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Marcus Autism Center at a glance

o « >5,000 unique patients/yr
« >3,500 in the community
. - EMORY A i
| r\ens UNIVERSITY « Tx: set protocols (x visits)
Healthcare of Atlanta SCHOOL OF * >60% on Medicaid
— MEDICINE ~ 35% minorities/under-served
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Autism and other developmental delays
= are a Public Health Challenge

* Prevalence: 1:68 autism; 1:10 developmental delays
* Autism Societal Cost/Year in the US: $ 136 billion
* Autism Lifetime Cost of Care Per Child: $ 2.4 - 3.6 million

* Importance of early diagnosis and intervention for lifelong
outcome and cost of care

* American Academy of Pediatrics recommends screening for
autism at 18 and 24 months

* Autism Median age of diagnosis in US: 4-6 to 5.7 years

* % of primary care providers who routinely screen not known

* <20% of children identified before age 3 years

CDC, 2014; Peacock et al., 2012; Cidav et al., 2012; Mandell et al., 2015; 2009; 2013; 2014; Wang et al., 2013; Buescher et al., 2014; Wiggins et al., 2006; Shattuck et al., 2009;
Honigfeld et al., 2012; Heidgerken et al., 2005; Dosreis et al., 2006; Johnson & Myers, 2007;

g ASD symptoms RESULT from deviations Sociality: the evolutionary roots of
AUTISM CENTER . . . .
A e from normative socialization our social brain
GENETIC MECHANISMS OF SOCIALIZATION BEHAVIORAL LIABILITY
SYMPTOMS
Increasingly Refined
Social Interaction

Sociability

Development

Jones et al. (2008). Arch Gen Psy, 65(8), 946-54; Kiin et al. (2009). Nature, 459, 267-61; Jones & Klin (2009). J Am Acad of Child Psy, 48(5): 471-3; Jones & Kiin (2013). Natu
504, 427-431; Kiin et al. (2014). Neurosci Biobehav Rev.




Universal Principle:
the Platform for Development of Social
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WHITE MATTER DEVELOPMENT

Preterm (6month) Infant (4 weeks) Adult (25 years)
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The co-creation of social experience

Anthropomorphizing




(o)
£
M
<

o

b

o

S

o

o

(@)

P
<
a—

C
<




Attention to Biological Motion

Toddler with Autism,
15 months
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Two-year-olds with autism orient to non-social
contingencies rather than biological motion

Two-year-olds with autism orient to non-social
contingencies rather than biological motion

Klin, Lin, Gorrindo, Ramsay, & Jones, Nature, 2009.
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Physical, rather than social, cues
. . . . Audiovisual Synchrony Quantification
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Klin, Lin, Gorrindo, & Jones

rony, playback at 1/2 speed

Cumulative Audiovisual Synchrony
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Patterns of visual fixation to approaching

How do 2-year-olds with autism watch the
face of a caregiver?

caregiver -

L Toddlers with Autism, N = 15 (ASD) [N
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Jones, Carr, Klin (2008). Archives of General Psychiatry. 65(8):946-54. Jones, Carr, Klin (2008). Arch Gen Psychiatry. 65(8):946-54.
Watching a Face... Looking at Eyes and Mouth As a
But Seeing Physical Contingencies? Function of Audiovisual Synchrony
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Social Interaction is the
Platform for Brain Development







Derivation of Attentional Funnel




Obijective, Quantitative Measures

The majority of typically-developing 2-year-olds fixate on the
same locations, at the same moments, during 80% of viewing time.
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The accrual of missed opportunities for
social learning

% of Total
TD Permutations

Divergence Expected by Chance

| (permutation testing)
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f
Probabilty Ratio, %

Probability of looking at the same locations at the same times as typical
control children is significantly correlated with levels of autistic social
disability, both contemporaneously and 1.5 years after initial testing.

Quantitative Indices for
Assessing Presence of ASD

TD normative funnels = W

ASD comparison scanpaths = —

Presence of ASD:

Diagnostic Accuracy e

Entire Sample device
Ne326 Training | 10 | 110 120
N=218 training
N=108 testing

estimate lower upper

se 89.7% 81.9% 94.5%

sp 90.9% b 95.0%

ppv 88.8% 80.8% 93.8%
npv 91.7% 85.2% 956%
acouracy 90.4% 85.7% 93.7%
AUC = 0.940 kappa 0.805 0736 0.891

True Positive Fraction
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False Positive Fraction All ages - external validation
s Empirical ROC curve reference
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mmm Fitted ROC curve v
Testing + a7 | 12 |eo
+- 95% CI 1 device
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) estimate lower upper
2 04 se 80.4% 66.6% 89.6%
g 80.6% 69.0% 88.7%
$ o2 75.5% 61.8% 85.5%
= AUC =0.871 84.7% 73.3% 92.0%
o accuracy 80.6% 72.0% 87.0%

kappa 0.606 0455 0.757
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Quantitative Indices for
Assessing Severity of ASD

TD normative funnels = W

ASD comparison scanpaths = —~——

Severity of ASD:
Prognostic Indicators

Assessment of Assessment of Verbal Ability:
Social Disability Receptive & Expressive Language
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Translational Opportunities

® High-throughput, low-cost,
deployment of universal
screening in the community

eEarly detection, early

intervention, optimal
outcome

® Prevention or attenuation
of intellectual disability in
ASD

Public Health Opportunities

e Support a system that does not
have sufficient expert clinicians

® A new, promising view of
autism, with universal design
implications

® Genetic influence informs
modality of early treatment

® Reduce the child, family, health,
education, and societal costs of
autism




“Ammes  Objectifying and quantifying diagnosis

AUTISM CENTER

e | tOddlers: community-viable proxies

+ High-throughput, low-cost, deployment of
universal screening in the community

+ Objective, quantitative measures of risk

+ Early detection, early intervention, optimal
outcome

« Prevention or attenuation of intellectual
disability in ASD

61

Quantitative Measures of
Social Disability

Data Results
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From High-Impact Publication to FDA-
registered Clinical Trial of Diagnostic
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« Site selection

— 7 sites confirmed
* Marcus
* Seattle Children’s
« Cincinnati Children’s
« Southwest Regional Autism Center (Phoenix)

« UC-San Francisco LN
* University of Vermont o 4
» TREAT Center Toronto y

Intended
Indication for Use

» The Social Developmental Testing
Device is a medical device designed
to measure visual attention to social
information in the environment
relative to normative, age-specific
benchmarks.

* These measurements assess

* presence

(primary efficacy outcome) &
* severity

(secondary efficacy outcome)

of Autism Spectrum Disorder (ASD)
in 16- to 30-month-old children.




T A Bioethical Imperative: Access to Early Treatment -
i i Promoting Social Engagement

NIH Autism Center
of Excellence

T New science informing modality of treatment - Genetic

R influences over social visual engagement
of Excellence

92139192

Typically Developing 5-month 5-month-old baby later diagnosed
old baby with ASD

How to link these quantifications of behavior to the
genetic bases of autism?

Measuring the genetic structure of social visual engagement

250 toddlers:

Sl * 82 monozygotic twins (41
MZ pairs)
* 84 dizygotic twins (42 DZ
pairs)

gl{

Warren Jones, PhD  John Constantino, MD

LETTER

Infant viewing of social scenes is under genetic
control and is atypical in autism

*® 84 non-sibling comparison
children (42
non-sib control pairs)

® age 21.3(4.3) months

® non-sibs matched <1 day

4510 3038 msture 229

Long befaee intants reach, cranl or walk, they esplore the e
woeld by losking: they ook 1o learn and b cogage’, giving  grmatyres with carty e experbence

Eye tracking assay is under tight genetic control

N=250 TD toddlers, including 166 epidemiologically-ascertained twins, 82 MZ & 84 DZ
Age: 21.3 months (4.26)

a b c d e
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Randomly Paed Age-, Sex-Matched Twin Pais. 10C Values
100 o )
N =42 pairs N=41 pairs |
z50 o © z £ D) )
8 ®) 2 H © I
@ so| O &) & & s |
o o o ® |
i i !
i= : Is ‘
X B R
oG o B8 : o
0 25 5 75 100 0 25 5 75 100 0 25 5 75 100 0 02 04 06 08 1
Child 1, Eyes (%) Chid 1, Eyes (%) Twin 1, Eyes (%) Twin 1, Eyes (%) [

Twin-Twin Concordance

+ MZICC: 0.91 (0.85-0.95)
¢ DZICC: 0.35 (0.07-0.59)

¢ Non-sibling pair: 0.16
(0.00-0.44)




Concordance in social visual engagement
as a function of zygosity.

Constantino & Colleagues

MZ males

Constantino & Colleagues

"/M;uus

MZ concordance of looking behavior at
timescales of milliseconds
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when watching
complex social scemes

MZ twins are more likely than
DZ twin

+ to shift their eyes at the
same moment

+ in the same direction

+ onto the same targets

They are creating their social
world of experiences




DZ males

Consta olleagues

MZ males

Co olleagues

The markers of social visual engagement that
are most highly heritable...

50 50
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...are also those that most clearly distinguish
typically-developing children from those with autism.

The markers of social visual engagement that
are most highly heritable...
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...are also those that most clearly distinguish
typically-developing children from those with autism.




The markers of social visual engagement that
are most highly heritable...
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...are also those that most clearly distinguish

high Heritability (eye- & mouth-looking)

+ high PrObabilify (shifting eyes at same moments,

in same directions,
towards same content)

= profound influence on

human biological niche construction

PV L
typically-developing children from those with autism. ‘. /;2 £ )ﬁ '*% “‘*
Scarr & McCartney, 1983. v‘.\af z\,\})»—gg LT_&,’ ‘ - \J
@Marcus From reducing age of diagnosis to @Marcus Family Engagement
I At Gt improving access to early intervention —

(National Research Council, 2001)

..S0 how do we achieve 25
hours per week in which the
child is engaged
actively and productively
in meaningful activities?

k
& i

& 8

“Less than 20% of children who will need

special services in school in the US are
identified before the age of 3 years”

| _ Primary Care

= / Physicians
N
Family Engagement
// \\

y’

Early Intervention <
Providers




//M’;cus

AUTISM CENTER

Augmenting Access to Early Treatment

NIH Autism Center
of Excellence

mcus

AUTISM CENTER

Kids Health First : Amy Wetherby, PhD

NIH Autism Center
of Excellence

Childrens'’

Healthcare of Atianta

COLLECTION OF TOOLS

About Autism

I

Jennifer Stapel-
Wax, PsyD

Early Intervention Providers

Primary Care Physicians >

Family Collection

’\zm'sm

AVIGATOR

Bridging the Gap Between Science and Community Practice

N

COLLECTION 0F To0LS
About Autism

Early Intervention Providers

Primary Care Physicians >

Family Collection

OUR PARTNERS

®

utism

IGATOR"

Bridging the Gap Between Science and Community Practice

ABOUT AUTISM NAVIGATOR COLLECTION OF TOOLS LOGIN/REGISTER

Autism Navigator™ increases the
capacity of healthcare and early
intervention providers, educators,
and families to improve outcomes of
young children with autism spectrum
disorder (ASD).

Learn About Autism Navigator >

Autism Navigator™ is a unique
collection of web-based tools that
uses extensive video footage to
bridge the gap between science and
community practice

About Autism is a tool for families,
professionals, or anyone interested
in learning about autism spectrum
disorder (ASD). it is available free of
charge. Just register and login

Launch About Autism >

Our partners are helping us make an impact on community practice

Avtisu InstiTuTe mcus ;" =2 [ S E—

ALTISM CENTER

Nﬁ utism .,
AVIGATOR

mcus

AUTISM CENTER

NIH Autism Center
of Excellence

the Community: Families,
Pediatricians, Early Intervention Providers

A

2 Negrieon

AVIGATOR  for (oni Intorvention Providors

Parent-Delivered Early
Social Interaction

| Ui 1. improvin torty Dutecion |

Unit 3 Cotiabarating with Families
Uit 3, Developmmeatal Porspoctive

Uit 3 Prbeithsimg Intervention Outiames

Wetherby et al,, 2014
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AUTISM CENTER

NIH Autism Center
of Excellence

Treating deviations from normative social engagement: Parent-

Delivered Social Interaction

Parent-Implemented Social Intervention for Toddlers

With Autism: An RCT

PEDIATRICS

Amy Wetherby, PhD

WHAT'S KNOWN ON THIS SUBJECT: Randomized controlled trials (RCTs) | AUTHORS: Amy M. Wetherby, PhD,** Whitney Guthrie,

of intensive have

significant improvements in outcomes of toddlers and preschool

chikiren with autism spectrum disorder. RCTs of parentmpiemented
have in parent skills, but

generally they have not demonstrated effects on chidreny outcomes

. WHAT THIS STUDY ADOS: This RCT found significantly greater
improvements with indrvidual home coaching on child outcome

measures of social communication. adaptve behawior, and
developmental level These findings suppoet the efficacy of

8 pas P! 2 v using little time.
which increases potential communty viability

NS Jukann Woods, PhD* Cheistopher Schatschnoder,
PR Remte D Molland, MS.* Lindee Morgan, PO ** and
Catherine Lord, PrO*

Departments of “Olesical Scnces, "Autism natitude, “Schosl of
Communcation Scsnce and (xserders, and Paychology Fonda
State Unversity. Talanassee. Flond and “Department of
Paychectry Wed Cornel Mecical Cotlege. New York, New York

Y WORDS
Fuam_ earty intervertion, 1000%ers. parent vglemerted
oteemes

AssarvaTIons

ADOS—Actam Diagrostic Obsmrvation Schedule
ASD—autiam spectrum daorder

| 585~ Comemurecation ans Symosc Behavior Scales

B—eirly wtervestion
i Farke nviad doraction

85

W utism
i AYlGATOR_

Play with Toys
Blocks, Puzzies, Sand box, Playdough,
Cars and Trucks,
Ball Games, Baby Dolis

Play with People
Social Games like Peek-a-boo, Rough
and Tumble, Songs & Rhymes

Caregiving

Dressing, Diaper Change, Bath,
Washing Hands, Brushing Teeth

Meals and Snacks

Preparation, Eating, Cleanup

Family Chores

Mailbox, Laundry, Care for Pets, Plants

Book Sharing

//ﬁ;cus

AUTISM CENTER

NIH Autism Center
of Excellence

Goals for Early Treatment:

Every waking hour in the home and in the community

Child Behaviors
ACTIVE ENGAGEMENT

. Emotional Regulation
. Productivity

. Social Connectedness
. Gaze to Face

. Response to Verbal

. Directed

. Flexibility

. Generative Ideas

0 N O o0~ N =

Parent Behaviors
TRANSACTIONAL SUPPORTS

1. Participation & Role
2. Make Activity

3. Follow Child’s Attention
4. Promote Initiations
5. Balance of Turns
6. Support Comprehension
7. Modeling
8. Expectations &

//ﬁ;cus

AUTISM CENTER

Teaching Strategies & Supports to
Promote Active Engagement

NIH Autism Center
of Excellence

Supports for better skills
+Model and expand language and play skills
+Extend activity, child’s roles, & transitions
+Balance demands and supports

Supports for social reciprocity
+Natural reinforcers *Waiting for initiation and balance of turns
+Clear message to ensure comprehension

Supports for a common agenda
+Positioning ¢Follow child’s attentional focus
+Motivating activity with clear roles & turns




Social Interaction is the
Platform for Brain Development




Neonates preferentially orient
towards stimuli that...

More Preferred Less Preferred

ot

A
mother’s voice stranger’s voice e complex pure tone silence
@ 0¥  non-speech  structured noise
e
A
‘ ...sound like caregivers.

DeCasper & Fifer, 1980.
Vouloumanos & Werker, 2007.
Butterfield & Siperstein, 1970
Eisenberg, 1976.

Neonates preferentially orient
towards stimuli that...

More Preferred Less Preferred

mother’s scent e a stranger’s scent
. ,
et

v ...sound like caregivers.
' ...smell like caregivers.

Macfarlane, 1975.
Porter & Winberg, 1999.

Neonates preferentially orient
towards stimuli that...

More Preferred Less Preferred

L]
. eee
.

e

.o ®

. eas’s
biological motion ';_':_ '! b mﬂ”!, o oction b nr(f(;:?‘,':\hf‘;!g”ﬂﬂ
h S .
/i Y
v ...sound like caregivers.

...smell like caregivers.
...move like caregivers.

Simion, Regolin, & Bulf, 2008.




Neonates preferentially orient
towards stimuli that...

v ...sound like caregivers.
...smell like caregivers.

...move like caregivers.

...look like caregivers.

Neonates preferentially orient
towards stimuli that...

v ...sound like caregivers.
...smell like caregivers.

...move like caregivers.

...look like caregivers.

...interact like caregivers.

Typically-Developing 5-Month-Old

:a51 H245 185 ge:13:81:82




TD eyes
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5-Month-Old with Autism
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Eye-Looking in Typically-Developing Infants
and Infants Later Diagnosed with ASD
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Attention to eyes is present but in decline in
2-6-month-old infants later diagnosed with autism

Warren Jones"** & Ami Klin"*?
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Attention to eyes is present but in decline in
2-6-month-old infants later diagnosed with autism
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First Replication Cohort

First Replication Cohort
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Quantifying Disruption of
Early-Emerging, Highly-Conserved
Mechanisms of Social Adaptive Action

23456 24

9 12 15 18
Age (in months)

an issue of diversity,

not of disability




