Canvas Dx: Harnessing the Power of

Artificial Intelligence to Aid in the Identification
of Autism Spectrum Disorder

The prevalence of autism spectrum disorder (ASD) has risen steadily since 2000 and
is now estimated to affect 1in 54 children in the United States.'?

Early initiation of ASD-specific intervention has been
shown to improve long-term outcomes in several research
studies.?® Receiving an ASD diagnosis is a key first step

in that process. However, families of children who are

at risk of developmental delay typically experience
prolonged waits from initial concern to eventual diagnosis.
Additional factors, including race/ethnicity, socioeconomic
background, and geographic location, may exacerbate
this issue.”™? These delays in diagnosis may prevent
children from receiving ASD-specific intervention during

a key neurodevelopmental window when there is greater
potential for improved outcomes.

Inherent limitations of current ASD diagnostic approaches
necessitate the need for efficient, equitable, and practical
solutions that aid primary care physicians (PCPs) and
families/caregivers to expedite diagnosis, improve access
to intervention, and reduce confounding biases. Recent
advances in technology, particularly those related to
artificial intelligence, have the potential to improve
diagnostic accuracy and reduce time to diagnosis.”

Barriers to ASD Diagnosis

On average, parents first report concerns about their child’s
development to their PCP when the child is 14 months old.*
Although screening for ASD is recommended starting at

18 months, parental concern is highly indicative of an ASD
diagnosis; among children who eventually received an ASD
diagnosis, 87% had a parent who reported developmental
concerns by 36 months of age.®® Despite documented
early developmental concerns, the average age of ASD
diagnosis is 4 years, 3 months.2 Girls, non-White children,
and children from lower socioeconomic backgrounds are
often diagnosed at later ages.2""'® Rural communities face
significant challenges, including the availability of diagnostic
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specialists and transportation barriers associated with
geographic distance from specialized medical care,

which may delay ASD diagnosis.””® Approximately 1in 12
respondents in one study noted that they needed to travel
more than 60 miles to receive an ASD diagnosis.”® The delay
between caregiver’s first concern and ASD diagnosis is
approximately 3 years. Factors contributing to this delay
may include a “wait-and-see” approach to developmental
concerns, long wait-times for diagnostic appointments
(ranging from 3 months to over a year), and a dependence
on a growing shortage of specialists.”?>?

PCPs are generally the healthcare providers that children
and families see most often. They are often the first

point of contact for families with concerns about their
child’s development. As such, the American Academy of
Pediatrics (AAP) recognizes the vital role pediatricians play
in the early identification of autism, noting the importance
of their ability to systematically assess the signs and
symptoms of autism.'®2?

Although PCPs who are comfortable utilizing DSM-5

criteria and clinically assessing children to diagnose ASD

are encouraged to do so by the AAP, they are estimated to
currently be making approximately 1% of all diagnoses.>2324
This low rate may be explained by PCPs self-reported

lack of training, knowledge, and confidence in assessing
ASD, as well as the time necessary to administer the
assessments and to counsel caregivers following a positive
diagnosis.?2%5% Although several programs have been
created to train PCPs in identifying and managing ASD,
developing diagnostic aids that are time efficient and
practical to use in primary care settings may additionally
bolster PCPs’ ability to diagnose ASD and decrease strain on
limited specialist services.'°?’28 Increasing capacity for ASD
diagnosis in the primary care setting may allow for earlier
diagnosis for some children, and, by extension, earlier
ASD-specific interventions and optimal long-term outcomes.

Canvas Dx is intended for use by healthcare providers as an aid in the diagnosis of autism
spectrum disorder (ASD) for patients ages 18 months through 72 months who are at risk for

developmental delay based on concerns of a parent, caregiver, or healthcare provider.

The device is not intended for use as a stand-alone diagnostic device but as an adjunct to
the diagnostic process. The device is for prescription use only (Rx only).
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Benefits of Earlier
Autism-Specific Intervention

ASD is a disorder of hyper- and hypoconnectivity within
different areas of the brain in which synaptic pruning
occurs atypically during a key neurodevelopmental
window in the first few years of life.?°-' Compared to those
children who do not receive the same level of intervention,
children who are provided with ASD-specific intervention
within this window exhibit:

« Twice the cognitive developmental gains and
a 12-point higher 1Q%¢

* Improvements in receptive and expressive
language on the Mullen Scales of Early Learning
that were 153% and 75% greater, respectively®

(&

« Significantly higher scores for composite
adaptive behavior on the Vineland Scales
of Adaptive Behavior (VABS), with a mean
difference of 9.4 points at age 6 years?

« Significantly better socialization, as assessed
by VABS socialization score (mean
difference of 9.8 points at age 6 years)®
and a 138% greater improvement in mean
positive percentile change as measured
by the Social Skills Rating System®

&

These developmental improvements can be more
profound when children receive intervention at a
younger age, with benefits lasting beyond the end
of intervention.3432-34
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Artificial Intelligence in ASD

Technological approaches, such as computer
vision, biometrics and biomarkers, advanced

How Machine Learning Works4347-4°
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providing support for diagnostic or treatment decisions
that may reduce the probability for mistakes.4?43

Machine learning is a type of Al where algorithms

are applied to large datasets to look for patterns,

and can be used to create models that encapsulate
those patterns to help predict outcomes.*#4% These
algorithms may be able to detect some of the most
highly predictive and earliest behavioral features of
ASD and further our understanding of its heterogeneity.
For example, models using two-dimensional pose
estimation trained on filmed ADOS assessments and
children interacting with a virtual reality environment
have reported >80% accuracy in distinguishing ASD
from typical development.?>%° Studies investigating
electroencephalogram and neuroimaging data have
identified nonlinear features that may provide high
predictive power in distinguishing ASD.3¢%” Outputs from
machine learning algorithms may be complex, which
may require clinical expertise to translate the output
(eg, a cluster of highly predictive features of ASD) into
actionable information (eg, behavioral descriptors
reflecting those features).*®

EXTRACTION ALGORITHM

When the algorithm is given
known output labels along with
input data, this is referred to as
supervised machine learning

OUTPUT LABELS
(eg, diagnoses, classifications)

imaging, and artificial intelligence (Al) hold

promise to enable earlier identification and diagnosis
of ASD.%%-%° Al-based methods have been implemented
in several ways for medical diagnostic purposes to
augment clinical decision making. Al approaches can
take large data sets (eg, radiological scans, video/audio
recordings, or EHR information) and identify subtle
patterns among patient characteristics, behaviors, and/or
symptoms that inform a diagnosis or prognosis.*°-42
Al-enabled tools may improve accuracy and efficiency
of diagnosis, leading to treatment or intervention, and
scalability by quickly managing repetitive processes,
storing and handling large amounts of data, and
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Contraindications
There are no contraindications to using Canvas Dx.

Please see full prescribing information.

Cognoa utilizes machine learning in its diagnosis aid,
Canvas Dx, which is intended for use by healthcare
providers in the primary care setting as an aid in the
diagnosis of ASD for patients ages 18 months through
72 months who are at risk for developmental delay
based on concerns of a parent, caregiver, or healthcare
provider. Canvas Dx is not intended for use as a stand-
alone diagnostic device but as an adjunct to the
diagnostic process and is for prescription use only.

Canvas Dx: An ASD Diagnosis
Aid for Primary Care

Canvas Dx was granted marketing authorization by

the FDA in June 2021. It falls under a class of products
called software as a medical device (SaMD), which
includes software or mobile apps that are intended to
treat, diagnose, monitor, mitigate, or prevent disease or
other conditions.?° It makes use of a machine learning



algorithm that was initially developed using patient
record data from thousands of children with diverse
conditions, presentations, and comorbidities who

were either diagnosed with ASD or confirmed not to
have ASD based on standardized diagnostic tools and
representing both genders across the supported age
range.®®’ The device integrates 3 independent inputs: a
caregiver questionnaire; a video analyst questionnaire,
which is completed by trained professionals with

at least a master’s degree and more than 5 years of
experience diagnosing and/or treating children with ASD
who score 2 videos of a child’s natural behavior; and an
HCP questionnaire.5>%8 |t then

approximately 1.5 years earlier than the average age

of diagnosis in the U.S.2%8 No adverse events were
reported. There was no evidence of device performance
inconsistency across sex, race/ethnicity, income, or
education level.5860°

Among the 68% of subjects who received an
indeterminate output, 91% were identified as having one
or more neurodevelopmental conditions, including ASD
(20%) and non-ASD neurodevelopmental conditions
(71%). Given this result, PCPs may find that the
indeterminate output from Canvas Dx is clinically relevant
and could indicate a need for further evaluation.?®%°

evaluates the information -
based on predictive features
that are most indicative of
autism and provides one of

Results for Determinate Output®®

3 outputs: positive, negative,
or indeterminate. If the

Determinate

information is sufficient,
Canvas Dx will provide a
positive or negative result. If
the information is insufficient,

31.8%
(135/425)

Canvas Dx provides an

indeterminate output.5?%8
Canvas Dx
Output

The accuracy of Canvas Dx
was assessed in a multisite,
prospective, double-
blinded, active comparator
cohort study that included
425 children, aged 18 to 72
months, with parental or HCP
concern for developmental
delay compared to the

-

Indeterminate

68.2%
(290/425)

Positive Predictive 80.8%
Value (PPV) [95% C|, 70.3%-88.8%]
Negative Predictive 98.3%
Value (NPV) [95% CI, 90.6%-100%]
Sensitivity 98.4%

[95% CI, 91.6%-100%]

0,

Specificity 78.9%

[95% CI, 67.6%-87.7%)

O Primary endpoints
O Secondary endpoints

standard diagnostic approach
of a specialist assessment
based on DSM-5 criteria. The children in the study were
broadly representative of the U.S. population in terms
of race, ethnicity, and socioeconomic background. The
primary endpoints included measurements of positive
predictive value (PPV) and negative predictive value
(NPV) among subjects with a determinate result, and
the indeterminate rate. The secondary endpoints were
sensitivity and specificity.58-6°

The output from Canvas Dx was compared against
specialist diagnosis and shown to have a PPV of 81%
(95% Cl: 70%—89%) and an NPV of 98% (95% CI: 91%—
100%) in those patients with a determinate device
result (32%).58

Among patients with a determinate result, Canvas

Dx was shown to have a sensitivity of 98% (95% Cl:
92%-100%) and specificity of 79% (95% Cl: 68%-88%).
In the Canvas Dx pivotal study, the average age of
children diagnosed with ASD was 2.8 years, which is

The Potential for Earlier ASD Diagnosis

Many children with ASD are not being diagnosed during
the period in which ASD-specific intervention provides
greater benefits. Current standard ASD diagnostic
approaches require intensive training and are time-
consuming, which may be prohibitive for PCP assessment
of ASD.?2252661 Machine learning approaches utilized by
Canvas Dx support PCPs in assessing children for ASD,
which may allow for more efficient specialty referrals and
streamlining of the diagnostic process. Results from the
Canvas Dx pivotal study demonstrated the potential of
Canvas Dx to help PCPs effectively diagnose or rule out
ASD when used in conjunction with clinical assessment.
Earlier diagnoses may enable initiation of intervention
earlier than the current average age of diagnosis.?%® Earlier
ASD-specific intervention may, in turn, lead to better
long-term developmental outcomes.?56
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Important Information
Indications for Use

Canvas Dx is intended for use by healthcare providers as an aid in the diagnosis of autism spectrum disorder (ASD) for
patients ages 18 months through 72 months who are at risk for developmental delay based on concerns of a parent,
caregiver, or healthcare provider.

The device is not intended for use as a stand-alone diagnostic device but as an adjunct to the diagnostic process. The
device is for prescription use only (Rx only).

Contraindications
There are no contraindications to using Canvas Dx.

Precautions, Warnings
The Device is intended for use by healthcare professionals trained and qualified to interpret the results of a behavioral
assessment examination and to diagnose ASD.

The Device is intended for use in conjunction with patient history, clinical observations, and other clinical evidence the
HCP determines are necessary before making clinical decisions. For instance, additional standardized testing may be
sought to confirm the Device output, especially when the Device result is not Positive or Negative for ASD.

Canvas Dx is intended for patients with caregivers who have functional English capability (8th grade reading level or
above) and have access to a compatible smartphone with an internet connection in the home environment.

The Device may give unreliable results if used in patients with other conditions that would have excluded them from the
clinical study.

Among those conditions are the following:

» Suspected auditory or visual hallucinations or with prior diagnosis of childhood onset schizophrenia
» Known deafness or blindness

* Known physical impairment affecting their ability to use their hands

* Major dysmorphic features or prenatal exposure to teratogens such as fetal alcohol syndrome

* History or diagnosis of genetic conditions (such as Rett syndrome or Fragile X)

 Microcephaly

* History or prior diagnosis of epilepsy or seizures

* History of or suspected neglect

* History of brain defect injury or insult requiring interventions such as surgery or chronic medication

The Device evaluation should be completed within 60 days of the time it is prescribed because neurodevelopmental
milestones change rapidly in the indicated age group.

References: 1. Centers for Disease Control and Prevention. https://www.cdc.gov/ncbddd/autism/data.html 2. Maenner MJ, et al. MMWR Surveill Summ. 2020;69(No. SS-
4)1-12. doi10.15585/mmwr.ss6904al 3. Estes A, et al. J Am Acad Child Adolesc Psychiatry. 2015;54(7):580-587. doi10.1016/j,jaac.2015.04.0054. MacDonald R, et al.

Res Dev Disabil. 2014;35(12):3632—3644. doi10.1016/j.ridd.2014.08.036 5. Peters-Scheffer N, et al. Res Autism Spectr Disord. 201;5(1):60-69. doi10.1016/j.rasd.2010.03.01
6. Strain PS, Bovey EH. Topics in Early Childhood Special Education. 2011;31(3)133-154. doi:10.1177/0271121411408740 7. Antezana L, et al. Front Psychol. 2017;8:590.
doil10.3389/fpsyg.2017.00590 8. Constantino JN, et al. Pediatrics. 2020;146(3):e20193629. doi10.1542/peds.2019-3629 9. Durkin MS, et al. Am J Public Health.
2017;107(11):1818-1826. doi10.2105/AJPH.2017.304032 10. Gordon-Lipkin E, et al. Pediatr Clin North Am. 2016;63(5):851-859. doi10.1016/j.pcl.2016.06.007 11. Liptak

GS, et al. J Dev Behav Pediatr. 2008;29(3)152-160. doi110.1097/DBP.0b013e318165¢7a0 12. Mandell DS, et al. Am J Public Health. 2009;99(3):493-498. doil10.2105/
AJPH.2007131243 13. Rahman MM, et al. Brain Sci. 2020;10(12):949. doi110.3390/brainscil0120949 14. Matheis M, et al. Dev Neurorehabil. 2017,20(4):228-235. doi:10.1080
/17518423.2016.1211186 15. Hyman SL, et al. Pediatrics. 2020;145(1):20193447. doi10.1542/peds.2019-3447 16. Christensen DL, et al. MMWR Surveill Summ. 2018;65(13):1-
23. doi10.15585/mmwr.ss6513al 17. McCormick CEB, et al. Autism Res. 2020;13(3):474-488. doi10.1002/aur.226118. Daniels AM, Mandell DS. Autism. 2014;18(5):583-597.
doi10.1177/1362361313480277 19. Martinez M, et al. J Autism Dev Disord. 2018;48(7):2368-2378. doi10.1007/s10803-018-3493-1 20. Bisgaier J, et al. Arch Pediatr Adolesc
Med. 2011165(7):673-674. doi10.1001/archpediatrics.2011.90 21. Zuckerman KE, et al. J Pediatr. 2015;166(6):1431-1439.el. doi10.1016/.jpeds.2015.03.007 22. Golnik A, et al.
Pediatrics. 2009;123(3):966-971. doi10.1542/peds.2008-1321 23. Rhoades RA, et al. BMC Pediatr. 2007;7(1):37. doi10.1186/1471-2431-7-37 24. Monteiro SA, et al. Pediatrics.
2019;144(4):20183326. doii10.1542/peds.2018-3326 25. Carbone PS, et al. Pediatrics. 2016;137(6):e20151850. doil10.1542/peds.2015-1850 26. Fenikilé TS, et al. Prim

Health Care Res Dev. 2015;16(4):356-366. doi:10.1017/S146 3423614000449 27. Swanson AR, et al. Autism. 2014;18(5):555-561. doi:10.1177/1362361313481507 28. Mazurek
MO, et al. J Autism Dev Disord. 2019;49(1)127-137. doi10.1007/s10803-018-3696-5 29. Holiga §, et al. Sci Transl Med. 2019;11(481):.eaat9223. doi10.1126/scitranslmed.
aat9223 30. Hutsler JJ, Zhang H. Brain Res. 2010;1309:83-94. doi10.1016/j.brainres.2009.09.120 31. Sullivan K, et al. Res Dev Disabil. 2014;35(11):2921-2932. doi:10.1016/j.
ridd.2014.07.027 32. Vivanti G, et al. J Autism Dev Disord. 2016;46(7):2441-2449. doi10.1007/s10803-016-2777-6 33. Ben Itzchak E, Zachor DA. Res Autism Spectr Disord.
2011;5(1):345-350. doi10.1016/j.rasd.2010.04.018 34. Smith T, et al. J Abnorm Child Psychol. 2015;43(7)1271-1282. doi10.1007/s10802-015-0002-2 35. Alcariiz Raya M,
etal. J Clin Med. 2020;9(5)1260. doi10.3390/jcm9051260 36. Bosl WJ, et al. Sci Rep. 2018;8(1):6828. doi10.1038/s41598-018-24318-x 37. Emerson RW, et al. Sci Trans/
Med. 2017,9(393):eaag2882. doi10.1126/scitransImed.aag2882 38. Hazlett HC, et al. Nature. 2017,542(7641):348-351. doi110.1038/nature21369 39. Kojovic N, et al. Sci

Rep. 2021;11(1):15069. doi10.1038/s41598-021-94378-z 40. Esteva A, et al. Nature. 2017,542(7639):115-118. doi10.1038/nature21056 41. Fraser KC, et al. J Alzheimers Dis.
2016;49(2):407-422. doi10.3233/JAD-150520 42. Rajkomar A, et al. NPJ Digit Med. 2018;118. doi10.1038/s41746-018-0029-1 43. Ahuja AS. PeerJ. 2019;7:¢7702. doi10.7717/
peerj.7702 44. Nichols JA, et al. Biophys Rev. 2019;11(1):111-118. doi:10.1007/s12551-018-0449-9 45. Shah NH, et al. JAMA. 2019;322(14):1351-1352. doi:10.1001/jama.2019.10306
46. Corona LL, et al. J Autism Dev Disord. 2021]1-10. doi:10.1007/s10803-020-04857-x 47. International Medical Device Regulators Forum. http://www.imdrf.org/docs/
imdrf/final/technical/imdrf-tech-131209-samd-key-definitions-140901.pdf 48. Jiang F, et al. Stroke Vasc Neurol. 2017;2(4)230-243. doil10.1136/svn-2017-000101 49.
DeepAl. https://deepai.org/machine-learning-glossary-and-terms/feature-extraction 50. Elite Data Science. https://elitedatascience.com/dimensionality-reduction-
algorithms 51. Abbas H, et al. J Am Med Inform Assoc. 2018;25(8):1000-1007. doi10.1093/jamia/ocy039 52. Abbas H, et al. Sci Rep. 2020;10(1):5014. doi10.1038/s41598-
020-61213-w 53. Duda M, et al. Trans| Psychiatry. 2014;4(8):.e424. doi10.1038/tp.2014.65 54. Kosmicki JA, et al. Trans! Psychiatry. 2015;5(2):514. doi10.1038/tp.2015.7

55. Levy S, et al. Mol Autism. 2017;8:65. doi:10.1186/s13229-017-0180-6 56. Wall DP, et al. PLoS ONE. 2012,7(8):e43855. doi110.1371/journal.pone.0043855 57. Wall DP,

et al. Trans! Psychiatry. 2012;2(4):100. doi10.1038/tp.2012.10 58. Megerian JT, et al. Manuscript in preparation. 59. Megerian JT, et al. Poster presentation at: AACAP

2021 Virtual Meeting. October 18-30, 2021. 60. Data on file. Cognoa, Inc. 2020. 61. Charman T, Gotham K. Child Adolesc Ment Health. 2013;18(1):52-63. doi:10.1111/}.1475-
3588.2012.00664.x

4
© 2021. All rights reserved. 12/21 C O g n O a



