome (CVS), 
and therefore is often misdiagnosed [56]. Unlike 
CVS, CHS is associated with delayed gastric 
emptying, a relief of symptoms with hot showers 
and topical capsaicin, and a complete resolution 
of symptoms upon cessation of cannabis [56, 60].

No diagnostic tests have consistently shown 
efficacy in diagnosing CHS, including CT, MRI, 
X-ray, colonoscopies, gastric emptying, ultra-
sound, and barium swallow tests.

The only permanently effective treatment 
to date is cannabis abstinence, as confirmed by 
a recent review (low GRADE quality of evi-
dence; [59]). Additionally, intravenous fluids 
can assist with rehydration [57]. Other treat-
ments include capsaicin cream, applied topi-
cally to an individual’s stomach, chest, back, 
or arms; sedative and anxiolytic medications; 

Table 36.3 Criteria for cannabinoid hyperemesis 
syndrome

Essential Primary Secondary
Chronic 
cannabis 
use

Severe cyclic 
nausea and 
vomiting
Cannabis cessation 
= resolution
Hot showers/baths 
= relief
Abdominal pain
Frequent 
(>weekly) 
cannabis use

<50 years old
>5 kg weight loss
Morning 
predominance of 
symptoms
Normal bowel 
habits
Laboratory, 
radiographic, 
endoscopic results 
= negative

Adapted from Lu and Agito [2]

C. A. MacCallum et al.



299

and dopamine antagonists such as haloperidol, 
although they are not consistently as effective 
in reducing symptoms associated with CHS 
[57, 59, 60]. Conventional antiemetics (i.e., 
ondansetron, metoclopramide, prochlorpera-
zine, and promethazine) have not been shown 
to be effective in treating CHS symptoms [55, 
56]. Narcotic medications should be avoided 
when treating CHS, as opioid use can cause 
bowel dysfunction, potentially worsening CHS 
symptoms [59].

More research is needed to clarify risk fac-
tors associated with CHS, including the dose and 
duration of cannabis use prior to symptom onset 
and individuals who may be more sensitive to 
these effects, as the majority of cannabis users do 
not experience these effects.

 Modifiable and Non- Modifiable 
Factors Influencing Impairment

It is important to differentiate impairment out-
comes related to recreational and medicinal can-
nabis use. Among medical cannabis patients, 
symptom management is the primary goal of 
cannabis use, in comparison to the recreational 
intake of THC which is predominantly sought to 
produce euphoria or relaxation [61]. Some people 
also use recreational cannabis as a coping strategy 
for negative emotional states. There is evidence 
that using cannabis for this purpose could interfere 
with development of healthier coping mechanisms 
in adolescents and increase the risk of developing 
cannabis use disorder [62–65]. Supervised medi-
cal cannabis patients also typically follow a more 

Fig. 36.1 Schematic representation of factors that may contribute to CHS [56]
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consistent and standardized dosing procedure (i.e., 
“start low and go slow”) and have different expec-
tations and goals compared to recreational users 
[9]. The use of oral cannabis products, such as oils, 
allows for more precise dosing and is associated 
with less potential respiratory harm when com-
pared to inhaled cannabis [66].

The way in which cannabis may produce 
impairment among certain individuals is depen-
dent on several factors, which, when combined, 
may increase the risk for acute psychotomimetic 
and cognitive effects. Individualistic consider-
ations encompass genetic and behavioral vul-
nerabilities that contribute to the increased risk 
for experiencing impairment upon cannabis con-
sumption. Recent evidence suggests that genetics 
may account for 69.2–84.1% of correlated asso-
ciations between cannabis use and psychotic-like 
experiences (PLEs), although it is largely influ-
enced by frequency of use [49].

Factors influencing impairment include route 
of administration, chemovars, CBD content, 
dose, tolerance, alcohol  use, and use of  other 
substances, in addition to genetics and per-
sonal/family mental health history (Fig. 36.2), 
as discussed below.

 Demographic and Genetic Variables

 Genetics
An individual’s “endocannabinoid tone,” or the 
makeup and functioning of their endocannabinoid 
system, can largely influence how cannabis is expe-
rienced, particularly through CB1 receptor availabil-
ity in regions such as the amygdala, hippocampus, 
and prefrontal cortex [67, 68]. CB1 receptor avail-
ability is positively correlated with modulation of 
amygdala function by THC, suggesting those with 
increased CB1 density, particularly within the 
limbic system of the brain, may experience more 
pronounced effects [68]. Similarly, genetic vulnera-
bility to mental health disorders, including personal 
or family history of psychoses/mental health disor-
ders, and/or those presenting with prodromal signs 
and symptoms may dictate ensuing experiences of 
cannabis use [69–75] as discussed in Chap. 32 on 
cannabinoids and brain development.

 Age
The age at which an individual begins consuming 
cannabis is also important, as described in Chap. 34 
on Cannabinoids and Adolescence. Impairment may 
be more pronounced among adolescents compared 
to adults due to brain development and cortical mat-
uration. Differences in goals of use and risk percep-
tion between older and younger cannabis users may 
also influence the types of products, potencies, and 
routes of administration chosen. Older adults may 
be at risk for greater impairment due to decreased 
cognitive reserves and other potential medical com-
plications (see Chap. 23 on Cannabinoid-Based 
Medicines: Patient Safety Considerations).

  Other Sedating Substances

Common over-the-counter medications (e.g. dimen-
hydrinate, diphenhydramine), prescription medica-
tions (e.g. zopiclone, benzodiazepines, opioids, 
muscle relaxants), as well as other sedating  sub-
stances, such as alcohol, can cause compounded 
impairment and sedation when used in combination 
with THC (see Chap. 23 on Cannabinoid-Based 
Medicines: Patient Safety Considerations).

 Cannabis Potency and Dose

Adverse events are THC dose-dependent, with 
lower doses producing relatively mild neuropsy-
chiatric and systemic impairment [7]. The use 
of high THC potency products may increase the 
risk for adverse events or impairment, due to the 
ability for a greater amount of THC to be con-
sumed. To minimize cognitive impairment, doses 
should be based on the mg of THC, not the con-
centration or % (see Chap. 22 on Cannabinoid- 
Based Medicines: Dosing, Titration, and 
Monitoring). Health Canada warns of using prod-
ucts such as resin, hash oil wax, and distillates 
with high-potent THC [≥20% THC (200 mg/g)], 
as they can increase the risk of acute and chronic 
mental health problems [5]. In contrast to THC, 
CBD  has been shown to have a much safer 
side effect profile, producing almost little to no 
impairment when administered as a pure isolate.
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CBD, when combined with THC, may reduce 
some of the psychological and cognitive impair-
ments produced by the same dose of THC- 
only, while THC-induced cardiac effects (e.g., 
tachycardia) and subjective impairments (e.g., 
euphoria) remain relatively unchanged [76]. The 
Lower-Risk Cannabis Use Guidelines also rec-
ommend using high levels of CBD-to-THC to 
minimize impairment [77]. It should be noted that 

while CBD may decrease the degree of impair-
ment for infrequent or low-dose THC users, there 
is some evidence that  the co-use of high CBD 
products in  individuals who  regularly use high 
THC cannabis may actually cause greater acute 
impairment [78, 79]. As such, the proportions of 
CBD:THC play an important role regarding risk 
of impairment, and may differ depending on the 
individual. 

Modifiable

Non-Modifiable

Dose

Chemovars

CBD Content
Drug

interactions

Alcohol &
Other

Sedating
Substances

Tolerance

Personal/
Family

Mental Health
History

Genetics and
Metabolism

Comorbidities

Route of
Administration

Different routes THC
consumption = different
onset & durations of
action

Dose titration, adjustment
and disease/symptom flare
may increase risk of
impairment

Different chemovars have
different cannabinoids
and terpenoids
Patients may have
different tolerance and
response to different
chemovars

CBD is non-
intoxicating and
non-euphoric
may counter the
impairing effects
of THC

influences risk of impairment

CYP enzyme inhibitors/inducers
may change THC serum levels

May cause additive
neurocognitive
impairment

>4 times per week
users more tolerant of
side effects

F

G

C

H

I

J

A B

Use lowest dose for
symptom relief to avoid
impairment side effects.

E

D

Fig. 36.2 Modifiable and non-modifiable factors influ-
encing acute neurocognitive impairment in medical can-
nabis users. (A) Genetic and metabolic profiles can 
influence response to cannabinoids. (B) Predisposition to 
or history of mental health conditions may increase risk of 
impairment. (C) Comorbidities that produce symptoms 
like fatigue, dizziness, or cognitive slowing may com-
pound impairment. (D) How cannabis is consumed influ-
ences the duration of impairments via differences in 
absorption and metabolism. (E) Severity of impairment is 

THC dose-dependent. (F) Chemical composition (level of 
various cannabinoids and metabolites) of a cannabis prod-
uct influences degree of impairment (G) Amount of CBD 
contained in product may balance side effects of THC. 
(H) Drug interactions can alter serum THC levels. (I) Use 
of other sedating recreational or prescribed substances 
may cause additive impairment. (J) Pattern of regular con-
sumption in medical cannabis users decreases drug 
response, and side effects, to cannabinoids [20]

36 Cannabinoid-Related Adverse Events and Impairment



302

 Cannabis Products and Route 
of Administration

Each route of administration (e.g. inhalation, 
oral, oralmucosal) has unique pharmacokinetic 
properties that determine the onset and duration 
of action [9]. As such, the route of administration 
will determine how long an individual may be 
at risk for impairment. Inhalation methods, such 
as dried product vaporization, have the short-
est duration of action which is usually less than 
4 hours in medical cannabis patients  [20]. Oral 
administration methods, such as ingestible oils, 
have a longer duration of action, between 6-8 
hours  [20]. This has important implications for 
individuals engaging in safety sensitive activi-
ties, as it dictates the amount of time needed to 
pass before it is safe to partake in such activi-
ties. Product type also impacts risk of impairment 
because it influences how accurate the cannabis 
can be dosed. Cannabis oils that come with a 
graduated syringe allow for patients to know the 
exact amount of THC mg’s they are consuming, 
decreasing risk of accidental overconsumption. 
In contrast, smoked or vaporized dried canna-
bis flower is much harder to accurately dose, 
and thus may lead to a great risk of impairment 
(see Chap. 22 on Cannabinoid-Based Medicines: 
Dosing, Titration, and Monitoring).

 Frequency of Use and Tolerance

Consistent, daily use of  THC  can increase tol-
erance to impairment [20]. As such, the effect 
of  Cannabis will depend on an  individuals  pat-
tern  of use.  Frequent users may be at a lower 
risk of impairment, especially at low or moder-
ate doses of  THC  [20]. However, frequent use 
of high dose THC is associated with a host of 
adverse events and increased risk for imairment. 
Multiple definitions of “frequent cannabis use” 
exist in the literature. For instance, Newmeyer 
et al. [80] define “frequent” cannabis use as ≥5×/
week plus a positive urine screen for metabolites. 
Whereas occasional use is described as consum-
ing cannabis ≥2×/month and ≤3 times per week 
plus a positive urine test. In individuals who use 

cannabis less frequently, lack of tolerance may 
increase risk of impairment as well [69].

A recent systematic review concluded that the 
acute effects of a single cannabinoid administra-
tion are experienced by a greater degree among 
novice or occasional users compared to frequent 
and daily users [81]. Administration of THC in 
people who seldom used cannabis (<5 times of 
lifetime use) resulted in significantly increased 
anxiety, attention deficit, and other adverse psy-
chotomimetic effects. Females in particular tended 
to experience physical effects such as tremors, pal-
lor, hypotension, and symptoms of fainting [82].

With regular use, tolerance to the impair-
ing effects of THC may be built. The greatest 
degree of tolerance to cannabis occurs in the 
psychomotor coordination domain, with some 
evidence that people can develop full tolerance. 
Other adverse events, such as acute intoxicating 
effects, psychological effects, and physiologi-
cal effects, are blunted to a lesser extent (partial 
tolerance) [82]. For instance, frequent cannabis 
users (>4×/week) develop tolerance, showing 
no neurocognitive or motor impairment follow-
ing cannabis intake [83–85]. Other important 
considerations, such as the intent of use, help to 
clarify the evidence.  Cannabis Recommending 
Clinicians (CRC) can assist patients in building 
tolerance to the impairing or adverse events asso-
ciated with THC  by utilizing a low dose, slow 
titration cannabis initiation method (See Chap.  
22 on  Cannabinoid-Based Medicines: Dosing, 
Titration & Monitoring).

It may also be informative to compare side 
effects of medical cannabis with those of alter-
native therapies. Many of the first- or second- 
line therapies for chronic neuropathic pain (e.g., 
gabapentinoids, tricyclic antidepressants, or 
opioids) are frequently associated with morbid-
ity, and even mortality, when taken in overdose, 
especially for opioids. This is in contrast to medi-
cal cannabis-related neurocognitive impairments, 
which appear to be minimal and are decreased 
overtime without reduced therapeutic benefit 
[52]. Evidence suggests that acute neurocogni-
tive impairment related to medical cannabis use 
among chronic non-cancer pain or spasticity 
populations is dose-dependently related to THC 

C. A. MacCallum et al.



303

and dissipates over time [12, 53, 86–90]. Unlike 
data pertaining to recreational populations, less 
than 0.5% of chronic, daily medical cannabis 
users experience euphoria or paranoia, [91] sug-
gesting acute impairment dissipates as tolerance 
increases.

 Summary

To minimize neurocognitive impairments, it is 
important to have a goal-setting discussion with 
patients in addition to completing a full his-
tory, including all risk factors mentioned above, 
including, but not limited to, age, sex, personal 
and family history of mental health illness 
(including substance use disorders), history of 
cannabis use (number of years used, frequency 
of use over those years), current frequency of 
use (number of days per month and/or number 
of times per day), dose used each time, chemovar 
composition (THC, CBD, other cannabinoids 
and terpenes), and, importantly, intent for use 
(including whether it is being used as a coping 
strategy for negative mental states).
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Cannabis Vaping Hazards

Qian Cece Chen and Samer N. Narouze

 Introduction

Vaping is the practice of inhaling a vapor pro-
duced by a vaping device, often an electronic 
cigarette or e-cigarette. E-cigarettes are battery- 
powered devices that can turn substances into 
aerosol inhalants. These devices utilize cartridges 
purchased by the users that can contain liquid 
forms of nicotine or cannabis, in addition to fla-
voring and other chemicals. The device then heats 
the liquid in the cartridges, turning it into vapor 
that can be inhaled. Vaping marijuana involves 
inhaling heated THC and/or CBD oil [1].

E-cigarettes’ popularity in the United States 
began in 2007, and since then e-cigarette has 
become the mostly commonly used product among 
the youth. It has been reported that from 2017 to 
2018, usage among high school students increased 
from 11.7% to 20.8% [2]. These devices were 
originally created for inhaling nicotine, believed to 
be a safer alternative to traditional cigarette smok-
ing. However according to the American Lung 
Association, inhalation of any type of substance 
can be injurious to the lungs [3]. People using 
e-cigarettes can be exposed to heavy metals, vola-

tile organic compounds, and other ingredients that 
are currently being investigated for their potential 
harmful effect [2]. In 2019, an outbreak of mul-
tiple cases of severe lung injury associated with 
vaping prompted health authorities to begin a pub-
lic health investigation [4].

 Effect of Vaping on Lungs

Though e-cigarettes have been popular for years, 
it was not until July of 2019 that health officials 
began to notice their health-damaging effects. 
Around that time both the Wisconsin Department 
of Health Services and Illinois Department of 
Public Health began to receive multiple reports of 
cases associated with vaping-related severe lung 
injury that was occurring in previously young 
health patients [2, 4]. A public health investiga-
tion was then begun, and since then, the Centers 
for Disease Control and Prevention (CDC) has 
recorded similar cases in at least 25 states in the 
United States [2].

By October 2019, 867 cases were reported. Of 
these, 86% of the patients used THC-containing 
e-cigarettes within 3  months of onset of symp-
toms. By December 2019, nearly 2561 cases of 
such lung injury have been reported, 55 of which 
resulted in deaths [2] (Fig. 37.1).

The culprits are believed to be harmful ingredi-
ents found in the vaping products, including vita-
min E acetate, oils, and lipid components. Vitamin 
E acetate which is an additive used in vaping prod-
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ucts is considered to be particularly harmful. The 
flavorings used also contain aldehydes and alco-
hols that when heated, mixed with other ingredi-
ents, and aerosolized can create compounds that 
may be harmful to the lungs. Whether there are 
additional ingredients that may also be toxic is still 
being investigated [5] (Fig. 37.2).

 Patient Presentation

Patients who presented with EVALI (e-cigarette 
or vaping product use-associated lung injury) 
have presented with an array of symptoms that 
included dyspnea (87%), fever (81%), coughs 
(83%), chest pain (55%), nausea and vomit-
ing (66%), and diarrhea (43%) [2, 7]. Of those 
who also presented with hypoxemia, 38% of the 
patients had oxygen saturation between 89% and 
94% on room air, while 31% had oxygen satu-
ration of less than 89% on room air. The above 
symptoms can develop and progress over a period 
of few days to 6 months [4].

 Laboratory Findings

Lab findings in patients with EVALI can be vari-
able and non-specific. According to one study, 

87% of the patients presented with leukocytosis 
with >80% neutrophil count. Eosinophil count 
however tended to be <2% in these patients. 
There was also evidence of slightly elevated 
serum aminotransferase levels in 50% of the 
patients. About 30% of the patients had mild 
electrolyte changes including hyponatremia and 
hypokalemia [4].

Many of the EVALI patients also underwent 
bronchoscopy with bronchoalveolar lavage. The 
obtained samples commonly showed neutro-
philia and lipid-laden macrophages [4].

 Imaging Findings

On CT imaging, patients with EVALI commonly 
show bibasilar, ground-glass lung opacities. 
There tends to be also evidence of diffuse alveo-
lar damage (Fig.  37.3). Some patients also had 
pneumomediastinum, pneumothorax, or pleural 
effusions. Finally in some cases, there was evi-
dence of lipoid pneumonia, which is the result 
of an inflammatory response to the presence of 
lipids in the lungs that can occur from inhala-
tion of oil-based products like CBD oil or other 
 oil- based ingredients used in vaping products. 
Not all imaging findings occur acutely; some can 
develop over days to months [2, 4].
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 Pathological Findings

The pathological findings associated with EVALI 
are still poorly understood. A study that exam-
ined 17 cases showed histopathology findings 
consistent with acute fibrinous pneumonitis, dif-
fuse alveolar damage, and organizing pneumonia. 
There was also evidence of foamy macrophages 
and pneumocyte vacuolization. Findings of promi-
nent neutrophils with rare eosinophils are consis-
tent with blood work results described in other 
studies. Unlike the findings from the imaging stud-
ies however, the pathological findings did not find 
any evidence of lipoid pneumonia. It is suspected 
that the lipids may be a sign of acute exposure but 
not evidence of developing disease [9] (Fig. 37.4).

 Clinical Course

In a study that examined 53 patients who presented 
to the ER for vaping-related symptoms, 94% of 
the patients had to be hospitalized with a length of 
stay of about 1 week. 58% of the patients required 
ICU admission for respiratory failure, and 32% 
required intubation with ventilatory support. 
There were no patients that required conversion of 
an endotracheostomy tube to a tracheostomy. Out 
of the 53 patients, 15 had documented diagnosis 
of acute respiratory distress syndrome (ARDS). 
Two patients ultimately required conversion to 
extracorporeal membrane oxygenation (ECMO) 
with one eventual patient death [2].

 Direct Effect of Marijuana on Lungs

In addition to the damaging effect of vaping, 
marijuana itself, when inhaled, has been found 
to also cause injurious effects on the lungs. When 
inhaled, marijuana can cause increased cough, 
sputum production, wheezing, acute bronchitis, 
and impaired ciliary and alveolar macrophage 
functions, potentially leading to higher risk for 
pulmonary infections [10]. Several cases have 
demonstrated that marijuana itself can cause 
spontaneous pneumothorax in otherwise healthy 
young patients [10, 11].

Fig. 37.3 Computerized tomography (CT) images show-
ing diffuse lung infiltrates in three patients with 
e- cigarette-associated severe lung disease. (CDC data 
from North Carolina, July–August 2019 [8])
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 Conclusion

All of the research and clinical findings thus far 
have strongly indicated the dangers of vaping 
THC and CBD.  Though legalization of mari-
juana has increased over the years, some states 
are now warning the population of the health 
risks associated with using it in the vaping form. 
Because some users may be obtaining their vap-
ing products through the black market, CDC has 
a particular warning against such products as the 
ingredients may be unknown or variable. Even 
with the products that are sold legally however, 
due to lack of regulation, there is still not a guar-
antee that the labels accurately reflect all of the 
ingredients [12]. One of the ingredients, vitamin 
E acetate, has been firmly established as one of 
the sources for vaping-associated lung injury. 
Until further research can investigate the other 
ingredients used in vaping products, CDC and 
other health organizations have delivered a gen-
eral warning against all vaping products.
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Cannabis Use Disorder

Samer N. Narouze, Caroline A. MacCallum, 
and Lauren de Freitas

 Introduction

Adolescents and adults increasingly view cannabis 
as harmless. While the majority can use cannabis 
without harm, there are many potential problems 
including decline in educational or occupational 
functioning after early adolescent use, impaired driv-
ing, cannabis use disorders, cannabis withdrawal, 
and psychiatric comorbidity. There are limited 
evidence suggesting that medical marijuana laws 
have led to national increases in cannabis potency 
and prenatal and unintentional childhood exposure. 
Increased cannabis use in adults led to increase in 
cannabis- related emergency room visits, fatal vehi-
cle crashes, and cannabis use disorder (CUD) [1].

 Epidemiology of Cannabis Use 
Disorder

Marijuana is the most commonly abused drug in 
the United States [2]. An estimated 26.0 million 
Americans aged 12 or older in 2017 were cur-
rent users of marijuana. This corresponds to 9.6 
percent of the population aged 12 or older. This 
is higher than the percentages from 2002 to 2016. 
This increase in marijuana use among people 
aged 12 or older reflects increases in marijuana 
use among both young adults aged 18 to 25 and 
adults aged 26 or older. In 2017, about 1  in 5 
young adults aged 18 to 25 were current users 
of marijuana [2, 3]. Globally, approximately 4% 
of the population was using cannabis in 2015. 
Among teenagers, 8% in the United States and 
16% in Europe report use cannabis [4].

As consumption increases among adults, so 
does the unintended consequence of childhood 
exposure [5]. Between 2005 and 2009, 985 unin-
tentional exposures to children (median age of 
1.7 years) were reported. States legalizing mari-
juana have had a 20-fold increase in calls to poi-
son centers and admissions to critical care units 
for its exposure [6].

The prevalence of marijuana use more than 
doubled between 2001–2002 and 2012–2013, and 
this was accompanied by a large increase in mari-
juana use disorder. The past-year prevalence of 
marijuana use increased significantly from 4.1% in 
2001–2002 to 9.5% in 2012–2013. Concomitantly, 
the past-year prevalence of DSM-IV marijuana 
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use disorder increased from 1.5% in 2001–2002 
to 2.9% in 2012–2013. However, the prevalence 
of marijuana use disorder among marijuana users 
decreased from 35.6% in 2001–2002 to 30.6% in 
2012–2013. Approximately, three out of ten mari-
juana users presented with marijuana use disorder 
in 2012–2013 [7].

 Cannabis Use Disorder

Cannabis abuse is an outdated medical term that 
was used in the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV) which divided 
substance use from substance dependence. The 
Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) uses the term “cannabis use dis-
order” defined by nine pathological patterns classi-
fied under impaired control, social impairment, risky 
behavior, or physiological dependence [8].

The DSM-5 cannabis use disorder (addic-
tive disorder) provides 11 criteria to identify a 
problematic pattern of cannabis use leading to 
clinically significant impairment or distress as 
manifested by at least two of the 11 criteria occur-
ring in a 12-month period. Criteria 1–9 represent 
the behavioral patterns for addictive use of mari-
juana. Criteria 10 and 11 represent the pharmaco-
logical phenomena of tolerance and dependence

Loss of control is represented by Criteria 1, 
2, 3, and 4 and social impairment by criteria 5, 
6, and 7. While high-risk use is presented by cri-
teria 8 and 9 and pharmacological tolerance and 
dependence by criteria 10 and 11.

Cannabis abuse and dependence were com-
bined in the DSM-5 into a single entity captur-
ing the behavioral disorder that can occur with 
chronic cannabis use and named cannabis use 
disorder, it is defined as a problematic pattern 
of cannabis use leading to clinically significant 
impairment or distress, as manifested by at least 
two of the following 11 criteria, occurring within 
a 12-month period. The severity is graded as 
either mild (2–3 criteria), moderate (4–5 criteria), 
or severe (>6 criteria).

 1. Cannabis is often taken in larger amounts or 
over a longer period than was intended.

 2. There is a persistent desire or unsuccessful 
efforts to cut down or control cannabis use.

 3. A great deal of time is spent in activities nec-
essary to obtain cannabis, use cannabis, or 
recover from its effects.

 4. Craving or a strong desire or urge to use 
cannabis.

 5. Recurrent cannabis use results in failure to 
fulfill role obligations at work, school, or 
home.

 6. Continued cannabis use despite having per-
sistent or recurrent social or interpersonal 
problems caused or exacerbated by the 
effects of cannabis.

 7. Important social, occupational, or recre-
ational activities are given up or reduced 
because of cannabis use.

 8. Recurrent cannabis use in situations in which 
it is physically hazardous.

 9. Cannabis use continues despite knowledge 
of having a persistent or recurrent physical 
or psychological problem that is likely to 
have been caused or exacerbated by 
cannabis.

 10. Tolerance manifested as markedly dimin-
ished effect with continued use of the same 
amount of cannabis or the need for markedly 
increased cannabis to achieve desired effects.

 11. Characteristic withdrawal syndrome for can-
nabis, or cannabis is taken to relieve or avoid 
withdrawal symptoms.

Early Remission After full criteria for cannabis 
use disorder were previously met, none of the cri-
teria for cannabis use disorder has been met for at 
least 3 months but less than 12 months (with an 
exception provided for craving).

Sustained Remission After full criteria for can-
nabis use disorder were previously met, none of 
the criteria for cannabis use disorder has been 
met at any time for 12 months or longer (with an 
exception provided for craving) [8, 9].
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 Clinical Presentation and Risk 
Factors for “Problematic 
Cannabis Use”

The clinical presentation for problematic canna-
bis use is summarized in Fig. 38.1, while the risk 
factors for problematic cannabis use and canna-
bis use disorder were summarized in Tables 38.1.

 Cannabis Withdrawal

Cannabis withdrawal symptoms and signs may 
include irritability, anxiety, insomnia, nightmares, 
decreased appetite, depressed mood, tremors, 
sweating, or headaches (Table  38.2). Cannabis 
withdrawal is diagnosed if three or more of these 
signs and symptoms develop within 1 week after 
cessation of daily, heavy, prolonged cannabis use 
over a period of at least a few months [8–10].

Withdrawal occurs in only a subset of patients, 
and symptoms usually begin within the first 
24  hours, peak by day 3, and can last for up to 
2 weeks [11–13].

Clinical
Features
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Rx

Social
network

expressing
concern

Difficulty
reducing

use

Withdrawal
symptoms

e.g.,
anxiety
fatigue

Use
interferes

with
productive
activities

Other
substance

abuse
Mood,

anxiety or
psychotic

illness

Poor work,
school,
social

functioning

Fig. 38.1 Clinical features of problematic cannabis use. 
(© Dr. Caroline MacCallum used with permission)

Table 38.1 Risk factors for problematic cannabis use

Risk factors for “problematic cannabis use”
Regular chronic use in recreational cannabis users can 
increase the risk of cannabis dependence as well other 
illicit drugs and alcohol
The earlier the person starts recreational cannabis, the 
higher the risk of CUD
Current tobacco use and other illicit drugs
Male gender
Depression
Parental substance abuse
Childhood sexual abuse
Oppositional behaviors
Antisocial behaviors
Poor school performance

This is usually less of an issue with medical cannabis

Table 38.2 Cannabis withdrawal syndrome as defined 
by DSM-5 [8]

Cannabis withdrawal syndrome
The cessation of cannabis use that has been heavy and 
prolonged (i.e., usually daily or almost daily use over 
a period of at least a few months) with three or more 
of the following signs and symptoms developing 
within approximately 1 week after cessation:
  1. Irritability, anger, or aggression
  2. Nervousness or anxiety
  3. Sleep difficulty (insomnia, disturbing dreams)
  4. Decreased appetite or weight loss
  5. Restlessness
  6. Depressed mood
At least one of the following physical symptoms 
causing significant discomfort:
  1. Abdominal pain
  2. Shakiness and tremors
  3. Sweating
  4. Fever
  5. Chills
  6. Headache
The signs or symptoms cause clinically significant 
distress or impairment in social, occupational, or other 
important areas of functioning.
The signs or symptoms are not attributable to another 
medical condition and are not better explained by 
another mental disorder, including intoxication or 
withdrawal from another substance.

38 Cannabis Use Disorder
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 Cannabinoid Agonists for Cannabis 
Use Disorder

Recently, it was shown that the cannabinoid 
(nabiximols), in combination with psychosocial 
interventions such as cognitive behavior therapy, is 
a safe approach for reducing cannabis use among 
individuals with cannabis dependence [14].

In a parallel double-blind randomized clini-
cal trial of 128 participants, a 12-week course of 
nabiximols, a combination of tetrahydrocannabi-
nol and cannabidiol, resulted in significantly fewer 
days of illicit cannabis use compared with placebo 
and was well tolerated by participants [15].
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Cannabis Withdrawal

Yinan Chen and Christina Le-Short

 Introduction

Cannabis is the most commonly used illicit sub-
stance worldwide. Although commonly consid-
ered to be a “soft drug,” cannabis use is associated 
with mental and physical health problems. As use 
of cannabis increases over the past two decades, 
more research efforts have advanced our under-
standing of not only cannabis use disorder but 
also cannabis withdrawal [1]. Abrupt cessation of 
prolonged cannabis use can lead to a cannabis 
withdrawal syndrome (CWS), a new diagnosis 
included in the Diagnostic and Statistical Manual 
of Mental Disorders – Fifth Edition (DSM-5) [2] 
and as a criterion for cannabis use disorder. 
Symptoms of CWS occur reliably following a 
specific time course with cessation of cannabis 
use, are transient, can be ameliorated by read-
ministration of cannabis, and are clinically 
significant.

 Symptoms and Prevalence

Cannabis withdrawal syndrome (CWS) is diag-
nosed when within a week after cessation of 
heavy, prolonged use, ≥3 of 7 symptoms occur, 
including six behavioral or emotional symptoms 
and one or more of a list of physical symptoms 
(Table 39.1). It should be noted that if the symp-
toms are attributable to another medical condi-
tion or better explained by another mental 
disorder, including intoxication with or with-
drawal from another substance, diagnosis of 
CWS is excluded. This makes the diagnosis of 
CWS even more challenging since the coexis-
tence of mental disorder and other substance use 
disorder among cannabis users is not uncom-
mon [3–5]. Onset of symptoms typically 
occurred between days 1 and 3, peak effects 
between days 2 and 6, and most effects lasted 
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Table 39.1 Cannabis withdrawal symptoms

Cannabis withdrawal symptoms
Nervousness or anxiety
Irritability or aggression
Insomnia or unpleasant dreams
Depressed mood
Decreased appetite or weight loss
Restlessness
Physical symptoms
  Abdominal pain
  Shakiness or tremors
  Sweating
  Fever
  Chills
  Headache
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4–14  days, similar to tobacco and other with-
drawal syndromes [6].

CWS was not included in DSM-IV-TR 
because its clinical significance was not recog-
nized then. Budney et al. proposed the existence 
of CWS and reported that more than 50% of 
adults seeking treatment for marijuana depen-
dence experienced withdrawal symptoms [7]. 
Allsop et  al. demonstrated that CWS could be 
functionally impairing and patients with greater 
functional impairment were more likely to 
relapse [8, 9]. Another challenge to identify CWS 
is the lack of consensus on the best screening 
tool. Commonly used assessment instruments 
include the 22-item Marijuana Withdrawal 
Symptom checklist [7], the Cannabis Withdrawal 
Scale [8], the Marijuana Quitting Questionnaire 
[10, 11], the Customary Drinking and Drug Use 
Record [12], and clinical interviews involving the 
Time-Line-Flow-Back [13]. A recent metanalysis 
which included 23,158 participants in 47 studies 
showed no difference in prevalence estimation 
using different ascertainment methods [14]. 
However, this does not mean that all instruments 
to assess CWS are equal. The inclusion of diag-
nosis criteria in DSM-V will help to properly 
diagnose and treat CWS and prevent relapse.

The aforementioned metanalysis by Bahji and 
colleagues [14] identified a pooled prevalence of 
CWS of 47% with significant heterogeneity 
among studies when the data source was strati-
fied. Population-based studies had the lowest 
prevalence of CWS of 17%, whereas outpatient 
and inpatient samples showed prevalence of 54% 
and 87%, respectively. Concurrent use of tobacco 
and other illicit drug was associated with signifi-
cantly higher prevalence of CWS, as well as daily 
cannabis use. Like various individual studies, this 
metanalysis did not reveal association between 
CWS prevalence and gender, age, race/ethnicity, 
or geographic region. Unlike multiple individual 
studies, this metanalysis did not identify any 
association between CWS and psychiatric comor-
bidity. The authors, however, pointed out that 
cannabis use disorder (CUD) was more common 
among individuals with psychiatric comorbidity 
[15] including anxiety [16], mood [3], eating 
[17], and psychotic disorders [18, 19]. The asso-

ciation between CUD and psychiatric comorbid-
ity is generally negative, especially in the settings 
of younger cannabis exposure age and heavier 
cannabis use [15]. The overlapping symptoms 
between CWS and psychiatric disorder make the 
differential diagnosis further challenging. For 
example, patients with anxiety may use cannabis 
for the acute anxiolytic effect, and the anxiety 
experienced during abstinence may be the mani-
festation of CWS, worsening of pre-existing anx-
iety, or the combination of both. Therefore, 
clinicians need to familiarize themselves with 
such association to provide patients with proper 
care and counseling.

 Mechanism of Cannabis Withdrawal

Pharmacological studies identified delta-9- 
tetrahydrocannabinol (THC) as the primary psy-
choactive compound in cannabis that causes 
rewarding and addictive effect [20]. THC is a par-
tial agonist of the cannabinoid receptor type 1 
(CB1R) [21]. CB1 knockout mouse model and 
pharmacological blockade of CB1R demon-
strated its role in modulating cannabis depen-
dence and withdrawal [22, 23]. Regular use of 
cannabis has been shown to desensitize and 
downregulate CB1R. This effect starts to reverse 
within 2 days of cannabis cessation, and CB1R 
returns to baseline function within 4  weeks of 
abstinence [24, 25], which is consistent with the 
time course of CWS.  Evidence supporting that 
THC plays critical role in CWS includes (1) a 
hysteresis effect between the decrease in plasma 
THC and onset of CWS [26], (2) withdrawal 
symptoms following oral THC [27, 28], and (3) 
alleviation of CWS by oral THC [29]. THC likely 
exerts its effect via a non-CB1R-dependent 
mechanism as well. For example, animal study 
showed that THC increased the potassium- 
evoked dopamine release in the rat caudate 
nucleus [30]. More research further demonstrated 
that cannabinoids and endocannabinoids could 
modulate both voltage-gated ion channels (cal-
cium, sodium, and potassium) and ligand-gated 
ion channels (serotonin type 3, nicotinic acetyl-
choline, and glycine receptors) [31], as well as 
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cell membrane proteins and neurotransmitter 
receptors [32]. The exact mechanism of such 
modulation is not clear, and more studies are 
warranted to provide potential treatment targets.

Although heavier cannabis users are more 
likely to develop CWS, some individuals develop 
CWS with short-term, less than daily exposure. 
This raised the question whether genetic back-
ground predisposes certain individuals to with-
drawal. Earlier genetic epidemiology studies 
focused on CUD and concluded that it was 
highly heritable [33]. For example, the San 
Francisco family study found that not only can-
nabis use, abuse, and dependence but also age of 
first use was all heritable [34]. The same study 
also found that certain symptoms of CWS espe-
cially nervousness was heritable, too. More stud-
ies have been conducted since the inclusion of 
CWS in DSM-5. Twin study in Australia by 
Verweij and colleagues found that approximately 
50% of variances in withdrawal were attribut-
able to additive genetic factors (68% in abuse/
dependence). The remaining variances were 
mainly due to unshared environmental influ-
ences [35]. The authors concluded that CWS is 
moderately heritable. More importantly, the 
genetic influences on cannabis withdrawal 
almost completely (99%) overlapped with those 
on abuse/dependence. This is reassuring for 
genetic informed studies that did not assess 
withdrawal.

 Treatment of Cannabis Withdrawal

Cannabis withdrawal is considered a negative 
reinforcement for relapse, and patients have 
reported using other substances such as nicotine 
and alcohol as a reliever [6, 7, 10, 36]. Therefore, 
much effort has been made to identify treatment 
options for CWS.

Despite the growing interests and positive 
results from small-scale trials, there is no 
approved pharmacological treatment for CWS or 
CUD.  Current candidates for CWS are through 
either the cannabinoid receptor or other neu-
rotransmitters [37]. The most studied cannabi-
noids are THC and cannabidiol (CBD). While 

THC has psychoactive activity thus a narrow 
therapeutic window, CBD lacks psychotropic 
property and is considered a promising candidate 
for CUD and CWS treatment [20]. Animal study 
showed that CBD alleviated withdrawal symp-
toms and reversed gene expression changes 
induced by cannabis withdrawal including opioid 
μ receptor (Oprm1), cannabinoid CB1 receptor 
(Cnr1), and CB2 receptor (Cnr2) in the nucleus 
accumbens in mice [38]. Further study is neces-
sary to determine whether CBD has similar ther-
apeutic effect in human subjects. THC was able 
to decrease the intensity of withdrawal symptoms 
in several studies; however, it did not show effi-
cacy in terms of abstinence maintenance in a 
recent metanalysis [39].

Among non-cannabinoid agents, bupropion 
caught early attention due to its approval for 
tobacco cessation. Although cannabis and nicotine 
withdrawal share notable overlapping symptoms, 
bupropion was reported to worsen CWS symp-
toms [40]. Serotonin reuptake inhibitors (SSRIs) 
and serotonin-norepinephrine reuptake inhibitors 
(SNRIs) produced mixed results based on both lit-
erature review and metanalysis [38, 39]. Some 
studies reported CWS symptom alleviation with 
SSRIs and SNRIs, while others showed no differ-
enced as compared to placebos. Treatment with 
neither class resulted in increased likelihood of 
abstinence. Anticonvulsants such as gabapentin 
and topiramate showed promising results with 
decreased cannabis use and symptom intensity. 
However, studies so far are limited due to low 
power and poor completion rate [38]. Larger-scale, 
fully powered studies are necessary to provide 
more conclusive evidence for the role of anticon-
vulsants in treating CUD.  N-Acetylcysteine 
(NAC) is another agent of interest given its role in 
regulating glutamate release and preliminary 
favorable results treating cocaine and cigarette 
craving. NAC yielded positive primary cessation 
outcome in cannabis- dependent adolescents and 
young adults (age 18–21) in both open-labeled 
pilot study [41] and double-blind, randomized 
control trial [42]. The same group replicated the 
study in adults (age 18–50) but could not repro-
duce the positive result, suggesting a possible age 
effect in treatment [43].
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While the search for pharmacological agents 
for CWS treatment remains ongoing, psychother-
apy studies have established several evidence- 
based models and promising techniques in CWS/
CUD treatment. Cognitive behavioral therapy 
(CBT), motivational enhancement therapy 
(MET), and contingency management (CM) are 
studied the most and have all shown benefits in 
cannabis use outcome (decreased frequency and 
quantity of use during treatment). And the combi-
nation of the three modalities has the highest effi-
cacy [44, 45]. However, abstinence rate remained 
modest and declined after treatment. Moreover, 
the increasing number of cannabis user, both rec-
reational and medicinal, ensures that the volume 
of people developing CUD and/or experiencing 
CWS exceeds the capacity of substance abuse 
specialty services. Further investigation on brief 
intervention, computer/telephone-based inter-
vention, and social media may improve the acces-
sibility of psychotherapy. Psychotherapy should 
also be incorporated with pharmacological ther-
apy to improve the efficacy of CWS treatment.
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 Introduction

Written claims of cannabis as a medication for 
the treatment of pain date to around the fifteenth 
century BCE and can be found in the Chinese 
Pharmacopeia, the Rh-ya [1]. Spreading through-
out the world over the next 2000 years, it made its 
way into western medicine around 1850 resulting 
in its inclusion in the US Pharmacopeia with a 
wide variety of indications for its use, most nota-
bly pain. These indications were not strictly evi-
denced based but based on anecdotal evidence. 
Despite this lack of evidence, cannabis was 
among the most highly prescribed drugs in the 
early twentieth century. However, by the early 
1930s, opponents to cannabis use gained momen-
tum resulting in the prohibition of cannabis by 
multiple states and ultimately the federal govern-
ment outlawing its medical use. Despite its clas-
sification by the US government as having no 
medical use, cannabis-based medicine (CBM) 
has reentered mainstream medicine in the United 
States and many other countries especially over 
the last 25 years. This emerging interest by the 
public for cannabis products  – specifically for 
medicinal use – has been stimulated by advocacy 
for its legalization for both medicinal and recre-
ational use. One study reported that among 

adults, the prevalence of cannabis use increased 
from 10.4% to 13.3% with said increase due to 
growing social/legal acceptance, increased avail-
ability, and a decrease in the perception of risk 
[2]. As of March 2020, 11 states and the District 
of Columbia have legalized both medicinal and 
recreational forms of cannabis, while over 30 
states have legalized medicinal use of cannabis 
[3]. Ironically as more individuals gain access to 
cannabis for medicinal use, researchers in the 
United States continue to face regulatory hurdles 
when attempting to study cannabis partly due to 
its classification as a schedule 1 drug under the 
controlled substances act. Limitations in avail-
able products to study (most of which are not 
synchronous to what consumers are using medic-
inally) and extensive regulations on storage and 
dispensing of research cannabis add to the 
difficulty.

While many other states have active legisla-
tive bills to legalize/decriminalize cannabis, 
indications for medical use are based on low-
grade evidence. These indications are not con-
gruent between states highlighting the lack of a 
good evidence base. For example, cannabis can 
be used to treat glaucoma in New Jersey but not 
New York. However, pain is almost a universal 
indication. Unlike the traditional pathway to 
drug approval, cannabis has bypassed the nor-
mal due diligence required for drug approval 
and entered the therapeutic arena mostly via 
advocacy [4]. Politics and advocacy have sur-
passed solid clinical evidence; however clinical 
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providers must provide guidance on science not 
on hype. Thus, there is an urgent need for qual-
ity research.

 Difficulties in Cannabis Research

Despite the changes in policy at the state level and 
the increasing use and decreasing stigma associated 
with cannabis in general and CBM specifically, the 
federal government classifies cannabis as a sched-
ule I drug under the controlled substances act [5]. 
Agents listed under class 1 substances have no cur-
rently accepted medical use in the United States, a 
lack of accepted safety under medical supervision 
and a high potential for abuse. Therein lies the 
conundrum. In order to study the purported effects 
of cannabis based on thousands of years of use, the 
US government has already determined that canna-
bis has no medical use and classified it as such.

Scientific truth is not affected by political cir-
cumstance, but science is shaped by the political 
climate in which it takes place. These restrictive 
policies at the federal level make research into 
the benefits or harm of the cannabis products that 
most Americans have available to them difficult 
leaving clinicians and patients without the evi-
dence they need to make sound clinical decisions. 
This includes best indications, best product, can-
nabinoid and non-cannabinoid ratios, dosing, 
routes of administration, and subtypes of pain. 
Federal money into the research of cannabis is 
only approved under very specific circumstances 
by multiple agencies, and until recently all mari-
juana used in federally funded research was pro-
duced from a single approved facility which 
produced marijuana dissimilar to what patients 
were taking and state approved dispensaries were 
dispensing. Easement of these barriers will help 
make research into what the public mostly uses 
medical cannabis for, pain, more fruitful so that 
providers and patients can make more informed 
decisions as to whether cannabis will help, or 
harm, in their particular case. Cannabis is best 
thought as not a medicine like a traditional pre-
scription drug, but as a broad category of various 
agents that vary in what they target, how the host 
responds, and the side effects they produce.

State laws vary widely for which conditions 
medicinal cannabis is approved for. For most of 
these conditions, approval has relied on lower- 
quality evidence, anecdotal reports, individual 
testimonials, and public opinion, with differences 
in states reflecting inconsistencies in evaluating 
and applying the current evidence toward 
decision- making about qualifying indications for 
medical cannabis use [4]. Pain is one of the most 
common indications for the use of medical can-
nabis. Estimates of mean prevalence indicate that 
almost 70% of individuals report using medical 
cannabis for pain, while mean prevalence of the 
highly associated anxiety and depression is 
around 50% and about 35%, respectively [6].

Regarding current data, it is important to real-
ize that the lack of evidence of benefit does not 
always equate with evidence of a lack of benefit. 
In clinical practice, patients using cannabis fre-
quently attest to analgesic benefit, and many case 
reports/case series purport analgesic benefit as 
well. However, much research remains to be 
done. Unanswered questions remain in almost all 
aspects of cannabis use in pain management. 
This includes cannabis use in acute pain states – 
for example, postoperative pain and the periop-
erative setting. Although chronic pain remains 
one of its most common uses, not all chronic pain 
is the same, and further research into what spe-
cific types of chronic pain cannabis works well 
for is desperately needed.

All of this needs to be done using current can-
nabis formulations that are available for and cur-
rently in use by patients. In general, current 
research into cannabis for pain is significantly 
flawed and requires longer study periods with 
larger sample sizes and with better methodology. 
Some population studies have shown reduction in 
opioid use in states with legal cannabis, although 
like all cannabis-based research, this is far from 
conclusive [7–9]. If this is the case, further clini-
cal research into whether this can be extrapolated 
into individual patients must be performed. 
Although western medicine and pharmaceuticals 
have over abundantly evaluated medications 
using isolated molecules, the cannabis plant has 
over 100 cannabinoids and hundreds of other 
compounds. Are any other molecules, or even the 
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whole plant, needed to obtain maximal analgesic 
benefit? Exploration of this “entourage effect” 
from a clinical perspective requires further study. 
Tolerance, an effect well-known in reducing 
analgesic effects of opioids, has also been 
described in cannabis users for pain as has a 
cannabis- induced hyperalgesia [10]. Preclinical 
and experimental studies have also uncovered a 
possible worsening of pain depending on dose. 
Clinical dose-response information is desper-
ately needed. Cannabis use is known to produce 
downregulation and desensitization of cannabi-
noid receptors. As all humans have this endocan-
nabinoid system, are some pain states due to 
dysregulation of this system? Can novel mole-
cules that inhibit breakdown of endocannabi-
noids help regulate this important system? We 
will touch on some of these topics in this 
chapter.

 Cannabis in Acute Pain/Perioperative 
Pain Medicine

Acute postoperative pain is ubiquitous following 
almost all surgical procedures, and it is particu-
larly recalcitrant to current therapy. Some esti-
mate a prevalence of over 80% of poorly managed 
postoperative pain [11]. Opioids have served as 
the cornerstone of postoperative pain manage-
ment until recently as multimodal therapy using 
various modalities/medications has become more 
commonplace, in part due to the opioid epidemic. 
There is evidence that opioid exposure following 
surgery increases risk of continued and prolonged 
opioid use [12]. Although opioids can play a part 
in postoperative pain management, better non- 
opioid options are needed, and multimodal ther-
apy has dramatically changed the way 
postoperative pain is managed. Cannabinoids 
impact the endocannabinoid system, a system 
known to be involved in pain modulation, and 
current therapies used in multimodal periopera-
tive pain management do not take advantage of 
this system. This begs the question as to whether 
exogenous cannabinoids can play a part. As cur-
rent pain therapies remain far from optimal, mol-
ecules that work on alternative mechanisms of 

action are desperately needed. Given effects of 
cannabis on some forms of chronic pain, the 
question remains whether we can extrapolate that 
and add it to the multimodal armamentarium for 
patients and clinicians dealing with acute postop-
erative pain. Unfortunately, the literature needed 
to answer this broad question is sparse at best. 
Experimental pain studies on acute pain provide 
some evidence of a therapeutic window of mod-
est pain relief, especially in some acute neuro-
pathic pain models [13]. However, a systematic 
review of 7 studies with 611 patients undergoing 
various surgical procedures failed to demonstrate 
an overall benefit in using cannabinoids for acute 
postoperative pain. Of the seven studies, five 
demonstrated equivalent analgesia to that of pla-
cebo with only one of the seven suggesting ben-
efit [14]. A more recent systematic review and 
meta-analysis, which included studies not in the 
previously discussed review, included six trials 
using oral formulation (five trials) and an intra-
muscular formulation (1 trial). Results noted a 
small but significant reduction in acute pain espe-
cially with the intramuscular formulation [15]. 
Furthermore, a SR/MA of 8 randomized con-
trolled trials with over 900 patients and 4000 
patients in observational studies noted a very lim-
ited role in perioperative cannabinoids [16]. 
However, the studies used in these SR/MA evalu-
ated cannabis preparations which vary signifi-
cantly from those that are available from cannabis 
dispensaries. Thus, much like other areas of pain, 
much more research is needed to see if currently 
available cannabinoids provide any benefit in 
acute pain conditions.

Interestingly, and in contradistinction, there is 
preliminary evidence that prior cannabis use may 
in fact worsen postoperative pain outcomes and 
complicate postoperative pain management. A 
retrospective cohort of propensity-matched pre-
operative cannabis users noted higher pain scores 
and poorer quality of sleep following major 
orthopedic surgery [17]. Two more retrospective 
studies on patients following traumatic injury 
and following elective inflammatory bowel sur-
gery noted higher opioid use in those using 
chronic cannabis [18, 19]. As previously noted, 
cannabis may have a therapeutic window with 
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higher doses of THC worsening pain. These 
 studies were mostly retrospective and suffer typi-
cal limitations of retrospective studies including 
quantification of cannabis use. Prospective stud-
ies evaluating current cannabis products are 
needed when used alone and as part of a multi-
modal postoperative pain approach as well as 
whether those using cannabis prior to surgery 
experience worse postoperative pain outcomes. 
Dose-response relationships of cannabis used 
need to be assessed as well. Furthermore, does 
cannabis withdrawal contribute to worsening 
pain acute pain outcomes in the perioperative 
period? Most hospitals do not allow inpatients to 
use cannabis. Do those chronic cannabis users 
admitted to the hospital suffer cannabis with-
drawal and experience worse pain? Symptoms of 
withdrawal can include insomnia, mood changes 
(anxiety, depression), and physical discomfort 
[20]. All of this can lead to a worsening pain per-
ception in this patient population.

 Cannabis and Opioid Reduction

The thought of using cannabis to mitigate the 
opioid epidemic seems counterintuitive to many. 
Are we replacing one addictive substance with 
another? One epidemic for another? However, at 
face value if cannabis helps treat chronic pain, 
then shouldn’t patients rely less on opioids? 
Would this reduction in opioid prescriptions 
reduce opioid overdoses and opioid-related 
deaths? Like everything discussed in this chapter, 
the answer is not definitive, and more research is 
needed. This is also complicated because chronic 
pain is multidimensional, and it is well-known 
that patients use opioids to treat other dimensions 
aside from pain (i.e., mood disorders). A system-
atic review and metanalysis of 19 preclinical 
studies suggested a median effective dose of mor-
phine administered in combination with cannabi-
noids was 3.6 times lower than the median 
effective dose of morphine alone [21]. This 
makes sense, at least theoretically, as CB1 recep-
tors are much more abundant (around ten times) 
compared to mu opioid receptors in the brain [22, 
23]. There is co localization of these endocan-

nabinoid receptors in various regions of the cen-
tral nervous system associated with pain 
transmission and modulation suggesting aug-
mentation of the analgesia produced by opioids. 
On an ecological and population perspective, a 
2014 time series analysis of medical cannabis 
state laws and state level death certificates 
between 1999 and 2010 noted an almost 25% 
lower mean annual opioid overdose mortality 
rate when compared to states without medical 
cannabis laws [8]. Up until 2010, 13 states had 
medical cannabis laws. A more recent study rep-
licated the 2014 study extending the analysis to 
2017. Interestingly, the association between state 
medical cannabis laws and opioid overdose mor-
tality reversed direction [9]. It must be kept in 
mind that these were population-based/ecologi-
cal studies and are prone to the ecological fallacy. 
From an individual level perspective, there is 
some evidence that cannabis may reduce opioid 
use especially noted in case series and preclini-
cal/experimental studies. However, the evidence 
for clinical based research is less robust [21]. 
Nevertheless, there is some clinical evidence sug-
gesting an opioid sparring effect of cannabis; 
however most are flawed by small sample size 
and study design [24, 25]. In contrast other clini-
cal evidence points toward the opposite with evi-
dence suggesting that cannabis users experienced 
no reduction in pain nor a reduction in opioid use 
[26]. In summary it is too early to make definitive 
conclusions, and it is unknown if medical canna-
bis has an opioid sparring effect and if it does 
whether this translates to a reduction in opioid 
prescriptions and overdose deaths. Further obser-
vational studies, or ideally clinical trials, would 
help answer this question rather than relying on 
ecological data.

 Herbal Synergy/Entourage Effect

Cannabis-based medicine differs from the tradi-
tional single molecule pharmaceuticals common in 
western medicine. Although the general public 
typically thinks of cannabis in terms of its THC or 
CBD content, the cannabis plant has hundreds of 
molecules usually divided into cannabinoids (binds 
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to cannabinoid receptors) and  non- cannabinoids 
(those that do not bind to cannabinoid receptors). 
Can a cannabis preparation of a single molecule 
(i.e., THC) be too pure to confer analgesic and 
medical benefit? As noted, the cannabis plant con-
tains over 100 cannabinoid molecules including 
cannabigerols and cannabichromes. It also con-
tains hundreds of non-cannabinoids including ter-
penes, nitrogenous compounds, alcohols, ketones, 
steroids, and hundreds of other compounds [27]. 
Most of the existing research has focused on THC 
and CBD, largely ignoring these hundreds of other 
molecules. Some proponents suggest that so as to 
achieve the maximal medicinal benefit from can-
nabis, isolated molecules will not do. Instead a 
combination of these molecules – and for some the 
entire plant – is needed to obtain maximal benefit. 
This contrasts with the traditional western medical 
model of isolating individual molecules from 
plants and developing them into branded pharma-
ceuticals. THC analogues nabilone and dronabinol 
are currently FDA-approved exemplars of this tra-
ditional path.

This dynamic interaction of various phytocan-
nabinoids and non-cannabinoids has come to be 
known as herbal synergy, akin to the entourage 
effect where active and inactive metabolites 
effect each other pharmacologically. This effect 
was originally described in 1998 as an explana-
tion for some biological observations that endo-
cannabinoid ligand activity was affected by other 
lipids concurrently released by cells [28, 29]. 
Early examples from the 1970s by Carlini et al. 
demonstrated how CBD may interfere with THC 
both in humans and how cannabis extracts pro-
duced greater effect than that of pure THC at the 
same doses contained in the extracts [30, 31]. 
Preclinical studies are not all concordant with 
this concept with some suggesting no effect of 
common terpenes on cannabinoid receptors or on 
modulating THC on these receptors, while others 
do suggest a synergistic effect [29, 32, 33]. 
Clinical studies specifically looking at analgesic 
outcomes when comparing whole plant cannabi-
noid use to single molecules are lagging. Thus, 
despite strong support by some, there are many 
limitations at this point to definitively state 
whether or not the entire cannabis plant is 

required to produce maximal analgesic benefit 
compared to some of the plant’s constituent mol-
ecules. If the entourage effect does indeed exist, 
it is still unknown which specific compounds 
drive this effect. Currently there are no specific 
trials in humans looking at the entourage effect 
on analgesia. However, many studies evaluating 
pain outcomes have used nabiximols – a formula-
tion that contains a mixture of 1:1 THC:CBD – 
and whole plant Cannabis sativa showing modest 
analgesic relief with no analgesic relief following 
nabilone alone [34, 35].

However, other clinical studies focusing on 
other medical conditions have found minimal to 
no differences when comparing synthetic canna-
binoids to herbal preparations, suggesting no 
entourage effect. Nevertheless, using these find-
ings to dismiss the potential for an entourage 
effect is premature and arguing from the null 
hypothesis [27, 36–38].

In defense of the single molecule approach, 
single molecule cannabinoid chemistry/pharma-
cology also holds promise as pharmacologists 
and chemists can modify cannabinoid molecules 
to make very specific and selective mechanisms 
of action and improve efficacy and reduce possi-
ble adverse effects relative to nonselective 
phytocannabinoids.

 Other Mechanisms of Action

Most articles and textbooks discuss how cannabi-
noids interact/modulate the endocannabinoid 
receptors found throughout the body. However, it 
is well-known that cannabinoids also interact 
with various other receptors known to be involved 
in pain transmission and modulation [39]. For 
example, THC is purported to reduce NMDA 
response, a well-known mechanism involved in 
difficult to treat hyperalgesic pain syndromes 
including fibromyalgia [40]. CBD also interacts 
with various receptors and ion channels includ-
ing TRPV1 (agonist), modulation of glycine 
receptors and opioid receptors, serotonin ago-
nism, and antagonism of human enzymes which 
break down endocannabinoids (i.e., fatty acid 
amide hydrolase) [41–44]. The more common 

40 Cannabinoids Future Research



330

“minor” cannabinoids include cannabichromene 
(CBC), cannabinol (CBN), cannabigerol (CBG), 
and tetrahydrocannabivarin/cannabidvarin 
(THCV/CBDV) and may be involved in pain 
modulation. There are preclinical studies sug-
gesting evidence of anti-inflammatory and anal-
gesic properties of some of these compounds. For 
example, CBG may stimulate various receptors 
important for pain, inflammation, and heat sensi-
tization, while CBC can induce nociception when 
used by itself while potentiating the analgesic/
antinociceptive effects when used with THC 
[39]. No well-powered clinical studies are avail-
able to evaluate the potential of these “minor” 
cannabinoids in providing analgesia in various 
pain states. The NIH recognizing the potential of 
these molecules with the National Center for 
Complementary and Integrative Health awarding 
various research grants into investigating their 
potential [45].

 Methodology/Design of Research

Although the acceptance of cannabis in the medi-
cal community and public continues to grow, 
most of the research driving clinical decisions is 
plagued by methodological flaws. The gold stan-
dard of clinical research has classically been the 
double-blind randomized controlled clinical trial. 
Like other psychoactive substances, cannabis 
presents a challenge in blinding of subjects due to 
its inherent psychoactivity. The placebo arm of 
trials evaluating smoked, oral, or vaporized can-
nabis typically consists of inactive cannabis. 
Although this may look and taste like cannabis, 
many participants can distinguish between the 
intervention and placebo – presumably because 
the psychoactive properties of the cannabis do 
not present in the placebo. For example, in a ran-
domized crossover trial, participants enrolled in 
the treatment arm were given cannabis cigarettes. 
More than 90% were able to guess their treatment 
assignment compared to 38% of those who 
received placebo first. But at crossover more than 
90% of those initially in the placebo arm guessed 
correctly when given the cannabis intervention 
[47]. Lack of effective blinding has the possibil-
ity to produce results overestimating the effec-

tiveness of cannabis [48]. Various ways to reduce 
this bias have been proposed including use of a 
psychoactive control that is known to not be an 
analgesic, recruitment of cannabis-naïve users 
(less likely to be familiar with the psychoactive 
effect of cannabis), assessment of blinding dur-
ing each trial to help with post hoc evaluation of 
bias, and performance of trials evaluating the 
non-psychoactive cannabis strains (i.e., high 
CBD and low THC) [48].

Other imitations to current studies include 
small sample sizes. A systematic review and met-
analysis of 104 studies noted that only about 20% 
of the included studies had at least 100 subjects 
per arm and that in some estimates effect sizes 
were larger for studies having less than 30 partici-
pants per treatment arm. Also noted is the short 
duration of those studies with a median duration 
of only 8 weeks. Interestingly reductions in pain 
intensity were highest for 1 day studies and were 
smaller and non-significant in studies of 13 weeks 
or longer suggesting the possibility of diminish-
ing analgesia with time [34]. Other limitations in 
methodology that could be improved include poor 
recording of cannabinoid dosing (most studies 
record only a maximum recommended dose as 
opposed to what the subject actually consumes) as 
well as studies that evaluate the long-term risks 
and public health outcomes of currently available 
cannabis preparations.

 Conclusions

The science of cannabis is rapidly evolving with 
further research anticipated to improve its use in 
various medical conditions including pain. This 
will require academic, industry, and governmen-
tal support. Research from the ground up is 
needed including studies on mechanisms of 
action, evaluation in various pain states (i.e., 
acute, chronic somatic, chronic neuropathic), 
dose-response evaluations, cannabinoid combi-
nation studies, and long-term health outcomes of 
chronic medical cannabis use.

With increasing cannabis use for medical rea-
sons throughout the United States, we should 
take advantage of this massive natural history of 
experiment with millions enrolled to evaluate 
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effects on pain as well as public health outcomes. 
Although randomized clinical trials are consid-
ered, the gold standard in helping prove causa-
tion other studies including observational studies 
and pragmatic studies can be executed using 
patients being managed in customary clinical 
care environments. This would help generate 
real-world data and information.
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