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. neuroleptics
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iIcians Desk Reference, 2019)
superior to placebo

perior to placebo and haloperidol (Shapiro et al. 1983,
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, superior to placebo (Yoo et al; 2013)

0 the Tourette Association
omprehensive Behavioral Intervention for Tics)
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Range of daily dosing

Medication

Haloperidol 0.25-4.0mg
Pimozide 0.5-8.0mg
*Risperidone 0.125-3.0mg
Aripiprazole 1.0-15.0mg

0.025-0.4mg

0.25-4.0mg
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Tourette's
syndrome

Behavioral problems,
poor impulse control,
and other behavioral
disorders

Figure 1. Clinical Hallmarks of Tourette’'s Syndrome.

The diagnosis is based on the occurrence of tics along with be-
havioral disorders, including attention-deficit—hy peractivity dis-
order (ADHD) and obsessive—compulsive disorder (OCD). Other
behavioral disorders include anxiety and mood disorders, learn-
ing disorders, sleep disorders, conduct and oppositional behawv-
ior, and self-injurious behavior.

kovic J.NEJM; 2001.



Fig. 1, Suggested treatment Are there comorbid ADHD,
algorithm for the management of OCD or other behavioral

tics associated with Tourette comorbidities?
syndrome Yes No —

'y [Y

Treat behavioral comorbid
condition
(but may treattics first)

>

[ Are tics mild or severe? |
Mild Severe

Consider: | Focaltics? | I Botulinum toxin
cBIT
No

Guanfacine

Clonidine
Topiramate @

Little to no benefit? Consider:

Tetrabenazine
Deutetrabenazine
Valbenazine

Little to no benefit?

Yes

FirstLine Therapy

SecondLine Therapy Consider: Aripiprazole, Fluphenazine,
Risperidone, Tiapride

Little to no benefit?

Third Line Therapy Deep Brain Stimulation

urette Syndrome: Behavioral, Pharmacologic, and Surgical Treatments. Neurotherapeutics: Journal
ttps://doi.org/10.1007/s13311-020-00914-6



Table 1  Currently available treatments in Tourette syndrome

Treatment AAN
recommendation
(level of
evidence) [4]

Potential side effects

Special considerations

CBIT B
Alpha agonist B
Topiramate B

Antipsychotics C

VMAT2 —
inhibitors
BoNT C

Cannabis-based C
medications

DBS B

None
Sedation, bradycardia

Cognitive language problems, somnolence, weight
loss, nephrolithiasis

Weight gain, extrapyramidal side effects, tardive
dyskinesia, QTC prolongation

Drowsiness, depression, parkinsonism

Temporary weakness, hypophonia at the site of
injection

Dizziness, dry mouth, fatigue, impaired driving
ability

Hardware infection/removal, worsening of
psychiatric conditions

Dependent on patienf motivation

May be more effective with comorbid ADHD, requires
tapering to avoid rebound hypertension

Requires cardiac monitoring, requires tapering to avoid
withdrawal dyskinesia, tardive syndrome

Often costly and not covered by insurance, do not carry a
risk of tardive dyskinesia

Useful for bothersome focal tics or phonic tics

Not recommended for children. Adult use only and where
legislation allows

For refractory cases, all patients should be screened by a
multidisciplinary board before implantation

stimulation

CBIT= comprehensive behavioral intervention in tics; VMAT2 = vesicular monamine transporter 2; BoNT = botulinum neurotoxin; DBS = deep brain

ourette Syndrome: Behavioral, Pharmacologic, and Surgical Treatments. Neurotherapeutics: Journal
. https://doi.org/10.1007/s13311-020-00914-6
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pamine blockers have potential

xtrapyramidal effects
Ics: metabolic effects

rgic agonists: less effective;
. Fatigue, somnolence, and

tervention for Tics (CBIT): lack
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monoamine
transporter 2 Dopamine

MASSACHUSETTS

L-Amino acid transporter D, receptor
2

Presynaptic Dopamine/ Synaptic cleft Postsynaptic
terminal transporter neuron

s dopamine, reducing involuntary movements
iIcacy of VMAT-2 inhibitors (reserpine,

Fusar-Poli P et al. Am J Psychiatry 2012;169:264-272.



Age, y, mean (tSD)

DTBZ
(N=59)

11.5 (+2.52)

Placebo
(N=60)

11.5 (+2.59)

Total
(N=119)

11.5 (+2.54)

Age group, n (%)

6-11y 30 (50.8%) 31 (51.7%) 61 (51.3%)

12-16 y 29 (49.2%) 29 (48.3%) 58 (48.7%)
Gender, n (%)

Male 53 (89.8%) 51 (85.0%) 104 (87.4%)

Female 6 (10.2%) 9 (15.0%) 15 (12.6%)
Race, n (%)

White 49 (83.1%) 53 (88.3%) 102 (85.7%)

Non-White 10 (16.9%) 7 (11.7%) 17 (14.3%)

Region, n (%)

North America

44 (74.6%)

43 (71.7%)

87 (73.1%)

Eurasia

15 (25.4%)

17 (28.3%)

32 (26.9%)

WWW.MGHCME.ORG

benazine; ITT, intention-to-treat; SD, standard deviation.

S1) 1: Demographic and Baseline Characteristics (ITT Analysis Set)
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g titration was noted, the primary endpoint was not met

Change from baseline to Placebo
g Week 12 (N=59)
2
o
2 S LS mean (£SE) -9.1 (£1.28) -8.4 (£1.25)
z P
[@)]
o &
§ 5 LS mean difference vs. -0.7
g- » placebo (95% Cl) (-4.1, 2.8)
= -
%
5 10 - Cohen’s d -0.073
+DTBZ
-4-Placebo 1
8 10 12 P value 0.692

ater tic severity; negative difference favors DTBZ.

WWW.MGHCME.ORG




Overall) Treatment-

DTBZ
EEY))
n (%)

Placebo
(N=59)
n (%)

MASSACHUSETTS
GENERAL HOSPITAL

Total
(N=117)
n (%)

Headache 6 (10.3%) 6 (10.2%) 12 (10.3%)
Fatigue 7 (12.1%) 3 (5.1%) 10 (8.5%)
Nausea 4 (6.9%) 5 (8.5%) 9 (7.7%)
Weight increased 7 (12.1%) 1(1.7%) 8 (6.8%)
.Upper respiratory tract 0 7 (11.9%) 7 (6.0%)
infection

Somnolence 5 (8.6%) 1(1.7%) 6 (5.1%)
Vomiting 3 (5.2%) 3 (5.1%) 6 (5.1%)

WWW.MGHCME.ORG

PSYCHIATRY ACADEMY
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CDI-2 Self-report Version

<+ DTBZ
-4-Placebo

1213 0 2 4 6 e 12 13

tandard error.
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EXCELLENCE IN PSYCHIATRY

= Vesicular monoamine
transporter (VMAT2)

Dopamine Transporter g
(DAT)

e Presynaptic D2 receptor

1. Dopamine is stored into synaptic vesicles via
the VMAT?2 and stored until its release into the
synapse

2. Dopamine released during neurotransmission acts
on 5 types of postsynaptic receptors (D1-D5).

3. The presynaptic D2 autoreceptor acts as a negative
feedback mechanism regulating the release of

dopamine from the pre-synaptic neuron.

Stahl, S. M. (2013). Stahl’s essential psychopharmacology:
neuroscientific basis and practical applications. Cambridge

WWW.MGHCME.ORG
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Study
rders, Vol. 33, No. 8, 2018; 1272-1280)

th TS and YGTSS- total tic score (TTS) of 220 randomized
or 30 days, followed by a 2-week washout and then
ent for 30 days

TTS.
duction in TTS was greater for ecopipam at 16 days

, -6.510 -0.9; P = 0.011) and 30 days -3.2; 95% CI, -6.1 to -

mild to moderate, with only 5 rated severe (2 for ecopipam

ed tics and was well tolerated. This study supported
and adolescents with TS.



TABLE 1. Demographics and baseline characteristics S—
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Descriptive characteristics of the population n = 40

Age (years), mean = SD 12.9 = 2.8)
Sex, n (%)

Male 32 (80)
Female 8 (20)
Race/ethnicity, n (%)

White 33 (82.5)
African American 3 (7.5)
Biracial 2 (5)
Asian 1 (2.5)
Hispanic 1 (2.95)
Comorbidity, n (%)

ADHD 26 (65)
OCD 17 (43)

ADHD, attention deficit/hyperactivity disorder; OCD, obsessive compulsive
disorder; SD, standard deviation.

eceptor Antagonist, for Treatment of Tourette Syndrome in
bo-controlled Crossover Study. 2018.
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FIG. 2. Treatment effects by period. YGTSS, Yale Global Tic Severity
Scale; YGTSS-total score, motor and phonic tic scores, the primary out-
come for the trial; Eco-Plac, ecopipam in period 1, followed by placebo in
period 2; Plac-Eco, placebo in period 1, followed by ecopipam in period
2. Means are from the raw data. For estimates of mean treatment effects
and standard error from intention-to-treat analysis, accounting for period,
subject level baseline, period level baseline, see results. [Color figure can
be viewed at wileyonlinelibrary.com]

o-controlled Crossover Study. 2018.
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a role in motor inhibition.

binoid (CB1) receptors: frontal cortex, basal ganglia,
campus, and nucleus accumbens...... all areas implicated

receptors and impact: monoamines (DA), and
bitory (GABA) neurotransmitters.

C increases intra-cortical inhibition; thus THC may
rough modulation of neurotransmitter release, including

Dr. Kirsten Muller-Vahl in 36 adults with TS reported that
n PBO in tic reduction.
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1 Crossover Trial
grome

on. https://doi.org/10.1089/can.2022.0091)
options for patients with Tourette syndrome (TS) are limited. Emerging evidence shows
ty of single doses of three vaporized medical cannabis products and placebo in reducing tics in

2r design, each participant received a vaporized single 0.25 g dose of D9-tetrahydrocannabinol
13%, and placebo at 2-week intervals. Our primary outcome was the Modified Rush Video-
ine and at 0.5, 1, 2, 3, and 5 h after dose administration. Secondary measures included the

e Units of Distress Scale (SUDS), and Clinical Global Impression—Improvement (CGI-I).
olasma levels were calculated. Tolerability measures included open-ended and specific

ymized, with nine completing the study. There was no statistically significant effect of product on
ect of THC 10%, and to lesser extent THC/CBD 9%9%, versus placebo on the PUTS, SUDS,
ons between plasma levels of THC and its metabolites, but not CBD, with MRVTRS, PUTS, and
annabis products relative to placebo, and more AEs from THC 10% versus other cannabis
ffects. Most participants correctly identified whether they had received cannabis or placebo.

lal of cannabis for tics in TS, there was no statistically significantdifference on the MRVTRS for
0% product was significantly better than placebo on the secondary outcome measures. Also,
improvement on all measures. The THC 10% product resulted in the most AEs.

WWW.MGHCME.ORG



Table 1. Demographic and Clinical Characteristics of the 12 Study Participants

Age, years/ Previous YGTSS-
Gender Comorbidities Concurrent medications cannabis use TTS
47 /M OCD, ADHD, depression Methylphenidate extended release, lurasidone, Yes 44
bupropion, clonazepam, benztropine
35/M None None No 30
49/M None Diltiazem No 25
36/M ADHD None No 18
38/F ADHD, OCD, PTSD, Aripiprazole, fluoxetine, venlafaxine, clonazepam, No 37
depression benztropine, gabapentin
23/M OCD, ADHD, anxiety Methylphenidate, sertraline No 25
37/M None None No 25
34/M OCD None No 27
22/M OCD, ADHD, anxiety Sertraline Yes 28
54/M OCD, ASD, anxiety, Clonazepam, budesonide intranasal spray, No 27
depression bismuth subsalicylate
31/M OCD, ADHD Aripiprazole No 43
50/M None None Yes 15

ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; F, female; M, male; OCD, obsessive-compulsive disorder; PTSD, post-
traumatic stress disorder; YGTSS-TTS, Yale Global Tic Severity Scale Total Tic Score.

-Roula, M., & Sandor, P. (2022). A Double-Blind, Randomized, Controlled Crossover Trial of
inoid research, 10.1089/can.2022.0091. Advance online publication.



A Proportion with CGl-I as very or much improved B
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CGI-l, Global Impression—Improvement

FIG. 2. (A) Proportion of participants rated as “very much improved” or “much improved” on the CGI-I
over the course of 5 h after administration of cannabis or placebo product. (B) Odds ratio estimates [95%
ClI] for pairwise contrasts with p-values adjusted with the Tukey’s method. 95% Cl, 95% confidence interval;
CGI-I, Clinical Global Impression—-Improvement.

nbach, J., Lafreniere-Roula, M., & Sandor, P. (2022).
over Trial of Cannabis in Adults with Tourette Syndrome.
can.2022.0091. Advance online publication. https://doi.org/10.1089/can.2022.0091
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Adverse Events Checklist

Cognitive Effects Somatic Effects Acute Psychotic Psychomotor
Reaction Effects

Adverse Effects Domain

Total

®m Placebo

®m CBD 13%

m THC 10%

m THC/CBD 9%/9%

FIG. 5. Number of adverse events reported for each of the cannabis and placebo products based on the
adverse events checklist.

J., Lafreniere-Roula, M., & Sandor, P. (2022). A Double-Blind,
n Adults with Tourette Syndrome.
2.0091. Advance online publication. https://doi.org/10.1089/can.2022.0091
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sychiatry and clinical neurosciences, 33(4), 328—
ych.19080178

ted a small, uncontrolled trial to examine the safety, tolerability, and dosing
ahydracannabinol (D9-THC) and palmitoylethanolamide (PEA), in

f THX-110 (maximum daily D9-THC dose, 10 mg, and a constant 800-mg
tte’s syndrome was conducted. The primary outcome was improvement on
GTSS) total tic score. Secondary outcomes included measures of comorbid
ants who elected to continue treatment in the 24-week extension phase.

improved over time with THX-110 treatment. Improvement in tic symptoms
eek of starting treatment compared with baseline. THX-110 treatment led to
oms of more than 20%, or a 7-point decrease in the YGTSS score.

to continue to the extension phase, and only two participants dropped out
were generally managed by decreasing D9-THC dosing, slowing the
nighttime.

ta from this trial in adults with refractory Tourette’s syndrome are promising,
bo-controlled trials are necessary to demonstrate efficacy of THX-110

the difficulty in blinding trials due to the psychoactive properties of many

0 be further appreciated in these trial designs.



TABLE 1. Demographic and clinical characteristics of 16 adults with Tourette’'s syndrome®

Y¥GTSS Total

Age at Illness Tic score
Study Age onset duration -
subject (years) Gender (years) (years) Current Worst Comorbid condition

baseline ever

1 18 Male 12 6 38 42 ADHD, anxiety disorder, MDD
2 56 Male 6 50 42 50 oCD
3 43 Male 17 26 48 48 OCD, panic disorder, MDD
< 56 Male 7 49 38 50 Cocaine dependence in remission, OCD, ADHD
5 40 Fermale =] 31 43 50 OQCD, GAD
(5 29 Fermale 18 11 33 36 oCD
7 26 Male 6 20 37 37 OCD, ASD
8 23 Male 7 16 35 42 oCD
S 24 Male 6 i8 44 50 OCD, ADHD, GAD, MDD, PD
10 29 Male 6 23 48 50 oCD
11 31 Male 6 25 26 38 oCD
12 49 Fermale 12 37 50 50 OCD, MDD
13 55 Fermale 6 49 45 50 MDD
14 32 Male 6 26 26 37 LA
15 21 Fermale 5 16 32 44 OQCD, MDD, anxiety
16 28 Fermale 5 23 43 48 ASD, OCD

2 ADHD=attention deficit hyperactivity disorder; ASD=autism spectrum disorder; GAD=generalized anxiety disorder; OCD=obsessive-compulsive disorder;
MDD =major depressive disorder; NA=not applicable; PD=Parkinson's disease; VMAT=wvesicular monoamine transporter; YGTSS =Yale Global Tic Severity Scale.

.A., & Leckman, J. F. (2021). A Phase-2 Pilot Study of a Therapeutic Combination of
for Adults With Tourette's Syndrome. The Journal of neuropsychiatry and clinical
6/appi.neuropsych.19080178



FIGURE 1. Change in tic sewverity with THX-110 imn 16 adults
withh Tourette’'s syndrome*®
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ations in US and all have significant adverse effects.
, anticonvulsants) are recommended as first line

s pharmacotherapy for tics and Tourette’s Disorder.
ted than tetrabenazine.

t Is first in class with specific development program for TS. Phase
study is currently underway in US.

e numerous; impact of THC and CBD need to be dissected.
docannabinoid system dysfunction in TS. Despite current public
cientific data is needed. Controlled studies of different

t step.



