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Background

The Developmental Synaptopathies Consortium is a multi-site natural history network
studying rare, neurogenetic syndromes associated with synaptic dysfunction and
developmental delays. One aim of the Consortium is clinical trial readiness, including
identifying clinical concepts and validating their measurement.

Methods

We evaluated the scope and limitations of conventional cognitive and behavioral
measurement strategies in 2-21-year-olds with Phelan-McDermid syndrome (PMS,
N=98), Tuberous Sclerosis Complex (TSC, N=98) and PTEN Hamartoma Tumor
syndrome (PHTS, N=69).

Results

On average, intellectual disability (ID) severity was severe-to-profound in PMS, mild-to-
moderate for TSC, and borderline (or absent) in PHTS. Severity of ID invalidated the
use of many assessments, including standardized autism diagnostic measures.

Conclusions

These results will inform trial planning for these and other similarly medically complex
neurodevelopmental conditions.
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Abstract
Background: The Developmental Synaptopathies Consortium is a multi-site natural history
network studying rare, neurogenetic syndromes associated with synaptic dysfunction and
developmental delays. One aim of the Consortium is clinical trial readiness, including identifying
clinical concepts and validating their measurement. Methods: We evaluated the scope and
limitations of conventional cognitive and behavioral measurement strategies in 2—-21-year-olds
with Phelan-McDermid syndrome (PMS, N=98), Tuberous Sclerosis Complex (TSC, N=98) and
PTEN Hamartoma Tumor syndrome (PHTS, N=69). Results: On average, intellectual disability
(ID) severity was severe-to-profound in PMS, mild-to-moderate for TSC, and borderline (or
absent) in PHTS. Severity of ID invalidated the use of many assessments, including standardized
autism diagnostic measures. Conclusions: These results will inform trial planning for these and

other similarly medically complex neurodevelopmental conditions.
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Introduction

Advances in genomics have pointed to considerable overlap in genetic risk factors
for neurodevelopmental disorders such as intellectual disability (ID) and autism spectrum
disorder (ASD) (Sanders et al., 2019). These advances present a promising opportunity to
interrogate shared molecular and disease mechanisms informing medical, physiological,
psychiatric, cognitive, and behavioral outcomes, which may reveal common treatment
pathways for related conditions.

The Developmental Synaptopathies Consortium (DSC) was formed and funded
by the Rare Disease Clinical Research Network (RDCRN) in 2014 to advance this
genetics-first approach to treatment development. The DSC studied three genetic
syndromes associated with genes governing early synaptogenesis (Ddlen & Sahin, 2016)
and associated with disruptions or dysregulation of the mTOR pathway (Sahin & Sur,
2015; Winden et al., 2018): 1) Phelan-McDermid Syndrome (PMS), 2) Tuberous
Sclerosis Complex (TSC), and 3) PTEN Hamartoma Tumor Syndrome (PHTS) (Sahin &
Sur, 2015; Winden et al., 2018). Mutations in SHANK3 impact pathways (e.g., mMTOR
signaling) common to multiple monogenic forms of ID and ASD, including tuberous
sclerosis (TSC) and PTEN-related disorders (PRD) (Darnell et al., 2011; Sakai et al.,
2011) possibly by affecting signals from the glutamate receptors (Nisar et al., 2022).
Phelan McDermid Syndrome (PMS)

Individuals with PMS are missing a copy (i.e., haploinsufficient) of SHANK3 (Anderlid et
al., 2002; Wilson et al., 2003), due to either a pathogenic SHANK3 sequence variants or a deletion
of 22913 containing SHANK3. SHANKS is a critical scaffolding protein responsible for promoting

the growth and maturation of dendritic spines (Phelan & McDermid, 2012; Sala et al., 2001,
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Sarasua et al., 2011). Prevalence rates of PMS are not well established, with estimates ranging
between 1 in 20,000 and 1 in 50,000 in the general population (Betancur & Buxbaum, 2013;
Phelan & McDermid, 2012). Physical features may include non-specific facial dysmorphology,
joint hypermobility, and dysplastic fingernails and toenails, but are largely variable except for
early presence of hypotonia (Schon et al., 2023). Gastrointestinal issues are prevalent, and about a
third of individuals with PMS have seizures at some time in life (Levy, Gluckman, et al., 2024).
PMS is often associated with pervasive delays in all areas of development, especially in early
communication and motor skills (Dille et al., 2022; Farmer et al., 2024; Kohlenberg et al., 2020;
Kolevzon et al., 2019; Schon et al., 2023; Soorya et al., 2013).

Moderate-to-profound ID is common among individuals with PMS (Srivastava et al.,
2023) with estimates around 77% (Scalisi et al., 2022; Soorya et al., 2013). Some studies have
reported decreasing cognitive ability with age, but more recent work calls into question whether
this is attributable to a true loss of skills, slower-than-expected acquisition of skills, and/or floor
effects of measures (Soorya et al., 2018; Srivastava et al., 2023). ASD prevalence estimates
range 50-80% (Oberman et al., 2015; Xu et al., 2020), though they are confounded by the high
rate of moderate-to-profound ID (Soorya et al., 2018).

Regression of previously acquired skills (e.g., communication, motor) in PMS may occur
through adulthood (Dille et al., 2022; Kohlenberg et al., 2020). Rates of regression vary, but loss
of at least one developmental skill is reported in over a third of individuals with PMS (Dille et
al., 2022; Soorya et al., 2013; Farmer et al., in press). Adolescent and adult neuropsychiatric
regression has also been observed among individuals with PMS, with an onset often emerging

between 15 and 20 years of age (Kohlenberg et al., 2020; Kolevzon et al., 2019). Several
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consensus guidelines and recommendations for management of PMS have been published
(Srivastava et al., 2023; van Eeghen et al., 2023; van Ravenswaaij-Arts et al., 2023).
Tuberous Sclerosis Complex (TSC)

TSC is an autosomal dominant disorder caused by pathogenic sequence variants in the
TSC1 or TSC2 genes located on chromosomes 9934 and 16p13.3, respectively (Crino et al.,
2006). TSC1 and TSC2 play a critical role in cell growth and division; mutations in these genes
result in a multi-system disorder characterized by noncancerous tumors in the brain, heart,
kidneys, lungs, and skin (Curatolo et al., 2008). The prevalence of TSC is estimated at 1 in 6,000
to 1in 10,000 (O’Callaghan et al., 1998). TSC is typically identified because of seizures, which
occur in 80 to 90% of individuals (Krueger et al., 2013; Levine et al., 2023), or kidney and heart
hamartomas, though both skin lesions (e.g., shagreen patches) and macrocephaly are also
commonly observed in infants with TSC (Levine et al., 2023). TSC is associated with several
clusters of symptoms characterized as autism-like, dysregulated behavior, eat/sleep,
mood/anxiety, neuropsychological, overactive/impulsive, and scholastic (de Vries et al., 2023).

Prevalence estimates for ID in TSC range from 44 to 64% (Goh et al., 2005; Jansen et al.,
2008; Joinson et al., 2003), and at least one early epidemiological study indicated that the 1Q
distribution had a strong left skew, with 31% of the sample falling into the profound range
(Joinson et al., 2003). However, studies with later-born cohorts have documented more normal
distributions of 1Q despite more severe seizure activity, suggesting an important role for the early
detection and treatment of epileptic spasms in reducing disability associated with TSC (Tye et
al., 2018). One meta-analysis documented the rate of ASD diagnosis estimates ranging 20-69%
with increased prevalence of autism associated with seizure onset before age 2 (Specchio et al.,

2020). Updated recommendations for TSC include early detection of tumors in the brain, routine
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skin exams, gathering baseline EEG activity, monitoring for neurological, psychiatric, and
behavioral symptoms to begin early intervention (Northrup et al., 2021), medication for early
seizure management (de Saint Martin et al., 2022; Northrup et al., 2021; Yum et al., 2013), and
annual screening for TSC-Associated Neuropsychiatric Disorders (TAND) (de Vries et al.,
2023).

PTEN Hamartoma Tumor Syndrome (PHTS)

PHTS is caused by pathogenic sequence variants in PTEN, a ubiquitous tumor suppressor
gene located on chromosome 10 (Hobert & Eng, 2009). PTEN codes for a protein that helps
regulate a range of cellular functions including cell growth and division, apoptosis, and cell
migration (Maehama et al., 2001; Maehama & Dixon, 1999). The prevalence of PHTS is
estimated at approximately 1 in 200,000 to 1 in 250,000 (Hobert & Eng, 2009). PHTS is
typically identified due to the macrocephaly that occurs in nearly all individuals with this
condition (National Organization of Rare Disorders, 2023). Medical complications from PHTS
include an increased risk for benign hamartomas as well as certain cancers including thyroid,
colon, and breast cancer with specific, lifespan screening recommendations (Dhawan et al.,
2025). The neuropsychological profile of PHTS is heterogeneous. ID prevalence estimates range
from 4 to 32% in the mild-to-moderate range (Busch et al., 2013; Hansen-Kiss et al., 2017) and
neuropsychological deficits in attention, working memory, and executive functioning are
commonly reported in PHTS (Butler et al., 2005; Frazier et al., 2015; Varga et al., 2009). A large
minority (between 8 and 25%) of children with PHTS are diagnosed with ASD (Butler et al.,
2005; Ciaccio et al., 2019; Cummings et al., 2022; Varga et al., 2009), with a symptom profile
characterized by more sensory issues and less severe social communication symptoms than

idiopathic ASD (Busch et al., 2019).



BEHAVIORAL/COGNITIVE PROFILES IN PMS, TSC, & PHTS 6

The Developmental Synaptopathies Consortium (DSC)-I

A primary goal of the DSC was clinical trial readiness, for which natural history research
is an essential initial step (Food and Drug Administration, 2019). Natural history studies are used
to define the patient population and identify clinically meaningful concepts of interest, i.e.,
aspects of the condition that affect how a patient feels, functions, or survives (Food and Drug
Administration, 2022). Natural history studies are also used to identify, refine, or develop
clinical outcome assessments and biomarkers that correlate with those concepts of interest.
Finally, natural history studies may even provide external control data for rare, complex
conditions where controlled treatment trials are infeasible.

The goal of the current analysis is to inform the identification of clinically meaningful
concepts and approaches to feasible and valid measurement of cognitive and behavioral
phenotypes associated with these developmental synaptopathies. To accomplish this, we describe
the results from baseline neurodevelopmental phenotyping performed in these natural history
studies, with a focus on the feasibility and validity of assessments and their resulting data. This
report is complementary to other work describing the individual disease phenotypes themselves
(Busch et al., 2019, 2023; Farach et al., 2019; Levy et al., 2022; Levy, Farmer, et al., 2024).

Methods
Participants

Participants were recruited from six U.S. sites for Phelan-McDermid syndrome (Levy et
al., 2022), five sites for TSC (Farach et al., 2019), and four sites for PHTS (Busch et al., 2019).
The inclusion criteria for all studies were English speaking individuals with confirmed
pathogenic findings of 1) PMS: pathogenic/likely pathogenic SHANK3 sequence variant or

deletion of 22q13 that affects the SHANK3 gene, 2) TSC: TSC1 or TSC2 pathogenic/likely
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pathogenic variants, or 3) PHTS: pathogenic/likely pathogenic variants in PTEN or deletions of
PTEN. Participants were ages 3-21 years, except for two participants with TSC (24- and 35-
months-old). Parents/guardians provided consent, and when appropriate participants provided
assent. The protocols were approved by a central Institutional Review Board.

Study Procedures

Each protocol enacted a systematic neurodevelopmental assessment framework designed
for investigating rare genetic conditions associated with ID (Soorya et al., 2018). This framework
employs multiple methods (observer-rated outcomes, clinician-rated outcomes, and direct
assessment) and multiple assessments (i.e., different measures of the same concept) to yield
estimates of functioning across the full range of phenotypic expression observed in these
heterogeneous populations. Based on the extant literature, the investigators’ clinical experience
with the conditions, and input from parent advocacy group members who served on the steering
committees, clinical outcome assessments for the following concept domains were selected:
intellectual functioning (including processing speed, working memory), visual motor integration,
and executive functioning, language, adaptive functioning, challenging behavior, and ASD
symptoms. Supplementary materials detailing the assessment framework and the original list of
measures may be found online at https://doi.org/10.31234/osf.io/gqvr8_v1.

Results presented herein are data collected at the first (baseline) of three annual visits in
this prospective, natural history study. Psychological and behavioral evaluations were conducted
at each site by licensed clinicians or psychometrists (technicians supervised by a licensed
psychologist). Annual network-wide consensus coding meetings were held to review reliability
and measurement challenges. Participants typically completed in-person assessments over 1-2

days while parents/caregivers completed questionnaires and interviews.
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Measures

The measures comprising the systematic neurodevelopmental assessment framework are
described below by domain. The selection of appropriate clinical outcome assessments and
endpoints (i.e., the scores used from those assessments) required the consideration of several
factors, including: 1) the standardization age range (see Supplementary Materials at
https://doi.org/10.31234/osf.io/gqvr8_v1), 2) the impact of planned modifications to standardized
procedures on scoring and interpretation, and 3) the minimum developmental levels required to
evaluate each developmental domain (e.g., social communication skills in children with
developmental levels >12 months) (Soorya et al., 2018).
Intellectual functioning, language, and adaptive behavior

Intellectual functioning. Direct assessments of intellectual functioning were selected from
the following hierarchy based on clinical judgment of the participant’s chronological age,
language level, and estimated developmental level:

1) Stanford Binet, 5" edition (Roid & Pomplun, 2012). The Stanford Binet is a
traditional 1Q test appropriate for individuals aged 2-85+ years. The Stanford-Binet
offers Full Scale 1Q (FSIQ), Nonverbal IQ (NVIQ), and Verbal IQ (VIQ) standard
scores which range 40 to 160 (population mean£SD=100+15).

2) Differential Ability Scales, 2" edition (DAS-II) (Elliott, 2007). The DAS-1I content is
transitionary between developmental and traditional 1Q tests, depending on the form
(Early Years or School Age). The DAS-II is normed for ages 2 years, 6 months to 17
years, 11 months. The score used for FSIQ on the DAS-11 was General Conceptual

Ability Core Cluster; NVIQ and VIQ were the Nonverbal and Verbal Composite Core
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Clusters, respectively. These standard scores range from 45-165 for FSIQ and 50—
150 for NVIQ and VIQ (population mean+SD=100+£15).

3) Mullen Scales of Early Learning (MSEL) (Mullen, 1995). The MSEL is a
developmental test normed for children birth to 5 years, 8 months and was used to
provide estimates of cognitive functioning when the other measures were not feasible.
To facilitate comparability with FSIQ, NVIQ, and VIQ from the other tests,
developmental quotients (DQ; also known as ratio 1Qs) were calculated using the
average age equivalents for the Fine Motor and Visual Reception (nonverbal; NVDQ)
or Expressive Language and Receptive Language (verbal; VDQ) subscales (FSDQ =
average of NVDQ and VDQ). DQs have no population distribution and a natural floor
of 0, with a ceiling of infinity (see Farmer, Thurm, et al., in press).

For some participants with significant 1D, it was not possible to achieve a basal score on
the age-appropriate test, in which case the next-lower test in the hierarchy was administered.
This resulted in some out-of-age-range testing with the MSEL. This commonly used approach
has been shown to yield scores that correlate with but exhibit varying levels of mean difference
with 1Q scores (Bishop et al., 2011; Farmer et al., 2016). For all cognitive scores, higher values
indicate better relative performance. For descriptive purposes, scores are also categorized by the
commonly used ID designations (American Medical Association, 2018): No ID (standard
score>70), Mild (50 - 69), Moderate (35 - 49), Severe/Profound (below 35/under 20).

Language. Direct assessments of receptive and expressive language skills were
administered to participants with developmental and learning readiness skills (e.g., attending to
and discriminating 2D stimuli). The Peabody Picture VVocabulary Test-3 (PPVT-4) (Dunn &

Dunn, 2007) and Expressive Vocabulary Test-2 (EVT-2) (Williams, 2007) were used to directly
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assess receptive and expressive vocabulary, respectively. These tests are normed for ages 2
years, 6 months to 90+ years, and each provides a standard score ranging 20-160 (population
distribution 100+15). Higher scores indicate better relative performance.

Adaptive Behavior. The Vineland Adaptive Behavior Scales, second edition (Vineland-11)
(Sparrow et al., 2005) was used to evaluate adaptive behavior. For consistency with previous
studies, the parent/caregiver survey form was used in TSC and PHTS, and the semi-structured
clinician-led interview form was used for PMS. Both forms provide domain-level standard
scores that range from 20-160 (population distribution 100£15) and subdomain scaled scores
ranging 1-23 (population distribution 15+3). Higher scores indicate better relative adaptive
functioning. Due to the prominence of motor delays in the PMS phenotype (Frank, 2021), the
Motor Skills domain was administered for PMS participants regardless of participant age
(normative data are available only through age 6 years 11 months and older adults). As a result,

Motor Skills age equivalents, but not standard scores, were available for these individuals.

Behavioral measures

Challenging behaviors. The validity of clinical outcome assessments for challenging
behaviors is compromised for individuals with intellectual and developmental disabilities (IDD)
because diagnostic criteria are primarily defined in the context of typical development. For
instance, behavior such as running in inappropriate situations may reflect alternative
(maladaptive) communication patterns in younger and/or cognitively impaired populations but
may be captured as overactivity by standardized challenging behavior measures. With this

limitation in mind, we selected two widely used caregiver-report forms of challenging behaviors:
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the Aberrant Behavior Checklist-Community Version (ABC-C) (Aman & Singh, 1994) and the
Child Behavior Checklist/Adult Behavior Checklist (CBCL/ABCL) (Achenbach, 1999).

The ABC-C was originally developed for individuals with IDD in residential settings,
having since been revised for community settings, with psychometric evaluations in a variety of
samples with all levels of ID and other developmental disabilities such as ASD (Aman & Singh,
2017). The ABC-C yields sum total scores on five subscales: Irritability, Social Withdrawal,
Stereotypic Behavior, Hyperactivity/Noncompliance, and Inappropriate Speech. The subscale
sum scores are typically used for research purposes, though some comparison data are provided
by the test developer for the calculation of norm-referenced scores. In this study, we used the
ABC community samples (Marshburn & Aman, 1992) which included some participants with
mild 1D to guide interpretation of the clinical significance of ABC subscale scores.

The CBCL/ABCL is a screening tool for emotional and behavioral problems, with forms
standardized for ages 1.5 years through adulthood. Sex-based normative data for each age-based
form are provided, based on general population development samples. The CBCL vyields T-
scores with a range of 50-100 (population distribution 50£10). Higher scores indicate more
symptoms relative to age peers. The CBCL/ABCL was standardized in typically developing
populations with studies pointing to concerns with reliability and validity in those with moderate,
severe, and profound ID (Koskentausta et al., 2004) and distinct patterns observed in children
with ASD and NVIQ in the ID range (Piergies et al., 2022). Despite these concerns about the
validity of the instrument, we included the CBCL to enable comparisons with extant literature,
particularly in PHTS and TSC (Dekker et al., 2002; Dovgan et al., 2019; Esbensen et al., 2018;
Pandolfi et al., 2009). However, to improve the assumption of measurement invariance across

the development sample and the current studies, thereby reducing the potential to over-or under-
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estimate behavioral challenges in children with severe to profound ID, we considered CBCL
administrations to be valid for analysis only when the child had an NVI1Q>70.

ASD. ASD phenomenology was measured through multiple methods including caregiver
report, developmental history, and direct, clinician-administered assessments. Within the PMS
and TSC studies, participants received all clinician- and caregiver-rated instruments described
below. In the PHTS study, for which groups were categorized by ASD status for an associated
clinical trial (NCT#02991807), clinician-administered instruments were conducted after a DSM-
5 checklist interview and administered only for the subset of participants who presented with
suspected autism or had a prior ASD diagnosis (PHTS/ASD) (Busch et al., 2019).

The Social Responsiveness Scale (SRS-2) (Constantino & Gruber, 2005) is a caregiver-
reported ASD screening instrument that is frequently used in neurodevelopmental research
(Busch et al., 2023). There are three forms (preschool, school age, adult) that are administered
based on chronological age. While T-scores are available for several subscales on the SRS-2, it
was not validated in individuals with ID and/or significant expressive language delays
(Constantino & Gruber, 2005; Hus et al., 2013) and research has demonstrated reduced validity
in ID (Havdahl et al., 2016), including one study in PMS (Gergoudis et al., 2020) and another in
fragile X syndrome (Kidd et al., 2020). To address these limitations, this study utilizes a 16-item
short form that retains only items that exhibited measurement invariance across sex, age,
expressive language, adaptive behavior, and NVIQ (Lyall et al., 2021; Sturm et al., 2017). While
a limitation of the short form is a lack of clinical cut-off scores, we felt that the ability to use the
short form score as an index of severity made it the preferable metric. Additionally, previous
work demonstrated the validity of this approach for the PMS study (Gergoudis et al., 2020). Raw

sum scores on the short form range from 0 to 48, where higher scores indicate more symptoms.
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The Repetitive Behavior Scale-Revised (RBS-R) is a caregiver-report questionnaire
developed for individuals with 1D with and without ASD to characterize repetitive behaviors in
IDDs (including ASD) (Bodfish et al., 2000). The RBS-R was originally developed with six
subscales: Ritualistic Behavior, Sameness Behavior, Self-Injurious Behavior, Stereotyped
Behavior, Compulsive Behavior and Restricted Behavior; though current standards, used here,
condense the Ritualistic Behavior and Sameness Behavior subscales into one (Rituals/Sameness)
(Lam & Aman, 2007). Higher raw sum scores indicate more severe problems.

The Autism Diagnostic Observation Schedule (2" edition) (ADOS-2) is a clinician-
administered assessment of symptoms related to an ASD diagnosis. The appropriate ADOS-2
module is selected based on the participant’s age and language level. The Autism Diagnostic
Interview, Revised (ADI-R) is a clinician-rated semi-structured interview about past and current
symptoms related to an ASD diagnosis. Both the ADOS-2 and ADI-R yield sum scores in
several domains, which are converted to cutoffs reflecting likelihood of an ASD diagnosis. The
ADOS-2 and ADI-R were both administered by research-reliable clinicians, who underwent
periodic reliability checks during the study. The DSM-5 checklist was completed by licensed
clinicians (e.g., neurologist, psychiatrist, psychologist) indicating their judgment of the presence
or absence of each of the ASD diagnostic criteria, based on all available information. Together,
these tools comprise the gold-standard research assessment for ASD.

Of note, the development samples for the ADOS-2 and ADI-R were largely without
severe-to-profound ID, and both the test developers (Lord et al., 2012; Rutter et al., 2003) and
other researchers (Risi et al., 2006; Thurm et al., 2019) have noted that the specificity of the
instruments can be much worse for individuals with low mental age. For example, the ADI-R

and ADOS-2 are standardized for individuals with a mental age >18 months, but improved
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specificity is found for mental age >2 years (Kim et al., 2013; Lord et al., 1993). The ADOS-2
has an additional criterion of independent walking. We followed manual-based
recommendations, requiring a minimum 18-month nonverbal mental age for both the ADI-R and
ADOS-2 (i.e., Modules 1-4) and independent walking for the ADOS-2 for valid administration.

ASD Classification. After reviewing all available data, the clinician assigned a consensus
diagnosis of ASD or non-ASD and endorsed a degree of certainty on a scale of 1-5, where
higher scores reflected greater clinical certainty. As noted above, in PHTS, administration of
clinician-administered scales, i.e., the ADOS-2 and ADI-R, varied (Busch et al., 2019). As such,
consensus diagnoses for the full PHTS sample reflect different data sources.
Analytic approach

Evaluation of the summary statistics within and across cohorts were used to accomplish
the goals of this descriptive study. As comparison across groups was meant to inform the
development of harmonized assessment strategies for phenotypically similar groups, rather than
to test hypothesized differences across groups, statistical comparison was not performed. Visual
inspection of the data determined whether mean and standard deviation (for normal distributions)
or median and interquartile range (IQR) (for non-normal distributions) were used. The
Supplementary Materials (https://doi.org/10.31234/osf.io/gqvr8_v1) detail the administration
rates for each measure based on the standardization criteria outlined in the Measures section, but
the summary statistics reflect only the valid administrations. Missingness was both informative
(e.q., the participant did not meet the eligibility criteria for a given test, or could not achieve the
minimum score possible on the test) and non-informative (e.g., related to logistical or
administration errors). However, it was not possible to distinguish these cases in the database and

so all missing data were treated equally.
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Results
Demographic and Clinical Characteristics
INSERT TABLE 1
More than half of each group was male, and all groups were predominately White and
non-Hispanic (Table 1). The mean (xSD) age of participants at enrollment across conditions was
approximately 8 years (PMS: 8.41+4.59; TSC: 8.37+4.59, PHTS: 8.88+4.82). Seizures and sleep
disturbances were among the most commonly reported medical conditions, and ASD and ADHD
were the most commonly reported psychiatric diagnoses across all three conditions (Table 1).
Intellectual Functioning, Language, and Adaptive Functioning
INSERT TABLE 2
INSERT FIGURE 1
Intellectual Functioning. For all three conditions, the cognitive profile was relatively
even across VIQ and NVIQ (Table 2). Most participants in the PMS sample were in the
severe/profound range of 1D, the majority of the TSC sample fell into the mild-to-moderate 1D
range, and the majority of the PHTS sample was in the borderline-to-average range of
intellectual functioning (Figure 1C). However, visual inspection of the score distribution yielded
important information about the impact of the combination of scores from multiple tests. There
was a clear effect of test floor, resulting in distributional peaks at the floors of the Stanford Binet
and DAS-11, while the MSEL DQ scores have a relatively normal distribution (Figure 1A).
Adaptive Functioning. Vineland-I1 caregiver interview (PMS) and caregiver survey
(TSC/PHTS) standard scores indicated a degree of impairment similar to the cognitive scores,

though the lower floor for the MSEL DQs versus standard scores allowed for a larger cognitive —
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adaptive behavior discrepancy in the PMS sample (Table 2, Figure 1B). Within condition, the
profiles were even, with similar scores across domains. However, all conditions exhibited a great
deal of variability, with scores spanning the full range of impairment.

Language. Only one-third of the PMS participants were able to complete the PPVT-4 and
EVT-2, compared to about two-thirds of the TSC sample and the majority of the PHTS sample
(Table 2). Within all three conditions, the scores among those able to take the test were variable,
ranging from extremely low to above average. For each condition, typical performance was
similar for PPVT-4 and EVT-2, though the subsamples with valid data differed slightly.
Challenging Behavior

INSERT TABLE 3

Across conditions, clinical elevations in ABC scores were observed for over 40% of each
cohort on the Stereotypy and Lethargy subdomains (Table 3). Clinical elevations in Irritability, a
common treatment target in syndromic IDDs, was lowest in the PHTS cohort (32%) and highest
in TSC (58%). Another common treatment target, Hyperactivity, was reported at higher rates in
PMS (63%), followed by TSC (53%) and PHTS (30%).

The validity of the CBCL was limited by the rate of ID: fewer than 10 participants in the
PMS sample, less than 1/3 of the TSC sample, and only about half of the PHTS received valid
CBCL administrations. Limiting evaluation to the TSC and PHTS subsamples without ID, a high
rate of clinically elevated Internalizing Symptoms scores was observed for both cohorts (TSC,
52%; PHTS, 41%). Externalizing Symptoms scores were clinically elevated for 41% of the TSC
sample but only 12% of the PHTS sample.

ASD Symptoms and Diagnosis

INSERT TABLE 4
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Scores on the RBS-R reflected low rates of repetitive behaviors and restricted interests in
PMS, TSC, and PHTS evaluated for ASD. The SRS short-form scores are shown in Table 4,
alongside T-scores for participants with NVIQ > 70.

INSERT TABLE 5

Table 5 summarizes the results of ASD diagnostic evaluation. In the PMS and TSC
studies, all participants were systematically assessed for ASD. A consensus diagnosis of ASD
was common in both cohorts (PMS, 59%; TSC, 44%); the rate of parent-reported historical
diagnosis was higher for PMS (69%) but similar for TSC (47%). The validity of the ADI-R and
ADOS-2 were limited by the rate of profound ID in the PMS and TSC cohorts. Among those
with valid assessment, the tools had good sensitivity (ADI-R: PMS, 88%; TSC, 83%; ADOS-2:
PMS, 96%, TSC, 94%). While the specificity of both tools was good in the TSC cohort (ADI-R,
88%; ADOS-2, 91%), it was poor for PMS (ADI-R, 41%; ADOS-2, 65%).

The rate of consensus ASD diagnosis in PHTS was 62%. PHTS participants received
comprehensive ASD evaluations based on clinical suspicion or history of diagnosis (87% of
those assessed had a historical diagnosis); among these individuals, the sensitivity of the ADI-R
and ADOS-2 was excellent (90%). However, the selective autism screening procedures for
PHTS described in the Methods section limit interpretation of these psychometric data.

Discussion

The DSC is a network of large, multisite, natural history studies of the rare genetic
conditions TSC, PMS, and PHTS. A primary goal of the DSC was clinical trial readiness,
enabling nimble response to ongoing technological developments that may yield life-changing
interventions for these conditions. A major aspect of clinical trial readiness is having identified

the concepts of interest, or the aspects of the phenotype which affect how a person feels,
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functions, or survives, as well as having a good understanding of how best to assess those
concepts. However, this is particularly challenging for natural history studies of rare genetic
conditions, where the populations are small and heterogeneous, and the developmental nature of
relevant concepts means that their manifestation necessarily changes across development. In the
current manuscript, we addressed these needs by identifying areas of clinical interest and
describing the scope and limitations of conventional measurement strategies for these concepts in
neurologically and medically complex genetic syndromes. The results of this project will inform
trial planning for these conditions, as well as other rare genetic conditions affecting
neurodevelopment that share similar phenotypic features.
Adaptive Functioning

Consistent with extant literature, ID was most common for participants in the PMS study
and least common in the PHTS study. However, the full range of impairment was observed
within all three conditions. Deficits in adaptive behavior, or the ability to perform the skills
necessary to achieve an age-appropriate level of independence, are a core component of the ID
diagnosis. Adaptive behavior is of clear clinical relevance, as it reflects the cumulative and
global effects on functioning of the disease. As is common for genetic conditions affecting
neurodevelopment, developmental delay, motor impairment, and communication impairments
are among the top concerns for all three conditions in the DSC (e.g., Frazier et al., 2023; Gizzo et
al., 2024; Ho et al., 2017; Landlust et al., 2023) — concepts which are all assessed by measures of
adaptive behavior. In the DSC, adaptive behavior was assessed with the Vineland-Il. Because
there are no 1Q or mental age restrictions on use of the Vineland-11, it was feasible for all

participants in all three cohorts. Thus, adaptive behavior emerged as a key clinical concept and
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candidate for future use in clinical trials. However, we note several issues for further
consideration.

The DSC employed both the caregiver survey and the semi-structured interview form of
the Vineland-11. While differences in administration (respondent and basal/ceiling rules)
preclude their interchangeable use, there are several factors to consider in selecting the most
appropriate form for a new study. First, clinician time may be reduced when using the survey
form, though the manual (Sparrow et al., 2005) notes that a clinician should review the responses
with the caregiver (p. 44). For populations where more severe disability is common, however,
the manual cautions that ... parents often report enjoying the semi-structured interview and find
it comforting to be able to describe what their child does [as in the semi-structured interview]
rather than what he or she doesn’t do [as in the survey]” (p. 11; parentheticals added).

Second, Vineland- Il adaptive behavior scores may yield higher-than-expected standard
scores compared to cognitive scores, especially for younger participants (Furnier et al., 2024).
The role of age in the interpretation of the adaptive behavior concept is important to consider.
Younger individuals are expected to do fewer things independently, and impairment is likely to
become more apparent as an individual ages. Indeed, Vineland-1l scores tend to decline over age
in samples with ID (e.g., Sullivan et al. , 2022) — a phenomenon observed in the PMS sample
(see Srivastava et al., in press). This has been partially addressed by additional items at lower
levels of ability in the Vineland-3, leading to systematically lower scores on that instrument
(Farmer et al., 2020), but the issue is fundamental to the concept and therefore remains.
Additionally, the use of DQs for some participants with severe cognitive impairment exacerbated

the issue since DQs do not have a floor (see PMS scores in Table 2).
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Cognitive ability, the other concept core to the ID diagnosis, is also strongly aligned with
parent/caregiver concerns and is de facto the concept used to estimate ID in clinical research.
The heterogeneity in cognitive ability observed in the DSC creates considerable challenges for
clinical trial design. The first major issue is the selection of a single clinical outcome assessment.
Following a hierarchical testing method for severe-to-profound IDD populations described by
Soorya et al. (2018), we planned to use traditional 1Q testing where possible, substituting
developmental testing where necessary. The advantage of this approach is that it allows for an
estimate of cognitive functioning for the entirety of the sample, whereas using only traditional 1Q
tests would have resulted in a high rate of missing data — for the PMS sample, 40% required out-
of-age-range testing and would have had missing data if only the Stanford Binet were used.
While the rates were much lower for TSC (6%) and PHTS (2%), we note that any systematic
missingness is unacceptable for clinical endpoints.

However, the results of this study highlighted a few limitations of this hierarchical
approach. In order to combine estimates across tests, norm-referenced (or approximations) scores
were used. But even when participants could achieve basal on a traditional 1Q test, we observed
significant floor effects for all three conditions (see Figure 1A). While floor effects may be
tolerable in a diagnostic context where the goal is to identify impairment, floor effects in a
clinical trial context obscure variability and reduce responsiveness to change (Farmer et al.,
2022). For the participants who could not receive standard scores, we used DQs, which are
considered analogous. However, the use of DQ is compromised by significant concerns about
validity, especially for older and minimally verbal individuals (Ostrolenk & Courchesne, 2023).
Other approaches, including Z-scores, could also be considered if norm referenced scores are

required (Farmer, Thurm, et al., in press).
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Communication is another clinically meaningful concept (Ho et al., 2017). The Vineland
measures caregiver-reported functioning in the areas of receptive, expressive, and written
communication, and as described above was the only measure applicable to the full range of age
and ability in this study. However, we also explored the feasibility of direct assessment using
receptive and expressive vocabulary tests (i.e., EVT-2, PPVT-4) and found these tests were
appropriate only for samples with less severe ID. Thus, potential cross-syndrome treatment or
phenotyping efforts focused on direct language assessment may require ability-based inclusion
criteria and interpretation must be tempered by consideration of systematic missingness related
to severe phenotypes in a particular domain (i.e., ID).

ASD Symptoms and Diagnosis

Consensus ASD diagnosis was common in all three cohorts (PMS, 59%; TSC, 44%;
PHTS, 62%), marking it as a potential concept of interest. For PMS and TSC, where recruitment
was unrelated to ASD status, a significant methodological strength was the systematic approach
to the ASD diagnostic process. The diagnosis of ASD can be challenging in the context of ID,
because many of the deficits required of an ASD diagnosis occur to some extent in all
individuals with ID (Thurm et al., 2019). Here, we ensured that our direct assessment (ADOS-2)
and observer/clinician rated assessment (ADI-R) were analyzed only in individuals meeting
developmental and physical/sensory requirements of the measures. Importantly, this meant that
these gold-standard assessments were not appropriate for half of the PMS sample and up to 30%
of the TSC sample, limiting their utility in future clinical trials. Conditioned upon a nonverbal
mental age of at least 18 months, the sensitivity of the ADOS-2 and ADI-R was good in both

cohorts, but their specificity was poor for PMS — likely due to ID severity.
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ASD diagnosis is less likely than a dimensional assessment of symptom severity to be
part of a clinical trial endpoint. The DSC studies contained two such measures, the SRS-2 and
the RBS-R. Both assessments are commonly used observer-reported assessments of ASD
symptoms, but an important difference is their applicability for individuals with ID. The RBS-R
was developed generally for IDD (versus ASD specifically) and the validity of the instrument
was therefore unaffected by the rate of ID in the samples. Scores on the RBS-R were relatively
low across conditions relative to standardization groups (Lam & Aman, 2007), indicating that the
severity of behavior is not abnormal compared to general IDD and that RRB is not a unique
clinical feature of the conditions, though it may still be meaningful. However, if repetitive
behaviors present as clinically important concerns to families/caregivers, the low scores observed
here indicate the RBS-R may not exhibit sufficient responsiveness in a clinical trial context.

The SRS, on the other hand, was not developed for use in individuals with ID. We
addressed the variety of empirical evidence pointing to the lack of validity of the SRS when
employed for individuals with 1D, problem behavior, and/or limited language (Gergoudis et al.,
2020; Havdahl et al., 2016) by using the 16-item short form (Sturm et al., 2017). The advantage
of this approach is confidence that scores are more reflective of social communication behaviors
than the participants’ age, language level, cognitive ability, or challenging behaviors. A
limitation of the short form is that no normative data exist, and so it is difficult to contextualize
the scores. However, the mean scores in each condition indicates sufficient variability to detect a
potential treatment effect, suggesting that the SRS short form may be a good candidate outcome
measurement of social communication symptoms in predominately ID samples.

Challenging behaviors
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Challenging behaviors can have a significant impact on quality of life and are rated by
parents/caregivers as being an important area of concern (Ho et al., 2017), but differences from
typically developing individuals in the function or cause of topographically similar behaviors
complicates their assessment. Because individuals with ID were not included in the development
of commonly used psychiatric screeners like the CBCL, domain-level scores are difficult to
interpret, and normative data are likely not relevant. In the current study, we addressed this by
using CBCL data only from participants with NVIQ scores >70. As a result, however, the CBCL
was not considered valid for most PMS and TSC participants and half of PHTS participants,
making it a poor choice for outcome measurement in future clinical trials.

Recognizing the limitations of the CBCL and knowing that measures validated in
samples of individuals with IDD exist like the Developmental Behaviour Checklist (Einfeld &
Tonge, 2002) and the ABC, we also employed the ABC. This scale is widely used in clinical
trials, especially the Irritability subscale. Across all three conditions, mean scores were elevated
in comparison to age- and sex-based normative data from special education settings but similar
to scores from conditions with similar levels of ID severity (see Supplementary Table S5 in
Miller et al., under review). For some subscales, such as Stereotypy or Inappropriate Speech, the
numerically small mean scores suggest that responsivity might be limited in a clinical trial
context, so if these are concepts of interest, the ABC may not be a good choice for outcome
assessment.

Limitations and Future Directions

While there were considerable obstacles encountered in the outlined neurobehavioral

approach, the careful, systematic cognitive and behavioral phenotyping protocol was crucial to

systematically identifying limitations and future directions in selection of cognitive and
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behavioral measurements for future studies. The detailed descriptive analysis here points to the
importance of adapting protocols to account for heterogeneity within syndromic IDDs as well as
within and across clinically meaningful concepts: cognition, communication, and behavioral
challenges. Additionally, while psychometric data are a starting point for measurement selection
in phenotyping and outcome protocols, they may require additional scrutiny when applied to
special populations (Farmer et al., 2024; Gell et al., 2024). We also note an important limitation
in the representativeness of the cohorts in DSC-1, which were predominantly White and non-
Hispanic. This limitation is likely due to challenges with equity and accessibility in genetic
testing and research recruitment generally (Cole et al., 2025), as well as study processes which
were limited to English-speaking participants. Further, we are unable to analyze how specific
medical comorbidities (e.g., epilepsy), significant life changes or onset of new psychiatric
problems or significant regression of skills affect developmental trajectories since the sample
included a wide age range of youth, and this analysis covers only the first time point.

We identified several commonly used measures that may be appropriate for use in future
clinical trials across disease and ability levels (e.g., Vineland), but found significant limitations
in commonly used instruments (e.g., CBCL), which may render them invalid for trials including
samples with ID. While it would be helpful to the field for recommendations to be made from
this or other natural history studies about which measures should be definitively considered or
not from clinical trial use in varying severity levels of ID, there are many other considerations
that need to be evaluated that may be trial or condition specific, including ages, timeframe,
requirement for sensitivity to change and other features of the specific condition.

It is important to note that the current descriptive analysis is based exclusively on cross-

sectional data, so we did not address sensitivity to change. For example, instead of the standard
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scores described here, theory (Eisengart et al., 2022; Farmer et al., 2022) and quantitative data
(Farmer et al., 2023, 2024; Kwok et al., 2022) support the use of person ability scores for clinical
trial endpoints (e.g., Stanford Binet Change Sensitive Scores, DAS Ability Scores, or growth
scales values for the EVT, PPVT and Vineland) for developmental domains like cognitive and
communication. This is because ability scores are not subject to normative floor effects, are
measured at the interval level, and are more responsive to change than normative scores.
Crucially, however, the use of person ability scores is not compatible with a hierarchical
approach to testing, because they cannot be compared across tests. These considerations led to
our recommendation to prioritize adaptive functioning as a clinical trial endpoint, capitalizing on
it as a well-established clinical outcome assessment that contain ability scores (i.e., Vineland-3)
and minimal floor effects across age and ability levels.

While we identified several areas where clinically significant symptoms were observed, we
note that our assessment of clinical significance was based on relative profiles from standardized
datasets (e.g., in comparison to the general population or individuals with IDD). Patient and
caregiver input on the meaningfulness of the measured concepts, the assessments, and input on
what constitutes meaningful change in those assessments is an important and ongoing research
area for genetic conditions associated with neurodevelopmental disorders (Connor-Ahmad et al.,
2023; Downs et al., 2024; Gizzo et al., 2024; Hecker et al., 2024). The development of patient-
reported outcome measures (Muller et al., 2023) may be used in tandem with standardized
measures. Many of the symptoms observed to occur at high rates in these samples are known to
be associated with poorer ratings of family quality of life, and so measures of the effects of these

symptoms on the family quality of life require exploration.
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In summary, the current report highlights foundational details on the application of
commonly used cognitive/behavioral tools in studies of PMS, TSC, and PTEN and stresses
important measurement, clinical, consumer, and contextual considerations to evaluate for clinical

trial readiness.
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Figure Legend
Figure 1. Intellectual Functioning and Adaptive Functioning in DSC-1 cohort. (A) Nonverbal
IQ/DQ (developmental quotient) and (B) Vineland-2 Adaptive Behavior Composite (ABC)

standard score distributions. (C) Nonverbal 1Q/DQ (NVIQ) categorized according to ICD 10.
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Table 1

Participant Demographic and Clinical Characteristics

Characteristic PMS (N=98) TSC (N=98) PHTS (N=69)
n (%) n (%) n (%)
Gender
Female 45 (46) 37 (38) 19 (27)
Male 53 (54) 61 (62) 50 (73)
Race
American Indian or Alaskan Native 1(1) 0 0
Asian 8 (8) 1(2) 2 (3)
Black or African American 2 (2) 3(3) 1(2)
White 83 (85) 84 (86) 54 (78)
More than one race 1(1) 8 (8) 9(13)
Unknown/not reported 3(3) 2(2) 3(4)
Ethnicity
Hispanic 11 (11) 16 (16) 7 (10)
Non-Hispanic 84 (86) 80 (82) 60 (87)
Unknown/not reported 3(3) 2(2) 2 (3)
Caregiver reported medical history 98 92 64
History of seizures 35 (36) 87 (95) 11 (17)
Disrupted sleep 46 (48) 37 (40) 23 (36)
Deafness 33 1(1) 4 (6)
Significant vision loss 2 (2) 5 (6) 1(2)
Significant motor impairment (not walking) 2 (2) 0 0
Caregiver reported neurodevelopmental 98 92 64
psychiatric history
Autism Spectrum Disorder 67 (69) 43 (47) 38 (59)
Cognitive/developmental delays 2 49 (50) 64 (65) 14 (20)
Attention Deficit 31 (32) 22 (24) 14 (22)
Anxiety 11 (12) 21 (23) 16 (25)
Self-Injury 12 (13) 11 (12) 5(8)
OCD 313 11 (12) 4 (6)
Tics 4 (4) 2(2) 2(3)
Depression 1(1) 5(5) 4 (6)
Bipolar 1(1) 1(1) 1(2)
Schizophrenia 1(1) 0 1(2)
Eating Disorders 2 (2) 0 2 (3)

& Parent reported concerned about cognitive development on developmental history form.
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Table 2

Quartiles and Range of Intellectual Functioning, Language, and Adaptive Functioning by Synaptopathies

Measure PMS (N = 98) TSC (N =98) PHTS (N = 69)
n  Median [IQR] Range n Median [IQR] Range n Median [IQR] Range
Intellectual Functioning

Verbal 1Q 97  16.35[8, 43] 1-93 92 52.89[43,70] 4-119 64 80.50[47,104] 12-140
Non-Verbal 1Q 97 24.491]15,43] 291 93 61.00[43,73] 4-115 66 76.00 [50, 96] 18-137
Full Scale 1Q 97 19.90[11,41] 3-88 92 54.00[40,71] 4-106 64 77.00[47,99] 15-138
Adaptive Functioning?

Communication 98 46.00[40,62] 26-91 87 65.00[57,75] 28-106 57 77.00[61,96]  29-129
Daily Living Skills 97  53.00 [40,62] 25-89 89 65.00[57,76] 25-111 57 75.00[63,97] 41-125
Socialization 98 55.00[48,66] 34-101 86 68.00[60,83] 37-105 56 75.50[59,95] 24-127
Motor Skills 47 56.00[51,61] 25-81 38 68.50[56,75] 2797 24 70.00[63,80] 54-104
Composite 98 49.00[43,62] 25-86 83 64.00[56,73] 26-103 55 76.00[60,90]  45-127
Language

EVT-2 31 50.00[30,71] 20-92 69 73.00[53,86] 20-125 59 87.00[70,106] 20-139
PPVT-4 33 51.00[25,71] 19-82 75 74.00[52,86] 20-120 62 93.50[54,112] 20-144

Note. Interquartile range (IQR) [25™, 75" percentiles]
2Vineland Adaptive Behavior Scales-1l1 domain and composite (ABC) standard scores. Motor Skills calculated for participants under 7

years old.
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Table 3

Challenging Behavior Measures by Synaptopathies

Measure PMS (N = 98) TSC (N =98) PHTS (N = 69)

n % Elevated Mean (SD) n %Elevated Mean (SD) n % Elevated Mean (SD)
ABC subscale raw scores ?
Irritability 92 44 8.27 (8.50) 89 58 11.56 (10.30) 60 32 6.63 (7.65)
Lethargy 91 54 9.67 (9.00) 88 44 7.94 (8.17) 60 50 7.94 (8.27)
Stereotypy 92 61 5.10 (5.14) 89 47 4.35 (5.14) 60 52 3.92 (4.88)
Hyperactivity 91 63 18.82 (12.98) 89 53 15.07 (11.45) 60 30 10.27 (9.25)
Inappropriate Speech 92 41 1.91 (2.57) 89 53 2.84 (3.20) 60 60 2.75 (2.64)
CBCL scale T-scores®
Attention problems 28 54 61.21(7.90) 34 41 58.00 (8.25)
Externalizing 29 41 57.31(12.44) 34 12 45.38 (11.80)
Internalizing 29 52 57.66 (10.45) 34 41 54.24 (13.87)
Anxiety 25 40 58.32 (6.81) 34 41 58.15 (8.42)

& ABC raw subscale scores above the mean of the U.S. special education community sample (by age and sex) are considered
elevated/clinical risk.

b CBCL T-scores > 60 meet the borderline clinical cut-off. CBCL scores are valid for participants with NV1Q > 70. Scores from the
PMS group are not presented because fewer than ten participants had valid NVIQs for administration. CBCL Internalizing includes

Anxiety; Attention problems does not contribute to either Internalizing or Externalizing.
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Table 4

Social-Communication, Repetitive Behavior and ASD Symptoms by Synaptopathies

Measure PMS (N = 98) TSC (N =98) PHTS (N=69)?
n (%) Mean (SD)  n (%) Mean (SD) n (%) Mean (SD)
ADOS-2°
Module 1 > 18 m MA 26 (27) - 23 (23) - 14 (20) -
Module 2 > 18 m MA 13 (13) - 18 (18) - 7 (10) -
Module 3 > 18 m MA 10 (10) - 35 (36) - 8 (12) -
Module 4 > 18 m MA 33 313 5(7)

Calibrated Severity Score © 45 (46) 5.82 (2.63) 75(77) 4.40(3.24)  27(39) 6.33(2.08)
RBS-R

Ritualistic/Sameness 91(93) 4.42(5.42) 90(92) 6.76(6.85)  60(87) 5.55 (6.64)
Self-injurious Behavior ~ 91(93) 2.10 (2.56) 90 (92) 3.53(4.63)  60(87) 1.87 (2.73)
Stereotypic Behavior 91(93) 5.21(4.54) 88(90) 5.76(5.72)  60(87) 5.73(6.29)
Compulsive Behavior 91(93) 1.58(2.46) 89(91) 2.47(3.09)  59(86) 2.63(3.30)
Restricted Interests 91(93) 2.63(2.55) 90(92) 2.96(257)  60(87) 2.90 (2.83)
Sum of factor scores 91(93) 15.93(13.26) 87(89) 21.21(18.01) 59 (86) 18.85 (17.46)

Total all RBS-R items 90 (92) 17.32(15.46) 86 (88) 23.66(20.19) 59 (86) 21.81(19.92)
SRS-2

Short 16-item total 86 (87) 27.73(8.26) 87(89) 25.31(9.66) 60 (87) 24.82 (9.75)
T-score ¢ 6(6) 64.33(8.85) 25(26) 63.76 (10.97) 30 (43) 59.40 (14.59)

2 ASD evaluations, including the ADOS-2, were performed only for PHTS participants for whom there was a history of or clinical

impression of ASD. All participants in PMS and TSC were assessed for ASD.
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b Nonverbal mental age (MA) based on nonverbal 1Q or averaged Mullen Nonverbal Developmental Quotient for Fine Motor and
Visual Reception.

¢ Sample size varies for Calibrated Severity Scores due to module administered, age maximums, and missing data at random.

dSRS-2 T-scores presented only for participants with NVIQ > 70. Thirteen additional participants met NVIQ criteria, but nine (4 TSC,

5 PHTS) did not complete the SRS-2 and four (1 PMS, 3 PHTS) were missing items needed to calculate a T-score.
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Table 5

ASD Classification by Measure and Condition

Measure PMS(N=98) TSC(N=98) PHTS (N =69)
Consensus Diagnosis, n (% Total) 2 92 (94) 91 (93) 63 (91)
Diagnosis ASD, n (% Evaluated) 54 (59) 40 (44) 39 (62)
Certainty Rating, median [IQR] 5[4, 5] 4[4, 5] 5[4, 5]
Diagnosis Non-ASD, n (% Evaluated) 38 (41) 51 (56) 24 (38)
Certainty Rating, median [IQR] 4[3, 5] 5[4, 5] 5[4, 5]
ASD Assessment °
History, n (% Total) 97 (99) 91 (93) 65 (94)
Autism, n (% Evaluated) 67 (69) 43 (47) 38 (59)
Non-autism, n (% Evaluated) 30 (31) 48 (53) 27 (41)
ADI-R Category ¢, n (% Total) 49 (49) 64 (65) 40 (58)
Autism, n (% Evaluated) 37 (76) 30 (47) 31 (78)
Non-autism, n (% Evaluated) 12 (24) 34 (53) 9(22)
Sensitivity .88 (23/26) .83 (25/30) .90 (27/30)
Specificity 41 (9/22) .88 (29/33) .60 (6/10)
ADQOS-2 ¢, n (% Total) 52 (53) 79 (81) 46 (67)
Autism, n (% Evaluated) 29 (56) 22 (28) 25 (54)
ASD, n (% Evaluated) 5 (10) 13 (16) 8 (18)
Non-autism, n (% Evaluated) 18 (34) 44 (56) 13 (28)
Sensitivity .96 (26/27) .94 (30/32) 91 (31/34)
Specificity .65 (15/23) .91 (41/45) .83 (10/12)
ADI-R + ADOS-2 ¢, n (% Total) 48 (48) 62 (63) 30 (43)
Sensitivity .85 (22/26) .77 (23/30) .80 (24/30)
Specificity 77 (17/22) 97 (1/32) .50 (5/10)

& Consensus diagnosis reflects clinician’s impression based on all available data, captured on an
ASD Consensus diagnosis form; participants missing this form are assumed to be missing at
random. Two participants receiving a consensus diagnosis (PMS non-ASD, PHTS with ASD)
had partial data, specifically, were missing autism clinical certainty rating on this form.

b ASD evaluations were performed only for PHTS participants for whom there was a history of
or clinical impression of ASD. All participants in PMS and TSC were assessed for ASD.
¢Valid administrations (mental age > 18-months) were based on nonverbal 1Q or estimates

described in methods.
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Note: Sensitivity (true positive divided by the sum of true positive and false negative) and
Specificity (true negative divided by the sum of true negative and false positive) of ADI-R and

ADOS-2 are defined relative to consensus diagnosis.

d Classifications of autism and ASD were combined for sensitivity & specificity calculations on
the ADOS-2.
¢ Data compares positive autism/spectrum classifications on both the ADI-R and ADOS-2

classification to clinical consensus diagnosis



