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A look at the current medical marijuana landscape
The use of cannabinoids for therapeutic benefits has grown in popularity in the US in
recent years. This de-stigmatization of marijuana has occurred as 23 states plus
Washington, D.C. have legalized medical marijuana use. About one million people are
currently medical cannabis users in the US. Based on this figure, we estimate that
medical marijuana is a $2.9bn industry and could at least double if more states legalize
use. Currently, sales of medical marijuana are driven by largely unregulated small
businesses whose output can be varied in content and quality, potency and efficacy.
There is a burgeoning industry of pharma companies developing compounds that would
have several benefits including uniform formulation, efficacy claims based on clinical
data, low content of the delta-9-tetrahydrocannabinol (THC) component (the portion of
marijuana responsible for inducing the feeling of “high”) and an FDA stamp of approval.

Cannabinoids are relevant in many disease contexts
Cannabinoids interact with the natural endocannabinoid system, which helps regulate
cell homeostasis, inflammation, neural signaling, behavior and oxidative stress, and can
induce psychoactive activity. As such, cannabis has been used to treat conditions
including severe pain, epilepsy, CINV, inflammatory diseases, neurodegenerative
diseases and post-traumatic stress disorder (PTSD). Cannabinoid-based drugs are in
clinical trials for several conditions and may have broad-based applications.

GW Pharmaceuticals (GWPH) has 4 phase 3 readouts 1Q16
GW Pharmaceuticals is developing a pipeline of cannabis-based therapies. Epidiolex is
the lead candidate in phase 3 for treatment of rare severe pediatric epilepsies. GW will
present data in December at the American Epilepsy Society meeting and should have
much anticipated placebo controlled phase 3 results from four trials throughout 1Q16.

Unauthorized redistribution of this report is prohibited. This report is intended for solutions@ml.com.

Life sciences tools are pivotal to cannabis QA/QC
Life sciences tools (LST) are widely used in drug manufacturing quality assurance/quality
control (QA/QC) in addition to research and diagnostics. Cannabis QA/QC involves
testing for potency, microbes, metals, pesticides, and residual solvents using tools such
as gas chromatography (GC), high performance and ultra-high performance liquid
chromatography (HPCL/UHPCL), and mass spectrometry (MS). The cannabis industry is
poised for growth if increased interest in cannabis as a medical drug and acceptability
among the general public and lawmakers results in further legalization and use. As the
cannabis industry expands, we expect a corresponding increase in cannabis regulation
and QA/QC testing, which should be positive for the LST sector, in our view.

A, WAT & TMO are key providers of cannabis QA/QC tools
We conservatively estimate that the cannabis testing market opportunity for the LST
sector could be in the range of $50-$100mn by 2020. This represents a new potential
revenue opportunity in the tens of millions of dollars for LST companies. Within our
coverage universe, Agilent (A), Waters Corporation (WAT), and Thermo Fisher Scientific
(TMO) are key providers of cannabis QA/QC tools due to their leadership positions in the
GC and HPLC/UHPLC markets, as well as their existing well established footprints in
conventional drug QA/QC. Other LST companies that could also participate in the
cannabis QA/QC market opportunity include PerkinElmer (PKI), Danaher (DHR), and
Bruker Corp (BRKR).

BofA Merrill Lynch does and seeks to do business with companies covered in its research reports.
As a result, investors should be aware that the firm may have a conflict of interest that could
affect the objectivity of this report. Investors should consider this report as only a single factor in
making their investment decision.
Refer to important disclosures on page 44 to 45.
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Executive summary
Medical marijuana: getting in the weeds
The use of marijuana for medicinal purposes has grown in recent years as a number of
US states have legalized use. Where legal, patients are using medical marijuana for a
wide range of therapeutic benefits such as pain, nausea, epilepsy, inflammatory
diseases, multiple sclerosis (MS), and PTSD.
We calculate up to $2.9bn of current legal medicinal sales in under half of US states. In
our view, scientific, clinical and anecdotal evidence support medicinal cannabis while
recent media attention has contributed to public awareness. Given these trends, we
analyzed the current medical marijuana landscape to see how products are used and
sold, how drug companies are becoming more involved, and how impactful FDAapproved cannabis based drugs could become. We believe current sales could at least
double over the next few years if more states legalize marijuana and if FDA-approved
cannabis products catch on in popularity.
Put that in your pipe-line; a review of drugs under development
There are ongoing clinical trials evaluating cannabinoid therapies for diseases including
diabetes, cancer and neurodegenerative disorders. We summarize the key product
categories as well as the companies that are most advanced. We also highlight some
key hurdles cannabis-based products will have to clear to get approval.
The medicinal benefits of cannabis without the ‘high’
We believe GW Pharmaceuticals is a leader in cannabis-based therapies with four phase
3 trials under way for its lead drug Epidiolex, for treatment of rare, severe, pediatric
epilepsies. While parents already use medicinal marijuana preparations to treat their
children (e.g. Charlotte’s Web featured on CNN’s 2014 Weed), we believe GW could offer
the advantage of an FDA-approved drug that offers the medicinal benefits without the
component of marijuana that provides the “high” feeling.
Quality control will become more important as medical marijuana use increases
Even though cannabis may have a large market opportunity as a drug for multiple
indications, the regulatory framework around QA/QC has been convoluted. Currently,
there are no widely accepted requirements and standards for cannabis quality testing,
which includes potency, microbial, metals, pesticides, and residual solvents testing.
Cannabis testing requirements vary from state to state, and testing methods vary from
lab to lab, sometimes resulting in incomparable results and mislabeled and noncompliant cannabis products.
While life sciences tools (LST) are generally known for their application in research and
development (R&D), and diagnostics, they also play a critical role in ensuring drug and
food supply by enabling quality assurance/quality control (QA/QC). Through the use of
several tools, such as gas chromatography (GC), high performance and ultra-high
performance liquid chromatography (HPCL/UHPCL), and mass spectrometry (MS), the
quality, consistency, and safety of cannabis products can be measured.
We believe that the expansion of cannabis legalization and use will eventually prompt
more stringent regulations. This, along with a growing interest in cannabis medical
research, should be an incremental positive for the LST sector in our view. We
conservatively estimate that the cannabis testing market opportunity for the LST sector
could be in the range of $50-$100mn by 2020. A more aggressive market estimate of
approximately $150mn assumes full legalization in the US. Overall, this represents a
new potential revenue opportunity in the tens of millions of dollars for LST companies.
Within our coverage universe, Agilent (A), Waters (WAT), and Thermo Fisher Scientific
(TMO) are key providers of cannabis QA/QC tools due to their leadership in GC and
HPLC/UHPLC and strong footprint in market for conventional drug QA/QC. PerkinElmer
(PKI), Danaher (DHR), and Bruker Corp (BRKR) could also participate.
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Cannabis in Medicine
The cannabis seed has been planted
Cultivation and use of marijuana, or cannabis (also known as weed, pot, reefer, ganja,
dope, bud), for medicinal use, a source for hemp fiber and as a recreational drug can be
traced back 5,000 years, yet it remains prohibited under current federal laws in the
United States and most countries worldwide. Under the Controlled Substances Act of
1970, marijuana is classified as a Schedule 1 substance (high potential for abuse, no
accepted medicinal uses and an unacceptable safety profile under medical supervision).
Growing evidence in the medical and scientific communities that cannabis has
significant potential for clinical application has resulted in loosened restrictions in
multiple states. Twenty-three states plus Washington D.C. currently permit marijuana
sales for medicinal purposes. In addition to smokeable dried marijuana leaves, cannabis
and hemp-derived products are on the market for a range of therapeutic uses including
pain, nausea, glaucoma, depression and epilepsy among others. Accordingly, we believe
the door has opened for growth in the cannabis-based drug market with support from
patients, physicians, drug developers and politicians.

The current landscape: registered users are on the rise
Data are widely available from state health departments on the number of legally
registered cannabis patients either on their websites or by correspondence. The
Marijuana Policy Project (MPP), a not-for-profit devoted to legalizing the use of
marijuana, estimates the current number of legal medical marijuana patients to be
1.3mn or 0.88% of the population in states where medical marijuana is legal. Internal
BofAML research supports these estimates based on publically available state marijuana
program reports and correspondence with state officials. Excluding states where data
Table 1: Table: Registered Medical Marijuana Patients by State
States with Medical
Marijuana Programs

Registered Medical July 2014 State Population
Marijuana Cardholders
(US Census)

.Alaska
910
.Arizona
63,417
.California
83,574 / est. 388,025
.Colorado
113,862
.Connecticut
6,726
.District of Columbia
4,550
.Delaware
437
.Hawaii
.Illinois
3,300
.Maine
8,434
.Maryland
.Massachusetts
21,473
.Michigan
96,408
.Minnesota
692
.Montana
12,975
.Nevada
12,091
.New Hampshire
.New Jersey
6,406
.New Mexico
18,628
.New York
.Oregon
76,723
.Rhode Island
11,467
.Vermont
1,788
.Washington
- / est. 70,615
Total Legal Medical Marijuana Patients:
Estimated Legal Medical Marijuana Patients:
Total State Populations:
+Washington Total State Populations:
% Registered Cannabis Patients:
% Estimated Cannabis Patients:
Source: BofAML Global Research
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543,861
1,002,501
113,679,292
120,740,822
0.48%
0.83%

736,732
6,731,484
38,802,500
5,355,866
3,596,677
658,893
935,614
1,419,561
12,880,580
1,330,089
5,976,407
6,745,408
9,909,877
5,457,173
1,023,579
2,839,099
1,326,813
8,938,175
2,085,572
19,746,227
3,970,239
1,055,173
626,562
7,061,530

% of Population

0.12%
0.94%
1.00%
2.13%
0.19%
0.69%
0.05%
0.03%
0.63%
0.32%
0.97%
0.01%
1.27%
0.43%
0.07%
0.89%
1.93%
1.09%
0.29%
1.00%

were not available or programs have not yet started, we found 544,000 state registered
medical cannabis cardholders using statistics within the last year (Table 1). Data on the
number of registered patients could not be obtained for Hawaii or Washington, but in
Washington, as with several other states including California, registration is voluntary.
Colorado has the highest number of registered users
As a percentage of all residents (July 2014; US Census data) in the states included in the
figure, 0.48% of residents are registered cannabis patients. Colorado reported the
highest proportion of registered medical marijuana patients with 2.13% of the
population. As of July 2015, over 113,000 patients were registered according to the
Colorado Department of Public Health & Environment; 93% of patients are registered as
using marijuana for severe pain; the average age of all patients is 42.5 and 65% of
patients are men. In the under 18 demographic, seizure is the top reported condition.
Table 2: Qualifying Conditions for Medical Marijuana Registration in Illinois and Colorado
Qualifying Conditions in Illinois

Acquired Immunodeficiency Syndrome (AIDS)
Agitation of Alzheimer's disease
Amyotrophic Lateral Sclerosis (ALS)
Arnold-Chiari malformation and Syringomelia
Cachexia/wasting syndrome
Cancer
Causalgia
Chronic Inflammatory Demyelinating Polyneuropathy
Crohn's disease
CRPS (Complex Regional Pain Syndromes Type II)
Dystonia
Fibromyalgia (severe)
Fibrous dysplasia
Glaucoma
Hepatitis C
Human Immunodeficiency Virus (HIV)
Hydrocephalus
Interstitial Cystitis
Lupus
Severe Pain
Muscle Spasms
Severe Nausea
Cancer

Multiple Sclerosis
Muscular dystrophy
Myasthenia Gravis
Myoclonus
Nail-patella syndrome
Neurofibromatosis
Parkinson's disease
Post-concussion syndrome
RSD (Complex Regional Pain Syndromes Type I)
Residual limb pain
Rheumatoid arthritis (RA)
Seizures, including those characteristic of epilepsy
Sjogren's syndrome
Spinal cord disease, including, but not limited to, arachnoiditis,
Tarlov cysts, hydromyelia, syringomyelia
Spinal cord injury
Spinocerebellar Ataxia (SCA)
Tourette’s syndrome
Traumatic brain injury (TBI)

Qualifying Conditions in Colorado
Seizures
Glaucoma
Cachexia
HIV/AIDS

Source: Illinois Dept. of Public Health, Colorado Dept. of Public Health and Environment, BofAML Global Research

Registration in some states is voluntary
Several states have been at the forefront of adopting legal cannabis (i.e. Colorado,
Oregon) but a number of states are just ramping up registration for medical marijuana
use, so patients/state numbers are skewed in both the positive and negative direction.
For example, Illinois reported 3,300 patients registered for medicinal cannabis use,
0.03% of its population, and marijuana dispensaries opened November 9, 2015.
In California and Washington, registration is voluntary, which we think partially
attributes to lower registered users. MPP estimated California and Washington medical
cannabis patients from Oregon’s statistics in which 1.9% of residents are registered.
More conservatively, estimating the current medical cannabis patient numbers of
California and Washington as 1% of the state population (both early adaptors for
medical legalization, possession decriminalization and Washington in legalization of
recreational use) brings the total current estimated medical cannabis population to over
1mn or about 0.83% of the population. If we extrapolate across the country, that would
provide an estimate of over 2.6mn potential US medicinal marijuana patients.
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Pain is the most popular use for medical marijuana
Indications for medical cannabis prescriptions are varied across states, and the breadth
of indications and specificity varies by state as well. In Illinois, 37 qualifying conditions
are listed, whereas in Colorado, only eight conditions are categorized (Table 2). The
overwhelming majority of patients are prescribed medical marijuana for severe pain.
Severe pain accounts for over 70% of all qualifying conditions reported in Colorado and
over 60% in Oregon (Chart 1). Patients may have more than one qualifying condition, so
in Colorado and Oregon, >90% of registered patients report severe pain as a qualifying
medical condition. Both states have a similar breakdown of patient populations with
severe pain as the lead condition, muscle spasms a distant second and nausea third.
Chart 1: Breakdown of qualifying conditions for medical marijuana patients in Colorado and Oregon

Colorado

Severe Pain

Oregon

Muscle Spasms
Severe Nausea
Cancer
Seizures
Glaucoma
Cachexia
HIV/AIDS
Source: Colorado Dept. of Public Health and Environment, Oregon Health Authority, BofAML Global Research

We estimate the medical marijuana market will grow meaningfully
In 2014, a publication in the Journal of Managed Care and Specialty Pharm collected
average costs of pain medication for 30 days of use per patient between 2000 and
2007 (Rasu, 2014). The average cost of pain management weighted by differing
medication costs and prescription frequency provided an estimated $240 per month per
person for managing chronic pain, or about $8/day/patient. Based on a comparable price
tag for any daily cannabis medication and our estimate for current medical marijuana
patients, we estimate that medical marijuana revenue will reach $2.9bn in 2015.
Consider that legal adult recreational cannabis sales in 2014 were about $315mn in
Colorado (by far the largest legal recreational use market) and total cannabis revenues in
the US (medicinal plus recreational) reached about $2.7bn as estimated by a third party.
Our estimate of $2.9bn in medical marijuana sales in the US for 2015 is in line with the
~$3.5bn total legal cannabis revenues in 2015 estimated by third party reports. The
same reports estimate that legal marijuana sales will reach $10.8bn by 2019 with better
than 30% growth y/y. Another third party report estimates legal cannabis revenues will
be $35bn in 2020 assuming full legalization in the US. With our estimated potential
population of 2.6mn, we conservatively calculate the medical cannabis market could be
about $7.6bn in the US.
Why are there so few cannabinoid-based drugs? Room for pharma
Medical cannabis revenues are currently legally generated at the state level on products
that are not approved by the FDA, vary across products, often lack pharmaceutical grade
quality assurance and quality control and are federally illegal. Moreover, most insurance
companies do not reimburse patients for medical marijuana. These issues raise
questions about the direction of the medical cannabis industry and how medicinal
cannabis and cannabis-derived products fit into the pharmaceutical industry. Leaving the
recreational debate aside, we will review the clinical support, market opportunities and
barriers to market for pharmaceuticals derived from marijuana constituents.
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Severe Pain
Muscle Spasms
Nausea
Cancer
Seizures
Glaucoma
Cachexia
HIV+/AIDS
Neurodegenerative
PTSD

The science of how marijuana works

The marijuana plant is classified in the genus Cannabis, which falls under the phylogenic
family Cannabaceae. Several types of cannabis sub-species exist including Cannabis
sativa (Exhibit 1), Cannabis indica, and Cannabis ruderalis, and they contain over 500
identified compounds. The most notable components are a group of over 100
cannabinoids, which are responsible for the psychotropic effects typically associated
with marijuana. Each sub-species displays different growth traits and characteristics, as
well as varying quantities of cannabinoids. Different strains of cannabis, regardless of
subtype, are frequently crossbred to obtain desired growth characteristics and
quantities of the compounds contained in plants.
As easy as THC and CBD
The two most prevalent constituents are delta-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD), upon which most of the clinical potential is focused. THC is the chief
chemical that stimulates psychoactive responses in the central nervous system, or in
layman’s terms, the chemical that gives the “high.” Its discovery prompted exploration
of the natural endocannabinoid system in physiology. In contrast, CBD has little to no
psychoactive effects, but still interacts with many of the same receptors in the body’s
naturally occurring endocannabinoid system, providing potential medicinal effects. A
common misconception is that C. sativa contains more THC than C. indica; however,
many strains produce varying amounts of THC and CBD in many ratios due to
hybridization. Scientific evidence suggests that indica actually contains higher THC:CBD
ratios (Hillig 2004). It is often perceived, though scientifically unsubstantiated, that
sativa and indica produce differing physiological and psychoactive effects. C. ruderalis is
much less common.
Exhibit 1: Cannabis Sativa

Source: GW Pharmaceuticals

Receptor activation by cannabinoids induces a range of physiological responses
The endogenous cannabinoid system, or endocannabinoid (eCB) system, is the body’s
intrinsic system of cannabinoid molecules and receptors, most notably CB1 and CB2
receptors. eCB molecules such as 2AG and AEA act in a retrograde fashion originating
from post-synaptic terminals, or the receiving end of a neural signal, and affect presynaptic terminal receptors where a neural signal originates. Produced in a variety of
cells, eCBs are not stored, but generated as needed. eCBs interact with a range of
receptors distributed in various cells throughout the body.
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The endocannabinoid system has complex modulatory capabilities
CB1 receptors are primarily associated with the central nervous system (CNS) and have
been implicated in negative regulation of neurotransmitter release and psychoactivity.
CB2 receptors, however, are predominantly expressed by cells of the immune system
such as (but not limited to) B lymphocytes, T lymphocytes, leukocytes, macrophages,
monocytes and natural killer (NK) cells, and have been implicated in negative regulation
of immune responses. eCBs also interact with non-CB1/CB2 receptors such as TRPVs, 5HTs and PPARs. Altogether, the eCB system has complex modulatory effects on a range
of physiological and pathological functions involving metabolism, inflammation, pain,
cancer, neurotransmission and cognition along with others.
Endocannabinoids regulate homeostasis to potentially control diseases
Although not the rule for every case, negative regulation of neurotransmitter release,
immune responses and other cases of cell activation by the eCB system have garnered
interest for therapeutic applications to return abnormal cell and tissue activity to
homeostasis, or status quo. Considering the high number of cannabinoids that naturally
occur in cannabis in combination with the pathological intervention opportunities
throughout the body, affecting the eCB system with cannabis-derived cannabinoids
holds promise to impact some of the most serious diseases without treatments today.
For example, epileptic seizures are associated with hyperactive neuronal activity, which
CBD may be able to dampen and prevent. Several cannabis-derived products have
already proven their therapeutic benefits in clinical trials and are used on the market.

How are cannabis-derived products currently used?
Three notable companies have cannabis-based products currently on the market for
three different indications: MS spasticity, nausea and vomiting, and loss of appetite
associated with weight loss in AIDS. Although their commercial success has been
limited, they demonstrate an inroad for other eCB-based products as the eCB system
becomes better understood.
Exhibit 2: Sativex Oromucosal Spray

Source: GW Pharmaceuticals
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MS spasticity
Sativex, also called nabiximols, is an oral spray (Exhibit 2) derived from cannabis and
developed by GW Pharmaceuticals (GWPH). It is approved outside the US for patients
with moderate to severe multiple sclerosis (MS) spasticity. The US National MS Society
estimates that approximately 2.3 million people live with MS worldwide, and over half
experience some form of spasticity. Patients with MS spasticity, or hypertonia,
experience increased muscle tension and stiffness, inability to stretch and spasms. MS
spasticity results from loss of inhibitory function in motor neurons, or an imbalance in
excitatory and inhibitory motor neuron signals, likely due to the loss of neural
myelination, and can be severely debilitating.
Sold by Bayer Schering Pharma in the UK and EU and Novartis in Asia, Sativex is a 1:1
combination of THC and CBD. Sativex is thought to interact with CB1 and CB2
receptors, as well as other receptors, to inhibit excitatory signals and restore neural
homeostasis, effectively preventing chronic excitation of muscular motor neurons.
Although not definitely proven in humans, GWPH lists the CBD effects as antiinflammatory, anticonvulsant, antipsychotic, antioxidant, neuroprotective and
immunomodulatory, and the THC effects as analgesic, antispasmodic, antitremor, antiinflammatory, appetite stimulant and antiemetic.
Sativex is not approved in the US
In countries that granted approval, Sativex is indicated in for MS patients with spasticity
who have not responded to other anti-spasticity medicine and who respond to an initial
trial of therapy with decreased spasticity. Sativex is approved in 27 countries including
the UK, Germany, Spain and Italy, but is not approved for use in the US by the FDA.
Retroactive studies published by the American Academy of Neurology (AAN) on 19
clinical trials investigating the efficacy of nabiximol, oral cannabis extracts (OCEs), THC
and smoked marijuana on spasticity reported that nabiximol is “probably effective” in
reducing patient reported symptoms of spasticity, pain associated with spasticity and
urinary dysfunction (Koppel et al 2014). Objective measures of spasticity did not achieve
statistical significance in patients using Sativex (Yadev et al 2014). OCE was also
described as effective and THC as probably effective for spasticity and painful spasms
in patient-centered measurements.
Adverse effects are the common story
Authors noted that adverse effects (AEs) are of significant concern, and of 1,619
patients treated with cannabinoids for less than six months, 6.9% discontinued
treatment because of AEs (2.2% of the 1,118 that received placebo discontinued due to
AEs). Mild/moderate AEs were reported in at least 50% of patients, but were equally
prevalent in placebo groups. Authors also noted that the placebo effect in such studies
is abnormally high, and the ability to recognize treatment is reduced with formulations
of low THC content. CNS AEs including dizziness, somnolence, memory disturbance and
difficulty concentrating was more commonly associated with subjects that received
cannabinoids. Gastrointestinal AEs such as increased appetite, nausea, vomiting and dry
mouth occurred in 10% of patient that received cannabinoids. The risk of serious
adverse psychopathologic effects was less than 1% but in our view important since THC
is a known psychoactive agent. The guidelines also state that smokeable “street”
marijuana impaired cognitive function in at least one study, but whether cannabinoid
extracts impair cognitive function is unconfirmed and the risk should be considered.
AAN supports cannabis-derived drug use for MS spasticity in certain situations
Interestingly, the AAN evidence-based guidelines carve out the option for clinicians to
use cannabis-based products where available. Such OCEs and THC are commercially
available in states where marijuana is legal. The guidelines also caution their use and
efficacy since there is no regulatory standardization of their content as for drugs used
in controlled clinical trials. The evidence-based guidelines from the AAN (Yadev et al.
2014) state:
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Clinicians might offer Sativex oromucosal cannabinoid spray (nabiximols), where
available, to reduce symptoms of spasticity, pain, or urinary frequency, although it is
probably ineffective for improving objective spasticity measures or number of
urinary incontinence episodes…
Clinicians might offer OCE to patients with MS to reduce patient-reported
symptoms of spasticity and pain…
Clinicians might offer THC to patients with MS to reduce patient-reported
symptoms of spasticity and pain…
Clinicians should…counsel patients about the potential for psychopathologic/
cognitive and other AEs associated with cannabinoids. Sativex oromucosal
cannabinoid spray is not US Food and Drug Administration (FDA) approved and is
unavailable in the United States. In the United States, caution should be exercised
with regard to extrapolation of results of trials of standardized OCEs (which are
unavailable commercially) to other nonstandardized, nonregulated cannabis extracts
(which may be commercially available in states with medical marijuana laws).
Sativex’ market seems capped – use is limited to last-defense in MS spasticity
Altogether, this information in our view suggests that FDA-approvable cannabis-based
products for MS spasticity in the US are buried beneath unclear data readouts,
appropriately cautious regulatory speedbumps, unconfirmed mechanisms of action, and
the lack of standardization protocols. In the UK, the National Institute for Health and
Care Excellence (NICE), which forms opinions on drug efficacy and pricing,
recommended, “Do not offer Sativex to treat spasticity in people with MS because it is
not a cost effective treatment.”
It is still possible to request access to Sativex in the UK, but it is limited to qualified
patients as a fourth-option treatment. Accordingly, Bayer offers a pay-for-responder
scheme where it provides the first treatment cycle, and depending on efficacy, patients
may opt-in for continued treatment. Although Sativex has achieved limited commercial
success, it can be counted as a trailblazer among cannabis-based products approved for
clinical use.
Chart 2: Dronabinol and Nabilone Total Rx Dollars

Retial Total Rx $ (MM)

250
200
150
100
50
0

2006

2007

2008

DRONABINOL
Source: Bloomberg Intelligence, BofAML Global Research
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Chemotherapy-induced nausea and vomiting (CINV)
Marinol, or generically dronabinol, is a synthetic THC compound taken orally as a pill that
is now marketed by Abbvie for chemotherapy-induced nausea and vomiting (CINV). A
generic Marinol called Dronabinol SG is sold by Insys Therapeutics. Cesamet, also called
nabilone, is another synthetic cannabinoid that does not naturally appear in cannabis.
Marinol and Cesamet were approved by the FDA in 1985 for use in patients with nausea
and vomiting associated with chemotherapy who did not respond to traditional
antiemetic medications. The National Comprehensive Cancer Network (NCCN)
recommends dronabinol and nabilone for prophylactic treatment only after breakthrough
and refractory CINV previously treated with common antiemetics.
In its pivotal clinical trial of 454 patients with cancer (received 750 courses of
chemotherapeutic treatment for various malignancies), Marinol provided a complete
response in 36% of patients and partial response in 32% of patients. However, 12% of
those patients reported dysphoric adverse events and 65% reported adverse events
classified as non-dysphoric. Cesamet was approved on two randomized, double-blind,
fixed dose crossover trials over two cycles of chemotherapy. It reduced vomiting by
54% against placebo and by 38% against prochlorperazine, which is often prescribed for
prophylactic treatment of CINV in low emetic risk chemotherapy (p=0.01 and p=0.007,
respectively). It also significantly reduced patient-reported nausea severity
(p<0.001;p=0.007) and increased food intake (p<0.001;p=0.012).
High prevalence of side effects, adverse and beneficial?
Both Marinol and Cesamet cause side effects in the majority of patients; 77% of
patients reported adverse effects with Marinol, and up to 87% describe adverse events
while on Cesamet. Both drugs are reported to carry a risk of lower seizure threshold,
depression, hallucinations/psychosis, dizziness, somnolence, sleep disturbances, vertigo,
dry mouth, euphoria, dysphoria, paranoia, amnesia, anxiety, confusion, depersonalization,
concentration difficulty, tachycardia, vasodilation and orthostatic hypotension caused by
their complex interactions with the CNS and throughout the body. Labels for Marinol
and Cesamet both identify the potential for abuse or dependence due to the
psychoactive compounds present in- or similar to those present in cannabis with an
explicit warning for the potential of “feeling high” or euphoria associated with smoking
marijuana.
Despite the range of side effects and classification of dronabinol and nabilone, use of
such drugs for CINV is justified by their efficacy and side effects. According to the
National Cancer Institute, CINV occurs in up to 80% of patients and 61% still have CINV
despite prophylactic treatment. The NCI also states that CINV is one of the most
difficult parts of chemotherapy for patients due to its inherent symptoms, along with
the heavy burden it places on caregivers and health systems by prolonging the necessity
for care. In this light, side effects including euphoria, feeling high and somnolence can
arguably be considered beneficial for patients experiencing CINV.
Table 3: Classification of several drugs from the Controlled Substance Act (CSA) Scheduling
Substance

Dronabinol (synthetic) in sesame oil in soft
gelatin capsule as approved by FDA
Nabilone
Marihuana
Tetrahydrocannabinols
Morphine
Cocaine
Heroin
Lysergic acid diethylamide
Hydrocodone

CSA Schedule

Narcotic

III
II
I
I
II
II
I
I
II

N
N
N
N
Y
Y
Y
N
Y

Other Names

Marinol, synthetic THC in sesame oil/soft gelatin as
approved by FDA
Cesamet
Cannabis, marijuana
THC, Delta-8 THC, Delta-9 THC, dronabinol and others
MS Contin, Roxanol, Oramorph, RMS, MSIR
Methyl benzoylecgonine, Crack
Diacetylmorphine, diamorphine
LSD, lysergide
dihydrocodeineone

Source: DEA, Controlled Substance List, BofAML Global Research

Biotechnology | 03 December 2015

11

Nausea
According to a 2001 study in the British Medical Journal (The BMJ) that evaluated results
from antiemetic (anti-nausea and vomiting) cannabis trials (only studies evaluating
dronabinol and nabilone), most patients preferred the cannabis treatment to the active
comparator or no treatment (Tramer et al 2001). In fact, the study concludes that
cannabinoids were more effective than the common antiemetics in 2001 including
prochlorperazien, metoclopramide, chlorpromazine, thiethylperazine, haloperidol,
domperidone or alizapride. The study does not compare cannabinoid efficacy to that of
5HT3 receptor antagonists, which is currently the antiemetic gold standard, and
cannabinoids would likely not be more beneficial to CINV patients than 5HT3 drugs.
Cannabinoids could fill the need for 195K CINV patients
However, 30% of patients do not respond to CINV treatment after highly emetogenic
chemotherapy, and 50% of patients presenting delayed-onset CINV do not respond
(Aapro et al 2006). Therapy for delayed-onset CINV specifically has been considered and
undermet need because patients often present with symptoms outside of caregiver
reach (i.e., at home, in the middle of the night). Thus, a wide market for CINV exists with
the Centers for Disease Control estimating about 650K patients receive chemotherapy
in outpatient clinics in the US per year likely with more than one chemo cycle each.
Table 4: CSA Scheduling definitions and examples
Definition
Schedule I
Schedule II
Schedule III
Schedule IV
Schedule V

Drugs, substances, or chemicals defined as drugs with no currently accepted medical
use and a high potential for abuse. Schedule I drugs are the most dangerous drugs of
all the drug schedules with potentially severe psychological or physical dependence
Drugs, substances, or chemicals defined as drugs with a high potential for abuse, less
abuse potential than Schedule I drugs, with use potentially leading to severe
psychological or physical dependence
Drugs, substances, or chemicals are defined as drugs with a moderate to low potential
for physical and psychological dependence. Schedule III drugs abuse potential is less
than Schedule I and Schedule II drugs but more than Schedule IV
Drugs, substances, or chemicals are defined as drugs with a low potential for abuse
and low risk of dependence
Drugs, substances, or chemicals are defined as drugs with lower potential for abuse
than Schedule IV and consist of preparations containing limited quantities of certain
narcotics. Schedule V drugs are generally used for antidiarrheal, antitussive, and
analgesic purposes

Drug examples
heroin, lysergic acid diethylamide (LSD), marijuana (cannabis), 3,4methylenedioxymethamphetamine (ecstasy), methaqualone, and peyote
Combination products with <15 mg hydrocodone/dosage unit (Vicodin), cocaine,
methamphetamine, methadone, hydromorphone (Dilaudid), meperidine
(Demerol), oxycodone (OxyContin), fentanyl, Dexedrine, Adderall, and Ritalin
Products containing <90 mg of codeine/ dosage unit (Tylenol with codeine),
ketamine, anabolic steroids, testosterone
Xanax, Soma, Darvon, Darvocet, Valium, Ativan, Talwin, Ambien, Tramadol
Cough preparations with <200 mg of codeine or per 100 milliliters (Robitussin
AC), Lomotil, Motofen, Lyrica, Parepectolin

Source: DEA.gov, BofAML Global Research

Loss of appetite and cachexia
In 1992, dronabinol and nabilone were approved by the FDA for loss of appetite, or
anorexia, associated with AIDS. Marinol significantly increased the visual analog scale
metric for appetite in a double blinded placebo controlled study involving 139 patients
over six weeks (p<0.05). A follow-up study tracked patients over the next year and
showed a 48.6-78.1% increase at each month in the visual analog scale for appetite
over the baseline. The listed adverse effects were noted, but the study concluded with
support for the efficacy and safety of long-term dronabinol use for anorexia associated
with AIDS (Beal et al 1997). Dronabinol treatment for weight gain has also been shown
to be effective in cancer-associated anorexia/cachexia and anorexia of aging.
Obesity: Rimonabant was on the market, but it did not fly
The difficulty in bringing medical cannabis products to the market (Chart 3) is an easy
bearish thesis. One high profile failure is rimonabant, a CB1 receptor blocker produced
by Sanofi-Aventis that was labeled to treat obesity and smoking-cessation. It was
approved in the EU in 2006 on its efficacy as an anti-obesity treatment to reduce
appetite, and putative efficacy in smoking-cessation. However, serious adverse effects
were observed including depression and anxiety, preventing approval by the FDA and
leading to its removal from the global market by Sanofi in 2007. This highlights that
while the endocannabinoid system is not well characterized or understood, it clearly has
potential for pharmacologic intervention, in our view.
12
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Why are there so few cannabinoid drugs?
Altogether, the market for dronabinol and nabilone is $200mn (Chart 2). In the context
of the markets for CINV and cachexia, dronabinol and nabilone have achieved limited
success because of the availability of better drugs, side effects, and its stipulation as a
cannabis-derived product. The growth of the dronabinol market is likely to remain
limited until the beneficial effects of THC are accepted for clinical purposes and
separated from the perceptions of the recreational drug.
What does CSA Scheduling mean?
Marinol is classified as a Schedule III drug while Cesamet is Schedule II. That is, Marinol,
as 100% synthetic THC, is classified as less likely to be abused than Cesamet, a manmade THC-like synthetic compound (Table 3, Table 4). Schedule II drugs are listed with a
high potential for abuse that could lead to severe psychological or physical dependence
(ex. morphine, amphetamines), while Schedule III substances have the potential for low
or moderate abuse (ex. less than 15mg hydrocodone, ketamine). As a frame of
reference, diazepam is Schedule IV and Robitussin is Schedule V, while heroin, LSD,
cannabis, peyote and MDMA are Schedule I substances (Table 3, Table 4). Despite the
difference in their scheduling, cannabinoid therapeutics will not shake their association
with recreationally used Schedule I marijuana. New scientific and clinical data hope to
expel those pre-conceived notions by isolating cannabinoids from cannabis and
harnessing the many beneficial effects that cannabinoids can have in disease conditions.

What does the medical marijuana pipeline look like?
The medical community has implicated marijuana in a broad range of therapeutic
indications as the endocannabinoid system has become more understood. The list of
qualifying indications for medical marijuana registration in Illinois is a start but is not
exhaustive (Table 2) in our view. Clinical trials for a range of indications have been
conducted including multiple sclerosis, spinal cord injury, epilepsy, cancer pain, dental
extraction, familial Mediterranean fever, MS pain, anorexia/cachexia associated with
cancer and HIV/AIDs (as stated for dronabinol), CINV, traumatic brain injury, Parkinson’s
disease (levodopa-induced dyskinesia), Alzheimer’s disease dementia, primary dystonia,
Tourette’s syndrome, schizophrenia/psychosis and obesity/metabolic disorder.
Chart 3: Number of Indications with CB1 or CB2 receptors as drug targets by development stage since 1985
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Focus on drugs that target the cannabinoid system
As the physiological mechanisms of cannabinoids become clearer, more targeted studies
using the active components contained in cannabis may be used for drug development,
or targeting endocannabinoid receptors may emerge as a new strategy. A range of
products are currently in clinical and pre-clinical studies. A search of disease indications
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that have/had CB1 and/or CB2 receptors as a drug target showed that cannabinoids are
actively being pursued for their pharmacological potential despite many suspended
programs (Error! Reference source not found.; note that there is overlap between CB1
and CB2 counts, and a single drug may be indicated for several diseases; Table 5).
Several of the phytocannabinoid (cannabinoids derived from plants) and synthetic
cannabinoid products will look to make a significant impact on under-served patient
populations including epilepsy and pain care.
Table 5: Cannabinoid therapeutics phase 3 and beyond
Company

Drug

Indication

Abbot

Marinol

Meda Pharmaceuticals
GW Pharmaceuticals

Cesamet
Sativex

Insys Therapeutics

Dronabinol Oral Solution

Sanofi

Zimulti (rimonabant)

CINV
Cachexia
CINV
MS Spasticity
CINV
Cachexia
Obesity

Status

Approved
Approved
Approved
Approved in EU
NDA
NDA
Removed from market

Source: BofAML Global Research

New pediatric epilepsy treatment is highly anticipated
We think one of the most highly anticipated applications of cannabinoids in the clinic is
for treatment of pediatric epilepsy. Use of cannabis to treat pediatric epilepsy has been
highly publicized by media outlets such as CNN in reports on medical cannabis. Much of
the focus of the CNN documentary, Weed, was on Charlotte Figi, a child who was
diagnosed with Dravet Syndrome (DS) at the age of 2½.
Dravet Syndrome currently has no FDA-approved drug
Dravet Syndrome (DS), sometimes called severe myoclonic epilepsy of infancy (SMEI), is
a rare disease with a prevalence of 1/20,000-40,000. It is often caused by a mutation to
the SCN1A gene and presents itself with frequent seizures in infancy. Seizures can last
over an hour and can occur hundreds of times per week. Children may also experience
status epilepticus, which is a state of continuous seizure that requires emergency care.
Later in life, DS patients have impaired cognitive and motor functions, sensory
integration disorders, behavioral and developmental delays and growth and nutritional
deficiencies. Over 10% of DS children die during a seizure. Current anti-epilepsy
treatments have shown a limited capacity to treat the disease and initiate serious side
effects.
Chart 4: Response to Antiepileptic Drugs and Treatment Resistance
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Epilepsy manifests in various seizure types
DS is just one subset of epilepsy. An estimated 2mn people in the US are epileptic, and
their seizures vary in presentation. Generalized tonic-clonic seizures, also called “grand
mal,” seizures, induce unconsciousness, convulsions and muscle rigidity. Absence
seizures are a brief loss of consciousness. Myoclonic seizures are isolated events as
jerking movements. Clonic seizures are repetitive jerking movements. Tonic seizures are
defined by muscle stiffness and rigidity. Atonic seizures are defined as loss of muscle
tone. Patients with DS display all types of seizures and can last from seconds to hours.
Epilepsy affects a large population
The prevalence of pediatric epilepsy is about 1%, or over 460,000 children in the US.
Among epileptic diseases, DS is considered severe and is the largest subtype of
childhood epilepsies accounting for 5%. Lennox-Gastaut syndrome (LGS) is another
severe pediatric disease and accounts for 3-4% of childhood epilepsies. It can be caused
by a range of defects including brain malformation, CNS infection, severe head injury,
perinatal asphyxia and other inherited conditions and in 30-35% of cases the cause
cannot be identified. LGS patients display several seizure types including tonic, absence,
atonic, myoclonic as well as generalized tonic-clonic (see previous paragraph for seizure
descriptions). Like with DS, there is no cure, and children age with developmental
deficiencies and impaired cognitive function. For pediatric epilepsy overall, reduction in
seizure severity and frequency may improve cognitive, behavior and motor function later
in life, although such confirmative studies are difficult to interpret because of
underlying neural dysfunction and the unknown effects of anti-epileptic drugs (AEDs).
Chart 5: Number of drugs for Dravet Syndrome and Lennox-Gastaut Syndrome
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Current rare epilepsy treatment landscape has under met need
Over 20 AEDs are on the market today and other treatment options include ketogenic
diets, nerve stimulation and even surgery. There are currently no drugs with a label for
DS (Table 6), but DS seizures are pharmacologically treated with anticonvulsant drugs
such as stiripentol (stiripentol is approved in the EU and there is limited access in the
US), clobazam, clonazepam, phenytoin, carbamazepine, lamotrigine, rufinamide,
leviteracetam, topiramate and valproate. LGS is treated with a similar range of AEDs
including clobazam, rufinamide, valproate, lamotrigine, topiramate and felbamate
(though felbamate has limited use after severe side effect).
Still 36% of patients are refractory (Chart 4) and AEDs often carry side effects with
them. Typically a single AED cannot prevent the occurrence of seizures despite
hesitance of doctors to prescribe multiple AEDs, and children often acquire drug
tolerance. Parents have become desperate to treat their children and there is a dearth of
new drugs in development for DS and LGS (Chart 5).
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Placebo responses fog the real efficacy of epilepsy drugs
Placebo response rates in clinical studies on epilepsy drugs are a notorious source of
uncertainty in assessing the efficacy of AEDs. While historic placebo response rates for
approved anti-epileptics are in the 10%-15% range, we found evidence for higher
placebo rates in more recently approved drugs.
Placebo response rates can widely vary
The heterogeneity of patient-specific seizure trends may account for the placebo
responses, but a patient’s expectation of improvement has been shown to affect
symptoms as well. A study in 2010 calculated that the placebo-adjusted efficacy of AED
treatment from over 50 studies on refractory epilepsy. 21% of patients show >50%
improvement in seizure frequency due to AEDs and 6% are seizure free due to AED
treatment when the placebo response is subtracted (Beyenburg et al 2010). The study
concluded that the need for new AEDs is major. Another study found that across three
placebo controlled studies on refractory focal epilepsy, 23% of adult patients receiving
placebo showed a >50% improvement in seizure frequency (Schmidt 2013). A study
considering only pediatric epilepsy trials found that 19.7% of patients receiving placebo
were responders.
Chart 6: Placebo responses in AED trials since 1999
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Adult placebo response rates tend to be lower than pediatric rates
We examined the primary endpoint placebo responses of epilepsy drugs approved from
1999 through today (10 drugs) and found that from 47 readouts, placebo responses
range from 0% to 45% (Chart 6). In all studies, the average placebo response was 15%
(± standard deviation 9%). Five drugs were approved from 1999-2000, and the
remaining from 2008-2011. The five drugs approved first compared to placebo rates of
14.5% (±9.5%) and AEDs approved after 2005 were compared to an average placebo
response of 16.7% (±6%). Studies with adult patients (12%±7) also showed a lower
placebo response rate compared to that of children (19.4% ± 10). Importantly, high
placebo response rates reduce the likelihood of clinical trial statistical significance.
Cannabis clinical trials may see high placebo response rates
We think that placebo responses for epilepsy indications are important to note in the
context of a cannabis primer because epilepsy is an important indication for new
cannabis-derived products, and cannabis-placebo rates may distort efficacy not only in
epilepsy but in other indications. Epilepsy patient treatment regimens are tailored on a
case by case basis, so efficacy of a drug is patient-specific. Patients included in
pediatric epilepsy studies are refractory to other treatments, and have parents (who
often track seizure frequency) that may be biased to the expectation of improvement
for the sake of their children. Understandably, objectivity may be difficult in these cases.
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In medical cannabis and cannabis-derived drug trials, patients may be predisposed to
believe treatment will provide relief based on their perception of marijuana, whereas
patients who believe medical marijuana has no clinical benefits will not enroll in a trial.
Although the issues are common with all clinical trials, we think in particular that
pediatric epilepsy trials are susceptible to bias, and that medical cannabis trials will
similarly display high placebo response rates since many readouts are subjective (e.g.
pain, appetite, quality of life, global impression of change).
Some anecdotal evidence exists for CBD use in pediatric epilepsy patients
As a last resort, Charlotte’s parents treated her with oral cannabis extract oil derived
from plants with high CBD content and very low THC. Charlotte’s seizures went from
about 50 per day to two to three seizures per month during the night, but their supply of
CBD was limited. The Figis and other parents of children with untreatable epilepsy
found a consistent product in the cannabis strain (and the OCE) now named Charlotte’s
Web (Exhibit 3) and sold by CW Botanicals. The strain and Charlotte’s Web-derived
products are produced by the Stanley brothers, who have also garnered media attention
as pioneers in the medical cannabis industry and their advocacy for pediatric epilepsy.
The Stanley’s crossbred marijuana strains to optimize CBD content and minimize THC.
The strains used for Charlotte’s Web extracts contain 17% CBD and less than 0.3% THC.
CW Botanicals adheres to the FDA Current Good Manufacturing Practice and American
Herbal Products Association (AHPA) quality standards. Their laboratory is an FDAregistered production facility licensed by the Colorado Dept. of Agriculture and is
regulated by the Colorado Department of Public Health and Environment.
Table 6: DS and LGS Drugs phase 3 and beyond
Company

Zogenix
Lundbeck
GW Pharmaceuticals
GSK
Johnson & Johnson
Eisai Co.
Lundbeck
Upsher-Smith
Supemus Pharmaceuticals

Drug

ZX008
Clobazam (Onfi)
Epidiolex
Lamictal
Topamax
Banzel
Clobazam (Onfi)
Qudexy
Trokendi

Indication
DS
DS
DS / LGS
LGS
LGS
LGS
LGS
LGS
LGS

Status

Phase 3
Phase 3
Phase 3
Approved
Approved
Approved
Approved
Approved
Approved

Source: BofAML Global Research

Homemade preparations of CBD are available over the counter, or internet
It is important to note that CW Botanicals’ products are not considered medical
marijuana products because of their low THC content. Hemp is distinguished from
marijuana based on a very low THC content as outlined in Section 7606 of the
Agricultural Act of 2014. Charlotte’s Web Hemp Extract (<0.3% THC) falls into this
category, along with a number of hemp extract oils commercially sold, permitting its
sale as an over the counter dietary supplement shipping to 49 states. Accordingly, CW
must disclose that it cannot make claims about efficacy for any medical condition.
CW offers the extract in olive oil and coconut oil (mint chocolate flavored) and differing
consumer and advanced solution products. The advanced solutions contain higher
concentrations of hemp extract with 43mg per 1/8 teaspoon, versus the consumer
products with 11mg hemp extract per 1/4 teaspoon. This equates to differences in the
CBD concentration with about 50mg/ml CBD in the advanced solutions and 5-16mg/ml
in the consumer products. Along with each order comes batch certification and analysis
of its contents. CW also offers the Charlotte’s Web Infused Gel Pen for transdermal
delivery of CBD by topical application (Exhibit 3). Other companies such as Canniatric
and Mary’s Medicinals offer similar products in addition to formulations containing THC
that would require prescription.
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Advocacy for CBD treatment of epilepsy has been instrumental
Charlotte’s Web has been featured in reports from CNN, 60 Minutes, NBC’s Dateline,
Time and The New York Times among others. Now, treatment-resistant or intractable
epilepsy is a qualifying condition for pediatric patients to acquire medical marijuana or
cannabis extracts thanks in part to media coverage and work by the Stanley brothers.
We believe the attention to the efficacy of CBD oil in pediatric epilepsy patients has
been a gateway for medical marijuana legalization in some states.
More states are making exceptions for medicinal use
In 2014, Florida – a state without legalized medical marijuana – passed a law to limit
prosecution of possession of low THC/high CBD marijuana, and to legalize use of
Charlotte’s Web in the Compassionate Medical Cannabis Act of 2014, also aptly called
the Charlotte’s Web law. In 2013, New Jersey Governor Chris Christie signed a bill
controversially nicknamed pot for tots, to permit access to sick children under pressure
from parents of patients, media and democratic supporters. Such media coverage also
put companies like GW Pharmaceuticals in the spotlight for development of cannabinoid
therapeutics. GW is currently developing cannabis-derived pharmaceutical products for a
broad range of diseases like a traditional medication going through clinical trials and
FDA approval processes. GW’s products and clinical trials will be discussed in
subsequent sections.
Exhibit 3: Charlotte’s Web CBD Oil

Source: CW Botanicals

Mechanistically, cannabinoids could provide therapeutic benefits for epilepsy
Use of cannabis to treat epilepsy dates back several centuries, and scientific validity is
just coming into focus. Molecular support for the use of cannabinoids to treat epilepsy
stems from the ability of eCBs to modulate inhibitory GABAergic, excitatory
glutamatergic neural signals, as well as other voltage-gated and ligand-gated ion
channels involved in neural signaling. Excessive excitatory activity underlies epileptic
seizures, and cannabinoids may be capable of maintaining normal neural activity.
Inflammation has been shown to play a role in epileptic seizures, and cannabinoids have
been implicated in modulation of inflammatory signals as well. A number of studies have
examined the effects of THC and CBD on seizure frequency, in both humans and
animals, although data remains controversial.
Evidence of CBD’s efficacy for treating epilepsy is anecdotal right now
A recent survey published in the scientific journal Epilepsy & Behavior provides
anecdotal evidence for CBD’s efficacy. The report surveyed 19 parents of patients with
treatment-resistant epilepsy who use OCEs to treat their children; 84% of the parents
reported a reduction in seizure frequency, and 53% reported a greater than 80%
reduction in seizure frequency (Porter 2013). The reported adverse effect profile is
cleaner than another anticonvulsant treatment for DS, stiripentol which increases GABA
transmission (an inhibitory neurotransmitter). Positive side effects were also reported
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including better mood, increased alertness and better sleep. Double-blinded clinical
studies for treatment with OCEs and CBD are explicitly needed to dispel or confirm
conceptions about the use of CBD to treat epilepsy.
Most studies investigating cannabis as an epilepsy treatment are small, test a wide
range of populations, use different cannabinoid formulations and show inconsistent
results. A large scale, controlled clinical trial to investigate the efficacy of safety of
cannabis-derived CBD is currently underway. CBD specifically was of interest because it
does not activate CB1 or CB2 receptors, causing no psychotropic effects, and has
already shown efficacy in subsets of DS and LS patients dosed with OCE.

Current trials of cannabinoids for treatment of epilepsy
GW Pharmaceuticals (GWPH), Zynerba (ZYNE) and Insys Therapeutics (INSY) are three
companies developing cannabinoid and cannabinoid-like compounds to treat Dravet
Syndrome and Lennox-Gastaut Syndrome, along with a range of other indications. GW
Pharmaceuticals is the furthest along in development with four phase 3 readouts
expected 1Q16 for Epidiolex – a liquid formulation of highly purified CBD extract from
cannabis plants. Insys is in phase 1 trials with an oral synthetic CBD solution, and
Zynerba has a topical synthetic CBD gel in pre-clinical studies.
GW Pharmaceutical’s Epidiolex could offer treatment effect without the “high”
Epidiolex is the lead asset in GW Pharma’s cannabis-derived CBD drug platform. The
active ingredient for Epidiolex is extracted from high CBD, low THC, cannabis plants, and
then further processed to isolate only the non-psychoactive cannabinoids that may be
beneficial for epilepsy patients. The drug received orphan drug designation from the
FDA for DS in November 2013 and from the EMA October 2014, and for LGS in
February 2014. It also has fast track designation from the FDA for DS given its potential
to be a paradigm-shifting treatment.
Epidiolex was studied in single and multiple doses in DS patients in a phase 2/3 open
label two-part randomized double-blind, placebo-controlled parallel group trial. Part A of
the study investigated dosage in 30 patients over three weeks, and Part B evaluates
safety and efficacy over three months in 50 patients with a long term open label
extension. At the same time, the FDA granted GW 20 expanded access INDs and 7
individual emergency INDs to independent investigators in the US to treat pediatric
patients with intractable epilepsy outside of DS and LGS.
Epidiolex showed strong efficacy over 12 and 24 weeks
In April 2015, physicians presented efficacy data on 137 patients from the Expanded
Access Program (EAP) who had received Epidiolex on top of their standard treatment for
at least 12 weeks. On average, patients were on three additional medications, and the
mean age was 11 years old. The mean baseline seizure frequency was 29.5 seizures per
month.
The median reduction in seizure frequency was 54% and 51% of patients showed a
reduction of 50% or more compared to baseline seizure frequency (Chart 7). In 48
patients that had been on the drug for six months, there was a 45% median reduction in
seizure frequency with 46% showing at least a 50% reduction. Of all patients, 9% were
seizure free at the end of 12 weeks, 18% of patients had DS, 16% had LGS, and the rest
of the patients had 10 other rare types of epilepsies or brain malformations. Of the
patients with DS, 56% had response rates better than 50% at week 12 and 67% by
week 24.
DS patients saw a 65% median reduction in seizure frequency at week 12. At the time
the results were reported, over 200 patents had been on Epidiolex and the retention
rate was 90%. Most adverse events were mild or moderate and transient. The most
common AEs were somnolence (21%), diarrhea (17%), fatigue (17%) and decreased
appetite (16%). Ten patients discontinued due to an AE, and three of those restarted
treatment with Epidiolex. Fourteen patients withdrew because of a lack of efficacy.
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Serious adverse events were reported in 52 patients, and 22 of those were considered
to be possibly treatment related.
Chart 7: Expanded access program % of patients with ≥50% median reduction in seizure frequency (n=137)

Source: GW Pharmaceuticals

GW is expected to present additional data from the EAP, which will include over 250
patients, at the American Epilepsy Society meeting from December 4-8, 2015. In the
late-breaking abstract by Devinsky et al., the study population did not vary from the
previously collected data and 17% of patients had DS (44 patients) and 15% LGS (40
patients). The median overall seizure frequency reduction was 62.7% at week 12 in DS
patients compared to 65% in the previous data set, and 71.1% in LGS patients
compared to 55% previously.
Four phase 3 trials for DS and LGS readout 1Q16
Prior to these readouts, GW started three additional phase 3 studies for DS and LGS so
that pivotal studies would be completed by 1Q16. Upcoming data from year-long
studies will include:
1.

Open label extension of the phase 2/3 DS trial; 100 DS patients randomized 1:1
Epidiolex:placebo; primary endpoint % change from baseline seizure frequency;
secondary endpoints include change in seizure subtype, % seizure freedom,
responder rate, cognition, daytime sleepiness scale, night time sleep disruption,
Caregiver Global Impression of Change, palatability of the drug product and quality
of life

2.

Phase 3, 100 LGS patients randomized 1:1 Epidiolex:placebo; 12 week treatment
phase with open label extension; primary endpoint % change from baseline seizure
frequency; consistent secondary endpoints

3.

Phase 3, 150 DS patients randomized 1:1:1 Epidiolex high dose: low dose: placebo;
12 week treatment phase with open label extension; primary endpoint % change
from baseline seizure frequency; consistent secondary endpoints

4.

Phase 3, 150 LGS patients randomized 1:1:1 Epidiolex high dose: low dose: placebo;
12 week treatment phase with open label extension; primary endpoint % change
from baseline seizure frequency; consistent secondary endpoints
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Next generation cannabinoid therapy for epilepsy is already in GW’s pipeline
GW Pharma has also advanced a next-generation product for epilepsy into phase 2 trials.
Cannabidivarin (CBDV) is another cannabinoid found in cannabis plants. A phase 1 trial
on CBDV in 66 healthy subjects was completed in 2014 with clean safety. Similar to the
phase 2/3 studies on Epidiolex, the phase 2 study on CBDV is a two part, double blinded
randomized placebo controlled study on pharmacokinetics, safety and efficacy in
patients with intractable epilepsy with focal seizures. This is part of the broader
application of cannabinoids outside of pediatric epilepsy.

Additional indications for Epidiolex
GW is rapidly moving Epidiolex into additional indications based on the positive data and
strong sentiment for its efficacy in pediatric epilepsy patients. In the EAP, 66% of
patients had forms of epilepsy other than DS or LGS. Within the pool of EAP patients,
five had Tuberous Sclerosis Complex (TSC) as the cause of their epilepsy.
Treatment of Tuberous Sclerosis Complex (TSC) with Epidiolex
TSC is a rare genetic disease characterized by mutations in the TSC1 or TSC2 genes,
which encode tumor suppressor proteins that regulate cell proliferation and
differentiation. TSC causes the growth of benign tumors throughout the body including
the brain in up to 40,000 patients in the US, and 1/6,000 newborns. Over 70% of TSC
patients experience epilepsy, and the onset is often in infancy. All subtypes of seizures
can manifest, and patients frequently develop neurological disorders such as mental
retardation or autism. Primary treatment of TSC is to inhibit tumor growth, but does not
treat epilepsy symptoms. Typical AEDs are also prescribed, but over 60% of patients
have intractable epilepsy, and this population correlates with infantile spasms incidence.
Moreover, seizure frequency and refractory epilepsy correlate with poor cognitive
function, suggesting that successful treatment of epilepsy as a symptom could improve
the adverse neurological consequences.
Efficacy of Epidiolex in TSC
Three-fifths showed a greater than 50% reduction in seizure frequency. Overall, the
three patients showed 77%, 97% and 97% reductions in seizure frequency, and one
“non-responder” showed a 40% reduction in seizures. The patient that did not show a
reduction in seizure frequency remained on Epidiolex because of significant cognitive
gains. The other two patients with impaired cognitive function also showed cognitive
improvement and no patient experienced adverse effects from the CBD. GW expects to
start phase 3 trials of Epidiolex for the treatment of TSC 4Q15. The trials are listed on
clinicaltrials.gov (NCT02544763, NCT02544750) and expect to recruit 144 patients for a
randomized, double-blinded, placebo controlled study on efficacy and safety of Epidiolex
as an adjuvant therapy with an open label extension. We expect the trial to finish 2H16.
Epidiolex in Neonatal Hypoxic-Ischemic Encephalopathy (NHIE)
Acute or sub-acute brain injury due to asphyxia during birth, termed neonatal hypoxicischemic encephalopathy (NHIE), is caused by insufficient cerebral blood flow which
deprives the brain of oxygen. One to three in 1,000 newborns experience NHIE, and of
those, up to 20% do not survive postnatal care. Another 25% develop severe and
permanent neurological disorders such as cerebral palsy, epilepsy and mental
retardation. Standard of care is induced hypothermia, and there are no drugs available
for treatment. GW developed an intravenous CBD formulation to treat NHIE based on
pre-clinical data. In animal models of NHIE, administration of CBD was neuroprotective,
suggesting its potential to prevent at least some damage due to cerebral ischemia
(Pazos, 2013). CBD may be protective through its modulation of neuroinflammation,
excitotoxicity (hyper excitation of neurons that leads to cell death) and oxidative stress.
The FDA and EMA gave GW’s CBD treatment for NHIE orphan designation, and the FDA
gave fast track designation in August 2015. Phase 3 trials are expected to begin before
YE2015.
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Other cannabinoid therapeutics in development
Insys Therapeutics synthetic CBD
GW Pharma is not the only company developing CBD formulas to treat epilepsy and
other diseases. Insys Therapeutics received orphan drug designation from the FDA for
their synthetic CBD oral solution to treat DS, LGS and infantile spasm, or West
Syndrome, as well as glioma, glioblastoma multiforme and pediatric schizophrenia. Insys
has fast track designation for Dravet Syndrome. Although the product is only in phase
1/2 trials, the synthetic CBD approach should be viewed as complimentary to cannabisderived CBD. The synthetic compound is not derived from marijuana, so it is pure CBD
with no THC or other cannabinoid content. The synthetic formulation may be safer than
plant-derived CBD because of its purity and ability to control pharmaceutical quality. The
differences between synthetic and plant-derived cannabinoids however are not known.
Insys is also partnered with Senzer to develop aerosolized formulations of their
synthetic CBD and dronabinol. They are also developing a new dronabinol oral solution
that they think improves upon the generic dronabinol formulation. The company has
stated that doctors are interested studying CBD for treatment of cocaine, amphetamine
and opioid addiction, early psychosis, analgesia and emotional stimuli.
Zynerba synthetic cannabinoid gel and patch
Zynerba is currently developing two cannabinoid products. ZYN001 is a pro-drug of THC
delivered transdermal via a patch, which will be studied in patients with fibromyalgia
and peripheral neuropathic pain. The active component of the treatment is synthetic
THC, and the pro-drug formulation enables transdermal delivery, which the company
believes confers several benefits. Absorption through the skin delivers drug directly into
the systemic circulation, avoiding the body’s first-pass metabolism that breaks down
orally administered drugs. This may be a more efficient way to deliver the drug and lead
to more desirable pharmacokinetics. ZYN001 is a patch that will be applied daily.
Zynerba estimates that 5.6mn patients suffer from fibromyalgia in the US and that
14mn patients battle peripheral neuropathic pain. ZYN001 is in pre-clinical stages and
the company expects to initiate a phase 1 study mid-2016 and a phase 2a study 1H17.
ZYN002 is a synthetic CBD formulated in a gel for transdermal drug delivery in
development for treatment of intractable epilepsy, fragile X syndrome and
osteoarthritis. The gel is permeation-enhanced to increase drug absorption into the
blood stream. The company believes that CBD degradation in stomach acid increases
psychoactive effects and transdermal delivery will circumvent the potential for CBD
breakdown into other psychoactive compounds. ZYN002 is currently in phase 1 trials,
which will provide information on delivery efficiency, and the company plans to initiate a
phase 2a trial 2H16.

Put that in your pipeline
Treatment of epilepsy with CBD is the most highly anticipated advance to come from
cannabinoid therapeutics in our opinion. We believe patients with a broad range of
diseases, maladies and ailments may benefit from cannabinoids, as evidenced by the
number of qualifying conditions for medical marijuana registration as well as the range
of indications targeted by GW, Insys and Zynerba (Table 7).

Schizophrenia
Schizophrenia is a mental disorder prevalent in 1% of the global population
characterized by psychotic episodes. The onset is in early adulthood or late adolescence,
and symptoms can be classified as positive and negative. Positive symptoms are
delusions, hallucinations, and disturbed perception. The negative symptoms are apathy,
loss of motivation and social isolation. Although the etiology of schizophrenia is unclear,
available antipsychotic medications target neurotransmitter pathways and receptors.
Cannabinoids may be used similarly to modulate those pathways.
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Table 7: Cannabinoid pharmaceutical products in development
Company

Products

Indications

MS Spasticity
Sativex
Cancer Pain
Dravet Syndrome
Epidiolex
Lennox-Gastaut Syndrome
Tuberous Sclerosis
GW Pharmaceuticals
GWP42006 (CBDV)
Epilepsy
GWP42003 (i.v. CBD)
NHIE
GWP42002/GWP42003 Recurrent Glioblastoma
GWP42004 (THCV)
Type 2 Diabetes
GWP42003
Schizophrenia
Dronabinol Oral Solution 2nd line CINV
Dravet Syndrome
Lennox-Gastaut Syndrome
Insys
West syndrome (infantile spasms)
CBD Oral Solution
Glioma
Glioblastoma Multiforme
Pediatric Schizophrenia
Fibromyalgia
ZYN001 THC Patch
Peripheral Neuropathic Pain
Zynerba
Refractory Epilepsy
ZYN002 CBD Gel
Fragile X Syndrome
Osteoarthritis

Status

Approved in EU, not US
Phase 3
Phase 3
Phase 3
Phase 3
Phase 2
Phase 3 (expected start YE15)
Phase 1b/2a
Phase 2
Phase 2a complete
NDA

Phase 1/2

Pre-clinical
Phase 1

Source: BofAML Global Research

In September 2015, GW released data from an exploratory phase 2a placebo controlled
study on CBD in 88 schizophrenia patients who had failed to respond to first-line antipsychotic medications. CBD displayed significance versus placebo in several categories
including the PANSS positive sub-scale (p=0.018), Clinical Global Impression of Severity
(p=0.04) and Clinical Global Impression of Improvement (p=0.02). A plethora of antipsychotic drugs are available, but efficacy is limited, significant adverse effects occur,
and side effects increase as the drugs are layered on top of each other. An adjuvant
therapy with a clean safety profile for schizophrenia patients could be a welcome
addition to the arsenal of drugs used to treat schizophrenia.
The clinical relevance of CBD or other cannabinoids for treatment of schizophrenia is
limited and controversial to date. However, cannabinoids undisputedly interact with
similar neural pathways and can have psychoactive effects. CBD can activate 5HT1A, a
common target of anti-psychotic medications, and has CB1 antagonistic properties.
Significantly more work is required before cannabinoids can be used to treat
schizophrenia, but such a vast population may contain patients that will benefit from
treatment with cannabinoids.

Chronic pain
As previously discussed, more than 90% of patients that use medical marijuana report
chronic pain as their qualifying condition. This might include, but is not limited to, pain
related to cancer, arthritis, fibromyalgia, migraine, neuropathic pain (pain caused by
damaged or diseased nerves), HIV sensory neuropathy or spinal injury. Although the
mechanisms by which cannabinoids induce analgesic effects are not explicitly clear,
cannabinoids can modulate nociceptive neurons, provide euphoric sensations and reduce
inflammation. The widespread use of cannabis for severe pain combined with the
acknowledged physiological effects suggests that cannabinoids could have a permanent
place in pain management.
A publication in the British Journal of Clinical Pharmacology retrospectively examined 15
high quality clinical trials of cannabinoids for non-cancer pain management (Lynch
2011). The trials analyzed used cannabinoid formulations including smoke-able cannabis,
OCEs, nabilone, dronabinol and Sativex. The study found that cannabinoids are safe and
modestly effective in treating neuropathic pain, and possibly effective in fibromyalgia
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and rheumatoid arthritis. It concluded that additional, larger, studies are needed to
clarify the appropriate population to receive pain care with cannabinoids.
Sativex in cancer pain
GW Pharma, in partnership with Otsuka, is seeking approval of the use of Sativex in
cancer pain in the US. Already approved for treatment of MS spasticity in the EU,
Sativex has been shown to reduce pain related to spasticity. However, three phase 3
trials of Sativex failed to reach statistical significance of the primary endpoint of patient
assessment of pain (0.085). Sativex did show statistical significance (p=0.024) for the
primary endpoint in a pre-specified patient population (n=248) consisting of patients
located only at US trial sites across two trials. Secondary endpoints, including Subject
and Physician Global Impression of change were highly significant across the two
studies (p=0.0004 and p<0.0001, respectively).
Other secondary endpoints favored Sativex, and some were significant including
reduction in sleep disruption (p=0.027). The most reported adverse event was nausea in
15.6% of patients receiving Sativex vs. 10.6% of placebo patients. A third study with a
different design located outside the US failed to show even directional improvement in
patient assessment of pain. GW and Otsuka still see Sativex as a potential option for
cancer pain in patients with inadequate analgesia during optimized chronic opioid
therapy and plan to discuss options to advance the product with the FDA.
Despite the lack of clear-cut clinical evidence for the benefits of cannabinoids in pain
management, it is currently the largest market for medical cannabis. Whether relief is
provided through nociceptive intervention, anti-inflammation or “feeling high,” the
majority of patients on medical marijuana use it for pain. The average annual cost of
prescribed pain medication for nonmalignant chronic pain (pain with no apparent
biological value persisting longer than normal healing time) from 2000-2007 is an
estimated $17.8bn (Rasu 2014). The Institute of Medicine of the National Academies
estimates that the cost of nonmalignant chronic pain care in the US is up to $300bn,
and the loss of productivity is another $300bn or more. Cannabis, cannabinoid-like and
cannabinoid products may be well suited to generate revenue in this market with
sufficient clinical data.

Neurodegenerative diseases
The pharmacological effects of cannabinoids implicate their use in the spectrum of
neurodegenerative diseases including Alzheimer’s disease, Huntington’s disease,
stroke/brain trauma, Parkinson’s disease and amyotrophic lateral sclerosis (along with
multiple sclerosis). The neuroprotective properties of cannabinoids are rooted in their
supposed regulation toward cellular homeostasis, including cell survival or death.
Interestingly, the eCB system changes in neurodegenerative diseases with altered CB
receptor and endocannabinoid expression, and synthesis and degradation of
endocannabinoids.
A common feature of neurodegenerative diseases is loss of neural cells.
Neuroinflammation, excitotoxicity and oxidative stress all contribute to
neurodegeneration. CB1 receptor activation opposes excitotoxicity by inhibiting
neurotransmitter release and ion-channel flux, thereby reducing hyperactive neural
signaling. CB2 receptor activation may modulate local inflammation by inhibiting
inflammatory cell stimulation and reducing the release of pro-inflammatory signals.
Cannabinoids have also been shown to act as antioxidants and induce cellular
antioxidant defenses to combat oxidative stress. Lastly, cannabinoids have shown the
capability to stimulate neurogenesis, or the growth of neurons. The first clinical trials in
a neurodegenerative disease will be in NHIE. Sufficient scientific evidence backs the
potential for cannabinoids in arresting neurodegeneration observed in
neurodegenerative diseases and nervous system injury and warrants trails for additional
indications.
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Post traumatic stress disorder
Post traumatic stress disorder (PTSD) is defined as pathological anxiety caused by
traumatic experiences such as violent assault, disaster, accidents or military combat. An
estimated 8% of Americans will experience PTSD in their lifetime. Treatments include
psychotherapy and antidepressant medication, but cannabinoids have recently come into
focus as a potential option. Pre-clinical studies showed that CB1 activation can reduce
the expression of fear in the face of traumatic experience reminders.
In 2009, a retrospective study was published describing treatment of 47 combat
veterans with nabilone for severe refractory nightmares (Fraser 2009), and 72% of
patients experienced an end to nightmares or a reduction in frequency. A prospective
study investigating nabilone for the treatment of PTSD was recently completed in a
small number of patients and showed beneficial characteristics to treatment.
Although larger studies are required to confirm the benefits of cannabinoids for PTSD,
medical marijuana is already widely used by PTSD patients. In New Mexico, the leading
qualifying condition for medical marijuana is PTSD with over 8,500 patients currently
registered (Chart 8). A study of 80 PTSD patients in New Mexico displayed a >75%
reduction in a metric for PTSD symptoms called the Clinician Administered
Posttraumatic Scale. The study still concludes that larger, placebo-controlled studies are
necessary to validate the results.
Chart 8: New Mexico qualifying conditions breakdown
PTSD
Chronic Pain
Cancer
Painful Peripheral Neuropathy
HIV/AIDS
Epilepsy
Intractable Nausea/Vomiting
Multiple Sclerosis
Inflammatory autoimmune‐mediated Arthritis
Glaucoma
<1%
Source: New Mexico Dept. of Health, BofAML Global Research

Type II diabetes and metabolic disorders
Cannabinoids are known to induce changes in appetite, hence the use of dronabinol to
treat cachexia and rimonabant to treat obesity. Although depression and anxiety are side
effects of rimonabant, the drug does induce cessation of appetite, begging the question
of whether peripherally restricted CB1 antagonists (that would not affect the brain)
could produce the same response while avoiding adverse effects on the CNS. The
interest in using cannabinoids to treat metabolic diseases such as obesity goes deeper
with studies reporting that CB1 receptor blockade may prevent death of pancreatic islet
cells, implicating the eCB system in diabetes. CBD has been shown to prevent
progression of diabetes in mice. Cannabinoids have also been suggested to have the
capability to mediate oxidative stress caused by hyperglycemia associated with
diabetes. The large population of patients with diabetes, 30mn Americans, makes it an
attractive market for any drug.
GW42004 from GW Pharma
Accordingly, GW Pharma is developing GW42004 for the treatment of type 2 diabetes.
THCV, the active component of GW42004 is a phytocannabinoid, THC variant with no
psychotropic effects. In its phase 2a trial of 62 type 2 diabetes patients, treatment
reduced fasting glucose levels, increased fasting insulin levels, improved pancreatic beta
cell function and increased serum adiponectin. Systolic blood pressure and reduced
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serum IL-6 levels were reduced directionally but not significantly. Ongoing pre-clinical
research suggests that GW42004 may protect pancreatic beta cells. The phase 2b trial
is entitled, “A Randomised, Double Blind, Placebo Controlled, Parallel Group, Dose
Ranging Study of GWP42004 as Add on to Metformin in the Treatment of Participants
With Type 2 Diabetes,” with the primary endpoint of change from baseline in mean
glycosylated hemoglobin A1c level and a range of secondary endpoints measuring
diabetes biomarkers and disease progression.

Inflammatory diseases
Cannabinoids have been well documented to play a role in inflammation owed to the
fact that CB2 receptors are highly expressed by immune cells, activation of CB1/2
receptors can regulate inflammatory signals and CBD can also mediate inflammatory
activation through non-CB receptors. Common responses to cannabinoids observed in
vivo have been reduction in oxidative stress and inflammatory cell tissue infiltration, as
well as reduced pro-inflammatory transcription factor NF-kB target gene expression.
Accordingly, cannabinoids may have potential in treating inflammatory diseases such as
inflammatory bowel diseases (IBDs) or arthritis.
Ulcerative colitis and Crohn’s disease
Ulcerative colitis and Crohn’s disease are idiopathic IBDs that are considered qualifying
conditions for medical marijuana in several states. Gastrointestinal inflammation is at
the root of IBDs. One to two million people in the US are estimated to have ulcerative
colitis or Crohn’s disease, and IBD accounts for over 1,000,000 doctor visits and
100,000 hospitalizations per year (CDC). 4% of the reported qualifying conditions in
Illinois are registered for Crohn’s disease and studies lend anecdotal support to the
benefits of medical cannabis in IBD in retrospective studies and surveys.
Generally, most patients described marijuana use as helpful in relieving symptoms of
nausea, abdominal pain and diarrhea, and quality of life improves with cannabis
treatment. In one study, half of the IBD patients who had never used marijuana for
medicinal purposes said they would be interested to use it for abdominal pain if it were
available (Ravikoff Allegretti et al 2013). In another study, over 80% reported improved
abdominal pain, over 75% improved abdominal cramping, over 45% joint pain and about
28% diarrhea. However, cannabis use seemed to increase the risk of requiring surgery
as an intervention, cautioning its use among IBD patients without clinical evaluation
(Storr et al 2014). Consistent with other indications, clinical trials on efficacy are
necessary to assess the use of cannabis and cannabinoids as therapies in IBD.
Rheumatoid arthritis
Rheumatoid arthritis (RA) is an inflammatory autoimmune disease that affects about 1%
of the population. It is characterized by joint inflammation, particularly in the hands and
feet, and causes joint pain, stiffness and destruction. Because CB2 receptors are located
on the inflammatory cells that infiltrate rheumatoid joints and on cells within joints
(called fibroblasts), they can be targeted to mediate joint inflammation and pain. CB2
activation suppresses secretion of inflammatory signals from fibroblasts and immune
cells, and has been shown to stop progression of RA in animal model.
A CB2 agonist for RA (and IBD) would operate in the same market as TNF-inhibitors.
The best-selling TNF inhibitor, Humira, will hit over $9bn in US sales according to
Bloomberg data. Additional studies on cannabinoids in the context of osteoarthritis, the
most common type of arthritis classified by cartilage degradation and joint paint, have
provided evidence for a cartilage-protective role of CB2 activation. Zynerba is currently
in phase 1 trials for their cannabinoid gel. Additional benefits from cannabinoids could
reduce chronic pain (previously discussed) associated with arthritis.

Cancer
Besides CINV and appetite stimulation, cannabinoid therapeutics may be suited for the
battle against cancer itself by directly inhibiting cancer growth. The mechanism may be
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several-fold including anti-inflammatory, anti-proliferative, anti-metastatic and proapoptotic action. GW and Insys are investigating the use of cannabinoids in treating
glioma, tumors that arise in the supportive tissue of the nervous system and account for
80% of brain tumors. Malignant gliomas can be very aggressive, highly invasive and
resistant to chemotherapy and radiotherapy. Surgical resection is standard, but difficult
because of glioma’s proximity to essential brain and CNS structures, and therefore
treatment success is limited.
How cannabinoids could work against cancer
THC has been shown to induce apoptosis, or programmed cell death, in glioma cells in
vitro and in animal models in vivo. CBD has also been shown to reduce glioma cell
proliferation and invasiveness, promote apoptosis and downregulate expression of
tumor-promoting signals. CBD and THC combination therapy may also synergize to
produce a more potent effect at lower doses, and improve efficacy of chemotherapeutic
agent temozolomide in glioma. Despite mounting evidence that cannabinoids may be
viable for glioma treatments, clinical trials are few in numbers. In 2006, a small phase 1
trial on THC in recurrent glioblastoma patients was conducted and found that
intracranial administration of THC was safe, and may reduce tumor cell proliferation. GW
Pharma is currently conducting a placebo controlled phase 1/2 study in 20 patients with
recurrent glioblastoma using 1:1 THC:CBD in combination with temozolomide. The
primary endpoint is six-month progression-free survival, and secondary endpoints
include pharmacokinetic and biomarker assays on tumor responses.
Cannabinoids could be used in many cancer types
Though gliomas are the first cancer indication, evidence that cannabinoids may be
useful in reducing growth in a variety of tumor types exists including breast, prostate,
lung, skin and bone cancer. Cannabinoids may be able to regulate cancer-associated
pathways including MMP production, PI3K/AKT, RAF1/ERK1/2, JNK/AKT, MAPK/ERK and
p38. Still, cannabinoid therapeutics for cancer is in its infancy, and there is no evidence
that suggests cannabinoids will improve upon currently available therapies.

Cannabinoids could have a promising future in medicine
Despite its historical use for medicinal purposes, cannabis has been pegged as a
recreational drug detrimental to society, limiting its headway into the pharmaceutical
world. The debate for recreational use of cannabis is unnecessary when considering the
scientific evidence supporting the potential for cannabinoids as therapeutic agents.
Moreover, the medical cannabis market is ~$2.9bn without strict clinical trials or FDA
approval. According to IMS, the 2014 US pharmaceutical market was over $400bn and
the global market over $1tn. With a 1% market share, the cannabinoid therapeutics
market would be $4bn in the US and $10bn worldwide.
The potential market for DS and LGS alone, assuming FDA approved use of cannabinoid
therapeutics, would immediately match the current medical cannabis market assuming a
low-end orphan drug price of $50,000 and ~55,000 DS and LGS patients. If medicinal
use of cannabis was legal throughout the US, we estimate that the market would be
~$7.6bn. However, the total potential market for cannabinoid therapeutics is difficult to
predict based on the wide range of applicable indications and the uncertainty
surrounding pre-clinical and early stage drug candidates.
Cannabinoid therapeutic agents are poised to make a leap in market size with upcoming
phase 3 readouts from GW Pharmaceuticals in 1Q16 for pediatric epilepsy, which can
also act as a gauge for receptivity by the FDA and general public. If approved, Epidiolex
would hit the market in 2017. Several companies have pipelines full of cannabinoids for
nearly every indication under the sun (Table 7) as their pharmacological value is still
being explored. The budding cannabinoid and cannabis-derived medical product industry
will also boost the tools and diagnostics industry with a new class of products requiring
quality assurance, quality control, manufacturing (whether synthetic or plant-derived) as
well as additional research power.
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The cannabis opportunity for tools
Herb and tools go together
The life sciences tools (LST) sector consists of a diverse set of companies that supply
equipment, analytical instruments, consumables, services, and software to customers
across several industries. LST end markets include pharma, biotech, academic,
government, industrial (e.g., chemical, energy, mining, technology, materials science, and
other non-life sciences cyclical end markets) and applied (e.g., food and beverage
testing, consumer product safety testing, environmental monitoring, agricultural
biotechnology, diagnostics, clinical (non-research), and forensics).
While life sciences tools typically are known for their application in research, drug
research and development (R&D), and diagnostics, they also play a critical role in drug
and food production by enabling QA/QC (quality assurance/quality control). Unlike most
other areas of healthcare and industry where regulation is frequently a negative catalyst
for growth, increased government regulation in areas such as drug and food safety is
often advantageous to the LST sector. Globalization is driving the need for a cleaner and
safer world, and life sciences tools are the watchdogs for quality and safety.
We believe the tools can play a key role in the adoption, quality, and safety of cannabis
products. At the same time, given the growing acceptability of cannabis among the
general public and lawmakers, cannabis has the potential to become a new venue of
growth for tools in the pharma, biotech, and applied (e.g., food and consumer product
safety testing) end markets. In this section of the primer, we explore this symbiotic
relationship between tools and cannabis and identify the tools used in cannabis QA/QC,
along with the LST companies that provide them.

Background on cannabis as a drug
The chemistry and pharmacology of cannabis
Cannabis is a flowering plant from the sativa, indica, and ruderalis species. Cannabis has
been used throughout history as a source of hemp fiber, medicinal purposes, and as a
recreational drug. The primary components of interest in cannabis are called
cannabinoids and they are responsible for the pharmacological effects (drug properties)
on the body.
Cannabinoids are chemical compounds that act on cell membrane receptors (i.e., CB1
and CB2) in the nervous and immune system. CB1 receptors are mainly present in the
brain and spinal cord. They inhibit neurotransmitter (chemicals that send messages from
one brain cell to another) release in the brain, thus changing brain function and having
the ability to alter memory, mood, sleep, appetite, and pain sensation. As such, CB1
receptors are responsible for the typical physiological and psychoactive effects of
cannabis. CB2 receptors are mainly present in the spleen and cells of the immune
system. They may mediate immune-modulatory effects, such as inflammation, an
immune response thought to be a factor in multiple diseases and conditions.
Cannabinoids exist naturally in the body of humans and animals (endocannabinoids), in
plants (phytocannabinoids, the main subject of this primer), and can be manufactured
artificially (synthetic cannabinoids). In plant, cannabinoids are present primarily as
carboxylic acids. Cannabigerolic acid (CBGA) is the precursor of multiple cannabinoid
acids, including tetrahydrocannabinol acid (THCA) and cannabidiolic acid (CBDA). The
decarboxylation (a chemical reaction that removes a carboxyl group and releases carbon
dioxide (CO2)) of THCA and CBDA can occur via light/heat degradation or combustion
and renders ∆9-tetrahydrocannabinol (∆9-THC) and cannabidiol (CBD), the two most
common and studied cannabinoids.
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Exhibit 4: ∆9-tetrahydrocannabinol (∆9-THC)

Exhibit 5: Cannabidiol (CBD)

Source: BofAML Global Research

Source: BofAML Global Research

∆9-THC is the most popular and most common cannabinoid (Table 8). It is psychoactive
and thus known for causing the “high” feeling of cannabis. Over the past decades,
efforts have focused on improving cultivation and breeding methods to enhance the
potency of cannabis, resulting in cannabis strains with increasingly higher ∆9-THC
content.
CBD is the second most common cannabinoid. CBD is non-psychoactive and even
counteracts the psychoactive effects of ∆9-THC. Although less popular than ∆9-THC, CBD
is quickly garnering recognition in the medical community for its potential therapeutic
benefits (Table 9; note: see therapeutic section for additional details) without
psychoactive side effects, thus helping make the case for cannabis as a medical drug.
Industrial production of cannabis has been focused on the production of cannabis
strains rich in CBD with little to no ∆9-THC.
Table 8: Content ranges for cannabinoids and their degradation products in cannabis
Compound

% dry weight

∆9-THC
CBD
CBN (Cannadinol)
THCV (Tetrahydrocannabivarin)
CBG (Cannabigerol)
CBC (Cannabichromene)
∆8-THC

0.1-25%
0.1-7.98%
0.0-1.6%
0.0-1.36%
0.03-1.15%
0.0-0.65%
0.0-0.1%

Source: American Herbal Pharmacopoeia (AHP), BofAML Global Research

Besides cannabinoids, other components of cannabis include terpenoids (hydrocarbons
which are a primary component of cannabis oil and responsible for the aroma of
cannabis), flavonoids (secondary metabolites responsible for color/pigmentation),
carbohydrates, fatty acids, amino acids, and other chemical compounds.
Table 9: Presumed medical properties of ∆9-THC and CBD*
∆9-THC

Analgesic (relieves pain)
Antiemetic (reduces nausea and vomiting)
Anti-spasmodic (suppresses muscle spasms)
Anti-inflammatory (fights inflammatory disorders)
Anti-oxidant (fights neurodegenerative disorders)
Anti-tumoral/anti-cancer (fights tumor and cancer cells)
Appetite stimulant (increases appetite)
Sedative/hypnotic (promotes relaxation and sleep)

CBD

Antiemetic (reduces nausea and vomiting)
Anticonvulsant (suppresses seizure activity)
Antipsychotic (fights psychosis disorders)
Anti-inflammatory (fights inflammatory disorders)
Anti-oxidant (fights neurodegenerative disorders)
Anti-tumoral/anti-cancer (fights tumor and cancer cells)
Anxiolytic (fights anxiety)
Anti-depressant (fights depression disorders)

Source: LeafScience, BofAML Global Research
* Note: See Therapeutic section for additional details

Legal landscape
“Numbing” a complicated legal backdrop
Cannabis is one of the most controversial drugs under US federal law. As a Schedule 1
drug, the growth, transport, possession, and use of cannabis are stringently restricted,
unless exempted by the Compassionate Investigational New Drug (IND) Program. Under
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this program, the University of Mississippi is recognized as the only federally approved,
legal source of cannabis for research and medical use.
In spite of this, a number of states have decriminalized the possession of small amounts
of cannabis. 23 states and the District of Columbia have enacted laws legalizing
cannabis in some form, i.e., medical and/or recreational (Table 10). Moreover, several
states are planning to set ballot initiatives in 2016 for the legalization of cannabis for
recreation use, including Massachusetts and California.
Table 10: Where is cannabis legal for medical and recreational purposes in the US?
Medical cannabis: 23 states and DC

Alaska, Arizona, California, Colorado, Connecticut, Washington DC,
Delaware, Hawaii, Illinois, Maine, Maryland, Massachusetts, Michigan,
Minnesota, Montana, Nevada, New Hampshire, New Jersey, New
Mexico, New York, Oregon, Rhode Island, Vermont, and Washington

Recreational cannabis: 4 states

Alaska, Colorado, Oregon, Washington

Source: BofAML Global Research

Outside of the US, legislation and regulation on cannabis varies widely, ranging from full
legalization for growth, sale, and smoking of cannabis in Uruguay to severe penalties
(including long jail sentences, heavy fines, or even the death penalty for repeat
offenders and drug traffickers) in Indonesia, Iran, Malaysia, Saudi Arabia, Singapore, and
United Arab Emirates. In November 2015, following his recent election, Prime Minister
in Canada, Justin Trudeau, mandated his Minister of Justice to start federal procedures
that will eventually lead to the legalization and regulation of cannabis.

Public opinion
Cannabis acceptance is increasing
Regulations on the use of cannabis are changing rapidly thanks to a growing majority of
people who are in favor of legalization. According to The Harris Poll, one of the longest
running surveys measuring public opinion in the US and highly regarded throughout the
world, based on a survey of over 2,000 adults in the US in February 2015, four out of
five Americans (81% now vs. 74% in 2011) support the legalization of cannabis for
medical treatment, while roughly half of Americans (49% now vs. 42% in 2011) support
the legalization of cannabis for recreational use. Table 11 notes the support for cannabis
legalization by political party.
Table 11: Support for legalization of cannabis by political party affiliation
Political party affiliation

Democrat
Republican
Independent

Support medical use
87%
69%
86%

Support recreational use
58%
27%
55%

Source: The Harris Poll, BofAML Global Research

Prevalence of cannabis
Where is cannabis produced? Everywhere
Cannabis is one of the most pervasive drugs in the world. This is because it can be
grown virtually anywhere and at any time, as production can be outdoors and indoors,
ranging from personal cultivation to large-scale farm and indoor warehouse operations.
Afghanistan is the world’s top producer of cannabis, with cannabis being cultivated in an
estimated area of 10,000 hectares (ha) (equivalent to approximately 25,000 acres or 40
square miles) and a production potential for 1,400 tons of cannabis resin (United
Nations Office on Drugs and Crime (UNODC) – 2015 World Drug Report). Other
countries, such as Morocco and Mongolia are also top producers of cannabis, growing
cannabis on more land (i.e., 47,196 hectares and 15,000 hectares, but having a lower
yield of cannabis per hectare.
Cannabis is most trafficked drug in the illicit drug market
Cannabis-related crimes are one of the most enforced crimes in the US. According to
the 2014 FBI Uniform Crime Report, there were 700,993 total cannabis-related arrests
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in the US (12% due to trafficking and sale and 88% due to possession). Total cannabisrelated arrests also accounted for 45% of all drug-related arrests and 6% of overall total
arrests.
An estimated 180 million users worldwide
It is estimated that among adults aged 15-64 in the world, between 2.7% (128 million)
and 4.9% (232 million) used cannabis in 2012 (UNODC). This is equivalent to about 180
million cannabis users worldwide at the midpoint. Table 12 below list the top ten
countries with the most prevalence of cannabis use in 2014.
Table 12: Top ten countries with the most prevalent use of cannabis in 2014
Number Country
1
2
3
4
5
6
7
8
9
10

Iceland
Zambia
United States
Italy
New Zealand
Nigeria
Canada
Spain
Australia
Jamaica

Use (% of
population)
18.3%
17.7%
14.8%
14.6%
14.6%
14.3%
12.2%
10.6%
10.3%
9.9%

Status
Illegal
Illegal
Illegal at federal level, varies by state
Illegal to produce or sell. Decriminalized for personal possession
Illegal
Illegal
Legal for medical use. Illegal for recreational use
Legal for personal use. Illegal to produce, sell or use in public
Illegal
Illegal, but decriminalized

Source: UNODC, LeafScience, BofAML Global Research

Current state of cannabis testing
A “hazy” regulatory framework
The policy and regulatory framework around the testing of cannabis has been rather
lethargic in keeping up and laying the necessary guidelines and infrastructure to ensure
the quality, consistency, and safety of cannabis supply and products. Currently, there are
no widely accepted requirements and standards for cannabis quality testing. Cannabis
testing requirements vary from state to state and testing methods vary from lab to lab.
“Dude, where is my reference standard?”
Cannabis testing labs also have to cope with the lack of availability of high quality
reference standards as several of the cannabinoid standards are on the US DEA’s
Schedule I list of drugs. As a consequence, many labs have resorted to making their own
standards. In addition, the inability to ship cannabis ring test samples across state lines
has hindered the efficient validation of cannabis testing methods in the industry (note: a
ring test, also called a proficiency test, is an inter-laboratory test that evaluates the
performance of testing laboratories based on the analysis of similar samples). As a
result, cannabis testing results sometimes are not comparable across labs.
Study finds that 83% of cannabis edibles have ∆9-THC content mislabeled
Given the lack of an adequate regulatory framework for the testing of cannabis, it is not
surprising that the labeling of cannabis products is often inaccurate. For example, a June
2015 study published in the Journal of the American Medical Association (JAMA) of 75
edible cannabis products sold to patients in Seattle, San Francisco, and Los Angeles
found that only 17% of them accurately described ∆9-THC content. Of the 83%
mislabeled for ∆9-THC content, 60% overstated ∆9-THC content (actually had less than
advertised) and 23% understated it (actually had more than advertised). Edible cannabis
products are becoming popular choices, particularly among cancer patients who want to
combat nausea and vomiting caused by their cancer treatments and prefer not to
smoke. How can cannabis medical treatments be developed if we do not have validated
approaches to characterize cannabis products?
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Quality and safety concerns in cannabis products
Contaminants and adulterants
The growth and distribution of cannabis and its preparations are subject to multiple
contaminants and adulterants given the lack of regulation and illicit nature of the
market. Table 13 below lists some of the most common natural and adulterant
contaminant in cannabis.
Table 13: Natural and adulterant contaminants in cannabis
Natural contaminants

* Microbes (bacteria and fungi)
* Heavy metals
* Degradation products (e.g., leachables)
* Other plants morphologically plants similar to cannabis, including kenaf (Hibiscus
cannabinus), Japanse maple (Acer palmatum), an Asian species of nettle (Urtica cannabina),
false aralia (Dizygotheca elegantissima), sulphur cinquefoil (Portentilla recta), and false hemp
(Datisca cannabica)

Adulterants

* Growth enhancers
* Pest control chemicals
* Tiny glass beads (to increase weight)
* Chalk and sand to feign higher quality (i.e., sand may give the appearance of trichomes)
* Other psychoactive substances and medications to enhance efficacy or mitigate side effects,
such as tobacco, calamus (Acorus calamus), Viagra (sidenafil citrate), turpentine, tranquilizers,
and synthetic cannabinoids (e.g., Spice, K2, etc.)

Source: American Herbal Pharmacopoeia (AHP), UNODC, BofAML Global Research

∆9-THC level “elevates”
The sophistication in selective breeding and cloning techniques, advances in cultivation
methods and hydroponics (i.e., growing plants using mineral nutrient solutions in lieu of
soil), and the growing supply of indoor-produced herbal cannabis, wherein environmental
factors can be optimized, has resulted in an increasingly higher concentration ∆9-THC
(the main psychoactive component) and the proliferation of ∆9-THC rich cannabis
strains. This is a public health concern as ∆9-THC has been linked to anxiety, paranoia,
depression, and loss of mental ability.
A potency- monitoring program run by the University of Mississippi for the US National
Institute on Drug Abuse (NIDA) found that ∆9-THC levels have steadily increased in the
US from 2–3% in 1985–1995 to 4.9% in 2010. This increase is more pronounced in
cannabis seizures, for which ∆9-THC levels have increased from less than 4% in the late
1980s and early 1990s to more than 12% in 2013 (Office of National Drug Control
Policy National Drug Control Strategy: Data Supplement 2014).
Cannabis growers have sought to increase the ∆9-THC content in herbal cannabis and
derivative products in order to enhance the potency and recreational experience. In
order to breed high cannabinoid strains, unfertilized female cannabis plants, known as
sinsemilla (means “without seeds” in Spanish), are employed. Sinsemilla cannabis plants
do not use energy for seed production, but rather allocate more plant energy for the
production flowers and biosynthesis of cannabinoids. As a result, male plants are usually
removed throughout the production process due to their low cannabinoid content and in
order to prevent pollination.
Aside from the sex and genes of the plant, the concentration of ∆9-THC also varies
based on the part of the plant, being the highest in the pistillate flowers and the lowest
in the roots (Table 14). Depending on the proportion of different plant parts used,
cannabis products (e.g., herb, resin, and oil) can have different cannabinoid levels. Based
on a Swiss study conducted on cannabis seizures, the concentration of ∆9-THC ranged
between 2-12% in herbal cannabis, 4-21% in cannabis resins, and up to 60% in cannabis
oils (UNODC).
Table 14: ∆9-THC content by part on the plant
Plant part

Pistillate flowers
Leaves
Stalks
Roots
Source: UNODC, BofAML Global Research
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∆9-THC concentration (%)
10-12%
1-2%
0.1-0.3%
<0.03%

Rise of synthetic cannabinoids
Synthetic cannabinoids are chemical products that generally do not contain
cannabinoids but are manufactured to produce cannabis-like effects upon consumption.
They achieved popularity in Europe in the late 2000s and are marketed as legal (as in
there is no current explicit ban against them) alternatives to cannabis under various
brands, including “Spice Silver,” “Spice Gold,” “Spice Diamond,” “Yucatan Fire,” and
“Smoke.”
One of the most prevalent compounds in synthetic cannabinoids are aminoalkylindoles
as their synthesis is relatively simpler and generally requires less sophisticated
equipment and cheaper reagents. Aminoalkylindoles are cannabinergic compounds
(meaning that they work on endocannabinoid neurotransmitters) that act as cannabinoid
receptor agonists (chemicals that activate a biology response by binding to cell
receptors). Synthetic cannabinoids are also typically augmented with tocopherol (an
antioxidant), oleamide (enhances cannabis-like psychoactive effects), and artificial
flavorings (e.g., ethylvanillin, eugenol, and other terpenoids).
For many, synthetic cannabinoids pose an even greater risk to public health than natural
cannabis. It is claimed that synthetic cannabinoids may also have a higher potential for
addiction. Furthermore, adequate regulation and control measures are likely to remain
an ongoing challenge given the countless number of synthetic cannabinoids that
constantly emerge to get around imposed regulations.

Tools for cannabis testing
In general, cannabis testing involves the use analytical tools to identify and quantify the
level of cannabinoids (most notably ∆9-THC and CBD and known as potency testing),
contaminants (e.g., microbes and metals), and pesticides. Residual solvent testing is also
performed to ensure cannabis concentrates (e.g., shatter, wax, hash oil, budder, etc.) are
free of impurities. Table 15 and Table 16 list the analytical tools for the chemical
analysis of cannabinoids and contaminants and pesticides, respectively. This is followed
by a detailed description of the most applicable tools for cannabinoid determination and
their market overview.
Table 15: Analytical tools for cannabinoids and contaminants
Analyte

Cannabinoids
Residual solvents
Microbes
Metals

Analytical tool

Thin layer chromatography (TLC)
Gas chromatography (GC)
Liquid chromatography (HPLC, UHPLC)
Headspace GC, GC-FID
Culture plating, immunochemical assays, quantitative polymerase chain reaction (qPCR)
Inductively coupled plasma mass spectrometry (ICP-MS)

Source: UNODC, CannLabs, BofAML Global Research

Table 16: Pesticides commonly used in cannabis cultivation
Pesticide

Abamectin
Acequinocyl
Bifenazate
Bifenthrin
Chlormequat chloride
Cyfluthrin
Daminozide (Alar)
Etoxazole
Fenoxycarb
Imazalil
Imidacloprid
Myclobutanil
Paclobutrazol
Pyrethrins
Spinosad

Use

Insecticide/acaricide (ticks and mites killer)
Insecticide/acaricide
Acaricide
Insecticide
Plant growth regulator (PGR)
Insecticide
PGR
Acaricide
Insecticide
Fungicide
Insecticide
Fungicide
PGR, fungicide
Insecticide
Insecticide

Analytical tool(s)

LC-FLD (fluorescence detector); LC-MS/MS
LC-MS/MS
LC, LC-MS/MS
GC-ECD (electron capture detector); GC-MS/MS
LC (liquid chromatography); GC-MS/MS
IC (ion chromatography), LC-MS/MS
UV spectroscopy; LC-MS/MS
GC-MS/MS
LC/UV; LC-MS/MS
GC-ECD, LC-MS/MS
LC-MS/MS
GC-ECD; GC-NPD (nitrogen phosphorous detector); GC-MS/MS; LC-MS/MS
LC-MS/MS
GC-ECD
LC-MS/MS; immunoassay
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Table 16: Pesticides commonly used in cannabis cultivation
Pesticide

Spiromesifen
Spirotetramat
Trifloxystrobin

Use

Insecticide
Insecticide
Fungicide

Analytical tool(s)

GC-MS; LC-MS/MS
LC/LC-MS/MS
GC-NPD; GC-MS/MS; LC-MS/MS

Source: Environmental Protection Agency (EPA), American Herbal Pharmacopoeia (AHP), BofAML Global Research

Thin layer chromatography (TLC)
What is it?
Thin layer chromatography (TLC) systems are used to qualitatively separate the
components of non-volatile samples. TLC systems consists of either a glass, plastic, or
metal plate, coated with a thin layer of adsorbent material, such as silica gel, aluminum
oxide, or cellulose, which acts as the stationary phase. A sample or mixture (i.e., the
mobile phase) is applied to the near the edge of the plate and is drawn up via capillary
action. Individual analytes of the sample are separated by traveling at different rates
and to different extents on plate. TLC is an inexpensive, fast, and easy chromatography
method and it usually serves as a pre-screening option for HPLC.
Application in cannabis testing
TLC is an inexpensive and fast screening method for the positive identification of
cannabis. It enables the testing of high number of samples and thus, reduces the
number of required GC and HPLC analyses. TLC is also employed to distinguish ∆9-THC
dominant strains from CBD dominant strains and fiber types.
Exhibit 6: Sample TLC profile

Source: Wikimedia Commons;

Estimated market size and growth rate
The thin layer chromatography market is estimated at $60-70mn and declining in the
low-single digits (BofA Merrill Lynch Global Research estimates, SDI, Frost & Sullivan,
and company reports). Systems account for about 20% of the market and consumables
and service account for the remaining 80%. Systems are inexpensive and are typically
sold as ready-made plates costing $10 or less.
Key vendors
CAMAG, a private Swiss life sciences company dedicated to TLC solutions, is the global
market leader with roughly 30% market share. Thermo Fisher Scientific follows with
about 20%, helped by its extensive distribution channels. The merger of Merck KGaA
with Sigma-Aldrich also gives the combined company about a 20% market share. Other
vendors with 5-10% market shares Avantor and Agilent.
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Gas chromatography (GC)
What is it?
Gas chromatography (GC) systems are used for separating a vaporized sample into its
principle components for further analysis. A GC system consists of a control unit
containing a sample injection port and oven, a column, and a detector (frequently a mass
spectrometer).
The columns used in GC are thin metal tubes usually coated on the inside with a thin
layer of a high boiling point polymer, which is referred to as the “stationary phase”. The
vaporized sample is carried across the stationary phase with an inert carrier gas,
referred to as the “mobile phase.” The flow of the mobile phase through the column is
impeded by the absorption of the sample onto the stationary phase. The greater the
affinity of the sample to the stationary phase, the longer it takes the sample to flow
through the column (retention time). GC separations are influenced by the choice of
stationary phase, column temperature, sample flow rate, and column length.
Application in cannabis testing
In GC, decarboxylation of acidic cannabinoids occurs in situ upon injection due to the
high temperature of the GC injector port. Therefore, GC is suitable for quantifying total
cannabinoid content, both in the acidic and neutral forms (e.g., Total ∆9-THC as THCA +
∆9-THC and Total CBD as CBDA + CBD), and not appropriate for the separate
quantitation of free (neutral) and acidic cannabinoids.
If GC is used, the UNODC recommends that cannabinoid acids be decarboxylated prior
analysis, given that the different GC instruments may perform decarboxylation to
different extents based on the geometry and temperature in the injector.
If cannabinoid acids (i.e., THCA and CBDA) need to be analyzed, they can be silylated
(derivatization by deprotonating and substituting with a silyl group (R3Si)) prior to GC
analysis. Alternatively, liquid chromatography (HPLC/UHPLC) can be used to quantify
cannabinoid acids and neutral cannabinoid analogs separately.
GC is generally considered faster and simpler than HPLC and it is sometimes preferred
for these reasons.
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Exhibit 7: Herbal cannabis and cannabinoid GC/MS chromatograms

Source: Drugs of Abuse Confirmation by GC/MS (PerkinElmer)

Estimated market size and growth rate
The gas chromatography market is estimated at $1.8-2.2bn and growing in the low
single digits, with systems sales accounting for roughly 40%, and consumables &
services accounting for the remaining 60% (BofA Merrill Lynch Global Research
estimates, SDI, Frost & Sullivan, and company reports). GC is a fairly mature market with
a very large installed base. Most systems sales are replacements.
Key vendors
Agilent (with about 40-45% market share) has been the long-time leader in the gas
chromatography market and continues to strengthen its position. Other major vendors
include Shimadzu (10-15%), Thermo Fisher Scientific (5-10%), and Perkin Elmer (510%). A plethora of specialty chemical companies such as Sigma-Aldrich (now part of
Merck KGaA) provide specific columns and consumables.
Liquid chromatography: HPLC/UHPLC
What is it?
High performance (HPLC) and ultra-high performance (UHPLC) liquid chromatography
systems are used to separate the components of complex liquid samples prior to
analysis. HPLC systems consist of a high pressure pump that pushes solvents and a
dissolved sample through a metal column packed with a matrix of bead-like particles
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cross-linked to a variety of chemical compounds. The interaction of the sample with the
matrix allows for the separation of individual components based on their chemical or
physical properties, leading to different retention times within the column.
HPLC systems generally use 5µm column particles and operate at pressures of up to
600 bar, while UHPLC systems use smaller sub-2µm particles and operate at much
higher pressures (up to 1,200 bar), leading to greater sensitivity and faster performance
than standard HPLCs. In addition, UHPLC systems typically require less solvent because
they are cheaper and “greener” to operate. HPLC/UHPLC columns wear out, creating a
recurring revenue stream for vendors.
Application in cannabis testing
LC methods (HPCL and UHPLC) are generally the most widely accepted method for
determining cannabinoid concentration given that that it allows for the individual
quantitation of free (neutral) and acidic cannabinoids prior to decarboxylation. LC
methods may also be more suitable for samples high in fatty acids, which may interfere
with GC methods.
Estimated market size and growth rate
The liquid chromatography market is estimated at $4.25-4.50bn and growing in the midsingle digits, with systems sales accounting for about 40% of the market and
consumables and services accounting for the remaining 60% (BofA Merrill Lynch Global
Research estimates, SDI, Frost & Sullivan, and company reports). System ASPs are
around $50,000, while columns range from $30,000-$120,000 each.
Key vendors
Waters, the first to launch a UHPLC system commercially, is the global market leader
with roughly 30% market share. Agilent follows with 20-25% while Thermo Fisher
Scientific (~10%) and Shimadzu (~10%) are smaller players. Waters and Agilent have
high market shares in drug manufacturing, a tightly regulated market with high barriers
to entry and switching costs. Many of the smaller market players like Sigma-Aldrich only
supply columns and solvents.
Mass spectrometry (MS)
What is it?
A mass spectrometer (MS) is a sophisticated analytical instrument used to identify and
quantify the individual components in complex mixtures of solids, liquids and gases.
Most systems are composed of three parts: (1) an ion source, which vaporizes and
charges the sample; (2) a mass analyzer, which uses electromagnetic fields to separate
the ions based on their mass-to-charge ratios by deflecting in slightly different
directions; and (3) a detector to record the abundance of each ion type.
Application in cannabis testing
MS is a powerful for the analysis of not only cannabinoids but also contaminants and
pesticides.
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Exhibit 8: Mass spectrum of ∆9-THC trimethlysilyl (TMS) derivative

Source: BofAML Global Research

Exhibit 9: Mass spectrum of CBD trimethlysilyl (TMS) derivative

Source: BofAML Global Research

Estimated market size and growth rate
The mass spectrometry market is estimated to be $3.25-$3.75bn in terms of worldwide
sales, and growing in the mid-to-high single digits (BofA Merrill Lynch Global Research
estimates, SDI, Frost & Sullivan, and company reports). System sales account for
roughly 70% of market and consumables and services account for the remaining 30%.
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Key vendors
Six companies control nearly 90% of the mass spectrometry market. Danaher (which
acquired AB Sciex) accounts for roughly 20-23% of the market due to the broad use of
the company’s triple quadrupole systems in drug development, applied, and CRO
markets. Agilent, the leader in single quadrupole systems (single quads are often
coupled with GC where Agilent is the market leader) and Thermo Fisher Scientific, with
its novel Orbitrap platform, vie for the number two position with roughly 20% share
each. Although Bruker Corp. and Waters are estimated to each have market shares in
the 10-15% range, Waters is significantly stronger in the key LC/MS segment of the
market due to their market leading position in LC. Japan’s Shimadzu is the other key
mass spectrometry vendor, with an estimated market share in the mid-to-high single
digits.

Cannabis testing market opportunity
Legal US cannabis sales could reach $35bn+ by 2020
Market size estimates for total (both legal and illegal and medical and recreational)
cannabis sales in the US vary widely given that much of the use and transactions occur
beyond the margin of the law. CannLabs, one of the largest cannabis testing
laboratories in Colorado, notes that estimates for total cannabis sales in the US range
from $33bn to $100bn. That said, total legal (medical and recreational) cannabis sales
could reach $35bn by 2020 in the US if cannabis were to become fully legalized
federally (CannLabs 2014 10-K).
We estimate cannabis testing opportunity for LST sector at $50-100mn in 2020
According to third party estimates, the US cannabis testing market is forecast to be
$800mn-$900mn by 2020. This forecast includes revenues from testing, consulting and
other services. However, we estimate the cannabis testing opportunity for the LST
sector to be much smaller than that of the overall cannabis testing market given that
LST companies just provide the tools and consumables and not direct testing,
consulting and other analytical services.
In relation to the cannabis market for medical use, our biotech team estimates the
medical cannabis market at $7.6bn in the US if medical cannabis were to become legal
federally. Assuming that 1) COGS are about 20% of revenues (in-line with COGS range
of 10-20% of revenues observed for branded products at large biopharma companies)
and 2) QA/QC (i.e., tools and consumables) accounts for about 3% of COGS (in-line with
the <5% of COGS for GWPH and comments from several other biopharma companies on
the percentage of COGS attributed to LST products and services), we project a market
opportunity of about $50mn from medical cannabis testing for the LST sector.
With regards to the retail cannabis market, US retail cannabis sales will increase from
$2.4bn in 2014 to $7.8bn in 2018 (34.3% CAGR) according to Marijuana Business Daily.
Extrapolating at the same CAGR, that implies a retail cannabis market of about $14bn by
2020. Assuming that 1) about 30% of retail cannabis products get tested in some
fashion, 2) COGS for retail cannabis products are about 30% of revenues (in between
that of branded pharmaceuticals (about 20%) and that of tobacco products (about 40%
excluding excise taxes; however, about 60% of COGS are from the tobacco MSA (Master
Settlement Agreement); base COGS are 15-16% of net sales with the MSA stripped out
), and 3) QA/QC accounts for about 2% of COGS (slightly less than the 3% assumed for
branded pharmaceuticals due to less rigorous testing), we project a market opportunity
of about $25mn from retail cannabis testing for the LST sector. Rolling all of this
together, we conservatively estimate that cannabis testing market opportunity for the
LST sector could be a $50-$100mn by 2020.
A more aggressive scenario wherein the market reaches the above noted $35bn (based
on full cannabis legalization) by 2020, assuming that 1) about 75% of cannabis is now
tested, 2) COGS are still about 30%, and 3) QA/QC now accounts for about 1.25% of
COGS (down on higher volumes), we project a market opportunity for retail cannabis
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testing of about $100mn. All in, this scenario puts the potential cannabis testing market
opportunity for LST companies at approximately $150mn at the high end.
Within our coverage universe, Agilent (A), Waters Corporation (WAT), and Thermo Fisher
Scientific (TMO) are key providers of cannabis QA/QC tools due to leadership in the GC
and HPLC/UHPLC tools markets and strong footprint in market for conventional drug
QA/QC. Other LST companies that could also participate in the cannabis QA/QC market
opportunity include PerkinElmer (PKI), Danaher (DHR), and Bruker Corp (BRKR).
Risks to our evaluation include legislation that would further restrict cannabis use
(medical and recreational), a continuing lack of a standard regulatory framework for
cannabis testing, and weak government and academic funding for cannabis medical
research.
Cannabis testing market is highly fragmented and rapidly evolving
Cannabis testing market in the US consists primarily of small providers of testing and
consulting services. Some of the leading cannabis testing and consulting services
providers include: Steep Hill Labs, CannLabs (OTC: CANL), DigiPath (OTC: DIGP), Signal
Bay (OTC: SGBY), The Werc Shop, and Green Standards Diagnostics. Due to rapidly
evolving and potentially conflicting legislation enacted on a state by state basis, the
cannabis testing industry is subject to disruptive changes. Competition is based on
price, regulatory compliance, vendor relationships, and ease of use of services.
Bullish on the cannabis testing market and growth prospects for tools therein
The cannabis industry is poised for growth if cannabis legalization and use expand. As
the cannabis industry expands, we expect to see a corresponding increase in cannabis
medical research and the implementation of cannabis testing and labeling regulations,
which should drive adoption and growth of life sciences tools within this market in our
view.
In fact, in order address the growing interest in cannabis as a medical drug, the National
Institute on Drug Abuse (NIDA) increased its spending on research cannabis by 50% in
2014, with annual production going from 18 to 600kg at the University of Mississippi
(Nature-March 2015).
While progress has been slow and much work remains to be done on the set up and
implementation of a standard regulatory framework for the testing of cannabis
products, there have been some recent steps in the right direction. In September 2015,
California House passed a bill (California bill AB 266) that mandates the lab testing of all
medical cannabis for regulatory purposes on or before July 1, 2017 and we expect other
states where cannabis has been legalized in some form to follow. Many stakeholders in
the cannabis industry are also showing support for regulatory testing requirements in
order to ensure a safe access to cannabis.
Below are some of the guidelines most commonly referenced in the testing of cannabis:
•

“Cannabis Inflorescence: Standards of Identity, Analysis, and Quality Control” by the
American Herbal Pharmacopoeia. This document outlines scientifically valid
methods and sets standards of identify, purity, potency, analysis, and quality control
of cannabis as a botanical medicine

•

“Recommendations for Regulators – Cannabis Operations,” by the American Herbal
Products Association (AHPA). AHPA is a national trade association with more than
300 members in the herbal products industry. Their recommendations address 1)
cultivation and processing operations; 2) manufacturing, packaging, labeling, and
holding operations; 3) laboratory operations; and 4) dispensing operations

•

Cannabis Testing Labs: Standards and Accreditation” by BOTEC Analysis
Corporation. BOTEC Analysis is a research and consulting firm that develops and
implements solutions to issues in public policy, particularly in the areas of crime,
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justice, and drug policy, including the legalization of cannabis. BOTEC Analysis has
been hired to recommend regulations for medical marijuana and industrial hemp by
several government agencies, including the Washington State Liquor and Cannabis
Board and the Jamaican Ministry of Industry, Investment, and Commerce
•

“Recommended Methods for the Identification and Analysis of Cannabis and
Cannabis Products” by the United Nations Office on Drugs and Crime (UNODC)

•

“Recommended Methods for the Identification and Analysis of Synthetic
Cannabinoid Receptor Agonists in Seized Materials” by the UNODC

In summary, we believe that LST companies are well positioned to help cannabis testing
providers address a largely untapped testing opportunity within the cannabis industry.
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Glossary
Antiemetic: preventing vomiting
Apoptosis: programmed cell death; cellular mechanism of self-destruction
Cachexia: wasting of the body due to illness or age
Cannabidiol (CBD): non-psychoactive cannabinoid thought to have therapeutic benefits
Cannabinoid: class of compounds that interact with the endocannabinoid system and
are largely contained in the cannabis plant
Cannabis: flowering plant, also called marijuana, of the phylogenic family Cannabaceae
with three sub-types, sativa, indica and ruderalis. Notable components are delta-9tetrahydrocannabinol (THC) and cannabidiol (CBD) among other cannabinoids, which are
associated with psychotropic effects and potential for therapeutic benefits; classified as
a Schedule 1 substance
Delta-9-tetrahydrocannabinol (THC): psychoactive compound found in marijuana that
causes a “high” feeling and interacts with cannabinoid receptors; classified as a
Schedule 1 substance
Dravet Syndrome (DS): also called severe myoclonic epilepsy of infancy (SMEI), severe
refractory epilepsy that presents early in childhood and is often associated with
mutation in the SCN1A gene
Dysphoria: state of feeling unwell, unhappy or dissatisfaction; opposite of euphoria; side
effect of CB1 antagonist rimonabant
Endocannabinoid system: physiological system which modulates cell activation and is
the target of cannabinoids
Epilepsy: neurological disorder characterized by sudden and recurrent episodes of
seizures that may include convulsions, spasms and loss of consciousness and associated
with abnormal brain activity
Excitotoxicity: excessive neural cell stimulation or activation that leads to cell death
Homeostasis: relative stability or equilibrium
Lennox-Gastaut Syndrome (LGS): severe refractory epilepsy that often presents early
in childhood
Myelination: sheath surrounding neurons which allows neural transmission
Neonatal Hypoxic-Ischemic Encephalopathy (NHIE): brain injury due to asphyxia during
birth caused by insufficient blood flow to the brain
Neurodegenerative disease: disease that leads to the death of neurons such as
Parkinson’s, Alzheimer’s, and multiple sclerosis
Neuroinflammation: inflammation of the nerve tissue which may be caused by brain
injury, infection, toxic substances or autoimmunity and may cause neurodegeneration
Nociceptive neuron: nerves that account for the sensation of pain
Oxidative stress: physiological imbalance that favors reactive oxygen species, which are
chemically reactive and toxic molecules that contain oxygen, over the body’s natural

42

Biotechnology | 03 December 2015

antioxidant system; oxidative stress can damage DNA, deactivate other necessary
proteins and cause cell death.
Refractory: unmanageable or resistant; e.g. refractory pain or refractory epilepsy are
reoccurring and do not respond to treatment
Somnolence: state of feeling drowsy; common side effect of cannabis
Tuberous Sclerosis Complex (TSC): a rare genetic disease characterized by mutations
in the TSC1 or TSC2 genes; causes the growth of benign tumors throughout the body
including the brain; frequently causes refractory epilepsy
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Disclosures
Important Disclosures
FUNDAMENTAL EQUITY OPINION KEY: Opinions include a Volatility Risk Rating, an Investment Rating and an Income Rating. VOLATILITY RISK RATINGS, indicators of potential
price fluctuation, are: A - Low, B - Medium and C - High. INVESTMENT RATINGS reflect the analyst’s assessment of a stock’s: (i) absolute total return potential and (ii)
attractiveness for investment relative to other stocks within its Coverage Cluster (defined below). There are three investment ratings: 1 - Buy stocks are expected to have a total
return of at least 10% and are the most attractive stocks in the coverage cluster; 2 - Neutral stocks are expected to remain flat or increase in value and are less attractive than
Buy rated stocks and 3 - Underperform stocks are the least attractive stocks in a coverage cluster. Analysts assign investment ratings considering, among other things, the 0-12
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