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State Guidelines

Applicable Medi-Cal guidelines as of the publication of this policy (this guideline supersedes the

criteria

in the Policy Statement section below):

Department of Managed Health Care (DMHC) All Plan Letter (APL) Guideline:
e N/A

Department of Health Care Services (DHCS) Provider Manual Guideline:

e TAR and Non-Standard Benefits List: Codes O00IM thru 0999U (tar and non cd0)
e TAR and Non-Standard Benefits List: Codes 80000 thru 89999 (tar and non cd8)
e TAR and Non-Standard Benefits List: Codes ROO0O0 thru S9999 (tar and non cdrs)
e Pathology: Molecular Pathology (path molec)

Below is an excerpt of the Molecular Pathology guideline language. Please refer to the
specific Provider Manual in the link above for the complete guideline.

Biomarker and Pharmacogenetic Testing

Medi-Cal covers medically necessary biomarkerand pharmacogenomic testing, as described
in the manual section Proprietary Laboratory Analyses (PLA). Medi-Cal may not coverall CPT
and HCPCS codes associated with a particular biomarker or pharmacogenomictest. As such,
the particular biomarkeror pharmacogenomic test code may be covered with an approved
Treatment Authorization Request(TAR) if medical necessityis established, as described in the
TAR and Non-Benefit: Introduction to List section of the Provider Manual.

Biomarker Testing

Biomarker testing is used to diagnose, treat, manage, or monitor a Medi-Cal member's
disease or condition to guide treatment decisions. As defined by Section 14132.09 of the
Welfare and Institutions Code, biomarker testing is the analysisof an individual’s tissue, blood
or other biospecimenfor the presence of a biomarker. Biomarker testing includes, but is not
limited to, single-analyte tests, multiplex panel tests and whole genome sequencing.
Biomarkersare a characteristicthatis objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processesor pharmacologic responses to a specific
therapeutic intervention. A biomarker includes, but is not limited to, gene mutations or
protein expression. Medically necessary biomarker testing is subject to utilization controlsand
evidence-based clinical practice guidelines.

When testing for biomarkers, all Medi-Cal providers must ensure that they are provided in a
manner that limits disruptions to care. As with all Medi-Cal benefits, restricted or denied use
of biomarker testing forthe purpose of diagnosis, treatment or ongoing monitoring of any
medical condition is subject to Medi-Cal’s grievance, appeal and State Fair Hearing
processes, as well as any additional processes established specifically for Medi-Cal managed
care plans.
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Requirements for CPT codes 81228 and 81229:
A TAR requires documentation of all of the following criteria for each indication:
For All Other Testing Indications:
1. Member has received pre-test genetic counseling and will receive post-test genetic
counseling, and
2. Member’s clinical phenotype doesnot fit a well-describedsyndrome for which single-
gene or targeted panel testing is available, and
3. One of the following criteria must be met (a thru e):
Intellectual disability or developmental delay with no identifiable cause, or
Multiple congenital anomalies without an established diagnosis, or
Autism spectrum disorder with no identifiable cause, or
Findings suggestive of primary immunodeficiency, or
Congenital heart disease

®oon oo

. Department of Health Care Services (DHCS) All Plan Letter (APL) Guideline:
e N/A

Policy Statement

Any criteria that are not specifically addressed in the above Provider Manual, please
refer to the criteria below.

I. Chromosomal microarray analysis may be considered medically necessary as first-line
testingin theinitial evaluation(see Policy Guidelines) of individuals with any of the following:
A. Apparent nonsyndromic developmental delay/intellectual disability
B. Autism spectrum disorder
C. Multiple congenital anomalies not specific to a well-delineated genetic syndrome
(Per Medi-Cal guidelines and for Medi-Cal members only, the following must also be met:
1. Membermusthave received pre-test genetic counseling and will receive post-test

genetic counseling
2. Member’s clinical phenotype does not fit a well-described syndrome for which
single-gene or targeted panel testing is available)

[l. Chromosomal microarray is considered investigational for the evaluation of all other
conditions of delayed development, including, but not limited to, idiopathic growth or
language delay.

lll. Paneltesting using next-generation sequencing is considered investigational in all cases of
suspected genetic abnormality in children with developmental delay/intellectual disability,
autism spectrum disorder, or congenital anomalies.

Policy Guidelines

Use of chromosomal microarray (CMA)testingas outlined in this policy is not intended for use in the
prenatal period.

A guideline update from the American College of Medical Genetics (Schaefer et al [2013]) stated that
a stepwise (or tiered) approach to the clinical genetic diagnostic evaluation of autism spectrum
disorder is recommmended, with the recommendation being forfirst tier to include fragile X syndrome
and CMA testing.
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Recommendations from the American College of Medical Genetics (Manning and Hudgins [2010]) on
array-based technologies and their clinical utilization for detecting chromosomal abnormalities
include the following: “Appropriate follow-up is recommended in cases of chromosome imbalance
identified by CMA, to include cytogenetic/FISH [fluorescent in situ hybridization] studies of the
patient, parental evaluation, and clinical genetic evaluation and counseling.”

In some cases of CMA analysis, the laboratory performing the test confirms all reported copy number
variants with an alternative technology, such as fluorescent in situ hybridization analysis.

Genetics Nomenclature Update

The Human Genome Variation Society nomenclatureis used to report information on variants found
in DNA and serves as an international standard in DNA diagnostics. It is being implemented for
genetic testing medical evidence review updates starting in 2017 (see Table PG1). The Society's
nomenclatureis recommended by the Human Variome Project, the Human Genome Organization,
and by the Human Genome Variation Society itself.

The American College of Medical Genetics and Genomics and the Association for Molecular
Pathology standards and guidelinesfor interpretation of sequence variantsrepresent expert opinion
from both organizations, in addition to the College of American Pathologists. These
recommendations primarily apply togenetictests used in clinical laboratories, including genotyping,
single genes, panels, exomes, and genomes. Table PG2 shows the recommended standard
terminology - “pathogenic,” “likely pathogenic,” “uncertain significance,” “likely benign,” and “benign”
- to describe variants identified that cause Mendelian disorders.

"nn "nun

Table PG1. Nomenclature to Report on Variants Found in DNA

Previous Updated Definition
Mutation Disease-associated variant Disease-associated change in the DNA sequence
Variant Change in the DNA sequence
Familial variant Disease-associated variant identified in a proband for use in

subsequent targeted genetic testing in first-degree relatives

Table PG2. ACMG-AMP Standards and Guidelines for Variant Classification

Variant Classification Definition

Pathogenic Disease-causing change in the DNA sequence

Likely pathogenic Likely disease-causing change in the DNA sequence
Variant of uncertain significance Change in DNA sequence with uncertain effects on disease
Likely benign Likely benign change in the DNA sequence

Benign Benign change in the DNA sequence

ACMG: American College of Medical Genetics and Genomics; AMP: Association for Molecular Pathology.

Genetic Counseling

Geneticcounseling is primarilyaimed at patients whoare atrisk for inherited disorders, and experts
recommend formal genetic counseling in most cases when genetictesting for an inherited condition
is considered. Theinterpretation of theresults of genetictests and the understanding of risk factors
can be very difficult and complex. Therefore, genetic counseling will assist individuals in
understanding the possible benefits and harms of genetic testing, including the possible impact of
the information on the individual's family. Genetic counseling may alter the utilization of genetic
testing substantially and mayreduce inappropriate testing. Genetic counseling should be performed
by an individual with experience and expertise in genetic medicine and genetic testing methods.

Coding
See the Codes table for details.
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Description

Chromosomal microarray (CMA) testing hasbeen proposed for the detection of genetic imbalances
in infants or children with characteristics of developmental delay/intellectual disability, autism
spectrum disorder, and/or congenital anomalies. CMA testing increases the diagnostic yield over
karyotypingin children with the aforementioned characteristics, and CMAtesting may impact clinical
management decisions. Next-generation sequencing panel testing allows for the simultaneous
analysis of a large number of genes and, in patients with normal CMA testing, next-generation
testing has been proposed as a way to identify single-gene causes of syndromesthat have autism as
a significant clinical feature.

Summary of Evidence

Forindividuals whohave developmental delay/intellectual disability, autism spectrumdisorder (ASD),
or multiple congenital anomalies not specific to a well-delineated genetic syndrome who receive
chromosomal microarray (CMA) testing, the evidence includes primarily case series. Relevant
outcomes are test validity, changes in reproductive decision making, morbid events, and resource
utilization. The available evidence supports test validity. Although systematic studies of theimpact of
CMA on patient outcomes are lacking, the improvement in diagnostic yield over karyotyping has
been well-demonstrated. Direct evidence of improved outcomes with CMA compared with
karyotypingis also lacking. However, forat least a subset of the disorders potentially diagnosed with
CMA testing in this patient population, there are well-defined and accepted management steps
associated with positive test results. Further, there is evidence of changes in reproductive decision-
making as aresult of positive test results. Theinformation derived from CMA testing can accomplish
the following: it could end a long diagnostic odyssey, reduce morbidity for certain conditions by
initiating surveillance/management of associated comorbidities, or it could impact future
reproductive decision makingfor parents. The evidence is sufficientto determine that the technology
results in an improvement in the net health outcome.

For individuals who have developmental delay/intellectual disability, ASD, or multiple congenital
anomalies not specific to a well-delineated genetic syndrome who receive next-generation
sequencing panel testing, the evidence includes primarily case series and 1systematic review.
Relevant outcomes are test validity, changes in reproductive decision-making, morbid events, and
resource utilization. The diagnosticyield associated with next-generation sequencing panel testingin
this patient population is not well-characterized. The testing yield and likelihood of an uncertain
result arevariable, based on the gene panel, genetested, and patient population; additionally, there
arerisks of uninterpretable and incidental results. The evidence is insufficient to determine that the
technology results in an improvement in the net health outcome.

Additional Information
Not applicable.

Related Policies

e N/A

Benefit Application

Blue Shield of California Promise Health Plan is contracted with L.A.Care Health Planfor Los Angeles
County and the Department of Health Care Services for San Diego County to provide Medi-Cal
health benefits to its Medi-Cal recipients. In order to provide the best health care services and
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practices, Blue Shield of California Promise Health Plan has an extensive network of Medi-Cal
primary care providersand specialists. Recognizing therich diversity of its membership, our providers
are given training and educational materials to assist in understanding the health needs of their
patients as it could be affected by a member's cultural heritage.

The benefit designs associated with the Blue Shield of California Promise Medi-Cal plans are
described in the Member Handbook (also called Evidence of Coverage).

Regulatory Status

Cal. Hedlth & Safety Code §1367.667, Insurance Code Section 10123.209, and Welfare and
Institutions Code 14132.09

California laws that require insurers to cover biomarker testing for the diagnosis, treatment,
appropriate management, or ongoing monitoring of an enrollee’s disease or condition to guide
treatment decisions, as prescribed

Clinical Laboratory Improvement Amendments (CLIA) and FDA Regulatory Overview

Clinical laboratories may develop and validate tests in-house and market them as a laboratory
service; laboratory-developed tests must meet the general regulatory standards of the Clinical
Laboratory Improvement Amendments. Lab testsfor CMA testing and next-generation sequencing
are available under the auspices of Clinical Laboratory Improvement Amendments. Laboratories
that offer laboratory-developed tests must be licensed by the Clinical Laboratory Improvement
Amendments forhigh-complexity testing. To date, the U.S. Food and Drug Administration (FDA) has
chosen not to require any regulatory review of this test.

In 2010, the FDA indicated that it would require microarray manufacturers to seek clearance to sell
their products for use in clinical cytogenetics.

Chromosomal Microarray Testing
CMA testing is commercially available through many laboratoriesand includes targeted and whole-
genome arrays, with or without SNV microarray analysis.

In January 2014, the Affymetrix CytoScan® Dx Assay (now Thermo Fisher Scientific) was cleared by
the FDA throughthe de novo510(k) process. The FDA's review of the CytoScan Dx Assay included an
analytic evaluation of the test's ability to detect accurately numerous chromosomal variations of
different types, sizes, and genome locations compared with several analytically validated test
methods. The FDA found that the CytoScan Dx Assay could detect CNVs across the genome and
adequately detect CNVs in regions of the genome associated with developmental delay/intellectual
disability. Reproducibility decreased with the CNV gain or loss size, particularly when less than
approximately 400 kilobases (generallyrecommended as the lower reporting limit). As of September
2024, CytoScan HD Array contains 2.67 million markers for copy number, 750,000 SNVs, and 1.9
million non-polymorphic probes. FDA product code: PFX.

Ambry Genetics offers multiple tests (CMA and next-generation sequencing) designedfor diagnosing
ASD and neurodevelopmental disorders. Asof September2024, the CMA offered by Ambry Genetics
includes over 1.9 million probes for copy number and ~750,000 SNV probes.

LabCorp offersthe Reveal® SNP Microarray Pediatricfor individuals with nonsyndromic congenital

anomalies, dysmorphic features, developmental delay/intellectual disability, and/or ASD. The Revedl
microarray has over 2 million probes.
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Next-Generation Sequencing

A variety of commercial and academic laboratories offer next-generation sequencing panels
designed for the evaluation of ASD, developmental delay/intellectual disability, and congenital
anomalies, which vary in terms of the numbers of, and specific genes tested.

Emory Genetics Laboratory offers a next-generation sequencing ASD panel of genes targeting
geneticsyndromesthatinclude autism or autistic features. Fulgent Genetics offers a next-generation
sequencing ASD panel that includes hundreds of genes. Ambry Genetics also offers numerous next-
generation sequencing panels for neurodevelopmental disorders.

Health Equity Statement

Blue Shield of California Promise Health Plan’s mission is to transformits health care delivery system
into onethatis worthy of families and friends. Blue Shield of CaliforniaPromise Health Plan seeks to
advance health equity in supportof achieving Blue Shield of California Promise Health Plan’s mission.

Blue Shield of California Promise Health Plan ensures all Covered Services are available and
accessible to all members regardless of sex, race, color, religion, ancestry, national origin, ethnic
group identification, age, mental disability, physical disability, medical condition, geneticinformation,
marital status, gender, genderidentity, or sexual orientation, or identification withany other persons
or groups defined in Penal Code section 422.56, and that all Covered Services are provided in a
culturally and linguistically appropriate manner.

Rationale

Background
Diagnostic Testing

Karyotyping and Fluorescent In Situ Hybridization

The goal of a cytogenetic evaluation is to identify chromosomal imbalances that cause a disorder.
The most common imbalances are copy number variants (CNVs) or deletions and duplications of
large segments of genomic material. CNVs are common in developmental delay/intellectual
disability and autism spectrum disorder (ASD) but more often reflect the normal genetic variation.
However, de novo CNVs are observed about 4 times more frequently in children with ASD than in
individuals without ASD.2 Less frequently, other abnormalities such as balanced translocations (i.e.,
exchanges of equally sized DNA loci between chromosomes) may be pathogenic. For many well-
described syndromes, the type andlocation of the associated chromosomal abnormality have been
established by studying large patient samples. For others, few patients with similar abnormalities
may have been evaluated to establish genotype-phenotype correlation. Finally, in some patients, the
cytogeneticanalysis will discover chromosomal abnormalities that require study to determine their
significance.

Prior to the advent of chromosomal microarray (CMAs), the initial step in the cytogenetic analysis
was G-banded karyotyping, which evaluates all chromosomes. High-resolution G-banding can

detect changes assmallas 3 to 5 megabasesin size, although standard G-banding evaluates more
than 10 megabases changes. In children with developmental delay/intellectual disability, a review by
Stankiewicz and Beaudet (2007) found G-bandedkaryotyping diagnosticin approximately 3% to 5%
of cases.® In ASD, high-resolution karyotyping appearsto identify abnormalitiesin up to 5% of cases.*

In contrast, molecular cytogenetic techniques can detect small submicroscopic chromosomal
alterations. Fluorescentin situ hybridization (FISH), a targeted approach, is used to identify specific
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chromosomal abnormalities associated with suspected diagnosessuch as DiGeorgesyndrome. Prior
to CMAs, FISH was also used to screen the rearrangement-prone sub-telomeric regions.
Subtelomeric FISH was found to identify abnormalities in children with developmental delay and
intellectual disability,> and was diagnostic in approximately 5% to 6% of those with negative
karyotypes, but uncommonly in ASD.®

Chromosomal Microarrays

Two types of CMAs are considered here:array comparative genomic hybridization (aCGH)and single
nucleotide variants (SNV) arrays. The aCGHapproach uses DNAsamplesfroma patient and normal
control. Each is labeled with distinct fluorescent dyes (red or green). The labeled samples are then
mixed and hybridized to thousands of cloned or synthesized reference (hormal) DNA fragments of
known genomiclocus immobilized on a glass slide (microarray)to conduct thousands of comparative
reactions simultaneously. CNVs are determined by computer analysis of the array patterns and
intensities of the hybridization signals. If the patient sequence is missing partof the normal sequence
(a deletion) or has the normal sequence plus additional genomic material within that genomic
location (e.g., a duplication), the sequence imbalance is detected as a difference in fluorescence
intensity (Korfand Rehm[2013]” offersan illustrative graphic). For this reason, aCGH cannot detect
balanced chromosomal translations (equal exchange of material between chromosomes) or
sequenceinversions(same sequenceis presentin reverse base-pair order) because the fluorescence
intensity would notchange. A portion of the increased diagnostic yield from CMA over karyotyping
comes from the discoverythatchromosomal rearrangements that appear balanced (and therefore
not pathogenic) by G-bandedkaryotype analysis are found to have small imbalances with greater
resolution. It has been estimated that 40% of apparently balanced de novo or inherited
translocations with abnormal phenotype are associated with cryptic deletion if analyzed by CMA
testing.

LikeaCGH, SNV arraysdetect CNVs. In an SNV array, the 2 alleles for genes of interest are tagged
with different fluorescentdyes. Comparative fluorescence intensity will be increased when there are
duplications and diminished with deletions. The resolution provided by aCGH is higherthan with SNV
arrays. In addition, aCGH has better signal-to-background characteristics than SNV arrays. In
contrast to aCGH, SNV arrays will also identify long stretches of DNA homozygosity, which may
suggest uniparental disomy or consanguinity. Uniparental disomy occurs when a child inherits 2
copies of achromosome from1parent and no copies from the other parent. Uniparental disomy can
lead to syndromes such as Angelman and Prader-Willi.

Table Tsummarizes the cytogenetic tests used to evaluate children with developmental
delay/intellectual disability and autism. The table emphasizes the large difference in resolution

between karyotyping and CMA.

Table 1. Resolution and Analysis Comparison of FISH, Karyotyping, and CMA Analysis

Test Resolution in Kilobases® Analysis
Karyotyping 3000-5000 kb Genome-wide
CMA =50 kb Genome-wide
FISH =500 to 1000 kb (depending on probe) Targeted

CMA: chromosomal microarray; FISH: fluorescent in situ hybridization; kb: kilobases.
@1 kb =1000 bases, 1000 kb =1 Mb.

Microarrays may be prepared by the laboratory using the technology or, more commonly, by
commercialmanufacturers, and soldto laboratories that must qualify and validate the product for
use in their assay, in conjunction with computerized software for interpretation. The proliferation of
laboratory-developed and commercially available platforms prompted the American College of
Medical Genetics to publish guidelines for the design and performance expectations for clinical
microarrays and associated software in the postnatal setting.®
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Next-Generation Sequencing

Next-generation sequencing hasbeen proposed to detect single-gene causes of autism and possibly
identify a syndrome that involves autism in patients with normal array-based testing. Next-
generation sequencing involves the sequencing of millions of fragments of genetic material in a
massively parallel fashion. Next-generation sequencing can be performed on segments of the
genetic material of various sizes from the entire genome (whole-genome sequencing) to small
subsets of genes (targeted sequencing). Next-generation sequencing allows the detection of SNVs,
CNVs, insertions, and deletions. With higher resolution comes a higher likelihood of detection of
variants of uncertain significance.

Genetic Associations With Developmental Delay/Intellectual Disability and Autism Spectrum
Disorder

For common phenotypes and syndromes, the pathogenicity of CNVs may be supported by
considerable evidence; for uncommon phenotypes anduncommon CNVsdetermining pathogenicity
requires a systematic evaluation that includes parental studies, examining databases for reported
associations, and considering the molecularconsequences of the identified variant. Parental studies
(e.g., "trio” testing of affected child, father, and mother) can identify an inherited CNV from an
unaffected parent and therefore considered benign.® A variety of databases index the clinical
implications of CNVs and their associations with a particular phenotype. CNVs are continuously
cataloged and, with growth in CMA testing and improved resolution, databases have become
increasingly extensive (e.g., DECIPHER, ClinVar). For uncommon CNVs, in addition to reports of CNV-
phenotype associations, the location and size of the CNV can offer clues to pathogenicity; larger
CNVs are more often pathogenic and the role of affected genes in brain circuitry and the effect of
CNVon geneexpression can implicate pathogenicity. Althoughuncommon, an observed phenotype
can result from unmasking a mutated recessive allele on the unaffected (non-CNV) chromosome.'®
Other considerations when determining pathogenicity include CNV dosage, X linkage, number of
reports in the literature of an association between CNV and phenotype, and findings in “normal”
individuals.

The American College of Medical Genetics has published guidelines for evaluating, interpreting, and
reporting pathogenicity reflecting these principles.” The recommended categories of clinical
significance for reporting are pathogenic, uncertain clinical significance (likely pathogenic, likely
benign, or no subclassification), or benign. The International Standards for Cytogenomic Arrays
Consortium more recently proposed “an evidence-based approach to guide the development of
content on chromosomal microarraysand to support theinterpretation of clinically significant copy
number variation.”? The proposal defined levels of evidence that describe how well or how poorly
detected variants or CNVs correlate with phenotype.

Literature Review

This review has been informed by a Technology Evaluation Center (TEC) Special Report (2009) on
array comparative genomic hybridization (aCGH)* and a TEC Special Report (2015) on chromosomal
microarray (CMA) testing forthe geneticevaluation of individuals with global developmental delay,
intellectual disability, and autism spectrum disorder (ASD).'

Evidencereviews assess whether a medical testis clinically useful. A useful test provides information
to make aclinical managementdecision thatimprovesthe net health outcome. That is, the balance
of benefits and harms is better when the test is used to manage the condition than when another
test or no test is used to manage the condition.

Thefirst stepin assessing a medical test is to formulate the clinical context and purpose of the test.

The test must be technically reliable, clinically valid, and clinically useful for that purpose. Evidence
reviews assess the evidence on whether a test is clinically valid and clinically useful. Technical
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reliability is outside the scope of these reviews, and credible information on technical reliability is
available from other sources.

Developmental Delay/Intellectual Disability

Developmental delay is diagnosed in children 5 years or youngerwho show a significant delay in 2 or
more developmental domains: grossor fine motor, speech /language, cognitive, social /personal, and
activities of daily living."> Developmental delay can precede the developmentof intellectual disability
as the child ages.'

Intellectual disability is manifest by significant limitations in intellectual functioning and adaptive
behavior. Itis diagnosed at or after age 5 (when intelligence testing is considered valid and reliable)
but priorto age18 and is lifelong. The Diagnostic and Statistical Manual of Mental Disorders: Fifth
Edition (DSM-5) defines intellectual disability as occurring during the developmental period and
involving impairments of general mental abilities (e.g, |IQ <70 or 75) that impact adaptive functioning
in the conceptual, social, and practical domains.”

The national prevalence of developmental delay and intellectual disability were estimated at 4.1%
and1.2%, respectively, in US children basedon data from the 2009 to 2017 National Health Interview
Survey, and overall developmental disability was reported to be 8.56% in 2021.'8'° All are influenced
by genetic, environmental, infectious, and perinatal factors. Approximately 450 genes have been
causally related to intellectual disability; most genes (>90%) are associated with

syndromes.?° Inheritance of intellectual disability can be autosomal-dominant, recessive, or X-linked;
and most nonsyndromic genes are located on the X chromosome. Prior to the advent of whole-
exome and genome sequencing, Willemsen and Kleefstra (2014) concluded that 20% to 40% of
intellectual disability cases could be attributed to a geneticvariant.? With the use of whole-genome
sequencing, they estimated almost 60% of cases have an identifiable genetic etiology.

Congenitalanomalies are frequently present in children with developmental delay and intellectual
disability. In addition, a suspected etiology can often be established from history and physical
examination (for skilled specialists, as much as 20% to 40% of cases) without genetic testing.?? The
recommended approach to evaluationin developmental delay/intellectual disability begins with 3-
generation family history and physical (including neurologic) exam. Subsequent testing is used to
confirm a suspected diagnosis (e.g., targeted fluorescent in situ hybridization [FISH] testing for
DiGeorge or cri-du-chat syndromes). If no diagnosis is suspected, fragile X syndrome testing,
metabolic testing for inborn errors of metabolism, and CMA testing (without karyotyping)
arerecommended, regardless of the presence or absence of dysmorphologic features or congenital
anomalies.””

Autism Spectrum Disorder
DSM-5defines ASD'™ as the presence of':
e Persistent deficits in social communication and social interaction across multiple contexts,
e Restricted, repetitive patterns of behavior, interests, or activities,
e Symptomsintheearly developmental period (typically recognized in the first 2 years of life),
and
e Symptoms causing clinically significant impairment in social, occupational, or other important
areas of current functioning.

The estimated prevalence of ASD in U.S. children is estimatedto be 3.11%, and is higher among boys
(4.66%) than girls (1.50%)."”° Prevalence is highest among Black, non-Hispanic individuals (3.56%)

followed by White, non-Hispanic (3.06%) individuals, Hispanic (2.96%) individuals, and Asian, non-
Hispanicindividuals (2.87%). An accurate diagnosis can generally be made by age 2. The evaluation
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includes developmental screening and diagnostic evaluation (i.e., hearing, vision, and neurologic
testing; laboratory testing for metabolic disorders; and genetic testing).

A large body of evidence supports a genetic etiology in ASD. Twin studies estimate heritability
between 60% and 90%.2 A family with an affected child has a 13% to 19% risk for recurrence in
subsequent children.?? Based on Swedish genetic studies, Gaugler et al (2014) concluded that “the
bulk of autism arises from geneticvariation” (as opposed to environmental causes).?* Still, although
genetic determinants can be heritable, most appear to arise de novo.?

Forthesereasons, achild with ASD is often evaluated with genetic testing. Testing may be targeted
when a child has a recognizable syndrome such as those shown in Table 2. Alternatively, high-

resolution cytogeneticanalysis evaluating multiple genes, the focus of this evidence review, is used.

Table 2. Examples of Specific Genes Associated With Disorders That Include Autistic Behaviors

Gene Patient Selection Yield, Reference
(Syndrome) %
FMRI] (fragile X) Unselected autism 3-10 Schaefer and Mendelsohn
MECP2 (Rett) Females with nonsyndromic autism, intellectual 3-13 (2008)%
disability, and cerebral palsy
PTEN Autism with macrocephaly =17 Butler et al (2005)%6

Chromosomal Microarray Testing

Clinical Context and Test Purpose

The purpose of CMA testing is to identify a genetic cause for individuals with developmental
delay/intellectual disability, ASD, and congenital anomalies. A genetic diagnosis may end a
diagnosticodyssey,improve treatment, facilitate the management of associated medical conditions,
and permit carrier testing to assess risks to future offspring.

The following PICO was used to select literature to inform this review.

Populations

Therelevant populationof interest is children with developmental delay/intellectual disability, ASD,
and congenital anomalies for whom the cause of the disorder has not been identified despite other
established methods such as karyotyping.

Interventions

Therelevantintervention ofinterestis CMA testing. Referral for genetic counseling is important for
the explanation of the genetic disease, heritability, genetic risk, test performance, and possible
outcomes.

Comparators

Thefollowing practiceis currently being used to diagnose developmental delay/intellectual disability,
ASD, and congenital anomalies: karyotyping. Referral for genetic counseling is important for the
explanation of the geneticdisease, heritability, geneticrisk, test performance, andpossible outcomes.

Ovutcomes

The potential beneficial outcomes of interest are diagnostic yield with avoidance of future testing,
changes in management that lead to an improvement in health outcomes, and identification of
unaffected carriers.

Potential harmful outcomes are those resulting from a false-positive or false-negative test result.
False-positive test results can lead to an incorrect diagnosis and inappropriate treatment. False-
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negative test results can lead to the absence of appropriate treatment and continuation of the
diagnostic odyssey.

Follow-up to monitor for outcomes varies from immediately after testing diagnosis to long-term
health outcomes subsequent to management changes.

Study Selection Criteria
Fortheevaluation of clinical validity of the CMA test, studies that met the following eligibility criteria
were considered:

e case series or cohort studies that enrolled 20 or more patients with clinical diagnoses of
developmental delay/intellectual disability or ASD with known or suspicion of genetic
abnormalities, with or without negative results by conventional cytogenetic evaluation, and
performed CMA testing on enrolled patients, or

e examined management decisions and/or patient outcomes based on genetic evaluation
results.

Clinically Valid
Atest must detect the presence or absence of a condition, the risk of developing a condition in the
future, or treatment response (beneficial or adverse).

Case Series or Cohort Studies

Several studies have conducted CMA testing on samples with known chromosomal abnormalities
using standard karyotyping, which are summarized in Table 3. The median diagnostic yield in
developmental delay/intellectual disability patients from 21 studies published after 2012 was 19%.
Most studies included patients with prior normal studies (e.g., karyotype and FMRItesting). However,
it is difficult to assess phenotype severity across studies owing to reporting and how samples were
assembled. For a recent comparison, investigators reported diagnostic yield from 1133 children
enrolled in the U.K. Deciphering Developmental Disorders study for whom a diagnosis was not
established prior to CMA testing? Usingboth CMA and exome sequencing, a diagnostic yield of 27%
was achieved.

Table 3. Diagnostic Yield of 67 Case Series Assessing Chromosomal Microarray Testing for
Developmental Delay, Intellectual Disability, and ASD Published Before 2015

Study N Diagnoses Patient Description Previous Normal Yield,
Studies %
Eriksson et al (2015)28 162  ASD Suspected ASD Karyotype (unclear 8.6
precise proportion
but < half)
Lay-Son et al (2015)29 40 DD/ID/other Patients had at least 2 of the Karyotype, 4 (10%) 25
following: CAs, facial patients had an
dysmorphism, DD/ID abnormality on

karyotype but it did
not convey a
definite cause of
patients’ disorder

Bartnik et al (2014a)3° 256 DD/ID DD/ID with or without G-banded 27
dysmorphic features, additional karyotype, fragile X
neurodevelopmental testing
abnormalities, and/or CA

Bartnik et al (2014b)31 12 DD/ID ID accompanied by dysmorphic G-banded 214
features and/or CA karyotype, fragile X

testing, MPLA

Chong et al (2014)32 15 DD/ID/ASD/ 105 patients with Karyotype 19

CA DD/ID/ASD/CA recruited by

clinical genetics services
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Study N Diagnoses Patient Description Previous Normal Yield,
Studies %

D'Amours et al (2014)33 21 CA DD/ID with or without CA Karyotype 143

Henderson et al (2014)34 1780 DD/ID/ASD  Referral to a laboratory for Not specified 12.7

CMA

Nava et al (2014)35 194  ASD ASD Karyotype, fragile X 1.5
testing, FISH

Nicholl et al (2014)36 1700 DD/ID/ASD 1453 unrelated patients Uncertain 15

prospectively referred for
investigation of DD/ID/ASD
and 247 epilepsy cases

Palmer et al (2014)37 67 ID Idiopathic ID Karyotype, fragile X, 19
subtelomeric MPLA
Preiksaitiene et al (2014)38 211 DD/ID Syndromic and nonsyndromic FISH, MLPA, or 13.7
cases of unknown etiology of karyotype
DD/ID
Redin et al (2014)3° 106 DD/ID Idiopathic ID Karyotype 245
Roberts et al (2014)40 215 DD/ID/ASD  ID/ASD Uncertain 14.9
Stobbe et al (2014)4 23 ASD Retrospective review of patients Karyotype 217
referred for autism testing (<44%patient, 1
patient with known
chromosomal
abnormality)
Tao et al (2014)42 327 DD/ID/ASD  Patients seen by a clinical Not specified 13
geneticist
Utine et al (2014)43 100 ID Idiopathic ID Karyotype, FISH 12
Uwineza et al (2014)44 50 DD/ID DD/ID/MCA Karyotype 26
Battaglia et al (2013)#5 349 DD/ID/ASD Idiopathic DD/ID/ASD or FISH or karyotype 221
dysmorphia
Lee et al (2013)6 190 DD/ID Retrospective chart review of G-banded 13.7

patients at single-center with karyotype
idiopathic DD/ID

Shoukier et al (2013)47 342 DD/ID Retrospective review of Karyotype 132
idiopathic DD/ID
Sorte et al (2013)48 50 ASD ASD G-banded 16
karyotype
Filges et al (2012)42 131 DD/ID/ASD  Consecutive patients with Karyotype 252

normal karyotype but
presenting with chromosomal
phenotypes: malformation
syndromes, syndromic and
nonsyndromic 1D, and ASD
lourov et al (2012)%° 54 ID/ASD/CA Highly selected patients from a G-banded 28
group of 2426 patients based karyotype
on clinical and cytogenic data

McGrew et al (2012) 97 ASD Retrospective review of EMR for Uncertain 6.2
patients with ASD or pervasive (karyotype?)
DD NOS
Tzetis et al (2012)2 334 DD/ID/ASD  DD/ID/ASD or with major CA or Karyotype, FISH, 251
dysmorphic features fragile X and Rett
syndromes
Bremer et al (2011)53 223 ASD 151 diagnosed ASD with normal  Karyotype 81

karyotype, 1 nonpathogenic
inherited balanced
translocation, 72 patients who
had not received karyotyping
Coulter et al (2011)># 1792 DD/ID/ASD  DD/ID/ASD, CA, dysmorphic “Majority” 73
features, seizures, hypotonia karyotype
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Study N Diagnoses Patient Description Previous Normal Yield,
Studies %

Wincent et al (2011)> 160 DD/CA Idiopathic DD/CA Karyotype, fragile X, 13.1
FISH, MPLA

Manolakos et al (2010)36 82 ID Idiopathic MR G-banded 36
karyotype

Rosenfeld et al (2010)%7 1461 ASD Retrospective review of Not specified 77

putative ASD submitted for
clinical testing

Schaefer et al (2010)8 68 ASD Retrospective review of patients Uncertain 22
who had received aCGH for
autism
Shen et al (2010)%° 848 ASD Idiopathic MR and/or G-banded 7
dysmorphism or MCAs karyotype, fragile X
Bruno et al (2009)¢° 17 DD/ID Idiopathic MR and/or CA Karyotype (400 to  15.4
650-band level)
Friedman et al (2009)8! 100 ID Moderate-to-severe idiopathic Uncertain 16
DD/MR with CA
Baldwin et al (2008)62 21 DD/ID/ASD  Various, including idiopathic G-banded 15.6
DD/ID, dysmorphic features, karyotype (“many”)
CA, ASD, or syndromal
phenotype
Christian et al (2008)63 397 ASD Nonsyndromic autism, subset of Karyotype 1.6

AGRE subjects (Roswell Park
Cancer Institute)

Marshall et al (2008)64 427  ASD ASD Karyotype (32 with 6.3
known abnormality)
Pickering et al (2008)6> 1176  DD/ID/CA Consecutive cases referred for  Karyotype (30 with 9.8
idiopathic DD/MR/MCA or visible
other dysmorphia chromosomal

abnormality), FISH
in some patients

Saam et al (2008)¢6 490 DD/ID DD/ID Karyotype 17.6
Shevell et al (2008)67 94  DD/ID DD G-banded 6.4
karyotype, fragile
X, FMR],
neuroimaging
Aradhya et al (2007a)68 20 DD/ID DD/ID and either dysmorphic ~ G-banded 30
features, CA, or growth karyotype, FISH
retardation
Aradhya et al (2007b)58 20 DD/ID As above As above 50
Ballif et al (2007)6° 6946 DD/ID Various clinical presentations, Karyotype, 2.4
most commonly DD, subtelomere FISH
dysmorphic features, and/or
MCA
Froyen et al (2007)7° 108 DD/ID Suspicious for X-linked MR G-banded 13
karyotype, FMRI1
Hoyer et al (2007)" 104 DD/ID Unselected patients with G-banded 9.1
idiopathic MR karyotype
Lu et al (2007)72 1726 DD/ID DD/ID, dysmorphic, or MCA G-banded 52
features karyotype and/or
FISH
Madrigal et al (2007)73 54 DD/ID Idiopathic MR; 52 from families Karyotype, FMR] 1.6

with X-linked inherited MR; 2
with suspicion of X chromosome
deletion
Sebat et al (2007)74 195 ASD Nonsyndromic autism; majority Karyotype 72
from AGRE or NIMH Center for
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Study

Shen et al (2007)7>

Thuresson et al (2007)76

Wagenstaller et al (2007)77

Ballif et al (2006)78

Friedman et al (2006)79

Jacquemont et al (2006)8°

Krepischi-Santos et al
(2006)2°

Lugtenberg et al (2006)8!

Menten et al (2006)82

Miyake et al (2006)83

Rosenberg et al (2006)84
Shaffer et al (2006)85

Sharp et al (2006)86

de Vries et al (2005)87

Schoumans et al (2005)88

Tyson et al (2005)89

Harada et al (2004)90

Shaw-Smith et al (2004)9

Vissers et al (2003)°92

aCGH: array comparative genomic hybridization; AGRE: Autism Genetic Resource Exchange; ASD: autism

N

21

48

67

3600

100

95

40

140

30

81
1500

290

100

41

22

69

50

20

Diagnoses

DD/ID

DD/ID
DD/ID
DD/ID
DD/ID
ASD

DD/ID

DD/ID

DD/ID

DD/ID

DD/ID
DD/ID

DD/ID

DD/ID

DD/ID

DD/ID

DD/ID

DD/ID

DD/ID

Patient Description

Collaborative Genetic Studies
on Mental Disorders
ASD

Idiopathic MR and CA

Idiopathic MR

Consecutive cases with diverse
range of DD or MR features
Idiopathic ID

Syndromic ASD

Syndromic MR or other

Idiopathic MR, suspicious for X-
linked abnormality
Idiopathic MR and MCA

Idiopathic MR with some
dysmorphic features

Idiopathic MR and CA
Consecutive patients with DD or
MR

Idiopathic MR with or without
dysmorphism or MCA

Idiopathic MR

Mild-to-severe idiopathic MR
and dysmorphism and/or
family history; patients scored
>3 on de Vries Checklist (2001)
Mild-to-moderate MR and
nonsyndromic dysmorphic
features; patients scored >3 on
de Vries Checklist (2001)
Idiopathic MR, with or without
MCA

Idiopathic MR and
dysmorphism or other features
Idiopathic MR and
dysmorphism; patients scored
>3 on de Vries Checklist (2001)

Previous Normal
Studies

Not selected by
prior results
G-banded
karyotype,
subtelomere FISH
G-banded
karyotype, FISH
(n=42)

Not specified

Karyotype
Karyotype,
biochemical tests
G-banded
karyotype, FMRI (in
some)

Karyotype

Karyotype,
subtelomere MPLA
(n=31)

G-banded
karyotype
Karyotype
Karyotype (94%),
FISH (20%) where
prior testing
available
Karyotype,
subtelomere FISH
(n=255)

G-banded
karyotype,
subtelomere MPLA
Spectral karyotype
(n=11), subtelomere
FISH (n=30)

G-banded
karyotype,
subtelomere FISH
(n=13)

Karyotype (400-
band level)
Karyotype,
subtelomere (n=41)
Karyotype

Yield,
%

81

16.4

51

1

28

15.8

75

13.6

16.7

16
56

55

10

9.8

13.6

58

14

10

spectrum disorder; CA: congenital anomaly; DD: developmental delay; EMR: electronic medical record; FISH:
fluorescent in situ hybridization; ID: intellectual disability; MCA: multiple congenital anomalies; MLPA: Multiplex
Ligation-dependent Probe Amplification; MR: mental retardation; NIMH: National Institute of Mental Health.
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Six additional studies published after 2015 are summarized in Table 4.93:949596.97.98 The diagnostic
yields were generally higher than in studies conducted prior to 2016. In the first study by Ho et al
(2016), the overall detectionrate of copy number variant (CNVs) was 29.4 (9.2% pathogenic, 20.2%
variant of uncertainsignificance) in 5487 patients.” In the second study by Ho et al (2016), the overall
detection rate of CNVs was 28.1% (8.6% pathogenic, 19.4% variant of uncertain significance) in 10,351
consecutive patients, with an averageof 1.2 reportable CNVsper individual®® The overlapof patients

in the 2 reports is unclear.

Table 4. Diagnostic Yield of Studies of Patients With Developmental Delay, Intellectual
Disability, and ASD Published After 2015

Study

N

Chaves et al (2019)93 420

Hu et al (2019)%4

Xu et al (2018)°5

Sansovic et al
(2017)%6

Ho et al (2016)°7

Ho et al (2016)°8

633

434,

337

5487

10,351

Diagnoses

DD/ID/facial
dysmorphism/ASD

DD/ID/ASD

DD/ID/ASD

DD/ID/ASD or CAs

DD/ID/ASD

DD/ID/ASD or

multiple CAs

Patient Description

Children in Brazil with
neurodevelopment
disorders (62% male;
mean age, 9.5 y; range

Oto49y)

Children in China with
DD/ID/ASD (359 males,
274 females; age range,

3mo to17y)

Children in China with
DD/ID/ASD (371 boys,
63 girls; mean age, 6 y;
range, 4 mo to 17 y)

Children in Croatia with

DD/ID/ASD or CA

(median age, 7 y; range,

1moto 25y)

DD/ID/ASD with or
without multiple CAs,
speech/language delay

Previous
Normal Studies
Karotype
(n=138)

Uncertain

Uncertain

Some patients
had previous
classical
cytogenetic and
molecular
cytogenetic
methods
Uncertain

DD/ID/ASD or multiple Uncertain

CAs

Yield, %

18 (all)

20.06 (all)

13.6 (all)

147
(excluding
ASD)

12 (only ASD)
2156 (all)

29.4 (all)
33
(excluding
ASD)

25 (only
ASD)

281 (all)
33
(excluding
ASD)

24.4 (only
ASD)

ASD: autism spectrum disorder; CA: congenital anomaly; DD: developmental delay; ID: intellectual disability.

Studies that reported on diagnostic yield for congenital anomalies are summarized in Table 5. No
studies were identified that evaluated the diagnostic yield of CMA for idiopathic language delay.
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Table 5. Diagnostic Yield Studies in Patients With Congenital Anomalies

Study N Diagnoses Patient Description Previous Yield
Normal
Studies
Hu et al (2016)9° 119 Idiopathic  Height of the individual is below Uncertain  3/119 (2.5%) identified
short 2 SDS of the corresponding with a pathogenic CNV
stature mean height for a given age,

sex, and population group, and
no known causes can be found

Lu et al (2008)1°° 638 Birth Neonates with possible Uncertain 109 (17.1%) patients
defects chromosomal abnormality, were identified with
ambiguous genitalia, clinically significant
dysmorphic features, multiple CNVs most of which
congenital anomalies, would not have been
congenital heart disease defined by karyotyping

CNV: copy number variant; SDS: standard deviation score.

Clinically Useful

Atestis clinically useful if the use of theresultsinformsmanagement decisions that improve the net
health outcome of care. The net health outcome can beimproved if patients receive correct therapy,
or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Direct Evidence

Direct evidence of clinical utility is provided by studies that have compared health outcomes for
patients managed with and without the test. Because these are intervention studies, the preferred
evidence would be from randomized controlled trials.

Chain of Evidence
Indirect evidence on clinical utility rests on clinical validity. If the evidence is insufficient to
demonstrate test performance, no inferences can be made about clinical utility.

As noted, CMAtesting hasa higher diagnosticyield than standard karyotyping, which is an accepted
testin the evaluation of developmental delay/intellectual disability, ASD, and congenital anomalies.
In some cases, disorders are defined by the presence of a genetic variant or genetic testing can
contribute to the diagnosis.

In some cases, a specificdiagnosis leads to management changes thatare either standard of care or
are likely to lead to improvements in outcomes.

Changes in Management

Areasonable body of literature has evaluated whether the establishment of a definitive diagnosis in
patients with developmental delay/intellectual disability, ASD, and/orcongenital anomalies leads to
changesin management thatare likely to improve outcomes. Of particular interestis the use of CMA
testing to make a specific genetic diagnosis in a patient with developmental delay/intellectual
disability, ASD, and/orcongenital anomalies is the effect of that diagnosis on the patient’s family.
Because many affected patientswill be evaluated for testingin childhood, the implications of testing
on family members and the reciprocal effect on the patient are considerations.

Results of 6 retrospective studies that examined the potential impact of CMA results on clinical
decisions are summarized in Table 6. These studies collectively indicate that identified pathogenic
variants can prompt clinical actions potentially impacting morbidity. Less clear is how often
outcomes will beimproved and in which cases interventions might have occurred in the absence of
testing. The proportion that may benefit willdepend on the variants identified as well as diagnostic
yield, which in turn depends on phenotype severity. Studies did not report on any follow-up or
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Congenital Anomalies

management changes in patients without identified pathogenic variants. In addition to reducing
morbidity, bringing closure to a diagnosticodyssey is a reason for genetic testing cited by parents'™
and noted as an outcome in case series and reports.'® For example, Turner et al (2008) found a
median of 16.5 years from the initial medical contact to identify a causal variant in 38 extended
families with fragile X syndrome.’® Saam et al (2008) noted that CMA testing may influence that
odyssey.?® Parents cite obtaining services and support as a reason for testing but how the frequency
can impact outcomes is difficult to quantify. The studies reviewed convey a set of intermediate
outcomes likely to favorably affect the health of some children. Lacking are end-to-end studies
following children at presentation to final outcomes. In addition to these studies, Lingen et al (2016)
has reported a benefit for maternal quality of life if aCGH tests succeed to clarify the etiologic
diagnosis in an affected child.’%

Table 6. Studies Reporting Management Changes After CMA Testing

Study

Hayeems et
al (2015)105

Henderson et
al (2014)34

Tao et al
(2014)42
Ellison et al
(2012)1086

Coulter et al
(2011)>+

Dates
Testing

2009-
201

2009-
2012

2011-
2013
2004~
20M

2009-
2010

Patients Diagnostic

(Tests) Yield, n (%)
or%

752 (DD 14 (15.2)F 72

and/or CA) (9.6)9

1780 12.7

(DD/ID/ASD

(81.5% of 227

abnormal)

327 n3

DD/ID/ASD

46,298 DD/ID, 5.4

dysmorphic,

neuro-

behavioral,

others

1792 7.395.8b

DD/ID/ASD

or CA

Pathogenic,
n

N4

187

Qe

1259

1210 730,

Actionable, n (%)

o 79.6% (364/457)
with reportable
results

®  624% (184/295)
with benign
results received
medical
recommendations

102 (54.5)

6 (667)

441 (35)d

65 (53.7)0 25 (34.2)°

Clinical

Management

Changes, n (%)

® Specialist

consults: 221

(377)

Imaging: 125

(21.3)

e |ab tests: 70
(12.0)

® Surveillance:
88 (15.0)

e  Family: 82
(14.0)

e Referral: 84
(44.9)

® Screening: 11
(5.9)

® Imaging: 38
(20.3)

e |ab tests: 29
(15.5)

Clinically
actionable
responses
included
additional specific
tests for
monitoring
specific disorders.

e Referral: 67
(60)@ and 1
(29)°

® |maging: 25
(22)e and 9
(24)p

® | ab tests: 20
(18) and 18
(@7)
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Study Dates Patients Diagnostic Pathogenic, Actionable, n (%) Clinical
Testing (Tests) Yield, n (%) n Management
or% Changes, n (%)
Saam et al 2005- 490 DD/ID 17.6 48 34 (70.8) e Referral: 7
(2008)e6 2007 (14.6)
® Screening: 8
(16.7)
e  Avoid further
genetic

testing: 12 (25)
® |mproved
access to
services: 12
(25)
® Reproductive
recurrence
risk: 17 (35.4)
ASD: autism spectrum disorder; CA: congenital anomaly; CMA: chromosomal microarray; DD: developmental
delay; ID: intellectual disability.
a Abnormal.
b Possibly significant.
¢ Percentages as reported in the publication-denominators varied from 121 and 73.
d Assumed to be from pathogenic results oligonucleotide arrays.
e Of the 215 patients with DD/ID or ASD.
f Clinically significant.
9 Uncertain, likely clinically significant.

Reproductive Decision Making

Risk estimates for recurrence of disease in future births can be altered considerably by information
from the genetic diagnosis (see Table 7). Having a child with ASD appears to impact reproductive
decision-making or so-called reproductive stoppage. For example, Hoffmann et al (2014) examined
reproductive stoppage in families with ASD using the California Department of Developmental
Services database linked to birth certificates.'”” Between 1990 and 2003, 19,710 families with 39,361
siblings and half-siblingswere identified. Birth histories in these families were then compared with a
control group (matched 2:1by sex, birth year, maternal age, ethnicity /race, and county). Investigators
found fertility ratesin case and control families similarin the 2 years following the birth of a child with
ASD, but, in the subsequent years, the rate was 33% (95% confidence interval [Cl], 30% to 37%) lower
in families having a child affected by ASD.

Table 7. Sibling Recurrence Risk After Identification of Different Types of Genomic Abnormalities
Associated With ASD

Type of Genetic Clinical Example Sibling Recurrence Risk
Abnormality
Dominant single-gene  Tuberous sclerosis: involves abnormalities of 50% if parent carries the disease-
disorder with full the skin, brain, and heart; associated with ID causing variant (i.e, not a de novo
penetrance and ASD variant)
Recessive single-gene Smith-Lemli-Opitz syndrome: congenital 25%
disorder multiple anomaly syndrome; associated
with ASD
X-linked single-gene Fragile X syndrome: most common cause of Brother: 50%
disorder mental retardation; associated with ASD Sister: up to 50% will be carriers or
might be mildly affected
Copy number variant Prader-Willi syndrome/Angelman Same as population prevalence if de
syndrome (15q11-q13 duplication) novo (i.e, not found in parents)

ASD: autism spectrum disorder; ID: intellectual disability.
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Section Summary: Chromosomal Microarray Testing

The evidence for use of CMA testing for a definitive diagnosis in individuals with developmental
delay/intellectual disability, ASD, and/or congenital anomalies consists of studies reporting on the
yield of a positive test in affected individuals, combined with a chain of evidence to support the
clinical utility of testing. The testing yield variesby the underlying population tested, but is generally
higher than 10%, with higher rates in patients with congenital anomalies. While direct evidence of
improved outcomes with CMA compared with karyotype is lacking, for at least a subset of the
disorders potentially diagnosed with CMA in this patient population, there are well-defined and
accepted management steps associated with positive test results. Further, there is evidence of
changes in reproductive decision-making as a result of positive test results. For children with
idiopathicgrowth or language delay, clinical validity hasnot been established and there is no direct
or indirect evidence to support clinical utility.

Next-Generation Sequencing Panel Testing

Clinical Context and Test Purpose

The purpose of gene panel testing with next-generationsequencingis to identify a genetic cause for
individuals with developmental delay/intellectual disability, ASD, and congenital anomalies. A
geneticdiagnosis may end a diagnosticodyssey, improve treatment, facilitate the management of
associated medical conditions, and permit carrier testing to assess risks to future offspring.

The following PICO was used to select literature to inform this review.

Populations

Therelevant populationof interest is children with developmental delay/intellectual disability, ASD,
and congenital anomalies for whom the cause of the disorder has not been identified after CMA
testing.

Interventions

Therelevantintervention of interestis gene panel testing with next-generation sequencing. Referral
for geneticcounselingisimportantfor the explanation of the geneticdisease, heritability, geneticrisk,
test performance, and possible outcomes.

Comparators

The following test is currently being used to diagnose developmental delay/intellectual disability,
ASD, and congenital anomalies: CMA testing. Referral for genetic counseling is important for the
explanation of the geneticdisease, heritability, geneticrisk, test performance, andpossible outcomes.

Outcomes

The potential beneficial outcomes of interest are the identification of genetic bases of the disorder,
avoidance of future testing, changes in management that lead to an improvement in health
outcomes, and identification of unaffected carriers.

Potential harmful outcomes are those resulting from a false-positive or false-negative test result.
False-positive test results can lead to an incorrect diagnosis and inappropriate treatment. False-
negative test results can lead to the absence of appropriate treatment and continuation of the
diagnostic odyssey.

Follow-up to monitorfor outcomesvaries from immediately following testing to identify diagnostic
accuracy to long-term health outcomes subsequent to management changes.

Study Selection Criteria

For the evaluation of clinical validity of the gene panel testing with next-generation sequencing,
studies that met the following eligibility criteria were considered:
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e case series or cohort studies that enrolled 20 or more patients with clinical diagnoses of
developmental delay/intellectual disability or ASD with known or suspicion of genetic
abnormalities, with or without negative results by CMA testing on enrolled patients, or

e examined management decisions and/or patient outcomes based on genetic evaluation
results.

Clinically Valid
A test must detect the presence or absence of a condition, the risk of developing a condition in the
future, or treatment response (beneficial or adverse).

Systematic Review

Furley et al (2025) conducted a systematic review and meta-analysisto evaluate the diagnostic yield
of investigations requested for children with different presentations for symptoms of
neurodevelopmental delay and/ordevelopmental regression?® Fifteen publications of children =18
years of age with symptoms of developmental regression, defined as a reported loss of established
skill(s) in at least 1 of any of these domains: speech/language, fine and or gross motor, social,
cognitive and or functional abilities, without an explanatory diagnosis were included in the meta-
analysis. Children were grouped into 4 distinct categories: neurodevelopmental disability (NDD),
developmental epileptic encephalopathy (DEE), suspected genetic condition-Rett syndrome, and
suspected metabolic conditions - inborn error of metabolism (IEM), with further subdivision of the
NDD category; NDD-delay refers to children who were not reaching age expected abilities in any
developmental domain, children with NDD and autismwith and without developmental delays were
grouped as NDD-autism, and children with NDD and undifferentiated neurological symptoms were
grouped as NDD-neuro. The type of investigations were also divided into 4 categories
(genetic/genomic, metabolic, neuroimaging, and neurophysiology). The diagnostic yield for
genetic/genomic investigations, which include next-generation sequencing [NGS], whole exome
sequencing [WES] and mitochondrial disorder gene panels, was 70% (6 studies, N=142, 95%
confidenceinterval [Cl]: 47 to 92), compared with 28% for metabolic (5 studies, N=286, 95% Cl: O to
64),13% neurophysiological (2 studies, N=127, 95% Cl: O to 39), and 6% for neuroimaging (2 studies,
N=41, 95% CI: O to 10). Notable limitations include, but are not limited to, overlapping symptoms
betwixt conditions, no definitive definition of developmental regression, small sample size, and inter-
and intra-heterogeneity within the included studies.

Case Series or Cohort Studies

Several studies have assessed next-generation sequencing panel testing on samples from patients
with intellectual disability with negative aCGH testing. Table 8 summarizes the diagnostic yield. For
example, Grozeva et al (2016) reportedthat next-generation sequencing targeted testing resulted in
an 11% additional diagnosticyield beyond the 10% to 15% yield from aCGH alone!®® However, Kalsner
et al (2018) reported no increase in yield using a next-generation sequencing panel.°

Table 8. Diagnostic Yield Studies Published

Study N Diagnoses Patient Description Previous Normal Yield
Studies
Kalsner 100 ASD Consecutive children referred to a single US. Performed CMA yield: 12%
et al neurogenetics clinic with a confirmed concurrently with (included
(2018)"0 diagnosis of ASD without a known genetic CMA pathogenic CNVs
diagnosis suspected to be causative of ASD and VUS) NGS
panel yield: 11%
(included

pathogenic or
likely pathogenic
variants [VUS likely
pathogenic])
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Study N Diagnoses Patient Description Previous Normal Yield
Studies
Grozeva 986 M-to-S ID 996 patients with M-to-S ID from the UK. Negative CMA N% had likely
et al (70%), Australia, Spain, U.S, and Italy. testing at 500 kb pathogenic rare
(2015)109 Studied phenotypes included: 905 cases with resolution, and variant (8% had
CHD; 911 cases with ciliopathy, coloboma, testing for fragile likely pathogenic
neuromuscular disease, severe insulin X and Prader- loss-of-function
resistance, congenital thyroid disease. Willi or Angelman variant and 3%
syndrome had known
pathogenic
missense variant)
Redinet 166 ID ID patients with or without associated Negative for Overall diagnostic
al autistic-like features, fragile X, and other aCGH yield: 25%, with 26
(2014)39 specific genetic conditions causative variants
(16 X-linked, 10 de
novo in
autosomal-

dominant genes)
aCGH: array comparative genomic hybridization; ASD: autism spectrum disorder; CHD: congenital heart
disease; CMA: chromosomal microarray; CNV: copy number variant; ID: intellectual disability; M-to-S:
moderate-to-severe; NGS: next-generation sequencing; VUS: variant of uncertain significance.

Clinically Useful

Atestis clinically useful if the use of theresults informs management decisions that improve the net
health outcome of care. The net health outcome can beimproved if patients receive correct therapy,
or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Direct Evidence

Direct evidence of clinical utility is provided by studies that have compared health outcomes for
patients managed withand without the test. Because these are intervention studies, the preferred
evidence would be from randomized controlled trials.

No peer-reviewed, full-length randomized trials on the clinical utility of the commercially available
next-generation sequencing panels for developmental delay/intellectual disability or ASD were
identified.

Chain of Evidence
Indirect evidence on clinical utility rests on clinical validity. If the evidence is insufficient to
demonstrate test performance, no inferences can be made about clinical utility.

Becausetheclinical validity of next-generation sequencing testing in these populations hasnot been
established, a chain of evidence supporting the clinical utility of next-generation sequencing cannot
be constructed.

Section Summary: Next-Generation Sequencing Panel Testing

It is arguable that a chain of evidence for the use of CMA testing in evaluating developmental
delay/intellectual disability, ASD, and/or congenital anomalies would apply to next-generation
sequencing panels. However, the clinical validity of next-generation sequencing panels is less well-
established than for CMA Thetesting yield and likelihood of an uncertain result are variable, based
onthegenepanel, genetested, and patient population. There are real risks of uninterpretable and
incidental results. Therefore, current evidence does not permit conclusions on whether next-
generation sequencing panel testing improves outcomes.
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Summary of Evidence

Forindividuals whohave developmental delay/intellectual disability, autism spectrumdisorder (ASD),
or multiple congenital anomalies not specific to a well-delineated genetic syndrome who receive
chromosomal microarray (CMA) testing, the evidence includes primarily case series. Relevant
outcomes are test validity, changes in reproductive decision making, morbid events, and resource
utilization. The available evidence supports test validity. Although systematic studies of the impact of
CMA on patient outcomes are lacking, the improvement in diagnostic yield over karyotyping has
been well-demonstrated. Direct evidence of improved outcomes with CMA compared with
karyotypingis also lacking. However, forat least a subset of the disorders potentially diagnosed with
CMA testing in this patient population, there are well-defined and accepted management steps
associated with positive test results. Further, there is evidence of changes in reproductive decision-
making as aresult of positive test results. Theinformation derived from CMA testing can accomplish
the following: it could end a long diagnostic odyssey, reduce morbidity for certain conditions by
initiating surveillance/management of associated comorbidities, or it could impact future
reproductive decision makingfor parents. The evidence is sufficientto determine that the technology
results in an improvement in the net health outcome.

For individuals who have developmental delay/intellectual disability, ASD, or multiple congenital
anomalies not specific to a well-delineated genetic syndrome who receive next-generation
sequencing panel testing, the evidence includes primarily case series and 1systematic review.
Relevant outcomes are test validity, changes in reproductive decision-making, morbid events, and
resource utilization. The diagnosticyield associated with next-generation sequencing panel testingin
this patient population is not well-characterized. The testing yield and likelihood of an uncertain
result arevariable, based on the gene panel, genetested, and patient population; additionally, there
arerisks of uninterpretable and incidental results. The evidence is insufficient to determine that the
technology results in an improvement in the net health outcome.

Supplemental Information
The purpose of the following information is to provide reference material. Inclusion does not imply
endorsement or alignment with the evidence review conclusions.

Practice Guidelines and Position Statements

Guidelines or positionstatements will be considered forinclusionin ‘Supplemental Information' if they
were issued by, or jointly by, a U.S. professional society, an international society with U.S.
representation, or National Institute for Health and Care Excellence (NICE). Priority will be given to
guidelines that areinformedby a systematicreview, include strength of evidence ratings, andinclude
a description of management of conflict of interest.

American Academy of Child and Adolescent Psychiatry

In 2014, the American Academy of Child and Adolescent Psychiatry updated its guidelines on the
assessment and treatment of children and adolescents with autism spectrum disorder (ASD)." The
Academy recommended that “all children with ASD should have a medical assessment, which
typically includes physical examination, a hearing screen, a Wood's lamp examination for signs of
tuberous sclerosis, and genetic testing, which may include G-banded karyotype, fragile X testing, or
chromosomal microarray.”

American Academy of Neurology and Child Neurology Society

In 2011, the American Academy of Neurology and the Child Neurology Society updated their
guidelines on the evaluation of unexplained developmental delay and intellectual disability with
information on genetic and metabolic (biochemical) testing to accommodate advances in the
field."2 The guidelines concluded that CMA testing has the highest diagnostic yield in children with
developmental delay/intellectual disability, that the “often complexresults require confirmation and
careful interpretation, often with the assistance of a medical geneticist,” and that CMA should be
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considered the “first-line”test. The guidelines acknowledged that “Research is sorely lacking on the
medical, social, and financial benefits of having an accurate etiologic diagnosis.”

American Academy of Pediatrics

In 2014, the American Academy of Pediatrics (AAP) issued a clinical report on the optimal medical
genetics evaluation of a child with developmental delays or intellectual disability.’> Regarding
chromosomal microarray (CMA) testing, this report stated: “CMA now should be considered a first-
tier diagnostictestin all children with [global developmentaldelay/intellectual disability] GDD/ID for
whom the causal diagnosisis not known.... CMA is now the standard for diagnosis of patients with
GDD/ID, as well as other conditions, such as autism spectrum disorders or multiple congenital
anomalies.”

In 2020, the AAP issued aclinical report on identifying infantsand young children with developmental
disorders through surveillance and screening.™® The reportproposeda screening model that included
performing a complete medical evaluation and stated that: "A child with suspected global
developmental delay or intellectual disability should have laboratory testing done, including
chromosomal microarray andfragile X testing [...] Further testing may be indicated when a diagnosis
is not established with initial laboratory evaluation including whole exome sequencing and gene
panels."

American College of Medical Genetics

The American College of Medical Genetics (ACMG)(2021) published a clinical practice resource on the
use of exome and genome sequencing(ES/GS) technologies in the care of pediatric patientswith one
or more congenital anomalies (CA) with onset prior to age 1year or developmental delay (DD) or
intellectual disability (ID) with onset prior to age 18 years."> The guideline states: "We strongly
recommend ES and GS as a first-tier or second-tier test (guided by clinical judgment and often
clinician—patient/family shared decision makingafter CMA or focused testing) for patients with one
or more CAs prior to one yearof age or for patients with DD/ID with onset prior to 18 years of age.”

The American College of Medical Genetics (ACMG) (2010; reaffirmed 2020) published a clinical
practice resource on array-based technologies and their clinical utilization for detecting
chromosomal abnormalities."™®'” CMA testing for copy numbervariants was recommended as a first-
line test in the initial postnatal evaluation of individuals with the following:

e Multiple anomalies not specific to a well-delineated genetic syndrome

e Apparently nonsyndromic developmental delay/intellectual disability

e Autism spectrum disorder (ASD)

Other ACMG guidelines have addressed the design and performance expectations for clinical
microarrays and associated software®"® and for the interpretation and reporting of copy number
variants," both intended for the postnatal setting.

A 2013 updateincluded recommendations on the validation of microarray methodologies for both
prenatal and postnatal specimens.™ The guideline revisions from ACMG (2013) statedthat a stepwise
ortiered approach to theclinical geneticdiagnostic evaluation of ASD is recommended, with the first
tier including fragile X syndrome and CMA, and the second tier MECP2 and PTEN testing.'®° The
guidelines stated that: “this approach will evolve with continuedadvancements in diagnostic testing
and improved understanding of the ASD phenotype. Multiple additional conditions have been
reported in association with an ASD phenotype, but none of these has been evaluated in a large
prospective cohort. Therefore, a future third tier of evaluation is a distinct possibility. Further studies
would be needed to elevate the evidence to the point of recommended testing. Alternatively,
advances in technology may permit bundling of individual tests into an extended, more readily
accessible, and less expensive platform. The accumulating evidence using next-generation
sequencing (third-tier testing) willincrease the diagnostic yield even more over the next few years.”
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U.S. Preventive Services Task Force Recommendations
Not applicable.

Medicare National Coverage
Thereis no national coverage determination. In the absence of a national coverage determination,
coverage decisions are left to the discretion of local Medicare carriers.

Ongoing and Unpublished Clinical Trials
Table 9. Summary of Key Clinical Trials

NCT No. Trial Name Planned Completion
Enroliment Date

Ongoing

NCT04727489  Study of the Genetic Factors Involved in Autism and Related 3800 Mar. 2036
Disorders

NCT05480826 Familial and Functional Study of Genetic Variants Identified in 50 Sep. 2028
People With Schizophrenia, Bipolar Disorder, Autism Spectrum
Disorder or Resistant Depression
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Documentation for Clinical Review

Please provide the following documentation:

e History and physical and/or consultation notes including:
o Clinical findings (i.e., pertinent symptoms and duration)
o Birth records (if applicable)
o Diagnosis
o Treatment plan (if applicable)

e Genetic counseling notes (if applicable)

e Specific test(s) requested

e Radiology report(s) and interpretation (i.e.,, MRI, CT, PET)

e Other pertinent multidisciplinary notes/reports: (i.e, psychological or psychiatric evaluation,
physical therapy, multidisciplinary pain management), when applicable

Post Service (in addition to the above, please include the following):
e Laboratory report(s)

Coding

Thelist of codes in this Medical Policy is intended as a general reference and may not coverall codes.
Inclusion or exclusion of a code(s) does not constitute or imply member coverage or provider
reimbursement policy.

Type Code Description

Copy number (e.g., intellectual disability, dysmorphology), sequence
0156U analysis

(Includes SMASH™, New York Genome Center, Marvel Genomics™)
CcPT® Neurology (autism spectrum disorder [ASD]), RNA, next-generation
0170U sequencing, saliva, algorithmic analysis, and results reported as
predictive probability of ASD diagnosis

(Includes Clarifi™ Quadrant Biosciences, Inc)
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Type Code Description

Cytogenomic constitutional (genome-wide) analysis, interrogation of
genomic regions for copy number, structural changes and areas of
homozygosity for chromosomal abnormalities

(Includes CNGnome ™, PerkinElmer Genormics)
Cytogenomic(genome-wide) analysis for constitutional chromosomal
81228 abnormalities; interrogation of genomic regions for copy number
variants, comparative genomic hybridization [CGH] microarray analysis
Cytogenomic(genome-wide) analysis for constitutional chromosomal
abnormalities; interrogation of genomic regions for copy number and
single nucleotide polymorphism (SNP) variants, comparative genomic
hybridization (CGH) microarray analysis

Cytogenomic(genome-wide) analysis for constitutional chromosomal
81349 abnormalities; interrogation of genomic regions for copy number and
loss-of-heterozygosity variants, low-pass sequencing analysis
X-linked intellectual disability (XLID)(e.g., syndromic and non-syndromic
XLID); genomic sequence analysis panel, must include sequencing of at
81470 least 60 genes, including ARX, ATRX, CDKL5, FGD1, FMR1, HUWE],
ILTIRAPL, KDM5C, L1ICAM, MECP2, MED12, MID]1, OCRL, RPS6KA3, and
SLC16A2

X-linked intellectual disability (XLID)(e.g., syndromic and non-syndromic
XLID); duplication/deletion gene analysis, must include analysis of at
81471 least 60 genes, including ARX, ATRX, CDKL5, FGD1, FMRI1, HUWE],
ILTRAPL, KDM5C, L1ICAM, MECP2, MEDI12, MID1, OCRL, RPS6KA3, and
SLC16A2

Comparative genomic hybridization (CGH) microarray testing for
HCPCS S3870 developmental delay, autism spectrum disorder and/or intellectual
disability

0209U

81229

Policy History

This section provides a chronological history of the activities, updates and changes that have
occurred with this Medical Policy.

Effective Date | Action
03/01/2026 New policy.
06,/01/2026 Administrative update. Definitions of Decision Determinations section updated.

Definitions of Decision Determinations

Healthcare Services: Forthe purpose ofthis Medical Policy, Healthcare Services means procedures,
treatments, supplies, devices, and equipment.

Medically Necessaryor Medical Necessity meansreasonable andnecessaryservices to protect life,
to preventsignificantillnessor significant disability, or alleviate severe pain through the diagnosis or
treatment of disease, illness, or injury, as required under W&l section 14059.5(a) and 22 CCR section
51303(a). Medically Necessaryservices must include services necessary to achieve age-appropriate
growth and development, and attain, maintain, or regain functional capacity.

For Members less than 21 years of age, a service is Medically Necessary if it meets the Early and
Periodic Screening, Diagnostic, and Treatment(EPSDT) standard of Medical Necessity set forth in 42
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USC section 1396d(r)(5), as required by W&l sections 14059.5(b) and 14132(v). Without limitation,
Medically Necessary services for Membersless than 21 years of age include all services necessary to
achieve or maintain age-appropriate growth and development, attain, regain or maintain functional
capacity, orimprove, support, ormaintain the Member's current health condition. Contractor must
determine Medical Necessity on a case-by-case basis, taking into account the individual needs of the
Child.

Criteria Determining Experimental/Investigational Status

Below is an excerpt of the language taken from California Children’s Services Numbered Letter 0O5-

1020.*
*Department of Healthcare Services Numbered Letter 05-1020. Accessed April 21,2026, from
https://www.dhcs.ca.gov/services/ccs/Documents/CCS-N L-05-1020- Experi mental-and-Investigati onal-
Services.pdf

Policy
A. TheCalifornia Children’s Services (CCS)Program and the Genetically Handicapped Persons

Program (GHPP) will not provide coverage for experimental services unless specifically

authorized by law.

B. The CCS Program and GHPP may provide coverage for an investigational service if:

1. Itis approved by the FDA under any Investigational New Drug (IND) Application; or

2. ltis authorized for use under the State of California’s Right to Try Act; and

3. lItsuseis consistent with its FDA-approved IND Application or the State of California’s
Right to Try Act;

C. Additional criteria that will be considered in the adjudication process include:

1. Conventional therapy will not adequately treat the intended patient’s condition;

2. Conventional therapy will not prevent progressive disability or premature death;

3. The provider of the proposed service has a record of safety and success with it or
equivalent to that of other providers of the investigational services;

4. Other criteria(e.g., cost and availability) may be consideredin the adjudication of a given
request in cases in which more than one investigational service is available;

5. Thereisreasonable expectationthattheinvestigational service will significantly prolong
the patient’s life or willmaintain or restore a range of physical and social function suited
to activities of daily living; and

6. Theserviceis notbeing performed as part of aresearch study protocol. For a beneficiary
with cancer who participates in a clinical trial for cancer, California Health and Safety
Code (HSC) §1370.6 requires that all routine patient care costs related to the clinical trial
be covered if the beneficiary's CCS-paneled treating physicianrecommends participation
in the clinical trial after determining that participation in the clinical trial has a
meaningful potential to benefit the enrollee. The coverage does not include
investigational services that have notbeen approved by the FDA and that are associated
with the clinical trial.

Feedback

Blue Shield of California Promise Health Plan is interested in receiving feedback relative to
developing, adopting, and reviewing criteria for medical policy. Any licensed practitioner who is
contracted with Blue Shield of California Promise Health Plan is welcome to provide comments,
suggestions, or concerns. Our internal policy committees will receive and take your comments into
consideration. Our medical policies are available to view or download at
www.blueshieldca.com/en/bsp/providers.

For medical policy feedback, please send comments to: MedPolicy@blueshieldca.com
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Questions regardingthe applicability of this policy should be directed to the Blue Shield of California
Promise Health Plan Prior Authorization Department at (800) 468-9935, or the Complex Case

ManagementDepartmentat (855) 699-5557(TTY 711) for San Diego County and (800) 605-2556 (TTY
711) for Los AngelesCounty orvisit the provider portal at www.blueshieldca.com/en/bsp/providers.

Disclaimer: Blue Shield of California Promise Health Plan may consider published peer-reviewed scientific
literature, national guidelines, and local standards of practice in developing its medical policy. Federal and state
law, as well as member health services contract language, including definitions and specific contract
provisions/exclusions, take precedence over medical policy and must be considered first in determining covered
services. Member health services contracts may differ in their benefits. Blue Shield of California Promise Health
Plan reserves the right to review and update policies as appropriate.

Reproduction without authorization from Blue Shield of California Promise Health Plan is prohibited.


https://www.blueshieldca.com/en/bsp/providers

	State Guidelines
	Policy Statement
	Policy Guidelines
	Description
	Related Policies
	Benefit Application
	Regulatory Status
	Health Equity Statement
	Rationale
	References
	Documentation for Clinical Review
	Coding
	Policy History
	Definitions of Decision Determinations
	Feedback

