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ABSTRACT
Introduction

Despite stimulants being highly efficacious in short-term randomised controlled trials (RCTs), not all patients respond or can successfully tolerate them. A number of novel non-stimulant options are currently in the pipeline for the treatment of ADHD. 

Areas covered

We conducted a systematic review of RCTs registered in ClinicalTrials.gov in the past five years (January 2014 and February 2019), supplemented by searches in PubMed, Web of Science, and drug manufacturers websites to find recent RCTs on novel non-stimulant ADHD medications. 

Expert opinion

We found 28 pertinent RCTs of compounds acting on a variety of biological targets, including Dasotraline, Viloxazine (SPN-812), Centanafadine SR (CTN SR), OPC-64005, Fasoracetam (NFC-1, AEVI-001), Metadoxine (MDX), Vortioxetine, Tipepidine Hibenzate, Oxytocin, Sativex (delta-9-tetrahydrocannabinol (THC) plus cannabidiol), Mazindol, and Molindone hydrochloride (SPN-810). Given the high effect size found in RCTs of stimulants in terms of efficacy on ADHD core symptoms, it is unlikely that these novel agents will show better efficacy than stimulants, at the group level. However, they may offer comparable or better tolerability. Additionally, agents acting on etiopathophysiological targets disrupted in specific subgroups of patients with ADHD will move forward the pharmacotherapy of ADHD from a “one size fits all” to a “precision medicine” approach.
INTRODUCTION
Attention-Deficit/Hyperactivity Disorder (ADHD) is a common, often persistent neuropsychiatric disorder characterised by inattention, hyperactivity/impulsivity or both. It is one of the most common diagnoses in child and adolescent mental health services in many countries. It has an estimated worldwide prevalence of around 5% [1]. Although ADHD has been considered a childhood disorder for a long time, it is now established that impairing ADHD symptoms persist in adulthood in a sizable portion of cases (around 65%) [2], although there is variability in the reported figures of adult ADHD due to methodological heterogeneity across studies 
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. 
Medication is an important component of the multimodal treatment of ADHD. Pharmacological treatments include stimulants (methylphenidate and amphetamines) and non- stimulant options, such as atomoxetine or guanfacine. A recent comprehensive network meta-analysis 
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 of 133 double-blind RCTs showed high effect sizes, in terms of efficacy, for stimulants (standardised mean difference, SMD = -1.02, 95% CI -1.19 to -0.85 for amphetamines and -0.78, -0.93 to -0.62 for methylphenidate) versus placebo, at least in the short term. Indeed, stimulants are recommended as first line treatments in current guidelines [5] (methylphenidate followed by amphetamines in children/adolescents and methylphenidate or amphetamines in adults). However, stimulants may be less effective and poorly tolerated in some patients with ADHD, and a number of patients, parents or even clinicians may have reservations on their use. Moreover, additional compounds with lower abuse liability, improved coverage across the day, and better palatability (i.e., not associated with emotional or affective blunting which can be experienced with stimulants) are needed. Therefore, non-stimulant medications serve as an alternative to stimulants and are recommended as second-line options [5], in children as well as in adults. Effect size of licensed non-stimulants in terms of efficacy on core ADHD symptoms has been found to be of moderate magnitude, considering clinicians’ ratings [4]: atomoxetine 0.56 (95% CI = 0.45-0.66); guanfacine 0.67 (95% CI = 0.50-0.85); clonidine 0.71 (95% CI = 0.24-1.17; the large CI should prompt to consider this result with caution, as based on a limited number of studies). Over the past years, there have been continuous efforts to identify non-stimulant medications that may offer a viable alternative to the current treatments of ADHD, at least for particular subgroups of patients, although currently the only FDA approved non stimulants are atomoxetine, clonidine, and guanfacine.
Here, we set out to identify and describe recently registered randomised controlled trials (RCTs) of medications other than methylphenidate or amphetamines for the treatment of core symptoms of ADHD.
METHODS

We conducted a comprehensive systematic search through the ClinicalTrials.gov database for registered RCTs of novel ADHD medications, excluding currently licensed stimulants (methylphenidate or amphetamines), from January 1st 2014 to February 23rd 2019 (the initial search was planned for the 5-year period January 1st, 2014- December 31st, 2018, but we conducted a further update while finalising the present manuscript to find any possible additional pertinent studies in the period January 1st, 2019- February 23rd, 2019). We excluded trials on herbal products, medical food, homeopathy, and dietetic interventions/supplements. We sought to identify the safety, tolerability and efficacy of the novel compounds on core behavioural ADHD symptoms (i.e. inattention, hyperactivity or impulsivity, including impulsive aggression) in children, adolescents or adults with a formal diagnosis of ADHD. The following search terms were used: ADHD OR Attention-Deficit/hyperactivity Disorder OR Attention Deficit Hyperactivity Disorder or Hyperkinetic Disorder OR Hyperkinetic Syndrome. Restrictions were not placed on the level of blinding and phase of the trial. We then checked if study results were available in ClinicalTrials.gov and also if the study had been published as a full-text article by searching the study NCT number in PubMed. Furthermore, we searched PubMed from January 1st 2014 to February 23rd 2019 with the following search strategy/syntax: “(ADHD [ti] OR Attention Deficit [ti] OR Attention-Deficit [ti]) AND (randomised [tiab] OR randomized [tiab]), with no language restrictions, to detect any trials that we might have missed with the search in ClinicalTrials.gov. To retrieve data from trials not published as peer-reviewed full text, we searched Web of Science to gather any relevant conference proceedings in relation to each RCT included in or systematic review. Finally, we also checked if any press release from the relevant drug manufacturer was available by searching the drug company website.
RESULTS

We screened 437 references in ClinicalTrials.gov and identified a total of 28 pertinent RCTs 
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, summarised in Table 1. Further details reporting the inclusion and exclusion criteria for each retained study can be found in Table 2. The studies assessed the following compounds: 
Triple reuptake inhibitors:  Centanafadine SR (CTN SR), Dasotraline, OPC-64005

Dual reuptake inhibitors: Viloxazine (SPN-812)
Selective HT agonist: Vortioxetine
Others: Fasoracetam (NFC-1, AEVI-001), OPC-64005, Metadoxine (MDX), Tipepidine Hibenzate,  Oxytocin, Sativex (delta-9-tetrahydrocannabinol (THC) plus cannabidiol), and Mazindol. Despite having stimulant properties, Mazindol was included in our review as it is and atypical stimulant (Class 4), so different from methylphenidate and amphetamines, the two stimulants currently approved for ADHD. We also found three studies on a compound intended to be adjunctive treatment for ADHD:  Molindone hydrochloride (SPN-810), to specifically target aggression associated with ADHD symptoms. 
In the next sections, we describe in detail the compounds, included in the present systematic review, for which we found available data on efficacy and/or tolerability.  
Tripe reuptake inhibitors

Centanafadine

Centanafidine is a serotonin-norepinephrine-dopamine reuptake inhibitor. For NCT02547428 [15], a summary of the manufacturer press release [34] stated that “patients who received CTN 400 mg had a -15.1 point change from baseline in the primary endpoint when compared to a -8.1 point change observed with placebo thereby resulting in a difference of -7.0 along with an effect size of 0.6.. The 400 mg dose was generally well tolerated with rates of insomnia and loss of appetite less than typically seen with stimulants”.
We could not locate any information for NCT03605836 and NCT03605680 [13;14].
Dasotraline
Dasotraline is a serotonin-norepinephrine-dopamine reuptake inhibitor. We found four pertinent trials on Dasotraline [6-9]. One of these, [8] has been recently published as peer reviewed full text paper 
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. In this 6-week RCT, 342 participants (aged 6-12 years) were randomised to dasotraline or placebo. On the primary outcome (ADHD RS-IV HV total score), Dasotraline 4 mg/day was significantly better than placebo (effect size, ES = 0.48); this was not the case for the 2 mg/day dose (ES = 0.03). A similar pattern was also found for the secondary outcomes including the Clinical Global Impression (CGI)–Severity score, the Conners Parent Rating Scale-Revised scale (CPRS-R) ADHD index score, and subscale measures of hyperactivity and inattentiveness. Discontinuation rates due to adverse events (AEs) were 12.2%, 6.3%, and 1.7%, in the dasotraline 4 mg/day, 2 mg/ and placebo, respectively. The most commonly reported AEs were insomnia, decreased appetite, decreased weight, and irritability. No serious AEs or clinically relevant changes in blood pressure or heart rate were reported on dasotraline. 

In relation to NCT02734693 [7], we found a conference proceeding abstract [36] reporting that, in the intention-to-treat population of 112 participants (6-12 years), Dasotraline 4 mg/day was significantly better than placebo on the SKAMP-CS (ES= 0.85). The most frequent AEs with dasotraline 4 mg/day vs placebo were insomnia (19.6% vs 3.6%), decreased appetite (10.7% vs 3.6%), headache (10.7% vs 8.9%), affect lability (8.9% vs 7.1%), irritability (5.4% vs 3.6%), postural orthostatic tachycardia syndrome (5.4% vs 0%), and perceptual disturbances (5.4% vs 0%).
As for NCT02276209 [9], a company press release [37] stated  that “fixed doses of dasotraline 4 mg/day and 6 mg/day did not demonstrate statistically significant improvement at the 8 week primary endpoint on the ADHD Rating Scale (RS) IV (with adult prompts) total score compared to the placebo-treated group. A trend toward greater improvement for the 6 mg/day group at study endpoint compared to placebo was observed (p=0.074). Statistically significant improvement on the CGI-S was observed for the 6 mg/day group (but not the 4 mg/day group) at study endpoint (p=0.011). While the overall improvement associated with the Dasotraline treatment groups was consistent with prior studies, a relatively large improvement was seen in the placebo group on the ADHD RS-IV, which may have contributed to the observed lack of statistical separation at primary endpoint”.
We could not locate any data for NCT03231800 [6] and indeed its estimated date of completion is March 2019.
Dual reuptake inhibitor
Viloxazine 
Viloxazine is selective norepinephrine reuptake inhibitor. We located five pertinent RCTs [27-30;32] for this compound.

For NCT03247517 [29], a press release [38] announced that “200 mg and 400 mg doses reached statistical significance compared to placebo in the primary endpoint. Patients receiving SPN-812 200 mg and 400 mg had a -16.0 point change (p=0.0232) and a -16.5 point change (p=0.0091) from baseline, respectively, in the primary endpoint vs. -11.4 for placebo at week 6…With respect to the effect size, patients receiving 200 mg and 400 mg had an effect size of 0.47 and 0.50. The study demonstrated fast onset of action, reaching statistical significance for the 400 mg dose as early as week 1 ... In addition, SPN-812 200 mg and 400 mg met the Clinical Global Impression-Improvement secondary endpoint with p-values of 0.0042 and 0.0003, respectively, compared to placebo… AEs were mild leading to low discontinuation rates due to AEs of 1.9% to 4.1%. Treatment related AEs that reported at more than or equal to 5% for SPN-812 were somnolence, fatigue, decreased appetite, headache and nausea”.
As for NCT03247530 [27], another press release [39] stated ” 100 mg and 200 mg doses reached statistical significance compared to placebo in the primary endpoint. Patients receiving SPN-812 100 mg and 200 mg had a -16.6 point change (p=0.0004) and a –17.7 point change (p<0.0001) from baseline, respectively, in the primary endpoint vs. -10.9 for placebo at week 6….With respect to the effect size, patients receiving SPN-812 100 mg and 200 mg had an effect size of 0.54 and 0.57..The study demonstrated fast onset of action, reaching statistical significance for 100 mg and 200 mg doses as early as week 1 with p- values of 0.0004 and 0.0244, respectively…SPN-812 100 mg and 200 mg met all secondary endpoints, including the important analysis of the Clinical Global Impression Improvement (CGI-I) secondary endpoint, with p- values of 0.002 and <0.0001, respectively, compared to placebo.”
The same press release reported also a summary of the NCT03247543 [28] study, reporting that ”200 mg and 400 mg doses reached statistical significance compared to placebo in the primary endpoint. Patients receiving SPN-812 200 mg and 400 mg had a -17.6 point change (p=0.0038) and a –17.5 point change (p=0.0063) from baseline, respectively, in the primary endpoint vs. -11.7 for placebo at week 8.… With respect to the effect size, patients receiving 200 mg and 400 mg had an effect size of 0.46 and 0.49, respectively, within the range of 0.46 to 0.63 in the Phase IIb study results. Onset of action for SPN-812 showed clear differences compared to placebo starting by week 1, reaching statistical significance at week 5…In addition, SPN-812 200 mg and 400 mg met the CGI-I secondary endpoint with p- values of 0.0028 and 0.0099, respectively, compared to placebo.”

In both studies, the most common treatment related AEs included somnolence, headache, decreased appetite, fatigue, and upper abdominal pain.
As for NCT03247556 [30] the manufacturer expects to announce topline data by the end of the first quarter of 2019 [38]. We could not locate any result for NCT02633527 [32] from our systematic search (last search on February 23rd 2019) but during the revision process of the present paper, we located a peer-reviewed full report published on March 29th, 2019 
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. In this 8-week phase II double-blind, placebo-controlled RCT in 222 participants aged 6-12, Viloxazine 200, 300, and 400 mg/day was significantly more efficacious than placebo based on the ADHD-RS-Iv total scores (ES =  0.547, 0.596, and 0.623, respectively). Somnolence, headache, and decreased appetite were the most frequent AEs. 
Selective HT agonist

Vortioxetine
A full text report of a proof-of-concept RCT [23] was published during the revision of the present manuscript (7 March 2019) [41]. In this study, patients aged 18-55 years were randomized to vortioxetine 10 mg/day, 20 mg/day or placebo and non-placebo responders were then re-randomized to Vortioxetine (10 or 20 mg/day) or placebo. Whilst there were no significant differences between Vortioxetine (10 or 20 mg/day) and placebo on the AISRS total score, vortioxetine was significantly better than placebo in terms of improvement of patient functioning.
Fasoracetam

Fasoracatem is non-stimulant modulator of metabotropic glutamate receptors. For NCT03609619 [18] and NCT03265119 [19], a summary of the manufacturer press release [42] reported “negative results from the Phase II AEVI-001-ADHD-202 (ASCEND) trial after it failed to meet the primary endpoint of the study (reduction of ADHD-RS)”. It also reported that the compound was as safe and well tolerated with minimal adverse events reported among patients in both treatment groups.
We note here that in a non-randomised trial, and, as such, not included in our systematic review, 
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, with a single- blind placebo at week 1 and subsequent symptom-driven dose advancement up to 400 mg BID for 4 weeks, Fasoractem was associated with a significant improvement on Mean Clinical Global Impressions-Improvement (CGI-I) and Severity (CGI-S) and Parental Vanderbilt scores showed significant improvement for subjects with mGluR Tier 1 variants. 
Metadoxine
Metadoxine, also referred to as pyridoxine-pyrrolidone carboxylate, is a drug commonly used to treat acute and chronic alcohol intoxication. For NCT02189772 [20] a summary of the press release [44] stated that “a single administration of MDX in adolescent patients with ADHD achieved its primary endpoint. In the study, MDX showed good tolerability and no safety concerns were identified. The profile of adverse events in the MDX treated group was not different from the placebo comparator group”. 
For NCT02059642 [21], a poster [45] reported that in this RCT with 300 participants (152 assigned to MDX 1400 mg/day, the rest to placebo), in the ITT analysis (n = 297), the LS mean (95% CI) change from baseline to week 6 in the CAARS-Inv score was –12.0 (–13.95, –10.06) for the MDX group vs –9.9 (–11.89, –7.92) for the placebo group (P = 0.136). Additionally, the most common AEs were headache (MDX vs placebo: 15.1% vs 12.3%), nausea (8.6% vs 6.2%), and fatigue (7.2% vs 8.2%).
We note that the manufacturer of metadoxine decided not to pursue further the investment on this drug for ADHD (https://www.genengnews.com/news/alcobra-adhd-candidate-mdx-fails-phase-iii-trial/).  

Mazindol

The results of the RCT on Mazindol (NCT02808104 [22]) were published as full text study 
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. In this phase 2 randomized, double-blind, placebo-controlled 6-week trial, 85 adults with ADHD were randomised to Mazindol (1-3 mg/day) or placebo. At day 42, Mazindol was significantly better than placebo in reducing the severity of ADHD symptoms measured with the ADHD-RS-DSM5 (primary outcome) with a large effect size (= 1.09). 42.9% of participants randomised to Mazindol, vs 11.9% of those assigned to placebo, had a clinical global impression-improvement score of 1 or 2 (secondary outcome). No deaths or serious adverse events (AEs) were reported. 42, 38, and 57% of participants receiving Mazindol CR 1 mg, 2 mg, and 3 mg QD, and 21, 12, and 36% of patients receiving placebo, respectively, had AEs. Dry mouth, nausea, fatigue, HR increased, decreased appetite, and constipation were more frequent in the Mazindol group vs the placebo group. Mazindol was associated with minimal average increase in diastolic and systolic blood pressure (~ 3–6 mmHg) and heart rate (7.5 to 11 bpm). No significant changes in QTcF, PR interval, or QRS complex were noted. There were no remarkable alterations on physical examination, hematology, serum chemistry, or urinalysis values from baseline to day 42 between Mazindol CR and placebo. By day 42, participants randomised to Mazindol presented with a mean weight loss = 1.73 kg (range − 9.6 to + 3.7).

Additional data

We also note that for two studies (NCT02777931, NCT02059642), results were posted on ClinicalTrials.gov. However, statistics were performed only on one outcome (Change in Total ADHD Symptom Score With Adult Prompts of the Conners Adult ADHD Rating Scale:O-SV in ADHD Adults From Baseline to 6 Weeks) in NCT02059642, showing no superiority of MG01CI (Metadoxine extended release) vs placebo. In NCT02777931, NFC-1was not associated with any deaths or severe adverse events. We did not find any other relevant information for the other registered RCTs included in our systematic reviews.
EXPERT OPINION
Whilst stimulants, including methylphenidate and amphetamine, are currently the mainstay of pharmacotherapy for ADHD, a number of compounds are being developed or repurposed for the treatment of the core symptoms of ADHD (inattention, hyperactivity, impulsivity) in children and adolescents as well as in adults. These encompass a series of agents that act on a variety of biological targets, including serotonin-norepinephrine-dopamine reuptake inhibitors, norepinephrine reuptake inhibitors, dopamine modulators, modulator of metabotropic glutamate receptors, pyridoxine-pyrrolidone carboxylate, wake promoting agents, and dopamine D2 receptor antagonists. 

Unfortunately, as we searched RCTs that were registered recently (in the past 5 years), for a number of RCTs included in our systematic review we could not find publicly available data on efficacy or tolerability. Based on the results of the most comprehensive meta-analysis of RCTs medications in children/adolescents, and adults conducted so far [47], it appears unlikely that non-stimulant medications can outperform stimulants in terms of efficacy on ADHD core symptoms in children/adolescents, as the effects size for efficacy of stimulants (~ 0.8 for methylphenidate and ~ 1 for amphetamines) are the highest ever found in pharmacotherapy research in psychiatry. Indeed, since Bradley’s seminal work in 1937, dopamine dysfunction has clearly emerged as a fundamental mechanism in ADHD [48], so that any mechanism of action not involving catecholamine is likely to be associated with lower ES compared to that found with stimulants. Furthermore, recent trials of non-stimulants may have detected lower effects also because placebo effect has likely increased over time. However, the same meta-analysis found lower ES for methylphenidate (~ 0.5) and amphetamines (~0.8) in adults. As such, it will be interesting to asses to which extent the novel compounds may be comparable to stimulants in adults. In this regard, we note that Mazindol [27], a wake promotiong copund with stimulant properties, showed high effect size (= 1.09) on ADHD core symptoms in adults with ADHD, although the results of this industry sponsored trial should be independently replicated. Other compounds for which we were able to find study results showed in general lower effect sizes, within moderate range. Even though stimulants are highly efficacious on ADHD core symptoms at the group level, individual patients may not respond to them; as such, the availability of alternative second line options, even with lower effect size, is welcome. Furthermore, stimulants are generally effective soon after the optimal dose is reached, which is an important factor that patients in distress and their family consider in the decision-making process of starting a pharmacological treatment for ADHD. Interestingly, a non-stimulant compound for which data were available (Viloxazine) started being efficacious as early as week 1.  
With regards to tolerability, although in general possible adverse events that occur during stimulant treatment can be managed without the need of discontinuation of treatment, 
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 some patients show a particular vulnerability and they may benefit from second line options. The results available so far point to an overall good tolerability of the new compounds, but head-to-head RCTs would be needed to assess to which extent novel compounds compare to stimulants not only on efficacy but also on tolerability.

Whilst the action of currently available stimulants is mostly symptomatic rather than being based on etiopathophysiological mechanisms, it is interesting to note that some of the novel compounds have been tested in patients with specific genetic mutations. For instance, Fasoracetam (NFC-1, AEVI-001), a non-stimulant modulator of metabotropic glutamate receptors   has been tested, in adolescents with ADHD who have genetic disorders impacting mGluRs [18-19]. Although results of these trails on Fasoracetam have been disappointing, these studies should prompt other RCTs testing compounds that act on specific etiopathophysiological pathways. This is in line with the precision medicine approach and should inspire further research on druggable genomes (genes that encode proteins with properties amenable to pharmacological intervention with molecule 
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) in the field of ADHD, which should lead to more personalised treatment options.
FIVE YEARS VIEW
The implementation of a precision medicine approach based on compounds targeting specific etiopathophysiological mechanisms in neurobiologically homogeneous subgroups of individuals with ADHD will be key in the near future. We anticipate that the approach based on the so called “druggable genome” will represent a fruitful area of research in the field. While it is unlikely that direct clinical applications will emerge from this line of research within the next five years, we anticipate the in the next years there will be a refinement of the methodologies and proof-of-concepts studies that will serve as learning experiences for the field.  Additionally, novel compounds will be needed to target not only the core symptoms of ADHD, but also other frequently co-occurring dimensions such as aggressiveness and emotional lability, as currently available stimulants have shown only a moderate efficacy on these problems. For instance, a recent meta-analysis on the effects of ADHD medications in adults with ADHD found small-to-moderate effect sizes (methylphenidate: SMD=0.34, 95% CI=0.23-0.45; atomoxetine: SMD=0.24, 95% CI=0.15-0.34; lisdexamfetamine: SMD=0.50, 95% CI=0.21-0.8) [49].

In terms of study design, given the paucity of head-to head trials with “fair” dose comparisons in the field of ADHD, trials comparing non-stimulants vs stimulants and non-stimulants vs non-stimulants will be highly informative. Furthermore, pragmatic trials providing evidence to a stepped approach involving commonly used stimulants, novel non-stimulants, and non-pharmacological approaches will be pivotal to support daily clinical decision making. Additionally, as one of the most relevant unresolved questions in the field of the pharmacotherapy of ADHD pertains to the long-term effectiveness of currently available medications, long term RCTs or, if these are deemed unethical, withdrawal randomised trials will be crucial. [51]
Article Highlights 

· Stimulants, including methylphenidate and amphetamines, are the mainstay of the pharmacological treatment for ADHD
· Although stimulants highly efficacious at the group level, a sizable portion of patients with ADHD do not respond to them or cannot tolerate them

· Our systematic review of trials registered in ClinicalTrials.gov in the past 5 years showed that a number of compounds other then methylphenidate or amphetamines are being tested for the core symptoms of ADHD

· For a number of these studies, peer reviewed results have not been published

Table 1. Pertinent RCTs identified on medications, excluding methylphenidate or amphetamines, registered in the last 5 years (January 1st, 2014 to February, 23rd 2019) in ClinicalTrials.gov.
	NCT number 
	Name of Medication
	Dose
	Drug Manufacturer
	Start Date 
	Completion Date
	Published as peer reviewed full text 1
	Summary of results publicly available2 
	Age Group

	Tripe reuptake inhibitors

	NCT03605680
	Centanafadine SR
	200mg/day (100mg BID) or
400mg/day (200mg BID)
	Otsuka Pharmaceutical Development & Commercialization, Inc.
	September-2018
	Estimated: December-2019 
	No
	No
	Adults

	NCT03605836
	Centanafadine SR
	200mg/day (100mg BID) or
400mg/day (200mg BID)
	Otsuka Pharmaceutical Development & Commercialization, Inc.
	October-2018
	Estimated: January 2020
	No
	No
	Adults

	NCT02547428
	Centanafadine SR
	400 mg/day
	Neurovance, Inc.
	August-2015
	May-2016
	No
	Yes
	Adults

	NCT03231800
	Dasotraline
	2mg/day
	Sunovion
	31-July-2017
	Estimated: 01-March-2019
	No
	No
	Children

	NCT02734693
	Dasotraline
	4mg/day
	Sunovion
	April-2016
	February-2017
	No 
	Yes 
	Children

	NCT02428088
	Dasotraline
	2mg/day or
4mg/day
	Sunovion
	April-2015
	July-2016
	Yes
	Yes
	Children

	NCT02276209
	Dasotraline
	4mg/day or
6mg/day
	Sunovion
	December 2014
	September 2016
	No
	Yes
	Adults

	Dual reuptake inhibitor

	NCT03247530
	Viloxazine 
	100mg/day or
200mg/day
	Supernus Pharmaceuticals, Inc.
	20-October-2017
	29-October-2018
	No
	Yes
	Children 

	NCT03247543
	Viloxazine
	200mg or
400mg
	Supernus Pharmaceuticals, Inc
	31-October-2017
	19-November-2018
	No
	Yes
	Children

	NCT03247517
	Viloxazine
	200mg/day or
400mg/day
	Supernus Pharmaceuticals, Inc.
	20-October-2017
	20-October-2018
	No
	Yes
	Adolescent

	NCT03247556
	Viloxazine
	400mg/day or
600mg/day
	Supernus Pharmaceuticals, Inc.
	01-November-2017
	01-December-2018
	No
	No
	Adolescent

	NCT02633527
	Viloxazine
	Flexible dose
	Supernus Pharmaceuticals, Inc.
	01-February-2016
	25-July-2016
	Yes
	No
	Children

	Selective HT agonist



	NCT02327013
	Vortioxetine
	10mg/day or 20mg/day for 6 weeks
	H. Lundbeck A/S
	December-2014
	September-2016
	Yes
	Yes
	Adults

	Others 


	NCT02777931
	Fasoracetam 
	100mg, 200mg or 400mg BID
	Aevi Genomic Medicine
	June-2016
	17-February-2017
	No 
	No
	Adolescents

	NCT03609619
	Fasoracetam 
	100mg, 200mg or 400mg BID
	Aevi Genomic Medicine
	17-August-2018
	30-November-2018
	No
	Yes
	Children & Adolescents

	NCT03265119
	Fasoracetam 
	100mg, 200mg or 400mg BID
	Aevi Genomic Medicine
	28-August-2017
	01-October-2018
	No
	Yes
	Children & Adolescents

	NCT03324581
	OPC-64005
	20mg/day titrated up to a max of 30mg/day
	Otsuka Pharmaceutical Development & Commercialization, Inc.
	28-November-2017
	31-October-2018
	No
	No
	Adults

	NCT02189772
	Metadoxine 
	Dose determined by subjects weight at the baseline visit as follows:
1) 40-49kg consisting of a 700mg tablet
2) 50-64kg 1050mg consisting of a 700mg and 350mg tablet
3) 65-100kg 1400mg consisting of two 700mg tablets 
	Alcobra Ltd.
	August-2014
	January-2015
	No
	Yes
	Adolescents

	NCT02477748
	Metadoxine 
	1400mg/day tablet for 10 weeks
	Alcobra Ltd.
	June-2015
	January-2017
	
	No
	Adults

	NCT02059642
	Metadoxine extended release  
	1400mg/day
	Alcobra Ltd.
	March-2014
	September-2014
	No
	Yes
	Adults

	NCT02305134
	Tipepidine Hibenzate
	30mg/day for 4 weeks
	N/A
	January-2015
	Estimated: March-2019
	No
	No
	Children & Adolescents

	NCT03136263
	Oxytocin 
	Single dose (24IU)
	N/A
	14-December-2017
	Estimated: June-2019
	No
	No
	Adults

	NCT02249299
	Sativex (delta-9-tetrahydrocannabinol (THC) plus cannabidiol)
	NS
	GW Pharma Ltd
	August-2014
	December-2015
	No
	No
	

	NCT02808104
	Mazindol
	Dosage starting at 1mg increasing or decreasing in increments of 1mg depending on efficacy and tolerability. Max dose 3mg/day
	NLS-1 Pharma Inc.
	August-2016
	28-March-2017
	Yes
	Yes
	Adults, Older Adults

	NCT03597503
	Molindone 
	Flexible dose
	Supernus Pharmaceuticals, Inc.
	31-July-2018
	Estimated: 20-Decemeber-2019
	No
	No
	Adolescents

	NCT02618408
	Molindone 
	Flexible dose
	Supernus Pharmaceuticals, Inc.
	January-2016
	Estimated: March-2018
	No
	No
	Children

	NCT02618434
	Molindone 
	Flexible dose
	Supernus Pharmaceuticals, Inc.
	March-2015
	Estimated: May-2018
	No
	No
	Children


 Note: Different trials with same inclusion and exclusion criteria related to the same compound refer to different doses.
1  Up to 24.5.19 (during a revision of the current paper)

2 As conference proceeding or press release from drug manufacturer
Table 2. Key inclusion and exclusion criteria and results (when available) for each pertinent study.
	NCT number
	Key inclusion criteria
	Key exclusion criteria

	NCT03231800
	Age:  6-12 years; DSM-5 ADHD criteria; untreated for ADHD or effectively treated with stimulants; not treatment refractory
	Current or recent treatment with non-stimulants; diagnosis of asthma requiring treatment with bronchodilators; significant abnormality of the cardiovascular, gastrointestinal, respiratory, hepatic, or renal systems; abnormal ECGs; psychiatric comorbidities; chronic disease of the CNS; uncontrolled thyroid disorder; any history of attempted suicide; recent exposure to psychotropic medications.

	NCT02734693
	Age: 6 - 12 years; DSM-5 ADHD criteria; currently treated with MPH, well tolerated and clinically effective 
	Current or past treatment with amphetamine; failed 2 adequate courses of stimulant or non-stimulants treatment for ADHD; diagnosis of asthma requiring treatment with bronchodilators; current somatic or psychiatric comorbidity; any history of attempted suicide; recent exposure to psychotropic medications.

.



	NCT02428088
	Age: 6 and 12 years DSM-5 ADHD criteria

	Diagnosis of asthma requiring treatment with bronchodilators. Any clinically significant unstable medical abnormality or psychiatric comorbidity; failed 2 adequate courses of stimulants or non-stimulants; current somatic or psychiatric comorbidity; any history of attempted suicide; recent exposure to psychotropic medications.

	NCT02276209
	Age: 18-55 years; DSM-5 ADHD, criteria psychiatric disorders.
	Treated psychiatric disorder other than ADHD; any significant medical condition; history of non-response to two adequate treatment regimens of stimulants or non-stimulants; any history of attempted suicide; recent exposure to psychotropic medications. 

	NCT03247530
	Age: 6-11 years, DSM-5 ADH, medically healthy 
	Current major psychiatric or neurological disorders, or systemic diseases, suicidality BMI > 95th percentile for the appropriate age and gender, allergy.

	NCT03247543
	Age: 6-11 years, DSM-5 ADH, medically healthy 
	Current major psychiatric or neurological disorders, or systemic diseases, suicidality BMI > 95th percentile for the appropriate age and gender, allergy.

	NCT03247517
	Age: 12-17 years, DSM-5 ADH, medically healthy 
	Current major psychiatric or neurological disorders, or systemic diseases, suicidality BMI > 95th percentile for the appropriate age and gender, allergy.

	NCT03247556
	Age: 12-17 years, DSM-5 ADHD, medically healthy 
	Current major psychiatric or neurological disorders, or systemic diseases, suicidality BMI > 95th percentile for the appropriate age and gender, allergy.

	NCT02633527
	Age: 6-12 years, DSM-5 ADH, medically healthy 
	Current major psychiatric or neurological disorders, or systemic diseases, suicidality BMI > 95th percentile for the appropriate age and gender, allergy.

	NCT03597503
	Age: 12-17 years; Primary diagnosis of ADHD and currently taking an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy



	NCT02618408
	Age: 6-12 years; Primary diagnosis of ADHD and currently receiving monotherapy treatment with an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy



	NCT02618434
	Age: 6-12 years; Primary diagnosis of ADHD and currently receiving monotherapy treatment with an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy

	NCT03605680
	Age: 18-55 years; DSM-5 criteria for ADHD
	DSM-5 diagnosis of Other Specified or Unspecified Attention Deficit/Hyperactivity Disorder; psychiatric comorbid disorders; Subject has not derived significant therapeutic benefit from 2 or more ADHD therapies of 2 different classes (eg, amphetamine and methylphenidate) given with an acceptable dose and duration during adulthood; positive alcohol test, a positive drug screen for cocaine, or other illicit drugs

	NCT03605836
	Age: 18-55 years; DSM-5 criteria for ADHD
	DSM-5 diagnosis of Other Specified or Unspecified Attention Deficit/Hyperactivity Disorder; psychiatric comorbid disorders; Subject has not derived significant therapeutic benefit from 2 or more ADHD therapies of 2 different classes (eg, amphetamine and methylphenidate) given with an acceptable dose and duration during adulthood; positive alcohol test, a positive drug screen for cocaine, or other illicit drugs

	NCT02547428
	Age: 18-55 years; DSM-5 criteria for ADHD
	DSM-5 diagnosis of Other Specified or Unspecified Attention Deficit/Hyperactivity Disorder; psychiatric comorbid disorders; Subject has not derived significant therapeutic benefit from 2 or more ADHD therapies of 2 different classes (eg, amphetamine and methylphenidate) given with an acceptable dose and duration during adulthood; positive alcohol test, a positive drug screen for cocaine, or other illicit drugs

	NCT03324581
	Age: 18-55 years; DSM-5 criteria for ADHD
	History of inadequate response or suboptimal tolerability to atomoxetine; allergies to stimulant or nonstimulant ADHD medications.

Comorbid psychiatric or medical conditions



	NCT02777931
	Age: 12-17 years; DSM-5 criteria for ADHD; IQ> 79; disruptive mutations in genes within the glutamate receptor metabotropic (GRM)-network; no abnormal ECG

	Comorbid psychiatric disorders; prohibited medication; known history or presence of syncope, or other cardiovascular conditions; history of stroke, chronic seizures, or major neurological disorder 



	NCT03609619
	Age: 6-17 years; DSM-5 criteria for ADHD; Previously genotyped
	Current, controlled or uncontrolled, co-morbid major psychiatric diagnosis; any prohibited medication; known history of cardiovascular diseases, abnormal ECG  

	NCT03265119
	Age: 6-17 years; DSM-5 criteria for ADHD; Previously genotyped
	Current, controlled or uncontrolled, co-morbid major psychiatric diagnosis; any prohibited medication; known history of cardiovascular diseases, abnormal ECG  

	NCT02737020
	Age: 18 years or older; DSM-5 criteria for ADHD; IQ> 79
	Clinical contraindication for Rhodiola rosea; any unstable chronic illness, including psychiatric conditions, without proper treatment (current use of nicotine (<30 days); prior use of stimulants; prohibited drugs

	NCT02737033
	Age: 18 years or older; DSM-5 criteria for ADHD; IQ> 79
	Clinical contraindication for Rhodiola rosea; any unstable chronic illness, including psychiatric conditions, without proper treatment (current use of nicotine (<30 days); prior use of stimulants; prohibited drugs

	NCT02189772
	13-17 years; predominantly inattentive ADHD (DSM-5criteria) 
	Any psychiatric condition or clinically significant or unstable medical or surgical condition; history of intellectual disability use of mega-dose vitamin B6/pyridoxine or supplements of omega-3 fatty acids during the 28 days before the Randomization Visit, suicidality

	NCT02059642
	18-55 years; ADHD based on DSM-5 criteria 


	Any psychiatric condition or clinically significant or unstable medical or surgical condition; history of intellectual disability use of mega-dose vitamin B6/pyridoxine or supplements of omega-3 fatty acids during the 28 days before the Randomization Visit, suicidality

	NCT02477748
	18-55 years; ADHD based on DSM-5 criteria 


	Any psychiatric condition or clinically significant or unstable medical or surgical condition, suicidality

	NCT02327013
	Age: 18-55 years; diagnosis of ADHD according to DSM-5 
	Previous treatment with vortioxetine, any current psychiatric disorder, intellectual disability, use of drugs of abuse, two prior failed adequate trials of ADHD treatment, history of head trauma or other neurological disorders, suicidal history

	NCT02305134
	Age: 6-17 years; Diagnosis of ADHD (DSM-5 criteria)
	History of allergic reaction or hypersensitivity to tipepidine hibenzate; comorbid psychiatric conditions; prohibited medications, suicidal history 

	NCT03136263
	Male, Age: 18-55 years, diagnosis of attention deficit/hyperactivity disorder


	History of cardiovascular disease or diabetes mellitus, untreated thyroid disease, haematocrit below the normal range, tobacco use, any other significant illness or condition that 



	NCT02249299
	Age: 18-55 years; DSM 5 criteria for ADHD, unmedicated or medicated with stimulant medication only,  

	Other prescription and non-prescription medication or recreational drugs during the study, autism spectrum disorders and other psychiatric disorders, neurological problems. Subjects who are using or have used cannabis or cannabis-based medications in the 30-day period prior to study entry. Concurrent history of renal, hepatic, cardiovascular or convulsive disorders.

	NCT02808104
	Diagnosis of ADHD (DSM-5 criteria)

	Any primary DSM-5 Axis I disorder other than ADHD or any comorbid DSM-5 disorder that currently requires treatment. Treatment with medications for any psychiatric or neurologic condition. History of significant cardiovascular disease, abnormal ECG. Prohibited medications. Suicidal ideation within past 3 months, suicidal behavior within the past year, or a C-SSRS score of 3, 4 or 5 on ideation item.

· 

	NCT03597503
	Age: 12-17 years; Primary diagnosis of ADHD and currently taking an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy



	NCT02618408
	Age: 6-12 years; Primary diagnosis of ADHD and currently receiving monotherapy treatment with an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy



	NCT02618434
	Age: 6-12 years; Primary diagnosis of ADHD and currently receiving monotherapy treatment with an optimized FDA-approved ADHD medication

	History or current diagnosis of epilepsy or psychiatric disorders 

IQ <70, active suicidal plan/intent or active suicidal thought, criminal arrest, alcohol or drug use or pregnancy
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