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Fig. 1 Algorithm for the treat-
ment of patients with TS based
on shared clinician patient deci-
sion making (adapted with per-
mission from [14], Springer).
TS Tourette syndrome, FT
pharmacotherapy, BT behaviour
therapy, CEM cannabis-based
medicine
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Treatment of Tics

e Motor and vocaltics

e Simple and complextics
e Children and adults

e Duration oftics
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Course of Tics

e Age dependency s
e Age atonset: 5-7 years I
e Maximum: 10.-12. (-14.) years S;;ﬁé,;
* |n mostcasesimprovement of tics o
In adolescents and adulthood T e

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.
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Table 1. Summary of factors that impact tics.

Citation: Iverson, A.M.; Black, K.].
Why Tic Severity Changes from Then
to Now and from Here to There. [.
Clin. Med. 2022, 11, 5930. https://
doi.org,/10.3390/jcm11195930
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Table 1. Summary of factors that impact tics.

Citation: Iverson, A.M.; Black, K.].
Why Tic Severity Changes from Then
to Now and from Here to There. .
Clin. Med. 2022, 11, 5930. https://
doi.org,/10.3390/jcm11195930

Improves Tics Mixed Effects Worsens Tics

Unclear Effects

Social conflict

: Fatigu
Rewards for tic Stress Anx?et:
Mu; ;Iipgﬂle:ance Distraction Thinking about tics
pert Observation by others Attention to tics
Exercise

Social media
Some foods
Dietary supplements

Worsens tics: stress, emotional stress, anger, anxiousness,

excitement, conversation about tics

Improves tics: concentration, relaxation
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Fig. 1 Algorithm for the treat-
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Adulthood Outcome of Tic and

Obsessive-Compulsive Symptom Severity
in Children With Tourette Syndrome

Michael H. Bloch, BA; Bradley S. Peterson, MD; Lawrence Scahill, MSN, PhD;
Jessica Otka, BA; Lily Katsovich, MS; Heping Zhang, PhD; James F. Leckman, MD

Arch Pediatr Adolesc Med. 2006:160:65-69

Figure 1. Box plots comparing tic and obsessive-compulsive disorder (OCD)
symptom severity at the time of initial assessment in childhood (time 1) and
follow-up in early adulthood (time 2). Tic symptom severity scores were
measured by the Yale Global Tic Severity Scale’ and are reported for all 46
subjects with Tourette syndrome. The OCD symptom severity scores were
measured using the Children’s Yale-Brown Obsessive Compulsive Scale®
(CY-BOCS) and are reported for those 19 patients with Tourette syndrome
with lifetime worst-ever OCD symptom severity scores that were at least in
the moderate-severity range (CY-BOCS score, =10) as assessed at time 2.
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The Effects of Comorbid
Obsessive-Compulsive
Disorder and Attention-
Deficit Hyperactivity
Disorder on Quality of Life
in Tourette Syndrome

Clare M. Eddy, Ph.D.

Andrea E. Cavanna, M.D., Ph.D.

Mariangela Gulisano, M.D., Ph.D.

Paola Cali, M.D.

Mary M. Robertson, MBChB, M.D.,
D.Sc.(Med.), DPM, FRCPCH, FRCP(UK),
FRCPsych

Renata Rizzo, M.D., Ph.D.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2012; 24:458-462)

Tourette syndrome (TS) is a complex
neuropsychiatric disorder affecting patients” quality
of life (QoL). The authors compared QoL measures
in young patients with “pure” TS (without
comorbid conditions) versus those with TS+0OCD
(obsessive-compulsive disorder), TS+ADHD
(attention-deficit hyperactivity disorder), or TS
+0OCD+ADHD. Age and scores on scales assessing
tic severity, depression, anxiety, and behavioral
problems were included as covariates. Young
patients with both comorbidities exhibited
significantly lower Total and Relationship Domain
QoL scores, versus patients with pure TS. Across
the whole sample, high ADHD-symptom scores
were related to poorer QoL within the Self and
Relationship domains, whereas high OCD symptom
scores were associated with more widespread
difficulties across the Self, Relationship,
Environment, and General domains. Significant
differences in QoL may be most likely when both
comorbidities are present, and features of OCD and
ADHD may have different impacts on QoL across
individual domains.
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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. Cath®%®
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FIGURE 3 Graphicrepresentation of a potential model

combining the results of our study. +, Positive effect; -, Negative

effect

 §

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.
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in Neuroscience

New Insights into Clinical
Characteristics of Gilles de la
Tourette Syndrome: Findings in 1032
Patients from a Single German
Center

Tanvi Sambrani’?*, Ewgeni Jakubovski® and Kirsten R. Miiller-Vahl?

ORIGINAL RESEARCH
published: 12 September 2016
doi: 10.3389/fnins.2016.00415

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

7

eComprehensive Behavioral Intervention for Tics (CBIT)
eHabit Reversal Training (HRT)

eExposure and response prevention (ERP)
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Behavioral Therapy

eComprehensive Behavioral Intervention for Tics (CBIT)

eHabit Reversal Training (HRT)
eSelf-awareness training
eEstablishing a tic hierarchy, selecting a target tic and reverse engineering

eFormulating a competing response to the target tic using habit reversal
techniques

ePsychoeducation
eRelaxation training
- eSocial 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
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Competing Resp!
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Zucken der Schulter

Herabziehen der Schultem,
Pressen der Ellebogen an

und Hochziehen des n 15 den Korper , Hande an die
Ellenbogens Beine
o
- é ’
1/ Isometrische Anspannung
' der Nackenmuskulatur,
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Drehen des Kopfes \ Kinns, geradeaus schauen
Langsame Anspannung der
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Zupfen der

Augenbrauen Festhalten von Objekten

Négelkauen Festhalten von Objekten

D lutschen Hande zu Fausten ballen

8 Abb. 43.3. Bildliche Darstellung der von Azrin und Nunn vorge-
schlagenen, mit der Verhaltensgewohnheit inkompatiblen Competing

Response bei einigen nervisen Verhaltensgewohnheiten und Tics.

(Nach Azrin u. Nunn 1973)
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Behavior Therapy: CBIT / HRT

fo

With Tourette Disorde

A Randomized Controlled Trial

John Piacentini, PhD

C Tourette disorder is a chronic and typically impairing childhood-onset neu-

Douglas W. Woods, PhD)
Lawrence Scahill, PhD, MSN
Sabine Wilhelm, PhD

Alan L. Peterson, PhDD
Susanna Chang, PhD)

Golda 8. Ginsburg, PhD
Thilo Deckersbach, PhD
James Dziura, PhD

Sue Levi-Pearl, MA

John T. Walkup, MD

OURETTE DISORDER IS A CHRONIC

neurologic disorder character-

ized by motor and vocal tics.

Prevalence estimates in school-
aged children range from 1 to 10 per
1000, with a rate of 6 per 1000 repli-
cated in several countries.™ Tics are usu-
ally brief, rapid movements (eg, blink-
ing, facial grimacing) or vocalizations (eg,
throat clearing, grunting) but can in-
clude more complex movements and vo-
calizations. Tics begin in childhood; se-
verity peaks in early adolescence and
often declines in young adulthood.® Epi-
demiologic and clinical data indicate that
Tourette disorder can be associated with
considerable impairment® and social iso-
lation® in school-aged children. Tics are

rologic condition. Antipsychotic medications, the first-line treatments for moderate to
severe tics, are often associated with adverse effects. Behavioral interventions, al-
though promising, have not been evaluated in large-scale controlled trials

Objective To determine the efficacy of a comprehensive behavioral intervention for
reducing tic severity in children and adolescents.

Design, Setting, and Participants Randomized, observer-blind, controlled trial
of 126 children recruited from December 2004 through May 2007 and aged 9 through
17 years, with impairing Tourette or chronic tic disorder as a primary diagnosis, ran-
domly assigned to 8 sessions during 10 weeks of behavior therapy (n=61) or a con-
trol treatment consisting of supportive therapy and education (n=65). Responders re-
ceived 3 monthly booster treatment sessions and were reassessed at 3 and 6 months
following treatment.

Intervention Comprehensive behavioral intervention.

Main Outcome Measures Yale Global Tic Severity Scale (range 0-50, score =15
indicating clinically significant tics) and Clinical Global Impressions—improvement Scale
(range 1 [very much improved] to 8 [very much worsel).

Results Behavioral intervention led to a significantly greater decrease on the Yale
Global Tic Severity Scale (24.7 [95% confidence interval {Cl}, 23.1-26.31t0 17.1 [95%
Cl, 15.1-19.1]) from baseline to end point compared with the control treatment (24.6
[95% Cl,23.2-26.0]1t0 21.1 [95% Cl, 19.2-23.0]) (P < .001; difference between groups,
4.1;95% Cl, 2.0-6.2) (effect size=0.68). Significantly more children receiving behav-
ioral intervention compared with those in the control group were rated as being very
much improved or much improved on the Clinical Global Impressions-Improvement
scale (52.5% vs 18.5%, respectively; P <2.001; number needed to treat=3). Attrition
was low (12/126, or 9.5%); tic worsening was reported by 4% of children (5/126).
Treatment gains were durable, with 87% of available responders to behavior therapy
exhibiting continued benefit 6 months following treatment.

Conclusion A comprehensive behavioral intervention, compared with supportive
therapy and education, resulted in greater improvement in symptom severity among
children with Tourette and chronic tic disorder.

Trial Registration clinicaltrials. gov Identifier: NCT00218777

JAMA. 2010:303(19):1929-1937 WWW.jama.com

ORIGINAL ARTICLE

T —

Randomized Trial of Behavior Therapy for Adults

With Tourette Syndrome

Sabine Wilhelm, PhD; Alan L. Peterson, PhD; John Piacentini, PhD; Douglas W. Woods, PhD;
Thilo Deckersbach, PhD; Denis G. Sukhodolsky, PhD; Susanna Chang, PhD; Haibei Liu, MPH;
James Dziura, PhD; John T. Walkup, MD; Lawrence Scahill, MSN, PhD

Context: Tics in Tourette syndrome begin in child-
hood, peak in early adolescence, and often decrease by
early adulthood. However, some adult patients con-
tinue to have impairing tics. Medications for tics are of-
ten effective but can cause adverse effects. Behavior
therapy may offer an alternative but has not been exam-
ined in a large-scale controlled trial in adults.

Objective: To test the efficacy ol a comprehensive be-
havioral intervention for tics in adults with Tourette syn-
drome of at least moderate severity.

Design: A randomized controlled trial with posttreatment
evaluations at 3 and 6 months for positive responders.

Setting: Three outpatient research clinics.

Patients: Patients (N=122; 78 males; age range, 16-69
years) with Tourette syndrome or chronic tic disorder
were recruited between December 27, 2005, and May 21,
2000.

Interventions: Patients received 8 sessions of compre-
hensive behavioral intervention for tics or 8 sessions of
supportive treatment for 10 weeks. Patients with a posi-
tive response were given 3 monthly booster sessions.

Main Outcome Measures: Total tic score on the Yale
Global Tic Severity Scale and the Clinical Global Impres-
sion-Improvement scale rated by a clinician masked to
treatment assignment.

Results: Behavior therapy was associated with a signifi-
cantly greater mean (SD) decrease on the Yale Global Tic
Severity Scale (24.0[6.47] to 17.8[7.32]) from baseline
to end point compared with the control treatment
(21.8[6.59] to 19.3[7.40]) (P=<.001; effect size=0.57).
Twenty-four of 63 patients (38.1%) were rated as much
improved or very much improved on the Clinical Global
Impression—-Improvement scale compared with 4 of 63
(6.4%) in the control group (P<.001). Attrition was
13.9%, with no difference across groups. Patients receiv-
ing behavior therapy who were available for assessment
at 6 months after treatment showed continued benefit.

Conclusion: Comprehensive behavior therapy is a safe and
effective intervention for adults with Tourette syndrome.

Trial Registration: clinicaltrials.gov Identifier:
NCT00231985

Arch Gen Psychiatry. 2012;69(8):795-803
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Comprehensive systematic review summary:
Treatment of tics in people with Tourette
syndrome and chronic tic disorders

Tamara Pringsheim, MD, MSc, Yolanda Holler-Managan, MD, Michael S. Okun, MD, Joseph Jankovic, MD, Correspondence
John Piacentini, PhD, Andrea E. Cavanna, MD, PhD, Davide Martino, MD, PhD, Kirsten Muller-vahl, MD, American Academy of
Douglas W. Woods, PhD, Michael Robinson, Elizabeth Jarvie, MSW, LCSW, Veit Roessner, MD, and Neurology

Maryam Oskoui, MD, MSc guidelines@aan.com

Neurology® 2019;92:907-915. doi:10.1212/WNL.0000000000007467

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.
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Katrin Woitecki - Manfred Dépfner und Fritz Hohagen

Managing Tourette
Syndrome

Therapieprogramm
fir Kinder und Jugendliche
mit Tic-Stérungen (THICS)

A Behavioral Intervention for Children and Adults Miiller-Vahl, Brandt, Jakubovski, Miinchau

-

Mit einem Manual
zum Habit Reversal Training

mit CD-ROM

W

HoGRreFe Kohlhammer
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Tic Disorder

Mild symptoms Moderate symptoms

Severe symptoms

W

Monitoring
Psychoeducation

W

Psychosocial impairment
Preference of child / parents
Availability of intervention
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Medication (see
corresponding
guideline this issue)

Habit reversal

response
after 10 sessions?

Exposure and

Response Prevention

Satisfactory response
after 10 sessions?

Both interventions unsatisfactory: consider medication/

[ combination with medication

|
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Original article

Self-initiated coping with Tourette’s syndrome: Effect MaXi mal d u ration Of t|C Su ppl’eSSiO N
fti ' L .
of tic suppression on QO (patlent Self—report)

Natsumi Matsuda ®, Toshiaki Kono®, Maiko Nonaka ®, Miyuki Fujio *°,
Yukiko Kano®®*

M Children and Adolescents (Age < 17)
Adults (Age = 18)
O Total

1min or less several - 10min 10 min- 1h 1h or more
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Exposure and response prevention (ERP)

e Tic suppression for prolonged periods of time (response
prevention)

e Graduallyincreased exposure to premonitory urges and

environmental factors (e.g. situations and activities) likely to
Induce tics

e Aimingtoincrease urge tolerance
e Resulting intic reduction

& > Suppression of all tics at the same time
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Tourette patients' misbelief of a tic rebound is due to overall difficulties in @Cwm
reliable tic rating
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Fig.1 Algorithm for the treat-
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ment of patients with TS based Tic disorder
on shared clinician patient deci-
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Licensed for Treatment of Tics/Tourette Syndrome

e US:
— haloperidol
— pimozide
— aripiprazole

e Europe
— haloperidol
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Comparative efficacy, tolerability, and acceptability of
pharmacological interventions for the treatment of children,
adolescents, and young adults with Tourette’s syndrome:

a systematic review and network meta-analysis

Luis C Farhat, Emily Behling, Angeli Landeros-Weisenberger, Jessica L S Levine, Pedro Macul Ferreira de Barros, Ziyu Wang, Michael H Bloch
www.thelancet.com/child-adolescent  Published online December 14, 2022  https://doi.org/10.1016/52352-4642(22)00316-9

Interpretation Our analyses show that antipsychotic drugs are the most efficacious intervention for Tourette’s
syndrome, while a-2 agonists are also more efhicacious than placebo and could be chosen by those who elect not to
take antipsychotic drugs. Shared decision making about the degree of tic-related severity and distress or impairment,
the trade-offs of efhicacy and safety between antipsychotic drugs and a-2 agonists, and other highly relevant individual
factors that could not be addressed in the present analysis, should guide the choice of medication for children and
young people with Tourette’s syndrome.
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experts. The first preference should be given to psychoeducation and to behavioral approaches, as it strengthens the pati
self-regulatory control and thus his/her autonomy. Because behavioral approaches are not effective, available, or fe
in all patients, in a substantial number of patients pharmacological treatment is indicated, alone or in combinati ith
behavioral therapy. The largest amount of evidence supports the use of dopamine blocking agents, preferably aripiprazole
because of a more favorable profile of adverse events than first- and second-generation antipsychotics. Other agents that
can be considered include tiapride, risperidone, and especially in case of co-existing attention deficit hyperactivity disorder
(ADHD), clonidine and guanfacine. This view is supported by the results of our survey on medication preference among
members of ESSTS, in which aripiprazole was indicated as the drug of first choice both in children and adults. In treatment
resistant cases, treatment with agents with either a limited evidence base or risk of extrapyramidal adverse effects might be
considered, including pimozide, haloperidol, topiramate, cannabis-based agents, and botulinum toxin injections. Overall,
treatment of TS should be individualized, and decisions based on the patient’s needs and preferences, presence of co-existing
iw conditions, latest scientific findings as well as on the physician’s preferences, experience, and local regulatory requirements.
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Recetved: 28 March 2021/ Accepted: 24 October 2021 bel trials [51]. Thereafter, aripiprazole has become the

©The Author(s) 2021 ...ain focus in research on the pharmacological treatment of
tics: seven systematic reviews including five meta-analyses
or combinations of the two [6, 8, 66, 68, 69, 71, 72] and two
placebo controlled RCTs [136, 137] have been published
since 2011. All publications consistently documented the
effectiveness of aripiprazole in reducing tics, with similar
effect sizes as compared to other dopamine-modulating
agents, such as haloperidol and risperidone [6, 127, 138].
The most recent meta-analysis (including also Chinese-
language RCTs) pointed to a standardized mean difference
of aripiprazole compared with placebo of 4.74 (95% CI
|1.06-8.67]) [6]. Moreover, there is some evidence from an
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Original Article

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?

Study %
ID ES (95% Cl) Weight
T
oT '
Murphy (2005) <—0—E— -224(-3.42,-1.06) 401
Yoo (2006) —:!— -196(-2.66,-1.25) 8.09
Yoo (2007) —— -2.02(-2.56,-1.47) 10.39
Seo (2008) E—.— -134(-1.88,-0.79) 1040
Lyon (2009) —— -150(-2.18,-0.82) 844
Murphy (2009) —t-:— -225(-2.97,-152) 784
Cui {2010) —l—i -232(-267,-1.97) 14.06
Ghanizadeh (2014) —— | -263(-3.07,-2.19) 1233
Ho (2014) —— -189(-2.35,-1.44) 1203
Subtotal (l-squared = 57.7%, p=0015) <P -203(-2.32,-1.74) 8759
1
]
RCT '
Yoo (2013) —:Ll— 171(-2.15,-1.28) 1241
Subtotal (I-squared = %, p = ) <> A71(:2.15,-1.28) 1241
'
Overall (I-squared =57.8%,p=0011) <> -199(-2.26,-1.72) 100,00
v
NOTE: Weights are from random effects ana:wsis
-3'42 0 3 1:2

Methods: We searched for clinical trials that investigated the effect of aripiprazole in children and adolescents with TD in
PubMed and Web of Science. The outcomes of interest comprised the Yale Global Tic Severity Score (YGTSS) total tic
scores and the Clinical Global Impressions Scale for Tic Severity (CGI-S) scores. The pooled effect size (ES) and 95%
confidence interval (CI) were calculated to assess the effectiveness of aripiprazole in children and adolescents with TD.

Results: Ten studies were retrieved from 122 citations for the analysis, and in total, 302 patients (mean age, 11.6 years; median
follow-up, 9 weeks) were included in the analysis. After synthesis of the data, the meta-analysis showed significantly greater
improvement in the mean change in the YGTSS total tic scores (ES=-1.99, 95% CI=[-2.26]-[-1.72]; p=0.001) and the
mean CGI-S scores (ES=-2.34, 95% CI=[-2.96]-[-1.73]; p=0.001) from pretreatment to posttreatment. Adverse events
were reported in nine trials. Drowsiness (28.5%), nausea (20.2%), and headache (13.8%) were common adverse events.

Conclusions: The use of aripiprazole is safe, and shows therapeutic effectiveness in children and adolescents with TD.
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Safety of aripiprazole for tics in children and
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A systematic review and meta-analysis 4—| Without safety dta; n=7
Chunsong Yang, MPH*®, Qiusha Yi, BS***, Lingli Zhang, MD*"", Hao Cui, MPH"¢, Jianping Mao, BS® l"°'"f°i§')“°‘“

Figure 1. Flow chart of literature screening and the selection process.

Results: A total 50 studies involving 2604 children met the inclusion criteria. The result of meta-analysis of randomized controlled
trials showed that there was a significant difference between aripiprazole and haloperidol with respect to rate of somnolence (RR =
0.596, 95% Cl: 0.394, 0.901), extrapyramidal symptoms (RR=0.236, 95% CI: 0.111, 0.505), tremor (RR=0.255, 95% CI: 0.114,
0.571), constipation (RR=0.148, 95% CI: 0.040, 0.553), and dry mouth (RR=0.141, 95% CI: 0.046, 0.425). There was a significant
difference between aripiprazole and placebo in the incidence rate of adverse events (AEs) for somnolence (RR=6.565, 95% CI:
1.270, 33.945). The meta-analysis of incidence of AEs related to aripiprazole for case series studies revealed that the incidence of
sedation was 26.9% (95% Cl: 16.3%, 44.4%), irritability 25% (95% CI: 9.4%, 66.6%), restlessness 31.3% (95% Cl: 13%, 75.1%),
nausea and vomiting 28.9% (95% Cl: 21.1%, 39.5%), and weight gain 31.3% (95% Cl: 10.7%, 91.3%).
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Treatment with Antipsychotics: what to expect?

Antipsychotics
e are effective in about 90% of patients
e on average reduce tics by about 50% (with a wide range)

e donotimprove comorbidities in most cases
e may cause side effects
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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 34 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
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Comparative efficacy, tolerability, and acceptability of
pharmacological interventions for the treatment of children,
adolescents, and young adults with Tourette’s syndrome:

a systematic review and network meta-analysis

Luis C Farhat, Emily Behling, Angeli Landeros-Weisenberger, Jessica L S Levine, Pedro Macul Ferreira de Barros, Ziyu Wang, Michael H Bloch

www.thelancet.com/child-adolescent  Published online December 14, 2022  https://doi.org/10.1016/52352-4642(22)00316-9

Interpretation Our analyses show that antipsychotic drugs are the most efficacious intervention for Tourette’s
syndrome, while a-2 agonists are also more efficacious than placebo and could be chosen by those who elect not to
take antipsychotic drugs. Shared decision making about the degree of tic-related severity and distress or impairment,
the trade-offs of efficacy and safety between antipsychotic drugs and a-2 agonists, and other highly relevant individual
factors that could not be addressed in the present analysis, should guide the choice of medication for children and
young people with Tourette’s syndrome.
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experts. The first preference should be given to psychoeducation and to behavioral approaches, as it strengthens the patients’
self-regulatory control and thus his/her autonomy. Because behavioral approaches are not effective, available, or feasible
in all patients, in a substantial number of patients pharmacological treatment is indicated, alone or in combination with
behavioral therapy. The largest amount of evidence supports the use of dopamine blockm g agents preferab]y aripiprazole

can be considered include tiapride, risperidone, and especially in case of co-existing attention deficit hyperactivity disorder

(ADHD), clonidine and guanfacine. This view is supported by the results of our survey on medication preference among
. in which aripiprazole was indicated as the drug o

resistant cases, treatment with agents with either a limited evidence base or risk of extrapyramidal adverse effects might be
considered, including pimozide, haloperidol, topiramate, cannabis-based agents, and botulinum toxin injections. Overall,
treatment of TS should be individualized, and decisions based on the patient’s needs and preferences, presence of co-existing
conditions, latest scientific findings as well as on the physician’s preferences, experience, and local regulatory requirements.
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members of ESSTS, in which aripiprazole was indicated as the drug of first choice both in children and adults. In treatment
resistant cases, treatment with agents with either a limited evidence base or risk of extrapyramidal adverse effects might be
considered, including pimozide, haloperidol, topiramate, cannabis-based agents, and botulinum toxin injections. Overall,
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Comprehensive systematic review summary:
Treatment of tics in people with Tourette
syndrome and chronic tic disorders

Tamara Pringsheim, MD, MSc, Yolanda Holler-Managan, MD, Michael S. Okun, MD, Joseph Jankovic, MD, Correspondence
John Piacentini, PhD, Andrea E. Cavanna, MD, PhD, Davide Martino, MD, PhD, Kirsten Muller-vahl, MD, American Academy of
Douglas W. Woods, PhD, Michael Robinson, Elizabeth Jarvie, MSW, LCSW, Veit Roessner, MD, and Neurology

Maryam Oskoui, MD, MSc guidelines@aan.com

Neurology® 2019;92:907-915. doi:10.1212/WNL.0000000000007467

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.
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Fig.1 Algorithm for the treat-
ment of patients with TS based
on shared clinician patient deci-
sion making (adapted with per-
mission from [14], Springer).
TS Tourette syndrome, PT
pharmacotherapy, BT behaviour
therapy, CBM cannabis-based
medicine

Eurapean Chid & Adolescent Psychiatry
hatps//doi.crg/10.1007/500787-021-01832-4
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Cannabis-based Medicine

Study Country Number of Type of study Study medication Efficacy
patients
Mdller-Vahl etal. Germany 12 Randomized, double-blind, placebo- Oral THC Decrease in tics,
(2002) controlled, cross-over, single-dose improvement in obsessive—
compulsive behavior
Miller-Vahl etal. 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/ml THC+ Reduction of tics, correlation
(2023) over trial 5mg/ml CBD between 11-COOH-THC and
primary outcome
Muller-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 |/Il randomized, double- THC 10 mg/mL+ CGl-I: N=3 much improved on MC
), (12-18y, blind, cross-over pilot study CBD 15 mg/mL compared with N=1 on placebo

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

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.
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Studies from databases/registers (n = 3664)
PsycINFO [n = 2039)
MEDLINE {n = 1235)
CENTRAL (n = 390)

I
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"
2
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g
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References removed (n = 468)
Duplicates identified manually (n = 4)
Duplicates identified by Covidence {n = 464)
Marked as ineligible by automation tools (n = 0}
Other reasons (n=)

Studies screened (n = 3196) —> Studies excluded (n = 2984)
Studies sought for retrieval (n = 211) —>> Studies not retrieved (n = 0)
Studies assessed for eligibility (n = 211) —>{ Studies excluded (n = 164)

|

Studies included in review (n = 47)

Figure 1. PRISMA flow diagram of included studies.

£9STS

Interventions

We included all interventions characterized or defined as CIM.

Interventions were classified into the following categories:

Mind-Body Practices.
Manipulation/Bodywork.

Supplements (natural products, dietary nutrients, vitamins, and

minerals).
Traditional Chinese Medicine.

Other Integrative and Lifestyle Approaches.
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5515

Interventions

Conclusions: Evidence to support the use of complementary and integrative medicine for TS is limited in
methodological quality and widespread applicability. These limitations prohibit evidence-based
recommendations for general use among individuals with TS.

v

Studies screened (n = 3196) —> Studies excluded (n = 2984)
Studies sought for retrieval (n = 211) —>> Studies not retrieved (n = 0)
Studies assessed for eligibility (n = 211) —>{ Studies excluded (n = 164)

E Studies included in review (n = 47)

Figure 1. PRISMA flow diagram of included studies.

minerals).
Traditional Chinese Medicine.

Other Integrative and Lifestyle Approaches.

We included all interventions characterized or defined as CIM.
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Abstract

In 2011 the European Society for the Study of Tourette Syndrome (ESSTS) published its first European clinical guidelines
for the treatment of Tourette Syndrome (TS) with part IV on deep brain stimulation (DBS). Here, we present a revised ver-
sion of these guidelines with updated recommendations based on the current literature covering the last decade as well as a
survey among ESSTS experts. Currently, data from the International Tourette DBS Registry and Database, two meta-analyses,
and eight randomized controlled trials (RCTs) are available. Interpretation of outcomes is limited by small sample sizes and
short follow-up periods. Compared to open uncontrolled case studies, RCTs report less favorable outcomes with conflicting
results. This could be related to several different aspects including methodological issues, but also substantial placebo effects.
These guidelines, therefore, not only present currently available data from open and controlled studies, but also include expert

knowledge. Although the overall database has increased in size since 2011, definite conclusions regarding the efficacy and
tolerability of DBS in TS are still open to debate. Therefore, we continue to consider DBS for TS as an experimental treat-

ment that should be used only in carefully selected, severely affected and otherwise treatment-resistant patients.
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Anterior pallidal deep brain stimulation for Tourette’s

syndrome: a randomised, double-blind, controlled trial Lancet Neurol 2017
Published Online
Marie-Laure Welter, Jean-Luc Houeto, Stéphane Thobois, Benoit Bataille, Marc Guenot, Yulia Worbe, Andreas Hartmann, Virginie Czernecki, June 20, 2017
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Nematollah Jaafari, Emmanuel Poulet, Giulia Serra, Pierre Burbaud, Emmanuel Cuny, Bruno Aouizerate, Pierre Pollak, Stephan Chabardes,
51474-4422(17)30160-6

Mircea Polosan, Michel Borg, Denys Fontaine, Bruno Giordana, Sylvie Raoul, Tiphaine Rouaud, Anne Sauvaget, Isabelle Jalenques, Carine Karachi,

Luc Mallet, for the STIC study group*
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Efficacy and Safety of Deep Brain Stimulation

in Tourette Syndrome
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JAMA Neurol. doi:10.1001/jamaneurol.2017.4317
Published online January 16, 2018.

DESIGN, SETTING, AND PARTICIPANTS The prospective International Deep Brain Stimulation
Database and Registry included 185 patients with medically refractory Tourette syndrome
who underwent DBS implantation from January 1, 2012, to December 31, 2016, at 31
institutions in 10 countries worldwide.

Figure. Yale Global Tic Severity Scale (YGTSS) Scores by Time and Brain Target
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THERAPEUTIC ADVANCES in

Neurological Disorders Plain Language Summary of Publication

THERAPEUTIC ADVANCES in

Neurological Disorders

Plain Language Summary of a Phase 2b
Randomized Controlled Trial of Ecopipam and Its
12-Month Open-Label Extension in Children and
Adolescents With Tourette Syndrome

Donald L. Gilbert'? David J. B. Kim? Meredith M. Miller?; Sarah D. Atkinson?;
George B. Karkanias?; Frederick E. Munschauer?; Stephen P. Wanaski‘; Timothy M. Cunniff*

Received: 14 January 2026; Revised article accepted: 30 January 2026

Treatment schedule in the phase 2b and open-label extension studies

Phase 2b study:

Ecopipam 1.8 mg/kg/day

Dose reduced until

assignment fully stopped

Random -

Placebo
Dose increase Target dose
4 weeks 8 weeks Enroll in open-label

extension study

J

i

Open-label extension study:

Dose increase Target dose
4 weeks 11 months

Dose reduced until

Ecopipam 1.8 mg/kg/day My

Y

— End of study

— End of study

Seslls

Phase 2b study: n=153
N=121 who finished the phase 2b study were then treated

with ecopipam in the open-label extension study

Who was included and excluded from the studies?

Participants in the phase 2b study

*: @
T w

+ Had both motor and vocal tics that got in the way
of their normal routines

@
£% 4K
« Atleast 6 years old but younger than 18 years old

and diagnosed with Tourette syndrome

Participants in the open-label extension study
' Only participants who finished the phase 2b study could enroll in the open-label extension study

People who could not join either study had:

. An unstable mood disorder or psychotic disorder . High risk for suicide

Another condition that causes abnormal
movements (such as dystonia)

Current use of medications that would affect
how ecopipam is processed in the body
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What was the effect of ecopipam treatment on tic severity?

Decreased tic severity (YGTSS-TTS)

Phase 2b study 6 Open-label extension study

309 Ecopipam
40% Ecopipam

1 9% Placebo

Achievement of clinically meaningful decrease in tic severity

74%  Ecopipam Month 3
onward
43% Placebo Ecopipam

Decreased Tourette syndrome severity (CGI-TS-S)

Phase 2b study
5 Marked Open-label extension study
Ecopipam
4 Moderate
0 9 b Marked
Points Ecopipam
3 Mild
1 2 4 Moderate
Points
5 Marked ' s i
|
Placebo *
0 5 4 Moderate
Points
3 Mild

L WBL _ANA



THERAPEUTIC ADVANCES in
Neurological Disorders Plain Language Summary of Publication

(1)
)

515

No clinically significant evidence of the following side effects of
ecopipam treatment in either study

THERAPEUTIC ADVANCES in

Plain Language Summary of a Phase 2b Newrologlex! Disarders
Randomized Controlled Trial of Ecopipam and Its
12-Month Open-Label Extension in Children and
Adolescents With Tourette Syndrome

Donald L. Gilbert'? David J. B. Kim?; Meredith M. Miller®; Sarah D. Atkinson®;
George B. Karkanias?; Frederick E. Munschauer?; Stephen P. Wanaski*; Timothy M. Cunniff*
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Akathisia Increased blood sugar or lipids

Most commeon side effects during the phase 2b study

Heart rhythm irregularities Weight gain QT

@’ Headache
@’ Insomnia
Fatigue
@’ Somnolence - Depression

Left study due
to side effects

Left study due
to side effects

(&
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Efficacy and Safety of Ecopipam for Tourette Syndrome
A Phase 3 Randomized Clinical Trial
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Figure 2. Kaplan-Meier Curves for Time to Relapse in the Pediatric Population (A) and Overall Population (B)

Stephen P. Wanaski, PhD; Timothy M. Cunniff, PharmD; Kinga K. Tomczak, MD, PhD From Randomization (Week 12)
" . |Z| Pediatric population
JAMA Neurol. doi:10.1001/jamaneurol. 20261431
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Published online May 26, 2026. -
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112 Discontinued during open-label period
36 Did not meet inclusion criteria® .
33 Adverse events Overall population
21 Study endd 100+
— 6 Withdrawal of consent or withdrawal by
parent/caregiver 5
4 Lack of efficacy o
3 Lost to follow-up Tl 804
9 Othere 5
o
S R o
— Se—— £ 60 — " Ecopipam
k<
f=4
]
- — £ 404
_ o
51 Randomized to receive ecopipam 53 Randomized to receive placebo § Y—h The plus (+) sign indicates censored
= 204 Placebo data. Relapse was defined as =50%
30 Discontinued during randomized 40 Discontinued during randomized = | £i in Yale Global
withdrawal period withdrawal period = HR, 0.47; 95% CI, 0.28-0.81; P=.005 loss of improvement in Yale Global
21 Relapsed? L, 36 Relapsed? o Tic Severity Scale Total Tic Score
6 Studyend? 1 Study end? T T T T T T v T T T T ! ) .
1 Adverse event 1 Adverse event 0 1 2 3 4 5 6 7 8 9 10 11 12 previously qu?[V.Ed from I:l.asellne
2 Otherh 2 Otherh Time, wk to week 12, initiation of additional
w No. at risk medications for Tourette syndrome
i . 21 Patients completed the study 13 Patients completed the study Ecopipam 51 50 45 40 34 30 29 26 26 25 25 21 21 syrnptumsr, or hOSpItallZathl‘ll rellated
43 Pediatric patients included in the primary analysis 47 Pediatric patients included in the primary analysis Placebo 53 a1 40 30 24 21 18 16 15 15 14 13 13 to worsening symptorns. HR indicates
51 Patients included in the mITT analysis 53 Patients included in the mITT analysis hazard ratio.

L WBL _ANA




JAMA Neurology | Original Investigation —C “ r:—"r: -.
J I

_—

Efficacy and Safety of Ecopipam for Tourette Syndrome
A Phase 3 Randomized Clinical Trial

Donald L. Gilbert, MD, MS; Sarah D. Atkinson, MD; David J. B. Kim, BS; Meredith M. Miller, BS; Patricia M. Rice, MS;
John A. Flatt, MD; George B. Karkanias, PhD, MBA; Frederick E. Munschauer, MD; Richard M. Bittman, PhD;
Stephen P. Wanaski, PhD; Timothy M. Cunniff, PharmD; Kinga K. Tomczak, MD, PhD

JAMA Neurol. doi:10.1001/jamaneurol. 20261431
Published online May 26, 2026.

Findings This randomized clinical trial included a 12-week
open-label period and a 12-week double-blind, randomized
withdrawal period for individuals with clinically meaningful tic
reduction. Ecopipam was well tolerated and significantly reduced
the probability of relapse in pediatric participants.

Meaning Ecopipam induced and maintained a clinically
meaningful reduction in severity of tics for up to 24 weeks.

Figure 2. Kaplan-Meier Curves for Time to Relapse in the Pediatric Population (A) and Overall Population (B)
From Randomization (Week 12)

o
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Participants maintaining benefit, %
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IZ‘ Pediatric population

R

HR, 0.47; 95% C1, 0.26-0 84; P= 008

o

o
(=

@
(=

.
[=}

[
o

Participants maintaining benefit, %

o

1 2 3 4 5 3 7
Time, wk

42 38 34 30 26 26 24
45 37 27 21 18 16 14

Overall population

R

+ H—

HR, 0.47; 95% Cl, 0.28-0.81; P=.005

o

1 2 3 4 5 & 7
Time, wk

50 45 40 34 30 29 26
51 40 30 24 21 18 16

The plus (+) sign indicates censored
data. Relapse was defined as =50%
loss of improvement in Yale Global
Tic Severity Scale Total Tic Score
previously observed from baseline

to week 12, initiation of additional
medications for Tourette syndrome
symptoms, or hospitalization related
to worsening symptoms. HR indicates
hazard ratio
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Efficacy and Safety of Ecopipam for Tourette Syndrome
A Phase 3 Randomized Clinical Trial

Donald L. Gilbert, MD, MS; Sarah D. Atkinson, MD; David J. B. Kim, BS; Meredith M. Miller, BS; Patricia M. Rice, MS;
John A. Flatt, MD; George B. Karkanias, PhD, MBA; Frederick E. Munschauer, MD; Richard M. Bittman, PhD;
Stephen P. Wanaski, PhD; Timothy M. Cunniff, PharmD; Kinga K. Tomczak, MD, PhD

JAMA Neurol. doi:10.1001/jamaneurol. 20261431
Published online May 26, 2026.

Table 3. Summary of Adverse Events

No. (%)
Open-label period Double-blind period All periods
Ecopipam Ecopipam Placebo Ecopipam
Adverse event (n=216) (n=51) (n=53) (n=216)
Any AE 140 (64.8) 20(39.2) 22(41.5) 147 (68.1)
Treatment-related AE 90 (41.7) 7(13.7) 8(15.1) 92 (42.6)
Severe AE 12 (5.6) 0 2(3.8) 12(5.6)
Serious AE? 1(0.5) 1(2.0) 2(3.8) 2(0.9)
Treatment discontinuation due to AE 34 (15.7) oe 1(1.9) 34 (15.7)
Most frequently reported AEs?
Somnolence 24 (11.1) 0 0 24 (11.1)
Anxiety 20(9.3) 1(2.0) 1(1.9) 21(9.7)
Headache 19(8.8) 2(3.9) 3(5.7) 21(9.7)
Insomnia 16 (7.4) 3(5.9) 5(9.4) 19(8.8)
Tic 15(6.9) 2(3.9) 1(1.9) 17(7.9)
Fatigue 14 (6.5) 0 0 14 (6.5)
Select AEs of special interest®
Anxiety-related 20(9.3) 1(2.0) 1(1.9) 21(9.7)
Depression-related 14 (6.5) 0 2(3.8) 14 (6.5)
Suicidal ideation 5(2.3) 0 1(1.9)° 5(2.3)
Drug-induced movement disorder-related 0= 0 0 0=

Abbreviation: AE, adverse event.

2 Open-label ecopipam: 1 participant with acute kidney injury, blood creatine
phosphokinase increased, and obsessive-compulsive disorder (all considered
possibly or probably related to treatment); double-blind ecopipam:

1 participant with type 1diabetes; double-blind placebo: suicidal ideation
(considered possibly related to treatment) and Tourette syndrome in

1 participant each.

P After randomization to the ecopipam group, 1 participant discontinued

because of an AE of abdominal pain with onset prior to study start.

© AE of suicidal ideation began during the open-label period, with subsequent

progression to a serious AE after randomization to the placebo group.

9 =5.0% of Ecopipam-treated participants.

®Tremor and dystonia were reported in 1 participant each during the open-label

period; both instances were determined to be unrelated to ecopipam by

a masked clinical adjudication committee.

The most frequently reported AEs:

somnolence (n = 24 [11.1%])
anxiety (n = 21 [9.7%])
headache (n = 21 [9.7%])
insomnia (n = 19 [8.8%])

tic (n =17 [7.9%])

fatigue (n = 14 [6.5%])

No clinically meaningful impact on

weight
metabolic parameters
psychiatric scale measures

No drug-induced movement disorders
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Key findings, limitations and clinical perspectives on the important phase Il study of
Ecopipam for TS; taking a closer look with Dr Don Gilbert

For our November episode, and following his talk at the Conference, we speak with Dr Gilbert about
Ecopipam, a promising new treatment for Tourette syndrome that has recently completed phase 3 clinical trial.

The discussion explores the need for better therapeutic options in the current treatment landscape of Tourette
syndrome and traces Ecopipam'’s journey from early animal studies through its clinical development programme.
Dr Gilbert explains its mechanism of action and reviews the preclinical evidence that first suggested its potential
benefit for Tourette syndrome. The conversation covers the drug's initial exploration in other clinical applications,
before pivoting to its development specifically for TS.
The episode provides an in-depth look at three earlier clinical trials that demonstrated Ecopipam'’s benefit in
individuals with TS, examining both their promising results and inherent limitations. Dr Gilbert then walks through the
comprehensive methodology of the phase 3 study, explaining the rationale behind the chosen study design and the
involvement of 99 sites worldwide that enrolled 216 subjects in the open-label phase.
Key efficacy findings are discussed for both paediatric and adult populations, including specific reductions in YGTSS
Total Tic Severity scores. The conversation addresses the critical safety profile, examining psychological, metabolic,
and extrapyramidal side effects, with particular attention to concerns regarding suicidality signals cbserved in the trial
data.
He also shares insights on Ecopipam's effects on psychiatric comerbidities commonly associated with Tourette
syndrome, acknowledges the studu's limitations, and discusses available data from the extension phase.
The episode concludes with perspectives on anticipated regulatory timelines in the United States and Europe, along
with Dr Gilbert's thoughts on where Ecopipam might fit in the treatment algorithm and any additional considerations

NEws for clinicians and patients.

Results from Phase Il
Study of Ecopipam for
Tourette Syndrome

X is Professor of Neurclogy at Cincinnati Children’s Hospital Medical Center, where he established the
Movement Disorders and Tourette Clinics in 1998 and conducts translational research and clinical trials.
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Our Pipeline

Click an asset below to learn more.

Preclinical Phase 1 Phase 2 Phase 3

Basimglurant (NOE-101) . .
mGLURS NAM Seizures in TSC

Basimglurant (NOE-101) ..
MGIUR5 NAM Painin TN

Gemlapodect (NOE-105)

PDE10AI Tourette syndrome

Gemlapodect (NOE-105) COFD (Stuttering)

PDE10AI

NOE-11

TRI 2 Atypical Depression
NOE-11

TR 2 Binge Eating Disorder

Decoglurant (NOE-109) . .
mMGLuR2/3 NAM Undisclosed

Gemlapodect
(NOE-105)

PDE10oA inhibitor

For the management of Tourette Syndrome
(TS) tics

Clinical stage: Phase 2a
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Noema Pharma initiates Phase 2a Allevia
study of PDE1OA inhibitor NOE-105 in

Tourette Syndrome

FIGURE. PDE10A Inhibition*

T AT e Inactivtion of PDE10A by Gemlapodect (NOE-105)
L s - enhances the effect of dopamine D1 receptor
°A¢MP/ eoup cAyp/ eup activation in the striatonigral (direct) pathway
PKA LA - counteracts the inhibitory effect of D2 receptor
medium spny neurons signaling in the striatopallidal (indirect) pathway

S\

PDE10A Inhibition in Tourette Syndrome  Neurlogylive.com
By Jennifer S. Sun, PAD Vol. 5 | No. 2 | April 2022
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R] NOEMA Noema Pharma Announces NOE-105
PHARMA (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

7
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PHARMA

Official Title

. . . d )&
A Double-blind, Placebo-controlled, Phase 2b, Multi-center, Twelve-week Prospective Study to Evaluate Study start (Aetual

2024-09-10
the Efficacy and Safety of Gemlapodect in Adult and Adolescent Patients With Tourette Syndrome

Primary Completion (Estimated) @

2026-06

Active, not recruiting [i]
Study Completion (Estimated) @

Efficacy and Safety of Gemlapodect (NOE-105) in Adults and Adolescents With Tourette Syndrome 2026-06
(ALLEVIA2)

Enrollment (Actual) @

ClinicalTrials.gov ID @ NCT06315751 164
Sponsor @ Noema Pharma AG Study Type @
Information provided by @ Noema Pharma AG (Responsible Party) Interventional
Last Update Posted @ 2026-03-09 Phase @
Phase 2
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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

vy

un

Change in YGTSS Total Tic Score

5] I_l_
B 3
-7
»
All Data Arm 1

N=21

5015

Biological Psychiatry June 15, 2020; 87:1063-1070 www.sobp.org/journal

. -':I—l-ll \\ F

anam

Control

Figure 2. (A) Yale Global Tie Severity Scale
(YGTSS) Total Tic score at baseline and end paint by
treatment condition (real neurofeedback [NF), sham
contral) and study arm (arm 1: before crossover, arm
2: after crossover). The group that was randomized to
receive real NF first {real MF first followed by sham) is
shown with a solid line. The group that was ran-
domized to receive the sham control first {sham first
followed by real NF) is shown with a dashed line.
Error bars represent SE. (B) Change in YGTSS Total
Tie score by treatment condition (real NF, sham
control) and study arm (arm 1: before crossover; arm
2: after crossover; all data: arm 1 and arm 2 com-
bined). Change scores were calculated by subtract-
ing preintervention scores from  postintervention
scores. A mare negative value reflects greater clinical
improvement  from  preintervention  to post-
intervention. Error bars represent SE. Asterisk in-
dicates significant differences between conditions.
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THE PREPRINT SERVER FOR HEALTH SCIENCES

A double-blind, sham-controlled, trial of home-administered rhythmic |0Hz
median nerve stimulation for the reduction of tics,and suppression of the urge-to-

BM) Yale

tic, in individuals with Tourette syndrome and chronic tic disorder

Barbara Morera Maiquez, Caitlin Smith, Katherine Dyke, Chia-Ping Chou, Belinda Kasbia, Ciara McCready,
Hannah Wright, Jessica K. Jackson, Isabel Farr, Erika Badinger, Georgina M. Jackson, Stephen R. Jackson

doi: https://doi.org/10.1101/2023.03.06.23286799

Mean reduction in tic severity

-10

Reduction in YGTSS-TTSS by Week 4

2t

6|

25% reduction

Active Sham Waitlist

45

40 1

3567

Mean tics per minute
w
S

15

Effect of active vs. sham stimulation

—B- Active
—B- Sham

25% reduction

Pre During Post

Figure 2: A. Mean reduction in total tic severity score (YGTSS-TTSS) for each group after 4 weeks of stimulation relative to baseline levels. The dotted line

represents a 25% reduction in YGTSS-TTSS, Error bars are standard errors. B, Mean reduction in tics per minute (TPM) for active and sham stimulation
) ) ) ina ranracan tc 2 IR0 radurtinn in TBAM Erear hare ara ctandard arcare

8 e
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NEUPULSE - https://neupulse.co/pages/help

Has the device changed? —

The wellness device is based on the same technology as the medical device. What's changing is its use, which at
this stage is designed to support calm and relaxation.

Is this still going to be a medical device? —

Our long-term direction remains the same and we are continuing our regulatory pathway. At this stage, the device
will be available as a wellness product while that work continues.

Why are you making this change? -

This allows us to get the device into your hands sooner, while continuing to progress through the regulatory

approval process in parallel.

How much will the device cost? —

The device will cost £500 and be accompanied by £20 monthly subscription to support the device. More details can be found here.
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=1 SWEAR - Official Trailer | STUDIOCANAL
StudiocanalUK

A CANAL+ COMPANY

I S W E A R : Wy July 11, 2025

W

@ FGICIAL TRAILER F .\\;fs;;;n\;fuw,..mbe | Swear Trailer Released: A True

Tourette Syndrome Story
Featuring Neupulse

The official trailer for | Swear, directed by BAFTA-
iw nominated filmmaker Kirk Jones, has just been...
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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.,

James F. Leckman, M.D., Ph.D.

Objective: There are few effective pharmacological
treatments for Tourette's syndrome. Many patients with
Tourette’'s syndrome experience impairing tic symptoms
despite use of available evidence-based treatments. The
investigators conducted a small, uncontrolled trial to
examine the safety, tolerability, and dosing of THX-110, a
combination of A”-tetrahydracannabinol (A®-THC) and
palmitoylethanclamide (PEA), in Tourette's syndrome.

Methods: A 12-week uncontrolled trial of THX-110 (maxi-
mum daily A°-THC dose, 10 mg, and a constant 800-mg
dose of PEA) in 16 adults with Tourette's syndrome was
conducted. The primary outcome was improvement on
the Yale Global Tic Severity Scale (YGTSS) total tic score.
Secondary outcomes included measures of comorbid
conditions and the number of participants who elected to
continue treatment in the 24-week extension phase.

Results: Tic symptoms significantly improved over time
with THX-110 treatment. Improvement in tic symptoms

was statistically significant within 1 week of starting treat-
ment compared with baseline. THX-110 treatment led to
an average improvement in tic symptoms of more than
20%, or a 7-point decrease in the YGTSS score. Twelve of
the 16 participants elected to continue to the extension
phase, and only two participants dropped out early. Side
effects were common but were generally managed by
decreasing A®-THC dosing, slowing the dosing titration,
and shifting dosing to nighttime.

Conclusions: Although the initial data from this trial in adults
with refractory Tourette’s syndrome are promising, future ran-
domized double-blind placebo-controlled trials are necessary
to demonstrate efficacy of THX-110 treatment. The chal-
lenges raised by the difficulty in blinding trials due to the psy-
choactive properties of many cannabis-derived compounds
need to be further appreciated in these trial designs.

J Neuropsychiatry Clin Neurosci 2021; 33:328-336;
doi: 10.1176/appi.neuropsych.19080178

J Neuropsychiatry Clin Neurosci 33:4, Fall 2021

FIGURE 1. Change in tic severity with THX-110 in 16 adults
with Tourette's syndrome®

Change in YGTSS Total Tic Score

-10

12
0 2 4 6 8 10 12 Endpoint

Week
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Starting soon:

SciSparc Advances lts Phase llb
Clinical Trial in Patients with 9

Tourette Syndrome with its -
Proprietary Drug Candidate L\ :

SCI-T10 [osa-engin- /
”~
—

The Dual-Site Study Will Be Conducted at the Hannover Medical
School in Germany, and Israel's Tel-Aviv Sourasky Medical Center

SCI-110 = combination of dronabinol (THC) and the endocannabinoid palmitoylethanolamide (PEA).
SCI-110 was designed to increase THC efficacy, thereby increasing the efficiency of oral administration while

iw decreasing dosage requirements, side effects and adverse events.
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Recent studies: negative results
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Tetrabenazine
Deutetrabenazine
Valbenazine

VMAT?Z2 inhibitors reduce:

DA storage
« DArelease

— | Dopamine

o515
Vesicular monoamine transporter (VMAT?2) Inhibitors

Variables Controlling Output from the Indirect Pathway Via D2 Receptors

=D2
=VMAT2
=DA
=VMAT2
inhibitor
=2
blocker

QWA O=

concentration of
presynaptic dopamine

[dose of VMAT2 inhibitor

presence or absence

of D2 blocker

concentration/dose
of D2 blocker

affinity of D2 blocker

concentration of
® ® / synaptic dopamine

number & sensitivity
of D2 receptors
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Original Investigation | Neurology

Efficacy and Safety of Fixed-Dose Deutetrabenazine in Children and Adolescents
for Tics Associated With Tourette Syndrome
A Randomized Clinical Trial

Barbara Coffey, MD, MS; Joseph Jankovic, MD; Daniel O. Claassen, MD; Joohi Jimenez-Shahed, MD; Barry J. Gertz, MD, PhD; Elizabeth A. Garofalo, MD;
David A. Stamler, MD; Maria Wieman, MPH; Juha-Matti Savola, MD, PhD; Mark Forrest Gordon, MD; Jessica K. Alexander, PhD; Hadas Barkay, PhD; Eran Harary, MD

Figure 2. Change From Baseline Through Week 8 in Primary and Key Secondary Efficacy End Points

m Yale Global Tic Severity Scale-Total Tic Score Tourette Syndrome Clinical Global Impression score
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Clinical development of valbenazine for tics associated with Tourette

EXPERT REVIEW OF NEUROTHERAPEUTICS
2021, VOL. 21, NO. 4, 393-404

synd rome https://doi.org/10.1080/14737175.2021.1898948

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

b. Baseline Week 2 Week 4 Week 6
0 1 L J
~@- Placebo (n=31)
~@- Valbenazine 10/20 mg (n=32)
-2.0 1 -@- Valbenazine 20/40 mg (n=32)
=
a
£ -40-
>
3
=
2 6.0
@
=4
=
S -80-
3
=
st
10.0 -
12.0 -

Expert opinion: Due to the failure to meet the primary endpoint in these tnals, further investigation of
valbenazine for TS5 is unlikely. Given the need for safe and effective TS therapies and the key role of VMATZ in
modulating dopaminergic activity, it is reasonable for future studies to investigate other VMATZ2 inhibitors as
potential treatments for TS.
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Official Joumnal of the Intemational < &
Parkinson and kMovement Disorder Society

BRIEFREPORT & OpenAccess (59 (§)

Monoacylglycerol Lipase Inhibition in Tourette Syndrome: A 12-
Week, Randomized, Controlled Study

Kirsten R. Miller-vahl MD g Carolin Fremer M5c, Chan Beals MD, Jelena Ivkovic MD. Henrik Loft MSc.
PhD, Christoph schindler MD,

First published: 12 June 2021 | https://doi.org/10.1002/mds.28681

€

Adjusted mean change
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Results

NULL HYPOTHESIS

Association of Group A Streptococcus Exposure
and Exacerbations of Chronic Tic Disorders
A Multinational Prospective Cohort Study

Davide Martino, MD, PhD, Anette Schrag, MD, PhD, Zacharias Anastasiou, PhD, Alan Apter, MD, Correspondence
Noa Benaroya-Milstein, MD, PhD, Maura Buttiglione, PhD, Francesco Cardona, MD, Roberta Creti, PhD, Dr. Martino
Androulla Efstratiou, PhD, Tammy Hedderly, MD, Isobel Heyman, MBBS, PhD, FRCPsych, davide.martino@ucalgary.ca

Chaim Huyser, MD, PhD, Marcos Madruga, MD, Pablo Mir, MD, PhD, Astrid Morer, MD, PhD,
Nanette Mol Debes, MD, PhD, Natalie Moll, MSc, Norbert Muller, MD, Kirsten Muller-Vahl, MD,
Alexander Munchau, MD, Peter Nagy, MD, Kerstin Jessica Plessen, MD, PhD, Cesare Porcelli, MD,
Renata Rizzo, MD, PhD, Veit Roessner, MD, PhD, Jaana Schnell, MSc, Markus Schwarz, MD, PhD,
Liselotte Skov, MD, Tamar Steinberg, MD, Zsanett Tarnok, PhD, Susanne Walitza, MD, MSc,

Andrea Dietrich, PhD, and Pieter J. Hoekstra, MD, PhD, on behalf of the EMTICS Collaborative Group

Neurology® 2021;96:¢1680-¢1693. doi:10.1212/WNL.0000000000011610

A total of 405 exacerbations occurred in 308 of 715 (43%) participants. The proportion of exacerbations
temporally associated with GAS exposure ranged from 5.5% to 12.9%, depending on GAS exposure
definition. We did not detect any significant association of any of the 4 GAS exposure definitions with tic

h\

) §

3 exacerbations (odds ratios ranging between 1.006 and 1.235, all p values >0.3). GAS exposures were
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Treatment of Tics: Summary

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

Pharmacotherapy:

— 1. choice: antipsychotics
e aripiprazole
e others: risperidone, tiapride
— 2.choice:
e cannabis-based medicine
e clonidine (when ADHD comorbid)
e Other antipsychotics
e in carefully selected patients: botulinum toxine

DBS
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