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Abstract
Objective

To review parent-report social skills measures to identify and recommend consensus outcomes
for use in clinical trials of social deficit in children and adolescents (ages 6-18 years) with
neurofibromatosis type 1 (NF1).

Methods

Searches were conducted via PubMed and ClinicalTrials.gov to identity social skills outcome
measures with English language versions used in clinical trials in the past S years with pop-
ulations with known social skills deficits, including attention-deficit/hyperactivity disorder and
autism spectrum disorder (ASD). Measures were rated by the Response Evaluation in Neu-
rofibromatosis and Schwannomatosis (REiNS) Neurocognitive Committee on patient char-
acteristics, use in published studies, domains assessed, availability of standard scores,
psychometric properties, and feasibility to determine their appropriateness for use in NF1
clinical trials.

Results
Two measures were ultimately recommended by the committee: the Social Responsiveness
Scale-2 (SRS-2) and the Social Skills Improvement System-Rating Scale (SSIS-RS).

Conclusions

Each of the 2 measures assesses different aspects of social functioning. The SSIS-RS is ap-
propriate for studies focused on broader social functioning; the SRS-2 is best for studies
targeting problematic social behaviors associated with ASD. Researchers will need to consider
the goals of their study when choosing a measure, and specific recommendations for their use
are provided.
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Glossary

ABAS-2 = Adaptive Behavior Assessment System, second edition; ADHD = attention-deficit/hyperactivity disorder; ASD =
autism spectrum disorder; BASC-2 = Behavior Assessment System for Children, second edition; CBCL = Child Behavior
Checklist; NF1 = neurofibromatosis type 1; REiNS = Response Evaluation in Neurofibromatosis and Schwannomatosis; SCQ =
Social Communication Questionnaire; SRS = Social Responsiveness Scale; SRS-2 = Social Responsiveness Scale-2; SSIS-RS =
Social Skills Improvement System—Rating Scale; SSRS = Social Skills Rating System; VABS = Vineland Adaptive Behavior

Assessment Scale.

The neurocognitive effects of neurofibromatosis type 1
(NF1) have been well-delineated and include impairments
in attention, behavior regulation, executive function, lan-
guage, visuospatial abilities, and academic skills."* Assess-
ments of social functioning in children with NF1 suggest
decreased social competence and poor social information
processing.”*  Attention-deficit/hyperactivity ~ disorder
(ADHD) and autism spectrum disorder (ASD), 2 neuro-
developmental disorders associated with poor social out-
comes, have high prevalence within the NF1 population,
with studies suggesting 30%-50% of children with NF1
meet criteria for ADHD® and up to 25% meet criteria for
ASD.%” In populations other than NF1, clinical trials have
focused on improving social skills and social outcomes
through behavioral intervention, such as social skills
training programs,® and pharmacologic treatment, such as
oxytocin.” Pharmacologic interventions for social skills
have not been trialed in the NF1 population; however,
preclinical models using genetically engineered NF1 mice
show promise for targeted pharmacologic intervention
improving social functioning. For example, inhibition of
Pakl in the amygdala of NF1 mice improves social
functioning.'

With the potential for clinical trials targeting social outcomes,
there is a critical need to identify and evaluate potential out-
come measures for clinically meaningful targets in the NF1
population. Consistency in end points in clinical trials im-
proves the ability to assess therapeutic eflicacy and allows
greater generalization of findings. Furthermore, in a pop-
ulation such as NF1, where sample sizes may be relatively
small, the use of harmonized outcomes will allow for samples
to be combined to yield greater power to detect meaningful
change."" For ADHD and ASD populations, guidelines have
been published with recommendations for primary end point
measures in clinical trials.'”"* These guidelines were de-
veloped by expert panels and involved extensive review of
measures regarding clinical relevance, psychometric proper-
ties, and burden on the patient, parent, and clinician. How-
ever, given the cognitive and behavioral difficulties associated
with NF1, which often occur in the context of unique medical
complications/morbidity, it is important to identify measures
appropriate for this specific population. This article describes
the work of the Response Evaluation in Neurofibromatosis
and Schwannomatosis (REiNS) Neurocognitive Committee
in reviewing specific measures of social functioning and
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developing recommendations for their use in clinical trials
with the NF1 population with a primary or secondary neu-
rocognitive or behavioral aim.

Social Skills, ADHD, and ASD in
Children With NF1

Available data on social functioning in the NF1 population is
based on a limited number of studies using direct child assessment
and a larger group of studies assessing symptomatology and
functioning using parent-report questionnaires. Existing data can
be grouped into 2 broad categories: general social functioning and
the presence and severity of autism symptomatology. Frequently
used broad-based measures of social functioning include the Child
Behavior Checklist (CBCL)' and the Behavior Assessment
System for Children, second edition (BASC-2)." These measures
assess more general behavioral and emotional functioning, with
only a subset of items focused on social functioning. The Social
Skills Rating System (SSRS)'® and its more recent version, the
Social Skills Improvement System—Rating Scale (SSIS-RS),"” fo-
cus solely on components of social functioning, and both have
been used in many studies. Frequently used questionnaires of
autism symptomatology include the Social Communication
Questionnaire (SCQ)'® and Social Responsiveness Scale/Social
Responsiveness Scale-2 (SRS/SRS-2).'"*°

In studies using these measures, problems with social functioning
are widely reported, with studies documenting that upwards of
40% of children with NF1 have poor social functioning (for a
comprehensive review, see Chisholm et al.>"). Children with NF1
are rated as less liked than their peers, are more socially isolated,
and have fewer reciprocated friendships. They also engage in fewer
prosocial behaviors and are not viewed as leaders.” The cognitive
drivers of these social problems are unclear, but there is increasing
evidence for deficits in social cognition; that is, the cognitive
processes related to the perception and understanding of cues in
the environment that communicate social and interpersonal in-
formation, and the ability to use those cues to interpret the
thoughts and behaviors of others, and to modify one’s own be-
havior to fit the social context.”” Deficits in social cognition and
perspective-taking have been reported in children with NF1, as
have difficulties with face and emotion recognition.”**

Common comorbid disorders, including ADHD and ASD,
are significant risk factors for social problems in NF1.

Neurology.org/N

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

Measures of social functioning difficulties are significantly
correlated with ADHD symptomatology,*>?® and children
with NF1 and comorbid ADHD show poorer social compe-
tence, poorer social skills, and more social problems than
children with NF1 only and children with NF1 and comorbid
learning deficits.>*

Emerging data suggest higher rates of ASD symptoms in
children with NF1 compared to the general population and
there is growing evidence to indicate the typical presentation
of ASD symptoms in children with NF1 may be distinct.
Children with NF1 demonstrate fewer stereotyped behaviors
and greater engagement and interest in social interaction than
children with idiopathic ASD.”?” In addition, elevations on
parent-reported scales of restricted and repetitive behaviors
may reflect endorsement of items that are less specific to
autism and more common to both ADHD and well-known
executive function and motor deficits in children with NF1,
such as inflexibility, poor planning and organization, and
limited self-starting/initiation.”*”*® There also appears to be
a relationship between ADHD and ASD symptoms in NF1,
with a high co-occurrence of these disorders.”*”** Social
problems and ASD symptoms are not driven by overall cog-
nitive ability, as studies have found little or no relationship
between IQ and ASD symptoms in other populations.>*’

Clinical Trials Related to Social Skills

Although no clinical trials focused on social skills have been
conducted in the NF1 population, some pharmacologic in-
terventions have included social functioning as a secondary
end point. Mautner et al.® investigated the effect of methyl-
phenidate on children with NF1 and ADHD. In addition to
showing improvement on measures of attention, parents
reported fewer problems on the CBCL Social Scale'* after
treatment with methylphenidate. Another study is currently
examining the effect of methylphenidate on cognition and
behavior in NF1 and includes the SSIS-RS' as a secondary
outcome measure (ACTRN12611000765921).

Within the ADHD population, clinical trials have focused on
the effect of behavioral intervention (typically social skills
training), psychopharmacologic treatment, or a combination
of the 2 on social skills. The most frequently used measures
are the SSRS/SSIS-RS,'®'” BASC-2,'* and CBCL."* Studies
investigating medication effects have shown improvements on
the SSRS and CBCL following treatment with stimulant and
nonstimulant medication.”*' The SSRS has also been used as
an outcome measure in trials that combined behavioral and
medication treatment.*' These tools have been able to detect
changes in social function associated with therapy, demon-
strating their utility in clinical trials.

In the autism population, there is a wider range of measures

used to assess social functioning in clinical trials. The SRS/
SRS-2'7% is the most frequently used measure, with 88
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completed studies reporting its use on clinicaltrials.gov (re-
trieved 31 March, 2020). The SRS/SRS-2 effectively mea-
sured change in studies assessing the effect of social skills
groups,g’32 as well as pharmacologic interventions.>*>* The
Aberrant Behavior Checklist® is primarily used in pharma-
cologic trials.***” Adaptive measures including the Vineland
Adaptive Behavior Scale-II*® and the Adaptive Behavior As-
sessment System, second edition (ABAS-2)"® are frequently
used with trials investigating early intervention and behavioral
intervention with infants and young children.* Use of other
measures in clinical trials is less consistent.

The aims of this article are to recommend specific measures of
social skills for clinical trial end points in NF1 based on review
of current available literature and discuss considerations for
their use in future NF1 clinical trials.

Methods

The REINS Neurocognitive Committee evaluated measures
of social skills identified through an extensive review of rele-
vant literature. PubMed and ClinicalTrials.gov were used to
identify parent-report measures with an English language
version and used within the past S years for children 6-18
years of age. All studies were included for review, irrespective
of recruitment status. Search terms included “social,” “social
skills,” “social function,” or “social behavior” combined with
disorder specific terms, including (“ADHD” or “attention
deficit hyperactivity disorder”) or (“autism,” “Asperger,”
“ASD,” or “autism spectrum disorder”) or (“neurofibroma-
tosis,” “neurofibromatosis type 1,” or “NF1”). Additional
searches were conducted with the previous terms and in-
cluding “clinical trial,” “randomized controlled trial,” “RCT,”
or “intervention.” We also examined measures that had been
used previously with the NF1 population.

The procedure to evaluate measures has been previously used
by the REINS Neurocognitive Committee and is described at
length in Walsh et al.'' Committee members used the Cog-
RATE form to review each measure on 6 criteria: patient
characteristics, use in published studies, domains assessed,
availability of standard scores, psychometric properties, and
feasibility for use in clinical trials. Each area was rated on a
scale of 0 (lowest rating/unacceptable) to 3 (highest rating).
A decision was made about each measure largely based on the
patient characteristics, psychometrics, and feasibility category
ratings. A summary of the Cog-RATE scoring criteria is pre-
sented in table 1.

Results

The literature review identified 14 published measures used in
social skills clinical trials. Based on initial screening review and
committee consensus, 7 measures did not undergo full review.
The most frequent reasons included concerns about poor or
outdated normative data or limitations in age range. Table 2
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Table 1 Cog-RATE Scoring Criteria

Patient characteristics Age range of measure

Use in specific populations and normative
groups

Use in clinical trials, validation studies, and
descriptive studies

Use in published studies

Number of studies that used measure

Appropriateness for clinical
trials end point

Targets one or more of the known or future
end points for neurofibromatosis clinical
trials directly

Scores available Item response format

Scores calculated (e.g., raw scores;
standard scores)

Psychometric data Reliability (e.g., internal consistency;

test-retest)

Validity (e.g., discriminant; construct)

Factor analysis

Practice effects/availability of alternate
forms

Sensitivity to reliable change

Feasibility Cost

Length of time to administer

Ease of administration

Qualifications needed to administer test

Appropriateness of alternative testing
settings (such as a medical examination
room)

Availability in other languages

lists measures that did not receive a complete review and the
reason for exclusion. Whereas the SRS'? and the SSRS'® both
have extensive use in the broader clinical trial literature as well
as in descriptive NF1 studies, the updated versions of these
measures were reviewed.

The committee reviewed and rated 7 measures of social
functioning (table 3). The SCQ'® received a low rating and
did not receive further consideration. The SCQ was de-
veloped to screen for ASD diagnosis, and the committee be-
lieved this measure was too limited in scope to be useful as a
social functioning end point in the NF1 population.

The Children’s Communication Checklist-2 (CCC-2)* re-
ceived a high rating because of its strong psychometric
properties and previous use in clinical trials. However, the
measure has a narrow focus on pragmatic language skills
within the social context. Whereas it may be an appropriate
measure for a specific trial focused on social language, it was
not considered an appropriate measure for trials focusing on
broader social behaviors. The Aberrant Behavior Checklist>®
also received a relatively high rating, due to its wide use in
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clinical trials. However, this measure was developed for use
primarily to assess behavior problems in individuals with de-
velopmental and intellectual disabilities, making it less appli-
cable for the NF1 population.

The Vineland Adaptive Behavior Assessment Scale, second
edition (VABS-II) and Vineland Adaptive Behavior Assess-
ment Scale, third edition (VABS-3)***' and the ABAS-2/
Adaptive Behavior Assessment System, third edition (ABAS-
3)*™* also were rated highly. However, both are broader
measures of adaptive functioning, with a subset of items
assessing social skills. Administering the measures in their
entirety would increase participant burden, and it is unclear
whether the tools retain their psychometric properties if only
the social scales are administered. In addition, the VABS re-
quires extensive training for its administration, making it a less
feasible measure to include in a multicenter clinical trial.

The SRS-2%° received the highest rating. The SRS-2 is an
updated version of the SRS.'? It contains the same items as the
original SRS, but scores are based on updated norms. The SRS-
2 focuses on social deficits associated with ASD. Scales include
Social Awareness, Social Cognition, Social Communication,
Social Motivation, Restricted Interests, and Repetitive Behav-
ior. It consists of 65 items rated on a 4-point Likert scale and
separate forms are available for parent and teacher ratings. A T
score is calculated for each scale, as well as for a total score.
Descriptive ranges are provided for T scores (<59: within
normal limits; 60-65: mild range; 66-75: moderate range; 76+:
severe range).”® The SRS-2 has good psychometric properties.
Internal consistency ranges from 0.93 to 0.97 depending on the
scale and it has adequate test-retest reliability and interrater
agreement. The SRS-2 is widely used in clinical trials targeting
social outcomes in ASD. In NF]1, the SRS has been used in 13
descriptive studies>®”*”****5! and the SRS-2 has been used in
S studies.”*?7*5%53 These studies have found increased rates
of ASD symptoms compared to population norms, with large
62627295253 Rates of elevations on the SRS-2 have
been generally consistent across studies, with 39%-45% of
individuals with NF1 scoring in the mild-moderate range and
13%-16% scoring in the severe ra.nge.26’27’29

effect sizes.

The SSIS-RS'” was also rated highly. The SSIS-RS is a revised
and modified version of the SSRS,'® one of the most widely
used measures of prosocial skills. A number of substantial
modifications from the SSRS were made that include changes
in (1) item content (a large number of items added and
deleted in the revised version), (2) item rating scale (changed
from a 3-point to 4-point scale), and (3) forms (moved from
different forms for specific age ranges to the same questions
across all ages). A direct comparison between the SSRS and
the SSIS-RS** found that the SSIS-RS has an expanded defi-
nition of social skills to include communication and engage-
ment and shows stronger internal consistency than the SSRS.
Rather than working from a “deficit” model, the SSIS-RS
places emphasis on quantifying the ways children engage in
socially acceptable or prosocial behavior, such as engaging in

Neurology.org/N

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

Table 2 Measures Not Receiving Full Committee Review

Measure Reason for exclusion

Autism Social Skills Profile®”
disorder

Limited use in published literature; limited normative data including 350 individuals with autism spectrum

Profile of Social Difficulty®®
change; no psychometric data

Limited age range; developed to identify difficulties before therapy/interventions rather than as a measure of

Social Competence Questionnaire®® Outdated norms

Social Responsiveness Scale"® Updated version available

Social Skills Checklist®®

Limited age range; focuses on social skills in the context of play and group behavior; no psychometric data

Social Skills Questionnaire>® Outdated norms

Social Skills Rating System'® Updated version available

cooperative play, expressing empathy, and sharing. It consists of
79 items with forms available for parents, teachers, and self-
ratings. The SSIS-RS yields an overall Social Skills standard
score as well as categorical scores (below average, average,
above average) for subscales of communication, cooperation,
assertion, responsibility, empathy, engagement, and self-
control. Internal consistency ranges from 0.70 to 0.95, and
the measure has adequate test-retest reliability and interrater
agreement. The SSIS-RS has been used in several clinical trials
of children with ASD and ADHD, which have documented its
sensitivity to change.>>*® Descriptive studies in the NF1 pop-
ulation have primarily used the SSRS, with findings indicating
poor social skills compared to normative expectations, typically
developing peers, or unaffected siblings.”*>***° The SSIS-RS
has been used in one study with an NF1 population,”® which
also found similarly significant deficits relative to population
norms, with a medium effect size.

Discussion

The REINS Neurocognitive Committee’s thorough review
of available measures to assess social functioning as a po-
tential outcome measure in NF1 clinical trials was re-
vealing. Several measures were outdated or had poor
psychometric properties. Others were highly rated but were
ultimately deemed less than optimal for use as an outcome
measure in NF1 clinical trials because they were considered too
narrow in scope to be appropriate for clinical trials targeting
broader social skills; required specialized training for adminis-
tration, making their use in the clinical trial setting burdensome;
or gathered more information than necessary.

The committee believed that the differences in the underlying
constructs of the measures necessitated recommendation of 2
assessment measures, one focused on broader social func-
tioning and prosocial behaviors (SSIS-RS) and one focused
on problematic social behaviors associated with ASD (SRS-2).
Both measures are considered useful, depending on the focus
of the research, the intervention being evaluated, and the
study design. For most studies, it will be most appropriate to
choose only one of these measures as a primary end point in

Neurology.org/N
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order to preserve resources and aid interpretability. However,
for some studies, these tools may provide complimentary
information and it may be useful to include the alternate mea-
sure as a secondary end point. For example, a behavioral in-
tervention may have reducing ASD symptoms as a primary goal
and improving prosocial behaviors as a secondary goal. Fur-
thermore, because children with NF1 demonstrate deficits in
various aspects of social functioning, using multiple measures can
provide information on different aspects of social skills.

It is important to note that these measures are not in-
terchangeable. In choosing a measure, researchers will need to
consider several factors. First, each measure has a different
underlying theoretical basis. As a result, similar domains are
assessed in unique ways. For example, both measures have a
“communication” scale. On the SSIS-RS, communication
items address developmental skills related to language and
pragmatics (“Takes turns in conversations,” “Speaks in an
appropriate tone of voice”). In contrast, items on the SRS-2
are framed within the context of characteristics specific to
ASD (“Is awkward in turn-taking interactions with peers, for
example, doesn’t seem to understand the give-and-take of
conversations,” “Is able to imitate others’ actions”). As such,
researchers cannot assume that scales with similar names are
necessarily measuring the same construct, and careful con-
sideration should be given to which model and specific items
fit best with their study.

The target behavior and the goals for the intervention will also
be important when choosing one as an end point in a clinical
trial. In general, the SSIS-RS may be best suited for trials
where the goal of the intervention is improving positive social
behavior; for example, a behavioral intervention to increase
social cooperation and engagement. In contrast, the SRS-2
may be a superior end point where the intervention is focused
on reducing ASD-type behaviors or more problematic social
behaviors; for example, a pharmacologic intervention to re-
duce behaviors associated with autism. The SRS-2 may also be
more appropriate when the intervention is expected to have
more generalized developmental benefit, as the SRS-2 may
capture more severe deficits than the SSIS-RS.>® Consultation
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Table 3 Measures Reviewed

Age range Cog-RATE overall
Measure available, y Pros Cons committee ratings
Adaptive Behavior Birth-89 Wide range of normative data; available Concern regarding sensitivity to change; not 2.49
Assessment System, electronically; used in several published used in published studies of NF1; relatively
second edition/third studies and in ongoing clinical trials in other higher cost for administration and scoring
edition*?43 populations materials; only available in English and
Spanish
Aberrant Behavior 5-Adult Translated into 35 languages; adequate May not be appropriate for NF1 as 2.32
Checklist®® normative data; widely used as primary developed for use with individuals with
outcome measures in trials for developmental disabilities; only raw scores
developmental disability populations; used  available
in 1 NF1 trial
Children’s 4-16 Used in a variety of populations for Not used in published or ongoing studies in  2.52
Communication published and ongoing clinical trials; NF1; variable discriminative validity;
Checklist, second translated into many languages relatively limited age range
edition®®
Social 4-40 Used in a published study of NF1/ May not be appropriate for NF clinical trials, 1.63
Communication RASopathies and non-NF1 trials; currently  as it was not developed to be sensitive to
Questionnaire'® being used in 7 ongoing trials; available in 16 change, is focused on screening for ASD, and
languages focuses on symptoms that are rare in
unaffected individuals; only raw score
available; no test-retest or interrater
reliabilities available
Social Responsiveness 2.5-19+ Wide age range; used in 21 published clinical Strong effect of problem behaviors on 2.66
Scale, second trials, 300 published articles, and 14 ongoing ratings, such that the specificity of elevations
edition?® clinical trials, including 1 in NF1; easy to on this scale is unclear; commercial
administer; available in multiple languages; translations are available in multiple
adequate psychometrics languages, however, only US normative data
are available
Social Skills 3-18 Developed to measure intervention-related  Only available in English and Spanish; 2.62
Improvement change; cited in large amounts of published variability in effect size in the 5 published
System-Rating Scale'” works and ongoing clinical trials; used in NF1;  studies of NF1
excellent psychometric data
Vineland Adaptive 0-Adult Covers wide age range Requires specialized training to administer; 2.17

Behavior Scale,
second edition,®®
Socialization Scale

not used in studies of NF1; only unofficial
translations to other languages

Abbreviations: ASD = autism spectrum disorder; NF = neurofibromatosis.

with a psychologist or a member of the REINS Neuro-
cognitive Committee regarding outcome choices is recom-
mended to carefully consider the options and assist in
choosing the most appropriate methodology for a given trial.

The committee discussed the need to emphasize appropriate
use and limitations in using the SRS-2 in research. The SRS-2
was not developed to diagnose ASD, but rather to assess the
presence and severity of behavioral traits that are common in
ASD. As such, scores on the SRS-2 do not reflect rates of ASD
in NF1, but rather prevalence of ASD characteristics.

Finally, for measures to be considered appropriate end points
for NF1 neurocognitive and behavioral clinical trials, it is
important to have population-specific baseline data, as well as
documentation of the utility of multiple measures on the same
sample. Since the completion of ratings, Payne et al.*® have
published such data on the SRS-2 and SSIS-RS in a large
pooled sample of children with NF1. Both measures were able
to adequately capture social difficulties in this sample across
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age and sex, suggesting that both are appropriate for use with
the NF1 population.

Only parent-reported symptom and observer rating scales
were reviewed. Parent-report measures provide information
on a child’s social skills in a way that is easily accessible and
repeatable within the clinical trial setting. Although parent-
reported measures are our recommended measure for clin-
ical trials, studies that want a broader perspective of social
functioning could also use teacher- or self-report forms to
provide additional ancillary information. Furthermore, there
are also other ways to assess social functioning, including
direct observation to assess a child’s social skills in various
settings or in response to social situations. Indeed, much of
social skills research conducted in children without neuro-
developmental or medical conditions relies exclusively on
systematic observation or peer reports. Direct observation
and peer-completed measures may be appropriate and fea-
sible for clinical trials conducted in a therapeutic treatment
or school setting. However, such measures would be challenging
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to complete in most clinical trial settings. As such, the committee
determined that rating scales primarily completed by parents will
be the most feasible way of assessing social functioning within an
NF1 clinical trial setting.

Social skills are not a unitary construct, and no one measure
will assess all aspects of social functioning. Careful consider-
ation will be needed when deciding which instrument is most
appropriate for any given trial. However, as the 2 recom-
mended measures assess a range of social functioning, cov-
ering both positive, prosocial behaviors and more problematic
social behaviors, it is expected that one of these measures will
be useful for most intervention trials in NF1.
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revising manuscript

Allison del Children’s National Study concept, collection

Castillo, BA Hospital, Gilbert NF and interpretation of data,
Institute revising manuscript

Maureen Children’s Tumor Study concept, collection

Hussey, MBA

Foundation

and interpretation of data,
revising manuscript

Kristina K. Children’s National Study concept, collection
Hardy, PhD Hospital, Gilbert NF and interpretation of data,
Institute revising manuscript
Kristina Murdoch Children’s Study concept, collection
Haebich, Research Institute and and interpretation of data,
DPsych Department of Pediatrics,  revising manuscript

University of Melbourne

Tena Rosser,
MD

Children’s Hospital Los
Angeles

Study concept, collection
and interpretation of data,
revising manuscript
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Mary Anne Leidos Biomedical Study concept, collection
Toledo- Research, Inc.; Pediatric and interpretation of data,
Tamula, MA  Oncology Branch, National  revising manuscript
Cancer Institute
Karin S. Children’s National Design and
Walsh, PsyD  Hospital, Gilbert NF conceptualization of study,
Institute collection and interpretation
of data, revising manuscript
References

1. Lehtonen A, Howie E, Trump D, Huson SM. Behaviour in children with neurofi-
bromatosis type 1: cognition, executive function, attention, emotion, and social
competence. Dev Med Child Neurol. 2013;55(1):111-128.

2. Huijbregts SC, de Sonneville LM. Does cognitive impairment explain behavioral and
social problems of children with neurofibromatosis type 1? Behav Genet. 2011;41(1):
430-436.

3. Noll RB, Reiter-Purtill J, Moore BD, et al. Social, emotional, and behavioral func-
tioning of children with NF1. Am ] Med Genet A. 2007;143A(119):2261-2273.

4. Allen T, Willard VW, Anderson LM, Hardy KK, Bonner M]J. Social functioning and
facial expression recognition in children with neurofibromatosis type 1. J Intellect
Disabil Res. 2016;60(13):282-293.

S. Mautner VF, Kluwe L, Thakker SD, Leark RA. Treatment of ADHD in neurofibro-
matosis type 1. Dev Med Child Neurol. 2002;44(13):164-170.

6. Garg S, Lehtonen A, Huson SM, et al. Autism and other psychiatric comorbidity in
neurofibromatosis type 1: evidence from a population-based study. Dev Med Child
Neurol. 2013;55(12):139-145.

7. Plasschaert E, Descheemaeker MJ, Van Eylen L, Noens I, Steyaert J, Legius E.
Prevalence of autism spectrum disorder symptoms in children with neurofibromatosis
type 1. Am ] Med Genet B Neuropsychiatr Genet. 2015;168B(1):72-80.

8. Freitag CM, Jensen K, Elsuni L, et al. Group-based cognitive behavioural
psychotherapy for children and adolescents with ASD: the randomized, mul-
ticentre, controlled SOSTA-net trial. ] Child Psychol Psychiatry. 2016;57(15):
596-605.

9. Keech B, Crowe S, Hocking DR. Intranasal oxytocin, social cognition and neuro-
developmental disorders: a meta-analysis. Psychoneuroendocrinology. 2018;87:9-19.

10.  Molosh AL Johnson PL, Spence JP, et al. Social learning and amygdala disruptions in
Nf1 mice are rescued by blocking p21-activated kinase. Nat Neurosci. 2014;17(11):
1583-1590.

11.  Walsh KS, Janusz J, Wolters PL, Moll HA, van der Vaart T, Rietman AB. Behavioral
and cognitive outcomes for clinical trials in children with neurofibromatosis type 1.
Neurology. 2016;86(12):1849-1850.

August 17, 2021

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

S79


https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000012422
http://neurology.org/n

S80

12.

13.

14.
15.
16.
17.
18.
19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

Neurology |

Food and Drug Administration. Attention deficit hyperactivity disorder: developing
stimulant drugs for treatment guidance for industry. 2019. Accessed March 3, 2021.
Available at:  www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/
Guidances/default.htm.

Anagnostou E, Jones N, Huerta M, et al. Measuring social communication behaviors
as a treatment endpoint in individuals with autism spectrum disorder. Autism. 2015;
19(5):622-636.

Achenbach T, Rescorla L. Manual for the ASEBA School-Age Forms and Profiles.
University of Vermont Research Center for Children, Youth, and Families; 2001.
Reynolds CR, Kamphaus RW. Behavior Assessment System for Children, 2nd ed.
American Guidance Service; 2004.

Gresham FM, Elliott SN. Social Skills Rating System. American Guidance Services;
1990.

Gresham FM, Elliott SN. Social Skills Improvement System Rating Scales. NCS Pearson;
2008.

Rutter M, Bailey A, Lord C. Social Communication Questionnaire. Western Psycho-
logical Services; 2003.

Constantino JN, Gruber C. Social Responsiveness Scale. Western Psychological Ser-
vices; 20085.

Constantino JN, Gruber C. Social Responsiveness Scale, 2nd ed. Western Psychological
Services; 2012.

Chisholm AK, Anderson VA, Pride NA, Malarbi S, North KN, Payne JM. Social
function and autism spectrum disorder in children and adults with neurofibromatosis
type 1: a systematic review and meta-analysis. Neuropsychol Rev. 2018;28(3):317-340.
Beauchamp MH, Anderson V. SOCIAL: an integrative framework for the de-
velopment of social skills. Psychol Bull. 2010;136(1):39-64.

Payne JM, Porter M, Pride NA, North KN. Theory of mind in children with neuro-
fibromatosis type 1. Neuropsychology. 2016;30(4):439-448.

Lewis AK, Porter MA, Williams TA, Bzishvili S, North KN, Payne JM. Attention to
faces in social context in children with neurofibromatosis type 1. Dev Med Child
Neurol. 2019;61(2):174-180.

Barton B, North K. Social skills of children with neurofibromatosis type 1. Dev Med
Child Neurol. 2004;46(8):553-563.

Payne JM, Walsh KS, Pride NA, et al. Social skills and autism spectrum disorder
symptoms in children with neurofibromatosis type 1: evidence for clinical trial out-
comes. Dev Med Child Neurol. 2020;62(7):813-819.

Morris SM, Acosta MT, Garg S, et al. Disease burden and symptom structure of
autism in neurofibromatosis type 1: a study of the International NF1-ASD Consor-
tium Team (INFACT). JAMA Psychiatry. 2016;73(12):1276-1284.

del Castillo A, Armour A, Walsh KS. Motor and executive dysfunction drives elevated
restrictive and repetitive behavior ratings in children with neurofibromatosis type 1
(NF1) as compared to children with idiopathic autism spectrum disorders (ASD).
J Int Neuropsychol Soc. 2020;25:226.

Walsh KS, Velez ]I, Kardel PG, et al. Symptomatology of autism spectrum disorder in
a population with neurofibromatosis type 1. Dev Med Child Neurol. 2013;55(2):
131-138.

Vitiello B, Abikoff HB, Chuang SZ, et al. Effectiveness of methylphenidate in the 10-
month continuation phase of the Preschoolers With Attention-Deficit/Hyperactivity
Disorder Treatment Study (PATS). J Child Adolesc Psychopharmacol. 2007;17(5):
593-604.

‘Waxmonsky JG, Waschbusch DA, Pelham WE, Draganac-Cardona L, Rotella B, Ryan
L. Effects of atomoxetine with and without behavior therapy on the school and home
functioning of children with attention-deficit/hyperactivity disorder. | Clin Psychiatry.
2010;71(11):1535-1551.

Jonsson U, Olsson NC, Coco C, et al. Long-term social skills group training for
children and adolescents with autism spectrum disorder: a randomized controlled
trial. Eur Child Adolesc Psychiatry. 2019;28(2):189-201.

‘Wink LK, Minshawi NF, Shaffer RC, et al. d-Cycloserine enhances durability of social
skills training in autism spectrum disorder. Mol Autism. 2017;8:2.

Parker KJ, Oztan O, Libove RA, et al. Intranasal oxytocin treatment for social deficits
and biomarkers of response in children with autism. Proc Natl Acad Sci USA. 2017;
114(30):8119-8124.

Aman MG, Singh NN, Stewart AW, Field CJ. The Aberrant Behavior Checklist: a
behavior rating scale for the assessment of treatment effects. Am | Ment Defic. 1985;
89(5):485-491.

Malek M, Ashraf-Ganjouei A, Moradi K, Bagheri S, Mohammadi MR, Akhondzadeh S.
Prednisolone as adjunctive treatment to risperidone in children with regressive type of

Volume 97, Number 7, Supplement 1

37.
38.

39.

40.
41.
42.
43.
44.
4S.

46.

47.

48.

49.

S0.

SL

S2.

S3.

S4.

SS.

S6.

57.

S8.

S9.

60.

| August 17,2021

autism spectrum disorder: a randomized, placebo-controlled trial. Clin Neuro-
pharmacol. 2020;43(2):39-4S.

DeVane CL, Charles JM, Abramson RK, et al. Pharmacotherapy of autism spectrum
disorder: results from the randomized BAART clinical trial. Pharmacotherapy. 2019;
39(6):626-635.

Sparrow SS, Cicchetti D, Balla DA. Vineland Adaptive Behavior Scales (Vineland-II),
2nd ed. Vineland Adaptive Behavior Scales; 2005.

‘Whitehouse AJO, Varcin KJ, Alvares GA, et al. Pre-emptive intervention versus
treatment as usual for infants showing early behavioural risk signs of autism spectrum
disorder: a single-blind, randomised controlled trial. Lancet Child Adolesc Health.
2019;3(9):605-615.

Bishop DVM. CCC-2: Children’s Communication Checklist-2, United Stated Edition,
Manual. Pearson; 2006.

Sparrow SS, Cicchetti D. Vineland Adaptive Behavior Scales (Vineland-3), 3rd ed.
Vineland Adaptive Behavior Scales; 2016.

Harrison PL, Oakland T. Adaptive Behavior Assessment System, 2nd ed. Harcourt
Assessment; 2003.

Harrison PL, Oakland T. Adaptive Behavior Assessment System, 3rd ed. Harcourt
Assessment; 2015.

Adviento B, Corbin IL, Widjaja F, et al. Autism traits in the RASopathies. ] Med Genet.
2014;51(1):10-20.

Garg S, Green J, Leadbitter K, et al. Neurofibromatosis type 1 and autism spectrum
disorder. Pediatrics. 2013;132(6):e1642-1648.

Garg S, Heuvelman H, Huson S, Tobin H, Green J, Northern UK NF1 Research
Network. Sex bias in autism spectrum disorder in neurofibromatosis type 1. ] Neurodev
Disord. 2016;8:26.

Garg S, Plasschaert E, Descheemaeker MJ, et al. Autism spectrum disorder profile in
neurofibromatosis type 1. ] Autism Dev Disord. 2015;45(6):1649-1657.

Huijbregts SC, Loitfelder M, Rombouts SA, et al. Cerebral volumetric abnormalities
in neurofibromatosis type 1: associations with parent ratings of social and attention
problems, executive dysfunction, and autistic mannerisms. ] Neurodev Disord. 2015;7:
32.

Lewis AK, Porter MA, Williams TA, North K, Payne JM. Social competence in
children with neurofibromatosis type 1: relationships with psychopathology and
cognitive ability. J Child Dev Disord. 2016;2:1-12.

Loitfelder M, Huijbregts SC, Veer IM, et al. Functional connectivity changes and
executive and social problems in neurofibromatosis type 1. Brain Connect. 2015;5(5):
312-320.

van Eeghen AM, Pulsifer MB, Merker VL, et al. Understanding relationships between
autism, intelligence, and epilepsy: a cross-disorder approach. Dev Med Child Neurol.
2013;55(2)146-153.

Constantino JN, Zhang Y, Holzhauer K, et al. Distribution and within-family speci-
ficity of quantitative autistic traits in patients with neurofibromatosis type I J Pediatr.
2015;167(3):621-626.

Hirabaru K, Matsuo M. Neurological comorbidity in children with neurofibromatosis
type 1. Pediatr Int. 2018;60(1):70-75.

Gresham FM, Elliott SN, Cook CR, Vance MJ, Kettler R. Cross-informant agreement
for ratings for social skill and problem behavior ratings: an investigation of the Social
Skills Improvement System-Rating Scales. Psychol Assess. 2010;22:157-166.
Brookman-Frazee L, Roesch S, Chlebowski C, Baker-Ericzen M, Ganger W. Effec-
tiveness of training therapists to deliver an individualized mental Health intervention
for children with ASD in publicly funded mental Health services: a cluster randomized
clinical trial. JAMA Psychiatry. 2019;76:574-583.

Pfiffner L], Rooney ME, Jiang Y, Haack LM, Beaulieu A, McBurnett K. Sustained
effects of collaborative school-home intervention for attention-deficit/hyperactivity
disorder symptoms and impairment. ] Am Acad Child Adolesc Psychiatry. 2018;57(1):
245-251.

Bellini S. Building Social Relationships: A Systematic Approach to Teaching Social In-
teraction Skills to Children and Adolescents With Autism Spectrum Disorders and Other
Social Difficulties. Autism Asperger Publishing; 2006.

Coucouvanis J. Super Skills: A Social Skills Group Program for Children With Asperger
Syndrome, High-Functioning Autism and Related Challenges. Autism Asperger Pub-
lishing; 2005.

Spence S. Social Skills Training: Enhancing Social Competence With Children and Ad-
olescents. NFER-NELSON Publishing; 1995.

Quill K. Do-Watch-Listen-Say: Social and Communication Intervention for Children with
Autism. Brookes Publishing; 2000.

Neurology.org/N

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://neurology.org/n

Neurology

Recommendations for Social Skills End Pointsfor Clinical Trialsin Neurofibromatosis

Typel

Jennifer A. Janusz, Bonita P. Klein-Tasman, Jonathan M. Payne, et al.
Neurology 2021;97;S73-S80 Published Online before print July 6, 2021

DOI 10.1212/WNL.0000000000012422

Thisinformation iscurrent as of July 6, 2021

Updated Information &
Services

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://n.neurology.org/content/97/7_Supplement_1/S73.full

This article cites 43 articles, 3 of which you can access for free at:
http://n.neurology.org/content/97/7_Supplement_1/S73.full#ref-list-1

This article has been cited by 1 HighWire-hosted articles:
http://n.neurology.org/content/97/7_Supplement_1/S73.full##otherartic
les

This article, along with others on similar topics, appearsin the
following collection(s):

All Health Services Resear ch
http://n.neurology.org/cgi/collection/all_health_services research
Clinical trials M ethodol ogy/study design

http://n.neurol ogy.org/cgi/collection/clinical_trials methodology_study
_design_

Neur ofibromatosis

http://n.neurol ogy.org/cgi/collection/neurofibromatosis

Outcome resear ch
http://n.neurology.org/cgi/collection/outcome_research

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurol ogy.org/about/about_the_journal#permissions

Information about ordering reprints can be found online;
http://n.neurol ogy .org/subscribers/advertise

Neurology ® isthe official journal of the American Academy of Neurology. Published continuously since
1951, it isnow aweekly with 48 issues per year. Copyright © 2021 American Academy of Neurology. All
rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.

AMERICAN ACADEMY OF

NEUROLOGY.



http://n.neurology.org/content/97/7_Supplement_1/S73.full
http://n.neurology.org/content/97/7_Supplement_1/S73.full#ref-list-1
http://n.neurology.org/content/97/7_Supplement_1/S73.full##otherarticles
http://n.neurology.org/content/97/7_Supplement_1/S73.full##otherarticles
http://n.neurology.org/cgi/collection/all_health_services_research
http://n.neurology.org/cgi/collection/clinical_trials_methodology_study_design_
http://n.neurology.org/cgi/collection/clinical_trials_methodology_study_design_
http://n.neurology.org/cgi/collection/neurofibromatosis
http://n.neurology.org/cgi/collection/outcome_research
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

