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k°¢ THC, the psychoactive Cannabidio] a nonpsychoactive Anandamide, a human
component of marijuana component of marijuana endocannabinoid

Structural and functional differences




The two primary receptors: CB1 and CB2

(the lower the number, the more potent is its activity at that receptor
k°-THC has more activity at CB&nnabidiolhas more activity at CB2

AND
are often functional opposites

Binding affinities and functional activities of all compounds 1solated from Cannabis sativa. All compounds
evaluated displayed agonistic activity in the GTPyS functional assay for both CB1 and CB2 receptors.

Compound

AP THC
A%-tetrahydrocannabinolic acid
A2-tetrahydrocannabivarin
Cannabichromanone C
Cannabichromanone D
Cannabidiol

Cannabidivarin

Binding Affinity (nM) Functional Activity (nM)
CB1 CB2 CB1 CB2
18+4 42+9 269 + 36 327 +£43
1292 + 89 1650+ 163 > 10,000 > 10,000
225 10521 > 10,000 > 10,000

8681 £ 1404 5789 + 685 483 + 121 138 +£36

7117£1090 2828 + 569 809 3945+ 1106
151+ 28 4582 £ 613 1469 £ 197 104 = 14
503 + 58 3970 £ 976 >10,000 308

Adapted from HusniAS, et al. Evaluation phytocannabinoid$érom high
potency Cannabis sativa using in vitro bioassays to determine stryacture
activity relationships for cannabinoid receptor 1 and cannabinoid receptor
2. Medicinal Chemistry Research. 2014; 23(9):4200.
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DevinskyO, et al.
Cannabidiolin patients
with treatment-resistant

epilepsy an openlabel
interventional trial.
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Cannabidiol efficacy for intractable seizures

Articles

Cannabidiol in patients with treatment-resistant epilepsy:
an open-label interventional trial

Omin Devinsky, Eric Marsh™, Daniel Friedman™, Elizabeth Thiele, Linda Laux, Joseph Sullivan, lan Miller, Robert Flamini, Angus Wilfong,
Francis Filloux, Matthew Wong, Nicole Tilton, Patricia Bruna, Judith Bluvstein, JulieHedlund, Rebecca Kamens, Jane Macdlean, Srishti Nangia,
Nilika Shah Singhal Carey A Wilson, Anup Patel, Maria Roberta Cilio

Summary

Background Almost a third of patients with epilepsy have a treatment-resistant form, which is associated with severe
morbidity and increased mortality. Cannabis-based treatments for epilepsy have generated much interest, but
scientific data are scarce. We aimed to establish whether addition of cannabidiol to existing anti-epileptic regimens
would be safe, tolerated, and efficacious in children and young adults with treatment-resistant epilepsy.

Methods In this open-label trial, patients (aged 1-30 years) with severe, intractable, childhood-onset, treatment-
resistant epilepsy, who were receiving stable doses of antiepileptic drugs before study entry, were enrolled in an
expanded-access programme at 11 epilepsy centres across the USA. Patients were given oral cannabidiol at 2-5 mg/kg
per day, up-titrated until intolerance or to a maximum dose of 25 mg/kg or 50 mg/kg per day (dependent on study
site). The primary objective was to establish the safety and tolerability of cannabidiol and the primary efficacy endpoint
was median percentage change in the mean monthly frequency of motor seizures at 12 weeks. The efficacy analysis
was by modified intention to treat. Comparisons of the percentage change in frequency of motor seizures were done
with a Mann-Whitney U test.

Results Between Jan 15, 2014, and Jan 15, 2015, 214 patients were enrolled; 162 (76%) patients who had at least
12 weeks of follow-up after the first dose of cannabidiol were included in the safety and tolerability analysis, and
137 (64%) patients were included in the efficacy analysis. In the safety group, 33 (20%) patients had Dravet syndrome
and 31 (19%) patients had Lennox-Gastaut syndrome. The remaining patients had intractable epilepsies of different
causes and type. Adverse events were reported in 128 (79%) of the 162 patients within the safety group. Adverse events
reported in more than 10% of patients were somnolence (n=41 [25%)]), decreased appetite (n=31 [19%]), diarrhoea
(n=31[19%]), fatigue (n=21 [13%]), and convulsion (n=18 [11%]). Five (3%) patients discontinued treatment because of
an adverse event. Serious adverse events were reported in 48 (30%) patients, including one death—a sudden
unexpected death in epilepsy regarded as unrelated to study drug. 20 (12%) patients had severe adverse events possibly
related to cannabidiol use, the most common of which was status epilepticus (n=9 [6%]). The median monthly
frequency of motor seizures was 30-0 (IQR 11-0-96-0) at baseline and 15-8 (5-6-57-6) over the 12 week treatment
period. The median reduction in monthly motor seizures was 36-5% (IQR 0-64-7).

Interpretation Our findings suggest that cannabidiol might reduce seizure frequency and might have an adequate
safety profile in children and young adults with highly treatment-resistant epilepsy. Randomised controlled trials are
warranted to characterise the safety profile and true efficacy of this compound.
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Key points from clinical trial in 2015:

A

A

Cannabidiolwas in addition tothe
anticonvulsant medication the
patients were already on

2 out of every 5 patients
experienced a 50% or greater

reduction in seizure frequencgy
with 2 out of 100 becoming free of
seizures; the remainder experience
either less reduction, no change or
seizure increase

Common adverse events included
somnolence, loss of appetite,
diarrhea and fatigue

The most serious adverse event w
status epilepticus (continuous
seizures) in 6 out of 100 who were
treated
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ventilation  initiation.!  Baseline
overnight oximetry was not done
systematically at sites. Ventilatory
efficacy was not assessed. There is
nothing to suggest that efficiency
of ventilation differed between
the groups, although we have not
systematically looked for such
difference.
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Cannabidiol in patients
with treatment-
resistant epilepsy

We read with interest the results
reported by Orrin Devinsky and
colleagues’ of an open-label trial of
cannabidiol in people with refractory
epilepsy. This is a sensitive topic for
many, as there are high expectations
for cannabidiol as a potential
therapy for epilepsy. Some of these
expectations have been fuelled by
the media. Unlike olher compounds
which are co lly trialled

An overall seizure reduction of
almost 50% compared with baseline
is reported in this study. The analysis
suggests that about a third of
participants had an increased sezure
frequency during the treatment
period, and another third had less

than 50% seizure reduction. Patients 2

often start or switch antiepileptic
drugs at times of an exacerbation of
seizure frequency. Figure 3 seems to
show a regression to the mean that
can partly be attributed to the natural
course of the condition, and which
is inadequately controlled for by the
short baseline period of this study. A
baseline period of 4 weeks seems too
short, especially as the lowest sezure
frequency was 11 motor seizures per
month. A natural variation in sezure
frequency of one or two seizures
per month could explain a 10-20%
change eitherway.

Adverse events are reported in
78% and serious adverse events
in 30% of the participants in the
12 week treatment period. The
authors conclude that “cannabidiol
has an adequate safety proﬁle

pared with other iep
dmgs in refractory epilepsy, the
number of serious adverse events
reported seems high: This hngh

WICIN 386, UK (PRE WS Seichting Epllepse

irstelingen Nederdand Achtenweg,

Netheriands (PRE WS} and Epilepsy Sodes;

Cralfont St Peteg. UK (JWS)

1 DevinskyO, MarshE, Friedman D, etal

Cannabidiol in patientswith

treatment. resistant epiepsy: an open-libel

interventional trial. L ancet Newrol 2016:

15:270-78.

Maz E, Figi P. The case for medical marijuana in

epilepsy Epilepsia 2014 55: 783-86.

3 Brode M| Lerche H, G Nagel, ctak
RESTORE 2 Study Group. Efficacy and safety of
adunctive ezogabine (retigabine) in refractory
partial eplepsy. Nexdogy 2010, 75: 1817-24.

Orrin  Devinsky and  colleagues'
note that cannabidiol is a potent
inhibitor of CYP3A4 and CYP2C19,
in addition to other otochrome
P isozymes, with the potential to
increase  serum  concentrations  of
background antiepileptic drugs and
their active metabolites’ In fact,
the effect of cannabidiol on serum
clobazam concentrations was well
documented in a study;” in 33 patients
taking a 5 mg/kg dose of cannabidiol
in addition to an average of three
different antiepileptic drugs, serum
clobazam concentrations rose a
median of 10% after cannabidiol
was added. Of the 33 patients,
17 were taking cdobazapam, and
seven of these 17 had an increase
of more than 40% in their serum

frequency might be explai
epilepsy severity in this population,
but such an interpretation cannot
be assessed with the design of this
study.
What this study does show is
that, contrary to what many hope,
cannabidiol is probably not the magic
bullet for severe childhood epilepsy.
Properly  randomised  controlled
trials are urgently needed to assess
the safety profile and efficacy of
bidiol are similar to those of

away from the public eye, cannabidiol
is already legally available in some
countries. Promising case reports’
have encouraged demand for
cannabidiol, however, little is known
about its safety and efficacy, making
the study by Devinsky and colleagues
particularly timely.

otber antiepileptic drugs, or worse.
JWS s been cormuttad by and recoived fees for
Jectures From GSK, Lunbeck, Teva, i, and UCE
Pharma. PRE dediares no competing interests.
Prisca R Baver, *Josemir W Sander
Lsander@ud.acuk

NIHR Universy Callege London Hospitaks Biomedial
Rescarch Centre, UCL Institute of Neurology, Landon

clob conc . Devinsky
and colleagues cite this in their Article,
but why were these compelling data
not considered in the discussion?
Furthermore, the efficacy of clobazam
in patients with Lennox-Gastaut
syndrome has been shown to have a
dose-response curve; raising clobazam
concentrations is highly likely to have
an effect on seizure frequency.!

The authors report that in their
study that roughly a quarter of
patients (27%) not taking clobazam
also had a reduction in motor seizures
of 50% or more. However, in their
discussion of placebo response in
trials of cannabis-derived treatments
the authors note that among findings
from 32 randomised controlled trials
of add-on treatment in patients with
epilepsy, children had a significantly

www thelancet comyneurology Vol 15 May 2016

Critiques (May 2016) written to Lancet Neurology on the 20d&nnabidiol
trial

A The study authors did not highlight that although #/8f the patients exhibited
significant improvementroughly 1/39 of the patients treated with
cannabidiolexperienced arnncreasein seizures

A The pretreatment period (4 weeks) was too short to accurately determine the
baseline seizure frequency which can vary month to month

A 30% experienced serious adverse events, a high rate for anticonvulsant treatn

A Thecannabidiotreatment wasin addition to other anticonvulsantshe patients
were already on, anthe metabolism of these other drugs is inhibited by
cannabidiolcausing an increase in their concentration
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Mechanism of action

: : Cannabidioincreases levels of other anticonvulsants to values outside the therapeutic range
in question

CBD Interactions with AEDs

Gaston TE, et al.
* Interactions between

cannabidioland common Iy Table 3. Quantification of AED level changes
used antiepileptic drugs , . , ) , Bognal AED level
=il s|a201758(9)1586 AED level N Mean baseline level Mean first “on CBD” level Mean second “on CBD” level range (trough)
pliep ’ ’ Clobazam’ 27 264.7 + 1363 3311 £+ 1432 310.9 £+ 104.2 (dose unchanged) 30-300 ng/ml
1592 \ (dose unchanged)
430.3 £+ 327.6 285.0 £ 176.0 (dose decreased)
(dose decreased)
*Note the abstract of this N-desmethylclobazam® 26 2,207.5 £+ 1,854.0 3, 1207415493 3,696.8 + 1,027.1 (dose unchanged) 300-3,000 ng/ml
paper requires clarification: \ (dosenchanged)
’ 6,226.8 + 4,006.9 4,843.8 + 2,982.6 (dose decreased)
the reason thelobazam
(dose decreased)
level decreased as the Eslicarbazepine® 4 144 + 7.4 168 + 7.9 17.8 + 9.1 228 pg/ml
investigators increased the Topiramate 20 103 + 59 10.8 + 7.0 11.3 + 83 4.5-20 pg/ml
cannabidiolose is that the Zonisamide 14 172 + 122 19.3 + 13.0 17.2 + 9.3 (dose unchanged) 10-40 pg/ml
dose ofclobazamwas 42.0 (dose decreased in | adult)
proactively lowered as a Rufinamide 14 248 + 128 256 + 13.6 27.0 + 14.7 (dose unchanged) 5-55 pg/ml
safety precaution 12.2 (dose decreased in one child)

AED levels that were identified to have statistically significant changes in the presence of CBD were further analyzed to determine the degree in change of AED
level over time from pre-CBD baseline to the first two blood levels after the initiation of CBD. Due to the naturalistic study design, CBD dose was not accounted
for in this analysis. AEDs marked with an asterisk (clobazam p = 0.030, desmethylclobazam p < 0.001, and eslicarbazepine p = 0.008, marked with®) showed a sta-
tistically significant increase in mean level with the presence of CBD between the baseline and presented in the table time point. Discrepancies in number of partici-
pants between Table 2 and here are due to lack of baseline N-desmethylclobazam in one participant, and lack of follow-up rufinamide levels in two participants due
to quick withdrawal from the study.




Studies ofcannabidiolin 3 different animal modelsas astand-alonetreatment.

Yes

Kaplan JS, et @&lannabidiolattenuates
seizures and social deficits in a mouse
model of Dravetsyndrome Proc Natl
AcadSciU S A. 2017 Oct Rii:
201711351.

Yes

GobiraPH, et alCannabidigla
Cannabis sativa constituent, inhibits
cocaineinduced seizures in mice
Possible role of thenTORpathway and
reduction in glutamate release.
Neurotoxicology2015 Sep;50:1181.

Yes

VilelaLR, et alAnticonvulsant effect of
cannabidiolin the pentylenetetrazole
model: Pharmacological mechanisms,

electroencephalographic profile, and
brain cytokine levels. EpilepBghav
2017 Oct;75:2985.

"Here we show thatannabidiol(CBD) effectively reduced seizuraad autistie
like social deficits in a welalidated mouse genetic model Bfravetsyndrome
(DS), a severe childhood epilepsy disorder caused byfdssction mutations
in the brain voltagegated sodium chann®avm ® m &

"CBD ¢annabidiol 30 mg/kg) pretreatment increased the latencyandreduced the

duration of cocaine (75 mg/kghduced seizures in mice ...... CB1 and CB2 antagonists

failed to blockcannabidiol'sS ¥ F STOUS, anéhis type of seizure modesnnabidiolis
exerting its anticonvulsant effects through a mechanism that does not involve the
traditional cannabinoid receptors.

Gt NBGNBIF GYSy( gdaltendated seifureshduced iy tlaieritoneal,
subcutaneous, and intravenous PTZ administration in mice. The effects were reversec
CB1, CB2, and TRPV1 (capsaicin receptor) selective antagonists (AM251, AM630, ar
SB366791, respectively). Additionally, CBD delayed seizure sensitization resulting frol
NBELISFGSR t ¢¥% | RYA yircangldsion the2rgbusbapticofiisahtyefiat
of CBD may result from multiple pharmacological mechanismgluding facilitation of
SYR20FIYyYyl o0AYy2AR aAi3dyl fCayhabidbiyeRtedtpyt +m Y S
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Cannabidiolfor Drug
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Trial of Cannabidiol for Drug-Resistant Seizures

in the Dravet Syndrome

C.P.C.H,, Linda Laux, M.D
,M.B.,B.S,, Ph.D,,
Cannabidiol in Drave

ABSTRACT

BACKGROUND
The Dravet syndrome is a complex chi'dhood epiepsy disorder that is associated with
drug-resistant seizures and a high mortality rate. We studied cannabidiol for the treat
ment of drug-resistant seizures in the Dravet syndrome.

METHODS
In this double-blind, placebo-controlled tria!, we randomly assigned 120 children and
young adults with the Dravet syndrome and drug-resistant seizures to receive either
cannabidiol oral solution at a dose of 20 mg per kilogram of body weight per day or
placebo, in addition to standard antiepileptic treatment. The primary end point was the
change in convu!sive-seizure frequency over a 14-week treatment period, as compared
with a 4-week baseline period.

RESULTS

The median frequency of convulsive seizures per month decreased from 12.4 to 5.9 with
cannabidiol, as compared with a decrease from 149 to 14.1 with placebo (adwusted
median difference between the cannabidio! group and the placebo group in change in
seizure frequency, ~22.8 percentage points; 95% confidence interval [CI], ~41.1 to -5.4;
P=0.01). The percentage of patients who had at least a 50% reduction in convulsive-
seizure frequency was 43% with cannabidiol and 27% with placebo (odds ratio, 2.00;
95% CI, 0.93 to 4.30; P=0.08). The patient’s overa!l condition improved by at least one
category on the seven-category Caregiver Global Impression of Change scale in 62% of
the cannabidio! group as compared with 34% of the placebo group (P=0.02). The fre-
quency of total seizures of a!l types was significantly reduced with cannabidio!
(P=0.03), but there was no significant reduction in nonconvulsive seizures. The per-
centage of patients who became seizure-free was 5% with cannabidiol and 0% with
placebo (P=0.08). Adverse events that occurred more frequently in the cannabidiol
group than in the placebo group included diarrhea, vomiting, fatigue, pyrexia, somno-
lence, and abnormal results on liver-function tests. There were more withdrawals from
the trial in the cannabidiol group.

CONCLUSIONS
Among patients with the Dravet syndrome, cannabidiol resulted in a greater reduction in
convulsve-seizure frequency than placebo and was associated with higher rates of adverse
events. (Funded by GW Pharmaceuticals; Clinica!Tria!s.gov number, NCT02091375.)

N ENGL) MED 376:21 NEIM.ORGC  MAY 25, 2017

The New Engiand Journal of Medicine
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Key points from this most recent clinical trial:

A Cannabidiolwas in addition tothe medication the
patients were already on

A Patients treated withcannabidiolwere
twice as likely to experience a 50%
reductionin convulsive seizure frequency as
those on placebo

A CapnapidioWa§ ineﬁectjve for non:onvulsiveA g
aAaSAl dzNka o0SP3IP Gl oaSyo:
seizures)

A One out of twenty of thecannabidiot
treated patients became seizur&ree as
compared to none who were on placebo

A Approximately one out of tercannabidiot
treated patients experienced an increase in
convulsiors, about twice the rate of the placebo

group
A The number of patients who developed status

epilepticus was the same in tloannabidioland
placebo groups



method of administration in question

Cannabis and Cannabinoid Research .
Volume 11,2016 ~ Cannabis an
DOI: 10.1089/can 2015.0004 Cannabinoid Research
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However, this paper (among others)

Identification of Psychoactive Degradants of Cannabidiol lllustrated:
in Simulated Gastric and Physiological Fluid A Gastric fluid degraded 98% of the
John Merrick,' Brian Lane,’ Terri Sebree, ™ Tony Yaksh,® Carol O'Neill? and Stan L. Banks’ cann abIdI0|\/|a acidcatalyzed

Abstract reactions within 2 hours

Introduction: In recent research, orally administered cannabidiol (CBD) showed a relatively high incidence of
somnolence in a pediatric population. Previous work has suggested that when CBD is exposed to an acidic en-

vironment, ?t degrades tF) 49—tetrahydrocan nabinol (THC) ar.1d qther psychoactive c§nnabinoids. T(? gain a better A O ne Of the ma d t f th
understanding of quantitative exposure, we completed an in vitro study by evaluating the formation of psycho- jOr pI’O UCts O e
;C::oi:las’:nf\::groi:llssi:gzgezsglrihe:t‘i)coz%?).t Odsj;nr:'gt::dgjs?:ig.uli?nésait? was demonstrated for each compo- d eg rad atl on Wag—( 9 CT H C Wh IC h
St (D5, Sampies were nyed using hromaotaphy with UV anl s specvomety detecion A s reached levels capable of exerting
sislenlin oo Lo moin e i e physiological effects

degradation followed first-order kinetics at a rate constant of =0.031 min~' (R*=0.9933). The major products
formed were A°-THC and A%-THC with less significant levels of other related cannabinoids. CBD in physiological

buffer performed as a control did not convert to THC. Confirmation of THC formation was demonstrated by com- A T h e refo re ’S u bl | n g u al ad m | Nn |Strat| on
parison of mass spectral analysis, mass identification, and retention time of 4°-THC and 4%-THC in the SGF sam- . .

ples against authentic reference standards. Shou Id be ConSIdered (thoug h d |ff|CU It
Conclusions: SGF converts CBD into the psychoactive components A®-THC and A%-THC. The first-order kinetics . . .

observed in this study allowed estimated levels to be calculated and indicated that the acidic environment dur- fOI’ Ch I Id re n), becau se Sal Iva IS nOt

ing normal gastrointestinal transit can expose orally CBD-treated patients to levels of THC and other psychoactive - . .
cannabinoids that may exceed the threshold for a physioloaqical response. Delivery methods that decrease the aCId IC as com pared tO gaSt”C ﬂ UId

potential for formation of psychoactive cannabinoids should be explored.

Key words: cannabidiol; degredation; drug discovery; gastric fluid; kinetics; THC



Immune system suppression by cannabinoids: a benefit for the spasticity of multiple sclerosis?

Current drugs are ineffective, difficult to administer, or have undesirable side effects: baddofealene diazepamtizanidine botulinum toxin
Human studies

Yes, but subjectively measured . . . L .
J y Oraladministration*Painwas significantly reduced when measured directly after

vanAmerongenG, et alEffects on Spasticity  4gminjstration...a similar pattern was observedsisbjectivemusclespasticityX ® h i
gnchgl\sztJropathlc Pain of an Oral Formulation ", 1y ¢ the patients treate@with oral kS-THC) reportedmuscular weakness during the
-Té&trahydrocannabinol in Patients With :
Progressive Multiple Sclerosi€linTher 2017 treatment phase. Thl_s muscula_r weakness may be a part of thevcau.s,al pathway of reduced
Feb 9pii: S01492918(17)30054L. muscle tension, leading to the intended treatmentdol J & U ATReAdisateaXcy between
the objectiveand subjectivemeasures of spasticity seen in the study has previously also has
been2 6 A SNIWSRO®XAa LI} a0AOAG& |y RO-THC thgbugh highdevelN § 2
central nervous system modulation of perception of spasticity rather #lantrophysiologic
muscle spasticity itsalfe

Yes, but subjectively measured

Zajicek], et alCannabinoidsor treatment of  rg| administration:"611 of 630 patients were followed up for the primaepdpoint We noted
SRR Einel QUG SYMFIoE ElEiRt i no treatment effect of cannabinoids on the primary outcome (as objectively measurgtkby

multiple sclerosiCAMS studymulticentre , " . .
randomisecplacebocontrolledtrial. Lancet. Ashworth scalg' however"There was evidence ofteeatment effect onpatient-reported

2003 Nov 8;362(9395): 15176, spasticity and pair(p = 0.003."




Immune system suppression by cannabinoids: a benefit for the spasticity of multiple scler¢smsRinued

Yes, objectively measured
CoreyBloomJ, Wolfson TGGamstA, JinS,Marcotte
TD, Bentley H>ouauxB. Smoked cannabis for
spasticity in multiple sclerosis: a randomized,
placebocontrolled trial.

CMAJ2012 Jul 10;184(10):1148D.

Safety study, some side effects

Wade DTMakelaPM, House H, Bateman C,
Robson PLongterm use of a cannabis
based medicine in the treatment of
spasticity and other symptoms in multiple
sclerosisMult Scler2006;12(5:63945.

Human studies

Administration via smokingd ¢ NJ I withh Smbkied cannabis resulted in a reduction

in patient scores on the modifieflshworth scaldoy an average of 2.74 points more than
placebo (p<0.0001). In addition, treatment reduced pain scores on a visual analogue
scale by an average of 5.28 points more than placebo (p=0.008)...Scores on the Paced
Auditory Serial Addition Test decreased by 8.67 points more with treatment than with
placebo (p = 0.008 ®%th smoked marijuanaobjective measures of spasticity and pain
were improved however, meaningful functional changes were less clear as the timed
walk was not significantly improved, and cognition as measured in an addition test was
negatively affected by the end of the -tthy treatment period. The study was placebo
controlled, with placebo cigarettes provided by NIDA. The placebo cigarette is produced
from solvent extraction of the dried marijuana plant material, much like the process
used for decaffeination of coffee by some manufacturetsweversmoked marijuana
Impairs posture and balancen patients with spasticity (Koppel et al., Systematic review:
Efficacy and safety of medical marijuana in selected neurologic disorders. Neurology.
2014 Apr 29;82(17):15563.)

A study of the safety profile (not efficacy) il administration "Theobject of
this study was to monitor theafety..of longterm use of aroromucosalcannabis
based medicine in patients with multiple sclerosiBlie drug delivery wasral.
Most unwanted effects were mild to moderate: oral pathzzinessdiarrheg
nausea anaromucosakldisorder,but four patients(out of 137) hadirst-ever
seizures, one of whom died from aspiration pneumonia



Immune system suppression by cannabinoids: accelerated cognitive decline as a

side effect of use for MS?

Human studies

Yes

RomeroK, et al. Multiple sclerosis, cannabis, and
cognition: A structural MR$tudy. Neuroimage
Clin 2015 Apr 9;8:144.

No (not with products high ircannabidio)

AragonaM, et al.Psychopathological and
cognitive effects of therapeutic cannabinoids in
multiple sclerosis: a doublelind, placebo
controlled, crossover studyClin
Neuropharmacaol2009 Jarreb;32(1):417.

G ¢ K Ss8uls suggest that cannabis use in MS resulmatre widespread
cognitive deficits which correlatewith tissue volume in subcortical, medial
temporal, and prefrontal regions. These are the finstings demonstratingn
association between cannabis use, cognitive impairment and structural brain
changesimm { LJI {Ro&gyflyiHaldige subjects smoked marijuana at least
weekly, most of those daily. It should be noted t@nabidiolcontent of the
marijuana was unknown, but likely quite low.

G/ | yy | teeatnfedtAdiR not inducepsychopathology andid not impair
cognitionin cannabisnaive patientswith MS However, the positive correlation
0S06SSy of 2adRahyd®caBhabiobdd Psydhopathological scores
suggests thaat dosagesigher than those used in therapeutic settinggerpersonal
sensitivity aggressiveness, and paranoiac features might aldeugh greater
statistical power would be necessary to confirm this findifédpek®-THC and
cannabidiowere administered by sublingual spray, in modest doses (2.X°THC
and 2.5 mgcannabidio), which were allowed@d lib, reaching a mean of 8.2 doses per
day or a total of 22 m§°-THCand 20.5 mgannabidiol




Immune system suppression by cannabinoids: a benefit for the spasticity of multiple scler¢smsRinued

Yes

Baker DPryce GCroxfordJL, Brown P,
PertweeRG, Huffman JWaywardL
Cannabinoids control spasticity and tremor
iIn a multiple sclerosis modeNature. 2000
Mar 2;404(6773):84.

Yes

Hilliard A et alEvaluation of the Effects of
Sativex(THC BDS: CBD BDS) on Inhibition of
Spasticity in a Chronic Relapsing Experimental
Allergic Autoimmune Encephalomyelitis: A
Model of Multiple SclerosidSRN NeuroR012;
2012:802649

Animal studies

"Chronic relapsing experimental allergic encephalomyelitis is an
automimunemodel of multiple sclerosis....Here we show that
cannabioid(CB) receptoagonismusing R(+WIN 55,212;
k°-tetrahydrocannabinglmethanandamideand JWHL33
guantitatively ameliorated both tremor and spasticity in
diseased micethe drugs were preferentially active at the CB1
receptor except for IWHI33, which is preferentially active at CB2.

éSativex(10mg/kg) was just as effective as baclofgproviding
supportive evidence foBativexuse in the treatment of spasticity in M&



Immune system suppression by cannabinoids: increassk for some infections?

Yes

Cabral GA, Griffithomas LEmerging role of the

cannabinoid receptor CB2 in immune regulation

therapeutic prospects foneuroinflammation

Expert ReWol Med. 2009;11:e3.
G¢KS LINBLR2YRSNIYOS 2F &aiGdzRASa G2 RIFEIGS AYRAOFOSA
modulation of the majority of immune functional responses is the @B&imber of reports have
indicated that cannabinoids suppress the antibody response of humans and anénals

Yes

Friedman H, Newton C, Klein TMicrobial
infections, immunomodulation, and drugs of Infections, animal studies
abuse.ClinMicrobiol Rev. 2003;16(2):2099.

Eftects of cannabinoids on resistance to infections

Infectious agent Host Effect”

HSV Mice 1 Mortality GLY 2dzNJ aGdzRAS&az ¢/ LINEagibdblligpiedrSophid 2 1

;féfif'fff lt:-licc H:iurlalit}' affects both innate immunity and the development of the adaptive (cell
SV umans ecurrence A~ A 5 - A A - A ,

HSV Guinea pigs 1 Infection YSRAIFUGUSRU AYYdzyS NbalLl2yasSode

FLV + HSV Mice T Mortality

Staphvlococecus Rats } Lung infection

Treponema pallidum  Rabbits 1 Progression

Legionella Mice T Mortality

Staphylococcus Rats } Macrophage activity

HIV Humans T Risk of mortality

@ 1, increase; |, decrease.



Immune system suppression by cannabinoiglsisk of infections?

Animal studies

Yes

BuchweitzJP, et alModulation of airway "Collectively, these results suggest tf&THC treatment increased
responses to influenza A/PR/8/34 by Deltad viral load...through a decrease in recruitment of macrophages and
tetrahydrocannabinolin C57BL/6 mice. J lymphocytes"

PharmacoExpTher 2007 Nov;323(2):6783.

Yes Human studies
HézodeC, et alDaily cannabis smoking as a risk aly _02 y_Of dza A 2_3/ 2 R FA T e O"_ yyt 0 Aa avYzlA
factor for progression of fibrosis in chronic prqgr,eSS|9nAdgr|ng,CH6h(roQ|c hepatitis §. Patients with ongoing CHC shquld be

supportthis conclusionBrunet L, Marijuanamoking does not accelerate
progression of liver disease in Fi¥patitis C coinfection: a longitudinal cohort
analysisClininfect Dis2013;57(9:663-70. The Brunet et al. study did not find an
acceleration of cirrhosis in users for recent marijuana use, but when they considet
current marijuana use, the risk for cirrhosis was 33% higher.

Yes

HancoxRJ, Shin HH, Gray A®ultonR, Sears MR. | A
Effects of quitting cannabis on respiratory a CNb IJ
symptoms European Respiratory Journal. 2015; | Rdzt U
2:ERD2289.

PUL

y-.’.

Z u
wS

A< O«
o -
N

(@
>

\<T
- U

(@]}

> >
Q) QX
o -
D¢
) Q¢
- >
[en-Nuar
)y Cx
< W

dza
A

Ll O
O ¢

S
®

PN @)
Q¢ O



Marijuana for Pain?

Neuropathicpain: the sensory fibers themselves are dysfunctional or irritated, sending incorrect signals to pain cente

R(/Ies, ilor;]et:/vhat esakial. Moulin DE Humanstudiesd { S Sdbaki®i8kS-THC and/ocannabidio) providea
engH, Johnston Eenglesaki®, Moulin DE, = o5 analgesic benefit in patientsith chronicNP feuropathiclJk A y 0 X { A
Bhatia ASelective Cannabinoids for Chronic " lecti binoid lation in st th of THC f bis h "
Neuropathic PainA Systematic Revieand 0 selective cannabinoidgscalation in strength o or cannabis has no
Meta-analysisAnesthAnalg 2017 May 19. been clearly demonstrated to provide superior analgesia and resulted in

worsened neuropsychological performance

Yes, somewhat

Nugent SMMorascoBJ, O'Neil ME, Freeman  y,man studiesd [ A YA SR SOARS Y

M, Low A, Kondo K, ElvenZakherB, neur thi inin m tient® ¢
Motu'apuakaM, Paynter RKansagar®. The europathicpain in_some patie &

Effects of Cannabis Among Adults With
Chronic Pain and an Overview of General
Harms A Systematic Reviewinn Intern Med.

2017;167(5):31831

~ A

S mayaaledistes G a

Yes, espcannabidiol

King KM, Myers AMsorokaMonzoAJ,Tuma
RFTallaridaRJ, Walker EA, Ward Sihgle and
O2Y0AYSR St@ahgdbdaana@ndl k
and cannabidiolin a mouse model of
chemotherapyinduced neuropathic painBr J
Pharmacal2017;174(17):2832841.

Animal study dCBD(cannabidio) maybe potent and effectiveat preventing
the development of chemotherapyducedperipheralneuropathy, and its
clinical use may be enhanced byadministration offiow dose2 ¥ ¢ | / ®E€




Marijuana for Pain?

Human studies mixed types of pain: both neuropathic and nemeuropathic (nociceptive)

No

Shah et al.Medical cannabis use among
patients with chronic pain in an
interdisciplinary pain rehabilitation

Marijuana may not decrease the amount of opiates needeéd/ | Y Y I ¢
use wadnot associated with a significantly lower morphine
equivalencelevel for participants using prescription opioids (n=14). Bof

program: Characterization and treatment groups of participants reported significant improvement in pain severity,
outcomes. BubstAbuse Treatment 2017 pain interference, depressive symptoms, and pain catastrophizing. The
77:95100 were no group or treatmentrelated differences in these outcome

G NRAF of Sa o¢

Evidence foincreased pairat high doses for specific types of pain:

_ _ a2l ftFO0S SiG Ffod G(SaiSR (GKS S¥FSO
Hill KPPalastroMD, Johnson B)itre JW. doses vs. inactive placebo) on intradermapsaicirinduced pain

Cannabis and Pain: A Clinical Review responses using a randomized, doublind, crossover trial in 15 healthy
Cannabis Cannabinoid Res. 2017;2(2k08. | nteers (mean age of 28.9: 58% male). Results indicated a significant

decrease in pain with the medium cannabis dose argignificant
Increase in pain with the high dosedénd some evidence fancreased
pain at all doses for sunburd ¢ KSNBE gl a | faz &a2YS
unexpectechyperalgesi@ G I §S Ay GKS O kclhifd siudlies
RSY2Y&aGNXYaGS | yFENNRBg (GKSNI LISdzi A O

Yes and No; mediurbut not high-dose




Marijuana for Pain?

Nociceptive Paincaused by damage to body tissue and usually described as a sharp, aching,
or throbbing pain

No

de VriesM, et al. Tetrahydrocannabinol Does Not Human studiesd / 2 y 0 N NB ( 2 THE ditNdotkcBolndad (I K S &

Reduce Pain in Patients With Chronic Abdominal beneficial effect on chronic abdominal pakompared with placebo.

Painin a Phase 2 Placefmontrolled StudyClin Similar results were observed for minimal and maximal reported VAS ¢

GastroenteroHepatol 2017;15(7):1074.086. (subjective scoring of pain by patient), indicating that THC does not aff

N 0l O1TaANRdzy R LI AY 2NJ LI Ay LISI | a ¢
0

Fallon, MT et alSativexoromucosalspray as i : .
adjunctive therapy in advanced cancer patients with Human studiesdSativex(THC+CBlid not demonstrate superiority to

chronic pain unalleviatedy optimized opioid placebo in reducing seifeported pain scores in advanced cancer
therapy: two doubleblind, randomized, placebo patients with chronic Dalrdzy I ff{f SOAIF USSR o0¢ 2 LJu A

controlled phase 3 studies. Br J Pain. 2017;11(3):119
133.

Yes for THC, No for CBD alone

Britch SC, Wiley JL, YiClwersBH, Craft RM. Animal study aCBD(cannabidio) alone produced n@ntinociceptive
Cannabidiol k°-tetrahydrocannabinol interactions S T T Sr@ay énKance THCEntinociceptiveand hypolocomotive
on acute pain and locomotor activiprug Alcohol  effacts, primarily prolonging THC's duration of action.

Depend. 2017;175:18197.



Marijuana for Pain?

Animal study:novel (allosteric) druggenhancing cannabinoid receptor function for pain

Yes

SlivickiRA Xu Z Kulkarni PMPertweeRG Mackie K et
al. PositiveAllostericModulation of Cannabinoid
ReceptorTypel SuppressefathologicalPain
Without ProducingToleranceor DependenceBiol
Psychiatry2017 Jul 8pii: S00063223(17)31764.

G ¢ K S NJ effi&cyivas Qreserved over 19 days of chronic dosing...shows promise as a safe and
effective analgesi¢pain relief) strategyhat lacks tolerance, dependence and abuse lialdlgypsitive
allosteric modulatorsithe length of time for therapeutic efficacy is better than that seen for CB1
agonists.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Slivicki RA[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu Z[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulkarni PM[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pertwee RG[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mackie K[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/28823711

Marijuana for Pain:substitution for opiates?

Human studies

Yes

CorroonJM, et alCannabis as a substitute for

prescription drugs a crosssectional studyJ
Pain Res. 2017 M&;10:989998

NoO

Shah A, et aMedical cannabis use among
patients with chronic pain in an
interdisciplinary pain rehabilitation
program: Characterization and treatment
outcomes JSubstAbuse Treat. 2017
Jun;77:95100.

No
Smagéeb andGharibAMR.In adults with
chronic low back pain, does the use of

inhaled cannabis reduce overall opioid use
Evidence Based Practice 2017; 20(1):e10

"Individuals(some recreational users) aseibstituting cannabis for prescription
drugs, independent of whether they identify themselves as medical users and
independent of legal access to medical cannabis... the most common classes of
substitution were narcotics/opioids, anxiolytics/benzodiazepines and

I v A RS LINBawad oftéairedifrom response to questionnaires, not clinical
interviews; no monitoring of actual prescription-iiflte for the medical patients.

"Cannabis use was not associated with a significantly lower morphine
SljdzA @I £t SYyOS t S@St F2NJ LI NI Rreariptbry (1 & d
opioid use was established based on a clinical interview with a pharmacist"

A small review, reporting studies show on averabgher use of opiatesn

those who use cannabis for paid t S N&h® yséd cannabis for pain used a
median oral morphine equivalent dose of 100 mg/d compared with 69 mg/d in
those who did not use cannabis fpain....Persons using cannabis for pain were
more likely to meetriteriafor substance abuse disorders (alcohol abuse
disorder OR 6.3amphetamineuse disorder OR 6.3..... illicit opioid use disorder
OR 4.3 ¢




Marijuana for Pain:substitution for opiates?
NoO

G/ 2y OdzZNNBy 0 dza S
and opioids by patients with
chronic pain appears to

indicate higher risk for
2LIA2AR YA&adzaSé



