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Treatment of Tics

Motor and vocal tics
Simple and complex tics
Children and adults

Duration of tics

Primary and secondary tics (not functional , tic-like” behaviors)

Self-injurious behavior
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Course of Tics

Age dependency )

Age at onset: 5-7 years

Maximum: 10. -12. (-14.) years RELATIVE S
“ARRTS)
In most cases improvement of tics in I
adolescents and adulthood 1l
o=0 Actual Means
—~— Estimates from Model
0 I5 1I0 1.5

AGE (y)

Leckman JF, King RA, Bloch MH. Clinical Features of
Tourette Syndrome and Tic Disorders. J Obsessive Compuls
Relat Disord. 2014 Oct;3(4):372-379.



Review
Why Tic Severity Changes from Then to Now and from
Here to There
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Worsens tics: stress, emotional stress
anger, anxiousnhess, excitement
conversation about tics
Improves tics: concentration
relaxation



Waxing and waning

Tic severity

time
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Psychoeducation

- Typical course of tics

- Prognosis

- Comorbidities

- Treatment options

- Presentation in TV/social media
- Advocacy groups

- Information for school/work






Course of Tourette Syndrome
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Effects of comorbidity on Tourette's tic severity and quality of Acta Neurol Scand. 2019:140:390-398.

life

Hilde M. Huisman-van Dijk*?® | Suzy J. M. A. Matthijssen®? | Ruben T.S. Stockmann!

Anne V. Fritz* | Danielle C. Cath3®#°

Conclusion: In line with and extending previous studies, these findings indicate that
OC symptom severity directly influences tic symptom severity whereas depression
severity directly influences QoL in TD. Results imply that to improve QoL in TD pa-
tients, treatment should primarily focus on diminishing OC and depressive symptom

severity rather than focusing on tic reduction.



TABLE 3 | Association between number of comorbidities (=comorbidity
score) and mean tic severity*.

Number of Mean tic Std. 95% Confidence
comorbidities severity Error Interval for Mean

Lower Upper
bound bound

0.09 1.93 2.29
0.075 2.23 2.53
0.075 2.56 2.86
0.078 2.67 2.97
0.091 2.84 3.20
0.122 3.14 3.63
0.182 3.33 4.06

*comorbidity score including OCD, anxiety, depression, SIB, rage attacks, and ADHD,
mean tic severity (according to SPSS-GSR; missing data: n = 35).

OCD, obsessive-compulsive disorder; OCB, obsessive-compulsive behavior; ADHD,
attention-deficit hyperactivity disorder; SIB, self-injurious behavior; STSS-GSR, Global
Severity Rating of the Shapiro Tourette-Syndrome Severity Scale; N, number of cases;
SD, standard deviation; Std., Standard.
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Behavioral Therapy

.Comprehensive Behavioral Intervention for Tics (CBIT)
-Habit Reversal Training (HRT)

-Exposure and response prevention (ERP)



Behavioral Therapy

.Comprehensive Behavioral Intervention for Tics (CBIT)

-Habit Reversal Training (HRT)
.Self-awareness training
.Establishing a tic hierarchy, selecting a target tic and reverse engineering it
.Formulating a competing response to the target tic using habit reversal techniques

.Psychoeducation
.Relaxation training
.Social support
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CBIT/HRT: Competing Response

Initiation of a purposeful movement when the urge to tic appears
Response/movement physically incompatible with the targeted tic
To be used at each occurrence of the urge

To be hold until the urge passes, but at least 1 minute






Behavior Therapy: CBIT / HRT



HRT in TS: Results

Table IIl - Difference in tic severity before and after habit reversal therapy and control treatment in the randomized controlled
trials.

YGTSS
Study Treatment group
Pre-treatment Post-treatment J % change
Wilhelm et al. 2003 Habit reversal 30.5 19.8 -35.1
Supportive psychotherapy 26.6 26.9 1.1
Verdellen et al. 2004 Habit reversal 241 19.7 -18.3
Exposure with response prevention 26.2 17.6 -32.8
Deckersbach et al. 2006 Habit reversal 29.3 18.3 -37.5
Supportive psychotherapy 27.7 26.8 -3.2
Piacentini et al. 2010 Habit reversal 24.7 171 -30.8
Supportive psychotherapy 24.6 21.1 -14.2
Wilhelm et al. 2012 Habit reversal 24.0 17.8 -25.8
Supportive psychotherapy 21.8 19.3 -11.5

Abbreviations: YGTSS=Yale Global Tic Severity Scale.

Neeladri Dutta®®
Andrea E. Cavanna, MD, PhD#*¢ Functional Neurology 2013; 28(1): 7-12



Results

There was high confidence that the Comprehensive Behavioral Intervention for Tics was more
likely than psychoeducation and supportive therapy to reduce tics. There was moderate con-
fidence that haloperidol, risperidone, aripiprazole, tiapride, clonidine, onabotulinumtoxinA
injections, S-ling granule, Ningdong granule, and deep brain stimulation of the globus pallidus
were probably more likely than placebo to reduce tics. There was low confidence that pimozide,
ziprasidone, metoclopramide, guanfacine, topiramate, and tetrahydrocannabinol were possibly
more likely than placebo to reduce tics. Evidence of harm associated with various treatments
was also demonstrated, including weight gain, drug-induced movement disorders, elevated
prolactin levels, sedation, and effects on heart rate, blood pressure, and ECGs.









Maximal duration of tic suppression
(patient self-report)



Exposure and response prevention (ERP)

Tic suppression for prolonged periods of time (response prevention)

Gradually increased exposure to premonitory urges and environmental factors (e.g.
situations and activities) likely to induce tics

Aiming to increase urge tolerance

Resulting in tic reduction

— Suppression of all tics at the same time
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Indication for
treatment of tics with

preference for PT
L
J, Yes

PT with one agent
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Licensed for Treatment of Tics/Tourette Syndrome

US:
haloperidol
pimozide
aripiprazole

Europe
haloperidol
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: 2011 vs. 2019

clinical practice
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JOURNAL OF CHILD AND ADOLESCENT PSYCHOPHARMACOLOGY Bl r
Volume X, Number x, 2016 Oﬂgma’ AﬂlC’e
© Mary Ann Liebert, Inc.

Pp. 1-6

DOI: 10.1089/cap.2015.0125

Effectiveness and Tolerability of Aripiprazole in Children
and Adolescents with Tourette’s Disorder:
A Meta-Analysis

Yueying Liu, MD! Hong Ni, MD? Chunhong Wang, MD! Lili Li, MD?
Zaohuo Cheng, MD? and Zhen Weng, PhD*



Medicine (2019) 98:22(e15816)



Treatment with Antipsychotics: what to expect?

Antipsychotics
are effective in about 90% of patients
on average reduce tics by about 50% (with a wide range)
do not improve comorbidities in most cases

may cause side effects



Treatment with Antipsychotics: how to do?

Start low

Go slow

Increase dosage until tics decrease or intolerable side effects occur
Find the individually optimal dose together with the patient/parents

Adapt the dose depending on kind and severity of tics (according to waxing and
waning of tics)
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ESSTS survey 2019 (n=50)

Children & adolescents Adults

(n=15 different agents were given) (n=14 different agents were given)

Points Percentage Points Percentage

141 29.2 aripiprazole 127 31.0 aripiprazole
82 17.0 clonidine 70 17.1 haloperidol
81 16.8 tiapride 37 9.0 clonidine

49 10.1 guanfacine 32 7.8 risperidone
25 5.2 atomoxetine 26 6.3 quetiapine

20 4.1 risperidone 20 4.9 botulinum toxin
18 3.7 topiramate 17 4.1 cannabinoids
18 3.7 cannabinoids 14 3.4 pimozide

15 3.1 pimozide 11 2.7 guanfacine
11 2.3 amisulpiride 11 2.7 amisulpiride
8 1.7 tetrabenazine 10 2.4 topiramate

5 1.0 quetiapine 10 2.4 atomoxetine
4 0.8 haloperidol 9 2.2 tetrabenazine
3 0.6 botulinum toxin 8 2.0 tiapride

2 0.4 sertraline 8 2.0 sertraline

1 0.2 sulpiride

483 100 410 100
















Alternative medication (for example CBM =
Cannabis based medication)

/ Deep Brain Simulation (DBS)




Cannabis-based Medicine

Study Country Number of Type of study Study medication Efficacy
patients
Mdller-Vahl et al. Germany 12 Randomized, double-blind, placebo- Oral THC Decrease in tics,
(2002) controlled, cross-over, single-dose improvement in obsessive—
compulsive behavior
Mdller-Vahl et al. Germany 24 Randomized, double-blind, placebo- Oral THC Reduction of tics at different time
(2003) controlled, parallel groups points
Abi-Jaoude et al. Israel 12 Randomized, double-blind, placebo- THC 10%, THC/CBD THC and THC/CBD better than
(2022) controlled, cross-over, single-dose  9/9%, CBD 13% placebo, CBD ineffective
Mosley et al. Australia 22 Randomized, double-blind, cross- oral oil 5mg/mlI THC+ Reduction of tics, correlation
(2023) over trial 5mg/ml CBD between 11-COOH-THC and
primary outcome
Mdller-Vahl et al. Germany 97 Randomized, double-blind, placebo- Nabiximols Non-significant tic reduction in
(2023) controlled, parallel groups primary endpoint, significant tic
reduction in secondary endpoints
Efron et al. (2025) Australia 10 Phase I/l randomized, double- THC 10 mg/mL+ CGI-I: N=3 much improved on MC
(12-18y, blind, cross-over pilot study CBD 15 mg/mL compared with N=1 on placebo

mean 14.8y)

at 10 weeks, no SAEs




Efficacy of cannabis-based medicine in the treatment of Tourette European Journal of Clinical Pharmacology (2024) 80:1483-1493
. . . https://doi.org/10.1007/500228-024-03710-9
syndrome: a systematic review and meta-analysis

Ibrahim Serag' - Mona Mahmoud Elsakka? - Mostafa Hossam El din Moawad>? - Hossam Tharwat Ali° -
Khalid Sarhan' - Sally Shayeb® - Islam Nadim’ - Mohamed Abouzid®®

Results In total, 357 articles were identified for screening, with nine studies included in the systematic review and 3 in
the meta-analysis. These studies involved 401 adult patients with TS treated with cannabis. YGTSS revealed a significant
reduction in total scores (MD=-23.71, 95% CI [-43.86 to -3.55], P=0.02), PUTS revealed a significant decrease in scores
(MD =-5.36, 95% CI [-8.46 to -2.27], P=0.0007), and Y-BOCS revealed no significant difference in score reduction
(MD=-6.22,95% CI [-12.68 to 0.23], P=0.06).

Conclusion The current study indicates promising and potentially effective outcomes with the use of cannabis-based medi-
cine in mitigating the severity of tics and premonitory urges. However, there is a need for larger, placebo-controlled studies
with more representative samples to validate these findings.




Cannabinoids in ADHD

Patients Product Findings
_ Improvement of ADHD symptoms, Improvement of driving abilities
Case N=1 : : : :
_ Cannabis Improvement of ADHD symptoms, in particular of poor tolerance to frustration,
reports N=1 )
outbursts of anger, boredom, and problems related to concentration
Case series N=_30 Cannabis Improvement of ADHD s.ymptom.s including congentrgtlon, |rT1puIS|V|ty, sleep,
N=3 Improvement of depression, anxiety, self regulation, inattention
Beneficial effects on symptoms of ADHD: e.g., hyperactivity, impulsivity,
improvement of medication side effects (e.g., irritability, anxiety), Impaired
N=1739 memory
_ : Association between cannabis dose and withdrawal from other ADHD
Survey N=59 Cannabis e o : : :
_ medications, association between high dose of cannabinol (CBN) and reduction
N=2,811
of ADHD symptoms
Higher proportion of daily users met symptom criteria for an ADHD diagnoses of
the hyperactive—impulsive subtype than the inattentive subtype
Prospective N=361 : Veterans with ADHD symptoms: sleep disturbance motivates for cannabis use;
Cannabis . : : : :
study veterans coping with negative affect predicts cannabis use problems
No significant change in primary endpoint
RCT N=30 Nabiximols Significant improvement in secondary endpoints: hyperactivity, impulsivity,

inhibition control
Trend towards improvement in inattention







Figure 4: Changes in YGTSS score during the study period

(A) Median overall YGTSS scores for the active and sham stimulation groups.
Error bars are IQRs. Individual YGTSS scores for the (B) active and (C) sham
stimulation groups. YGTSS=Yale Global Tic Severity Scale.






Most data from open uncontrolled (case) studies




DBS: optimal target unclear

Deep brain stimulation in Tourette’s
syndrome

Avram Fraint™ and Gian Pal



Recent studies: promising new treatments



Double blind
Placebo controlled
N=40

Age: 7-17 years







Emalex Biosciences’ Lead Candidate Meets Primary and
Secondary Endpoints in Phase 3 Tourette Syndrome Study

February 25, 2025

Topline data from Phase 3 study in patients with Tourette syndrome shows statistical significance between
ecopipam and placebo for both the primary efficacy endpoint in pediatric subjects (p = 0.0084) and secondary
efficacy endpoint in pediatric and adult subjects (p=0.0050)



Emalex Biosciences’ Lead Candidate Meets Primary and
Secondary Endpoints in Phase 3 Tourette Syndrome Study

epbruary 25, 2

Topline data from Phase 3 study in patients with Tourette syndrome shows statistical significance between
ecopipam and placebo for both the primary efficacy endpoint in pediatric subjects (p = 0.0084) and secondary
efficacy endpoint in pediatric and adult subjects (p=0.0050)

Emalex eyes FDA approval for
Tourette syndrome therapy after
Phase Il success

The Phase Il DIAMOND trial met both its primary and secondary
endpoints of reducing tics in both children and adult patients.
Joshua Silverwood  February 26, 2025
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Inactivtion of PDE10A by Gemlapodect (NOE-105)

- enhances the effect of dopamine D1 receptor
activation in the striatonigral (direct) pathway

- counteracts the inhibitory effect of D2 receptor
signaling in the striatopallidal (indirect) pathway



Noema Pharma Announces NOE-105

(gemlapodect) Phase 2a Study in
Tourette Syndrome met Primary and all

Key Secondary Endpoints

Nearly 60% of all patients treated with gemlapodect and 88% of patients completing the
study at the target clinical dose range were responders based on the primary efficacy

assessment

The Yale Global Tics Severity Scale Total Tic Score (YGTSS-TTS) showed a statistically
significant improvement of -7.8 points for all patients, and -12.8 points for patients
completing the study at the target clinical dose

No weight gain, events of metabolic marker increase, or serious adverse events were
reported

Session 2, Friday 23 May 2025, 1:30 PM

3. Results of ALLEVIA 1 (NOE-TTS-211), a Phase 2a study assessing
safety and tolerability of gemlapodect (NOE-105), a first-in-class
investigational product, in patients with Tourette Syndrome



Official Title

A Double-blind, Placebo-controlled, Phase 2b, Multi-center, Twelve-week Prospective Study to Evaluate

the Efficacy and Safety of Gemlapodect in Adult and Adolescent Patients With Tourette Syndrome

Friday, 23 May 2025
Afternoon session, 14:30-15:15

P37 Design of ALLEVIA-2 study (NOE-TTS-201),
a Phase 2b study assessing efficacy and
safety of gemlapodect (NOE-105), a first-in-
class investigational PDE10A inhibitor, in
patients with Tourette Syndrome

Amine Tahiri



Randomized, Sham-Controlled Trial of
Real-Time Functional Magnetic Resonance
Imaging Neurofeedback for Tics in
Adolescents With Tourette Syndrome

Denis G. Sukhodolsky, Christopher Walsh, William N. Koller, Jeffrey Eilbott, Mariela Rance,
Robert K. Fulbright, Zhiying Zhao, Michael H. Bloch, Robert King, James F. Leckman,
Dustin Scheinost, Brian Pittman, and Michelle Hampson

N=21






When will the Neupulse device be available?

We are aiming to launch the device called ‘Neupulse’ in 2026 following
regulatory approval ensuring its compliance to all relevant safety, quality and

regulatory requirements. Initial launch will be in the UK with expansion to other

countries [ regions following regulatory approval.




A Phase-2 Pilot Study of a Therapeutic Combination of
A®-Tetrahydracannabinol and Palmitoylethanolamide
for Adults With Tourette's Syndrome

Michael H. Bloch, M.D., M.S., Angeli Landeros-Weisenberger, M.D., Jessica A. Johnson, B.A,,

J Neuropsychiatry Clin Neurosci 33:4, Fall 2021
James F. Leckman, M.D., Ph.D.






Recent studies: negative results



Vesicular monoamine transporter (VMAT?2) Inhibitors

Tetrabenazine
Deutetrabenazine
Valbenazine

VMAT?2 inhibitors reduce:
* DA storage
e DA release

- ' Dopamine






- . . . . EXPERT REVIEW OF NEUROTHERAPEUTICS
Clinical development of valbenazine for tics associated with Tourette | = ™, o 4 203404

syndrome https://doi.org/10.1080/14737175.2021.1898948

Robert H. Farber, Angel Angelov, Kristine Kim, Tara Carmack, Dao Thai-Cuarto, and Eiry
Roberts

Expert opinion: Due to the failure to meet the primary endpoint in these tnals, further investigation of
valbenazine for TS is unlikely. Given the need for safe and effective TS therapies and the key role of VMATZ2 in
modulating dopaminergic activity, it is reasonable for future studies to investigate other VMAT?2 inhibitors as
potential treatments for TS.



Lu AG06466

Adjusted mean change from
baseline in YGTSS—Total Tic .
Scores

(Double-blind phase)

Day 14 Day 28 Day 42 Day 56
Double-blind phase






Treatment of Tics: Summary

Psychoeducation
Treatment of comorbidities indicated?
Behavioral therapy: HRT, CBIT, ERP

Pharmacotherapy:

1. choice: antipsychotics
aripiprazole
others: risperidone, tiapride

2. choice:
cannabis-based medicine
clonidine (when ADHD comorbid)
Other antipsychotics
in carefully selected patients: botulinum toxine

DBS
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