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ARTICLE INFO ABSTRACT

Keywords: Background: Autism spectrum disorder (ASD) and obsessive-compulsive disorder (OCD) are mental disorders with
Autism‘ o a considerable overlap in terms of their defining symptoms. The glutamatergic agent memantine appears to be a
Obsessive-compulsive disorder promising candidate for the treatment of ASD and OCD in children and adolescents. The aim of this study was to
Glutamate investi he clinical effi d tolerability/safety of ine in thi lati

Memantine investigate the clinical efficacy and tolerability/safety of memantine in this population.

Methods: This randomized, double-blind, placebo-controlled multicenter add-on trial comprised patients aged 6
to 17; 9 years with a confirmed diagnosis of ASD and/or OCD. Participants were randomized to either memantine
or placebo for 10 consecutive weeks, including an up-titration phase.

Results: A total of 7 patients were included in the study. N = 4 (57.1%) participants were treated with verum
(memantine) and n = 3 (42.9%) received placebo. Patients receiving memantine showed a more pronounced
reduction in their CY-BOCS score, as well as greater CGI-Improvement, compared to patients receiving placebo.
No serious adverse events (SAEs) were reported.

Conclusions: Our findings, although based on a very small number of patients and therefore insufficient to draw
clear conclusions, appear to be in line with the hypothesis that memantine is an effective, tolerable and safe
agent for children and adolescents.

Trial registration: EudraCT Number: 2014-003080-38, Registered 14 July 2014, https://www.clinicaltrialsregister
.eu/ctr-search/search?query=2014-003080-38.

Child and adolescent psychiatry
Clinical trial

1. Background is currently no approved pharmacological treatment for the core

symptoms of ASD [8,9]. Antipsychotics, psychostimulants or atom-

Autism spectrum disorder (ASD) and obsessive-compulsive disorder
(OCD) are mental disorders with a considerable overlap in terms of their
defining symptoms [1-3]. Moreover, a longitudinal study by Meier et al.
(2015) reported that compared to healthy controls, individuals diag-
nosed with ASD had a twofold higher risk of developing OCD later in life,
and that OCD patients had a fourfold higher risk of ASD [4].

ASD is a lifelong condition with a highly variable clinical course
throughout childhood and adolescence [5]. While a wide variety of
intervention programs for children with autism exists (i.e. [6,7]), there

oxetine are often prescribed to control co-morbidities or specific
symptoms like irritability, impulsivity and hyperactivity [10-12]. Ris-
peridone and aripiprazole have been found to show a limited beneficial
effect on core ASD symptoms, while often being accompanied by sig-
nificant adverse events, e.g. weight gain and risk for metabolic syn-
drome, sedation or extrapyramidal syndromes [10,13,14].

OCD is characterized by repetitive thoughts or impulses (obsessions)
and/or repetitive behaviors or mental acts (compulsions) and is mostly
treated with cognitive behavioral therapy and/or selective serotonin
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reuptake inhibitors (SSRIs) [15-17]. SSRI treatment of OCD in children
and adolescents appears to be well tolerated and is associated with a
29-44% reduction of symptoms. However, since most patients are only
partial responders, persistent low-grade symptoms and impairment are
the norm [16,18,19].

Compulsivity is considered as a cross-disorder trait that is one of the
core symptoms of several pediatric psychiatric disorders such as sub-
stance use disorder, ASD and OCD. It is defined as the repetitive and
irresistible urge to perform a behavior, the experience of loss of control
over this urge, the diminished ability to delay or inhibit certain thoughts
or behaviors, and the tendency to perform repetitive acts in a habitual or
stereotyped manner [20,21]. While the psychological mechanisms un-
derlying the compulsive behavior in ASD and OCD differ (self-soothing
vs. stress-reducing), the contributory biological mechanisms appear to
be related [22,23]. Indeed, multiple neuroimaging studies have found
an increased glutamatergic activity in the striatum and the anterior
cingulate cortex in subjects with compulsivity (including ASD and OCD)
compared with controls [23,24].

A proton magnetic resonance spectroscopy study in children and
adolescents with ASD or OCD found that both groups had increased
glutamate concentrations in the midline anterior cingulate cortex (ACC)
compared to healthy controls [25]. There appeared to be no differences
in glutamate levels between the two disorders, but a positive correlation
between compulsive behavior and ACC glutamate concentration was
reported [25]. Modulating glutamate release or its action at receptors in
this brain region may therefore represent a possible treatment strategy
for compulsivity.

Memantine is currently used for the treatment of Alzheimer’s disease
as an EMA (European Medicines Agency) and FDA (Food and Drug
Administration) approved medication [26]. It antagonizes the action of
glutamate at N-methyl-p-aspartate (NMDA) receptors, a glutamate re-
ceptor subfamily broadly involved in brain function [27]. Clinically, it is
used as a ‘cognitive enhancer’, significantly improving not only cogni-
tive function but also behavior, activities of daily living, and agitation
[28].

In children and adolescents diagnosed with ASD, memantine has
been used in both open-label and controlled trials [29,30]. It has further
been used as an augmenting agent in adolescents and adults with OCD
[31]. Hardan et al. (2019) conducted three phase 2 open-label trials
(OLTs) assessing the efficacy and long-term tolerability/safety of
memantine treatment in children with ASD. The authors concluded that
no new safety concerns were evident. Moreover, although the a priori
defined efficacy results (in primary outcome/s) were not achieved, the
considerable improvements in mean Social Responsiveness Scale scores
from baseline were presumed to be clinically important [32]. According
to a systematic review on glutamatergic agents in the treatment of
compulsivity and impulsivity in child and adolescent psychiatry per-
formed as part of the TACTICS project (see below), three OLTs in pa-
tients with ASD suggested significant improvements in irritability,
stereotypic behavior, hyperactivity, attention and memory. Further-
more, a very beneficial tolerability and safety record was reported and
most adverse events (i.e. headache, dizziness, vomiting) resembled
those seen in adult dementia populations [29].

With respect to OCD in children and adolescents, a single-case report
of a 15-year old girl with chronic, severe and SSRI treatment-resistant
OCD showed significant improvement when memantine was added to
a previously ineffective citalopram treatment [33]. A review by Lu et al.
(2018) regarding memantine treatment in adults found that memantine
improved OCD symptoms (as stand-alone therapy or augmentation to
SSRIs) in most published studies [34]. Similar results were reported by
Modaressi et al. (2018), who conducted a randomized
placebo-controlled trial in adults with SSRI-refractory OCD and
concluded that memantine is an effective and well-tolerated augmen-
tation in patients with severe OCD [35].

Based on the aforementioned findings, memantine appears to be a
promising candidate for the treatment of ASD and OCD in children and
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adolescents, especially as, to date it has shown a good risk-benefit
profile.

The present study is the first to investigate memantine treatment of
compulsivity in children and adolescents with autism spectrum disorder
(ASD) or obsessive-compulsive disorder (OCD), in an add-on, random-
ized, double-blind, placebo-controlled design. Clinical efficacy
(improving symptoms of compulsivity) and tolerability/safety of the
glutamatergic agent memantine were investigated in this population at
four university-based clinical study sites: (1) Department of Child and
Adolescent Psychiatry and Psychotherapy, Central Institute of Mental
Health, Mannheim, Germany; (2) Departments of Neuroimaging and
Child and Adolescent Psychiatry, Institute of Psychiatry, Psychology and
Neuroscience, King’s College London, United Kingdom; (3) Department
of Child and Adolescent Psychiatry, Brain Center Rudolf, University
Medical Center Utrecht, The Netherlands, and (4) Karakter Child and
Adolescent Psychiatry, Donders Institute for Brain, Cognition and
Behaviour, Radboud University Medical Center, Nijmegen, The
Netherlands. This placebo-controlled clinical trial (GOAT trial (Gluta-
matergic medication in the treatment of Obsessive Compulsive Disorder
and Autism Spectrum Disorder)) was part of the large, translational
project TACTICS (Translational Adolescent and Childhood Therapeutic
Interventions in Compulsive Syndromes; http://www.tactics-project.
eu/) funded by the European Union (EudraCT Number: 2014-003080-
38) [36].

2. Methods

The findings reported here are part of the exploratory GOAT trial
within the TACTICS project. The study was approved by the Ethics
Committee II of the Medical Faculty Mannheim, University of Heidel-
berg (January 2015). Further applications for ethical approvals in the
UK (National Research Ethics Service Committee London — Camberwell
St Giles) and in the Netherlands (Commissie Mensgebonden Onderzoek,
Regio Arnhem-Nijmegen) were granted in June 2016 (Nijmegen), March
2017 (Utrecht) and June 2018 (London), respectively. Due to a small
sample size, only descriptive statistical analyses of the data were per-
formed (see Niemeyer et al. [50] for details on recruitment difficulties).
This study was conducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization (ICH) Good Clinical
Practice (GCP) Guideline.

2.1. Trial design

Subjects and their parents/legal guardians received informed assent/
consent documents explaining the study and its potential risks and
benefits. Informed assent and consent forms were signed before inclu-
sion. The study was divided into three periods. Study period I was a 2-
week screening and wash-out period (visits 1-2), during which pa-
tients were screened for eligibility, undergoing psychiatric screening
tests and safety screening procedures. Furthermore, during this period,
the intake of excluded medication as per study protocol was dis-
continued. Further details regarding concomitant medication may be
obtained by accessing the published study protocol [36]. In study period
II (visits 3-9; 8 weeks), patients were randomized into an active drug or
placebo group in a 1:1 ratio. The dosage of the active agent/placebo
depended on the patient’s weight and was up-titrated over 2-3 weeks
(depending on a dosing schedule by body weight). During study period
III (visits 9-10; 2 weeks), study medication was down-titrated in a
blinded fashion. For full details on the study procedures, see Hage et al.
(2016) [36].

2.2. Study population
Overall, male or female patients with inpatient or outpatient status,

aged 6 years (ASD patients)/8 years (OCD patients) to 17 years and 9
months at initial inclusion were enrolled.
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We included patients with an IQ > 70 (based on the Wechsler scales,
four subtests) and a Clinical Global Impressions-Severity (CGI-S) score
>4 at baseline (visit 3). Subjects with past or present clinically relevant
somatic acute or chronic disorders, which in the opinion of the inves-
tigator might confound the results of tolerability/safety assessment,
were excluded (for details, see Hage et al., 2016). Due to the described
limited previous evidence regarding memantine in child and adolescent
psychiatric populations, this study was intended to serve as a pilot study
and designed accordingly. Therefore, in order to allow for descriptive
analyses and further hypothesis generation and (ideally) more confir-
matory statistical analyses, a total sample size of approx. N = 100 pa-
tients was planned for this study [36].

2.3. Assessments

Multiple different instruments were used for data acquisition,
measuring rigid and compulsive patterns of behavior, severity of
symptoms, and assessing tolerability/safety of the study drug:

- Children’s Yale-Brown Obsessive-Compulsive Scale (CY-BOCS) [37]
- Clinical Global Impression-Severity (CGI-S) [38,39]

- Clinical Global Impression-Improvement (CGI-I) [38,39]

- Children’s Global Assessment (C-GAS) [40]

- Pediatric Adverse Event Rating Scale (PAERS) [41]

Furthermore, blood and urine samples were collected at multiple
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study visits, vital signs, height and weight were measured, and elec-
trocardiograms (ECGs) were performed. For full details and all in-
struments used, see Hage et al. (2016) [36].

2.4. Endpoints

Primary study endpoints were the baseline-to-endpoint change in
compulsivity as measured by the CY-BOCS total score (clinical efficacy)
and the rate of adverse events as reported in the PAERS (tolerability and
safety). Additional endpoints were response rates measured with the CY-
BOCS and CGI-I score; response was defined as an at least 30% reduction
versus baseline (BL) in the CY-BOCS total score and a CGI-I score of 1
(very much improved) or 2 (much improved).

3. Results
3.1. Study population

In total, n = 7 patients (4 female, 3 male) with a mean age of 12.9
years (range 6-17 years) were included in the study (see Fig. 1):. N = 2
(28.6%) of the patients had a diagnosis of ASD, n = 4 (57.1%) had a
diagnosis of OCD and n = 1 (14.3%) had a diagnosis of both disorders. N
= 5 (71.4%) patients received concomitant psychotropic medication
during the study period. N = 4 (57.1%) participants were treated with
verum (memantine) and n = 3 (42.9%) received placebo. N = 2 patients
(28.6%), one treated with memantine and one receiving placebo,

[ Enrollment ]

Assessed for eligibility (n=175)

Excluded (n=168)

+ Not meeting inclusion criteria (n=73)
“| + Declined to participate (n=54)

+ Other reasons (n=41)

Randomized (n=7)

}

3 { Allocation ] y

Allocated to memantine (n=4) Allocated to placebo (n=3)

+ Received allocated intervention (n=4) + Received allocated intervention (n=3)

+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
L [ Follow-Up ] b

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued memantine (n=1) Discontinued placebo (n=1)
¥ [ Analysis ] y

Analysed (n=4) Analysed (n=3)

+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Fig. 1. CONSORT 2010 flow diagram.
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discontinued the study early. Following an intention-to-treat approach
these to participants were included in the presentation of the results
here. Please see Table 1 for detailed information. Dosage was up-titrated
depending on patients’ weight, starting at 5 mg/d for all participants
and ranging from 5 to 15 mg/d as the final dose.

3.2. Clinical effect

The CY-BOCS total score and subscores as well as the CGI-S and CGI-I
were used to measure the severity of symptoms and their improvement
(or deterioration) (for details on the study schedule, see Hage et al.
(2016)). Additionally, the C-GAS was used at visits 3, 6 and 9 in order to
rate participants’ social and psychiatric functioning.

CY-BOCS total score reductions from baseline to end of treatment
period were 5 points (26 — 21; 19.2%), 9 points (21 — 12; 42.9%), 7
points (30 — 23; 23.3%), and 5 points (22 — 17; 22.7%) in the mem-
antine group and O points (0 — 0; 0%), 1 point (8 — 7; 12.5%), and 5
points (35 — 30; 14.3%) in the placebo group (see Fig. 2). The patient
who showed 0% reduction in all CY-BOCS scores had a baseline score of
0, meaning that no improvement was possible in this case. Regarding
CGI-I, at the end of the treatment period or at the early termination visit,
in the memantine group two participants were rated as ‘much
improved’, one as ‘minimally improved’ and one as ‘minimally worse’
while in the placebo group two participants were rated ‘minimally
improved’ and one as ‘no change’ according to CGI-I. One participant in
the memantine group (ID1) was rated as ‘minimally worse’ according to
CGI-I despite a change in CGI-S from ‘markedly ill’ at baseline to
‘moderately ill’ at the end of treatment.

The mean change on the C-GAS lay at 9.5 points (range —3 to 24
points) for the memantine group and at 5.0 points (range 0-10 points)
for the placebo group. The patient with a negative change discontinued
the study early (shortly after visit 6).

3.3. Adverse events

Adverse events (AEs) were systematically recorded using the PAERS.
Overall, n = 163 AEs were reported; out of these, n = 33 (20.2%) were
classified as study drug-related, of which n = 22 (66.7%) were reported
by participants treated with verum and n = 11 (33.3%) by participants
receiving placebo. The most frequently reported AEs which were
considered as study drug-related were sedation (n = 6; 18.2%) and
stomach ache (n = 5; 15.2%), though both were reported by only one
participant each. See Table 2 for detailed information. No serious
adverse events (SAEs) were reported, and there were no early discon-
tinuations due to adverse events.

3.4. Vital signs, weight and height

Data on blood pressure, pulse, weight and height were systematically
collected. There were no substantial changes in these parameters over
the study period in both treatment groups. All patients treated with
memantine lost weight during the study period (range 1.2 kg-5.5 kg)
whereas all participants receiving placebo experienced weight gain (0.3
kg-2.9 kg).
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4. Discussion

To our knowledge, this is the first randomized, double-blind, pla-
cebo-controlled study to investigate the efficacy and safety of mem-
antine in the treatment of compulsivity in children and adolescents
diagnosed with ASD or OCD. Our results, although originating from a
very small sample of patients, are consistent with the hypothesis that
memantine is an effective, tolerable and safe agent in children and ad-
olescents suffering from these disorders.

In this study, participants receiving verum, compared to those
receiving placebo, numerically showed a greater reduction in the CY-
BOCS total score and CY-BOCS compulsion subscore from baseline to
end of treatment. In their study on SSRI-refractory OCD in an adult
population, Modaressi et al. (2018) reported a significant reduction in
the Y-BOCS total score in the memantine treatment group, while — in
contrast to our results - no improvement was observed in the placebo
group. The authors described a reduction of 40.9% in the mean Y-BOCS
total score, resulting in 73.3% of patients achieving treatment response
[35]. In line with these results, Marinova et al. (2017) reviewed multiple
open-label and placebo-controlled trials on memantine treatment of
OCD in adults, and summarized that patients receiving memantine
showed a greater improvement in Y-BOCS scores compared to patients
receiving placebo [42]. Stewart et al. (2010), e.g., found a mean Y-BOCS
total score decrease of 27.0% (memantine group) compared to 16.5%
(placebo group) in their single-blinded case-control study on adults with
severe obsessive-compulsive disorder [43]. Similarly, in our
small-sample pediatric study (N = 7), we found a mean reduction in the
CY-BOCS total score of 27.03% (memantine group) and 13.4% (placebo
group).

In accordance with these findings, in a randomized (memantine and
risperidone group), open-label study in children and adolescents with
ASD, Nikvarz et al. (2017) reported that after 8 weeks of treatment with
memantine, 1 patient (6.7%) was very much improved, 7 patients
(46.7%) much improved, 3 patients (20%) minimally improved and 4
patients (26.7%) showed no change as measured with the CGI-I [44].
Similar results were found in an open-label trial in which eleven of 18
(61%) adolescent ASD patients were considered responders to mem-
antine based on a rating of “much improved” or “very much improved”
on the CGI-I [45].

Interestingly, in our small sample, all four patients receiving mem-
antine experienced weight loss over the study period, while patients
receiving placebo experienced weight gain. Weight loss has so far not
been mentioned as an adverse event of memantine, either in the treat-
ment of elderly patients (with Alzheimer’s disease) or in the treatment of
children and adolescents. On the contrary, memantine has been
considered as a favorable substance in the treatment of Alzheimer’s
disease, as a systematic literature review found that it did not cause
weight loss, in contrast to cholinesterase inhibitors, which are often used
for treatment in this population [46].

In accordance with previous findings, our study supports the
perception that treatment with memantine in children and adolescents is
well tolerated and safe [31]. Regarding study drug-related adverse
events (AEs), cognitive impairment, sedation, sleep problems, stomach
ache, constipation, vomiting and headache were reported in our verum

Table 1
Demographic data of participants.
Patient ID Study site Diagnosis Gender Age Concomitant medication Treatment
1 London oCD female 14 Sertraline Verum
2 London OCD + ASD male 15 Sertraline, melatonin Verum
3 Mannheim OCD female 17 Sertraline Verum
4 Mannheim OCD female 15 Sertraline Verum
5 Nijmegen ASD male 6 none Placebo
6 Nijmegen ASD male 9 Risperidone, melatonin, methylphenidate Placebo
7 Nijmegen OCD female 14 none Placebo

No: Number; OCD: obsessive-compulsive disorder; ASD: autism spectrum disorder.
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Fig. 2. CY-BOCS total scores for all included participants (receiving memantine or placebo) at all timepoints where CY-BOCS was assessed.
Light colors indicate memantine (ID1—-ID4). Dark colors indicate placebo (ID5—ID7). ID 3: early termination visit (ETV) after visit 6; ID 7: early termination visit

(ETV) after visit 8.

Table 2
Study drug-related adverse events.

Memantine (N = 4) n N (%) Placebo (N = 3) n N (%)

Irritability 0 0 1 1(33.3)
Cognition 2 1(25) 0 0
Sedation 6 1 (25) 0 0
Sleep problems 1 1(25) 2 1(33.3)
Feeling hungry 0 0 4 1(33.3)
Dizziness 0 0 2 1(33.3)
Stomach ache 5 1(25) 0 0
Constipation 3 1(25) 0 0
Vomiting 3 1(25) 0 0
Headache 2 2 (50) 2 1(33.3)
Total 22 - 11 -

n: number of reported events; N: number of participants.

group, but — with the exception of headaches (described by two patients)
— these AEs were only reported by one patient each. Similarly, in child
and adolescent psychiatry, Erickson et al. (2007) described one patient
(out of n = 18) with sedation and vomiting, and Nikvarz et al. (2017)
reported somnolence in 2 patients (13.3%), insomnia in 2 patients
(13.3%) and nausea in 1 patient (6.7%).

Furthermore, in their systematic review on memantine treatment in
pediatric compulsivity and impulsivity, Mechler et al. (2018) [29]
stressed that with the exception of headache (7.2%) and nasopharyngitis
(5.3%), all of the AEs reported in the reviewed trials occurred in less
than 5% of the reported patients. Interestingly, several trials found that
(increased) irritability occurred (8-22%) under treatment with mem-
antine [45,47,48]; in our study population, irritability was only reported
by one patient, who was receiving placebo.

In contrast to a small number of study findings, but in line with
multiple other study findings on memantine in children and adolescents,
no serious adverse events (SAEs) or discontinuations due to AEs
occurred in our study population [29,30,47].

Overall, our data do not contradict the hypothesis that memantine is
an effective and well-tolerated agent for the treatment of compulsivity in
children and adolescents with ASD and/or OCD.

Nevertheless, the findings of our study need to be interpreted in the
context of several limitations. Even though recruitment took place in
four international study centers, all with experience in performing pe-
diatric psychopharmacology studies, and over the course of a total of 33
months, we were only able to include a total of N = 7 patients in the trial,

of whom only n = 5 (71.4%) completed the study. Due to this very small
sample size, we were not able to perform statistical analyses and com-
parisons between the verum and placebo group. As is the case in many
(pediatric) clinical psychopharmacology trials [49], low enrollment and
high exclusion rates during the recruitment period raise the question of
participants’ representativeness of real-world patients and therefore the
generalizability of the respective trial results [50]. Out of a total of N =
173 pre-screened patients, only n = 5 (2.9%) were eventually enrolled in
the study. Out of the n = 168 not included patients, n = 73 (43.5%)
failed to meet all of the trial inclusion criteria or met one or more of the
exclusion criteria, n = 75 (44.6%) declined participation due to personal
reasons, and n = 20 (11.9%) did not participate due to general or other
reasons (e.g., not yet being stable on medication). Reasons for low
enrollment in this study have been comprehensively analyzed and dis-
cussed separately [50].

Furthermore, due to randomization, only patients with OCD as their
primary diagnosis were treated with memantine, whereas the two par-
ticipants with ASD received placebo. No participants with a primary
diagnosis of ASD received verum.

Despite these limitations, a specific strength of our study was the
randomized, double-blind, placebo-controlled, multi-center study
design, due to which, in principle, our results are more likely to accu-
rately depict clinical response compared to open-label trials. All in-
struments used had been psychometrically validated and tested in
various earlier clinical trials in this age group. By systematically and
extensively recording adverse events and symptom severity, we could
contribute and cautiously support the hypothesis that memantine is a
well-tolerated, safe and effective agent in children and adolescents with
OCD.

Additionally, to our knowledge, this is one of the very few studies in
this patient population to be conducted without funding from the
pharmaceutical industry. We were able to demonstrate that it is feasible
to establish and implement a double-blind, placebo-controlled pediatric
psychopharmacology clinical trial (formally registered in EudraCT,
Number: 2014-003080-38) across several European centers and coun-
tries without support from the well-established clinical trial infrastruc-
ture and expertise of the pharmaceutical industry. More study centers,
resources and funding as well as flexible timelines would most likely be
helpful to increase the number of recruited patients and thus of
completed clinical studies in pediatric psychopharmacology. Intensified
private-public partnership programs (‘PPP’: cf. IMI = Innovative Medi-
cation Initiative; [51]) could offer an additional promising alternative in
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this regard.
5. Conclusions

Our findings, although based on a very small number of patients and
therefore insufficient to draw clear conclusions, appear to be in line with
the hypothesis that memantine is an effective, tolerable and safe agent
for children and adolescents with ASD and/or OCD. In this study, par-
ticipants receiving verum, compared to those receiving placebo, showed
a numerically greater reduction in the CY-BOCS total score and the CY-
BOCS compulsion subscore from baseline to end of treatment. In
accordance with previous findings, our study supports the perception
that treatment with memantine in children and adolescents is well
tolerated and safe; no serious adverse events (SAEs) or discontinuations
due to AEs occurred in our study population.

Nevertheless, further research with more personnel and time re-
sources as well as higher funding is needed to acquire larger study
samples in order to complete a valid clinical development program for
this patient population, and thus to provide a sound basis for drug
registration and market authorization.

Our study findings appear to be consistent with the hypothesis that
memantine is an effective, tolerable and safe agent in treating children
and adolescents with ASD/OCD. As the currently existing therapeutic,
including pharmaceutical, options to treat compulsivity are often
insufficient, memantine still seems to be a promising treatment alter-
native. It is hoped that this incomplete study will contribute to stimu-
lating further investigation in this field, as additional research on
memantine in this population, possibly in larger study samples, is
required.

Ethics approval and informed consent

This study was approved by the Ethics Committee II of the Medical
Faculty Mannheim, University of Heidelberg (January 2015). Further
applications for ethical approvals in the UK (National Research Ethics
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