


A short history of cannabis



“The decoction of the root eases

the pains of the gout, the hard

humours of knots in the joints,
the pains and shrinking of the
sinews, and the pains of the

hips.”



8000 BC Hemp cultivation.

2800 BC China Pen ts’ao Ching.

2000 BC India Atharva Veda.
4 AD QObstetric analgesia.
60+ AD Dioscorides and Galen.

1653 Culpepper.
1842 O’Shaughnessy.

1860s Queen Victoria.



The Science



Cannabinoid Receptors

Neurons GPRES Immune cells

« Inhibit adenylate cyclase. * Inhibit adenylate cyclase.

e Activate K* channels.
« |nactivate Ca**tchannels.
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Cayman Chemical



Brain

Herkenham et al 1991; Egertova et al 2003



Spinal Cord

Farqguhar-Smith et al 2000




CNS:
Euphoria/”’high”.
Heightened sensory perception.

Impaired cognition and pyschomotor
performance.

Distortion of space & time sense.
Memory impairment.
Fragmentation of thoughts.
Antinociception and analgesia.
Anti-emesis.

Increased appetite.

Altered thermoregulation.

Schizophrenia-like syndrome.




SYNTHETIC

HYTOCANN.
ENDOCANNABFNOIDS P ABINOIDS CANNABINOIDS
Anandamide(AEA) THC, CBD, CBN, ettc THG On]y(MaﬁnOI)
s
ENDOCANNABINOID REC!P'I'O”

(Brain Receptors)

CB] CBZ etc



Pertinent pre-clinical
data



Cannabinoid Analgesia in

Pain Models

Visceral inflammatory pain and referred hyperalgesia

(Jaggar et al 1998a,b, Farquhar-Smith et al 2001, 2002)

Form a.“n (Tsou et al 1996, Jaggar et al 1998a, Calignano et al 1998, Hanus et al 1999, Schreiber et al
2012))

Carrageenan (Richardson et al 1998)

Cystitis (Wang et al 2013)

Collagen-induced arthritis atait et ai 2000)

Complete Freund’s Adjuvant varin et ai 1999, smit et al 1999)
Chemotherapy induced neuropathic pain urgos et al 2012, Guindon

et al 2013, Khasabova et al 2012)

TumOUF |nduced bOne paln (Kehl et al 2003, Wang et al 2012, Khasabova et al 2011)



Partial Sciatic\
Nerve Ligation \

Chronic )
Constriction Injury Spinal Nerve
Ligation

Bridges et al 2001 _ Farquhar-Smith et al 2000
Lamina I,11
60 - 30
Opioid Binding 40 20 Cannabinoid binding
20 - . 10
) 0

Vehicle I Capsaicin
Hohmann & Herkenham 1998



Evidence in humans



« All clinical frials published prior to 1999.

+ 9 trials included

e 5 cancer pain (119 patients analysed)
e 2 chronic non-malignant pain (2 patients)
e 2 acute pain (72 patients)

o [HCI(5-201Mg:0:.0.F = equi-andlgesicio-50-—120
mg codeine

» Dose related and dose limiting CNS adverse
events common.

Campbell et al 2001 BMJ



* Meng et al 2017 Anesthesia Analgesia — chronic
neuropathic pain
e 11 RCT n=1219 NRS 0.65 —weak recommendation

* Whiting et al 2015 JAMA — Medical use
e Portnoy (2012), Johnson (2010)

* Aviram et al 2017 Pain Physician -



Model Study name

Noyes 1975al
Noyes 1975all
Noyes 1976bl
Noyes 1975bll
Noyes 1975blll
Noyes 1975blV
Staquet 1978a
Staguet 1978b
Wade 2003a
Wade 2003b
Wade 2003c
Berman 2004a
Berman 2004b
Wade 2004
Rog 2005*
Wissel 2006
Blake 2006
Nurmikko 2007*
Frank 2008
Skrabek 2008
Wilsey 2008
Ware 2010a
Ware 2010b
Ware 2010c
Selvarajah 2010*
Johnson 2010a*
Johnson 2010b*
Rintala 2010
Toth 2012
Pini 2012
Langford 2013a
Langford 2013b
Wallace 2015a
Wallace 2015b
Wallace 2015¢
Fixed
Random

Outcome

THC10mg vs. Placebo

THC 20mg vs. Placebo

THC 5mg vs. Placebo

THC 10mg vs. Placebo

THC 15mg vs. Placebo

THC 20mg vs Placebo

NIB 4mg vs. Placebo

NIB 4mg vs. Placebo

THC 2 5mg vs. Placebo

CBD 2 5mg vs Placebo

THC\CBD 2 5mg vs. Placebo
GW-2000-02 (THC) vs. Placebo
GW-1000-02 (sativax) vs. Placebo
Sativax vs Placebo

Sativax vs. Placebo

Nabilone 1mg vs. Placebo

CBM vs. Placebo

Sativax vs. Placebo

Nabitone 2mg vs. Dihydrocodeine 240mg
Nabilone 0.5mg vs. Placebo

3.5+7% cannabis cigarete vs. Placebo
2 5% cannabis cigarete vs Placebo
6% cannabis cigarete vs. Placebo
9.4% cannabis cigarete vs. Placebo
Sativax vs. Placebo

THC 2.7mg vs. Placebo

THC 2 5mg\CBD 2 5mg vs Placebo
Dronabinol vs. Diphenhydramine
Nabilone 1-4mg vs. Placebo
Nabilone 0.5mg vs. Ibuprufen 400mg
THC 2 5mg\CBD 2 5mg vs Placebo
THC 2.5mg\CBD 2. 5mg vs. Placebo
1% THC vaporizer vs. Placebo

4% THC vaporizer vs. Placebo

7% THC vaporizer vs. Placebo

x*= Parallel design.

Hedges's
9
-0316
0.753
-1.202
-0.418
-1822
-2 196
0718
-1.183
-0.289
0190
0158
0473
-0.419
-0.303
-0 492
-0.309
-0629
-0589
0652
0.837
-0.402
-0 082
0.057
-0.451
0445
-0237
-0.499
0.975
-1.2186
0431
0045
0844
-1.103
-2228
-3001
0411
0.541

Statistics for each study

Lower
limit
-0789
1240
-2.120
-1.267
-2.600
-3.276
1.254
-1.941
-1 066
-0 964
0.932
-0.773
0712
-0.945
-0 980
-1.118
-1.151
-0 982
0.154
-1.535
-0.727
-0.494
0469
-0.884
-0.272
-0638
-0 897
0.224
-2.030
-0.973
0273
1.472
-1.83
-3.096
-4 000
0494
0.715

Upper
limit
0157
0.266

-0.283
0432

-0643

1115
0177

-0.425
0488
0585
0616

-0.173

-0.125
0340
0004
0.500

-0.107

-0.196
1150

-0.138

-0.078
0.330
0.355

-0.017
1.162
0162
0102
2173

-0.401
o1
0182

0216

-0.376

-1.359

-2.003
0.327
0.367

Fixed

p-Value

0.190
0.002
0.010
0.335
0.001
0.000
0.009
0.002
0 468
0631
0.689
0.002
0.005
0.356
0.048
0454
0.018
0003
0.010
0.01¢
0.015
0697
0.786
0.042
0224
0244
0014
0111
0.003
0.119
0.696
0.008
0.003
0.000
0.000
0.000
0.000

0.411
Random 0.541

Hedges's g and 95% CI

|
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Fig. 2. Meta-analysis- without acute postoperative pain.

All pain (without acute post-operative pain)




Meodel Study name

Wade 2003a
Wade 2003b
Wade 2003c
Berman 2004a
Berman 2004b
Rog 2005
Wissel 2006
Nurnmikko 2007*
Wilsey 2008
Ware 2010a
Ware 2010b
Ware 2010c
Seivarajah 2010%
Toth 2012
Langford 2013a
Langford 2013b
Wallace 2015a
Wallace 20150
Wallace 2015¢
Fixed

Random

Outcome
Hedges's
g9
THC 2.5mg vs. Placebo 0.289
CBD 2 Smg vs. Placebo 0.190
THC\CBD 2 5mg vs. Placebo 0158
GW-2000-02 (THC) vs Placebo 0473
GW-1000-02 (sativax) vs. Placebo 0419
Sativax vs. Placebo 0492
Nabilone 1mg vs. Placebo 0309
Sativax vs. Placebo 0.589
3 547% cannabrs cigarete vs. Placebo 0.402
2 5% cannalbxs cigarete vs. Placebo 0.082
6% cannabis cigarete vs. Placebo 0.057
9.4% cannabss cigarete vs. Placebo 0451
Sativax vs. Placebo 0445
Nabilone 1-4mg vs. Placebo 12186
THC 2.5mg\CBD 2 5mg vs Placebo 0.045
THC 2.5mg\CBD 2.5mg vs. Placebo 0844
1% THC vaponzer vs. Placebo 1.103
4% THC vaponizer vs. Placebo 2228
7% THC vaponzer vs. Placebo -3.001
0.381
0528

Statistics for each study
Lower Upper
limit limit
1.066 0.488
-0.964 0.585
0.932 0616
0773 0173
0.712 0128
0.980 0.004
1.118 0500
0.862 0.196
0.727 0.078
0494 0.330
0 469 0.355
0.884 -0.017
0.272 1.162
2.030 0.401
0.273 0182
1472 0.216
1831 0.376
3.006 1.359
4.000 2003
0.483 0279
0.755 0.302

Fixed

p-Value
0.466

0631

0002
0.00%
0.048
0454
0.003

0.015

0.786
0.042
0.224
0.003
0.696
0.008
0.003
0.000
0.000
0.000
0.000

0.381

Random 0.528

Hedges's g and 85% CI

-10.00 -5.00 5.00 10.00

Favours CannabisFavours Placebo

Fig. 6. Meta-analysis- cannabinoids effects on chronic NP,

Chronic neuropathic pain




Yes, but what about
cancer pain?



Model Study name

Noyes 1875al
Noyes 1975all
Noyes 1975bl
Noyes 1975bll
Noyes 1975bill
Noyes 1975blV
Staquet 1978a
Staquet 1978b
Johnson 2010a*
Johnson 2010b®
Fixed

Random

*= Parallel design

Qutcome

THC10mg vs. Placebo

THC 20mg vs. Placebo

THC 5mg vs. Placebo

THC 10mg vs Placebo

THC 15mg vs. Placebo

THC 20mg vs Placebo

NIB 4mg vs Placebo

NIB 4mg vs Placebo

THC 2 7mg vs Placebo

THC 2 5mg\CBD 2 5mg vs_ Placebo

Hedges's
g

0.316

-0.753

-1.202

-0.418

-1622

-2.196

0716

-1.183

0237

0.499

0625

0.761

Statistics for each study

Lower Upper
fimit limit p-Value
0.789 0.157 0.190
-1.240 -0.266 0.002
-2.120 -0.283 0.010
-1.267 0432 0335
-2600 -0 643 0.001
-3.276 -1.115 0000
1254 0177 0.009
-1941 -0 425 0002
0636 0.162 0244
0.897 0.102 0014
0805 0.445 0000
1.063 0.459 0.000

Fixed 0.625
Random 0.761
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Hedges's g and 85% C|

2.00 4.00

Favours CannabisFavours Placebo

Fig. 7. Meta-analysis- cannabinouds effects on cancer pain.

Cancer pain

* “Alarming adverse reactions were
also observed at this dose”




Model| Stu name comanson Outcome Statistics for each Sﬂldy Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit p-Value
Noyes 1975al THC 10mg vs placebo Combined 1987 0584 6.762 02718 e —
Noyes 1975all THC 20mg vs. placebo Combined 3642 1248 10629 00180 e —
Noyes 1975bl THC 5mg vs. placebo Combined 2156 0.297 15643 04474
Noyes 1975bll THC 10mg vs. placebo Combined 2254 0323 15716 04120
Noyes 1975blll THC 15mg vs. placebo Combined 3127 0474 20640 0.2363
Noyes 1975blvV THC 20 mg vs. placebo Combined 3.707 0.601 22876 0.1583
Jan 19811 Levonantradol 1.5mg vs. placebo Combined 6633 0523 84174 0.1444
Jain 19817 Levonantradol 2mg vs. placebo Combmed 3.000 0192 46.795 0.4332
Jain 1981l Levonantradol 2 5mg vs_ placebo Combined 4217 0254 69 956 0.3152
Jain 1981~V Levonantradol 3mg vs. placebo Combined 4243 0288 62393 0.2920
Buggy 2003** THC 5mg vs. placebo Combined 1448 0315 6626 06351 —
Wade 2003a THC 2 5mg vs. placebo Combined 0873 0047 16.389 09279
Wade 2003b CBD 2 .5mg vs placebo Combined 0577 0027 12519 07264
Wade 2003c THC 2.5mg\ CBD 25 mg vs. placebo  Combined 0968 0063 14 802 09812
Berman 2004a GW-1000-02 vs. placebo Combined 3.049 0.460 20.232 0.2482
Berman 2004b GW-2000-02 vs. placebo Combined 3.097 0.466 20573 0.2420
Wade 2004 THC 2.7mg/CBD 2.5mg vs. placebo Combined 7.555 0.708 80.638 0.0941
Svendsen 2004 Dronabinol vs. placebo Combined 3374 0299 38.102 0.3254
Rog 2005* THC 2.7mg/CBD 2 5mg vs_ placebo Combined 2258 0221 22980 04921
Wissel 2006 Nabilone 1mg vs. placebo drowsiness 2.000 0211 18.981 05460 --
Blake 2006 THC 2.7mg/CBD 2 5mg vs placebo Combined 2886 0233 35671 0 4087
Abrams 2007* Cannabis 3 56% vs placebo dizziness 3783 0162 88578 04083
Nurmikko 2007* THC 2.7mg/CBD 2 5mg vs. placebo Combined 4209 0489 36.244 0.1908
Skrabek 2008 (4w) Nabilone vs. placebo Combined 4534 0351 58.577 02469
Narang 2008a Dronabinol 10mg vs. placebo Combined 2847 0826 9.822 0.0976
Narang 2008b Dronabinol 20mg vs. placebo Combined 3276 0969 11.068 0.0561 -
Ware 2010a Cannabis 2 5% vs. placebo Combined 0.876 0074 10413 09164 1
Ware 2010b Cannabis 6% vs. placebo Combined 1.091 0075 15.945 0.9490
Ware 2010c Cannabis 9 4% vs. placebo Combined 1154 0076 17.562 09176 L
Johnson 2010a* THC 2.7mg vs. placebo Combined 1704 0563 5718 0.3229 e i—
Johnson 2010b* THC 2 5mgiCBD 2.5mg vs placebo Combined 1734 0544 5533 03522 e f—
Rintala 2010 Dronabinol vs_ diphenhydramine Combined 1312 0143 12 000 08103
Corey-Bloom 2012 Cannabis 4% vs. placebo Combined 5292 0900 31123 0.0653
Portenoy 2012* Nabiaimol 11-16 sprays vs placebo Combined 3725 0928 14954 0.0637
Pim 2012 Nabilone 0.5mg vs. placebo Combined 1.291 0.060 27.911 0.8706
Huggins 2012 PF-04457845 vs. placebo Combined 0.886 0.063 12.474 0.9287 &
Zajicek 2012 Cannabis extract vs. placebo Combined 4,659 2385 9.102 0.0000 e —
Langford 2013a THC 2.7mg/CBD 2 5mg vs. placebo Combined 4415 0798 24431 0.0889
Serpell 2014* Sativax vs. placebo Combined 2538 0.395 16.266 0.3265
Lynch 2014 Sativax vs. placebo Combined 8363 0483 144 928 0.1445

Fixed 2842 2163 3734 0.0000 < 1
0.01 0.1 1 10 100

Fixed 2.842 Placebo Cannabis

*= Parallel design; **= Postoperative pain.

Fig. 10. Meta-analysis for CNS-related AEs.

CNS-related adverse effects







Cancer Pain

Patients with uncontrolled cancer pain (NRS 5)
N=117, (Sativex 60, THC 58, placebo 59)

NRS -1.37 (Vs. -0.69) (THC NS)

30% reduction from baseline in 43% (c.f. 23%)
No change opioid dose or breakthrough

N&V increased (85% AE, c.f. 75% placebo)

Johnson et al 2010 J Pain Symptom Manage



N=263 (360 randomised), Nabiximols (a.k.q.
Sativex)

5 weeks low, medium (up to 10 sprays/day) and
high dose spray

1° outcome: 30% responder, no difference

But low/medium more ‘analgesed’ (average
daily pain)

No differences side effects e



N=397

Self titration Sativex over 2 weeks

10.7% improvement (compared to 4.5% control)
in NRS — not significant

Subgroup analysis for QOL

From US

Lichtman et al 2017 J Pain Symptom Manag



Cancer pain (not included in
meta-analyses)

2 RS dhvett ar toohnpeint; o3% Hpmyg/danemoNRsine (24<8)
N4+6 ¢ 664 o) withdrew in Sativex group)
Mediaaverpgeveairestdrofrdasglineoagragett BSH

placebo

7.2% (c.f. 9.5% placebo)

68% adverse effects (64% placebo)
Sub group US <65y 11.2% vs. 4.8%

PGIC better by 0.27 at week 5

Fallon et al 2017 Br J Pain



Journal of Pain Research Dove

3 REVIEW

Pharmacotherapeutic considerations for use
of cannabinoids to relieve pain in patients with
malignant diseases

This article was published in the following Dove Press journal:
Journal of Pain Research

Flesulti Fifteen of the 18 trials demonstrated a significant analgesic effect o}’ cannabinoids as
compa o placebo. The most commonly reporied adverse effects were generally well tolerated,

mild to moderate. The main side effects were drowsiness, nausea, vomiting and dry mouth. There

15 evidence that cannabinoids are safe and modestly effective in neuropathic pain and also for

relieving pain in patients with malignant diseases. The proportion of “responders™ (patients who

which 15 considered to be clinical

at the end of 2 weeks of treatment feported 230% reduction in pain intensity on a scale of 0—10,
important) was 43% in comparison with placebo (21%).

Darvkosvka-Serafimovska 2018



The other problem



Historical cohort study 1969-70 Swedish conscripts

n=50,087 (97% of Swedish 18-20 yr. olds)
Questionnaire of drug use
National register of psychiatric admissions 1970-1996

Dose dependent increase risk of developing
schizophrenia with cannabis use (30% increased risk
of schizophrenia [OR: 6.7(2.1-21.7]]

Zammit et al 2002 BMJ



The bottom line

‘May be beneficial’
(but potential of side effects)



Transdermal CB2
agonist







HEALTH BENEFITS OF

CANNABIDIOL

Antibacterial Reduces small intestine contractions
Neuron-Protective Increases function inimmune system
Inhibits cancer cell growth Suppresses muscle spasms
Promotes bone growth | Relieves anxiety

Reduces Blood sugar levels Relieves pain
Reduces inflammation S = Tranquilizing
Reduces risk of artery blockage B Treats psoriasis
Reduces vomiting and nausea . Vasorelaxant



Evidence base




CBD significantly reduces
subjective anxiety during

and after public speaking
Correct dose is critical to

maximizing effectiveness
Anxiolytic
Effect
Dur lng 0 men and women, aged 18 to 35
PUbliC ouble-blind study

groups: Placebo, CBD 100mg, CBD 300mg,
CBD 900mg, clonazepam

Speaking

Researchers

Antonio W. Zuardi,Natalia P. Rodrigues, Angélica L. Silva,
Sandra A. Bernardo, Jaime E. C. Hallak, Francisco S.
Guimaraes, and José A. S. Crippa

Institutions: Department of Neuroscience and Behavio
Ribeir@o Preto Medical School, University



