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Abstract

In 2017, facing lack of progress and failures encountered in targeted drug development for

Autism Spectrum Disorder (ASD) and related neurodevelopmental disorders, the ISCTM with

the ECNP created the ASD Working Group charged to identify barriers to progress and recom-
mending research strategies for the field to gain traction. Working Group international academic,
regulatory and industry representatives held multiple in-person meetings, teleconferences, and
subgroup communications to gather a wide range of perspectives on lessons learned from

extant studies, current challenges, and paths for fundamental advances in ASD therapeutics. This
overview delineates the barriers identified, and outlines major goals for next generation biomedical
intervention development in ASD. Current challenges for ASD research are many: heterogeneity,
lack of validated biomarkers, need for improved endpoints, prioritizing molecular targets,
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comorbidities, and more. The Working Group emphasized cautious but unwavering optimism

for therapeutic progress for ASD core features given advances in the basic neuroscience of ASD
and related disorders. Leveraging genetic data, intermediate phenotypes, digital phenotyping, big
database discovery, refined endpoints, and earlier intervention, the prospects for breakthrough
treatments are substantial. Recommendations include new priorities for expanded research funding
to overcome challenges in translational clinical ASD therapeutic research.

Keywords
Autism; Treatment; Clinical trials; Endpoints; Biomarkers; Children; Drug development

1. Introduction

Autism Spectrum Disorder (ASD) is recognized as a common (1 — 2.5% prevalence in
children) (Baio et al., 2018; Christensen et al., 2019; Delobel-Ayoub et al., 2020; Guthrie
etal., 2019; Mabher et al., 2019; Zablotsky et al., 2019) syndrome of childhood-onset delays
and deviations in social communication and interaction, narrowed and unusual interests,
repetitive behaviors, and sensory hypersensitivities, that, for most individuals, predicts
lifelong impairments in real world functioning. Two decades of increases in intervention
research funding with advances in the basic neuroscience understanding of ASD has not
produced progress in pharmacological interventions for ASD core deficits. Despite modest
gains in evidence for treating associated symptoms (Handen et al., 2015; Scahill et al.,
2015), currently available approaches (drug and non-drug) are too often insufficient to
enable adult independent functioning. Efforts to develop medicines to address core features
of ASD have failed to produce any approved agents that mitigate fundamental deficits

or advance skills, leaving an unclear roadmap for future drug development efforts and
investments in this area. Identified challenges are listed in Table 1.

Concerned that ASD clinical therapeutics could stall, in 2017 the International Society of
CNS Clinical Trials and Methodology (ISCTM), together with the European College of
Neuropsychopharmacology (ECNP), created an ASD Working Group. The Working Group
is composed of experts from academia, clinical care, industry, and regulatory agencies. The
Group’s charge was to review and identify the landscape of challenges encountered in ASD
drug development, find consensus on key issues including research tools and methodologies,
and to generate recommendations for the field, funding agencies, potential sponsors, and
oversight groups. Through a series of face-to-face meetings, teleconferences, extensive
literature review, and solicitation of comments from experts, a catalog of challenges

and opportunities for progress has been assembled. This report shares the findings of

the Working Group (and accompany-ing commentaries) to stimulate further discussion,
prioritize actions, and hopefully contribute to future progress to meet the major unmet
therapeutic needs of individuals and families with ASD and related disorders through
successful drug development.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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2. Challenges: current state of drug treatments for ASD

For two decades, the US has made significant research investments of over $110 million
USD in ASD research networks and centers (not including single projects), including
clinical and translational treatment studies. Funding included randomized clinical trials
(RCT) of risperidone (three), methylphenidate, guanfacine, secretin (two), aripiprazole
plus language intervention, citalopram, fluoxetine, oxytocin (two), escitalopram, buspirone,
and a wide range of behavioral interventions. Additional clinical trials are ongoing.

These large-scale programmatic NIH ASD research efforts continue under the Autism
Centers of Excellence (ACE) Centers and Networks programs. In the European Union,
the largest world-wide, multi-center, multidisciplinary, multinational research consortium
focused on ASD and related disorders, the European Autism Interventions-A Multicentre
Study for Developing New Medications (EU-AIMS; www.eu-aims.eu) is well underway;,
funded by the Innovative Medicines Initiative 2 (IMI12), that includes emphases on
biomarker identification and personalized treatment approaches. Other cross-collaborative
opportunities, such as the POND network in Canada have aligned with and contributed
significantly to the effort to gather complementary data, along with efforts from privately
funded foundations and industry.

At the same time, pharma-supported Phase 11 and 111 ASD and Fragile X Syndrome (FXS)
trials of aripiprazole, mGIuR5 antagonists, arbaclofen, fluoxetine, memantine, balovaptan,
and lurasidone have been completed, as well as smaller controlled studies of oxytocin,
vasopressin, D-cycloserine, N-acetylcysteine, CX516, and donepezil. While many RCTs
have focused on associated symptoms such as irritability, hyperactivity, and anxiety as
primary endpoints, an increasing number have been directed toward core deficits, such

as social withdrawal for arbaclofen in ASD and FXS. To date, only three EMA and two
US FDA indications have been approved, all for associated symptoms of “irritability” or
insomnia associated with ASD. Systematic reviews applying accepted standards of evidence
find only “possible” indications at best for the use of other agents for other behavioral
endpoints in individuals with ASD (Ameis et al., 2018).

Although drug development for neurodevelopmental disorders (NDDs) has proved daunting
and determined by some companies to represent unacceptable risk, better understanding
of the genetics and neurobiology of ASD is changing this view. Compounds currently

in clinical development (see Table 2) reflect a large number of molecules with diverse
mechanisms of action in various stages of clinical development. A broader view, including
compounds in preclinical development, are available in Supplementary Table 1. Taken
together, the ASD and NDD space appears to be maintaining activity and gaining
momentum. The Working Group’s intention is to support broader interest in this area

by offering recommendations for early phase planning and go/no-go decision-making,
identifying areas for methodologic advancements, and highlighting key findings in the
service of “de-risking” additional drug development efforts.

2.1. Translational failures of preclinical targeted treatments

An exciting new era of testing targeted treatments for ASD and related disorders was
spurred 15 years ago by foundational basic science and persuasive theories of the role

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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of CNS excitatory-inhibitory (E/I) signaling imbalances in ASD and FXS derived from
animal models (Rubenstein and Merzenich, 2003; Bear et al., 2004). Multiple successful
pharmacologic preclinical “rescues” of ASD-like behavioral analogues in animal models
appeared consistent with disrupted excitatory glutamatergic and inhibitory GABAergic
signaling (Ddlen et al., 2007; Gandal et al., 2012) and other associated signaling
abnormalities, such as serotonin (Veenstra-VanderWeele and Blakely, 2012; Muller et al.,
2016). Yet, translational clinical trial results in FXS and idiopathic ASD examining benefits
on core ASD features of the GABA-B agonist arbaclofen, mGIuR5 antagonists mavoglurant
and basimglurant, the glutamatergic N-methyl-D-aspartate (NMDA\) receptor antagonist
memantine, and others have been disappointing (Aman et al., 2017; Erickson et al., 2017;
Youssef et al., 2017; Anagnostou, 2018). No conclusive evidence exists to support efficacy
of any drug for the treatment of ASD core deficits despite multiple attempts. Related
failures include lack of benefit for agents in trials for children with Down Syndrome,
Angelman Syndrome, prevention of ASD symptoms and cognitive decline in tuberous
sclerosis complex (TSC) and neurofibromatous type 1 (NF1), where preclinical “rescues”
of animal models could not be confirmed in clinical studies (van der Vaart et al., 2015;
Sonozogni et al., 2018; Overwater et al., 2019). One bright note is the positive efficacy
reported, albeit small in magnitude, for trofinetide in Rett Syndrome (Glaze et al., 2019),
with a follow up Phase 111 study in progress.

These programs also exposed a number of fundamental weaknesses in methodology,
knowledge gaps, and conceptual models in clinical translational research involving these
disorders (\Veenstra-VanderWeele, 2017). In retrospect, human clinical trials proved the E/I
imbalance theory of FXS and ASD to be overly simplistic, lacking the needed specificity
of identifying and quantitating key circuit or network E/I disruptions with linkages to

core features of these syndromes. Without identified “targets” and assays to determine
adequacy of drug normalization of E/I function, it is perhaps not surprising that so many
drug development efforts derived from the theory have failed.

These failures to find new treatments for ASD parallel the challenges encountered in drug
development for other neuropsychiatric disorders (Paul et al., 2010), but progress in ASD
lags behind other areas. The degree of difficulty and high failure rate in translating basic
science findings into clinical applications has been described in the past as entering the
“Valley of Death” (Szatmari, P. 2012), leading to a growing gulf between basic and clinical
research in NDDs. At the same time, accelerating basic science and lessons learned from
clinical research experience have prompted serious efforts to advance the science of clinical
drug development and point to opportunities for methodologic enhancements to improve
odds for eventual success in this space. In the next sections, we will identify specific
challenge areas encountered, representing opportunites for trial improvements, and offer
possible strategies for progress.

3. Opportunities for ASD clinical trial improvements

3.1. Dealing with ASD phenotypic heterogeneity

The phenotypic heterogeneity of ASD is broad and multi-dimensional. Such heterogeneity
has long been acknowledged as a challenge for treatment development and was captured

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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in the earliest case descriptions of the disorder (Kanner, 1943) and differences in

outcomes (Kanner, 1971). The range of overall severity of ASD is extensive (Wing and
Gould, 1979). Level of symptoms, atypical and challenging behaviors, and delays (and
corresponding impairment) can also differ within each of the two core ASD domains of
social communication/interaction and repetitive behaviors and restricted interests (includes
sensory sensitivity). Overlaid on these ASD symptom domains is marked variability

in language ability and intelligence (1Q), ranging from nonverbal/profound intellectual
disability (ID) to “hyperverbal”/superior 1Q. ASD impairments show a high degree

of lifetime persistence, although outcomes differ (Magiati et al., 2014). Disappointing
outcomes in social functioning (Orsmond et al., 2013), ability to live independently, and
employment (Roux et al., 2013), even in the cognitively able (Howlin and Magiati, 2017),
compels the search for improved treatments. Possible latent classes that model outcomes and
may signify relevant subgroups within ASD have been reported (Bal et al., 2015); given that
noverbal 1Q and language remain strong outcome predictors adulthood (Eaves and Ho, 2008;
Howlin et al., 2014; Bal et al., 2015; Stringer et al., 2020), they deserve consideration as
treatment targets.

One major weakness of much prior ASD therapeutic research is an implicit assumption

that the cause of dysfunction across the domains of social relatedness, communication,

and repetitive behaviors/restricted interests within an individual reflects a unitary process

or neurobiology. While consolidation into the current, single spectrum diagnosis of ASD
(DSM-5; APA Press, 2013) of Autistic Disorder, Asperger’s Disorder, and Pervasive
Developmental Disorder, Not Otherwise Specified was prompted by efforts to increase
diagnostic reliability and limited justification for their separate categories, it did not presume
a singular ASD etiology across or within the syndrome. Indeed, ASD likely represents a
group of different disorders that share some core ASD symptoms but differ in risk factors,
neurobiology, and phenotypic expression (Muhle et al., 2018). The current behavioral
criteria for ASD show validity as a diagnostic category (Frazier et al., 2009; T.W. 2012), but
multiple lines of research are probing putative separable, independent elements of ASD and
their underlying correlates (Happe et al., 2006; Mazefsky et al., 2008; Frith, 2012). Refining
the phe.notypic characterization of ASD should facilitate identifying distinct versus shared
pathophysiologies, conceivably representing discrete treatment targets requiring different
treatments (Waterhouse and Gillberg, 2014; Arango, 2019; Parellada, 2019). Sub-typing by
sensory features may be another fruitful dimension for clinical trials (Tillman et al., 2020).
However, identification of “biotypes” in other areas such as psychosis has revealed that
multiple underlying influences can converge in shared phenotypic manifestations (Clementz
et al., 2018). Examing various stratifications of phenotype and querying those for drug
response may be a further necessary step in ultimate treatment personalization.

3.2. Considering severity subtyping in trials

Extant data supports ASD as composed of multiple phenotypic traits or dimensions, each
normally distributed in the population and only modestly related to one other (Ronald et
al., 2006). ASD clinical trial selection and endpoints have generally not reflected these
separable characteristics, with greater sample heterogeneity and likely loss of sensitivity
to change. Earlier studies, typically relying on a single instrument for ASD symptoms,
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suggested ASD was modeled best as a one-dimensional underlying factor (Constantino

and Todd, 2003; Constantino et al., 2004) or as two dimensions. Subtyping ASD by

severity has garnered support with two and three clusters noted, interpreted to reflect

overall degree of developmental “compromise” (Waterhouse et al., 1996; Prior et al.,

1998). At the symptom level, three severity subtypes were identified with differing ages at
diagnosis, adaptive functioning, language, and cognitive ability, defined by severity of social
communication deficits versus restricted interests and repetitive behaviors (Georgiades et
al., 2013). Incorporating a broader set of phenotypic data identified two distinct subgroups
defined by levels of overall severity across multiple symptom (ADOS and ADI-R scores),
anthropomorphic, and adaptive behavior measures (Vineland Adaptive Behavior Scales),
demonstrating convergent validity by greater subtype familiality and genotypic correlations
(\eatch et al., 2014). Another subtyping approach involves the identification of individuals
who demonstrate a large (> 1 standard deviation of expected) deficit in daily living skills
versus their 1Q, despite having 1Q scores in the normal range (>85). One report noted 56%
of the 417 children and adolescents comprising the Simons Simplex Collection to manifest a
“daily living skills deficit” (Duncan and Bishop, 2015). Total Social Responsiveness Scale-2
scores (SRS-2, Constantino et al., 2004), appreciated now as an overall severity measure

of the whole of ASD core symptoms, language delay, and associated behaviors (Hus et

al., 2013; Sturm et al., 2017), were found in genome-wide significant linkage with loci at
CHR8p21.3 and 8g24.22 (Lowe et al., 2015), supporting the validity of overall severity as a
possible biologically based dimension within ASD.

Lower sample severity may impact sensitivity to detect change in clinical trials for ASD and
related disorders (King et al., 2013) by association with higher placebo response, though
not confirmed in a meta-analysis of ASD RCT’s (Masi et al., 2015). Baseline total scores
on the Aberrant Behavior Checklist — Community Version (ABC - CV - Total) for subjects
in the negative mGIuRS5 trials of basimglurant (Yousef et al., E. 2018) and mavoglurant
(Berry-Kravis et al., 2016) in FXS were >50% lower than the samples in positive ASD
pivotal trials for risperidone (McCracken et al., 2002) and aripiprazole (Marcus et al., 2009;
Owen et al., 2009), and Clinical Global Impression — Severity (CGI — S) severity scores also
showed lower overall severity, largely driven by study inclusion/exclusion criteria. Similar,
though less marked, lower sample severity (by 20 — 30%) is also noted for negative trials of
arbaclofen for FXS and ASD.

3.3. Subtyping social functioning and social behavior endpoints in ASD

The difficulties in overall social functioning of individuals with ASD reflects the cumulative
impact of multiple related, but not necessarily linked, weaknesses and atypicalities in

social behavior, including problems of “social communication” or skill (SC) and “social
interaction” or adaptation (SI) at the phenotype level, forming the three “social” domain
criteria required for the DSM-5 diagnosis of ASD. These deficits are not necessarily well
represented as a unitary dimension in children or adults with ASD, despite evidence for
shared genetic associations influencing social communication and adaptive functioning
scores in high functioning children with ASD and the general population (Robinson et al.,
2016). The discrepancy between granular social phenotyping studies and genetics likely
relates to the limited variability explained by genetics and differences at the extreme

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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ends of behaviors and abilities. About 30% of children with ASD never develop phrase
speech, representing an important subgroup with severe disability and impairment of
adaptive functioning, but likely with differing familial/genetic structures (Taylor et al.,
2014). Few drug trials have targeted this specific subgroup and the majority of experimental
medicine trials in ASD and neurogenetic disorders have excluded them (Tager-Flusberg
and Kasari, 2013). The SC domain alone is increasingly understood as subdi- vided

into subdimensions, each potentially contributing to social disability, with differences in
definition and interrelationships. Social communication can be impacted by differences

in social cognition, social motivation, social anxiety or withdrawal, and social skills
(conversational ability, integrating verbal and nonverbal communication; A.A. Pallathra

et al., 2018). Measures of basic language skill acquisition and functional usage (age of
phrase speech, Vineland Communication scores, ADI-R items, ADOS subscale scores,
natural language samples, SRS items) emerge as separable from social interaction quality
(relatedness, social interest and approach) in multiple studies, showing distinctive factor
structures and heritabilities (Frazier et al., 2014; Bishop et al., 2016; Ronald et al., 2006;
Kim et al., 2019a). For example, further fractionation of SC into a familial “joint attention”
dimension demonstrated suggestive linkage at 11923 (Liu et al., 2011), and use of “age at
first word” as a QTL showed initial suggestive linkage at 7935 (Alarcon et al., 2002) which
was attenuated in an expanded sample, but suggested linkage at 3q and 17q (Alarcon et al.,
2005).

Attention to variability in social drive has emerged from studying social adjustment of
children with ASD, who often report loneliness and desire for friendships (Locke et al.,
2010; Kasari et al., 2011). Adolescents with ASD indicated reduced social pleasure versus
typically developing controls (Chevallier et al., 2012), and most adults with ASD scored
above clinical cutoffs as anhedonic (Carré et al., 2015), with significant relationships
between hedonic impairment and severity of ASD. Comparing children and adolescents
with ASD versus a non-ASD psychiatric sample, two thirds of the ASD versus one fourth

of the psychiatric group met criteria for social anhedonia (Gadow and Garman, 2020).
Neural activation of reward circuit components during social, nonsocial, and vicarious
reward processing is also atypical (Scott-Van Zeeland et al., 2010; Dichter et al., 2012; C.
Clements et al., 2018; Greene et al., 2020), however there may be prominent sex differences
(Lawrence et al., 2020). Intranasal oxytocin increased activation to non-social, but not social
rewards in children with ASD (Greene et al., 2018). Reduced reward responses in early
childhood are believed to lead to cascading negative effects on social development, but
social responsivity is rarely assessed in ASD clinical trials, specified for inclusion/exclusion,
or nominated as a treatment target per se. Distinct individual differences in desire for social
engagement among study participants may not be well-assessed; decreased salience of social
interaction as a source of pleasure may be a challenge to increasing prosocial behavior and
demonstrating improvement in clinical trials.

Examining relationships between four elements of social behavior (social cognition, social
motivation, social anxiety or withdrawal, and social skills) and ASD phenotypic measures
revealed that social motivation measures were significantly (though only moderately) and
broadly correlated with most but not all measures of anxiety, social skills, and ASD
severity, but were not significantly correlated with social cognition measures (Pallanthra

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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etal., A.A. 2018); measures included represented a broad sampling of well validated tools.
Others identify potentially five elements (M. Uljarevic et al., 2020c). Social cognition
(understanding facial expressions, other’s perspectives) measures were notable for their
absence of relationships to other categories of social behavior. Overall, social functioning
is determined by multiple elements that are relatively independent and hence may require
separate interventions and measurement approaches. These data also support considering
social motivation as a defined treatment target and afford some initial assessment of the
measurement characteristics of available clinical tools.

3.4. Repetitive, restricted behavior subtyping as endpoints

The other DSM-5 ASD diagnostic domain of repetitive behaviors and restricted (or
circumscribed) interests (RRBSs) is an important source of additional disability, interference,
and stigmatization. The broad domain of RRBs is composed of multiple subtypes,

based upon factor analyses, neurocognitive correlates, independent familial correlations,
heritability estimates, and genetic associations (Silverman et al., 2002). Clinically, RRB
severity may be influenced by co-occurring emotional disorders; early childhood RRBs
may predict later anxiety (Baribeau et al., 2019). Multiple studies support the separation of
restricted interests (RI1), so-called “higher-order” behaviors, from repetitive sensory-motor
(stereotypic; RSM), or “lower order” behaviors (Turner, 1999; Frazier et al., 2014b), but
other studies and reviews identify up to four subtypes (Honey et al., 2012; Uljarevic et al.,
2020a). The further subdivision of “insistence on sameness” (IS) is supported by differing
associations with other clinical characteristics (Lam et al., 2008). Results differ by type of
measures used. Applying measures that capture a broader array of RRBs than the ADI-R,
such as the Repetitive Behavior Scale — Revised (RBS-R; Bodfish et al., 2000), factor
analyses and family data find support for at least three factors, as well as self-injurious
behavior, another possible separable dimension of repetitive behavior. Sib-pair correlations
of 1S and RI appear more familial that RSM behaviors (Lam et al., 2008); genome-wide
linkage for IS was observed at 2037.1-gq37.3, and for RSM at 15913.1-q14 (Cannon et

al., 2010) and 19g13.3 (Liu et al., 2011). Another report found that 7 of the 12 total

ADI-R RRB items were significantly familial, and genome-wide association was identified
at 17921.33 for the single symptom of “the degree of the repetitive use of objects or interest
in parts of objects”, suggesting further fractionation within RRBs may emerge (Cantor et al.,
2018). Taken together, data support additional efforts to identify refined RRBs subtypes with
stronger biological linkages as treatment endpoints.

3.5. ASD cognitive deficits as treatment targets

Largely ignored as ASD trial targets compared to schizophrenia drug development, research
has attempted to identify ASD cognitive phenotypes (Happe and Firth, 1996; Ibrahim et

al., 2016). Results add to ASD heterogeneity and potential treatment targets as quantifiable
endpoints.

The overlap of ID in the majority of “classic autism” was hypothesized to reflect autism
risk load (Folstein and Rutter, 1977; Szatmari and Jones, 1991). However, co-occuring ID
per sein ASD probands was not found to increase sibling risk (Szatmari et al., 1996), and
recently diagnosed cohorts of ASD from US community surveillance show that 70% or

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.
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more of 8-year old children with ASD are cognitively able, with 1Q’s falling within normal
range (Baio et al., 2018); population-based registries of 7 — 9 year old children with ASD
from three EU countries found 11 — 21% were diagnosed with 1D (Delobel-Ayoub et al.,
2020). Furthermore, population studies find little overlap between extremes of autistic traits
and 1Q (Hoekstra et al., 2010). “Syndromic” ASD does show substantially higher rates of
co-occurring ID, but the syndromic ASD-associated causative loss of function single gene
mutations or CNV gene disruptions only represent 15% of overall ASD (syndromic and
idiopathic ASD together) genetic risk. Therefore, the risk factors for the majority of ASD-
associated cognitive differences remain unexplained (Ramaswami and Geschwind, 2018).
Substantial research has attempted to define the cognitive phenotype(s) of high-functioning
individuals with ASD versus neurotypical controls, identify the relationships of cognitive
differences to symptom domains, and their distal impact on adaptive functioning. Cognition
appears to be an important intermediate phenotype of ASD, and deserves consideration as a
tractable treatment target.

Research on cognition in ASD has been limited by presumptions of singular cognitive
theories accounting for diverse features of ASD. The primary cognitive deficits proposed
in social cognition (Baron-Cohen, 1988), executive function (Ozonoff et al., 1991), central
coherence, or selective attention aimed to predict core ASD symptoms, but each proved

to have limitations (Happe et al., 2006; Frith, 2012). Recent systematic reviews and
meta-analyses (Demetriou et al., 2018; Velikonja et al., 2019) have provided a more
comprehensive understanding of social and nonsocial cognition in ASD and highlight
intervention targets (Keehn et al., 2013).

Deficits in both social and nonsocial cognitive domains are robustly associated with ASD,
and are mostly consistent in studies from schoolage into adulthood. Performance on

tasks assessing Theory of Mind (ToM) understanding and emotion processing (eg, face
recognition, social memory) show large effect size differences (g =-0.8 to —1.1) in adults
with ASD versus neurotypical adults (\elikonja et al., 2019) comparable to deficits seen
in young adults with early psychosis (Pepper et al., 2018). Estimates of social cognition
in children with ASD are more variable, in part due to the complex interactions of
developmental level, 1Q, and language competency but nevertheless differ from typically
developing schoolage and older children (Charman et al., 2011; Demetriou et al., 2018).
Though studies differ, meta-analyses also show large (g = —0.60) effect size reductions in
performance across a broad range of nonsocial cognitive domains combining child and adult
studies (Demetriou et al., 2018).

Individual profiles vary considerably between social and nonsocial cognitive ability, and
across subdomains of nonsocial cognition, defying any effort to identify a singular ASD
profile. Importantly, aspects of both social and nonsocial cognitive ability have shown
complex but significant associations with symptom severity in various ASD core domains.
(Joseph and Tager-Flusberg, 2004; Jones et al., 2018). For example, multiple studies

have linked the perseverative features of RRBs to measures of inhibition and cognitive
inflexibility in ASD (De Vries and Geurts, 2012; Lopez et al., 2005; Yerys et al., 2009; Faja
and Darling, S. 2019; Bos et al., 2019). Other reports note executive functions predicting
overall ASD severity (Leung et al., 2016) and adaptive functioning (Ozonoff et al., 2004).
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Conversely, poorer ToM has beeen associated with externalizing and self-injurious behaviors
in adolescents with ASD (Carter Leno et al., 2019), but not social behaviors (Travis et al.,
2001).

Taken together, social and non-social cognitive deficits associated with ASD are important,
given their links to core deficits, associated symptoms, and daily functioning (Wallace et al.,
2016). They deserve greater consideration as treatment targets but are infrequently declared
primary or even secondary endpoints of treatment. Standardization and adaptations of
measurement approaches for cognition is needed, especially given the difficulty in creating
cognitive batteries suitable for children and adolescents with broad ability and age ranges.
Some studies have succeeded in this regard (Scahill et al., 2015b). Thus far treatments

with established efficacy on behavioral outcomes such as irritability and hyperactivity have
not shown drug-related cognitive impairments but lack cognitive benefits (Aman et al.,
2008; Scahill et al., 2015b). The etiology of ASD-associated cognitive deficits are poorly
understood. The identification of drugs with significant cognitive enhancement effects in
ASD would certainly represent an important therapeutic advance.

3.6. ASD comorbidities: more treatment evidence needed

Added phenotypic complexity in ASD results from the high frequency of co-occurring
non-ASD problem behaviors. Besides epilepsy (7 — 25%) (Jokiranta et al., 2014; Mouridsen
et al., 2010; Lukmanji et al., 2019) in individuals with ASD, impairing externalizing and
internalizing disorder symptoms are common. The majority of older school age children,
adolescents, and adults with ASD can be expected to suffer from at least one additional
AXxis | psychiatric disorder (Leyfer et al., 2006; Simonoff et al., 2008; Houghton et al.,
2017; Rosen et al., 2018; Lai et al., 2019; Mosner et al., 2019), and the little longitudinal
data available finds these problems to be persistent over years (Simonoff et al., 2013).
Estimates of rates of specific co-occurring conditions varies widely, influenced by multiple
methodologic (direct assessment versus clinic records) and sample (age, country, registry
versus speciality clinic) differences, leading to uncertainty regarding the true degree of
overlap of other psychopathology with ASD (Rosen et al., 2018). Studies of clinic or
treatment-seeking youth with ASD note substantially higher comorbidity rates (Kaat et

al., 2013; Sikora et al., 2012; Lecavalier et al., 2019), while registry-, insurance record-,
and population-based studies find lower rates of these common accompanying disorders
(Simonoff et al., 2008; Houghton et al., 2017; Lai et al., 2019). Regardless of specific study
considerations, elevated rates of all Axis | psychiatric disorders in studies of ASD represent
consistent findings in the literature, even for lower prevalence diagnostic groups, such as
depression, schizophrenia spectrum disorders, and bipolar disorders, notwithstanding the
diagnostic challenges involved (Houghton et al., 2018; Rosen et al., 2018). ASD thusly
functions as a general risk factor for psychopathology, increasingly evident over the first
three decades of life (Houghton et al., 2017; ibid 2018). Beyond adaptive skill deficits, the
source of heightened risk for psychopathology in individuals with ASD is not clear, though
could reflect genetic correlations with other mental disorders (Rommelse et al., 2010).
From the view of ASD unmet treatment needs, co-occurring psychiatric conditions in ASD
represent important contributors to functional impairment, family burden, and outcome in
ASD.
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Anxiety symptoms and diagnoseable anxiety disorders of all types overlapping with ASD
are very common (White et al., 2009; A.J. Kaat et al., 2013), estimated in a meta-analysis

to affect 40% of youth with ASD (van Steensel, Bogels, Perrin, 2011). Besides specific
phobias, social anxiety disorder emerges as the most common anxiety disorder among
individuals with ASD, reported in about 1 of 4 (Simonoff et al., 2008; van Steensel,

Bogels, Perrin, 2011; Bejerot et al., 2014). Generalized anxiety disorder has been reported in
10% of children and adolescents with ASD (Simonoff et al., 2008; van Steensel, Bogels,
Perrin, 2011). Anxiety disorders have been associated with greater parental reports of

youth depression, social dysfunction, and parental stress in ASD (Kerns et al., 2015);

social anxiety is noted to be predictive of aggression (Pugliese et al., 2013). Atypical
anxiety symptoms have also been noted (Kerns et al., 2020). Rates of Obsessive-Compulsive
Disorder (OCD) in individuals with ASD are also increased several-fold relative to the
general population (Houghton et al., 2018), with rates averaging between 10 — 20% (van
Steensel, Bogels, Perrin, 2011). Rigorous clinical trials evaluating pharmacotherapy for
anxiety disorders and OCD in ASD are lacking.

Attention-Deficit/Hyperactivity Disorder (ADHD) is a very common co-occurring diagnosis
in children and adolescents with ASD, present in the majority of clinic treatment-seeking
youth (Joshi et al., 2010; A.J. Kaat et al., 2013). In community samples and large insurance
databases, ADHD is found co-diagnosed in 28 — 35% of school age children and adolescents
in individuals with ASD (ADHD + ASD)(Simonoff et al., 2008; Lai et al., 2019). Adaptive
functioning and quality of life are further impaired by ADHD comorbidity (Sikora et al.,
2012). Comparing groups of children 7 — 16 years with ASD, ADHD, and ASD +ADHD

on adaptive functioning, the ASD + ADHD group had lowest scores across all adaptive
behavior domains (though not significant) and effect size differences between ASD versus
ASD + ADHD were all d=0.4 - 0.5 (Ashwood et al., 2015). ADHD symptom severity
predicted up to 12% of the variance in adaptive functioning in children with ASD (Yerys
etal., 2019). In the EU-AIMS LEAP sample, comprised primarily of older adolescents

and adults with ASD, ADHD inattention and hyperactivity/impulsivity symptom counts
separately were highly correlated with parent-reported ASD severity measures (Charman et
al., 2017), similar to other reports (Holtmann et al., 2007; Rao and Landa, 2014). Other
disruptive behavior disorders are equally common among children and adolescents with
ADHD. While an evidence base for the pharmacotherapy of ADHD and other disruptive
behavior disorders is growing (RUPP Autism Network, M. 2005; Handen et al., 2015;
Scahill et al., 2015), overall it remains thin (Sturman et al., 2017; Patra et al., 2019).

Rates of depression and suicidality have been noted more recently to be increased among
children, adolescents, and adults with ASD (Chandrasekhar and Sikich, 2015; Greenlee

et al., 2016; Pezzimenti et al., 2019), and estimated to be 4-fold more common than

the general population, especially in higher-functioning indviduals with ASD, across the
lifespan (Pezzimenti et al., 2019). Using a structured diagnostic interview modified for youth
with ASD, Leyfer et al. (2006) found 10% of a child and adolescent sample to meet criteria
for major depressive disorder, similar to reports of depression diagnoses in the Interactive
Autism Network database (Rosenberg et al., 2011); rates in adolescents and adults increase
markedly (Bakken et al., 2010). Using dimensional thresholds, 27% of adolescents and

22% of adults with ASD scored in clinical ranges for depression (Charman et al., 2017).
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Subsyndromal depression has been noted to 10 —14% of children and adolescents with ASD
(Leyfer et al., 2006; Simonoff et al., 2008). Suicidal plans and attempts were found to

be common in over one third of respondents in a survey of adults from a specialty clinic
(Cassidy et al., 2014), and some predictors have been identified (McDonnell et al., 2019).
Suicide emerged as the second-most common cause of mortality amongst high-functioning
adults with ASD from a general population registry (Hirvikoski et al., 2016). Multiple
reviews highlight the lack of rigorous clinical trials testing any form of intervention for
depression and suicidality in ASD (DeFilippis, 2018; Pezzimenti et al., 2019).

Severe moaod problems, including irritability, a construct of symptoms of agitation,
aggression, self-injurious behavior, and intense mood lability, represents another common
and impairing symptom domain seen in 10 — 25% of individuals with ASD in the
community, and is mostly independent of 1Q and ASD severity (Emerson et al., 2001;
Bakken et al., 2010; Simonoff et al., 2012). Severe mood problems are even more
common in clinic samples (Joshi et al., 2018), increase in adolescence and young adults,
and high problem levels predict persistence across 4 years of adolescence (Simonoff

et al., 2012). Descriptions of catatonia in ASD overlap considerably with severe mood
problems (Wachtel, 2019), but the diagnostic distinction remains challenging. Irritability
often prompts consideration of drug therapy due to its burden on the individual and family,
threat of more restrictive placements, or hospitalization. Evidence supports the efficacy of
some atypical antipsychotics, but side effect burdens limit their use.

The high rates of comorbid psychopathology in ASD and their additive burden on adaptation
in ASD should call for greater programmatic research efforts to identify efficacious drug
therapies for ASD-specific comorbidities. A weakness of many targeted treatment trials is
insufficient characterization of co-occuring psychiatric symptoms, whether categorical or
dimensional, which could exert confounding effects. In addition, the notable co-occurrence
of symptomatology of varying disorders and their impact on adaptive functioning also

raises questions about the relationship between disruptive and anxious symptoms with the
definition of the ASD phenotype(s). Most importantly, ASD therapeutics development for
symptoms outside of conventional “core” ASD domains deserves continued attention by
researchers, regulatory agencies, and sponsors.

3.7. Taking heterogeneity apart/putting it together

How do these varying characteristics of the ASD phenotype inform ASD drug development
efforts? We argue there are multiple implications for studies of targeted treatments for
ASD and related disorders. These findings suggest ASD severity, separable phenotypic
dimensions, cognition, and comorbidities can be operationally defined and may serve as
grouping definitions and/or refined treatment endpoints reflecting constrained etiologic
heterogeneity, and be linked to differential treatment response. Alternatively, greater
genotyping access to identify more individuals with shared genetic lesions, can lead to
increased feasibility of clinical trials of syndromic forms of ASD and related disorders
with shared etiopathogenesis. More research is needed, but extant findings also suggest
shared pathways and mechanisms relevant to the behaviors of interest and could assist in
nominating targeted treatments. However, the genetic diversity of ASD is enormous, and
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besides the low-frequency highly penetrant mutations, genetics will not inform treatment
in near future. The best supported subdomains of behavior call for additional research

to develop more precise measurement approaches that reflect the expected spectrums

of severity and that are more sensitive to change with intervention, in line with the

NIMH Research Domain Criteria mission (RDoC; www.nimh.nih.gov/research-priorities/
rdoc/index.shtml; Insel et al., 2010). Similarly, as we will describe below, identifying

the neural circuitry linked to these behaviors and functional readouts of circuit function
and dysfunction will lead to more sensitive measures of treatment effects and target
engagement. In addition, greater convergent validation of underlying genetic associations
and neural correlates should expand our understanding of relevant mechanisms of
subdomain impairments, and perhaps classes of compounds that merit clinical development.

3.8. Circuitry and potential for ASD biomarkers

The search for drug treatments for ASD core symptoms and associated features has

suffered from the lack of identified tractable and quantifiable biological endpoints
(biomarkers) reflecting proximal signaling and neural circuit dysfunctions believed to
underpin distal behavioral symptoms, based on emerging understanding of the clinical
neuroscience of ASD (Port et al., 2017; Muhle et al., 2018). The need for biomarkers

in ASD is great. Validated biomarkers have multiple applications to improve ASD drug
development efforts (Loth et al., 2017), and nomenclature has been harmonized within

The Biomarkers, Endpoints and other Tools (BEST) glossary (https://www.ncbi.nlm.nih.gov/
books/NBK326791/). BEST categories include: susceptibility/risk, diagnostic, monitoring,
prognostic, predictive, pharmacodynamics/response, and safety biomarkers. As summarized
by McPartland (2017), for a biomarker to be clinically relevant and possess utility, it should
capture variation within a specified functional domain, reflect individual differences and
changes across development, demonstrate reliablility, be widely accessible and hopefully
economical. The majority of existing studies have focused on ASD susceptibility/risk or
diagnostic biomarker identification, and suffered from small samples, narrow age and 1Q
ranges, and differences in paradigms. A listing of putative ASD biomarkers under research is
presented in Table 3. Results have varied but show promise.

Validated biomarkers in ASD could have multiple, important applications as above, but
caution is required. The complexity and heterogeneity of ASD places limits on how
informative and reproducible biomarkers can perform when applied in broad clinical
contexts. As research increas- ingly identifies transdiagnostic features of brain disorders
(Gillan and Seow, 2020), interpretations of the meaning and clinical utility of ASD-linked
biomarkers must be carefully and rigorously tested before broad recommendations for their
use, even in clinical trials, can be offered.

Major efforts are underway in international multi-site networks to identify and validate
ASD-related biomarkers from multi-method testing in large cohorts including typically
developing participants, most notably the EU-AIMS Longitudinal European Autism Project
(LEAP; Loth et al., 2017) and the Autism Biomarkers Consortium for Clinical Trials (ABC-
CT; http://www.asdbiomarkers.org; Webb et al., 2020). Probes of social brain circuitry

are central in these efforts, given extensive data on typical and atypical social cognition,
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and identified deviations in social cognitive functioning in ASD (Cipolotti et al., 1999;
Ozonoff et al., 1991), representing opportunities for possible biomarkers (Dawson et al.,
2012a; Webb et al., 2017; Modi and Sahin, 2018). The social brain network is highly
conserved across species, although the salience of varying stimuli differ across species; in
humans vision is the dominant modality for the processing of social information (Modi and
Sahin, 2017). The structural social brain network globally integrates function across multiple
nodes, linking the amygdala with primary and associative cortical areas, hippocampus,
ventral striatum reward areas, cerebellum, and medial prefrontal cortices (Dawson et

al., 2012a; Li et al., 2018; DeMayo et al., 2019). Resting electroencephalogram (EEG)
recordings, event-related potentials (ERPS), eye tracking during presentation of social versus
non-social stimuli, pupillometry responses to emotional faces, fMRI activation to emotional
stimuli, and accuracy of facial emotion detection are methods which have some support as
susceptibility/risk and diagnostic biomarkers distinguishing groups of individuals at-risk or
diagnosed with ASD compared to low risk or unaffected controls. Each method possesses
some advantages and weaknesses as biomarkers for broader application. However, their
limitations have also been noted.

Several eye tracking indices appear to discriminate between infants, toddlers, children, and
adolescents with ASD versus typically developing controls, however some reviews highlight
the inconsistency of findings (Guillon et al., 2014), leading to suggestions for refined
techniques such as combining frequency-tagging EEG with eye tracking (Vettori et al.,
2020). The trajectory of salience of biological motion assayed by eye tracking in very young
children is complex but differentiates those with later diagnoses of ASD (Klin, Schultz,
Jones, A. 2015) and has been suggested as a possible early risk screening measure. Less

eye tracking data in adolescents and adults with ASD are available; reports suggest more
limited diagnostic specificity (Bours et al., 2018; Dijkhuis et al., 2019; Black et al., 2020),
inconsistent correlations with ADOS severity measures, and no correlation with adaptive
functioning (Del Valle Rubido et al., 2018). Nevertheless, eye tracking has emerged as a
putative early diagnostic biomarker of ASD, and may also possess sensitivity for monitoring
treatment effects in young children. One open-label trial evaluating the safety of umbilical
cord blood for treating core autism symptoms demonstrated that improvements in social
attention assessed via eye-tracking correlated with improvements in a wide range of social
communication endpoints (Dawson et al., 2017; Murias et al., 2018a). Although sample size
in this study was small and design lacked a comparison, these and other results (Greene et
al., 2021) support further studies examining eye-tracking as a potentially viable monitoring
or early efficacy biomarker in ASD trials.

ERPs in response to face processing, auditory stimuli, and multisensory stimuli have been
widely explored as an output of the integrity of multiple circuits, and, though results

vary, abnormalities have been observed across all stimuli type in both idiopathic and
syndromic ASD participants (Dawson et al., 2002; Siper et al., 2016; Modi and Sahin,
2017). Given relevance of face processing to social communication, substantial evidence has
emerged showing atypical ERPs in younger individuals with ASD evoked by presentation of
emotional faces or alternating series of upright or inverted faces interspersed with non-face
stimuli. The magnitude of differences in specific elements of the visual ERP, especially P1
and N170 components, have been significantly correlated with degree of impairments in
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memory for faces (McPartland et al., 2004) and social behavior (Brandwein et al., 2015;
Neuhaus et al., 2016), albeit modestly. Twin studies document the heritability of some
components of ERPs to such tasks, especially for the N170 latency to faces (Shannon et al.,
2013; Neuhaus et al., 2016). A meta-analysis of 18 studies provides support that differences
in the ERP N170 component, particularly prolonged latency, but not P1 differences,
discriminate individuals with ASD and without ASD diagnoses, with an estimated effect
size after statistical adjustment of g=0.5 (Kang et al., 2017). The N170 is thought to reflect
processing in primary or secondary visual cortex downstream of thalamic nuclei, and similar
N170 deficits have been seen in individuals with Rett syndrome (LeBlanc et al., 2015).
Weaknesses include lack of disorder specificity (versus indexing shared face recognition
deficits)(Feuerriegel et al., 2015; Tavares et al., 2016); inconsistent sensitivity to treatment
effects (Dawson et al., 2012b; Faja et al., 2012; Key and Corbett, 2020), modest associations
with behavioral measures of social function (Key and Corbett, 2020), large interactions of
age, 1Q, and hemisphere, and cautions regarding differing ERP reference schemes (Sysoeva
et al., 2018) exerting influences on ERP results. Encouragement for development and testing
of other ERPs is found in the negative FXS controlled minocycline trial (Leigh et al.,

2013), where a subset of participants showed improved habituation to auditory stimulation
(Schneider et al., 2013).

Multiple components of resting state EEG (rsEEG) show strong test-retest reliability,
especially alpha power (Winegust et al., 2014). The literature on resting state EEG profiles
in ASD is confounded by a host of methodologic and sample differences (Wang et al.,
2013). However, resting state quantitative EEG (qEEG) spectral power across the entire
frequency spectrum from youth and adults with ASD versus unaffected controls has

been summarized as an inverted-U shaped curve, with excessive power in low- and high-
frequency bands and reduced power in the alpha band, hypothesized as consistent with
dysfunctional gamma-aminobutyric acid (GABAergic) inhibitory tone and its effects on
connectivity (Wang et al., 2013). Advances in analytic approaches have revived interest
in EEG as a possible diagnostic/risk biomarker and a window into ASD’s neurobiology
(Strzelecka, 2014; Schwartz et al., 2016; Heunis et al., 2016, 2018; Shou et al., 2018).
but with much variability across studies (Lefebvre et al., 2018). Reduced resting state
alpha power (Cantor et al., 1986; Dawson et al., 1995; Wang et al., 2013), alpha power
suppression (reduction in eyes open versus eyes closed; Mathewson et al., 2012), reduced
alpha desynchronization during attention tasks (Keehn et al., 2017), and alpha coherence
measures (Dickinson et al., 2018) have been associated with ASD and ASD traits.

Resting state EEG has showed significant differences by genotype for the deletion genotype
of Angelman Syndrome, the non-deletion genotype, and typically developing children
(Frolich et al., 2019a). EEG signatures in specific ASD-related genetic syndromes have

also been identified that may reflect their fundamental biology. In children with duplications
of 15911.2-q13.1 (Dup 15qg syndrome), excess 15 GABA receptor subtype expression is
arguably reflected in the excess beta spectral power observed in humans with the syndrome
(Frolich et al., 2016), as mimicked by midazolam administration in controls (Frolich et al.,
2019b). Taken together, EEG under resting and activation conditions deserves additional
examination for informativeness as a diagnostic/risk biomarker, coupled with novel analytic
methods (Heunis et al., 2016), and could contain predictive biomarker information. In an
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open label trial of young children with ASD, higher baseline posterior EEG beta power

was associated with a greater degree of improvement in social communication symptoms
(Murias et al., 2018b). Besides feasibility across a wide age span, an advantage of EEG and
ERP indices is translatability across species, with parallel findings in multiple mouse models
of ASD. Such translational properties enable large scale preclinical screening of potential
targeted compounds in search of viable candidates for human trials. The relatively low

cost of EEG, its millisecond temporal sensitivity, reliability, tolerance for movement, and
increasingly automated analytics are clear advantages as a biomarker method (McPartland,
2016; 2017).

With regards to RRBs, a synthesis of preclinical and clinical studies of RRBs points

to disordered basal ganglia — prefrontal cortex and cerebellar function (Wilkes and

Lewis, 2018). RRBs lack validated related clinical biomarkers, although intermediate
neurocognitive phentoypes show the most promise as potential RRB target engagement
endpoints, including cognitive flexibility (D’Cruz et al., A.M. 2016), inhibitory control
(Lopez et al., 2005; Agam et al., 2010; Schmitt et al., 2018; Faja & Darling, S. 2019),
maintenance of response sets on cognitive tasks (South et al., 2007; H.L. Miller et al.,
2015), and motor performance (Ravizza et al., 2013). Human functional imaging correlates
of RRBs are limited, but data suggest hypoactivation of the anterior cingulate cortex during
target detection in ASD with an inverse relationship between ACC activation and repetitive
behaviors (Shafritz et al., 2008), and reduced rsfMRI function connectivity between nucleus
accumbens and premotor/midlle frontal cortex (Akkermans et al., 2019). Activation of the
ACC and inferior frontal gyrus discriminated between minimal versus clinical improvement
in repetitive behavior with citalopram in two cases (Dichter et al., 2010). Preclinical data
suggest deficits in basal ganglia indirect pathway activation are related to RRBs (Lewis

et al., 2019), but clinical studies have not examined possible relationships between RRBs
and metabolite concentrations, despite accumulating evidence of reduced regional cortical
GABA concentrations in ASD in most (Rojas et al., 2014; Drenthen et al., 2016; Port et al.,
2017; Puts et al., 2017) but not all studies (Carvalho Pereira et al., 2018). Probes of basal
ganglia-mediated inhibitory control deficits may emerge as intermediate targets for RRBs.

The search for potential diagnostic/risk biomarkers also includes biomedical measures with
possible links to ASD subphenotypes (Gabriele et al., 2014a). Whole blood (WB) serotonin
(5-hydroxytryptamine, 5-HT) concentrations are familial and highly heritable (Abney et al.,
2001), and elevated WB5-HT represents the first biomarker discussed for ASD (Schain and
Freedman, 1961), a finding that continues to replicate in subsets of 25 — 48% of individuals
with ASD, even after controlling for confounding age and 1Q effects (Leboyer et al., 1999;
Gabriele et al., 2014b). Combining WB5-HT concentrations and its intermediate metabolite
N-acetlyserotonin with melatonin yielded discrimination between patients and controls with
sensitivity of 80% and specificity of 85% (Pagan et al., 2014). Much remains un-explained
about the differences reported in the pathway in ASD versus controls and much broader
replication is needed. Neuropeptides have been explored as diagnostic biomarkers. In

one study, 5-HT cerebrospinal fluid (CSF) arginine vasopression (AVP) concentrations
discriminated between ASD and controls and was correlated with ADOS severity (Oztan

et al., 2018), but plasma AVP did not differ between groups despite its moderate correlation
with CSF concentrations (Carson et al., 2015). The two largest studies of oxytocin in youth
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with ASD found no evidence for differences versus typically developing controls (Miller et
al., 2013; Parker et al., 2014).

High hopes exist for biomarker impact on ASD clinical trials. Ultimately, combinations

of markers with cognitive or behavioral subphenotyping may prove fruitful (\eenstra-
VanderWeele and Blakely, 2012; Loth and Evans, 2019). With regards to current ASD
studies, diagnostic imprecision is much less a concern, whereas ASD-related monitoring,
pharmacodynamics/response, prognostic, predictive, and safety biomarkers would have high
impact.

3.9. ASD genetics and drug development

Our understanding of ASD genetic architecture has progressed substantially in the past
decade (Ramaswami and Geschwind, 2018). The high heritability estimate for ASD (h? >
0.7) belies the complexities of its underlying genetics. Three major pathways of genetic
variation contributing to individual risk have been identified, including highly penetrant
rare de novo loss-of-function (LoF) single-gene mutations, common variants (Grove et

al., 2019), and de novo or inherited copy number variations (CNVs) (Sebat et al., 2007;
Weiner et al., 2017). ASD genetic complexity also involves varying phenotypes, or
pleiotrophy, associated even with monogenic disorders, such as phenotypic variation seen
with mutations in NRXN3and FOXPZ2 genes. Efforts to consolidate the multitude of effects
of mutations in diverse gene families by examining gene networks and expression profiling
has identified convergence in several shared pathways and gene modules (Gandal et al.,
2018), encouraging the ultimate goal of pinpointing more homogenous ASD etiologic
subgroups “druggable” by specific, targeted compounds (Geschwind and State, 2015;
Gandal et al., 2016). However, proof of concept therapeutic attempts in monogenetic ASD-
related syndromes of TSC1, NF1, and FXS have been disappointing and reflect considerable
heterogeneity even in single-gene disorders. Such discrepant findings may reflect that:
multiple pathway disruptions can lead to ASD; genetic background is important even in
monogenetic disorders; and that adaptation to drugs may occur, similar to the development
of tumor resistance in oncology. Importantly, these translational failures highlight the lack of
sensitive measures of target engagement to guide dosing to achieve “normalization” of the
nominated pathway in order to impact cognitive and developmental trajectories.

Nevertheless, accumulating genetic data in ASD is getting closer to enabling genomics-
driven therapeutics, as supported by early efforts in schizophrenia and other complex
genetic disorders (Gandal et al., 2016; Plenge, 2019). The application of polygenic risk
scores (PRS) has potential to facilitate drug development in ASD. PRS represents a
continuous, quantitative, aggregate measure of genetic liability for complex human traits
and diseases such as ASD (Fang et al., 2019). PRS could enable enrichment for clinical trial
selection or identify subgroups that share relevant pathophysiology. PRS predicted response
and novel/combinatorial treatment strategies for pharmacotherapy in some schizophrenia
datasets (Ruderfer et al., 2016; So et al., 2017; Li et al., 2018). Applying PRS scores to
schizophrenia GWAS databases and drug pharmacogenomic profiles confirmed enrichment
for antipsychotics, supporting concept validity, and nominated novel drug classes of
selective calcium channel blockers and antiepileptics as potential theraputics. With further
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progress (larger samples) in ASD genetics, parallel studies employing similar methods could
be groundbreaking, but are not yet feasible. Application in ASD could validate biomarkers
or subphenotypes, nominate novel therapeutic targets, and parse drug response heterogeneity
in clinical trials. Such research should have high priority.

3.10. Prioritization of molecular target compounds

The diversity of ASD-related molecular pathologies emerging from genetics, postmortem
studies, and preclinical ASD models presents a daunting challenge for ranking and selecting
drugs for human studies. The time, cost, and high failure rate of early phase clinical

trials forms a major bottleneck for progress in ASD therapeutics; conversely, improving

the approach to prioritizing molecular targets could have a major positive impact (Paul

et al., 2010). The NIMH New Experimental Medicines Fast-Fail program represented one
approach to rigorous selection of a lead compound. The general evaluation criteria are
shown in Table 4. Overall, the criteria represented a response to perceived weaknesses in
extant research including: lack of clear understanding of target mechanism and compound
target engagement in preclinical studies; lack of direct evidence of target engagement, or
no tractable measures of circuit level or pharmacodynamics readouts to guide dosing and
validate effect; insufficient human data of clinical effects of target engagement, and weak
linkage of target or compound to a relevant circuit represented within an RDoC domain. By
requiring evidence be acquired to satify each of these criteria before experimental efficacy
trials are pursued, early, less costly “fails” would presumably facilitate greater late-stage
study “wins”. Applying these criteria to ASD research, there are numerous examples of gaps
in knowledge that likely relate to failures of lead compounds, such as: insufficient data to
appreciate disorder effects on the selected target, lack of established target engagement in
the study population; poor translation of functional measure from preclinical to clinical
assessment; over-reliance on subjective reports; insufficient efforts to identify specific
behavioral domains with links to circuit dysfunction with objective endpoints, and possible
confounding developmental effects on dosing, pharmacodynamics, and pharmacokinetics.

3.11. Role of technology in clinical trials

The search for objective, highly standardized, quantifiable, and reliable behavioral measures
for clinical trial endpoints has embraced technology. The advent of an array of wearable
sensors, video capture, and unobstrusive recording devices capturing a wide range of
behaviors has been shown to be feasible (Ness et al., 2019). Advantages include dense
sampling across real world environments, automated scoring and data reduction, and
appreciation of the range of variability in both symptomatic and adaptive behaviors,
including psychomotor activity, circadian rhythms, autonomic reactivity in different settings,
language use, and predictions of behavior. Impressive successes have occurred in some
areas, such as the prediction of seizures (Poh et al., 2012), aggression by autonomic

profiles (Goodwin et al., 2019), and stereotypy (Heathers et al., 2019). More complex multi-
method monitoring systems have been developed (Ness et al., 2017), including smartphone
applications (Jones et al., 2018). Some tools have turned out to possess limited value

(Jones et al., 2019), or demonstrate small to moderate correlations with standard behavioral
measures (Ness et al., 2019), making their advantages unclear. More importantly, the extent
to which these measures provide enhanced “signal to noise” over standard behavioral
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assessments is unknown, as few have been tested in a clinical trial context. Nevertheless,
such instruments are hoped to facilitate behavioural phenotyping, increase sensitivity to
detect salient behavioral and physiologic effects of treatments, and broaden the appreciation
of treatment impact. Challenges include identification of “clinically meaningful” changes,
data quality and analytic approaches, and establishing links between digital variables and
behavior dimensions of interest.

3.12. Suitable endpoints for clinical investigations

Currently the ASD field lacks consensus on a narrowed set of better validated clinical
outcome measures for use in clinical trials (Anagnostou, 2018), and outcome evaluation

for young children (McConachie et al., 2015). The knowledge gap for adult measures is
woefully greater (Bruhga et al., T.S 2015). The same exists for FXS outcomes (Budimirovic
et al., 2017). Weaknesses of available measures include inability to apply across the lifespan,
given that many are designed for specific age groups (eg. 0 — 3 years, versus schoolage, and
older). Most ASD trials still rely on clinician or caregiver rated measures. Negative trials

of targeted compounds for ASD and monogenic syndromes have been blamed on clinical
endpoint insensitivity to change, vulnerability to placebo effects (Masi et al., 2015), impact
of non-ASD behaviors (Hus et al., 2013; Sturm et al., 2017), and possible age and 1Q effects
(Jeste and Geschwind, 2016; Anagnostou, 2018). Expert consensus reviews from 2014 to
2015 of endpoint measures concluded that none met the highest standards for endorsement.
At that time, several were “appropriate with conditions”, namely four measures of social
communication (Anagnoustou et al., 2015), five for RRBs (Scahill et al., 2015), and four

for anxiety (Lecavlier et al., 2014) had moderate support (or “moderate” quality by evidence
grading) by virtue of acceptable to excellent psychometrics, with some data on sensitivity to
change. Out of necessity, evaluations heavily weighted reliability and validity. However, at
the end of the day, measure sensitivity to change should be a priority.

Since then, a significant amount of new clinical trial data are available. Taking demonstrated
“sensitivity to change” from short-term intervention trials as a priority, the ABC-Stereotypy
subscale (McCracken et al., 2002; Marcus et al., 2009; Owen et al., 2009; Hardan et

al., 2012; Scahill et al., 2015), the Children’s Yale-Brown Obsessive-Compulsive Scale-
modified for ASD (CY-BOCS-ASD) (Scahill et al., 2016; Politte et al., 2018), and the
Repetitive Behavior Scale-Revised (RBS-R) (Chugani et al., 2016; McGough et al., 2019;
Parker et al., 2019), have successfully detected change. None of these is perfect—the ABC-
Stereotopy subscale focuses only on “lower order” RRBs, and its range is limited due to
item number. The CY-BOCS-ASD has been consistent in detecting treatment effects which
are modest in absolute change but show limited variability, generating larger effect sizes,
even though the meaningfulness of the “Resistance score” is unclear in ASD. The RBS-R
broader coverage of RRBs may reduce the sensitivity of its total score, and its optimal
scoring (3- versus 5-factor, Miranda et al., 2010; Bishop et al., 2013; Uljarevic M et al.,
2020a), needs additional comparisons from trial data, but the RBS-R-stereotypy subscale
generated an equivalent, even slightly larger, estimated effect size than the ABC in one
comparison (Hardan et al., 2012). Of note, in the multiple trials that included both the CY-
BOCS-ASD and the ABC-Stereotypy subscale, treatment effects have never been discordant
across measures, both positive and negative. Such convergence between a parent-report and

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 20

clinician-rated measure adds validity to each. Early phase trials may consider choosing
between the ABC-S versus the RBS-R depending on targeted mechanism, behavioral
dimension, and preclinical effects. Although the US FDA accepted the proposed endpoint
of the Children’s Yale-Brown Obsessive Compulsive Scale for Pervasive Developmental
Disorders (CYBOCS-PDD) for a proposed registration trial (NCT00515320; Herscu et al.,
2019), concern exists over the CYBOCS-PDD’s consolidation of lower- and higher-order
repetitive behaviors in its ratings, as these may have differing neurobiologic foundations.
Overall however, these three measures perform well as endpoints.

With new data, anxiety endpoints in ASD have coalesced into stronger support available
for two clinician measures, the Pediatric Anxiety Rating Scale (PARS) and the Anxi- ety
Disorder Interview Schedule—Clinical Severity Rating (ADIS-CSR) (McNally Keehn et
al., 2013; Storch et al., 2015; Wood et al., 2015), both again demonstrating very good
psychometrics and sensitivity to change. These are recommended for future studies. By
comparison the MASC-Parent performs less well in these new CBT studies. In addition,
new psychometrically sound anxiety measures have been developed, although they lack
information on sensitivity to change (Carruthers et al., 2018; Scahill et al., 2019).

Given the ubiquity of social skill and interaction deficits in ASD, there is a compelling

need for a developmentally based social communication measure, one that captures skill
acquisition in the context of developmental level, rather than solely a metric of deficits
(Bishop et al., 2019), and is also sensitive to sex and gender effects (Halladay et al., 2015).
One approach has been to examine Vineland measures of adaptive behaviors, socialization,
and communication scales as endpoints by defining fine-grained clinically meaningful
change estimates to apply in clinical trials (Chatham et al., 2018), given observations of
some sensitivity to change from early intervention (Dawson et al., 2010) and pharmacologic
trials (Williams et al., 2006; Scahill et al., 2012). The situation in ASD is not dissimiliar to
that of FXS (Erickson et al., 2017) or other NDDs. ASD clinical trials should also consider
borrowing and adapting well-validated functional measures from other related areas to fill
gaps, such as cognitive (SCoRS; Keefe et al., 2006) and functional (Patterson et al., 2001)
from schizophrenia for adults, or prosocial and deficit social skill measures (BASC-2, SISS;
Gresham and Elliott, 2008; E. Anagnostou et al., 2015) from disruptive behavior disorders
intervention trials. Too few measures have been subjected to efforts to define “minimum
clinically meaningful” change (Jacobson and Truax, 1991; FDA, 2009; Coon and Cappelleri,
2016).

A number of new measures of ASD core domains have been developed that are
psychometrically sound, including the Autism Impact Measure (AIM; Kanne et al., 2014;
Mazurek et al., 2018; Houghton et al., 2019), the Autism Behavior Inventory (ABI;
Bangerter et al., 2019), and the Brief Observation of Social Communication Change
(BOSCC)(Grzadzinski et al., 2016). The BOSCC may prove to possess sensitivity to change
(Pijl et al., 2018; Kim et al., 2019). The field awaits more data for these measures from
older children and treatment sensitivity from controlled trials for evaluation. In addition,
data-driven attempts to refine existing clinical endpoints have been encouraging. Applying
advanced statistical methods, such as Item Response Theory and machine learning, to large
datasets containing common ASD measures, such as the SRS, the Social Communication
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Questionnaire (SCQ), and ADOS, has shown promise to increase precision for diagnosis
and detection of drug effects (Bone et al., 2016; Sturm et al., 2017; Kuhfeld and Sturm,
2018). With the SRS, multiple short forms and subscales have been derived that have
removed items identified that exert confounding effects due to age, language, and non-
ASD behaviors (Park et al., 2017; Sturm et al., 2017), increasing precision as measures
of social communication and other domains, not global severity including comorbidity.
Analysis of SCQ items from multiple datasets suggested RDoC social processes domain
to be dimensional (Uljarevic M et al., 2020b). These deserve application in secondary
analyses of trial data for comparison and possible detection of obscured drug effects.
Additional measures of circumscribed interests (Turner-Brown et al., 2011) and anxious
and depressive symptoms (Uljarevic et al., 2018), also represent serious attempts to improve
trial assessments.

In FXS, an interesting measurement approach was the testing of composite scores from the
FXS Rating Scale and FXS Domain Specific Concerns measure, which identified a positive
treatment effect of NCZ-2566, trofinetidine (NCT01894958), but trial data are not yet
available. While the relevance to ASD is uncertain, such composite measure development
may enhance sensitivity to overall benefits, but may be misleading (Montori et al., 2005),

as the heterogeneity and differing genetic and biologic underpinnings of ASD phenotypic
traits suggest the need to declare independent dimensional clinical endpoints. Similarly, the
importance of treatments to improve adapative behaviors and reduce disability is of obvious
importance, especially for the design of Phase Il efficacy trials. A clinically relevant metric
is the difference score between 1Q and overall adaptive behavior that has been found to
increasingly diverge with higher 1Q across children and adults (Bal et al., 2015; Duncan

and Bishop, 2015). This discrepancy score may serve as a crucial endpoint in longer-term
intervention studies of higher-functioning individuals with ASD. Examining the precision of
these as endpoints should be a high priority. Such measures provide a potential validation of
the meaningfulness of a treatment effect in later-stage clinical efficacy trials.

A fundamental challenge in endpoint selection for targeted treatments in ASD and related
disorders relates to differences between the aims of early phase proof of concept or
mechanism trials (Phase | and I1) versus later stage efficacy studies (Phase I1). Early phase
studies by necessity are of short duration, built around determinations of target engagement,
dose selection, and detection of proximal signals of potential efficacy. With regards to

core ASD domains, changes in complex, global, learned behavioral dimensions such as
social communication are considered less likely in short duration trials. Determination of
efficacy and distal, clinically meaningful improvements in social adaptation and quality

of life require trial durations considerably longer than the majority of typical RCTs in
ASD, perhaps requiring minimum treatment exposures of 6 months or longer (Erickson

et al., 2017), especially given the sensitivity of the most commonly applied adaptive skill
measures, such as the Vineland Adaptive Behavior Scales. Therefore, additional efforts are
needed to validate and develop consensus around appropriate measurement batteries and
endpoints for early phase versus late phase efficacy trials. Lengthening early phase clinical
trials would slow drug development progress further, and appears ill-advised, given that
circuit or mechanistic based endpoints are available. The desired measurement sensitivities

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 22

optimal for ASD early phase trials herein differ from the proposed “shorter” (12 months), or
“longer” (>12 months) durations suggested for FXS (Erickson et al., 2017).

As a result, the identification of ASD subdimensions and correlated biomarkers have
important implications for targeted drug development efforts, in order to enhance the
accuracy and sensitivity of early phase trial results, supporting Go/No-Go decision making
for compound selection and reducing negative Phase Il trials, thereby de-risking and
increasing efficiency of drug development (Grabb et al., 2016; Paul et al., 2010). In addition,
the further identification of behavioral subdomains which are heritable, and can be shown to
function as quantitative traits, hold promise for the creation of biologically informed targets
for drug effects.

3.13. Can trial designs be improved?

A major weakness in extant RCTs for ASD and related disorders, especially early phase
trials, is that the vast majority of studies are under-powered to detect moderate, clinically
significant effects; rather, such studies defend sample sizes to capture large effects that all
too often are unrealistic or not replicated. With respect to ASD core deficits, it is unlikely
that longstanding, “trait” functional deficits such as impaired social communication would
be amenable to near normalization due to lost learning during sensitive developmental
periods, even with targeted treatments (despite “rescues” in animal models). Despite the
challenges of recruitment for larger trials, an emphasis on reproducibility demands larger
clinical trials, even in early phase studies.

Lessons learned from ASD early behavioral intervention trials can inform studies of
potential pharmacotherapies. Comprehensive early intervention programs in very young
children showed gains in cognitive measures and adaptive skills, but less improvement in
social functioning (Dawson et al., 2010). Modular, shorter duration interventions focused
on social communication (with different endpoints) yielded more robust improvements in
social domains (Kasari et al., 2006). Given the broad access to a wide range of behavioral
and educational interventions, studies of com- bined behavioral and pharmacologic
treatments are sorely needed. One rare example suggests that drug therapy may boost
longer-term improvement in children undergoing a social skills intervention (Wink et al.,
2017). Hypothesis-driven combined treatment trials with targeted pharmacotherapy could
reveal synergistic or augmenting effects, substantially enhancing the efficacy of standard
behavioral interventions for ASD.

Early phase trials are also taking too long to advance the field by vetting preclinically
nominated compounds, frequently taking years to complete. Shortening trials relying on
typical clinical efficacy endpoints may be difficult; nevertheless, review of many early phase
studies finds the majority of change occurs rapidly enough to detect sooner. Embracing
intermediate phenotypic endpoints for early phase trials, such as cognitive endpoints
strongly linked to behavior, social reward, eye-tracking, and/or EEG readouts, might
facilitate the wider use of single-dose acute challenge or brief repeated dosing designs to
establish presumptive efficacy. The addition of modest duration continuation phases could
still afford exploring early efficacy signals with linked behavioral outcomes.
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Another concern relates to the use of cross-over trial designs in RCTs of ASD and
neurodevelopmental disorders. Several issues arise in cross-over designs, including carry-
over effects from initial treatment, unblinding due to emergence or resolution of side effects
in wash-out phases, and effects of unequal drop-out over time. Systematic or meta-analytic
health care quality standards often classify cross-over trials as “low quality” or “high risk for
bias” evidence (Schiinemann et al., 2006). The time course of response and decay of many
behavioral endpoints used in RCTs for ASD and related disorders is unfortunately unknown
at present and challenges the use of such designs for future studies testing effects on core
deficits.

Recommendations exist to manage expectancy bias in clinical trials, but most ASD trials

do not incorporate them (Siafis et al., 2020), such as single-blind lead-in phases, analytic
plans separating initial from later blinded periods (McGough et al., 2019), or randomized,
discontinuation phases following an acute, blinded phase that can yield data on durability of
drug effects (RUPP Autism Network, 2005). A recent RCT of trofinitide in Rett Syndrome
utilized a 2-week single-blind placebo phase, which may have reduced placebo confounds.
An important, though labor-intensive, tactic to minimize “peeking through the blind” by
side effect awareness, is separating efficacy raters from side effect knowledge by using
“treating” clinicians for dosing and adverse event monitoring. Contrary to expectations, in a
meta-analysis of 26 ASD RCTs, clinician-administered endpoint measures were found more
vulnerable to placebo effects than caregiver ratings (Masi et al., 2015), while shorter trial
length and more study visits did not moderate expectancy effects. However a more recent
meta-regression analysis found clinician measures less subject to expectancy, as well as
fixed-dosing schedules, and fewer number of sites (Siafis et al., 2020). In the phase 2 trial
of balovaptan versus placebo, symptom measures (SRS-2, ABC, RBS-R) all proved more
susceptible to placebo effects that the adaptive functioning measures (Vineland Adaptive
Behavior Scales) (Bolognani et al., 2019). The application of objective outcome measures,
where possible, is another means to preserve blinding and reduce placebo response. In that
vein, intermediate phenotypes such as cognitive tests, eye-tracking, and EEG parameters as
primary endpoints have additional advantages in early phase studies.

Additional challenges are encountered in longer-term studies aimed at detecting effects

on skill acquisition, changes in adaptive functioning, and quality of life, critical in the
determination of the broad impact of a novel intervention on core deficits. Challenges
include unclear ability of informant reports to accurately capture separate intervention
effects versus developmental gains over time, as well as the sensitivity of measures to
changes in adaptive function and/or quality, given that differences in subdomain scores are
often driven by few items in some measures, or assume equal opportunities for certain
behaviors to be demonstrated. Another problem involves external influences (education
and treatment changes over time) on functioning and symptom level independent of
experimental treatment.

3.14. Regulatory requirements

In the era of targeted treatments, several challenges arise in the regulatory evaluation of
new therapeutics. An especially daunting issue relates to specifying new indications for
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a particular treatment. If the biology of ASD’s domains or subdimensions differ, global
change may be more modest, therefore, determining the significance of an intervention’s
impact on a single domain is more difficult. For example, would a reduction in “restricted
interests” associated with drug exposure meet standards for an indication in ASD? Similarly,
if a targeted compound appeared to exert a beneficial effect at a particular age of exposure,
should it be required to be examined at earlier ages? Likewise, given the persistence of
ASD and its negative impact across the entire lifespan, including excess mortality, how
should regulatory bodies assess the risk/benefit ratio of a new treatment? What are the
standards for safety determination considering that some interventions may affect long

term development, cognition, sexual maturation? What standard of preclinical juvenile
toxicity data is necessary prior to testing in pediatric samples? A requirement of extensive,
preclinical “juvenile” toxicology testing may represent an insurmountable hurdle for smaller
drug development programs and reduce enthusiasm, risking development investments that
require such expensive and protracted studies prior to assessment of an agent’s promise.
Differences between ASD efficacy results between adults and pediatric samples strongly
support the importance of early pediatric pharmacokinetic bridging studies. Other hurdles
include EMA requirements for randomized withdrawal from maintenance trials to assess
duration of treatment effect and impact of withdrawal. If a compound ameliorates a
developmental delay, what is the assessment if progress regresses, plateaus, or continues
once treatment is withdrawn?

3.15. Incorporating patient/caregiver perspectives: insuring relevance

Attention to the interests of parents and family members are often not considered in the
design and choices for intervention targets of promising drug therapies. Such a potential
disconnect risks that research findings may be deemed irrelevant to the desires and priorities
of parents and stakeholders of individuals with ASD. Substantial efforts have recently

been made to appreciate the priorities of individuals involved and their parents (Bal et

al., 2018; McConachie et al., 2018). Parents highlight the importance of independence,
anxiety, distress, hypersensivity, insomnia, happiness, family relationships, and parent stress
as important indices of important outcomes. and have led to the development of an arguably
more ecologically valid quality of life scale, the Autism Family Experience Questionnaire
(AFEQ; Leadbitter et al., 2018). Caregivers less often rank RRBs as priorities for treatment
targets, while highlighting the mood and anxiety symptoms that may contribute to the
intensity or severity of RRBs. Parent-nominated problems, rated by parents and clinicians,
has been employed to individualize capturing parent perspectives on treatment impact
(Scahill et al., 2017). Greater efforts to demonstrate effects on these concerns and impact

on overall quality of life are recommended, including possible further measurement
development (Varni et al., 1999; Leadbitter et al., 2018).

3.16. Anticipated ethical issues

Disruption of brain development and the roots of later emergence of ASD are well

known to begin in fetal development (Muhle et al., 2018). Early intervention, including
potential curative drug therapies, is expected to require treatment at younger ages than
currently tested, and that brings exposure to unknown risks. Contrary to preclinical studies
“rescuing” ASD phenotypes in adult animals with experimental treatments (Délen et al.,
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2007; Henderson et al., 2012), as time goes by, negative trials in ASD, FXS, and other
disorders enrolling adolescents and adults challenge the optimism that the disordered brain
development and experience generated by these disorders can be promptly reversed. As
more targeted drug treatments are identified, there will be a theoretical and clinical argument
to intervene at earlier and earlier stages of development than is currently deemed acceptable
(\Veenstra-VanderWeele and Blakely, 2014), given unknown risks. The field and regulatory
agencies must grapple proactively with what represents adequate indication of promise
sufficient for research examination and what would demonstrate meaningful standards for
efficacy and safety given the high stakes of efforts to modify the impact of ASD and

related disorders across the lifespan. Such studies at some point in their development

will undoubtedly require major investments necessary to undertake long-range studies to
determine the risk/benefit ratios of very early targeted drug therapies, balancing the major
need for progress and possible cure against protection from safety risks.

3.17. Are ASD animal models still relevant?

Given the disappointing results of attempts to translate rescues of ASD phenotypes in ASD
and FXS animal models to humans, there has been serious debate of the relevance of

ASD preclinical models to clinical drug development (Chadman et al., 2019). As rightly
pointed out, many of the preclinical behaviors of ASD models do not map as close to the
human phenotype as desired (Jeste and Geschwind, 2016). This is perhaps most notable with
respect to preclinical ASD social behavior analogues. Hopefully greater refinement of these
animal behavioral assessments will increase their translatability to the human phenotype
for clinical studies, via such methods as EEG, MR imaging, reward responsivity measures,
and the develop- ment of new social behavioral assays and analysis methods for preclinical
investigation (Silverman and Crawley, 2014; Howe et al., 2018; M. Sonzogni et al., 2018;
Das et al., 2019). Identification of biomarkers, such as neurophysiological signatures, that
are comparable across animals and humans may facilitate greater success in translation.

3.18. Recommendations and conclusions

The Work Group debated recommending a menu of “gold standard” ASD clinical

trial assessments and endpoints. Ultimately, the conclusion was that more progress in
development and validation of clinical trial measures is needed before such a consensus

is possible, but common endpoints, rated by sensitivity to change, with proven acceptable
psychometrics, are listed in Table 5. Continued research to critically evaluate the precision
and ecological validity of measures to include in trials should be a high priority. However, a
number of recommendations emerged to enhance standardization, precision, and success of
future ASD clinical trials, in the areas of methodologic development, planned clinical trials,
and preclinical drug development. The specific recommendations for the field include the
following:

3.19. Preclinical

a. Move away from animal models purely based on behavioral phenotypes to more
circuit-based approaches to improve translation

b. Favor preclinical measures with direct translation to clinical endpoints
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Robust demonstration of compound engagement of target mechanism

Convergence of effects across multiple preclinical models should be examined

Replication of positive findings has high priority
Prioritize additional treatment research on ASD co-occuring disorders

Better basic characterization of study samples for cognitive ability, core
symptom severity, gold standard diagnostic measures, language level, functional
ability, and comorbidities

Trials should include most commonly employed measures (eg. SRS-2, ABC,
RBS-R, CGI-I, Vineland), even as secondary endpoints, to facilitate combined/
comparative analyses

More outcome measures should be developed to target key domains/constructs
such as RDoC systems (eg. positive valence—social motivation)

Preferred endpoints should have broader developmental and ability norms, and
reliability/stability data

Endpoints need demonstrated sensitivity to capture established clinically
meaningful change, beyond their sensitivity to identify deficits or differences

More outcome measures are needed with independence from confounding
influence of cognitive or language ability

Hypotheses should drive study design (including sample size, population
stratification, etc.); trial length choice based on when changes are expected
according to the hypothesis and the outcome measure

Differential treatment impact according to cognitive ability needs broader
investigation

More research on utility of digital approaches with required data on feasibility,
reliability, sensitivity to change, and convergent validity with standard behavioral
measures

Greater incorporation of perspectives of individuals with ASD and their families
in the development of measures, nomination of meaningful endpoints, and trial
design

Pilot studies are still necessary for new compounds to test proof of mechanism/
concept hypotheses, but are not sufficient for estimating effect size for

repurposing compounds

In summary, among neuropsychiatric and neurodevelopmental disorders, there is perhaps
none as complex and etiologically and phenotypically heterogenous as idiopathic ASD.

It is not a surprise that ASD drug development challenges our most sophisticated
preclinical models and methods for developing precise translational clinical study designs
and identifying curative therapeutics. Greater leveraging of genetic and neurobiologic data
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with further refinements in our understanding of ASD’s phenotypic dimensions should lead
to more significant progress in this effort. However, methodologic advances will depend
heavily on research investments to refine clinical tools and identify new, biologically based
endpoints of key circuits involved in ASD. Following that, it is certain that multiple tests

of rational, carefully adjudicated and prioritized drug targets, many of which are expected
to fail, must be examined before disorder modifying treatments for ASD and possibly other
related disorders are identified.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This work was partially supported by grants PSOHD055784 and P50HD103557 from the US National Institute of
Child Health and Human Development. The opinions expressed do not reflect the official guidance of the US Food
and Drug Administration.

Role of the founding source

P50HD055784 and P50HD103557 from the US National Institute of Child Health and Human Development.

Disclosures

Dr. Anagnostou reports research funding from CIHR, Ontario Brain Institute, Brain Canada, Genome Canada,
Ontario Research Fund, Azrieli Foundation, and Autism Speaks. Dr. Arango has been a consultant to or has
received honoraria or grants from Acadia, Angelini, Gedeon Richter, Janssen Cilag, Lundbeck, Minerva, Otsuka,
Roche, Sage, Servier, Shire, Schering Plough, Sumitomo Dainippon Pharma, Sunovion and Takeda. Dr. Dawson
is on the Scientific Advisory Boards of Janssen Research and Development, Akili, Inc, LabCorp, Inc, Roche
Pharmaceutical Company, and Tris Pharma, and is a consultant to Apple, Gerson Lehrman Group, Guidepoint, Inc,
Axial Ventures, Teva Pharmaceutical, and is CEO of DASIO, LLC. Dr. Dawson has received book royalties from
Guilford Press, Oxford University Press, Springer Nature Press. In addition, Dr. Dawson has the following patent
applications: 1802952, 1802942, 15141391, and 16493754. Dr. Dawson has developed technology that has been
licensed and Dawson and Duke University have benefited financially. Dr. McCracken reports consultant income
from Roche, Octapharma, TRIS Pharmaceuticals, GW Biosciences, and research contracts with Octapharma

and GW Biosciences. Dr. McPartland consults with Customer Value Partners and BlackThorn Therapeutics, has
received research funding from Janssen Research and Development, and receives royalties from Guilford Press,
Lambert, and Springer. Dr. Murphy has received honoraria and research funding from Roche. Dr. Pandina is

a full-time employee of Janssen Research & Development, LLC, and a Johnson & Johnson stock-holder. Dr.
Veenstra-VanderWeele reports income from consulting or advisory boards from Roche, Novartis, SynapDx, and
research funding from Roche, Novartis, SynapDx, and Wiley. The other authors report no disclosures.

References

Abney M, McPeek MS, Ober C, 2001. Broad and narrow heritabilities of quantitative traits in a
founder population. Am. J. Hum. Genet. 68 (5), 1302-1307. [PubMed: 11309690]

Agam Y, Joseph RM, Barton JJ, Manoach DS, 2010. Reduced cognitive control of response inhibition
by the anterior cingulate cortex in autism spectrum disorders. Neuroimage. 52 (1), 336-347 Aug 1.
[PubMed: 20394829]

Akkermans SEA, Rheinheimer N, Bruchhage MMK, Durston S, Brandeis D, Banaschewski T,
Boecker-Schlier R, Wolf I, Williams SCR, Buitelaar JK, van Rooij D, Oldehinkel MTACTICS
consortium, 2019. Frontostriatal functional connectivity correlates with repetitive behaviour across
autism spectrum disorder and obsessive-compulsive disorder. Psychol. Med. 49 (13), 2247-2255
Oct. [PubMed: 30362446]

Alarcon M, Cantor RM, Liu J, Gilliam TC, Geschwind DH, 2002. Autism genetic research exchange
consortium. Evidence for a language quantitative trait locus on chromosome 7q in multiplex autism
families. Am. J. Hum. Genet. 70 (1), 60-71. [PubMed: 11741194]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 28

Alarcon M, Yonan AL, Gilliam TC, Cantor RM, Geschwind DH, 2005. Quantitative genome scan and
Ordered-Subsets Analysis of autism endophenotypes support language QTLs. Mol. Psychiatry 10
(8), 747-757. [PubMed: 15824743]

Aman MG, Hollway JA, McDougle CJ, Scahill L, Tierney E, McCracken JT, Arnold LE, Vitiello B,
Ritz L, Gavaletz A, Cronin P, Swiezy N, Wheeler C, Koenig K, Ghuman JK, Posey DJ, 2008.
Coghnitive effects of risperidone in children with autism and irritable behavior. J. Child Adolesc.
Psychopharmacol. 18 (3), 227-236 Jun. [PubMed: 18582177]

Aman MG, Findling RL, Hardan AY, Hendren RL, Melmed RD, Kehinde-Nelson O, Hsu HA,
Trugman JM, Palmer RH, Graham SM, Gage AT, Perhach JL, Katz E, 2017. Safety and efficacy of
memantine in children with autism: randomized, placebo-controlled study and open-label extension.
J. Child Adolesc. Psychopharmacol. 27 (5), 403-412 Jun. [PubMed: 26978327]

Ameis SH, Kassee C, Corbett-Dick P, Cole L, Dadhwal S, Lai MC, Veenstra-VanderWeele J, Correll
CU, 2018. Sys- tematic review and guide to management of core and psychi- atric symptoms in
youth with autism. Acta Psychiatr. Scand. 138 (5), 379-400 Nov.

Anagnostou E, Jones N, Huerta M, Halladay AK, Wang P, Scahill L, Horrigan J, Kasari C, Lord
C, Choi D, Sullivan K, Dawson G, 2015. Measuring social communication behaviors as a
treatment endpoint in individuals with autism spectrum disorder. Autism 19 (5), 622-636. [PubMed:
25096930]

Anagnostou E, 2018. Clinical trials in autism spectrum disorder: evidence, challenges, and future

directions. Curr. Opin. Neurol. 31, 119-125. [PubMed: 29389748]

Arango C.Lopez, Rev Psiquiatr Salud Ment. 2019. pii: S1888-9891(19)30054-0. doi:10.1016/
j.rpsm.2019.05.002.

Ashwood KL., Tye C., Azadi B., Cartwright S., Asherson P., Bolton P., 2015. Brief report: adaptive
functioning in children with ASD, ADHD and ASD + ADHD. J Autism Dev. Disord. 45 (7),
2235-2242. [PubMed: 25614019]

Bakken TL, Helverschou SB, Eilertsen DE, Heggelund T, Myrbakk E, Martinsen H, 2010. Psychiatric
disorders in adolescents and adults with autism and intellectual disability: a representative study in
one county in Norway. Res. Dev. Disabil. 31 (6), 16691677 2010 Nov-Dec. [PubMed: 20493660]

Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, Warren Z, Kurzius-Spencer M, Zahorodny
W, Robinson Rosen-berg C, White T, Durkin MS, Imm P, Nikolaou L, Yeargin-Allsopp M,

Lee LC, Harrington R, Lopez M, Fitzger-ald RT, Hewitt A, Pettygrove S, Constantino JN,

Vehorn A, Shenouda J, Hall-Lande J, Van Naarden Braun K, Dowling NF, 2018. Prevalence

of autism spectrum disorder among children aged 8 years - autism and developmental disabilities
monitoring network, 11 Sites, United States. MMWR Surveill. Summ. 67 (6), 1-23. doi:10.15585/
mmwr.ss6706al, 27.

Bal VH, Kim SH, Cheong D, Lord C, 2015. Daily living skills in individuals with autism spectrum
disorder from 2 to 21 years of age. Autism 19 (7), 774-784 Oct. [PubMed: 25922445]

Bal VH, Hendren RL, Charman T, Abbeduto L, Kasari C, Klinger LG, Ence W, Glavin T, Lyons
G, Rosenberg E, 2018. Considerations from the 2017 IMFAR preconference on measuring
meaningful outcomes from school-age to adulthood. Autism Res. 11 (11), 1446-1454. [PubMed:
30375190]

Bangerter A, Ness S, Lewin D, Aman MG, Eshensen AJ, Goodwin MS, Dawson G, Hendren R,
Leventhal B, Shic F, Opler M, Ho KF, Pandina G, 2019. Clinical validation of the Autism
Behavior Inventory: caregiver-rated assessment of core and associated symptoms of Autism
Spectrum Disorder. J. Autism Dev. Disord. doi:10.1007/s10803-019-03965-7.

Baribeau DA, Vigod S, Pullenayegum E, Kerns CM, Mirena P, Smith IM, Vaillancourt T, Volden
J, Waddell C, Zwaigen-baum L, Bennett T, Duku E, Elsabbagh M, Georgiades S, Ungar WJ,
Zaidman-Zait A, Szatmari P; Editorial Clinical Guidance., 2019. Repetitive behavior severity as an
early indicator of risk for elevated anxiety symptoms in Autism Spectrum Disorder. J. Am. Acad.
Child. Adolesc. Psychiatry. Sep 18. pii: S0890-8567(19)32014-3. doi:10.1016/j.jaac.2019.08.478.

Baron-Cohen S, 1988. Social and pragmatic deficits in autism: cognitive or affective? J. Autism Dev.
Disord. 18 (3), 379-402 Sep. [PubMed: 3049519]

Bear MF, Huber KM, Warren ST, 2004. The mGIuR theory of fragile X mental retardation. Trends
Neurosci. 27 (7), 370-377 Jul. [PubMed: 15219735]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 29

Bejerot S, Eriksson JM, Mdértberg E, 2014. Social anxiety in adult autism spectrum disorder.
Psychiatry Res. 220 (1-2), 705-707 Dec 15. [PubMed: 25200187]

Berry-Kravis E, Des Portes V, Hagerman R, Jacquemont S, Charles P, Visootsak J, Brinkman M, Rerat
K, Koumaras B, Zhu L, Barth GM, Jaecklin T, Apostol G, von Raison F, 2016. Mavoglurant in
fragile X syndrome: results of two randomized, double-blind, placebo-controlled trials. Sci. Transl.
Med. 8 (321), 321ra5. doi:10.1126/scitransImed.aab4109, 13.

Bishop SL, Hus V, Duncan A, Huerta M, Gotham K, Pickles A, Kreiger A, Buja A, Lund S, Lord
C, 2013. Sub-categories of restricted and repetitive behaviors in children with autism spectrum
disorders. J. Autism Dev. Disord. 43 (6), 1287-1297 Jun. [PubMed: 23065116]

Bishop S, Havdahl K, Huerta M, Lord C, 2016. Sub-dimensions of social-communication impairment
in Autism Spectrum Disorder. J. Child Psychol. Psychiatry 57 (8), 909-916. [PubMed: 26748412]

Bishop S, Farmer C, Kaat A, Georgiades S, Kanne S, Thurm A, 2019. The need for a developmentally
based measure of social communication skills. J. Am. Acad. Child Adolesc. Psychiatry 58 (6),
555-560. [PubMed: 31130206]

Black MH, Chen NT, Lipp OV, Bélte S, Girdler S, 2020. Complex facial emotion recognition and
atypical gaze patterns in autistic adults. Autism 24 (1), 258-262 Jan. [PubMed: 31216863]

Bodfish JW, Symons FJ, Parker DE, Lewis MH, 2000. Varieties of repetitive behavior in autism:
comparisons to mental retardation. J. Autism Dev. Disord. 30 (3), 237-243. [PubMed: 11055459]

Bolognani F, Del Valle Rubido M, Squassante L, Wandel C, Derks M, Murtagh L, Sevigny J, Khwaja
O, Umbricht D, Fontoura P, 2019. A phase 2 clinical trial of a vasopressin V1a receptor antagonist
shows improved adaptive behaviors in men with autism spectrum disorder. Sci. Transl. Med. 11
(491), eaat7838. doi:10.1126/scitransimed.aat7838, May 8.

Bone D, Bishop SL, Black MP, Goodwin MS, Lord C, Narayanan SS, 2016. Use of machine
learning to improve autism screening and diagnostic instruments: effectiveness, efficiency, and
multi-instrument fusion. J. Child Psychol. Psychia-try 57 (8), 927-937.

Bos DJ, Silverman MR, Ajodan EL, Martin C, Silver BM, Brouwer GJ, Di Martino A, Jones RM,
2019. Rigidity coincides with reduced cognitive control to affective cues in children with autism. J.
Abnorm. Psychol. 128 (5), 431-441. [PubMed: 31045398]

Bours CCAH, Bakker-Huvenaars MJ, Tramper J, Bielczyk N, Scheepers F, Nijhof KS, Baanders
AN, Lambregts-Rommelse NNJ, Medendorp P, Glennon JC, Buitelaar JK, 2018a. Emotional face
recognition in male adolescents with autism spectrum disorder or disruptive behavior disorder: an
eye-tracking study. Eur. Child Adolesc. Psychiatry 27 (9), 1143-1157 Sep. [PubMed: 29922873]

Brandwein A, Foxe J, Butler J, Frey H, Bates J, Shulman L, Molholm S, 2015. Neurophysiological
indices of atypical auditory processing and multisensory integration are associated with symptom
severity in autism. J. Autism Dev. Disord. 45 (1), 230-244. [PubMed: 25245785]

Brugha TS, Doos L, Tempier A, Einfeld S, Howlin P, 2015. Outcome measures in intervention trials
for adults with autism spectrum disorders; a systematic review of assessments of core autism
features and associated emotional and behavioral problems. Int. J. Methods Psychiatr. Res. 24 (2),
99-115. [PubMed: 26077193]

Bours CCAH, Bakker-Huvenaars MJ, Tramper J, Bielczyk N, Scheepers F, Nijhof KS, Baanders
AN, Lambregts-Rommelse NNJ, Medendorp P, Glennon JC, Buitelaar JK, 2018b. Emotional face
recognition in male adolescents with autism spectrum disorder or disruptive behavior disorder:
an eye-tracking study. Eur. Child Adolesc. Psychiatry 27 (9), 1143-1157 2018 Sep. [PubMed:
29922873]

Budimirovic DB, Berry-Kravis E, Erickson CA, Hall SS, Hessl D, Reiss AL, King MK, Abbeduto L,
Kaufmann WE, 2017. Updated report on tools to measure outcomes of clinical trials in fragile X
syndrome. J. Neurodev. Disord. 9, 14. doi:10.1186/511689-017-9193-x. [PubMed: 28616097]

Cannon D, Miller J, Robison R, Villalobos M, Wahmhoff N, Allen-Brady K, McMahon W, Coon
H, 2010. Genome-wide linkage analyses of two repetitive behavior phenotypes in Utah pedigrees
with autism spectrum disorders. Mol Autism 1 (1), 3. d0i:10.1186/2040-2392-1-3. [PubMed:
20678246]

Cantor DS, Thatcher RW, Hrybyk M, Kaye H, 1986. Computerized EEG analyses of autistic children.
J. Autism Dev. Disord. 16 (2), 169-187 Jun. [PubMed: 3722118]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al. Page 30

Cantor RM, Navarro L, Won H, Walker RL, Lowe JK, Geschwind DH, 2018. ASD restricted and
repetitive behaviors associated at 17g21.33: genes prioritized by expression in fetal brains. Mol.
Psychiatry 23 (4), 993-1000 Apr. [PubMed: 28533516]

Carré A, Chevallier C, Robel L, Barry C, Maria AS, Pouga L, Philippe A, Pinabel F, Berthoz S, 2015.
Tracking social motivation systems deficits: the affective neuroscience view of autism. J. Autism
Dev. Disord. 45 (10), 3351-3363 Oct. [PubMed: 26123007]

Carruthers S, Kent R, Hollocks MJ, Simonoff E, 2018. Brief report: testing the psychometric
properties of the spence children’s anxiety scale (SCAS) and the screen for child anxiety
related emotional disorders (SCARED) in Autism Spectrum Disorder. J. Autism Dev. Disord.
doi:10.1007/s10803-018-3774-8.

Carson DS, Garner JP, Hyde SA, Libove RA, Berquist SW, Hornbeak KB, Jackson LP, Sumiyoshi
RD, Howerton CL, Hannah SL, Partap S, Phillips JM, Hardan AY, Parker KJ, 2015. Arginine
vasopressin is a blood-based biomarker of social functioning in children with autism. PLoS ONE
10 (7), e0132224.

Carter Leno V, Vitoratou S, Kent R, Charman T, Chandler S, Jones CR, Happé F, Baird G, Pickles
A, Simonoff E, 2019. Exploring the neurocognitive correlates of challenging behaviors in young
people with autism spectrum disorder. Autism 23 (5), 1152-1164. [PubMed: 30288984]

Carvalho Pereira A., Violante IR., Mouga S., Oliveira G., Castelo-Branco M., 2018. Medial frontal
lobe neurochemistry in autism spectrum disorder is marked by reduced N-acetylaspartate and
unchanged gamma-aminobutyric acid and glutamate glutamine levels. J. Autism Dev. Disord. 48
(5), 1467-1482. [PubMed: 29177616]

Cassidy S, Bradley P, Robinson J, Allison C, McHugh M, Baron—-Cohen S, 2014. Suicidal ideation
and suicide plans or attempts in adults with Asperger’s syndrome attending a specialist diag-nostic
clinic: a clinical cohort study. Lancet Psychiatry 1 (2), 142-147 Jul. [PubMed: 26360578]

Chadman KK, Fernandes S, DiLiberto E, Feingold R, 2019. Do animal models hold value in Autism
spectrum disorder (ASD) drug discovery? Expert Opin. Drug. Discov. 14 (8), 727-734. [PubMed:
31132011]

Chandrasekhar T, Sikich L, 2015. Challenges in the diagnosis and treatment of depression in autism
spectrum disorders across the lifespan. Dialogues Clin. Neurosci. 17 (2), 219-227 Jun. [PubMed:
26246795]

Charman T, Jones CR, Pickles A, Simonoff E, Baird G, Happé F, 2011. Defining the cognitive
phenotype of autism. Brain Res. 1380, 10-21. [PubMed: 21029728]

Charman T, Loth E, Tillmann J, Crawley D, Wooldridge C, Goyard D, Ahmad J, Auyeung B,
Ambrosino S, Banaschewski T, Baron-Cohen S, Baumeister S, Beckmann C, Bdlte S, Bourgeron
T, Bours C, Brammer M, Brandeis D, Brogna C, de Bruijn Y, Chakrabarti B, Cornelissen I, Acqua
FD, Dumas G, Durston S, Ecker C, Faulkner J, Frouin V, Garcés P, Ham L, Hayward H, Hipp J,
Holt RJ, Isaksson J, Johnson MH, Jones EJH, Kundu P, Lai MC, D’ardhuy XL, Lombardo MV,
Lythgoe DJ, Mandl R, Mason L, Meyer-Lindenberg A, Moessnang C, Mueller N, O’Dwyer L,
Oldehinkel M, Oranje B, Pandina G, Persico AM, Ruggeri B, Ruigrok ANV, Sabet J, Sacco R,
Caceres ASJ, Simonoff E, Toro R, Tost H, Waldman J, Williams SCR, Zwiers MP, Spooren W,
Murphy DGM, Buitelaar JK, 2017. The EU-AIMS longitudinal european autism project (LEAP):
clinical characterisation. Mol. Autism 8, 27. [PubMed: 28649313]

Chatham CH, Taylor KI, Charman T, Liogier D’ardhuy X, Eule E, Fedele A, Hardan AY, Loth E,
Murtagh L, Del Valle Rubido M, San Jose Caceres A, Sevigny J, Sikich L, Snyder L, Tillmann JE,
Ventola PE, Walton-Bowen KL, Wang PP, Willgoss T, Bolognani F, 2018. Adaptive behavior in
autism: minimal clinically important differences on the Vineland-Il. Autism Res. 11 (2), 270-283.
[PubMed: 28941213]

Chevallier C, Grézes J, Molesworth C, Berthoz S, Happé F, 2012. Brief report: selective social
anhedonia in high functioning autism. J. Autism Dev. Disord. 42 (7), 1504-1509 Jul. [PubMed:
21986875]

Christensen DL, Maenner MJ, Bilder D, Constantino JN, Daniels J, Durkin MS, Fitzgerald RT,
Kurzius-Spencer M, Pettygrove SD, Robinson C, Shenouda J, White T, Zahorodny W, Pazol K,
Dietz P, 2019. Prevalence and characteristics of Autism Spectrum Disorder among children aged 4
years -Early Autism and developmental disabilities monitoring network, seven sites, United States,
2010, 2012, and 2014. MMWR Surveill. Summ. 68 (2), 1-19.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 31

Chugani DC, Chugani HT, Wiznitzer M, Parikh S, Evans PA, Hansen RL, Nass R, Janisse JJ, Dixon-
Thomas P, Behen M, Rothermel R, Parker JS, Kumar A, Muzik O, Edwards DJ, Hirtz D, 2016.
Autism center of excellence network. Efficacy of low-dose buspirone for restricted and repetitive
behavior in young children with Autism Spectrum Disorder: a randomized trial. J. Pediatr. 170,
45-53. [PubMed: 26746121]

Cipolotti L, Robinson G, Blair J, Frith U, 1999. Fractionation of visual memory: evidence from a case
with multiple neurodevelopmental impairments. Neuropsychologia 37 (4), 455-465. [PubMed:
10215092]

Clements C, Zoltowski A, Yankowitz L, Yerys B, Schultz R, Herrington J, 2018. Evaluation of the
social motivation hypothesis of autism. JAMA Psychiatry 75 (8), 797. [PubMed: 29898209]

Constantino JN, Todd RD, 2003. Autistic traits in the general population: a twin study. Arch. Gen.
Psychiatry 60 (5), 524-530. [PubMed: 12742874]

Constantino JN, Gruber CP, Davis S, Hayes S, Passanante N, Przybeck T, 2004. The factor structure of
autistic traits. J. Child Psychol. Psychiatry 45 (4), 719-726. [PubMed: 15056304]

Coon CD, Cappelleri JC, 2016. Interpreting change in scores on patient-reported outcome instruments.
Ther. Innov. Regul. Sci. 50 (1), 22-29. d0i:10.1177/2168479015622667, Jan. [PubMed: 30236016]

D’Cruz AM, Mosconi MW, Ragozzino ME, Cook EH, Sweeney JA, 2016. Alterations in the
functional neural circuitry supporting flexible choice behavior in autism spectrum disorders.
Transl. Psychiatry 6 (10), €916. [PubMed: 27727243]

Das |, Estevez MA, Sarkar AA, Banerjee-Basu SA, 2019. Multifaceted approach for analyzing
complex phenotypic data in rodent models of autism. Mol. Autism 10, 11. doi:10.1186/
§13229-019-0263-7. [PubMed: 30911366]

Dawson G, Klinger LG, Panagiotides H, Lewy A, Castelloe P, 1995. Subgroups of autistic children
based on social behavior display distinct patterns of brain activity. J. Abnorm. Child Psychol. 23
(5), 569-583 Oct. [PubMed: 8568080]

Dawson G, Carver L, Meltzoff AN, Panagiotides H, McPart-land J, Webb SJ, 2002. Neural correlates
of face and object recognition in young children with autism spectrum disorder, developmental
delay, and typical development. Child Dev. 73 (3), 700-717. [PubMed: 12038546]

Dawson G, Rogers S, Munson J, Smith M, Winter J, Greenson J, Donaldson A, Varley J, 2010.
Randomized, controlled trial of an intervention for toddlers with autism: the Early Start Denver
Model. Pediatrics 125 (1), e17—e23. [PubMed: 19948568]

Dawson G, Bernier R, Ring RH, 2012. Social attention: a possible early indicator of efficacy in
autism clinical trials. J. Neurodev. Disord. 4 (1), 11. doi:10.1186/1866-1955-4-11, 2012 May 17.
[PubMed: 22958480]

Dawson G, Jones EJ, Merkle K, Venema K, Lowy R, Faja S, Kamara D, Murias M, Greenson J,
Winter J, Smith M, Rogers SJ, Webb SJ, 2012b. Early behavioral intervention is associated with
normalized brain activity in young children with autism. J. Am. Acad. Child Adolesc. Psychiatry
51 (11), 1150-1159 2012 Nov. [PubMed: 23101741]

Dawson G, Sun JM, Davlantis KS, Murias M, Franz L, Troy J, Simmons R, Sabatos-DeVito M,
Durham R, Kurtzberg J, 2017. Autologous cord blood infusions are safe and feasible in young
children with Autism Spectrum Disorder: results of a single-center Phase | open-label trial. Stem
Cells Transl. Med. 6 (5), 1332-1339 MayPMID: 28378499. [PubMed: 28378499]

de Vries M, Geurts HM, 2012. Cognitive flexibility in ASD; task switching with emotional faces. J.
Autism Dev. Disord. 42 (12), 2558-2568 Dec. [PubMed: 22456815]

DeFilippis M, 2018. Depression in children and adolescents with autism spectrum disorder. Children 5
(9), E112. doi:10.3390/children5090112, Aug 21pii:.

Del Valle Rubido M, McCracken JT, Hollander E, Shic F, Noeldeke J, Boak L, Khwaja O, Sadikhov
S, Fontoura P, Umbricht D, 2018. In search of biomarkers for Autism Spectrum Disorder. Autism
Res. 11 (11), 1567-1579. [PubMed: 30324656]

Delobel-Ayoub M, Saemundsen E, Gissler M, Ego A, Moilanen I, Ebeling H, Rafnsson V,
Klapouszczak D, Thorsteins-son E, Arnaldsdottir KM, Roge B, Arnaud C, Schendel D, 2020.
Prevalence of Autism Spectrum Disorder in 7-9-year-old children in Denmark, Finland, France
and Iceland: a population-based registries approach within the ASDEU project. J. Autism Dev.
Disord. 50 (3), 949-959 Mar. [PubMed: 31813107]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 32

DeMayo MM, Young LJ, Hickie IB, Song YJC, Guastella AJ, 2019. Circuits for social learning: a
unified model and application to Autism Spectrum Disorder. Neurosci. Biobehav. Rev. 107, 388—
398 Dec. [PubMed: 31560922]

Demetriou EA, Lampit A, Quintana DS, Naismith SL, Song YJC, Pye JE, Hickie I, Guastella AJ,
2018. Autism spectrum disorders: a meta-analysis of executive function. Mol. Psychiatry 1198—
1204. [PubMed: 28439105]

Dichter GS, Sikich L, Mahorney S, Felder JN, Lam KS, Turner-Brown L, Bodfish J, 2010. fMRI tracks
reductions in repetitive behaviors in autism: two case studies. Neurocase (4) 307-316. [PubMed:
20178033]

Dichter GS, Felder JN, Green SR, Rittenberg AM, Sas-son NJ, Bodfish JW, 2012. Reward circuitry
function in autism spectrum disorders. Soc. Cogn. Affect. Neurosci. 7 (2), 160-172 Feb. [PubMed:
21148176]

Dickinson A, DiStefano C, Lin YY, Scheffler AW, Senturk D, Jeste SS, 2018. Interhemispheric
alpha-band hypoconnectivity in children with autism spectrum disorder. Behav. Brain Res. 348,
227-234. [PubMed: 29689375]

Dijkhuis R, Gurbuz E, Ziermans T, Staal W, Swaab H, 2019. Social attention and emotional
responsiveness in young adults with autism. Front. Psychiatry. Jun 19;10:426. doi: 10.3389/
fpsyt.2019.00426.

Ddélen G, Osterweil E, Rao BS, Smith GB, Auerbach BD, Chattarji S, Bear MF, 2007. Correction of
fragile X syndrome in mice. Neuron 56 (6), 955-962 Dec 20. [PubMed: 18093519]

Drenthen GS, Barendse EM, Aldenkamp AP, Van Veenendaal TM, Puts NA, Edden RA, Zinger S,
Thoonen G, Hendriks MP, Kessels RP, Jansen JF, 2016. Altered neurotransmitter metabolism in
adolescents with high-functioning autism. Psychiatry Res. Neuroimaging 256, 44—49. [PubMed:
27685800]

Duncan AW, Bishop SL, 2015. Understanding the gap between cognitive abilities and daily living
skills in adolescents with autism spectrum disorders with average intelligence. Autism 19 (1),
64-72. [PubMed: 24275020]

Eaves LC, Ho HH, 2008. Young adult outcome of autism spectrum disorders. J. Autism Dev. Disord.
38 (4), 739-747 Apr. [PubMed: 17764027]

Emerson E, Kiernan C, Alborz A, Reeves D, Mason H, Swarbrick R, Mason L, Hatton C, 2001. The
prevalence of challenging behaviors: a total population study. Res. Dev. Disabil. 22 (1), 77-93
Jan-Feb. [PubMed: 11263632]

Erickson C, Davenport M, Schaefer T, Wink L, Pedapati E, Sweeney J, Fitzpatrick S, Brown W,
Budimirovic D, Hagerman R, Hessl D, Kaufmann W, Berry-Kravis E, 2017. Fragile X targeted
pharmacotherapy: lessons learned and future directions. J. Neurodev. Disord. 9 (1).

Faja S, Webb SJ, Jones E, Merkle K, Kamara D, Bavaro J, Aylward E, Dawson G, 2012. The
effects of face expertise training on the behavioral performance and brain activity of adults with
high functioning autism spectrum disorders. J. Autism Dev. Disord. 42 (2), 278-293. [PubMed:
21484517]

Faja S, Nelson Darling L, 2019. Variation in restricted and repetitive behaviors and interests relates
to inhibitory control and shifting in children with autism spectrum disorder. Autism 23 (5), 1262—
1272. [PubMed: 30394786]

Fang H, De Wolf H, Knezevic B, Burnham KL, Osgood J, Sanniti A, Lled6 Lara A, Kasela S, De
Cesco S, Wegner JK, Handunnetthi L, McCann FE, Chen L, Sekine T, Brennan PE, Marsden
BD, Damerell D, O’Callaghan CA, Bountra C, Bowness P, Sundstrém Y, Milani L, Berg L,
Gohlmann HW, Peeters PJ, Fairfax BP, Sundstrom M, Knight JCULTRA-DD Consortium., 2019.
A genetics-led approach defines the drug target landscape of 30 immune-related traits. Nat. Genet.
(7) 1082-1091. [PubMed: 31253980]

Food and Drug Administration, 2009. Guidance for industry on patient-reported measures: use in
product development to support labeling changes. Fed. Regist. 74, 65132-65133.

Feuerriegel D, Churches O, Hofmann J, Keage HAD, 2015. The N170 and face perception in
psychiatric and neurological disorders: a systematic review. Clin. Neurophysiol. 126 (6), 1141—
1158. [PubMed: 25306210]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 33

Folstein S, Rutter M, 1977. Genetic influences and infantile autism. Nature. 265 (5596), 726728 Feb
24. [PubMed: 558516]

Frazier T, Youngstrom E, Sinclair L, Kubu C, Law P, Rezai A, Constantino J, Eng C, 2009. Autism
Spectrum Disorders as a qualitatively distinct category from typical behavior in a large, clinically
ascertained sample. Assessment 17 (3), 308-320. [PubMed: 20040725]

Frazier TW, Youngstrom EA, Speer L, Embacher R, Law P, Constantino J, Findling RL, Hardan AY,
Eng C, 2012. Validation of proposed DSM-5 criteria for autism spectrum disorder. J. Am. Acad.
Child Adolesc. Psychiatry 51 (1), 28-40.e3. [PubMed: 22176937]

Frazier TW, Thompson L, Youngstrom EA, Law P, Hardan AY, Eng C, Morris N, 2014. A twin study
of heritable and shared environmental contributions to autism. J. Autism Dev. Disord. 44 (8),
2013-2025. [PubMed: 24604525]

Frith U, 2012. The 38th Sir Frederick Bartlett lecture: why we need cognitive explanations of autism.
Q. J. Exp. Psychol. 65 (11), 2073-2092.

Frohlich J, Senturk D, Saravanapandian V, Golshani P, Reiter LT, Sankar R, Thibert RL, DiStefano C,
Huberty S, Cook EH, Jeste SS, 2016. A quantitative electrophysiological biomarker of duplication
15g11.2-913.1 syndrome. PLoS ONE 11 (12), e0167179. doi:10.1371/journal.pone.0167179, Dec
15.

Frohlich J, Miller MT, Bird LM, Garces P, Purtell H, Hoener MC, Philpot BD, Sidorov
MS, Tan WH, Hernandez MC, Rotenberg A, Jeste SS, Krishnan M, Khwaja O, Hipp JF,
2019a. Electrophysiological phenotype in Angelman syndrome differs between genotypes. Biol.
Psychiatry 85 (9), 752-759 May 1. [PubMed: 30826071]

Frohlich J, Reiter LT, Saravanapandian V, DiStefano C, Huberty S, Hyde C, Chamberlain S, Bearden
CE, Golshani P, Irimia A, Olsen RW, Hipp JF, Jeste SS, 2019b. Mechanisms underlying the
EEG biomarker in Dup15q syndrome. Mol. Autism 10, 29. doi:10.1186/s13229-019-0280-6, Jul 3.
[PubMed: 31312421]

Gabriele S, Sacco R, Persico AM, 2014. Blood serotonin levels in autism spectrum disorder: a
systematic review and meta—analysis. Eur. Neuropsychopharmacol. 24 (6), 919-929. [PubMed:
24613076]

Gadow KD, Garman HD, 2020. Social anhedonia in children and adolescents with Autism Spectrum
Disorder and psychiatry referrals. J. Clin. Child. Adolesc. Psychol. 49 (2), 239-250 Mar-Apr.
[PubMed: 30412420]

Gandal MJ, Sisti J, Klook K, Ortinski PI, Leitman V, Liang Y, Thieu T, Anderson R, Pierce RC, Jonak
G, Gur RE, Carlson G, Siegel SJ, 2012. GABAB-mediated rescue of altered excitatory-inhibitory
balance, gamma synchrony and behavioral deficits following constitutive NMDAR-hypofunction.
Transl Psychiatry 2, e142. doi:10.1038/tp.2012.69, Jul 17. [PubMed: 22806213]

Gandal MJ, Leppa V, Won H, Parikshak NN, Geschwind DH, 2016. The road to precision psychiatry:
translating genetics into disease mechanisms. Nat. Neurosci. 19 (11), 1397-1407. [PubMed:
27786179]
Gandal MJ, Zhang P, Hadjimichael E, Walker RL, Chen C, Liu S, Won H, van Bakel H, Varghese M,
Wang Y, Shieh AW, Haney J, Parhami S, Belmont J, Kim M, Moran Losada P, Khan Z, Mleczko
J, Xia 'V, Dai R, Wang D, Yang YT, Xu M, Fish K, Hof PR, Warrell J, Fitzgerald D, White K,
Jaffe AE, Consortium, PsychENCODE, Peters MA, Gerstein M, Liu C, lakoucheva LM, Pinto D,
Geschwind DH, 2018. Transcriptome-wide isoform-level dys-regulation in ASD, schizophrenia,
and bipolar disorder. Science 362 (6420), eaat8127. doi:10.1126/science.aat8127, pii:.
Georgiades S, Szatmari P, Boyle M, Hanna S, Duku E, Zwaigenbaum L, Bryson S, Fombonne E,
\Volden J, Mirenda P, Smith I, Roberts W, Vaillancourt T, Waddell C, Bennett T, Thompson A,
2013. Investigating phenotypic heterogeneity in children with autism spectrum disorder: a factor
mixture modeling approach. J. Child Psychol. Psychiatry 54 (2), 206-215. [PubMed: 22862778]
Geschwind DH, State MW, 2015. Gene hunting in autism spectrum disorder: on the path to precision
medicine. Lancet Neurol. 14 (11), 1109-1120. [PubMed: 25891009]

Gillan CM, Seow TXF, 2020. Carving out new transdiagnostic dimensions for research in
mental health. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 5 (10), 932-934. doi:10.1016/
j.bpsc.2020.04.013, Oct. [PubMed: 32532686]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 34

Glaze DG, Neul JL, Kaufmann WE, Berry-Kravis E, Condon S, Stoms G, Oosterholt S, Della Pasqua
O, Glass L, Jones NE, Percy AKRett 002 Study Group., 2019. Double-blind, randomized,
placebo-controlled study of trofinetide in pediatric Rett syndrome. Neurology. 92 (16), e1912—
€1925. doi:10.1212/WNL.0000000000007316, Apr 16. [PubMed: 30918097]

Goodwin MS, Mazefsky CA, loannidis S, Erdogmus D, Siegel M, 2019. Predicting aggression
to others in youth with autism using a wearable biosensor. Autism Res. 12 (8), 1286-1296.
[PubMed: 31225952]

Grabb MC, Cross AJ, Potter WZ, McCracken JT, 2016. De-risking psychiatric drug development:
the NIMH’s fast fail program, a novel precompetitive model. J. Clin. Psychopharmacol. 36 (5),
419-421 Oct. [PubMed: 27404513]

Greene RK, Spanos M, Alderman C, Walsh E, Bizzell J, Mosner MG, Kinard JL, Stuber GD,
Chandrasekhar T, Politte LC, Sikich L, Dichter GS, 2018. The effects of intranasal oxytocin
on reward circuitry responses in children with autism spectrum disorder. J. Neurodev. Disord. 10
(1), 12. d0i:10.1186/s11689-018-9228-y, Mar 27. [PubMed: 29587625]

Greene RK, Damiano-Goodwin CR, Walsh E, Bizzell J, Dichter GS, 2020. Neural mechanisms of
vicarious reward processing in adults with Autism Spectrum Disorder. Autism Res. Treat. 2020,
8014248. doi:10.1155/2020/8014248, Mar 21.

Greene RK, Parish-Morris J, Sullivan M, Kinard JL, Mosner MG, Turner-Brown LM, Penn DL,
Wiesen CA, Pallathra AA, Brodkin ES, Schultz RT, Dichter GS, 2021. Dynamic eye tracking
as a predictor and outcome measure of social skills intervention in adolescents and adults with
Autism Spectrum Disorder. J. Autism Dev. Disord. 51 (4), 1173-1187 Apr. [PubMed: 32656738]

Greenlee JL, Mosley AS, Shui AM, Veenstra-VanderWeele J, Gotham KO, 2016. Medical and
behavioral correlates of depression history in children and adolescents with. Autism Spectrum
Disord. Pediatr. 137 (Suppl 2), S105-S114. doi:10.1542/peds.2015-28511, PMID: 26908466.

Gresham FM, Elliott SN, 2008. Social Skills Improvement System—~Rating Scales. Pearson
Assessments, Minneapolis, MN.

Grove J, Ripke S, Als TD, Mattheisen M, Walters RK, Won H, Pallesen J, Agerbo E, Andreassen
OA, Anney R, Awashti S, Belliveau R, Bettella F, Buxbaum JD, Bybjerg-Grauholm J, Baekvad-
Hansen M, Cerrato F, Chambert K, Christensen JH, Churchhouse C, Dellenvall K, Demontis
D, De Rubeis S, Devlin B, Djurovic S, Dumont AL, Goldstein JI, Hansen CS, Hauberg ME,
Hollegaard MV, Hope S, Howrigan DP, Huang H, Hultman CM, Klei L, Maller J, Martin J,
Martin AR, Moran JL, Nyegaard M, Nearland T, Palmer DS, Palotie A, Pedersen CB, Pedersen
MG, dPoterba T, Poulsen JB, Pourcain BS, Qvist P, Rehnstrém K, Reichenberg A, Reichert J,
Robinson EB, Roeder K, Roussos P, Saemundsen E, Sandin S, Satter-strom FK, Davey Smith
G, Stefansson H, Steinberg S, Stevens CR, Sullivan PF, Turley P, Walters GB, Xu X, 2019.
Autism Spectrum Disorder working group of the psychiatric genomics consortium; BUPGEN;
major depressive disorder working group of the psychiatric genomics consortium; 23andMe
research team, Stefansson K, Geschwind DH, Nordentoft M, Hougaad DM, Werge T, Mors O,
Mortensen PB, Neale BM, Daly MJ, Barglum AD. Identification of common genetic risk variants
for Autism Spectrum Disorder. Nat. Genet. 51 (3), 431-444. [PubMed: 30804558]

Grzadzinski R, Carr T, Colombi C, McGuire K, Dufek S, Pickles A, Lord C, 2016. Measuring
changes in social communication behaviors: preliminary development of the brief observation of
social communication change (BOSCC). J. Autism Dev. Disord. 46 (7), 2464-2479. [PubMed:
27062034]

Guillon Q, Hadjikhani N, Baduel S, Rogé B, 2014. Visual social attention in autism spectrum disorder:
insights from eye tracking studies. Neurosci. Biobehav. Rev. 42, 279-297 2014 May. [PubMed:
24694721]

Guthrie W, Wallis K, Bennett A, Brooks E, Dudley J, Gerdes M, Pandey J, Levy SE, Schultz RT,
Miller JS, 2019. Accuracy of autism screening in a large pediatric network. Pediatrics 144 (4),
€20183963. doi:10.1542/peds.2018-3963, pii:.

Halladay A, Bishop S, Constantino J, Daniels A, Koenig K, Palmer K, Messinger D, Pelphrey K,
Sanders S, Singer A, Taylor J, Szatmari P, 2015. Sex and gender differences in autism spectrum
disorder: summarizing evidence gaps and identifying emerging areas of priority. Mol. Autism 6
(1), 36. doi:10.1186/513229-015-0019-y. [PubMed: 26075049]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 35

Handen BL, Aman MG, Arnold LE, Hyman SL, Tumuluru RV, Lecavalier L, Corbett-Dick P, Pan
X, Hollway JA, Buchan-Page KA, Silverman LB, Brown NV, Rice RR Jr, Hellings J, Mruzek
DW, McAuliffe-Bellin S, Hurt EA, Ryan MM, Levato L, Smith T, 2015. Atomoxetine, parent
training, and their combination in children with Autism Spectrum Disorder and attention-deficit/
hyperactivity disorder. J. Am. Acad. Child Adolesc. Psychiatry 54 (11), 905-915. doi:10.1016/
j.jaac.2015.08.013. [PubMed: 26506581]

Happé F, Frith U, 1996. The neuropsychology of autism. Brain 119 (Pt 4), 1377-1400. [PubMed:
8813299]

Happé F, Ronald A, Plomin R, 2006. Time to give up on a single explanation for autism. Nat.
Neurosci. 9 (10), 1218-1220. [PubMed: 17001340]

Hardan AY, Fung LK, Libove RA, Obukhanych TV, Nair S, Herzenberg LA, Frazier TW,
Tirouvanziam R, 2012. A randomized controlled pilot trial of oral N-acetylcysteine in children
with autism. Biol. Psychiatry 71 (11), 956-961 Jun 1. [PubMed: 22342106]

Heathers JAJ, Gilchrist KH, Hegarty-Craver M, Grego S, Goodwin MS, 2019. An analysis of
stereotypical motor movements and cardiovascular coupling in individuals on the autism
spectrum. Biol. Psychol. 142, 90-99. [PubMed: 30648545]

Henderson C, Wijetunge L, Kinoshita MN, Shumway M, Hammond RS, Postma FR, Brynczka C,
Rush R, Thomas A, Paylor R, Warren ST, Vanderklish PW, Kind PC, Carpenter RL, Bear MF,
Healy AM, 2012. Reversal of disease-related pathologies in the fragile X mouse model by
selective activation of GABAB receptors with arbaclofen. Sci. Transl. Med. 4 (152), 152ra128
2012 Sep 19.

Herscu P, Handen BL, Arnold LE, Snape MF, Bregman JD, Ginsberg L, Hendren R, Kolevzon
A, Melmed R, Mintz M, Minshew N, Sikich L, Attalla A, King B, Owley T, Childress A,
Chugani H, Frazier J, Cartwright C, Murphy TAutism Speaks Autism Clinical Trials Network,
2019. The SOFIA Study: negative multi-center study of low dose fluoxetine on repetitive
behaviors in children and adolescents with Autistic Disorder. J. Autism Dev. Disord. doi:10.1007/
510803-019-04120-y, Jul 2.

Heunis TM, Aldrich C, de Vries PJ, 2016. Recent advances in resting-state electroencephalography
biomarkers for Autism Spectrum Disorder-a review of methodological and clinical challenges.
Pediatr. Neurol. 61, 28-37 Aug. [PubMed: 27255413]

Heunis T, Aldrich C, Peters JM, Jeste SS, Sahin M, Scheffer C, de Vries PJ, 2018. Recurrence
quantification analysis of resting state EEG signals in autism spectrum disorder -a systematic
methodological exploration of technical and demographic confounders in the search for
biomarkers. BMC Med. 16 (1), 101. [PubMed: 29961422]

Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, Bolte S, 2016. Premature
mortality in autism spectrum disorder. Br. J. Psychiatry 208 (3), 232-238 Mar. [PubMed:
26541693]

Hoekstra RA, Happé F, Baron-Cohen S, Ronald A, 2010. Limited genetic covariance between
autistic traits and intelligence: findings from a longitudinal twin study. Am. J. Med. Genet. B
Neuropsychiatr. Genet. 153B (5), 994-1007. [PubMed: 20162628]

Holtmann M, Bolte S, Poustka F, 2007. Attention deficit hyperactivity disorder symptoms in
pervasive developmental disorders: association with autistic behavior domains and coexisting
psychopathology. Psychopathology 40 (3), 172-177. [PubMed: 17318010]

Honey E, Rodgers J, McConachie H, 2012. Measurement of restricted and repetitive behavior in
children with autism spectrum disorder: selecting a questionnaire or interview. Res. Autism Spec.
Dis 6, 757-776.

Houghton R, Ong RC, Bolognani F, 2017. Psychiatric comorbidities and use of psychotropic
medications in people with autism spectrum disorder in the United States. Autism Res. 10 (12),
2037-2047. d0i:10.1002/aur.1848. [PubMed: 28963809]

Houghton R, Liu C, Bolognani F, 2018. Psychiatric comorbidities and psychotropic medication use in
autism: a matched cohort study with ADHD and general population comparator groups in the
United Kingdom. Autism Res. 11 (12), 1690-1700. [PubMed: 30380202]

Houghton R, Monz B, Law K, Loss G, Le Scouiller S, de Vries F, Willgoss T, 2019. Psychometric
validation of the autism impact measure (AIM). J. Autism Dev. Disord. 49 (6), 2559-2570.
[PubMed: 30968318]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 36

Howe J, Bear M, Golshani P, Klann E, Lipton S, Mucke L, Sahin M, Silva A, 2018. The mouse
as a model for neuropsychiatric drug development. Curr. Biol. 28 (17), R909-R914. [PubMed:
30205056]

Howlin P, Savage S, Moss P, Tempier A, Rutter M, 2014. Cognitive and language skills in adults
with autism: a 40-year follow-up. J. Child Psychol. Psychiatry 55 (1), 49-58 Jan. [PubMed:
23848399]

Howlin P, Magiati I, 2017. Autism spectrum disorder: outcomes in adulthood. Curr. Opin. Psychiatry
30 (2), 69-76 Mar. [PubMed: 28067726]

Hus V, Bishop S, Gotham K, Huerta M, Lord C, 2013. Factors influencing scores on the social
responsiveness scale. J. Child Psychol. Psychiatry 54 (2), 216-224 PMID: 22823182. [PubMed:
22823182]

Ibrahim GM, Morgan BR, Vogan VM, Leung RC, Anagnostou E, Taylor MJ, 2016. Mapping the
network of neuropsychological impairment in children with Autism Spectrum Disorder: a graph
theoretical analysis. J. Autism Dev. Disord. 46 (12), 3770-3777. [PubMed: 27696182]

Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, Sanislow C, Wang P, 2010. Research
domain criteria (RDoC): toward a new classification framework for research on mental disorders.
Am. J. Psychiatry 167 (7), 748-751 Jul. [PubMed: 20595427]

Jacobson NS, Truax P, 1991. Clinical significance: a statistical approach to defining
meaningful change in psychotherapy research. J. Consult. Clin. Psychol. 59 (1), 12-19.
doi:10.1037//0022-006x.59.1.12, FebPMID: 2002127. [PubMed: 2002127]

Jeste SS, Geschwind DH, 2016. Clinical trials for neurodevelopmental disorders: at a therapeutic
frontier. Sci. Transl. Med. 8 (321), 321fs1. doi:10.1126/scitranslmed.aad9874, Jan 13.

Jokiranta E, Sourander A, Suominen A, Timonen-Soivio L, Brown AS, Sillanp&a M, 2014. Epilepsy
among children and adolescents with autism spectrum disorders: a population-based study. J.
Autism Dev. Disord. 44 (10), 2547-2557. doi:10.1007/s10803-014-2126-6, Oct PubMed PMID:
24803367. [PubMed: 24803367]

Jones RM, Tarpey T, Hamo A, Carberry C, Lord C, 2018a. Smartphone measures of day-to-day
behavior changes in children with autism. NPJ Digit Med 1, 34. doi:10.1038/s41746-018-0043-3.
[PubMed: 31304316]

Jones RM, Plesa Skwerer D, Pawar R, Hamo A, Carberry C, Ajodan EL, Caulley D, Silverman MR,
McAdoo S, Meyer S, Yoder A, Clements M, Lord C, Tager-Flusberg H, 2019. How effective is
LENA in detecting speech vocalizations and language produced by children and adolescents with
ASD in different contexts? Autism Res. 12 (4), 628-635. [PubMed: 30638310]

Jones CRG, Simonoff E, Baird G, Pickles A, Marsden AJS, Tregay J, Happé F, Charman T, 2018b. The
association between theory of mind, executive function, and the symptoms of autism spectrum
disorder. Autism Res. 11 (1), 95-109. [PubMed: 28945319]

Jones RM, Tarpey T, Hamo A, Carberry C, Lord C, 2018c. Smartphone measures of day-to-day
behavior changes in children with autism. NPJ Digit Med. 1, 34. [PubMed: 31304316]

Joseph RM, Tager-Flusberg H, 2004. The relationship of theory of mind and executive functions
to symptom type and severity in children with autism. Dev. Psychopathol. 16 (01), 137-155.
[PubMed: 15115068]

Joshi G, Petty C, Wozniak J, Henin A, Fried R, Galdo M, Kotarski M, Walls S, Biederman J, 2010.
The heavy burden of psychiatric comorbidity in youth with autism spectrum disorders: a large
comparative study of a psychiatrically referred population. J. Autism Dev. Disord. 40 (11), 1361-
1370 Nov. [PubMed: 20309621]

Joshi G, Wozniak J, Fitzgerald M, Faraonem S, Friedm R, Galdo M, Furtak SL, Conroy K, Kilcullen
JR, Belser A, Biederman J, 2018. High risk for severe emotional dysregulation in psychiatrically
referred youth with Autism Spectrum Disorder: a controlled study. J. Autism Dev. Disord. 48 (9),
3101-3115 Sep. [PubMed: 29675767]

Kaat AJ, Gadow KD, Lecavalier L, 2013a. Psychiatric symptom impairment in children with autism
spectrum disorders. J. Abnorm. Child Psychol. 41 (6), 959-969. doi:10.1007/s10802-013-9739-7.
[PubMed: 23605958]

Kaat AJ, Gadow KD, Lecavalier L, 2013b. Psychiatric symptom impairment in children with autism
spectrum disorders. J. Abnorm. Child Psychol. 41 (6), 959-969 Aug. [PubMed: 23605958]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 37

Kanne SM, Mazurek MO, Sikora D, Bellando J, Branum-Martin L, Handen B, Katz T, Freedman B,
Powell MP, Warren Z, 2014. The Autism Impact Measure (AIM): initial development of a new
tool for treatment outcome measurement. J. Autism Dev. Disord. 44 (1), 168-179. [PubMed:
23748386]

Kanner L, 1943. Autistic disturbances of affective contact. Nerv. Child. 35, 100-136 Reprinted in:
1968 Acta Paedopsychiatrica, 1968.

Kanner L, 1971. Follow-up study of eleven autistic children originally reported in 1943. J. Autism
Child. Schizophr. 1 (2), 119-145. [PubMed: 5172388]

Kasari C, Freeman S, Paparella T, 2006. Joint attention and symbolic play in young children with
autism: a randomized controlled intervention study. J. Child Psychol. Psychiatry 47 (6), 611-620
Jun. [PubMed: 16712638]

Kasari C, Locke J, Gulsrud A, Rotheram-Fuller E, 2011. Social networks and friendships at school:
comparing children with and without ASD. J. Autism Dev. Disord. 41 (5), 533-544. [PubMed:
20676748]

Keehn B, Westerfield M, Miiller RA, Townsend J, 2017. Autism, attention, and alpha oscillations:
an electrophysiological study of attentional capture. Biol. Psychiatry Cogn. Neu-rosci.
Neuroimaging 2 (6), 528-536.

Keehn B, Muller RA, Townsend J, 2013. Atypical attentional networks and the emergence of autism.
Neurosci. Biobehav. Rev. 37 (2), 164-183. [PubMed: 23206665]

Keefe RS, Poe M, Walker TM, Kang JW, Harvey PD, 2006. The Schizophrenia Cognition Rating
Scale: an interview-based assessment and its relationship to cognition, real-world functioning,
and functional capacity. Am. J. Psychiatry 163 (3), 426-432 Mar. [PubMed: 16513863]

Kerns CM, Kendall PC, Zickgraf H, Franklin ME, Miller J, Herrington J, 2015. Not to be
overshadowed or overlooked: functional impairments associated with comorbid anxiety disorders
in youth with ASD. Behav. Ther. 46 (1), 29-39 Jan. [PubMed: 25526833]

Kerns CM, Winder-Patel B, losif AM, Nordahl CW, Heath B, Solomon M, Amaral DG, 2020.
Clinically significant anxiety in children with Autism Spectrum Disorder and varied intellectual
functioning. J. Clin. Child. Adolesc. Psychol. 23, 1-16 Jan.

Key AP, Corbett BA, 2020. The unfulfilled promise of the N170 as a social biomarker. Biol. Psychiatry
Cogn. Neurosci. Neuroimaging 5 (3), 342—-353 Mar. [PubMed: 31679960]

Kim H, Keifer C, Rodriguez-Seijas C, Eaton N, Lerner M, Gadow K, 2019a. Quantifying the optimal
structure of the autism phenotype: a comprehensive comparison of dimensional, categorical,
and hybrid Models. J. Am. Acad. Child Adolesc. Psychiatry 58 (9), 876-886 Sep. [PubMed:
30768420]

Kim SH, Grzadzinski R, Martinez K, Lord C, 2019b. Measuring treatment response in children
with autism spectrum disorder: applications of the Brief Observation of Social Communication
Change to the Autism Diagnostic Observation Schedule. Autism 23 (5), 1176-1185 Jul.
[PubMed: 30303398]

King BH, Dukes K, Donnelly CL, Sikich L, McCracken JT, Scahill L, Hollander E, Bregman JD,
Anagnostou E, Robinson F, Sullivan L, Hirtz D, 2013. Baseline factors predicting placebo
response to treatment in children and adolescents with autism spectrum disorders: a multisite
randomized clinical trial. JAMA Pediatr. 167 (11), 1045-1052 Nov. [PubMed: 24061784]

Klin A, Shultz S, Jones W, 2015. Social visual engagement in infants and toddlers with autism: early
developmental transitions and a model of pathogenesis. Neurosci. Biobehav. Rev. 50, 189-203.
[PubMed: 25445180]

Kuhfeld M, Sturm A, 2018. An examination of the precision of the Autism Diagnostic Observation
Schedule using item response theory. Psychol. Assess. 30 (5), 656—668. [PubMed: 28782981]

Lai MC, Kassee C, Besney R, Bonato S, Hull L, Mandy W, Szatmari P, Ameis SH, 2019. Prevalence
of co-occurring mental health diagnoses in the autism population: a systematic review and
meta-analysis. Lancet Psychiatry 6 (10), 819-829. [PubMed: 31447415]

Lam K, Bodfish J, Piven J, 2008. Evidence for three subtypes of repetitive behavior in autism that
differ in familiality and association with other symptoms. J. Child Psychol. Psychiatry 49 (11),
1193-1200. [PubMed: 19017031]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 38

Lawrence KE, Hernandez LM, Eilbott J, Jack A, Aylward E, Gaab N, Van Horn JD, Bernier RA,
Geschwind DH, McPartland JC, Nelson CA, Webb SJ, Pelphrey KA, Bookheimer SY, Dapretto
MGENDAAR Consortium, 2020. Neural responsivity to social rewards in autistic female youth.
Transl. Psychiatry 10 (1), 178 Jun 2. [PubMed: 32488083]

Leadbitter K, Aldred C, McConachie H, Le Couteur A, Kapadia D, Charman T, Macdonald W,
Salomone E, Emsley R, Green JPACT Consortium, 2018. The Autism Family Experience
Questionnaire (AFEQ): an ecologically-valid, parent-nominated measure of family experience,
quality of life and prioritised outcomes for early intervention. J. Autism Dev. Disord. 48 (4),
1052-1062 2018 Apr. [PubMed: 29150738]

LeBlanc JJ, DeGregorio G, Centofante E, Vogel-Farley VK, Barnes K, Kaufmann WE, Fagiolini M,
Nelson CA, 2015. Visual evoked potentials detect cortical processing deficits in Rett syndrome.
Ann. Neurol. 78 (5), 775-786 Nov. [PubMed: 26332183]

Leboyer M, Philippe A, Bouvard M, Guilloud-Bataille M, Bondoux D, Tabuteau F, Feingold J,
Mouren-Simeoni MC, Launay JM, 1999. Whole blood serotonin and plasma beta-endorphin in
autistic probands and their first-degree relatives. Biol. Psychiatry 45 (2), 158-163. [PubMed:
9951562]

Lecavalier L, Wood JJ, Halladay AK, Jones NE, Aman MG, Cook EH, Handen BL, King BH, Pearson
DA, Hallett V, Sullivan KA, Grondhuis S, Bishop SL, Horrigan JP, Dawson G, Scahill L, 2014.
Measuring anxiety as a treatment endpoint in youth with autism spectrum disorder. J. Autism
Dev. Disord. 44 (5), 1128-1143. [PubMed: 24158679]

Leigh MJ, Nguyen DV, Mu Y, Winarni TI, Schneider A, Chechi T, Polussa J, Doucet P, Tassone F,
Rivera SM, Hessl D, Hager-man RJ, 2013. A randomized double-blind, placebo-controlled trial
of minocycline in children and adolescents with fragile x syndrome. J Dev Behav Pediatr 34 (3),
147-155. doi:10.1097/DBP.0b013e318287cd17. [PubMed: 23572165]

Leung RC, Vogan VM, Powell TL, Anagnostou E, Taylor MJ, 2016. The role of executive functions
in social impairment in Autism Spectrum Disorder. Child. Neuropsychol. 22 (3), 336-344.
[PubMed: 25731979]

Lewis MH, Primiani CT, Muehlmann AM, 2019. Targeting Dopamine D(2), Adenosine A(2A), and
Glutamate mGlu(5) Receptors to Reduce Repetitive Behaviors in Deer Mice. J. Pharmacol. Exp.
Ther. 369 (1), 88-97 Apr. [PubMed: 30745415]

Leyfer OT, Folstein SE, Bacalman S, Davis NO, Dinh E, Morgan J, Tager-Flusberg H, Lainhart JE,
2006. Comorbid psychiatric disorders in children with autism: interview development and rates
of disorders. J. Autism Dev. Disord. 36 (7), 849-861. [PubMed: 16845581]

Li L, Bachevalier J, Hu X, Klin A, Preuss TM, Shultz S, Jones W, 2018a. Topology of the structural
social brain network in typical adults. Brain Connect 8 (9), 537-548. [PubMed: 30280929]

Li J, Yoshikawa A, Brennan MD, Ramsey TL, Meltzer HY, 2018b. Genetic predictors of antipsychotic
response to lurasi-done identified in a genome wide association study and by schizophrenia risk
genes. Schizophr. Res. 192, 194-204. [PubMed: 28431800]

Liu XQ, Georgiades S, Duku E, Thompson A, Devlin B, Cook EH, Wijsman EM, Paterson AD,
Szatmari P, 2011. Identification of genetic loci underlying the phenotypic constructs of autism
spectrum disorders. J. Am. Acad. Child Adolesc. Psychiatry 50 (7), 687-696.e13. [PubMed:
21703496]

Locke J, Ishijima E, Kasari C, London N, 2010. Loneliness, friendship quality and the social networks
of adolescents with high-functioning autism in an inclusive school setting. J. Res. Spec. Educ.
BNeeds 10 (2), 74-81.

Lopez BR, Lincoln AJ, Ozonoff S, Lai Z, 2005. Examining the relationship between executive
functions and restricted, repetitive symptoms of autistic disorder. J. Autism Dev. Disord. 35
(4), 445-460. [PubMed: 16134030]

Loth E, Charman T, Mason L, Tillmann J, Jones EJH, Wooldridge C, Ahmad J, Auyeung B, Brogna
C, Ambrosino S, Banaschewski T, Baron-Cohen S, Baumeister S, Beckmann C, Brammer M,
Brandeis D, Bélte S, Bourgeron T, Bours C, de Bruijn Y, Chakrabarti B, Crawley D, Cornelissen
I, Acqua FD, Dumas G, Durston S, Ecker C, Faulkner J, Frouin V, Garces P, Goyard D, Hayward
H, Ham LM, Hipp J, Holt RJ, Johnson MH, Isaksson J, Kundu P, Lai MC, D’ardhuy XL,
Lombardo MV, Lythgoe DJ, Mandl R, Meyer-Lindenberg A, Moessnang C, Mueller N, O’Dwyer
L, Oldehinkel M, Oranje B, Pandina G, Persico AM, Ruigrok ANV, Ruggeri B, Sabet J, Sacco R,

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 39

Caceres ASJ, Simonoff E, Toro R, Tost H, Waldman J, Williams SCR, Zwiers MP, Spooren W,
Murphy DGM, Buitelaar JK, 2017. The EU-AIMS longitudinal european autism project (LEAP):
design and methodologies to identify and validate stratification biomarkers for autism spectrum
disorders. Mol. Autism 23 (8), 24. d0i:10.1186/s13229-017-0146-8, June.

Loth E, Evans DW, 2019. Converting tests of fundamental social, cognitive, and affective
processes into clinically useful bio-behavioral markers for neurodevelopmental conditions. Wiley
Interdiscip. Rev. Cogn. Sci. 10 (5), €1499. doi:10.1002/wcs.1499. [PubMed: 30945452]

Lowe JK, Werling DM, Constantino JN, Cantor RM, Geschwind DH, 2015. Social responsiveness, an
autism endophenotype: genomewide significant linkage to two regions on chromosome 8. Am. J.
Psychiatry 172 (3), 266-275. [PubMed: 25727539]

Lukmanji S, Manji SA, Kadhim S, Sauro KM, Wirrell EC, Kwon CS, Jetté N, 2019. The co-
occurrence of epilepsy and autism: a systematic review. Epilepsy Behav. 98 (Pt A), 238-248.
doi:10.1016/j.yebeh.2019.07.037, SepEpub 2019 Aug 6. Review. PubMed PMID: 31398688.
[PubMed: 31398688]

Magiati I, Tay XW, Howlin P, 2014. Cognitive, language, social and behavioural outcomes in
adults with autism spectrum disorders: a systematic review of longitudinal follow-up studies
in adulthood. Clin. Psychol. Rev. 34 (1), 73-86. [PubMed: 24424351]

Maher GM, O’Keeffe GW, Dalman C, Kearney PM, Mc-Carthy FP, Kenny LC, Khashan AS, 2019.
Association between preeclampsia and autism spectrum disorder: a population-based study. J.
Child Psychol. Psychiatry doi:10.1111/jcpp.13127.

Marcus RN, Owen R, Kamen L, Manos G, McQuade RD, Carson WH, Aman MG, 2009. A
placebo-controlled, fixed-dose study of aripiprazole in children and adolescents with irritability
associated with autistic disorder. J. Am. Acad. Child Adolesc. Psychiatry 48 (11), 1110-1119
Nov. [PubMed: 19797985]

Masi A, Lampit A, Glozier N, Hickie IB, Guastella AJ, 2015. Predictors of placebo response in
pharmacological and dietary supplement treatment trials in pediatric autism spectrum disorder: a
meta-analysis. Transl. Psychiatry 22 (5), e640. doi:10.1038/tp.2015.143.

Mathewson KJ, Jetha MK, Dermic IE, Bryson SE, Goldberg JO, Schmidt LA, 2012. Regional EEG
alpha power, coherence, and behavioral symptomatology in autism spectrum disorder. Clin
Neurophysiol 123 (9), 1798-1809. doi:10.1016/j.clinph.2012.02.061. [PubMed: 22405935]

Mazefsky CA, Goin-Kochel RP, Riley BP, Maes HH, 2008. The autism genetic resource exchange
consortium. genetic and environmental influences on symptom domains in twins and siblings
with autism. Res. Autism Spectr. Disord. 2 (2), 320-331. [PubMed: 19718281]

Mazurek MO, Carlson C, Baker-Ericzén M, Butter E, Norris M, Kanne S, 2018. Construct validity of
the autism impact measure (AIM). J. Autism Dev. Disord. doi:10.1007/s10803-018-3462-8.

McConachie H, Parr JR, Glod M, Hanratty J, Livingstone N, Oono IP, Robalino S, Baird G, Beresford
B, Charman T, Garland D, Green J, Gringras P, Jones G, Law J, Le Couteur AS, Macdonald G,
McColl EM, Morris C, Rodgers J, Simonoff E, Terwee CB, Williams K, 2015. Systematic review
of tools to measure outcomes for young children with autism spectrum disorder. Health Technol.
Assess. 19 (41), 1-506 Jun.

McConachie H, Mason D, Parr JR, Garland D, Wilson C, Rodgers J, 2018. Enhancing the validity of a
quality of life measure for autistic people. J. Autism Dev. Disord. 48 (5), 1596-1611. [PubMed:
29188584]

McCracken JT, McGough J, Shah B, Cronin P, Hong D, Aman MG, Arnold LE, Lindsay R, Nash
P, Hollway J, Mc-Dougle CJ, Posey D, Swiezy N, Kohn A, Scahill L, Mar-tin A, Koenig K,
Volkmar F, Carroll D, Lancor A, Tierney E, Ghuman J, Gonzalez NM, Grados M, Vitiello B, Ritz
L, Davies M, Robinson J, McMahon DResearch Units on Pediatric Psychopharmacology Autism
Network., 2002. Risperi-done in children with autism and serious behavioral problems. N. Engl.
J. Med. 347 (5), 314-321 Aug 1. [PubMed: 12151468]

McDonnell CG, DeLucia EA, Hayden EP, Anagnostou E, Nicolson R, Kelley E, Georgiades S,

Liu X, Stevenson RA, 2019. An exploratory analysis of predictors of youth suicide-related
behaviors in Autism Spectrum Disorder: implications for prevention science. J. Autism Dev.
Disord. doi:10.1007/s10803-019-04320-6.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 40

McPartland J, Dawson G, Webb SJ, Panagiotides H, Carver LJ, 2004. Event-related brain potentials
reveal anomalies in temporal processing of faces in autism spectrum disorder. J. Child Psychol.
Psychiatry 45 (7), 1235-1245. [PubMed: 15335344]

McGough James J, Sturm A, Cowen J, Tung K, Salgari GC, Leuchter AF, Cook 1A, Sugar CA,

Loo SK, 2019. Double-Blind, Sham-Controlled, Pilot Study of Trigeminal Nerve Stimulation for
Attention-Deficit/Hyperactivity Disorder. J Am Acad Child Adolesc Psychiatry 58 (4), 403-411.
d0i:10.1016/j.jaac.2018.11.013. [PubMed: 30768393]

McPartland JC, 2016. Considerations in biomarker development for neurodevelopmental disorders.

Curr. Opin. Neurol. 29 (2), 118-122 AprPMID: 26844621. [PubMed: 26844621]

McPartland JC, 2017. Developing clinically practicable biomarkers for Autism Spectrum Disorder. J.
Autism Dev. Disord. 47 (9), 2935-2937. [PubMed: 28695438]

Miller HL, Ragozzino ME, Cook EH, Sweeney JA, Mosconi MW, 2015. Cognitive set shifting deficits
and their relationship to repetitive behaviors in autism spectrum disorder.J. Autism Dev. Disord.
45 (3), 805-815.

Miller M, Bales KL, Taylor SL, Yoon J, Hostetler CM, Carter CS, Solomon M, 2013. Oxytocin and
vasopressin in children and adolescents with autism spectrum disorders: sex differences and
associations with symptoms. Autism Res 6 (2), 91-102. [PubMed: 23413037]

Mirenda P, Smith IM, Vaillancourt T, Georgiades S, Duku E, Szatmari P, Bryson S, Fombonne
E, Roberts W, Volden J, Waddell C, Zwaigenbaum L, 2010. Pathways in ASD Study Team.
Validating the Repetitive Behavior Scale-revised in young children with autism spectrum
disorder. J. Autism Dev. Disord. 40 (12), 1521-1530. doi:10.1007/s10803-010-1012-0, PubMed
PMID: 20405194. [PubMed: 20405194]

Modi ME, Sahin M, 2017. Translational use of event-related potentials to assess circuit integrity in
ASD. Nat. Rev. Neurol. 13 (3), 160-170. [PubMed: 28211449]

Modi ME, Sahin M, 2018. A unified circuit for social behavior. Neurobiol Learn Mem. Pii: S1074—
7427(18)30195-3.

Montori VM, Permanyer-Miralda G, Ferreira-Gonzéalez I, Busse JW, Pacheco-Huergo V, Bryant D,
Alonso J, Akl EA, Domingo-Salvany A, Mills E, Wu P, Schiinemann HJ, Jaeschke R, Guyatt
GH, 2005. Validity of composite end points in clinical trials. BMJ. 330 (7491), 594-596 Mar 12.
[PubMed: 15761002]

Mosner MG, Kinard JL, Shah JS, McWeeny S, Greene RK, Lowery SC, Mazefsky CA, Dichter
GS, 2019. Rates of co-occurring psychiatric disorders in Autism Spectrum Disorder us-
ing the mini international neuropsychiatric interview. J. Autism Dev. Disord. doi:10.1007/
510803-019-04090-1.

Mouridsen SE, Rich B, Isager T, 2010. A longitudinal study of epilepsy and other central nervous
system diseases in individuals with and without a history of infantile autism. Brain Dev. 33
(5), 361-366. doi:10.1016/j.braindev.2010.07.002, Epub 2010 Jul 23. PubMed PMID: 20655678,
May. [PubMed: 20655678]

Muhle R, Reed H, Stratigos K, Veenstra-VanderWeele J, 2018. The emerging clinical neuroscience of
Autism Spectrum Disorder. JAMA Psychiatry 75 (5), 514. [PubMed: 29590280]

Muller CL, Anacker AMJ, Veenstra-VanderWeele J, 2016. The serotonin system in autism spectrum
disorder: from biomarker to animal models. Neuroscience 321, 24-41. [PubMed: 26577932]

Murias M, Major S, Davlantis K, Franz L, Harris A, Rardin B, Sabatos-DeVito M, Dawson G,
2018a. Validation of eye-tracking measures of social attention as a potential biomarker for autism
clinical trials. Autism Res. 11 (1), 166-174 Jan. [PubMed: 29193826]

Murias M, Major S, Compton S, Buttinger J, Sun JM, Kurtzberg J, Dawson G, 2018b.
Electrophysiological biomarkers predict clinical improvement in an open-label trial assessing
efficacy of autologous umbilical cord blood for treatment of autism. Stem Cells Transl. Med. 7
(11), 783-791 Nov. [PubMed: 30070044]

Ness SL, Bangerter A, Manyakov NV, Lewin D, Boice M, Skalkin A, Jagannatha S, Chatterjee M,
Dawson G, Good-win MS, Hendren R, Leventhal B, Shic F, Frazier JA, Janvier Y, King BH,
Miller JS, Smith CJ, Tobe RH, Pandina G, 2019. An observational study with the janssen autism
knowledge engine (JAKE(®)) in individuals with Autism Spectrum Disorder. Front. Neurosci.
13, 111. doi:10.3389/fnins.2019.00111. [PubMed: 30872988]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 41

Ness SL, Manyakov NV, Bangerter A, Lewin D, Jagannatha S, Boice M, Skalkin A, Dawson

G, Janvier YM, Goodwin MS, Hendren R, Leventhal B, Shic F, Cioccia W, Pandina G,

2017. JAKE® multimodal data capture system: insights from an observational study of

Autism Spectrum Disorder. Front. Neurosci. 11, 517. doi:10.3389/fnins.2017.00517. [PubMed:
29018317]

Neuhaus E, Kresse A, Faja S, Bernier RA, Webb SJ, 2016. Face processing among twins with and
without autism: social correlates and twin concordance. Soc. Cogn. Affect Neurosci. 11 (1),
44-54. [PubMed: 26137974]

Orsmond Gl, Shattuck PT, Cooper BP, Sterzing PR, Anderson KA, 2013. Social participation among
young adults with an autism spectrum disorder. J. Autism Dev. Disord. 43 (11), 2710-2719 Nov.
[PubMed: 23615687]

Overwater IE, Rietman AB, Mous SE, Bindels-de Heus K, Rizopoulos D, Ten Hoopen LW, van der
Vaart T, Jansen FE, Elgersma 'Y, Moll HA, de Wit MY, 2019. ENCORE expertise centre for
neurodevelopmental disorders. A randomized controlled trial with everolimus for 1Q and autism
in tuberous sclerosis complex. Neurology 93 (2), e200-e209. [PubMed: 31217257]

Owen R, Sikich L, Marcus RN, Corey-Lisle P, Manos G, Mc-Quade RD, Carson WH, Findling
RL, 2009. Aripiprazole in the treatment of irritability in children and adolescents with autistic
disorder. Pediatrics 124 (6), 1533-1540. [PubMed: 19948625]

Ozonoff S, Pennington B, Rogers S, 1991. Executive function deficits in high-functioning autistic
individuals: relationship to theory of mind. J. Child Psychol. Psychiatry 32 (7), 1081-1105.
[PubMed: 1787138]

Ozonoff S, Cook I, Coon H, Dawson G, Joseph RM, Klin A, McMahon WM, Minshew N, Munson
JA, Pennington BF, Rogers SJ, Spence MA, Tager-Flusberg H, Volkmar FR, Wrathall D, 2004.
Performance on Cambridge neuropsycholog-ical test automated battery subtests sensitive to
frontal lobe function in people with autistic disorder: evidence from the collaborative programs
of excellence in autism network. J. Autism Dev. Disord. 34 (2), 139-150. [PubMed: 15162933]

Oztan O, Garner JP, Partap S, Sherr EH, Hardan AY, Farmer C, Thurm A, Swedo SE, Parker KJ, 2018.
Cere-brospinal fluid vasopressin and symptom severity in children with autism. Ann. Neurol. 84
(4), 611-615. [PubMed: 30152888]

Pagan C, Delorme R, Callebert J, Goubran-Botros H, Amsellem F, Drouot X, Boudebesse C, Le Dudal
K, Ngo-N-guyen N, Laouamri H, Gillberg C, Leboyer M, Bourgeron T, Launay JM, 2014. The
serotonin-N-acetylserotonin-melatonin pathway as a biomarker for autism spectrum disorders.
Transl. Psychiatry 4, e479. [PubMed: 25386956]

Pallathra AA, Calkins ME, Parish-Morris J, Maddox BB, Perez LS, Miller J, Gur RC, Mandell
DS, Schultz RT, Brodkin ES, 2018. Defining behavioral components of social functioning in
adults with autism spectrum disorder as targets for treatment. Autism Res. 11 (3), 488-502 Mar.
[PubMed: 29341497]

Parellada M, 2019. What does the future hold for Asperger syndrome? Rev. Psiquiatr. Salud. Ment.
doi:10.1016/j.rpsm.2019.05.002, Pii: S1888-9891(19)30054-0.

Park SH, Guastella AJ, Lynskey M, Agrawal A, Constantino JN, Medland SE, Song YJC, Martin
NG, Colodro-Conde L, 2017. Neuroticism and the overlap between autistic and ADHD traits:
findings from a population sample of young adult Australian twins. Twin Res. Hum. Genet. 20
(4), 319-329. [PubMed: 28724480]

Parker KJ, Garner JP, Libove RA, Hyde SA, Horn-beak KB, Carson DS, Liao CP, Phillips JM,
Hallmayer JF, Hardan AY, 2014. Plasma oxytocin concentrations and OXTR polymorphisms
predict social impairments in children with and without autism spectrum disorder. Proc. Natl.
Acad. Sci. U S A. 111 (33), 12258-12263. [PubMed: 25092315]

Parker KJ, Oztan O, Libove RA, Mohsin N, Karhson DS, Sumiyoshi RD, Summers JE, Hinman KE,
Motonaga KS, Phillips JM, Carson DS, Fung LK, Garner JP, Harden AY, 2019. A randomized
placebo-controlled pilot trial shows that intranasal vasopressin improves social deficits in
children with autism. Sci Transl Med 11, 491. doi:10.1126/scitransimed. aau7356.

Patra S, Nebhinani N, Viswanathan A, Kirubakaran R, 2019. Atomoxetine for attention deficit
hyperactivity disorder in children and adolescents with autism: a systematic review and meta-
analysis. Autism Res. 12 (4), 542-552 Apr. [PubMed: 30653855]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 42

Patterson TL, Goldman S, McKibbin CL, Hughs T, Jeste DV, 2001. UCSD Performance-Based Skills
Assessment: development of a new measure of everyday functioning for severely mentally ill
adults. Schizophr. Bull. 27 (2), 235-245. [PubMed: 11354591]

Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC, Munos BH, Lindborg SR, Schacht AL, 2010.
How to improve R&D productivity: the pharmaceutical industry’s grand challenge. Nat. Rev.
Drug Discov. 9 (3), 203-214. [PubMed: 20168317]

Pepper KL, Demetriou EA, Park SH, Song YC, Hickie IB, Cacciotti-Saija C, Langdon R, Piguet O,
Kumfor F, Thomas EE, Guastella AJ, 2018. Autism, early psychosis, and social anxiety disorder:
understanding the role of social cognition and its relationship to disability in young adults
with disorders characterized by social impairments. Transl. Psychiatry 8 (1), 233. [PubMed:
30367029]

Pezzimenti F, Han GT, Vasa RA, Gotham K, 2019. Depression in youth with Autism Spectrum
Disorder. Child Adolesc. Psychiatr. Clin. N. Am. 28 (3), 397-409. [PubMed: 31076116]

Pijl MK, Rommelse NN, Hendriks M, De Korte MW, Buitelaar JK, Oosterling 1J, 2018. Does the brief
observation of social communication change help moving forward in measuring change in early
autism intervention studies? Autism 22 (2), 216-226 Feb. [PubMed: 29148287]

Plenge RM, 2019. Priority index for human genetics and drug discovery. Nat. Genet. m51 (7), 1073-
1075.

Poh MZ, Loddenkemper T, Reinsberger C, Swenson NC, Goyal S, Madsen JR, Picard RW, 2012.
Autonomic changes with seizures correlate with postictal EEG suppression. Neurology 78 (23),
1868-1876. [PubMed: 22539579]

Politte LC, Scahill L, Figueroa J, McCracken JT, King B, McDougle CJ, 2018. A randomized,
placebo-controlled trial of extended-release guanfacine in children with autism spectrum disorder
and ADHD symptoms: an analysis of secondary outcome measures. Neuropsychopharmacology
43 (8), 1772-1778 Jul. [PubMed: 29540864]

Port RG, Gaetz W, Bloy L, Wang DJ, Blaskey L, Kuschner ES, Levy SE, Brodkin ES, Roberts TPL,
2017. Exploring the relationship between cortical GABA concentrations, auditory gamma-band
responses and development in ASD: evidence for an altered maturational trajectory in ASD.
Autism Res. 10 (4), 593-607. [PubMed: 27696740]

Prior M, Eisenmajer R, Leekam S, Wing L, Gould J, Ong B, Dowe D, 1998. Are there subgroups
within the autistic spectrum? A cluster analysis of a group of children with autistic spectrum
disorders. J. Child Psychol. Psychiatry 39 (6), 893-902. [PubMed: 9758197]

Pugliese CE, White BA, White SW, Ollendick TH, 2013. Social anxiety predicts aggression in children
with ASD: clinical comparisons with socially anxious and oppositional youth. J. Autism Dev.
Disord. 43 (5), 1205-1213 May. [PubMed: 23008059]

Puts NAJ, Wodka EL, Harris AD, Crocetti D, Tommerdahl M, Mostofsky SH, Edden RAE, 2017.
Reduced GABA and altered somatosensory function in children with autism spectrum disorder.
Autism Res. 10 (4), 608-619. [PubMed: 27611990]

Ramaswami G, Geschwind DH, 2018. Genetics of autism spectrum disorder. Handb. Clin. Neurol.
147, 321-329. [PubMed: 29325621]

Rao PA, Landa RJ, 2014. Association between severity of behavioral phenotype and comorbid
attention deficit hyperactivity disorder symptoms in children with autism spectrum disorders.
Autism 18 (3), 272-280. [PubMed: 23739542]

Ravizza SM, Solomon M, Ivry RB, Carter CS, 2013. Restricted and repetitive behaviors in autism
spectrum disorders: the relationship of attention and motor deficits. Dev. Psychopathol. 25 (3),
773-784. [PubMed: 23880391]

Research Units on Pediatric Psychopharmacology Autism Network., 2005a. Randomized, controlled,
crossover trial of methylphenidate in pervasive developmental disorders with hyperactivity. Arch.
Gen. Psychiatry 62 (11), 1266-1274. [PubMed: 16275814]

Research Units on Pediatric Psychopharmacology Autism Network., 2005b. Risperidone treatment
of autistic disorder: longer-term benefits and blinded discontinuation after 6 months. Am. J.
Psychiatry 162 (7), 1361-1369 Jul. [PubMed: 15994720]

Robinson EB, St Pourcain B, Anttila V, Kosmicki JA, Bulik-Sullivan B, Grove J, Maller J, Samocha
KE, Sanders SJ, Ripke S, Martin J, Hollegaard MV, Werge T, Hougaard DM, Neale BM, Evans

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 43

DM, Skuse D, Mortensen PB, Bagrglum AD, Ronald A, Smith GD, Daly MJiPSYCH-SSI-Broad
Autism Group, 2016. Genetic risk for autism spectrum disorders and neuropsychiatric variation
in the general population. Nat Genet. 48 (5), 552-555 May. [PubMed: 26998691]

Rojas DC, Singel D, Steinmetz S, Hepburn S, Brown MS, 2014. Decreased left perisylvian GABA
concentration in children with autism and unaffected siblings. Neuroimage 86, 28-34. [PubMed:
23370056]

Rommelse NN, Franke B, Geurts HM, Hartman CA, Buitelaar JK, 2010. Shared heritability
of attention-deficit/hyperactivity disorder and autism spectrum disorder. Eur. Child Adolesc.
Psychiatry 19 (3), 281-295 Mar. [PubMed: 20148275]

Ronald A, Happe F, Bolton P, Butcher L, Price T, Wheel-wright S, Baron-Cohen S, Plomin R, 2006.
Genetic heterogeneity between the three components of the autism spectrum: a twin study. J. Am.
Acad. Child Adolesc. Psychiatry 45 (6), 691-699. [PubMed: 16721319]

Rosen TE, Mazefsky CA, Vasa RA, Lerner MD, 2018. Co-occurring psychiatric conditions in autism
spectrum disorder. Int. Rev. Psychiatry 30 (1), 40-61. [PubMed: 29683351]

Rosenberg RE, Kaufmann WE, Law JK, Law PA, 2011. Parent report of community psychiatric
comorbid diagnoses in autism spectrum disorders. Autism Res. Treat 2011, 405849.
doi:10.1155/2011/405849.

Roux AM, Shattuck PT, Cooper BP, Anderson KA, Wagner M, Narendorf SC, 2013. Postsecondary
employment experiences among young adults with an autism spectrum disorder. J. Am. Acad.
Child Adolesc. Psychiatry 52 (9), 931-939 Sep. [PubMed: 23972695]

Rubenstein J, Merzenich M, 2003. Model of autism: increased ratio of excitation/inhibition in key
neural systems. Genes, Brain Behav. 2 (5), 255-267. [PubMed: 14606691]

Ruderfer DM, Charney AW, Readhead B, Kidd BA, Kéhler AK, Kenny PJ, Keiser MJ, Moran JL,
Hultman CM, Scott SA, Sullivan PF, Purcell SM, Dudley JT, Sklar P, 2016. Polygenic overlap
between schizophrenia risk and antipsychotic response: a genomic medicine approach. Lancet
Psychia-try 3 (4), 350-357.

Scahill L, McDougle CJ, Aman MG, Johnson C, Handen B, Bearss K, Dziura J, Butter E, Swiezy
NG, Arnold LE, Stigler KA, Sukhodolsky DD, Lecavalier L, Pozdol SL, Nikolov R, Hollway JA,
Korzekwa P, Gavaletz A, Kohn AE, Koenig K, Grinnon S, Mulick JA, Yu S, Vitiello B, 2012.
Research units on pediatric psychopharmacology autism network. Effects of risperidone and
parent training on adaptive functioning in children with pervasive developmental disorders and
serious behavioral problems. J. Am. Acad. Child Adolesc. Psychiatry 51 (2), 136-146. [PubMed:
22265360]

Scahill L, Aman MG, Lecavalier L, Halladay AK, Bishop SL, Bodfish JW, Grondhuis S, Jones
N, Horrigan JP, Cook EH, Handen BL, King BH, Pearson DA, Mc-Cracken JT, Sullivan KA,
Dawson G, 2015a. Measuring repetitive behaviors as a treatment endpoint in youth with autism
spectrum disorder. Autism 19 (1), 38-52. [PubMed: 24259748]

Scahill L, McCracken JT, King BH, Rockhill C, Shah B, Politte L, Sanders R, Minjarez M, Cowen
J, Mullett J, Page C, Ward D, Deng Y, Loo S, Dziura J, McDougle CJ, 2015b. Research units
on pediatric psychopharmacology autism network. extended-release guanfacine for hyperactivity
in children with Autism Spectrum Disorder. Am. J. Psychiatry 172 (12), 1197-1206. [PubMed:
26315981]

Scahill L, Sukhodolsky DG, Anderberg E, Dimitropoulos A, Dziura J, Aman MG, McCracken J,
Tierney E, Hallett V, Katz K, Vitiello B, McDougle C, 2016. Sensitivity of the modified
Children’s Yale-brown obsessive compulsive scale to detect change:results from two multi-site
trials. Autism 20 (2), 145-152. [PubMed: 25882391]

Scahill L, Bearss K, Sarhangian R, McDougle CJ, Arnold LE, Aman MG, McCracken JT, Tierney
E, Gillespie S, Postorino V, Vitiello B, 2017. Using a patient-centered outcome measure to test
methylphenidate versus placebo in children with Autism Spectrum Disorder. J. Child Adolesc.
Psychopharmacol. 27 (2), 125-131. [PubMed: 27893955]

Scahill L, Lecavalier L, Schultz RT, Evans AN, Mad-dox B, Pritchett J, Herrington J, Gillespie S,
Miller J, Amoss RT, Aman MG, Bearss K, Gadow K, Edwards MC, 2019. Development of
the parent-rated anxiety scale for youth with Autism Spectrum Disorder. J. Am. Acad. Child
Adolesc. Psychiatry Pii: S0890-8567(19)30124-8.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 44

Schain RJ, Freedman DX, 1961. Studies on 5-hydroxyindole metabolism in autistic and other mentally
retarded children. J. Pediatr. 58, 315-320. [PubMed: 13747230]

Schmitt LM, White SP, Cook EH, Sweeney JA, Mosconi MW, 2018. Cognitive mechanisms of
inhibitory control deficits in autism spectrum disorder. J. Child Psychol. Psychiatry 59 (5), 586—
595. [PubMed: 29052841]

Schneider A, Leigh MJ, Adams P, Nanakul R, Chechi T, Olichney J, Hagerman R, Hessl D,
2013. Electrocortical changes associated with minocycline treatment in fragile X syndrome. J
Psychopharmacol 27 (10), 956-963. doi:10.1177/0269881113494105. [PubMed: 23981511]

Schiunemann HJ, Fretheim A, Oxman AD, 2006. Improving the use of research evidence in guideline
development: 9. Grading evidence and recommendations. Health Res. Policy Syst. 4, 21 Dec 5.
[PubMed: 17147810]

Schwartz S, Kessler R, Gaughan T, Buckley AW, 2016. Electroencephalogram Coherence Patterns in
Autism: An Updated Review. Pediatr Neurol 67, 7-22. doi:10.1016/j.pediatrneurol.2016.10.018.
[PubMed: 28065825]

Scott-Van Zeeland AA, Dapretto M, Ghahremani DG, Poldrack RA, Bookheimer SY, 2010. Reward
processing in autism. Autism Res. 3 (2), 53-67 Apr. [PubMed: 20437601]

Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin C, Walsh T, Yamrom B, Yoon S, Krasnitz A,
Kendall J, Leotta A, Pai D, Zhang R, Lee YH, Hicks J, Spence SJ, Lee AT, Puura K, Lehtiméki T,
Ledbetter D, Gregersen PK, Bregman J, Sutcliffe JS, Jobanputra V, Chung W, Warburton D, King
MC, Skuse D, Geschwind DH, Gilliam TC, Ye K, Wigler M, 2007. Strong association of de novo
copy number mutations with autism. Science 316 (5823), 445-449 Apr 20. [PubMed: 17363630]

Shafritz KM, Dichter GS, Baranek GT, Belger A, 2008. The neural circuitry mediating shifts in
behavioral response and cognitive set in autism. Biol. Psychiatry 63 (10), 974-980 2008 May 15.
[PubMed: 17916328]

Shannon RW, Patrick CJ, Venables NC, He S, 2013. ‘Faceness’ and affectivity: evidence for genetic
contributions to dis-tinct components of electrocortical response to human faces. Neuroimage 83,
609-615. [PubMed: 23769918]

Shou G, Mosconi MW, Ethridge LE, Sweeney JA, Ding L, 2018. Resting-state gamma-band EEG
abnormalities in autism. Conf. Proc. IEEE Eng. Med. Biol. Soc..

Siafis S, Ciray O, Schneider-Thoma J, Bighelli I, Krause M, Rodolico A, Ceraso A, Deste G, Huhn
M, Fraguas D, Mavridis D, Charman T, Murphy DG, Parellada M, Arango C, Leucht S, 2020.
Placebo response in pharmacological and dietary supplement trials of autism spectrum disorder
(ASD): systematic review and meta-regression analysis. Mol. Autism 11 (1), 66. doi:10.1186/
513229-20-00372-z, Aug 26. [PubMed: 32847616]

Silverman JL, Crawley JN, 2014. The promising trajectory of autism therapeutics discovery. Drug
Discov. Today. 19 (7), 838-844. [PubMed: 24362109]

Silverman JM, Smith CJ, Schmeidler J, Hollander E, Lawlor BA, Fitzgerald M, Buxbaum JD, Delaney
K, Galvin P, 2002. Autism genetic research exchange consortium. symptom domains in autism
and related conditions: evidence for familiarity. Am. J. Med. Genet. 114 (1), 64-73. [PubMed:
11840508]

Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G, 2008. Psychiatric disorders in
children with autism spectrum disorders: prevalence, comorbidity, and associated factors in a
population-derived sample. J. Am. Acad. Child Adolesc. Psychiatry 47 (8), 921-929. [PubMed:
18645422]

Simonoff E, Jones CR, Pickles A, Happé F, Baird G, Charman T, 2012. Severe mood problems in
adolescents with autism spectrum disorder. J. Child Psychol. Psychiatry 53 (11), 1157-1166 Nov.
[PubMed: 22909395]

Simonoff E, Jones CR, Baird G, Pickles A, Happé F, Charman T, 2013. The persistence and stability of
psychiatric problems in adolescents with autism spectrum disorders. J. Child Psychol. Psychiatry
54 (2), 186-194 Feb. [PubMed: 22934711]

Siper PM, Zemon V, Gordon J, George-Jones J, Lurie S, Zweifach J, Tavassoli T, Wang AT, Jamison
J, Buxbaum JD, Kolevzon A, 2016. Rapid and objective assessment of neural function in Autism
Spectrum Disorder using transient visual evoked potentials. PLoS ONE 11 (10), e0164422.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 45

So HC, Chau CK, Chiu WT, Ho KS, Lo CP, Yim SH, Sham PC, 2017. Analysis of genome-wide
association data highlights candidates for drug repositioning in psychiatry. Nat. Neurosci. 20
(10), 1342-1349. [PubMed: 28805813]

Sonzogni M, Wallaard I, Santos SS, Kingma J, du Mee D, van Woerden GM, Elgersma Y, 2018. A
behavioral test battery for mouse models of Angelman syndrome: a powerful tool for testing
drugs and novel Ube3a mutants. Mol. Autism 9, 47. doi:10.1186/s13229-018-0231-7, Sep 14.
[PubMed: 30220990]

South M, Ozonoff S, McMahon WM, 2007. The relationship between executive functioning, central
coherence, and repetitive behaviors in the high-functioning autism spectrum. Autism 11 (5),
437-451. [PubMed: 17942457]

Storch EA, Lewin AB, Collier AB, Arnold E, De Nadai AS, Dane BF, Nadeau JM, Mutch PJ, Murphy
TK, 2015. A randomized controlled trial of cognitive-behavioral therapy versus treatment as
usual for adolescents with autism spectrum disorders and comorbid anxiety. Depress Anxiety 32
(3), 174-181. doi:10.1002/da.22332. [PubMed: 25424398]

Stringer D, Kent R, Briskman J, Lukito S, Charman T, Baird G, Lord C, Pickles A, Simonoff E, 2020.
Trajectories of emotional and behavioral problems from childhood to early adult life. Autism,
1362361320908972 doi:10.1177/1362361320908972, Mar 19.

Strzelecka J, 2014. Electroencephalographic studies in children with autism spectrum disorders. Res.
Autism Spectr. Disord. 8 (3), 317-323.

Sturm A, Kuhfeld M, Kasari C, McCracken JT, 2017. Development and validation of an item response
theory-based social responsiveness scale short form. J. Child Psychol. Psychiatry 58 (9), 1053—
1061 Sep. [PubMed: 28464350]

Sturman N, Deckx L, van Driel ML, 2017. Methylphenidate for children and adolescents with autism
spectrum disorder. Cochrane Database Syst. Rev. 11, CD011144. doi:10.1002/14651858, Nov 21.

Szatmari P, Jones MB, 1991. IQ and the genetics of autism. J. Child Psychol. Psychiatry 32 (6),
897-908. [PubMed: 1744193]

Szatmari P, Jones MB, Holden J, Bryson S, Mahoney W, Tuff L, MacLean J, White B, Bartolucci G,
Schutz C, Robinson P, Hoult L, 1996. High phenotypic correlations among siblings with autism
and pervasive developmental disorders. Am. J. Med. Genet. 67 (4), 354-360. [PubMed: 8837702]

Szatmari P, Charman T, Constantino JN, 2012. Into, and out, of the “Valley of Death”: research
in autism spectrum disorders. J. Am. Acad. Child Adolesc. Psychiatry 1108-1112. [PubMed:
23101736]

Sysoeva OV, Constantino JN, Anokhin AP, 2018. Event-related potential (ERP) correlates of face
processing in verbal children with autism spectrum disorders(ASD) and their first-degree
relatives: a family study. Mol. Autism 9, 41. [PubMed: 30002804]

Tager-Flusberg H, Kasari C, 2013. Minimally verbal school-aged children with autism spectrum
disorder: the neglected end of the spectrum. Autism Res. 6 (6), 468—-478. [PubMed: 24124067]

Tavares PP, Mouga SS, Oliveira GG, Castelo-Branco M, 2016. Preserved face inversion effects in
adults with autism spectrum disorder: an event-related potential study. Neuroreport 27 (8), 587—
592 May 25. [PubMed: 27092469]

Taylor MJ, Charman T, Robinson EB, Hayiou-Thomas ME, Happé F, Dale PS, Ronald A, 2014.
Language and traits of autism spectrum conditions: evidence of limited phenotypic and
etiological overlap. Am. J. Med. Genet. B Neuropsychiatr. Genet. 165B (7), 587-595. [PubMed:
25088445]

Tillmann J, Uljarevic M, Crawley D, Dumas G, Loth E, Murphy D, Buitelaar J, Charman TAIMS-2-
TRIALS LEAP group, 2020. Dissecting the phenotypic heterogeneity in sensory features in
autism spectrum disorder: a factor mixture modelling approach. Mol. Autism 11 (1), 67.
doi:10.1186/513229-020-00367-w, Aug 31. [PubMed: 32867850]

Travis L, Sigman M, Ruskin E, 2001. Links between social understanding and social behavior in
verbally able children with autism. J. Autism Dev. Disord. 31 (2), 119-130. [PubMed: 11450811]

Turner M, 1999. Annotation: repetitive behaviour in autism: a review of psychological research. J.
Child Psychol. Psychiatry 40 (6), 839-849 Sep. [PubMed: 10509879]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 46

Turner-Brown LM, Lam KS, Holtzclaw TN, Dichter GS, Bodfish JW, 2011. Phenomenology and
measurement of circumscribed interests in autism spectrum disorders. Autism 15 (4), 437-456.
[PubMed: 21454386]

Uljarevi¢ M, Richdale AL, McConachie H, Hedley D, Cai RY, Merrick H, Parr JR, Le Couteur A,
2018. The hospital anxiety and depression scale: factor structure and psychometric properties in
older adolescents and young adults with autism spectrum disorder. Autism Res. 11 (2), 258-269
Feb. [PubMed: 28922575]

Uljarevi¢ M, Cooper MN, Bebbington K, Glasson EJ, Maybery MT, Varcin K, Alvares GA, Wray
J, Leekam SR, Whitehouse AJO, 2020a. Deconstructing the repetitive behaviour phenotype in
autism spectrum disorder through a large population-based analysis. J. Child Psychol. Psychiatry
doi:10.1111/jcpp.13203, 2020 Feb 10.

Uljarevi¢ M, Frazier TW, Phillips JM, Jo B, Littlefield S, Hardan AY, 2020b.

Quantifying research domain criteria social communication subconstructs using the social
communication questionnaire in youth. J. Clin. Child. Adolesc. Psychol. 10, 1-11.
doi:10.1080/15374416.2019.1669156, 2020 Jan.

Uljarevi¢ M, Phillips JM, Schuck RK, Schapp S, Solomon EM, Salzman E, Allerhand L, Libove
RA, Frazier TW, Hardan AY, 2020c. Exploring social subtypes in autism spectrum disorder: a
preliminary study. Autism Res. 13 (8), 1335-1342 Aug. [PubMed: 32187854]

Van der Vaart T, Overwater IE, Oostenbrink R, Moll HA, Elgersma Y, 2015. Treatment of cognitive
deficits in genetic disorders: a systematic review of clinical trials of diet and drug treatments.
JAMA Neurol. 72 (9), 1052-1060. [PubMed: 26168015]

van Steensel FJ, Bogels SM, Perrin S, 2011. Anxiety disorders in children and adolescents with
autistic spectrum disorders: a meta-analysis. Clin. Child Fam. Psychol. Rev. 14 (3), 302-317 Sep.
[PubMed: 21735077]

Varni JW, Seid M, 1999. Rode CA. The PedsQL: measurement model for the pediatric quality of life
inventory. Med. Care 37 (2), 126-139. [PubMed: 10024117]

Veatch O, Veenstra-VanderWeele J, Potter M, Pericak-Vance M, Haines J, 2014. Genetically
meaningful phenotypic subgroups in autism spectrum disorders. Genes, Brain Behav. 13 (3),
276-285. [PubMed: 24373520]

Veenstra-VanderWeele J, Blakely R, 2012. Networking in Autism: leveraging genetic, biomarker and
model system findings in the search for new treatments. Neuropsychopharmacology 37 (1), 196—
212. [PubMed: 21937981]

Veenstra-VanderWeele J, Warren Z, 2014. Intervention in the context of development: pathways toward
new treatments. Neuropsychopharmacol 40 (1), 225-237.

Veenstra-VanderWeele J, 2017. Translation in fragile X: no home runs in the first at-bat. J. Neurodev.
Disord. doi:10.1186/s11689-017-9204-y.

Velikonja T, Fett A, Velthorst E, 2019. Patterns of nonsocial and social cognitive functioning in adults
with Autism Spectrum Disorder. JAMA Psychiatry 76 (2), 135-151. [PubMed: 30601878]
Vettori S, Dzhelyova M, Van der Donck S, Jacques C, Van Wesemael T, Steyaert J, Rossion B, Boets
B, 2020. Combined frequency-tagging EEG and eye tracking reveal reduced social bias in boys

with autism spectrum disorder. Cortex 125, 135-148 Apr. [PubMed: 31982699]

Wachtel LE, 2019. The multiple faces of catatonia in autism spectrum disorders: descriptive clinical
experience of 22 patients over 12 years. Eur. Child Adolesc. Psychiatry 28 (4), 471-480 Apr.
[PubMed: 30069655]

Wallace GL, Kenworthy L, Pugliese CE, Popal HS, White El, Brodsky E, Martin A, 2016. Real-
world executive functions in adults with Autism Spectrum Disorder: profiles of impairment and
associations with adaptive functioning and comorbid anxiety and depression. J. Autism Dev.
Disord. 46 (3), 1071-1083 Mar. [PubMed: 26572659]

Wang J, Barstein J, Ethridge LE, Mosconi MW, Takarae Y, Sweeney JA, 2013. Resting
state EEG abnormalities in autism spectrum disorders. J. Neurodev. Disord. 5 (1), 24.
doi:10.1186/1866-1955-5-24. [PubMed: 24040879]

Waterhouse L, Morris R, Allen D, Dunn M, Fein D, Feinstein C, Rapin I, Wing L, 1996. Diagnosis and
classification in autism. J. Autism Dev. Disord. 26 (1), 59-86. [PubMed: 8819771]

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McCracken et al.

Page 47

Waterhouse L, Gillberg C, 2014. Why autism must be taken apart. J. Autism Dev. Disord. 44 (7),
1788-1792. [PubMed: 24390538]

Webb SJ, Neuhaus E, Faja S, 2017. Face perception and learning in autism spectrum disorders. Q. J.
Exp. Psychol. (Hove) 70 (5), 970-986. [PubMed: 26886246]

Webb SJ, Shic F, Murias M, Sugar CA, Naples AJ, Barney E, Borland H, Hellemann G, Johnson
S, Kim M, Levin AR, Sabatos-DeVito M, Santhosh M, Senturk D, Dz-iura J, Bernier RA,
Chawarska K, Dawson G, Faja S, Jeste S, McPartland JAutism Biomarkers Consortium for
Clinical Trials, 2020. Biomarker acquisition and quality control for multi-site studies: the
autism biomarkers consortium for clinical trials. Front. Integr. Neurosci. 13, 71. doi:10.3389/
fnint.2019.00071, Feb 7. [PubMed: 32116579]

Weiner DJ, Wigdor EM, Ripke S, Walters RK, Kosmicki JA, Grove J, Samocha KE, Goldstein JI,
Okbay A, Bybjerg—Grauholm J, Werge T, Hougaard DM, Taylor J, 2017. iPSYCH-broad autism
group; psychiatric genomics consortium autism group, Skuse D, Devlin B, Anney R, Sanders
SJ, Bishop S, Mortensen PB, Bgrglum AD, Smith GD, Daly MJ, Robinson EB. Polygenic
transmission disequilibrium confirms that common and rare variation act additively to create risk
for autism spectrum disorders. Nat. Genet. 49 (7), 978-985. [PubMed: 28504703]

White SW, Oswald D, Ollendick T, Scahill L, 2009. Anxiety in children and adolescents with autism
spectrum disorders. Clin. Psychol. Rev. 29 (3), 216-229 Apr. [PubMed: 19223098]

Wilkes BJ, Lewis MH, 2018. The neural circuitry of restricted repetitive behavior: magnetic resonance
imaging in neurodevelopmental disorders and animal models. Neurosci. Biobehav. Rev. 92, 152—
171. [PubMed: 29802854]

Williams SK, Scahill L, Vitiello B, Aman MG, Arnold LE, McDougle CJ, McCracken JT, Tierney E,
Ritz L, Posey DJ, Swiezy NB, Hollway J, Cronin P, Ghuman J, Wheeler C, Cicchetti D, Sparrow
S, 2006. Risperidone and adaptive behavior in children with autism. J. Am. Acad. Child Adolesc.
Psychiatry 45 (4), 431-439. [PubMed: 16601648]

Winegust AK, Mathewson KJ, Schmidt LA, 2014. Test-retest reliability of frontal alpha
electroencephalogram (EEG) and electrocardiogram (ECG) measures in adolescents: a pilot
study. Int. J. Neurosci. 124 (12), 908-911 Dec. [PubMed: 24617292]

Wing L, Gould J, 1979. Severe impairments of social interaction and associated abnormalities in
children: epidemiology and classification. J. Autism Dev. Disord. 9 (1), 11-29. [PubMed:
155684]

Wink LK, Minshawi NF, Shaffer RC, Plawecki MH, Posey DJ, Horn PS, Adams R, Pedapati
EV, Schaefer TL, McDougle CJ, Swiezy NB, Erickson CA, 2017. D-Cycloserine enhances
durability of social skills training in autism spectrum disorder. Mol. Autism 8, 2. d0i:10.1186/
§13229-017-0116-1, Jan 25. [PubMed: 28138381]

Yerys BE, Wallace GL, Harrison B, Celano MJ, Giedd JN, Kenworthy LE, 2009. Set-shifting
in children with autism spectrum disorders: reversal shifting deficits on the intradimensional/
extradimensional shift test correlate with repetitive behaviors. Autism 13 (5), 523-538. [PubMed:
19759065]

Wood JJ, Ehrenreich-May J, Alessandri M, Fujii C, Renno P, Laugeson E, Piacentini JC, De Nadai
AS, Arnold B, Lewin AB, Murphy TK, Storch EA, 2015. Cognitive behavioral therapy for early
adolescents with autism spectrum disorders and clinical anxiety: a randomized, controlled trial.
Behav Ther 46 (1), 7-19. doi:10.1016/j.beth.2014.01.002. [PubMed: 25526831]

Yerys BE, Bertollo JR, Pandey J, Guy L, Schultz RT, 2019. Attention-deficit/hyperactivity disorder
symptoms are associated with lower adaptive behavior skills in children with autism. J. Am.
Acad. Child Adolesc. Psychiatry 58 (5), 525-533.e3. doi:10.1016/j.jaac.2018.08.017. [PubMed:
31029198]

Youssef E, Berry-Kravis E, Czech C, Hagerman R, Hessl D, Wong C, Rabbia M, Deptula D, John A,
Kinch R, Drewitt P, Lindemann L, Marcinowski M, Langland R, Horn C, Fontoura P, Santarelli
L, Quiroz J, 2018. Effect of the mGIuR5-NAM basimglurant on behavior in adolescents and
adults with fragile X syndrome in a randomized, double-blind, placebo-controlled trial: FragXis
phase 2 results. Neuropsychopharmacol 43 (3), 503-512.

Zablotsky B, Black LI, Maenner MJ, Schieve LA, Danielson ML, Bitsko RH, Blumberg SJ, Kogan
MD, Boyle CA, 2019. Prevalence and trends of developmental disabilities among children in the
United States: 2009-2017. Pediatrics 144 (4), e20190811. doi:10.1542/peds.2019-0811.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

McCracken et al. Page 48

Table 1

Current Challenges in ASD Clinical Trials.

Managing ASD heterogeneity
Failures of preclinical to clinical translation of targeted treatments

Lack of validated, objective biomarkers for diagnosis, stratification, treatment prediction, early change detection, target mechanism engagement,
and relevant neural circuit modulation

Need for improved clinical endpoints

Prioritization of molecular targets

Creating more robust trial designs

Navigating regulatory requirements for new therapeutic indications
Defining priorities for therapeutics directed towards comorbidities
Incorporating participant/caregiver perspectives

Addressing anticipated research ethical issues
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Table 2

Molecular Targets Currently in Development.

Clinical Development

« Cannabinoid receptor agonist
« Vasopressin 1A antagonist

* Bumetanide

* NMDA receptor antagonist

« Tyrosine hydroxylase inhibitor
» Oxytocin receptor agonist

* GABA A receptor agonist
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Table 3

Biomarkers in ASD Under Examination.

Biomarker Potential type

Eye Tracking

multiple paradigms S,D,M
Resting state electroencephalogram (EEG) D
alpha power/ coherence/ suppression D
gamma power D
beta power PG

Event Related Potentials (ERPS)

visual, auditory, multisensory
Pupillometry (emotional faces)

Facial emotion labeling (pictures)
Whole Blood Serotonin (WBS)

WBS+ A- Acetylserotonin + melatonin D
Cerebrospinal fluid arginine vasppressin DM
Legend:

S: suspectibility/ risk

D: diagnostic

M: monitoring

PG: prognostic

PR: predictive

PD: pharmacodynamic response

SF: safety

(see BEST-https://www.ncbi.nlm.nih.gov/books/NBK326791/)
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Table 4

Evaluation Criteria for Proposed Compounds and Targets.

Preclinical Data: Are there robust, rigorous preclinical data to understand:
» The proposed target mechanism?
« Whether the proposed compound engages the target mechanism?
Receptor Occupancy/ Phar macodynamic Readout:
« Is there a PET ligand for target occupancy studies of the proposed compound/target in humans?
« Are there pharmacodynamic readouts to inform clinical dose selection?
« Are there functional measures (e.g., EEG, fMRI) available to validate involvement of the presumed brain area or circuit?
« If no PET ligand is available, are there PET ligands in development?
Clinical Data: If human data is available:
« Is there convincing evidence that the proposed compound engages the target/brain area (e.g., receptor occupancy, functional measure)?
« Is there convincing evidence that engagement of the target produces a promising clinical signal?
« What indications has the compound/target been explored for?
NIMH Research Domain Criteria (RDoC): Does the target/compound affect a circuit relevant to an RDoC domain?
* Negative Valence Systems (i.e., systems for aversive motivation)
« Positive Valence Systems
« Cognitive Systems
« Systems for Social Processes
« Arousal/Regulatory Systems
IND: For a proposed compound, is there an IND in effect for the proposed clinical trial?
« If not, what will be required to enable an IND?

* How long would it take to reach IND stage?

Adapted from National Advisory Mental Health Council (NAMHC) FAST Working Group.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



Page 52

McCracken et al.

Ajuo sloineyaq 010N MO 14d +++ a[easqns AdA108181S-1S11398YD J0IARYSG JURLIBAY

abuel 2100s paywI]  WnIPaN X3 4+ ASV 0} PaIPOIN-8[e3S SAIS|INAWIOD BAISSSAO UMOIg-a[eA S, UaIp|IuD
SIS9.AIU | PRIOIIISIY S0 INeyed aAlBdey

0A /T <Wwoijele  WnNIpaN X3 V/N (1L1DS) 1591 UONIRIBIU| UOKERIIUNWWOYD [eI20S

MO d VIN (19-aad) A1owuanu| Joineyag-1aplosiq [exuswdojanag anisensad

Mo d VIN (N1V) ainseaj 10edw| wsnny
eleQ 2.0 |\ SPEON/MON

0A 9 > 01 payiwi] ybiH X3 + (SgS2) s8[e2S JoIARYSg J1|OGWAS PUB UOITEIIUNWIWOD

0A 6 >woiyeleg  WnIPa X3 + (STNVL-SDST) 9]8IS UOIEIIUNWWOD [ed0S AjleT

Mo 1d ++ (2-0Svg) g -uaIp|1yD 10} WAISAS JUBWSSISSY JoIAeYag

sI01ARY3(] JO abuel pajwi] MO 14d ++ 9[easqns [eMeIPYNAA [e190S -ABreyls 0gv
(suonipuod yum)

wnipaN X3 ++ a)dwes abenbue jeinjeN

a1qe AjaAIubod yum pasn Mo 14d°'s ++ (S1SS) waisAs wawanoidwy S|jINS [e190S

sjery Ayibus| sasinbsy  winipsin X3'd +++ 11 (UoredIUNWWOD SGWA) S8|edS Joineysg aAndepy puelauiA
Uo e |UNWWOD /[e100S

ybIH x3 VIN  (SSD 2-S0aV) (SSD) ALsIN Alianss pajelqi[ed Z-3|npayds uoleAlasqo dnsoubelg wsiny

Mo d VIN (N1V) ainseaj 10edw| wsnny

MO 1d's VIN W04 Loy pazAjeuy Jojoeq Wal-TT Z-SHS

Mo Ld's VIN W04 MOyS wisll-9T K108y | asuodssy wiel| Z-SHS

Mo X3'd V/N (19v) A1oyusnuj Joineyeg wsiny
(ere@ 2.0\ SpsoN/MON)

Mo X3 + SWwia|qoid 1abIel Jusied

510198} 4S/-Uou ajdnniy Mo Ld + [e101 - (09V) IS1Po3YD Joineyag WUBLIaqY
(suonpuod yim)

ejep [en) aAlesedwod ON - WINIpay X3 + (02s049) 8buey)D uoEIIUNWWOD [B120S JO UONBAISSAQ Jalig

SaJellen0d gSY-Uou Auely MO 14d's ++ [e101 (2-SHS) Z - 9]eIS Ssauanisuodsay [e190S
Awbres asy
SllbWWo)  weping  juewloju]  abueyd 01 ANANISUSS juswINIsU|  urewoq

Author Manuscript

"abueyd 01 A1IANISUAS AQ paxuey S|elIL [eaIuUl]D ASY J0J Sainseajy awodnQ
G 3a|qel

Author Manuscript Author Manuscript Author Manuscript

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



Page 53

McCracken et al.

‘Jayoea] - | Jaulwexs -X3 sabueyo usisisuod ‘1sngo. Buimoys saipms sjdninuw
-F o+t

"1anBaie) ualed - 4 Juswiea) aAnoe o} abueyo Buimoys Apnis T < e

JI9S - S paxiw Jo Apnis aAnresedwod aasod auo .

Mo d VIN (d-SW0S) waled a[eas Avixuy s,usip|iy sousds
MO d VIN (asv-svyd) asy 104 8[eas AlBIxuy pajey-jusied
(eep 210w spsON/MON)
wnipa X3 VIN (XNV-7-1SVD) 81eds Alsixuy Wwel-Tz - Alojuaau] WordwAs Jusdss|opy pue pjiyd
Mo d's + (d-OSVIN) aied - uaIp|1yD 104 81eds AlBIXUY [BUOISUBLUIP-HINA
(suonipuod yum)
wnipa X3 +H+ (SHvd) 8leas Buney Aeixuy ourelpad
ubiH X3 4+ (4sD-S1aVv) Buney Al1aAsS UBIDIUID-3INPBYIS MBIAIBIU| SIapIosig AlBIXUY
ApIxuy
MO X3'd VIN Alojuanu| Joineyag wsnny
©led 3.0 |\ SpsaN/MEN
MO d VIN alreuuonsanQ) Joineyag annnaday
Mo d VIN 1S1P198YD Joineyag padAioalals
(suonipuod yum)
sayoeosdde Buriods sjdiyniA MO d ++ pasINey-9]eas JolAeyag annaday
SjlBWWOD  ueping  juewloju| abueyd 03 ANANISUSS BwnJsU|  urewod

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2023 March 30.



	Abstract
	Introduction
	Challenges: current state of drug treatments for ASD
	Translational failures of preclinical targeted treatments

	Opportunities for ASD clinical trial improvements
	Dealing with ASD phenotypic heterogeneity
	Considering severity subtyping in trials
	Subtyping social functioning and social behavior endpoints in ASD
	Repetitive, restricted behavior subtyping as endpoints
	ASD cognitive deficits as treatment targets
	ASD comorbidities: more treatment evidence needed
	Taking heterogeneity apart/putting it together
	Circuitry and potential for ASD biomarkers
	ASD genetics and drug development
	Prioritization of molecular target compounds
	Role of technology in clinical trials
	Suitable endpoints for clinical investigations
	Can trial designs be improved?
	Regulatory requirements
	Incorporating patient/caregiver perspectives: insuring relevance
	Anticipated ethical issues
	Are ASD animal models still relevant?
	Recommendations and conclusions
	Preclinical
	Clinical

	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5



