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Chromosomal Microarray and Low-pass Whole Genome
Sequencing

Policy Number: AHS — M2033 - Prior Policy Name and Number, as
Chromosomal Microarray and Low-pass applicable:

Whole Genome Sequencing
AHS — M2033 — Chromosomal Microarray

Initial Policy Effective Date: 02/01/2026

I. POLICY DESCRIPTION
Il. RELATED POLICIES
111. INDICATIONS AND/OR LIMITATIONS OF COVERAGE
IV. TABLE OF TERMINOLOGY

V. SCIENTIFIC BACKGROUND

VI. GUIDELINES AND RECOMMENDATIONS
VII.LAPPLICABLE STATE AND FEDERAL REGULATIONS
VIII. APPLICABLE CPT/HCPCS PROCEDURE CODES

IX. EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

Chromosomal microarray (CMA) testing refers to the use of comparative genomic
hybridization (CGH) arrays to detect small (10 to 100kb) duplications or deletions of
chromosomal DNA (copy number variants or CNVs), similarity in single nucleotide
sequences (homozygosity), and triploidy when chromosomal abnormality is suspected
based on clinical presentation (Schrijver & Zehnder, 2024). Genetic counseling is
strongly recommended for individuals being considered for chromosomal microarray
testing. Low-pass whole genome sequencing (low-pass WGS) is a method of WGS that
is less expensive and has lower coverage than standard WGS. Low-pass WGS maintains
a high accuracy for detecting single nucleotide sequences by using imputation
algorithms (Gencove, 2023).

For guidance on whole exome sequencing, please see AHS-M2032-Whole Genome
and Whole Exome Sequencing.

Il. Related Policies

Page 1 of 33



V' 4
JIMVP

HEALTH CARE

Policy Policy Title
Number
AHS-G2055 | Prenatal Screening for Fetal Aneuploidy

AHS-M2032 | Whole Genome and Whole Exome Sequencing

AHS-M2075 | Genetic Testing for Epilepsy

AHS-M2176 | Testing for Autism Spectrum Disorder and Developmental Delay
AHS-M2179 | Prenatal Screening (Genetic)

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “"Applicable State and Federal Regulations” section of this policy document.

1) To evaluate any second-trimester or later pregnancy loss or the second consecutive
first-trimester pregnancy loss, chromosomal microarray (CMA) testing or low-pass
whole genome sequencing (low-pass WGS) of the products of conception (e.g., fetal
tissue and/or the fetus) MEETS COVERAGE CRITERIA.

2) Prenatal CMA testing or low-pass WGS MEETS COVERAGE CRITERIA when any of
the following conditions are met:

a) When diagnostic testing for fetal aneuploidy is needed for pregnant individuals
undergoing invasive prenatal testing (i.e., amniocentesis, chorionic villus
sampling, or fetal tissue sampling).

b) When non- invasive prenatal screening (NIPS) results require confirmation.

c) As a follow-up test for any smaller copy-number changes that were reported as
positive by NIPS.

d) When ultrasound examination reveals one or more structural abnormalities.

e) When, regardless of gestational age, fetal growth restriction is detected and a
fetal malformation or polyhydramnios (or both) are also present.

f)  When unexplained isolated fetal growth restriction is diagnosed at <32 weeks of
gestation.

g) When there is intrauterine fetal demise or stillbirth in the third trimester and CMA
is indicated to determine the potential cause.

h) When the fetus is at high risk for a chromosome abnormality detectable by CMA,
based on family history.

3) Evaluation with CMA testing or low-pass WGS MEETS COVERAGE CRITERIA for any
of the following situations:
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a) For individuals with multiple congenital anomalies that are not specific to a well-
delineated genetic condition and cannot be identified based on clinical
evaluation alone.

b) For individuals with non-syndromic developmental delay/intellectual delay.
c) Forindividuals with autism spectrum disorder.
d) For individuals with a suspected inherited seizure disorder.

e) When sex determination by NIPS is discordant with physical examination or
clinical findings are suggestive of a disorder of sexual differentiation.

f) For individuals with proportionate short stature with other physical or structure
defects.

4) When performed in parallel with fetal diagnostic testing, maternal cell contamination
(MCC) analysis MEETS COVERAGE CRITERIA.

5) For central nervous system (CNS) tumors and pediatric solid and soft tissue tumors,
CMA testing MEETS COVERAGE CRITERIA.

6) When a chromosomal trisomy is suspected, postnatal CMA testing DOES NOT MEET
COVERAGE CRITERIA.

7) Co-testing CMA and low-pass WGS DOES NOT MEET COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

8) For all other situations not described above, CMA testing DOES NOT MEET
COVERAGE CRITERIA.

IV. Table Of Terminology

Term Definition

AAN American Academy of Neurology

AAP American Academy of Paediatrics

ACMG American College of Medical Genetics and Genomics
American College of Obstetricians and

ACOG Gynaecologists

AMP Association For Molecular Pathology

ASD Autism Spectrum Disorder

ASRM American Society for Reproductive Medicine
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CCMG Canadian College of Medical Geneticists
CGH Comparative genomic hybridization
CLIA Clinical Laboratory Improvement Amendments
CM Chromosomal mosaicism
CMA Chromosomal microarray analysis
CMS Centers for Medicare and Medicaid
cnLOH Copy-neutral loss of heterozygosity
CNS Central nervous system
CNVs Copy number variants
CSCA Chromosomal abnormalities
CVS Chorionic villi sampling
DD Developmental delay
DD/ID Developmental disability/Intellectual disability
ES Endocrine Society
FGR Fetal growth restriction
GDD/ID Global developmental delay
ID Intellectual disability
ISCA International standard cytogenetic array
ISPD International Society for Prenatal Diagnosis
ISS Idiopathic short stature
IUGR Intrauterine growth restriction
LDTs Laboratory developed Tests
LOH Loss/Absence of Heterozygosity
LP-GS Low-pass genome sequencing
MCC Maternal cell contamination
NIHF Non-immune hydrops fetalis
NIPS Non- invasive prenatal screening
POC Products of conception
PQF Perinatal Quality Foundation
QF-PCR Quantitative fluorescent polymerase chain reaction
RAD Restriction-site associated DNA sequencing
SMFM Society for Maternal-Fetal Medicine
SNP Single nucleotide polymorphism
Society of Obstetricians and Gynaecologists of
SOGC Canada
STR Short tandem repeat
UPD Uniparental isodisomy
VOUS/VUS | Variant of unknown significance
VPS Variant of possible significance
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WES Whole exome sequencing
WGS Whole genome sequencing

V. Scientific Background

Chromosomal abnormalities are associated with a variety of disorders including
developmental delay (DD), intellectual disability (ID), and congenital anomalies (Miller et
al., 2010), as well as pregnancy loss (Reddy, Page, Saade, et al., 2012).

Chromosomal microarray (CMA) testing to detect copy number variations (CNVs),
homozygosity, and triploidy has replaced karyotyping as the first-tier diagnostic tool
for many cases where chromosomal abnormality is suspected (Miller et al., 2010;
Pivalizza & Lalani, 2024; Schrijver & Zehnder, 2024). CMA is significantly more sensitive
(10 to 100 kb) than traditional karyotyping (5 to 10 Mb); additionally, CMA does not
require cell culture, which reduces the turnaround time for results (Miller, 2022), and
provides an alternative to karyotyping when dividing cells are not available for analysis.
This technique may be used for several different purposes, such as identifying a cause
of pregnancy loss or identifying other aneuploid conditions, such as Down Syndrome
(ACOG, 2016; Reddy, Page, & Saade, 2012). “Emerging studies suggest that low-pass
genome sequencing (GS) provides additional diagnostic yield of clinically significant
copy-number variants (CNVs) compared with chromosomal microarray analysis (CMA).
However, a prospective back-to-back comparison evaluating accuracy, efficacy, and
incremental yield of low-pass GS compared with CMA is warranted” (Wang et al.,
2020).

Chromosomal microarray (CMA) uses comparative genomic hybridization (CGH) to
compare the DNA of a patient with a normal control using standard sets of DNA
probes immobilized on a glass slide or glass beads (Aradhya & Cherry, 2007). CGH
arrays have been designed to cover the entire genome, for targeted analysis of known
microdeletion/microduplication syndromes, and for known loci of inherited mutations
(Schrijver & Zehnder, 2024). Array sensitivity varies based on the size and type of
probes used. Oligonucleotide probes (~60 base pairs) or single nucleotide
polymorphism (SNP) probes (32-40 base pairs) are most common. Oligonucleotide
probes can be used to cover the entire genome at an average resolution of about 35
kb. Current arrays generally use a combination of copy number probes
(oligonucleotide) to detect copy gains and losses and single nucleotide polymorphism
(SNP) probes to detect similarity in single nucleotide sequences (homozygosity). The
combination of probes detect runs of homozygosity between the maternal and
paternal copy of each chromosome, enabling diagnosis of triploidy, uniparental
disomy, and consanguinity as well as improving the detection of low levels of
mosaicism (Miller, 2022).
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Chromosomal microarray (CMA), as all genetic tests, can have variable clinical
sensitivity due to the numerous types of genetic abnormalities that can impact gene
expression. Some genetic conditions are caused by a change in copy number and/or a
sequence change in the gene that is undetectable by CMA. If a genetic condition in
which a subset of cases are caused by sequence changes, then other testing should be
considered either in place of, or in addition to, CMA (Miller, 2022).

Low-pass WGS is a less expensive but lower coverage method of standard WGS. Low-
pass WGS typically has less than 1x coverage, while standard WGS has a depth of 30x
to 50x (lllumina, 2024). Alternatively, compared to traditional low-cost microarrays,
low-pass WGS results have over ten times the amount of information. Low-pass WGS
maintains accuracy with reduced coverage by using imputation algorithms, a statistical
analysis method that assigns values to missing data based on known information. With
imputation algorithms, the low-pass WGS method uses known genetic variants within
a representative population to genotype an individual without measurements from
every locus (Gencove, 2023).

CMA and Seizures

A seizure occurs due to erroneous electrical activity in the brain and may strike for
many reasons including a brain injury or infection, abnormal sodium or glucose levels
in the blood, congenital brain defects, epilepsy, and electric shock.

Epilepsy is a neurological disorder associated with abnormal electrical brain activity.
CMA is often the first genetic tool used to obtain more information about a patient's
epilepsy (Poduri et al., 2014) and has a diagnostic yield of approximately 8% with
several studies reporting higher values (Dubbs, 2022). Testing a specific gene may be
appropriate in some epileptic cases as more than 80 genes have been associated with
epilepsy and hundreds more associated with disorders that are accompanied by
seizures (Dubbs, 2022). However, if results are negative, CMA or gene testing should
commence as this is likely more appropriate than testing several more genes
individually (Mefford, 2015). If CMA testing is negative, gene panel and exome testing
are appropriate.

Olson et al. (2014) have found that in many patients, CNVs identified through CMA
were able to explain an epileptic phenotype. The authors concluded that “Because the
diagnostic yield of CMA for epilepsy patients is similar to the yield in autism spectrum
disorders and in prenatal diagnosis, for which published guidelines recommend testing
with CMA, we recommend the implementation of CMA in the evaluation of
unexplained epilepsy” (Olson et al., 2014).

CMA and Short Stature
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Short stature is a general term used to describe individuals whose height is two
standard deviations or more below the mean compared to peers of the same age and
racial-ethnic group (Richmond & Rogol, 2024). The most common causes of short
stature are genetic and delayed growth; these are considered normal or nonpathologic
variants of growth (Richmond & Rogol, 2024).

Intrauterine growth restriction (IUGR) is a condition which describes when an unborn
baby is growing abnormally slow in the womb; this could be due to either genetic or
environmental factors and may cause significant morbidity and mortality in infants
(Mandy, 2024). CMA has been used for diagnostic purposes in fetuses due to IUGR
(Daum et al., 2019).

|diopathic short stature (ISS) describes individuals whose height falls below two
standard deviations of the mean for age, but no metabolic, endocrine, or other
diagnosis has been identified to cause the height disorder (Richmond & Rogol, 2024).
Regarding the genetic evaluation of short stature, some researchers suggest that for
patients with ISS, patients born small for gestational age, or patients with growth
hormone deficiency, “Targeted evaluation of a single gene or panels of genes is
recommended... For those patients who do not fit into a distinct subgroup or for whom
initial genetic testing is inconclusive, we recommend consideration of genome-wide
evaluation through exome sequencing and chromosomal microarray to detect both
sequence variants and CNVs"” (Dauber et al., 2014). A significant association has been
identified between CNVs and short stature (Yu et al., 2015), and many report that CMA
is a promising tool to identify pathogenic CNVs in patients with ISS (Richmond &
Rogol, 2024).

Proprietary Testing

The only FDA-approved commercial CMA test is CytoScan® by Affymetrix. This test
helps identify the underlying genetic causes of developmental delay, intellectual
disability, congenital anomalies, or dysmorphic features in children. CytoScan® detects
chromosomal copy number variants (CNV) in genomic DNA from peripheral whole
blood (Affymetrix, 2013).

Several other commercial CMA tests are available including the GenomeDx CMA by
GeneDx. The GenomeDx is able to confirm clinical diagnoses, differentiate between de
novo and familial cases, and assist with prenatal diagnoses in at-risk pregnancies
(GeneDx, 2024). This test has a three-week turnaround time and may utilize both blood
(preferred) and buccal swabs (cheek swabs) as the tested specimen. The GenomeDx is
a whole-genome CMA, containing 118,000 oligonucleotide probes that detect CNVs
(GeneDx, 2024).
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Quest Diagnostics has developed the ClariSure® Postnatal CMA Test; the ClariSure®
consists of over 2.6 million probes that detect 1,900,000 CNVs and 750,000 SNPs
(Quest, 2024). With a 10- to 15-day turnaround time, this test can help to determine
the genetic cause of developmental delay or mental retardation. Blood is the preferred
specimen for this test, but saliva may also be used.

LabCorp has developed Reveal ®, an SNP microarray aimed for pediatric purposes. This
test uses a blood or salivary sample to detect chromosomal abnormalities that may be
associated with congenital anomalies or developmental delay (LabCorp, 2023). Results
are provided in 14-17 days.

The FirstStep® PLUS®, developed by Lineagen (2024), is a CMA test that uses a buccal
sample to identify developmental disabilities. Lineagen claims that cheek swabs are a
more effective way to ensure accurate CMA results than blood-based samples, and
that “mosaicism is better diagnosed through DNA collected by cheek swab than by
blood draw” (Lineagen, 2024).

Invitae released a Pregnancy Loss Chromosomal Microarray Analysis test which
analyzes products of conception tissue to determine whether a chromosomal
abnormality caused a miscarriage, intrauterine fetal demise, or a stillbirth. The average
turnaround time is 10-12 days. This test can detect whole and segmental aneuploidies,
submicroscopic gains and losses that cannot be detected using karyotype, size and
gene content of copy number variations, regions of homozygosity, uniparental
isodisomy, and triploidy and complete molar pregnancies (Invitae, 2024).

CentoArrayCyto® is a CMA test released by Centogene which detects known structural
aberrations such as CNVs, chromosomal imbalances, regions exhibiting loss/absence of
heterozygosity (LOH), uniparental isodisomy (UPD), and mosaicism. The test has a
turnaround time of 15 days. CentoArrayCyto® can be used as a first-step analysis for
detection of intellectual disability and multiple malformation, in conjunction with
whole exome sequencing to complement large CNVs, for deletion/duplication analysis
of extremely large genes, and for prenatal testing to help determine a cause of
ultrasound-detected abnormalities (CentoGene, 2024).

Analytical Validity

Although chromosomal microarray testing can vary widely in technology, resolution,
and the likelihood of producing results of unknown significance, studies have
demonstrated that CMA provides chromosomal evaluation at a much higher resolution
than karyotyping (Miller et al., 2010; Schrijver & Zehnder, 2024). Miller et al. (2010)
noted that most clinical CMA platforms available in 2010 could detect copy number
changes at a resolution of 400 kb; this was considered at least a “10-fold”
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improvement over G-banded karyotyping.

In a retrospective study, Zhu et al. (2021) compared the utility of non-invasive prenatal
screening (NIPS) with chromosomal microarray analysis (CMA) for the detection of
chromosomal abnormalities in high-risk pregnancies. Of the 774 high risk pregnancies,
550 (71.1%) had a positive NIPS result, while 308 (39.8%) had a positive CMA result.
The rate of full or partial concordance was 82.2% between NIPS and CMA. CNV's were
more often detected by CMA, with an incidence of 7.9% by CMA and 3.1% by NIPS. In
addition, a genetic aberration was detected by CMA in 1 in 17 high risk pregnancies
that had a negative NIPS result. Overall, the authors conclude that "CMA should be
offered instead of expanded NIPS for high-risk pregnancies” (Zhu et al., 2021).

Chaubey et al. (2020) compared the diagnostic utility of low-pass genome sequencing
(LP-GS) to chromosomal microarrays (CMAs) in its ability to detect copy number
variants (CNVs). 409 DNA samples were studied for CNV accuracy, precision, specificity,
and sensitivity using both techniques. The LP-GS test accurately detected 40 positive
control samples with clinically relevant CNVs, absence of heterozygosity, deletions and
duplications, and translocations and accurately reported 38 control samples without
any clinically significant CNVs. In addition, 331 clinical specimens were tested for
developmental delay, autism, intellectual disability, congenital anomalies, and
dysmorphic features. Of the 331 cases, pathogenic CNVs were detected in 57 cases
relating to microdeletion/microduplication syndromes, intragenic deletions and
intragenic duplications, uniparental isodisomy, triploidy, and whole chromosome
aneuploidies. The other cases were classified as variants of unknown significance or did
not have a reportable CNV finding. The authors conclude that "LP-GS was able to
reliably detect absence of heterozygosity, microdeletion/microduplication syndromes,
and intragenic CNVs with higher coverage and resolution over the genome” (Chaubey
et al,, 2020). The authors suggest that this study could be used by professional
societies to recommend replacing CMAs with LP-GS.

Mazzonetto et al. (2024) preformed a study evaluating the performance of low-pass
whole genome sequencing (LP-WGS) to detect copy number variants (CNVs) in clinical
cytogenetics. The DNA samples selected for this study were obtained from 44
unrelated individuals previously referred to molecular investigation in clinical
cytogenetics. The patients were investigated by CMA (either array-CGH or SNP-array),
currently considered the gold standard diagnostic test for CNV analysis DNA panel,
with 12 prenatal and 32 postnatal samples, comprising a total of 55 genomic
imbalances. The CNVs were chosen to represent a wide range of clinically relevant
CNVs detected by CMA in diagnostic routine, being the vast majority of them
associated with intellectual disability or recognizable syndromes. The selected CNVs
contained at least one coding sequence. They were mapped to a variety of
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chromosomes ranging in copy number state from zero to 3/4, and ranging in genomic
size from 75 kb to 90.3 Mb, including aneuploidies and two mosaic cases. Particularly,
for methodology evaluation and quality control metrics, we used DNA extracted from
several types of biological samples. The data shows “the potential use of LP-WGS to
detect CNVs in clinical diagnosis and confirm the method as an alternative for
chromosome imbalances detection” (Mazzonetto et al.,, 2024).

Clinical Utility and Validity

A review of 33 studies, comparing traditional karyotyping to CMA, has shown that CMA
increases the detection rate for chromosomal abnormalities in individuals with DD/ID
(developmental disability/intellectual disability) or autism spectrum disorder (ASD).
CMA detected pathogenic genomic imbalances with an average diagnostic yield of
12.2% across all studies in this patient population, which is about 10% more than
karyotyping alone (Miller et al., 2010).

Hillman et al. (2013) performed both a meta-analysis and cohort study evaluating
CMA's detection rate of chromosomal abnormalities. The authors investigated 243
pregnant individuals who had both a CMA and karyotype performed, and the meta-
analysis included 25 primary studies. Overall, CMA was found to detect 4.1% more
abnormalities compared to karyotyping in the cohort study and 10% more in the meta-
analysis (Hillman et al., 2013).

Reddy, Page, Saade, et al. (2012) compared the detection rates of microarray and
traditional karyotyping. A total of 532 stillbirths were examined. The authors found that
microarrays provided more results than karyotyping (87.4% compared to 70.5%) and
identified more genetic abnormalities (8.3% vs 5.8%). Microarray analysis also found
more genetic abnormalities among 443 antepartum stillbirths (8.8% vs 6.5%) and
among 67 stillbirths with congenital abnormalities (29.9% vs 19.4%). Overall, microarray
analysis provided a relative increase in the diagnosis of genetic abnormalities of 41.9%
in all stillbirths, 34.5% in antepartum stillbirths, and 53.8% in stillbirths with anomalies
compared to karyotyping (Reddy, Page, Saade, et al., 2012).

Coulter et al. (2011) assessed impact of CMA results on clinical decision making. A total
of 1792 patients were examined, and 235 of them had either an "abnormal” result (n =
131) or a “variant of possible significance” (VPS) (n = 104). Clinical action was
recommended for 54% of the patients in the “abnormal” cohort and 34% of the
patients in the VPS cohort (Coulter et al,, 2011).

Brady et al. (2013) performed a prospective study of fetuses with abnormalities
detected on ultrasound. A total of 383 prenatal samples were examined. Causal
imbalances were found in 37 samples, submicroscopic CNVs were found in 10 of the
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37 samples, and arrays added “valuable information” over conventional karyotyping in
15 of 37 samples. The authors concluded that there was added value of chromosomal
microarrays for prenatal diagnosis in the presence of ultrasound anomalies (Brady et
al., 2013).

Borrell et al. (2017) performed a meta-analysis of literature to estimate the incremental
yield of CMA over karyotyping in fetal growth restriction (FGR). The authors identified
10 studies and found a 4% incremental yield of CMA over karyotyping in
“nonmalformed growth-restricted fetuses” and a 10% incremental yield in FGR when
associated with fetal malformations (Borrell et al., 2017).

Robson et al. (2017) compared karyotyping and CMA in fetuses with ultrasound
anomalies. Out of 629 cases with structural anomalies, CMA detected copy number
variants (CNVs) and more pathogenic CNVs than karyotyping. CMA was also found to
have a turnaround time of five days quicker than karyotyping. Finally, CMA was found
to be £113 more expensive per patient than karyotyping. The authors conclude, "CMA
is a robust, acceptable and probably cost-effective method to detect more clinically
significant chromosomal imbalances in the anomalous fetus. The results suggest that
CMA should replace karyotyping in these care pathways” (Robson et al.,, 2017).

Li et al. (2018) performed a study investigating the cost effectiveness of karyotyping,
CMA, and NGS in genetic diagnosis of unexplained global developmental delay. The
authors found that: “CMA testing results in more genetic diagnoses at an incremental
cost of US $2692 per additional diagnosis compared with karyotyping, which has an
average cost per diagnosis of US $11,033" (Li et al., 2018). The authors also found that
performing both tests sequentially result in the same number of diagnoses but costs
less when CMA testing is done first and karyotyping second. The authors also analyzed
the cost-effectiveness of a variant of unknown significance. When CMA testing yields a
variant of unknown significance, additional genetic diagnoses can be obtained “at an
incremental cost of US $4220 by CMA testing of both parents, and when parents are
not available or the patient had a normal CMA result, targeted NGS of the patient can
add diagnoses at a further incremental cost of US $12,295.” The authors concluded
that "These results provide a cost effectiveness rationale for the use of CMA as the
first-tier test for the genetic diagnosis of unexplained GDD/ID [global developmental
delay/intellectual disability] and further indicate that testing of both parents may be
cost effective when a variant of unknown significance is detected in the patient” (Li et
al., 2018).

Hydrops fetalis occurs when fluid accumulates in fetal serous cavities and soft tissues;
nonimmune hydrops fetalis (NIHF) develops when red cell alloimmunization does not
cause the hydrops fetalis case in question. A retrospective study of all prenatally
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diagnosed NIHF cases identified at the University of California, San Francisco from
2008 to 2018 was performed. A total of 131 cases were identified. The researchers
found that "In 43/44 cases with a CMA performed, results were categorized as normal
or likely benign. One case was found on CMA to have a large pathogenic duplication”
(Mardy et al., 2020). This shows that CMA is not an effective diagnostic tool for NIHF.

Another study aimed to assess the diagnostic capabilities of CMA among pregnancies
terminated due to fetal malformations identified with ultrasounds. CMA was
performed on 71 pregnancies using fetal DNA or placental DNA. The authors noted
that “Findings were abnormal in 17 cases (23.9%), of which 13 were detectable by
karyotype. The incremental yield of CMA was 4/71 (5.6%); 1/32 (3.1%) for cases with an
isolated anomaly and 3/39 (7.7%) for cases with nonisolated anomalies” (Pasternak et
al., 2020). CMA identified more chromosomal abnormalities than karyotype and did
not require dividing cells, making it a more practical option after termination.

Rodriguez-Revenga et al. (2020) studied the diagnostic yield of CMA in prenatal
diagnosis. 2905 prenatal samples with a normal rapid aneuploidy detection test were
referred for CMA testing. The study revealed pathogenic CNVs associated with
syndromic disorders in 4.8% of the 2905 cases, adding a 2.8% diagnostic value of CMA
over karyotyping. This study shows that "CMA increases 2-fold the diagnostic yield
achieved by conventional karyotyping." Therefore, "chromosome microarray analysis
should be offered to all invasive prenatal diagnostic testing following a normal rapid
aneuploidy test result” (Rodriguez-Revenga et al., 2020).

Bajaj Lall et al. (2021) evaluated the diagnostic yield and clinical utility of CMA by
comparing it to karyotyping results. CMA and karyotyping were performed on
consecutive referrals of 370 prenatal samples of amniotic fluid (n = 274) and chorionic
villi (n = 96) from Indian pregnant individuals with high maternal age (n = 23),
biochemical screen positive (n = 61), previous child abnormal (n = 59), abnormal fetal
ultrasound (n = 205) and heterozygous parents (n = 22). The overall diagnostic yield of
abnormal results was higher via CMA than by karyotyping (9.18% vs. 5.40%,
respectively). As such, the authors argue that "CMA must be used as the first tier test in
all cases with abnormal fetal ultrasound and if cost is not an issue, it can be offered to
all pregnant [individuals] undergoing the invasive test, as the test results are faster and
the diagnostic yield is higher by CMA than by karyotyping even in other groups” (Bajaj
Lall et al,, 2021).

In cases of isolated fetal growth restriction, the clinical utility of chromosomal
microarray analysis has yet to be evaluated fully, leading Monier et al. (2021) to
evaluate the use of chromosomal microarray analysis as compared to karyotyping in
these situations. Both karyotyping and chromosomal microarray analysis were

Page 12 of 33



VI.

s

SMVP
performed in 146 fetuses, and the researchers found that the detection rate of genetic
abnormalities by CMA was 7.5%, with an incremental yield of 3.6% as compared to
karyotyping. Moreover, CMA was able to identify a variant of unknown significance in
three fetuses boasting normal karyotypes. Consequently, the level of granularity of
CMA in “these results support the use of chromosomal microarray analysis in addition
to karyotype for isolated fetal growth restriction” (Monier et al.,, 2021).

Zhang et al. (2021) investigated the incidence and clinical significance of chromosomal
mosaicism (CM) in a single-center retrospective study of invasive prenatal diagnosis of
CM. From a sample of 5758 G-band karyotyping results and 6066 CMA results, the
authors deduced that their findings “"demonstrate that increased risk in genetic
counselling is due to discordant CM from different specimens or testing methods” and
so "It is highly recommended to use more comprehensive assays such as a
combination of CMA, FISH [fluorescence in situ hybridization analysis] and karyotyping
to detect mosaicism in AF [amniotic fluid] and CB [cord blood] before any irreversible
decision is made in regard to the pregnancy (Zhang et al., 2021).

Chau et al. (2020) conducted a retrospective back-to-back comparison study of “low-
pass GS versus routine CMA for 532 prenatal, miscarriage, and postnatal cases, the
overall diagnostic yield was 22.4% (119/532) for CMA and 23.1% (123/532) for low-
pass GS. Thus, the overall relative improvement of the diagnostic yield by low-pass GS
versus CMA was ~ 3.4% (4/119). Identification of cryptic and clinically significant CNVs
among prenatal, miscarriage, and postnatal cases demonstrated that CNV detection at
higher resolutions is warranted for clinical diagnosis regardless of referral indications.
Overall, [the] study supports low-pass GS as the first-tier genetic test for molecular
cytogenetic testing” (Chau et al., 2020).

Guidelines and Recommendations
American College of Medical Genetics and Genomics (ACMG)

In the Clinical Practice Resource for Array-based technology and recommendations for
utilization in medical genetics practice for detection of chromosomal abnormalities,
the ACMG recommends CMA testing “as a first-line test in the initial postnatal
evaluation of individuals with the following (Manning & Hudgins, 2010):

A. "Multiple anomalies not specific to a well-delineated genetic syndrome.”
B. “Apparently nonsyndromic DD/ID.”
C. "Autism spectrum disorders.”

The ACMG also recommends “further determination of the use of CMA testing for the
evaluation of the child with growth retardation, speech delay, and other less well-
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studied indications..., particularly by prospective studies and after- market analysis.”
Additionally, ACMG recommends “appropriate follow-up ... in cases of chromosome
imbalance identified by CMA, to include cytogenetic/FISH studies of the patient,
parental evaluation, and clinical genetic evaluation and counseling”(Manning &
Hudgins, 2010). These statements were reaffirmed in 2020 by the ACMG Board of
Directors.

An update from ACMG states that a stepwise or tiered approach to the clinical genetic
diagnostic evaluation of autism spectrum disorder is recommended, with the
recommendation being for first tier to include fragile X syndrome and chromosomal
microarray analysis (CMA).

In 2016 the ACMG published guidelines on the use of noninvasive prenatal screening
for the diagnosis of fetal aneuploidy which recommends (Gregg et al., 2016):

e "Informing all pregnant [individuals] that NIPS is the most sensitive screening
option for traditionally screened aneuploidies (i.e., Patau, Edwards, and Down
syndromes).”

e "Allowing patients to select diagnostic or screening approaches for the detection
of fetal aneuploidy and/or genomic changes that are consistent with their
personal goals and preferences.”

e "Offering diagnostic testing (CVS or amniocentesis) with CMA when NIPS
identifies a CNV”

e "Offering diagnostic testing with CMA when a no-call result is obtained after NIPS
due to possible UPD or parental consanguinity” (Gregg et al., 2016).

In 2017 the ACMG published a laboratory practice resource outlining an algorithm for
diagnostic cytogenetic testing following positive noninvasive prenatal screening results
which recommends (Cherry et al., 2017):

e "CMA testing on either CVS or amniotic fluid may be used as confirmatory
diagnostic testing in cases with positive NIPS results, or as reflex testing in cases
with initial normal results from chromosome analysis.”

e CMA is recommended as follow-up testing for any smaller copy-number changes
that are reported as positive by NIPS.

e They also suggest that when “prenatal diagnostic testing may not be performed
due to loss of the pregnancy before testing is possible. In such instances, testing
of the products of conception and/or the fetus by either chromosome analysis or
CMA should be considered on a case-by-case basis.”

e In newborns for whom the screen is suggestive of aneuploidy, but further testing
is declined a genetics consultation with physical examination is sufficient for
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neonates, however, “if the neonate has an abnormal physical examination that is
not suggestive of the trisomy in question, CMA is recommended.”
e CMA is also recommended when the sex determination by NIPS is discordant
with physical examination, or clinical findings suggestive of a disorder of sexual
differentiation.

In 2009, the ACMG published guidelines on the genetic evaluation of short stature.
These guidelines provide recommendations for genes associated with short stature
and intrauterine growth restriction (IUGR) and state that high resolution chromosome
analysis and/or array CGH can be used to evaluate IUGR (Seaver & Irons, 2009).

In 2018, the ACMG pubilished a clinical practice report on genetic testing after CMA for
the diagnosis of neurodevelopmental disability and congenital anomalies. These
guidelines state that “Chromosomal microarray (CMA) is recommended as the first tier
test in evaluation of individuals with neurodevelopmental disability and congenital
anomalies. CMA may not detect balanced cytogenomic abnormalities or uniparental
disomy (UPD), and deletion/duplications and regions of homozygosity may require
additional testing to clarify the mechanism and inform accurate counseling”
(Waggoner et al., 2018).

In 2020, the ACMG published guidelines on the use of fetal exome sequencing in
prenatal diagnosis. These guidelines recommend that "Exome sequencing may be
considered for a fetus with ultrasound anomalies when standard CMA and karyotype
analysis have failed to yield a definitive diagnosis. If a specific diagnosis is suspected,
molecular testing for the suggested disorder (with single-gene test or gene panel)
should be the initial test” (Monaghan et al., 2020).

The ACMG Technical Standards for Clinical Genetics Laboratories (2021 Revision) state,
“the contamination of both direct and cultured cells from AF and CVS with maternal
cells is well documented and therefore represents a potential source of error in
prenatal diagnosis. Prenatal samples should be examined in parallel with a maternal
sample to rule out error due to maternal cell contamination (MCC). Laboratories
should understand how their testing methods are affected by the presence and the
amount of MCC. For example, prenatal detection of a deletion using PCR, as is the case
in testing for DMD and SMA, is expected to be more sensitive to maternal
contamination, since a normal maternal allele could mask the deletion. A prenatal test
using an allele-specific PCR reaction to detect a paternal RhD gene in the fetus of a
RhD-negative mother is much less sensitive to maternal contamination” (ACMG, 2021).
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American Academy of Pediatrics (AAP)

The 2014 AAP guidance for the comprehensive evaluation of children with intellectual
disability or global developmental delays noted that “chromosome microarray is
designated as a first-line test and replaces the standard karyotype and fluorescent in
situ hybridization subtelomere tests for the child with intellectual disability of unknown
etiology” (Moeschler & Shevell, 2014). It further added that “"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.”

Another clinical report published by the AAP on the identification of infants and young
children with developmental disorders states that “The child with suspected global
developmental delay or intellectual disability should have laboratory testing done,
including chromosomal microarray and fragile X testing” (Lipkin & Macias, 2020).
Further, the authors also note that “The initial genetic workup of the child with
suspected ASD is evolving; current recommendations also include chromosomal
microarray and fragile X testing” (Lipkin & Macias, 2020).

The AAP has an epilepsy webpage overview and on the genetic testing for epilepsy
page states that “The genetic tests most utilized in the evaluation of children with
epilepsy include chromosomal microarray (CMA), epilepsy gene panels, and whole-
exome sequencing (WES). Each test has its own specific benefits and limitations, and
the utility of different tests may vary for a given individual. Decisions regarding testing
need to consider the clinical indication including associated symptoms, turn-around
time, insurance coverage, and cost” (Dubbs, 2022).AAP published guidelines on the
evaluation of children with autism spectrum disorder. According to the guidelines,
CMA is recommended if the etiology for developmental disability is not known. Since
Fragile X Syndrome increases the risk for autism spectrum disorder, DNA testing for
Fragile X should be recommended in all children with ASD, especially for boys and
children with a family history of intellectual disability. “The cytosine-guanine-guanine
trinucleotide repeat expansion that is responsible for fragile X syndrome is not
detected on CMA and must be ordered as a separate test. When the history and
physical examination, CMA, and fragile X analysis do not identify an etiology, the next
step at this time in the etiologic evaluation for [autism spectrum disorder] is whole-
exome sequencing (WES).” AAP does not recommend the use of commercially
marketed tests as they do not provide a molecular etiologic diagnosis (Hyman et al,,
2020).

American Academy of Neurology (AAN)

The AAN published coverage policies for chromosomal microarray analysis for
intellectual disabilities in 2015 (Satya-Murti, 2015). The policy document notes the
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criteria do not represent a binding standard of care and that the criteria are proposed
as clinical contexts that readily support the use of microarray testing. The authors note
that chromosomal microarray analysis is reasonable and medically necessary for
diagnosing a genetic abnormality when all of the following conditions are met (Satya-
Murti, 2015):

e "“In children with developmental delay/intellectual disability (DD/ID) or an autism
spectrum disorder (ASD) according to accepted Diagnostic and Statistical Manual
of Mental Disorders-1V criteria;

AND

e If warranted by the clinical situation, biochemical testing for metabolic diseases
has been performed and is negative;

e Targeted genetic testing, (for example: FMR1 gene analysis for Fragile X), if or
when indicated by the clinical and family history, is negative;

e The results for the testing have the potential to impact the clinical management
of the patient;

e Face-to-face genetic counseling with an appropriately trained and experienced
healthcare professional has been provided to the patient (or legal guardian(s) if a
minor child). Patient or legal guardians have given their consent for testing.
Cognitively competent adolescent patients have given their assent for testing as
well.”

The document notes the presence of major and minor congenital malformations and
dysmorphic features should be considered evidence that microarray testing will be
more likely to yield a diagnosis. However, dysmorphic and syndromic features are not
required for testing (Satya-Murti, 2015).

American College of Obstetricians and Gynecologists (ACOG) and Society for
Maternal-Fetal Medicine (SMFM)

Originally published 2013 reaffirmed in 2020, the ACOG and SMFM issued joint
guidelines recommending the following use of CMA for prenatal diagnosis:

e "Most genetic changes identified by chromosomal microarray analysis that
typically are not identified on standard karyotype are not associated with
increasing maternal age; therefore, the use of this test can be considered for all
women, regardless of age, who undergo prenatal diagnostic testing.

e Prenatal chromosomal microarray analysis is recommended for a patient with a
fetus with one or more major structural abnormalities identified on
ultrasonographic examination and who is undergoing invasive prenatal diagnosis.
This test typically can replace the need for fetal karyotype.
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e In a patient with a structurally normal fetus who is undergoing invasive prenatal
diagnostic testing, either fetal karyotyping or a chromosomal microarray analysis
can be performed.

e Chromosomal microarray analysis of fetal tissue (i.e., amniotic fluid, placenta, or
products of conception) is recommended in the evaluation of intrauterine fetal
death or stillbirth when further cytogenetic analysis is desired because of the
test's increased likelihood of obtaining results and improved detection of
causative abnormalities.

e Comprehensive patient pretest and posttest genetic counseling from an
obstetrician—gynecologist or other health care provider with genetics expertise
regarding the benefits, limitations, and results of chromosomal microarray
analysis is essential. Chromosomal microarray analysis should not be ordered
without informed consent, which should include discussion of the potential to
identify findings of uncertain significance, nonpaternity, consanguinity, and adult-
onset disease.

e The routine use of whole-genome or whole-exome sequencing for prenatal
diagnosis is not recommended outside of the context of clinical trials until
sufficient peer-reviewed data and validation studies are published.”

ACOG and SMFM do not recommend use of CMA for evaluation of first- and second-
trimester pregnancy loss due to limited clinical utility information. Additionally, they
recommend pre- and post-test genetic counseling “from qualified personnel such as a
genetic counselor or geneticist regarding the benefits” (ACOG, 2016). This position was
reaffirmed in 2023.

A 2018 study of these guidelines analyzed 3223 prenatal samples undergoing CMA.
Cases were categorized into 2 groups: those that met ACOG guidelines for CMA versus
those that met ACOG guidelines for either CMA or karyotype. They found that “in
patients who could have elected either CMA or karyotype, 2.5% had clinically
significant chromosomal abnormalities (CSCA) that would have been missed if the
patient had elected to pursue karyotype” (Hay et al., 2018).

American Society for Reproductive Medicine (ASRM)

In 2012, ASRM published a committee opinion on evaluation and treatment of
recurrent pregnancy loss with clinical practice recommendations. ASRM recommended
to proceed with the evaluation of recurrent pregnancy loss after two consecutive
clinical pregnancy losses. This definition of recurrent pregnancy loss was reaffirmed in
2013. The recommended assessment of recurrent pregnancy loss included screening
for genetic, hormonal and metabolic factors in addition to other factors. They have
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stated that "karyotypic analysis of products of conception may be useful in the setting
of ongoing therapy for recurrent pregnancy loss” (ASRM, 2012).

In 2020, the Practice Committee and Genetic Counseling Professional Group (GCPG) of
the ASRM published their opinion on the clinical management of mosaic results from
preimplantation genetic testing for aneuploidy (PGT-A) of blastocysts. Defining
prenatal diagnostic testing as including chorionic villus sampling or amniocentesis, the
group recommends the following:

“Prenatal genetic counseling is strongly recommended for any pregnancy
resulting from the transfer of embryos with mosaic results and should include a
discussion of the risks, benefits, and limitations of CVS and amniocentesis. If
prenatal diagnostic testing is performed, additional analyses beyond routine
karyotyping should be considered depending on the specific PGT-A result. At the
discretion of the ordering provider, these may include:

o Chromosomal microarray, if a partial chromosome aneuploidy is involved.

o Uniparental disomy studies (UPD), depending on the chromosome involved.
o Additional cell counts, in an effort to identify lower-level mosaicism.
Postnatal evaluation by peripheral blood karyotype and/or microarray should be
considered, particularly if prenatal diagnostic testing is declined. Referral to a
pediatric specialist in genetics is recommended in the event of an abnormal
physical or developmental phenotype” (ASRM, 2020).

Society of Obstetricians and Gynaecologists of Canada (SOGC)- Canadian College
of Medical Geneticists (CCMG) Joint Technical Update

The 2018 joint guideline Armour et al. (2018) supersedes the 2011 iteration.

"Offer of chromosomal microarray analysis (in addition to any other relevant
diagnostic testing) is recommended in cases with multiple fetal anomalies
identified by a comprehensive obstetric ultrasound (lI-1A). Other diagnostic
testing may include specific single gene, multigene panels or other genetic tests
if the pattern of anomalies suggests a specific genetic condition not identified by
array.”

“Single structural defects in association with other abnormal ultrasound findings
(e.g., intrauterine growth restriction (IUGR), oligohydramnios) should not be
considered isolated, and thus array should be offered if RAD is normal.”

“In cases with a single fetal anomaly, prenatal CMA should be considered for
those malformations associated with a high frequency of abnormal results. Its use
in cases where the diagnostic yield is lower may be considered, if resources are
available.”

“In fetuses with a nuchal translucency >3.5 mm, prenatal CMA should be offered.”
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For “analysis of fetal loss prior to 20 weeks gestation”:

e "In cases of congenital anomalies and/or IUGR, in any fetal loss prior to 20 weeks
gestation, if QF-PCR methodologies and/or other directed diagnostic inquiries do
not provide a diagnosis and further cytogenetic analysis is intended, it is
recommended that karyotype be replaced with chromosomal microarray
analysis.”

For fetal deaths >20 weeks gestation:

e "Aneuploidy is the most common abnormal chromosomal finding in stillbirths. If
RAD and/or other directed diagnostic inquiries are uninformative, it is
recommended that in cases complicated by congenital anomalies and/or IUGR,
karyotype be replaced with CMA when further cytogenetic analysis is desired.”

e "In stillbirths without structural fetal anomalies, CMA may be considered in the
context of local resource availability and site-based postmortem protocol
(whether complete, limited or external only)” (Armour et al., 2018).

Association for Molecular Pathology (AMP)

The MCC [maternal cell contamination] Guidelines Working Group of the AMP Clinical
Practice Committee issued laboratory guidelines for detecting MCC in 2011. They state,
“To determine the pure fetal origin of all prenatal specimens undergoing genetic
analysis, it is recommended that MCC analysis be performed in parallel with diagnostic
testing, regardless of the genetic disorder or its mode of inheritance” (Nagan et al.,
2011).

The Association for Molecular Pathology Training and Education Committee published
a series of quick reference cards called Molecular-in-My-Pocket™ for trainees and
anyone looking to quickly reference molecular diagnostics information.

In their oncology subdivision, the AMP summarize assays and techniques for molecular
biomarkers for various cancers. Below are summaries of their syntheses.

When testing for primary and recurrent tumors for the KIT biomarker in cutaneous
melanoma, “NGS, pyrosequencing, Sanger sequencing, PCR-based assays, microarray”
are applicable for therapeutic indications.

When testing for primary and recurrent tumors for 1p/19q co-deletion in tumors of the
central nervous system, “FISH, array, NGS" are approved for diagnosis and prognosis.
Moreover, when testing for EGFR amplification, gain of chromosome 7, and loss of
chromosome 10, “FISH, array, NGS" are applicable for diagnosis.
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Similarly, in their pediatric molecular pathology section, the AMP summarizes assays
and techniques for pediatric brain tumors. The following table, adapted from the

oncology Molecular-in-my-Pocket™ card, lists the assays and techniques mentioning
CMA and their corresponding tumor types (AMP, 2023):

Low grade gliomas | FGFR mutation, fusion Diagnosis NGS (DNA),
CMA
NFT1 loss or inactivating Diagnosis, NGS (DNA),
mutation, loss of familial cancer | CMA
heterozygosity if germline
MYB fusion, amplification | Diagnosis, NGS (DNA),
prognosis CMA
MYBLT fusion, Diagnosis, NGS (DNA),
amplification prognosis CMA
High grade EGFR amplification Prognosis NGS (DNA),
gliomas, IDH CMA, FISH
wildtype
CDKNZ2A/B homozygous | Prognosis CMA, NGS
deletion (DNA)
TP53 loss-of-function Prognosis NGS (DNA),
(LOF) and gain-of- CMA
function mutations, loss,
LOH
NFT loss or inactivating Prognosis NGS(DNA), CMA
mutation, loss of
heterozygosity
PDGFRA amplification Prognosis CMA, NGS
(DNA)
RBT loss or inactivating Prognosis NGS (DNA),
mutation, loss of CMA
heterozygosity
MDM4 amplification Prognosis NGS (DNA),
CMA, FISH
MET amplification, fusion, | Prognosis NGS (DNA),
mutation CMA, FISH
Gain of chromosome 7 Prognosis CMA
10q loss Prognosis CMA
Oligodendroglioma  1p/10g codeletion Diagnosis CMA, FISH
19 gain Prognosis CMA, FISH
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Medulloblastoma,  PTCHT inactivating Subtype- NGS (DNA),
SHH-activated mutation, loss of diagnosis, CMA
heterozygosity familial cancer
risk if germline
N
SUFU inactivating Subtype- NGS (DNA),
mutation, loss of diagnosis, CMA
heterozygosity familial cancer
risk if germline
N
TP53 loss-of-function Prognosis NGS (DNA),
(LOF) and gain-of- CMA
function mutations, loss,
loss of heterozygosity,
structural alterations
(rare)
10q loss or loss of Diagnosis CMA, FISH
heterozygosity
MYCN amplification Diagnosis, FISH, CMA, NGS
prognosis (DNA)
Medulloblastoma, | Isochromosome 17q Subtype- CMA, FISH
Group 3 diagnosis
MYC amplification, fusion | Prognosis CMA, FISH
(PVT1)
Medulloblastoma, | Isochromosome 17q Subtype- CMA, FISH
Group 4 diagnosis
MYCN amplification Diagnosis, FISH, CMA, NGS
prognosis
Meningioma NF2 loss-of-function Diagnosis, NGS, CMA,
(LOF) and gain-of- familial cancer | MLPA
function mutations, loss, | risk if germline
loss of heterozygosity
Choroid plexus TP53 loss-of-function Diagnosis, NGS, CMA,
tumors (LOF) and gain-of- familial cancer | MLPA
function mutations, loss, | risk if germline
loss of heterozygosity,
structural alterations
(rare)
ETMR C19MC amplification and | Diagnosis, CMA, FISH
gain prognosis
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Regarding pediatric solid tumors, the following table, adapted from the oncology
Molecular-in-my-Pocket™ card (AMP, 2023), lists the assays and techniques

mentioning CMA and their corresponding tumor types:

Tissue

Tumor type

Gene/Biomarker

Significance Primary

type assays
Kidney Wilms Tumor 1g gain, 1p/16q loss | Prognosis CMA, NGS
of heterozygosity (DNA)
Rhabdoid SMARCBT (INI1), Diagnosis IHC, CMA,
Tumor SMARCA4 (BRG1) NGS, MLPA
loss
Eye Retinoblastoma | RB7 inactivating Diagnosis, Sanger
mutation, loss, or familial sequencing,
loss of cancer risk if | MLPA,
heterozygosity germline CMA, NGS
(DNA)
Adrenal Neuroblastoma | 1p/11qg LOH loss Prognosis CMA, NGS
Multi- Gorlin SUFU, PTCHT loss- Diagnosis, Sequencing,
system of-function sequence | familial CMA, MLPA
variants, cancer risk
deletion/duplication

Regarding pediatric soft tissue tumors, the following table, adapted from the oncology
Molecular-in-my-Pocket™ card (AMP, 2023), lists the assays and techniques
mentioning CMA and their corresponding tumor types:

Tissue type Tumor type  Gene/Biomarker Significance Primary
assays
Miscellaneous | Chordoma SMARCBT1 (INIT) loss | Diagnosis, IHC, CMA,
(Poorly (sequence variant, prognosis NGS, MLPA
differentiated) | partial
deletion)
Rhabdoid SMARCBT1 (INIT) and | Diagnosis IHC, CMA,
(Extra-renal) | SMARCA4 (BRGI) NGS, MLPA
Epithelioid SMARCBT1 (INIT) and | Diagnosis, IHC, CMA,
sarcoma SMARCA4 (BRG1) treatment NGS, MLPA
Multi-system | Gorlin SUFU, PTCHT loss-of- | Diagnosis, Sequencing,
function sequence familial CMA, MLPA
variants, cancer risk
deletion/duplication
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Society for Maternal-Fetal Medicine (SMFM)

The SMFM recommends chromosomal microarray for evaluation of mild fetal
ventriculomegaly and nonimmune hydrops fetalis (Fox et al., 2018; Norton et al., 2015).

SMFM released guidelines on the diagnosis and management of fetal growth
restriction. The following recommendations were made:

e SMFM recommends that pregnant individuals "be offered fetal diagnostic testing,
including chromosomal microarray analysis, when fetal growth restriction is
detected and a fetal malformation, polyhydramnios, or both are also present
regardless of gestational age.”

e They also recommend that pregnant individuals “"be offered prenatal diagnostic
testing with chromosomal microarray analysis when unexplained isolated fetal
growth restriction is diagnosed at <32 weeks of gestation” (Martins et al., 2020).

International Standard Cytogenomic Array (ISCA) Consortium

The ISCA (an international group of experts in the field) assembled to “address mutual
concerns about standardization and collaboration for clinical CMA testing” (Miller et
al., 2010). After much research, the ISCA has stated that “Our recommendation based
on current evidence is to offer CMA as the first-tier genetic test, in place of G-banded
karyotype, for patients with unexplained DD/ID, ASD, or MCA [multiple congenital
anomalies]” (Miller et al., 2010).

International Society for Prenatal Diagnosis (ISPD), the Society for Maternal Fetal
Medicine (SMFM), and the Perinatal Quality Foundation (PQF)

Joint guidelines on the use of genome-wide sequencing for fetal diagnosis were
published by the ISPD, SMFM and PQF. However, these guidelines also mention CMA
quite frequently because “The use of diagnostic sequencing is currently being
introduced for evaluation of fetuses for whom standard diagnostic genetic testing,
such as chromosomal microarray analysis (CMA), has already been performed and is
uninformative or is offered concurrently according to accepted practice guidelines, or
for whom expert genetic opinion determines that standard genetic testing is less
optimal than sequencing for the presenting fetal phenotype” (ISPD, 2018).

Fetal sequencing is recommended in several scenarios, including the following which
also mention CMA:

e "A current pregnancy with a fetus with a single major anomaly or with multiple
organ system anomalies that are suggestive of a possible genetic etiology, but no
genetic diagnosis was found after CMA; or in select situations with no CMA result,
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following a multidisciplinary review and consensus, in which there is a fetus with a
multiple anomaly ‘pattern’ that strongly suggests a single gene disorder.

e A personal (maternal or paternal) history of a prior undiagnosed fetus (or child)
affected with a major single anomaly or multiple anomalies suggestive of a
genetic etiology, and a recurrence of similar anomalies in the current pregnancy
without a genetic diagnosis after karyotype or CMA

e In families with a history of recurrent stillbirths of unknown etiology after
karyotype and/or CMA, where the fetus in the current pregnancy has a recurrent
pattern of anomalies” (ISPD, 2018).

These recommendations show that CMA should be used as an initial strategy (before
fetal sequencing) to determine the genetic causation during pregnancy of the
aforementioned cases.

Autism Consortium Clinical Genetics/DNA Diagnostics Collaboration

These guidelines focus on clinical genetic testing for patients with autism spectrum
disorders (ASDs). The authors note that “CMA had the highest detection rate among
clinically available genetic tests for patients with ASD. Interpretation of microarray data
is complicated by the presence of both novel and recurrent copy-number variants of
unknown significance. Despite these limitations, CMA should be considered as part of
the initial diagnostic evaluation of patients with ASD"” (Shen et al., 2010). Further, the
guidelines later state that “our results suggest that CMA with whole genome coverage
should be adopted as a national standard of care for genetic testing among patients
with ASDs” (Shen et al.,, 2010).

Endocrine Society (ES)

The Endocrine Society published guidelines on the diagnosis and treatment of children
with idiopathic short stature (ISS) in 2008. These guidelines state that “In situations
where a specific genetic diagnosis associated with short stature is expected (such as
Noonan syndrome or GH insensitivity syndrome), the genes of interest should be
examined” (Cohen et al., 2008). These guidelines do not mention CMA.

The National Fragile X Foundation

The National Fragile X Foundation’s statement on genetic testing for Fragile X
Syndrome and associated disorders includes within its recommendations the use of
chromosomal microarray analysis and exome sequencing for the diagnosis of “the
underlying cause of a child’s developmental delays, autism, or intellectual disability”.
However, though the above are viable options for genetic testing in general,
“Currently, Fragile X testing must be ordered as a separate test since expansions of the
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FMR1 gene cannot be detected through microarray or exome sequencing”, and as
such a specific DNA test for Fragile X Syndrome via PCR and Southern Blot analysis will

need to be used (National FragileX Foundation, 2024).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

In 2014 the FDA approved CytoScan® Dx Assay as a “qualitative assay intended for the
postnatal detection of copy number variations (CNV) in genomic DNA obtained from
peripheral whole blood in patients referred for chromosomal testing based on clinical
presentation. CytoScan® Dx Assay is intended for the detection of CNVs associated
with developmental delay, intellectual disability, congenital anomalies, or dysmorphic
features” (FDA, 2014).

In 2017 the FDA approved GenetiSure Dx Postnatal Assay as a “qualitative assay
intended for the postnatal detection of copy number variations (CNV) and copy-
neutral loss of heterozygosity (cnLOH) in genomic DNA obtained from peripheral
whole blood in patients referred for chromosomal testing based on clinical
presentation. GenetiSure Dx Postnatal Assay is intended for the detection of CNVs and
cnLOH associated with developmental delay, intellectual disability, congenital
anomalies, or dysmorphic features” (FDA, 2017).

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

Applicable CPT/HCPCS Procedure Codes

‘ CPT ‘ Code Description
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81228

Cytogenomic (genome-wide) analysis for constitutional chromosomal
abnormalities; interrogation of genomic regions for copy number variants,
comparative genomic hybridization [CGH] microarray analysis

81229

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

81265

Comparative analysis using Short Tandem Repeat (STR) markers; patient
and comparative specimen (eg, pre-transplant recipient and donor germline
testing, post-transplant non-hematopoietic recipient germline [eg, buccal
swab or other germline tissue sample] and donor testing, twin zygosity
testing, or maternal cell contamination of fetal cells)

81349

Cytogenomic (genome-wide) analysis for constitutional chromosomal
abnormalities; interrogation of genomic regions for copy number and loss-
of-heterozygosity variants, low-pass sequencing analysis

0252U

Fetal aneuploidy short tandem-repeat comparative analysis, fetal DNA from
products of conception, reported as normal (euploidy), monosomy, trisomy,
or partial deletion/duplications, mosaicism, and segmental aneuploidy
Proprietary test: POC (Products of Conception)

Lab/Manufacturer: Igenomix®

0469U

Rare diseases (constitutional/heritable disorders), whole genome sequence
analysis for chromosomal abnormalities, copy number variants,
duplications/deletions, inversions, unbalanced translocations, regions of
homozygosity (ROH), inheritance pattern that indicate uniparental disomy
(UPD), and aneuploidy, fetal sample (amniotic fluid, chorionic villus sample,
or products of conception), identification and categorization of genetic
variants, diagnostic report of fetal results based on phenotype with
maternal sample and paternal sample, if performed, as comparators and/or
maternal cell contamination

Proprietary test: IriSightTM CNV Analysis

Lab/Manufacturer: Variantyx Inc

S3870

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

Current Procedural Terminology© American Medical Association. All Rights reserved.
Procedure codes appearing in Medical Policy documents are included only as a general

reference tool for each policy. They may not be all-inclusive.
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Esophageal Pathology Testing

Policy Number: AHS — M2171 - Prior Policy Name and Number, as
Esophageal Pathology Testing applicable:

Initial Policy Effective Date: 02/01/2026

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

The esophagus is a long tube that serves to connect the mouth to the stomach.
Although the esophagus is primarily a connecting organ, it experiences significant
chemical and mechanical trauma. The esophagus has mechanisms and structures to
withstand this damage, but molecular injury is common (Zhang et al., 2020). Both
serological and genetic markers have been suggested to identify, diagnose, or assess
risk in the esophagus.

Eosinophilic esophagitis (EoE) is one such condition, as its nonspecific symptoms (pain,
issues swallowing, vomiting, and so on) may be accompanied by inflammatory markers
in the esophagus (Bonis & Gupta, 2023). Similarly, esophageal cancer is characterized
by several nonspecific symptoms, while a predecessor condition, Barrett's esophagus
(BE), may have no clinical symptoms at all (Saltzman & Gibson, 2023; Spechler, 2022).

For guidance concerning Tumor Mutational Burden Testing (TMB) and/or Microsatellite
instability (MSI) analysis please refer to the AHS-M2178-Microsatellite Instability and
Tumor Mutational Burden Testing policy.

Il. Related Policies

Policy Policy Title
Number
AHS-M2178 | Microsatellite Instability and Tumor Mutational Burden Testing

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “"Applicable State and Federal Regulations” section of this policy document.
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For individuals who have been newly diagnosed with cancer of the esophagus or
esophagogastric junction (EGJ), mismatch repair (MMR) analysis by
immunohistochemistry (IHC) MEETS COVERAGE CRITERIA.

For individuals who have been diagnosed with locally advanced, recurrent, or
metastatic cancer of the esophagus or EGJ and for whom PD-1 inhibitor treatment is
being considered, tumor analysis of PD-L1 expression by IHC MEETS COVERAGE
CRITERIA.

For individuals who have been diagnosed with inoperable locally advanced,
recurrent, or metastatic adenocarcinoma of the esophagus or EGJ and for whom
trastuzumab or an approved biologic or biosimilar drug to trastuzumab is being
considered for first-line therapy, HER2 overexpression testing by IHC, fluorescence in
situ hybridization (FISH), or other in situ hybridization (ISH) MEETS COVERAGE
CRITERIA.

For individuals diagnosed with unresectable locally advanced, recurrent, or
metastatic adenocarcinoma or squamous cell carcinoma of the esophagus or EGJ
and for whom one of the following drugs is being considered as a second-line
therapy, the corresponding gene testing MEETS COVERAGE CRITERIA:

a) Larotrectinib or entrectinib: NTRK gene fusion.

b) Selpercatinib: RET gene fusion.

c) Dabrafenib or trametinib: BRAF V60OE mutation.

The use of genetic testing (e.g., molecular panel tests, gene expression profiling) to

diagnose or monitor an individual with eosinophilic esophagitis (EoE) or to assess
the risk of an individual developing EOE DOES NOT MEET COVERAGE CRITERIA.

For the diagnosis and evaluation of Barrett's esophagus, low-grade esophageal
dysplasia, or high-grade esophageal dysplasia, wide-area transepithelial sampling
(WATS) DOES NOT MEET COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

7)

Assessing for risk of Barrett's esophagus and/or esophageal, including
esophagogastric junction, cancer using a molecular classifier (e.g., BarreGEN test)
DOES NOT MEET COVERAGE CRITERIA.
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8) Epigenetic analysis for the likelihood for Barrett's esophagus, esophageal, or
esophagogastric junction cancer (e.g., methylation analysis, EsoGuard) DOES NOT
MEET COVERAGE CRITERIA.

9) To diagnose, assess, or monitor eosinophilic esophagitis (EoE), the Esophageal String
Test DOES NOT MEET COVERAGE CRITERIA.

10) For esophageal and esophagogastric junction cancers, cell-free DNA/circulating
tumor DNA (cfDNA/ctDNA) testing DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note: For 5 or more gene tests being run on the same platform, please refer to AHS-
R2162 Reimbursement Policy.

IV. Table of Terminology

Term Definition

ACG American College of Gastroenterology

AFS American Foregut Society

AMACR Alpha-methylacyl-CoA racemase

APC Adenomatous polyposis coli

ARIDTA AT-rich interactive domain-containing protein 1A
ARID2 AT-rich interactive domain 2

ASGE American Society for Gastrointestinal Endoscopy
BAT Bethesda marker

BE Barrett's esophagus

BLM Bloom syndrome protein

BMJ British Medical Journal

BS Bloom syndrome

CAPN 14 Calpain 14

CCL26 C-C motif chemokine ligand 26

CCNAT Cyclin A1

cfDNA Cell-free tumor DNA

CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMM1 Familial cutaneous malignant melanoma-1

CMS Centers For Medicare and Medicaid Services
CoxX2 Cyclooxygenase 2

CPS Combined Positive Score

CSCO Chinese Society of Clinical Oncology
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CTCs Circulating tumor cells

ctDNA Circulating tumor DNA

DCC Deleted in colorectal carcinoma

DNA Deoxyribonucleic acid

DOCK2 Dedicator of cytokinesis 2

EAACI European Academy of Allergy and Clinical Immunology

EAC Esophageal adenocarcinoma

ED Esophageal dysplasia

EDP Eosinophilic esophagitis diagnostic panel

EGFR Epidermal growth factor receptor

EGJ Esophagogastric junction

ELISA Enzyme-linked immunoassay

ELMO1 Engulfment and cell motility protein 1

EoE Eosinophilic esophagitis

ESMO European Society for Medical Oncology

ESPGHAN European Society of Pediatric Gastroenterology, Hepatology And
Nutrition

EST Esophageal string test

EUREOS European Society of Eosinophilic Oesophagitis

FA Fanconi anemia

FANC FA complementation group A

FB Forceps biopsy

FBE Familial Barrett's esophagus

FDA Food and Drug Administration

FISH Fluorescence in situ hybridization

GERD Gastroesophageal reflux disease

HER2 Human epidermal growth factor receptor 2

HGD High-grade dysplasia

HGD/EAC | High-grade dysplasia/esophageal adenocarcinoma

,|;|\I|_FP1I—_|A Hypoxia-inducible factor 1-alpha

HoGG1 8-oxoguanine DNA glycosylase

ICER Incremental cost-effectiveness ratio

IgE Immunoglobulin E

IHC Immunohistochemistry

IND Indefinite for dysplasia

JSMO Japanese Society of Medical Oncology

K20 Potassium oxide

KSMO Korean Society of Medical Oncology
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LDTs Laboratory developed tests

LGD Low-grade dysplasia

MBP-1 Major basic protein 1

MCC Colorectal mutant cancer protein

ML Mutational load

MMR Mismatch repair

MSI Microsatellite instability

MSI-H High microsatellite instability

MXI1 Max-interacting protein 1

NBDE Non-dysplastic intestinal metaplasia

NCCN National Comprehensive Cancer Network
NDBE Baseline nondysplastic BE

NF2 Neurofibromatosis type 2

NME Nucleoside Diphosphate Kinase 1

NNT Number needed to test

NOTCH3 | Notch receptor 3

NTRK Neurotrophic tyrosine receptor kinase

PCR Polymerase chain reaction

PD-1 Programmed death-1

PD-L1 Programmed death-ligand 1

PPK Palmoplantar keratoderma

PRG2 Proteoglycan 2, pro eosinophil major basic protein
PSEN2 Presenilin 2

PTEN Phosphatase and TENsin homolog

QALY Quality-adjusted life-year

RB Retinoblastoma protein

RHBDF2 Rhomboid 5 homolog 2

RNF43 Ring finger protein 43

SAGES Society of American Gastrointestinal and Endoscopic Surgeons
SCCs Squamous cell carcinomas

SMAD4 SMA- and MAD-related protein 4

SMARCA4 | Matrix associated, actin dependent reqgulator of chromatin, subfamily a
SOC Standard of care

SPG20 Spastic paraplegia 20

SSO Sequence-specific oligonucleotide

STMN1 Stathmin 1

TAVAC Technology And Value Assessment Committee
TFF1 Trefoil factor 1

TML Tumor mutational load
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TNFAIP8 TNF alpha induced protein 8

TOS Thoracic outlet syndromes

TP53 Tumor protein 53

TPS Tumor positive score

TRK Tropomyosin receptor kinase

TSLP Thymic stromal lymphopoietin

TVAC Technology And Value Assessment Committee
UEG United European Gastroenterology

VHL Von hippel-lindau syndrome

VIM Vimentin

WATS Wide-Area Transepithelial Sampling

WATS3D Wide-Area Transepithelial Sampling with Computer-Assisted 3-

Dimensional Analysis

V. Scientific Background

The esophagus is a long tube that connects the mouth to the stomach. Its primary
function is to transport food from the mouth to the stomach. However, this organ is
often exposed to difficult conditions, from abrasive food to the acidic conditions of the
stomach. Although mechanisms are in place to protect against injury (namely the
tough squamous cells), it is common to see injury or disease in the esophagus (Zhang

et al,, 2020).

Many serological and genetic markers have been proposed as tools to assist in
evaluation of esophageal pathology. Eosinophilic esophagitis (EOE), Barrett's
esophagus (BE), and esophageal cancer are typically diagnosed with histological
analysis from endoscopic biopsy (Bonis & Gupta, 2023; Saltzman & Gibson, 2023;
Spechler, 2022), but biopsies frequently require careful consideration and resources to
perform properly (NCCN, 2024). For these reasons, serum and genetic markers have
been suggested as noninvasive markers for esophageal pathologies.

Eosinophilic Esophagitis (EoE)

Eosinophilic esophagitis (EoE) is marked by the presence of eosinophils in the
esophagus. Eosinophils are typically associated with mitigating inflammation but are
not normally found in the esophagus. EoE is represented by a broad set of clinical
symptoms, such as difficulty swallowing, chest, or abdominal pain, and feeding
dysfunction. Diagnosis is established through endoscopy with biopsies to confirm
eosinophilia. The current diagnostic criteria set the cutoff for eosinophilia at >15
eosinophils per high power field, (60 eosinophils per mm?) although this figure has
been heavily discussed (Bonis & Gupta, 2023; Dellon et al., 2018).
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Proprietary Testing- EoE

Laboratory tests have been suggested as a noninvasive adjunct for EoE. Serum IgE will
be elevated in up to 60% of EoE patients, as allergy has a strong association with EoE.
Many other markers, such as eotaxin-3, major basic protein-1, tryptase, chemokines,
and serum eosinophil count, have all been suggested to assist in evaluation of EoE
(Bonis & Gupta, 2023; Dellon et al.,, 2018). Immune system factors may also contribute
to pathology. Since eosinophils are not normally found in the esophagus, their
presence in the esophagus may suggest an underlying issue with the immune system.
Various interleukins, mast cells, and T cells have all been proposed as contributing to
pathogenesis, but the exact pathway and mechanisms are not completely understood
(Rothenberg, 2023). Genetic features have also been used for EoE evaluation. Twin
studies and family histories have indicated a role for genetics in EoE. Several genes
have also been identified as potential risk factors, such as CAPN14 (an interleukin-13
regulator), TSLP (a basophil regulator), and CCL26 (promotes eosinophil movement
into esophagus) (Sherrill & Rothenberg, 2014).

Wen et al. (2013) developed a diagnostic gene expression panel (“EDP”) for EoE. The
authors identified candidate genes using two cohorts of EoE and control patients, then
validated these genes with a separate cohort of 194 patients (91 active EoE, 57 control,
34 ambiguous, 12 reflux). The panel was found to identify EoE patients at 96%
sensitivity and 98% specificity. The authors also noted that the panel could separate
patients in remission from unaffected patients (Wen et al., 2013).

Shoda et al. (2018) used an “EoE Diagnostic Panel” (EDP) to further classify EOE cases
by histologic, endoscopic, and molecular features. The EDP consisted of 95 esophageal
transcripts purported to identify EoE among both unaffected patients and patients with
other conditions. 185 biopsies were studied. The authors identified three clear
subtypes of EoE; subtype 1 with a normal-appearing esophagus and mild molecular
changes, subtype 2 with an inflammatory and steroid-responsive phenotype, and
subtype 3 with a “narrow-caliber” esophagus and severe molecular alterations. These
findings were replicated in a 100-biopsy sample (Shoda et al., 2018).

Tests are commercially available for EOE. Noninvasive tests (as an alternative to
endoscopy) have been recently popular. The Esophageal String Test (Testa et al.) is one
such alternative. The patient swallows a gelatin-coated capsule with a string wrapped
inside. Once the capsule is in the patient’s stomach, the gelatin dissolves, allowing the
capsule to pass through. The string itself is used to collect samples from the patient's
esophagus and is easily removed from the patient. From there, the sample is analyzed
for several biomarkers (major basic protein-1, eotaxins 2 and 3, and so on) to provide a
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probability% (a trademarked “EoEscore”) of esophageal inflammation (Ackerman et al,,
2019; EnteroTrack, 2023).

Barrett's Esophagus (BE)

Barrett's esophagus (BE) is a condition in which the normal squamous tissue lining the
esophagus is replaced by metaplastic columnar epithelium. This new epithelium
contains gastric features and is typically caused by chronic gastroesophageal reflux
disease (GERD). This condition predisposes to esophageal cancer. When noxious
substances (gastric acid, bile, et al) are exposed to the squamous esophageal tissue,
the damage is usually repaired through regeneration of these squamous cells. In BE
cases, this damage is repaired not through creation of new squamous cells, but
through metaplastic columnar cells. The exact reason for this is unknown. Although
these metaplastic cells are more resistant to reflux-based damage than the normal
squamous cells, these cells frequently show the oxidative DNA damage that is typical
of cancer. Mutations in the p53 tumor suppressor gene appear to be the catalyst for
cancers, as acquisition of this mutation in conjunction with the replication of the
genome is conducive to carcinogenesis (Spechler, 2022).

Vollmer (2019) performed a review assessing incidence of adenocarcinoma detected
during surveillance of BE. The author identified 55 studies encompassing 61371 total
patients. Of the 61371 total patients, 1106 developed adenocarcinoma. Overall, the
author found that the model created from the studies “predicted the per-person
probability of developing cancer in five years of complete follow-up is approximately
0.0012." Variables affecting this probability included mean time of follow-up, definition
of Barrett metaplasia, and fraction of patients followed up for at least five years
(Vollmer, 2019).

Proprietary Testing- BE

Proprietary tests are commercially available for assessment of BE, usually to evaluate
risk (BE progression to cancer, risk of BE itself, and such). For example, BarreGen,
offered by Interpace Diagnostics, uses tumor mutational load (a measure intended to
capture total genomic instability of a sample) to calculate risk of progression. Although
many ways can estimate mutational load, BarreGen tests 10 key genomic loci which are
as follows: "1p (CMM1, L-myc), 3p (VHL, HoGGT), 5q (MCC, APC), 9p (CDKNZ2A), 10q
(PTEN, MXI1), 17p (TP53), 17q (RNF43, NMET), 18q (SMAD4, DCC), 21q (TFF1, PSEN?2)
and 22q (NF2)." These loci encompass integral tumor suppressors and are proposed to
provide an accurate picture of genomic instability (Interpace, 2023; Trindade et al.,
2019).
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Another test, TissueCypher, also proposes to predict likelihood of progression from BE
to esophageal cancer. The test measures nine protein biomarkers that represent
morphological and cellular changes (p53, p16, AMACR, CD68, COX2, HER2, K20, HIF1-
alpha, CD45R0). These biomarkers are quantified and converted to a risk score (1-10)
and probability of progression (Castle Biosciences, 2023).

Esoguard, by Lucid Diagnostics, is an esophageal DNA test which analyzes 31
methylated biomarkers in the diagnosis of non-dysplastic Barrett's esophagus and
adenocarcinoma. The assay uses next generation sequencing to examine individual
DNA molecules for the presence or absence of cytosine methylation with a 90%
specificity and 90% sensitivity (Lucid Diagnostics, 2024).

Finally, a proprietary imaging system, WATS3D, is commercially available. This imaging
system samples from a wider area, as opposed to only taking focal samples in a
traditional biopsy. This technology also provides a 3-dimensional image of the
sampled area. This technology purports to provide more precise sampling than the
traditional 4-quadrant biopsies, claiming an increased detection rate of BE and other
dysplasias (Diagnostics, 2024).

Esophageal Cancer

Esophageal cancers are largely divided into two groups: squamous cell carcinomas
(SCCs) and adenocarcinomas (EAC). SCCs usually begin in the middle of the
esophagus, whereas EACs often originate near the gastroesophageal junction. Both
share several risk factors, such as smoking. Due to the numerous environmental risk
factors for both types of cancer, it is difficult to ascertain the true impact of genetic
factors (Gibson, 2023). These cancers are primarily diagnosed through histologic
examination, usually obtained through endoscopy (Saltzman & Gibson, 2023).

Advancements have been in the molecular characterization of both types of cancer.
TP53 mutations are the most common mutation seen in both types of cancer. Other
frequently mutated genes in adenocarcinoma include ELMO1 and DOCKZ2 (enhance cell
motility), ARIDTA, SMARCA4 and ARIDZ2 (chromatin remodelers), and SPGZ20 (traffics
growth factor receptors). BE, as the precursor to adenocarcinomas, includes certain
similarities in genetic mutations but at a less severe rate. Further, the rate of overlap
tended to increase with higher degree of dysplasia (Testa et al., 2017).

Squamous cell carcinoma mutations tend to be in genes associated with specific
cellular pathways. Genes in ubiquitous pathways, such as EGFR, NOTCH3, and RB, are
frequently mutated in SCC. The molecular profile of esophageal SCC tends to align
more with other squamous cell cancers (such as head and neck cancers) rather than
EAC (Testa et al., 2017). Numerous gene expression studies have been performed to
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further classify molecular subtypes of esophageal cancer (Gonzaga et al., 2017;
McLaren et al., 2017; Visser et al., 2017). Gene expression profiles may have utility in

assessing response to treatment, prognosis, or risk assessment.

Historically, Carcinoembryonic Antigen (CEA) has been used as the serum cancer
marker in the diagnosis of esophageal cancer, as CEA levels have been shown to be
significantly higher in these patients. The sensitivity (8-70%), specificity (57-100%), and
positive likelihood ratio (5.94) of CEA means that patients with EC have a 6-fold higher
chance of having higher CEA levels. Other markers include squamous cell cancer
antigen (SCC-Ag) and cytokeratin 21-1 fragment (CYFRA21-1). The sensitivity and
specificity Cyfra21-1 ranged from 36% to 63% and from 89% to 100%, respectively,
with patients having a 12-fold higher chance of having EC. The sensitivity and
specificity of SCC-Ag ranged from 13% to 64% and from 91% to 100%, respectively,
whereas its PLR was 7.66 (Visaggi et al., 2021).

Li et al. (2019) investigated potential biomarkers for lymph node metastasis for
esophageal squamous cell carcinoma. Six studies encompassing 70 patients were
included. The authors identified nine biomarkers and four cellular mechanisms that
influence lymph node metastasis. From there, they identified three biomarkers with
broader influence on prognosis of disease, PTEN, STMN1, and TNFAIPS. The authors
suggested that those three biomarkers should be researched further (Li et al., 2019).

Plum et al. (2019) evaluated HERZ2 overexpression’s impact on prognosis of esophageal
adenocarcinoma (EAC). 428 EAC patients that underwent a “transthoracic thoraco-
abdominal esophagectomy” were included. The authors identified 44 patients with
HER?2 positivity (IHC score 3+ or 2+ with gene amplification). This cohort was found to
have a better overall survival (OS, 70.1 months vs 24.6 months), along with better
histology, absence of lymphatic metastases, and lower tumor stages. The authors also
noted a similarity in results to a large 2012 study (Plum et al., 2019).

Frankell et al. (2019) examined the molecular landscape of esophageal
adenocarcinoma (EAC). The authors assessed 551 genomically characterized EACs. A
total of 77 driver genes and “21 non-coding driver elements” were identified. The
authors also found an average of 4.4 driver events per tumor. A three-way association
was found, between hyper-mutation, Wnt signaling, and loss of immune signaling
genes. Finally, the authors also identified “sensitizing events” (events causing a tumor
to be more susceptible to a therapy) to CD4/6 inhibitors in over half of the EAC cases
studied (Frankell et al., 2019).

Clinical Utility and Validity
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Ackerman et al. (2019) evaluated the ability of the 1-hour Esophageal String Test (Testa
et al.) to distinguish between active eosinophilic esophagitis (EOE), inactive eosinophilic
esophagitis, and normal esophagi. A total of 134 patients (62 active EoE, 37 inactive
EoE, 35 normal) were included. The authors found that eotaxin 3 measured from both
EST samples and the control biopsy extracts to be the best marker for distinguishing
active EoE from inactive EoE (by both sensitivity and specificity). Addition of major
basic protein 1 (MBP-1) improved sensitivity by 0.039 (0.652 to 0.693) and specificity by
0.014 (0.261 to 0.275) across all patients (Ackerman et al., 2019).

Hao et al. (2019) performed a cost-effectiveness analysis of an “adenocarcinoma risk
prediction multi-biomarker assay” (TissueCypher’s Barrett's Esophagus Assay). A
hypothetical cohort of 10000 patients with BE diagnoses (including non-dysplastic
intestinal metaplasia [NBDE], indefinite for dysplasia [IND], and low-grade dysplasia
[LGD]) was created. A Markov decision model was used to compare BE management
costs between assay use and the standard of care (SOC). A surveillance interval of five
years was used. Low-risk patients were found to have a 16.6% reduction in
endoscopies. High-risk patients were found to have a 58.4% increase in endoscopic
treatments (compared to the SOC arm), leading to a death total of 111 for the assay
arm compared to 204 in the SOC arm (a 45.6% reduction). Overall, the authors
calculated the incremental cost-effectiveness ratio (ICER) to be $52,483/quality-
adjusted life-year (QALY), and they found that “the probability of the Assay being cost-
effective compared to the SOC was 57.3% at the $100,000/QALY acceptability
threshold” (Hao et al.,, 2019).

Eluri et al. (2018) aimed to validate a genomic panel intended to represent tumor
mutational load (TML). Previously, the authors evaluated a panel of 10 genomic loci
from which a TML score was calculated. This mean TML was found to be significantly
higher in 23 BE patients that had progressed to high-grade dysplasia (HGD) or
esophageal adenocarcinoma (EAC) as compared to 46 that had not progressed. The
area under the curve in this prior study was found to be 0.95 at a mutational load (ML)
cutoff of 1 (on a scale of 1-10). In the present study, 159 subjects were included. Cases
had “baseline nondysplastic BE (NDBE) and developed HGD/EAC > 2 years later.” 58
subjects were progressors and 101 were nonprogressors. The authors identified no
difference in mean ML in pre-progression tissue in both cohorts (ML = 0.73 + 0.69 vs.
ML = 0.74 + 0.61). The area under the curve at the cutoff of ML 1 was only 0.50, and
the authors concluded that the “utility of the ML to stratify BE patients for risk of
progression was not confirmed in this study” (Eluri et al., 2018).

Trindade et al. (2019) evaluated tumor mutational load’s (ML) ability to “risk-stratify
those that may progress from non-dysplastic BE to dysplastic disease”. 28 patients
were included, and ML levels were compared between those that progressed to
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dysplasia and those who had not. Eight total patients progressed to dysplasia (6 low-
grade, 2 high-grade), and seven of these patients had “some level” of genomic stability
detected (ML >.5 on a scale of 1 to 10). Ten of the 20 patients that did not progress to
dysplasia had "no” ML level. The authors also noted that at an ML of >1.5, the risk of
progression to high-grade dysplasia was 33%, with a sensitivity of 100% and specificity
of 85%. The authors concluded “that ML may be able to risk-stratify progression to
high-grade dysplasia in BE-IND. Larger studies are needed to confirm these findings”
(Trindade et al.,, 2019).

Moinova et al. (2018) evaluated the ability of two DNA methylation signatures to
detect BE. Methylation signatures of the VIM and CCNAT loci were evaluated in 173
patients with or without BE. CCNAT methylation was found to have an area under the
curve of 0.95 for distinguishing BE-related dysplasia compared to normal esophagi.
When the data for VIM methylation was added, the resulting sensitivity was 95%, and
the resulting specificity was 91%. These findings were replicated in a validation cohort
of 86 patients, with the combination of methylation markers detecting BE metaplasia at
90.3% sensitivity and 91.7% specificity (Moinova et al., 2018).

Critchley-Thorne et al. (2016) validated a pathology panel to predict progression of BE
to esophageal cancer. The authors identified 15 potential biomarkers, which were
evaluated in both training and validation sets. This “classifier” separated patients into
three different risk classes: low, intermediate, and high in the training set of 183. The
authors calculated the hazard ratio of intermediate to low risk at 4.19 and high to low
at 14.73. In the validation set (n = 183), the concordance index (an estimation of area
under the curve) of the 15-factor classifier was 0.772, the best of the amounts tested
(3,6,9, 12, 15, 17). The authors also noted that this classifier provided independent
prognostic information that were outperformed predictions based on other
clinicopathological factors, such as segment length, age, and p53 overexpression
(Critchley-Thorne et al., 2016).

Another multicenter study investigated the use of WATS3P with either random or
targeted FB in the detection of esophageal dysplasia (ED). A total of 12,899 patients
were enrolled in the study, and WATS®P detected an additional 213 cases of ED beyond
the initial 88 cases identified by FB, representing an increase of 242%. Regarding
screening for BE, WATS increased the overall detection by 153% (from 13.1% to 33% of
the individuals enrolled). The authors noted that the order of testing (e.g., FB or WATS)
did not impact the results. The authors conclude, “In this study, comprised of the
largest series of patients evaluated with WATS, adjunctive use of the technique with
targeted and random FB markedly improved the detection of both ED and BE. These
results underscore the shortcomings of FB in detecting BE-associated neoplasia, which
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can potentially impact the management and clinical outcomes of these patients”
(Smith et al., 2019).

A study into the cost-effectiveness of WATS3P testing as an adjunct to the standard-of-
care forceps biopsy (FB) used a reference case of a 60-year-old individual with
gastroesophageal reflux disease (GERD) to see the number of screens needed to avert
one cancer and one cancer-related death as well as to calculate the quality-adjusted
life years (QALYs) as measured in 2019 U.S. dollars. With this as a reference case, 320 —
337 individuals would need to be screened using WATS3P to avert one cancer, and 328
— 367 individuals would be required to avert one death. The additional cost associated
with WATS3P was $1219, but an additional 0.017 QALYs were produced, resulting in an
ICER of $71395/QALY. The authors concluded that screening for BE in certain GERD
patients “is more cost-effective when WATS3P is used adjunctively to the Seattle
protocol than with the Seattle protocol alone” (Singer & Smith, 2020).

One study compared the use of the WATS?P technology to standard forceps biopsy. A
total of 117 individuals with a history of Barrett's esophagus with dysplasia had both
techniques performed. For the biopsy, a four-quadrant biopsy quadrant protocol was
performed every 1 -2 cm. Evaluation of the biopsy and the WATS?P technique was
performed by separate pathologists, blinded to each other’s results. Moreover, “Brush
biopsy [WATS?P] added an additional 16 position cases increasing the yield of
dysplasia detection by 42% (95% Cl: 20.7 — 72.7). The number needed to test (NNT) to
detect one additional case of dysplasia was 9.4 (95% Cl: 6.4 — 17.7)." The authors of the
study noted that no statistical difference was evident between medical centers, the
type of forceps used, or between sampling every 1 cm versus every 2 cm. They
conclude, “These data suggest that computer-assisted brush biopsy is a useful adjunct
to standard endoscopic surveillance regimens for the identification of dysplasia in
Barrett's esophagus” (Anandasabapathy et al., 2011).

Another multicenter prospective trial of 4203 patients studied the use of WATS?P as an
adjunct to four-quadrant random forceps biopsy (FB) in detecting Barrett's esophagus
(BE) and esophageal dysplasia (ED). FB alone detected 594 cases of BE, and the
addition of WATS®P detected an additional 493 cases, an increase of 83%. Likewise,
WATS3P detected an increase of 88.5% of low-grade dysplasia (LGD). The authors
concluded that "Adjunctive use of WATS to FB significantly improves the detection of
both BE and ED. Sampling effort, an inherent limitation associated with screening and
surveillance, can be improved with WATS allowing better informed decisions to be
made about the management and subsequent treatment of these patients” (Gross et
al., 2018). These findings support the earlier study by Johanson and colleagues. In their
study of 1266 patients being screened for BE and ED, they noted an overall increase of
39.8% in the detection of BE when WATS®P (brush biopsy or BB) was used as an adjunct
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to FB. They also report that the number of patients needed to test (NNT) to obtain a
positive BE result was 8.7. Interestingly, specifically for patients with gastroesophageal
reflux disease (GERD), the addition of WATS?P resulted in an even higher increase in
the detection of BE (by 70.5%) (Johanson et al., 2011).

Vennalaganti et al. (2018) published a randomized trial at 16 different medical centers
(n = 160 patients) compared the order of testing (WATS?P followed by biopsy sampling
versus biopsy sampling followed by WATS?P) to detect high-grade
dysplasia/esophageal adenocarcinoma (HGD/EAC). The authors also stated secondary
aims of determining the amount of additional time required for WATS3P and the ability
of each procedure to separately detect neoplasia. The order of the procedures was not
statistically relevant. The use of WATS3P as an adjunct to biopsy did result in a 14.4%
absolute increase in the number of HGD/EAC cases detected. The authors noted that
WATS3P, on average, adds 4.5 minutes to the total procedure time. They conclude that
“Results of this multicenter, prospective, randomized trial demonstrate that the use of
WATS in a referral BE population increases the detection of HGD/EAC" (Vennalaganti et
al., 2018).

Diehl et al. (2021) studied the impact of TissueCypher Barrett's esophagus (BE) assay
on clinical decisions in the management of BE patients. TissueCypher was ordered for
60 patients with BE and the impact of the test was assessed. TissueCypher results
impacted 55.0 % of management decisions, resulting in either upstaging or
downstaging of treatment. The authors note that "In 21.7% of patients, the test
upstaged the management approach, resulting in endoscopic eradication therapy
(Wechsler et al.) or shorter surveillance interval. The test downstaged the management
approach in 33.4% of patients, leading to surveillance rather than EET. In the subset of
patients whose management plan was changed, upstaging was associated with a high-
risk TissueCypher result, and downstaging was associated with a low-risk result" (Diehl
et al., 2021). The authors conclude that TissueCypher will help target EET for high risk
patients and reduce unneeded procedures in low risk patients (Diehl et al., 2021).

Wechsler et al. (2021) studied the clinical utility of noninvasive biomarkers to identify
EoE in children and predict esophageal eosinophilia. Blood/urine was collected from
183 children and several biomarkers were measured including Absolute eosinophil
count (AEC), plasma eosinophil-derived neurotoxin (EDN), eosinophil cationic protein
(ECP), major basic protein-1 (MBP-1), galectin-10 (CLC/GAL-10), Eotaxin-2 and Eotaxin-
3, and urine osteopontin (OPN) and matrix metalloproteinase-9 (MMP-9). According to
the results, all plasma and urine biomarkers were in increased in EoE. A panel that
included all the other biomarkers was superior to measuring only AEC alone. AEC,
CLC/GAL-10, ECP, and MBP-1 were significantly decreased in patients with esophageal
eosinophil counts <15/hpf in response to treatment. AEC combined with MBP-1 best
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predicted the esophageal eosinophil counts. The authors conclude that eosinophil-
associated proteins along with AEC are superior to AEC alone in distinguishing EoE and

predicting eosinophil counts (Wechsler et al., 2021).
Guidelines and Recommendations

United European Gastroenterology (UEG), The European Society of Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN), the European Academy
of Allergy and Clinical Immunology (EAACI), and the European Society of
Eosinophilic Oesophagitis (EUREOS)

These joint guidelines were published by a task force of 21 physicians and researchers
for eosinophilic esophagitis (EoE). In it, they note that noninvasive biomarkers
(inflammatory factors, total IgE, chemokines, tryptase, et al) are "not accurate” to
diagnose or monitor EoE. They remark that absolute serum eosinophil count fared best
in correlating with severity of disease but had a diagnostic accuracy of 0.754. The
guidelines state that histology is necessary for monitoring. The String Test was also
mentioned as having good preliminary results but required further corroboration
(Lucendo et al.,, 2017).

American Gastroenterological Association (AGA) and the Joint Task Force on
Allergy-Immunology Practice Parameters (JTF) guideline

Regarding allergy-based testing for the purpose of identifying food triggers in patients
with Eosinophilic Esophagitis, the AGA/JTF suggest an allergy-based elimination diet
over no treatment. The task force notes that "due to the potential limited accuracy of
currently available, allergy-based testing for the identification of specific food triggers,
patients may prefer alternative medical or dietary therapies to an exclusively testing-
based elimination. An important limitation of the studies available so far “involves the
degree of inconsistency due to different testing techniques (e.g., skin-prick testing,
serum-specific IgE testing, patch testing, or combinations of these) used in different
studies.” Additionally, a “sensitivity analysis failed to show any statistically significant
difference between studies that used patch testing and those that did not” (Hirano et
al., 2020).

Updated International Consensus Diagnostic Criteria for Eosinophilic Esophagitis:
Proceedings of the AGREE Conference

These newly published international diagnostic criteria primarily include endoscopic
findings. Although the guidelines emphasize ruling out other diagnoses (in which
biomarkers may be useful), it does not mention any serum or genetic factors for EoE
itself (Dellon et al., 2018).
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National Comprehensive Cancer Network (NCCN)

The NCCN notes four syndromes that predispose to an increased risk for esophageal
and esophagogastric junction (EGJ) cancers; tylosis with non-epidermolytic
palmoplantar keratoderma (PPK) with esophageal cancer (including Howel-Evans
syndrome), familial Barrett esophagus (FBE), Bloom Syndrome (BS, BLM gene), and
Fanconi Anemia (FA, FANC A-E genes). The RHBDFZ2 gene has been associated with
tylosis (with non-epidermolytic palmoplantar keratosis) for genetic risk assessment.

Though FBE may be associated with “one or more autosomally inherited dominant
susceptibility alleles,” no gene has been validated. With regards to next-generation
sequencing, the NCCN concludes that “when limited tissue is available for testing, or
the patient is unable to undergo a traditional biopsy, sequential testing of single
biomarkers or use of limited molecular diagnostic panels may quickly exhaust the
sample. In these scenarios, comprehensive genomic profiling via a validated NGS assay
performed in a CLIA-approved laboratory may be used for the identification of HER2
amplification, MSI [microsatellite instability]l, MMR deficiency, TMB, NTRK gene fusions,
RET gene fusions, and BRAF v600E mutations. The use of IHC/ISH/targeted PCR should
be considered first followed by NGS testing when appropriate”(NCCN, 2024).

Under microsatellite instability (MSI) and mismatch repair testing, the NCCN
recommends “universal testing for MSI by polymerase chain reaction (PCR), NGS, or
MMR by IHC should be performed for all newly diagnosed esophageal and EGJ
cancers.”

For squamous cell carcinoma, the NCCN recommends performing universal testing for
microsatellite instability (MSI) by PCR/NGS or MMR by IHC in all newly diagnosed
patients. It is also recommended that PD-L1 testing (if not done previously) if
advanced/metastatic cancer is suspected. They also note that NGS may be considered
via validated assay (NCCN, 2024).

Liquid biopsy aids in identifying genetic mutations in solid cancers by looking at
circulating tumor DNA (ctDNA) in blood and can be used in those with advanced
disease who cannot undergo clinical biopsies for disease surveillance and
management. Detecting mutations in DNA from esophageal and EGJ carcinomas “can
identify targetable alterations or the evolution of clones with altered treatment
response profiles.” The NCCN has also stated that “a negative result should be
interpreted with caution, as this does not exclude the presence of tumor mutations or
amplifications” (NCCN, 2024).

The NCCN notes that “testing for MSI by PCR/NGS or MMR [mismatch repair] by IHC
should be considered on locally advanced, recurrent, or metastatic esophageal and EGJ
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cancers in patients who are candidates for treatment with programmed cell death
protein 1 (PD-1) inhibitors.”

The NCCN also identifies several targeted therapeutic agents currently approved by
the FDA: trastuzumab, pembrolizumab/nivolumab, and entrectinib/larotrectinib.
Trastuzumab is based on HERZ overexpression (NCCN notes that an approved biologic
or biosimilar drug to trastuzumab is also appropriate for use) and pembrolizumab can
also be added to the regimen for treating HERZ, notwithstanding any
contraindications.

Treatment with trastuzumab is based on testing for HER2 expression. Treatment with
pembrolizumab or nivolumab is based on “testing for MSI by PCR/NGS or MMR by
IHC, PD-L1 expression by IHC, or high TMB by NGS.” Select TRK inhibitors have also
been FDA-approved for NTRK gene fusion-positive tumors. Additionally, selpercatinib
can be used therapeutically for RET gene-related tumors and dabrafenib/trametinib for
tumors with BRAF V600E mutations (NCCN, 2024).

Genetic biomarkers such as aneuploidy and loss of p53 heterozygosity have been
proposed as useful for identifying increased risk of progression in BE patients, but the
NCCN remarks that these biomarkers require “further prospective evaluation as
predictors of risk for the development of HGD [high-grade dysplasia] and
adenocarcinoma of the esophagus in patients with Barrett esophagus” (NCCN, 2024).

The NCCN notes that wide-area transepithelial sampling (WATS) has been used to
detect esophageal carcinomas in BE patients. They state, “The use of wide-area
transepithelial sampling with computer-assisted 3-dimensional analysis (WATS3D), a
relatively new sampling technique combining an abrasive brush biopsy of the Barrett
esophagus mucosa with computer-assisted pathology analysis to highlight abnormal
cells, may help increase the detection of esophageal dysplasia in patients with Barrett
esophagus.” They go on to cite the 2017 study by Vennalaganti and colleagues that
shows a 14.4% increase in the number of additional cases of HGD/esophageal
adenocarcinoma captured by using WATS. However, the NCCN remarks that the “utility
and accuracy of WATS for detecting HGD/adenocarcinoma in patients with Barrett
esophagus needs to be evaluated in larger phase Il randomized trials” (NCCN, 2024).

American Society for Gastrointestinal Endoscopy (ASGE)

The ASGE recommends the use of WATS3D as an adjunct to “Seattle protocol biopsy
sampling” in patients with known or suspected BE (conditional recommendation, low
quality of evidence). The society stated that they had downrated the certainty of the

recommendation due to possible risk bios, insistency, and indirectness of the studies
that were available at the time of publication since some of the studies had included
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LGD (whereas others had not) and many of the studies had been sponsored by the
test's manufacturer. The society also had noted that, as of the date of publication, no
studies addressing the cost-effectiveness of WATS-3D had been published. (Qumseya
et al, 2019) It should be noted that since the publication of these guidelines the 2020
cost-effectiveness study by Singer and Smith (2020) has been published.

Society of American Gastrointestinal and Endoscopic Surgeons (SAGES)
Technology and Value Assessment Committee (TAVAC)

The TAVAC of SAGES evaluated WATS®P and published their findings and
recommendations within the journal Surgical Endoscopy in 2020. They note that
WATS3P is not recommended “as a stand-alone substitute for cold forcep biopsies.”
Within their expert panel recommendation section:

e They state that no significant morbidity or mortality is associated with the testing.

e They also state that "WATS?P increases diagnostic yield by 38 — 150% for Barrett's
Esophagus, by 40 — 150% for Low Grade Dysplasia; and by 420% for High Grade
Dysplasia; when compared to forceps biopsy alone.”

o WATS?P testing also “has very high inter-observer agreement for the pathological
diagnosis of non-dysplastic and dysplastic Barrett's Esophagus.”

Regarding value, “Increased detection of pre-malignant diseases of the esophagus by
the adjunctive use of WATS3P supports screening and surveillance by the adjunctive
use of WATS?P during upper endoscopy in appropriate patients” (Docimo et al., 2020).

American Foregut Society (AFS)

The AFS published a white paper reviewing WATS3P in 2020. After reviewing the
literature, they state, “The American Foregut Society (AFS) Board has concluded that
there are sufficient data to support the routine use of WATS3P technology in the
diagnosis and ongoing evaluation of Barrett's esophagus” (AFS, 2021).

American College of Gastroenterology (ACG)

In 2022, the ACG updated the Barrett's Esophagus guideline and offered
recommendations for the diagnosis, screening, surveillance, and endoscopic and
medical therapy of BE. No recommendations were made regarding chemoprevention
or use of "“biomarkers” in routine practice due to "“insufficient data.”

Studies do suggest that “biomarkers may be better than routine histology alone” in
helping to predict the progression of cancer. However, the ACG notes that no single
prediction tool or panel to predict disease progression has been established as having
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clear clinical utility. There have not been sufficient studies to evaluate the combination
of clinical and biomarker variables.

The ACG could not recommend “routine use of p53 IHC or TissueCypher for risk
stratification in patients with BE undergoing surveillance” due to unclear clinical validity

(Shaheen et al., 2022).

However, the panel did not completely dissuade providers from the use of biomarkers
under certain conditions since the predictive performance "has been shown to be
better in some cases than the histologic diagnosis.” In the future, and with more
clinical studies, this may mean that biomarkers could have predictive value in a subset
of patients with BE without dysplasia (Shaheen et al., 2022).

European Society for Medical Oncology (ESMO)

No form of molecular testing for diagnosis or risk assessment of esophageal cancer is
mentioned in the ESMO 2022 guideline (Obermannova et al., 2022). The 2022
guideline does include a supplementary table listing biomarkers and molecular targets
for precision medicines and corresponding scores for outcomes (ESMO, 2022):

gene amplification

Biomarker or Method of Drug match ESCAT score

genomic detection

alteration

HER2 IHC for HER2 Anti-HER2 I-A (alteration-drug
protein expression | antibodies (e.g. match is associated
or ISH for HER2 trastuzumab) with improved

outcome with
evidence from
randomised clinical
trials showing the
alteration-drug
match in a specific
tumour type results
in a clinically
meaningful
improvement of a
survival end point)
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PD-L1 Combined Positive | PD-1 inhibitors (e.g.
Score (CPS) or pembrolizumab,
Tumour Positive nivolumab)

Score (TPS)

MSiI High Microsatellite | PD-1 inhibitors (e.g. | I-C (alteration-drug
Instability (MSI-H) | nivolumab, match is associated
pembrolizumab) with improved

outcome with
evidence from
clinical trials across
tumour types or
basket clinical trials
showing clinical
benefit associated
with the alteration-
drug match, with
similar benefit
observed across
tumour types)

(Obermannova et al., 2022)

Pan-Asian adapted ESMO Clinical Practice Guidelines: a JSMO-ESMO initiative
endorsed by CSCO, KSMO, MOS, SSO and TOS

The only biomarker mentioned in these guidelines is HERZ; intended “to select patients
with metastatic esophageal adenocarcinoma for treatment with...trastuzumab.” The
guidelines go on to state that evidence for the role of other biomarkers or agents is
“limited” (Muro et al., 2019).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.
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Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT CPT Description

NTRK (neurotrophic receptor tyrosine kinase 1, 2, and 3) (eg, solid tumors)
81194 | translocation analysis

Microsatellite instability analysis (eg, hereditary non-polyposis colorectal

cancer, Lynch syndrome) of markers for mismatch repair deficiency (eg,

BAT25, BAT26), includes comparison of neoplastic and normal tissue, if
81301 | performed

Molecular pathology procedure, Level 5 (eg, analysis of 2-5 exons by DNA

sequence analysis, mutation scanning or duplication/deletion variants of 6-

10 exons, or characterization of a dynamic mutation disorder/triplet repeat
81404 | by Southern blot analysis)

Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by DNA

sequence analysis, mutation scanning or duplication/deletion variants of 11-
81405 | 25 exons, regionally targeted cytogenomic array analysis)

Molecular pathology procedure, Level 7 (eg, analysis of 11-25 exons by DNA

sequence analysis, mutation scanning or duplication/deletion variants of 26-
81406 | 50 exons)
81479 | Unlisted molecular pathology procedure

Cytopathology, fluids, washings or brushings, except cervical or vaginal;
88104 | smears with interpretation

Cytopathology, selective cellular enhancement technique with interpretation
88112 | (eg, liquid based slide preparation method), except cervical or vaginal
88160 | Cytopathology, smears, any other source; screening and interpretation
88271 | Molecular cytogenetics; DNA probe, each (eg, FISH)

Molecular cytogenetics; chromosomal in situ hybridization, analyze 3-5 cells
88272 | (egq, for derivatives and markers)

Molecular cytogenetics; chromosomal in situ hybridization, analyze 10-30
88273 | cells (eg, for microdeletions)
88274 | Molecular cytogenetics; interphase in situ hybridization, analyze 25-99 cells
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CPT CPT Description
Molecular cytogenetics; interphase in situ hybridization, analyze 100-300

88275 | cells

88305 | Level IV - Surgical pathology, gross and microscopic examination
Special stain including interpretation and report; Group | for microorganisms

88312 | (eg, acid fast, methenamine silver)

Immunohistochemistry or immunocytochemistry, per specimen; each
additional single antibody stain procedure (List separately in addition to

88341 | code for primary procedure)

Immunohistochemistry or immunocytochemistry, per specimen; initial single

88342 | antibody stain procedure
Immunohistochemistry or immunocytochemistry, per specimen; each

88344 | multiplex antibody stain procedure
Morphometric analysis, tumor immunohistochemistry (eg, Her-2/neu,
estrogen receptor/progesterone receptor), quantitative or semiquantitative,

88360 | per specimen, each single antibody stain procedure; manual
Morphometric analysis, tumor immunohistochemistry (eg, Her-2/neu,
estrogen receptor/progesterone receptor), quantitative or semiquantitative,
per specimen, each single antibody stain procedure; using computer-

88361 | assisted technology
Morphometric analysis, in situ hybridization (quantitative or semi-
quantitative), using computer-assisted technology, per specimen; initial

88367 | single probe stain procedure
Morphometric analysis, in situ hybridization (quantitative or semi-

88368 | quantitative), manual, per specimen; initial single probe stain procedure
Morphometric analysis, in situ hybridization (quantitative or semi-
quantitative), manual, per specimen; each additional single probe stain

88369 | procedure (List separately in addition to code for primary procedure)
Morphometric analysis, in situ hybridization (quantitative or semi-
quantitative), using computer-assisted technology, per specimen; each
additional single probe stain procedure (List separately in addition to code

88373 | for primary procedure)

Morphometric analysis, in situ hybridization (quantitative or semi-
quantitative), using computer-assisted technology, per specimen; each

88374 | multiplex probe stain procedure
Morphometric analysis, in situ hybridization (quantitative or semi-

88377 | quantitative), manual, per specimen; each multiplex probe stain procedure
Inflammation (eosinophilic esophagitis), ELISA analysis of eotaxin-3 (CCL26

0095U | [C-C motif chemokine ligand 26]) and major basic protein (PRG2
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CPT CPT Description
[proteoglycan 2, pro eosinophil major basic protein]), specimen obtained by
swallowed nylon string, algorithm reported as predictive probability index
for active eosinophilic esophagitis
Proprietary test: Esophageal String Test™ (EST)
Lab/Manufacturer: Cambridge Biomedical, Inc.
Gastroenterology (Barrett's esophagus), whole slide—digital imaging,
including morphometric analysis, computer-assisted quantitative
immunolabeling of 9 protein biomarkers (p16, AMACR, p53, CD68, COX-2,
CD45RO0, HIF1a, HER-2, K20) and morphology, formalin-fixed paraffin-
embedded tissue, algorithm reported as risk of progression to high-grade
dysplasia or cancer
Proprietary test: TissueCypher® Barrett's Esophagus Assay

0108U | Lab/Manufacturer: Cernostics
Gastroenterology (Barrett's esophagus), VIM and CCNA1T methylation
analysis, esophageal cells, algorithm reported as likelihood for Barrett's
esophagus
Proprietary test: EsoGuard™

0114U | Lab/Manufacturer: Lucid Diagnostics
Gastroenterology (Barrett esophagus), P16, RUNX3, HPP1, and FBN1 DNA
methylation analysis using PCR, formalin-fixed paraffin-embedded (FFPE)
tissue, algorithm reported as risk score for progression to high-grade
dysplasia or cancer
Proprietary test: ESOPREDICT® Barrett's Esophagus Risk Classifier Assay

0398U | Lab/Manufacturer: Capsulomics, Inc d/b/a Previse

Current Procedural Terminology© American Medical Association. All Rights

reserved.

Procedure codes appearing in Medical Policy documents are included only as a general
reference tool for each policy. They may not be all-inclusive.

IX. Evidence-based Scientific References

Ackerman, S. J,, Kagalwalla, A. F., Hirano, I., Gonsalves, N., Katcher, P. M., Gupta, S.,
Wechsler, J. B., Grozdanovic, M., Pan, Z,, Masterson, J. C,, Du, J., Fantus, R. J., Alumkal,
P., Lee, J. J., Ochkur, S., Ahmed, F., Capocelli, K., Melin-Aldana, H., Biette, K, . . . Furuta,
G. T. (2019). One-Hour Esophageal String Test: A Nonendoscopic Minimally Invasive
Test That Accurately Detects Disease Activity in Eosinophilic Esophagitis. Am J
Gastroenterol, 1714(10), 1614-1625. https://doi.org/10.14309/ajg.0000000000000371

Page 23 of 28



https://doi.org/10.14309/ajg.0000000000000371

s
SMVP

AFS. (2021). Wide Area Transepithelial Sampling with Computer Assisted 3D Analysis
(WATS3D). American Foregut Society. Retrieved 07/31/2020 from
https://pubmed.ncbi.nlm.nih.gov/32578042/

Anandasabapathy, S., Sontag, S., Graham, D. Y., Frist, S., Bratton, J., Harpaz, N., & Waye, J.
D. (2011). Computer-assisted brush-biopsy analysis for the detection of dysplasia in a
high-risk Barrett's esophagus surveillance population. Dig Dis Sci, 56(3), 761-766.
https://doi.org/10.1007/s10620-010-1459-z

Bonis, P. A. L., & Gupta, S. K. (2023). Clinical manifestations and diagnosis of eosinophilic
esophagitis. https://www.uptodate.com/contents/clinical-manifestations-and-
diagnosis-of-eosinophilic-esophagitis

Castle Biosciences. (2023). What is the TissueCypher® Barrett's Esophagus Assay?
http://www.cernostics.com/products/

Costa-Barbosa, F. A., Balasubramanian, R., Keefe, K. W., Shaw, N. D., Al-Tassan, N.,
Plummer, L., Dwyer, A. A., Buck, C. L., Choi, J. H.,, Seminara, S. B., Quinton, R., Monies,
D., Meyer, B., Hall, J. E., Pitteloud, N., & Crowley, W. F., Jr. (2013). Prioritizing genetic
testing in patients with Kallmann syndrome using clinical phenotypes. J Clin
Endocrinol Metab, 98(5), E943-953. https://doi.org/10.1210/jc.2012-4116

Critchley-Thorne, R. J,, Duits, L. C., Prichard, J. W., Davison, J. M., Jobe, B. A., Campbell, B.
B., Zhang, Y., Repa, K. A, Reese, L. M,, Li, J,, Diehl, D. L, Jhala, N. C.,, Ginsberg, G.,
DeMarshall, M., Foxwell, T., Zaidi, A. H., Lansing Taylor, D., Rustgi, A. K., Bergman, J. J.,
& Falk, G. W. (2016). A Tissue Systems Pathology Assay for High-Risk Barrett's
Esophagus. Cancer Epidemiol Biomarkers Prev, 25(6), 958-968.
https://doi.org/10.1158/1055-9965.Epi-15-1164

Dellon, E. S., Liacouras, C. A., Molina-Infante, J,, Furuta, G. T., Spergel, J. M., Zevit, N.,
Spechler, S. J.,, Attwood, S. E., Straumann, A, Aceves, S. S., Alexander, J. A, Atkins, D.,
Arva, N. C, Blanchard, C., Bonis, P. A,, Book, W. M., Capocelli, K. E., Chehade, M.,
Cheng, E., ... Bredenoord, A. J. (2018). Updated International Consensus Diagnostic
Criteria for Eosinophilic Esophagitis: Proceedings of the AGREE Conference.
Gastroenterology, 155(4), 1022-1033.e1010.
https://doi.org/10.1053/j.gastro.2018.07.009

Diagnostics, C. (2024). WATS3D empowers physicians to preempt cancer. Retrieved
1/16/2024 from https://www.cdxdiagnostics.com/wats3d

Diehl, D. L., Khara, H. S., Akhtar, N., & Critchley-Thorne, R. J. (2021). TissueCypher
Barrett's esophagus assay impacts clinical decisions in the management of patients
with Barrett's esophagus. Endosc Int Open, 9(3), E348-e355.
https://doi.org/10.1055/a-1326-1533

Docimo, S., Jr., Al-Mansour, M., & Tsuda, S. (2020). SAGES TAVAC safety and efficacy
analysis WATS(3D) (CDx Diagnostics, Suffern, NY). Surg Endosc.
https://doi.org/10.1007/s00464-020-07503-w

Page 24 of 28


https://pubmed.ncbi.nlm.nih.gov/32578042/
https://doi.org/10.1007/s10620-010-1459-z
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-eosinophilic-esophagitis
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-eosinophilic-esophagitis
http://www.cernostics.com/products/
https://doi.org/10.1210/jc.2012-4116
https://doi.org/10.1158/1055-9965.Epi-15-1164
https://doi.org/10.1053/j.gastro.2018.07.009
https://www.cdxdiagnostics.com/wats3d
https://doi.org/10.1055/a-1326-1533
https://doi.org/10.1007/s00464-020-07503-w

s
SMVP

Eluri, S., Klaver, E., Duits, L. C,, Jackson, S. A, Bergman, J. J., & Shaheen, N. J. (2018).
Validation of a biomarker panel in Barrett's esophagus to predict progression to
esophageal adenocarcinoma. Dis Esophagus, 31(11).
https://doi.org/10.1093/dote/doy026

EnteroTrack. (2023). The EnteroTracker®. https://enterotrack.com/our-technology

ESMO. (2022). Oesophageal cancer: ESMO Clinical Practice Guideline for diagnosis,
treatment and follow-up. SUPPLEMENTARY MATERIAL.
https://www.annalsofoncology.org/cms/10.1016/j.annonc.2022.07.003/attachment/e
c23d13e-fab60-45bc-a5fb-125278bccb51/mmc1.pdf

Frankell, A. M., Jammula, S., Li, X., Contino, G,, Killcoyne, S., Abbas, S., Perner, J., Bower, L.,
Devonshire, G., Ococks, E., Grehan, N., Mok, J., O'Donovan, M., MacRae, S., Eldridge,
M. D., Tavaré, S., & Fitzgerald, R. C. (2019). The landscape of selection in 551
esophageal adenocarcinomas defines genomic biomarkers for the clinic. Nat Genet,
51(3), 506-516. https://doi.org/10.1038/s41588-018-0331-5

Gibson, M. K. (2023, February 27, 2024). Epidemiology and risk factors for esophageal
cancer. UpToDate. https://www.uptodate.com/contents/epidemiology-and-risk-
factors-for-esophageal-cancer

Gonzaga, I. M., Soares Lima, S. C,, Nicolau, M. C,, Nicolau-Neto, P., da Costa, N. M., de
Almeida Simao, T., Hernandez-Vargas, H., Herceg, Z., & Ribeiro Pinto, L. F. (2017).
TFF1 hypermethylation and decreased expression in esophageal squamous cell
carcinoma and histologically normal tumor surrounding esophageal cells. Clin
Epigenetics, 9, 130. https://doi.org/10.1186/s13148-017-0429-0

Gross, S. A, Smith, M. S., & Kaul, V. (2018). Increased detection of Barrett's esophagus
and esophageal dysplasia with adjunctive use of wide-area transepithelial sample
with three-dimensional computer-assisted analysis (WATS). United European
Gastroenterol J, 6(4), 529-535. https://doi.org/10.1177/2050640617746298

Hao, J., Critchley-Thorne, R., Diehl, D. L., & Snyder, S. R. (2019). A Cost-Effectiveness
Analysis Of An Adenocarcinoma Risk Prediction Multi-Biomarker Assay For Patients
With Barrett's Esophagus. Clinicoecon Outcomes Res, 11, 623-635.
https://doi.org/10.2147/ceor.S221741

Interpace. (2023). An Innovative Diagnostic Tool for Barrett's Esophagus Patients.
https://barregen.com/

Johanson, J. F., Frakes, J., & Eisen, D. (2011). Computer-assisted analysis of abrasive
transepithelial brush biopsies increases the effectiveness of esophageal screening: a
multicenter prospective clinical trial by the EndoCDx Collaborative Group. Dig Dis Sci,
56(3), 767-772. https://doi.org/10.1007/s10620-010-1497-6

Li, J, Qi, Z,, Hu, Y. P, & Wang, Y. X. (2019). Possible biomarkers for predicting lymph
node metastasis of esophageal squamous cell carcinoma: a review. J Int Med Res,
47(2), 544-556. https://doi.org/10.1177/0300060518819606

Page 25 of 28


https://doi.org/10.1093/dote/doy026
https://enterotrack.com/our-technology
https://www.annalsofoncology.org/cms/10.1016/j.annonc.2022.07.003/attachment/ec23d13e-fa60-45bc-a5fb-125278bccb51/mmc1.pdf
https://www.annalsofoncology.org/cms/10.1016/j.annonc.2022.07.003/attachment/ec23d13e-fa60-45bc-a5fb-125278bccb51/mmc1.pdf
https://doi.org/10.1038/s41588-018-0331-5
https://www.uptodate.com/contents/epidemiology-and-risk-factors-for-esophageal-cancer
https://www.uptodate.com/contents/epidemiology-and-risk-factors-for-esophageal-cancer
https://doi.org/10.1186/s13148-017-0429-0
https://doi.org/10.1177/2050640617746298
https://doi.org/10.2147/ceor.S221741
https://barregen.com/
https://doi.org/10.1007/s10620-010-1497-6
https://doi.org/10.1177/0300060518819606

s
SMVP

Lucendo, A. J., Molina-Infante, J., Arias, A., von Arnim, U., Bredenoord, A. J., Bussmann, C,,
Amil Dias, J., Bove, M., Gonzalez-Cervera, J., Larsson, H., Miehlke, S., Papadopoulou,
A., Rodriguez-Sanchez, J., Ravelli, A., Ronkainen, J., Santander, C., Schoepfer, A. M.,
Storr, M. A, Terreehorst, I, ... Attwood, S. E. (2017). Guidelines on eosinophilic
esophagitis: evidence-based statements and recommendations for diagnosis and
management in children and adults. United European Gastroenterol J, 5(3), 335-358.
https://doi.org/10.1177/2050640616689525

Lucid Diagnostics. (2024). Esoguard. https://www.luciddx.com/esoguard

Mclaren, P. J., Barnes, A. P., Terrell, W. Z., Vaccaro, G. M., Wiedrick, J., Hunter, J. G, &
Dolan, J. P. (2017). Specific gene expression profiles are associated with a pathologic
complete response to neoadjuvant therapy in esophageal adenocarcinoma. Am J
Surg, 213(5), 915-920. https://doi.org/10.1016/j.amjsurg.2017.03.024

Moinova, H. R, LaFramboise, T., Lutterbaugh, J. D., Chandar, A. K., Dumot, J., Faulx, A.,
Brock, W., De la Cruz Cabrera, O., Guda, K., Barnholtz-Sloan, J. S., lyer, P. G., Canto, M.
l., Wang, J. S,, Shaheen, N. J,, Thota, P. N., Willis, J. E., Chak, A., & Markowitz, S. D.
(2018). Identifying DNA methylation biomarkers for non-endoscopic detection of
Barrett's esophagus. Sci Transl Med, 10(424).
https://doi.org/10.1126/scitranslmed.aao05848

Muro, K., Lordick, F., Tsushima, T., Pentheroudakis, G., Baba, E., Lu, Z., Cho, B. C,, Nor, I.
M., Ng, M., Chen, L. T., Kato, K., Li, J., Ryu, M. H., Zamaniah, W. I. W., Yong, W. P., Yeh,
K. H., Nakajima, T. E., Shitara, K., Kawakami, H., . .. Douillard, J. Y. (2019). Pan-Asian
adapted ESMO Clinical Practice Guidelines for the management of patients with
metastatic oesophageal cancer: a JSMO-ESMO initiative endorsed by CSCO, KSMO,
MOQOS, SSO and TOS. Ann Oncol, 30(1), 34-43.
https://doi.org/10.1093/annonc/mdy498

NCCN. (2024, 01/26/2024). Esophageal and Esophagogastric Junction Cancers.
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf

Obermannova, R, Alsina, M., Cervantes, A., Leong, T., Lordick, F., Nilsson, M., van
Grieken, N. C. T., Vogel, A, & Smyth, E. C. (2022). Oesophageal cancer: ESMO Clinical
Practice Guideline for diagnosis, treatment and follow-up <sup>&#x2606; </sup>.
Annals of Oncology, 33(10), 992-1004. https://doi.org/10.1016/j.annonc.2022.07.003

Plum, P. S., Gebauer, F., Kramer, M., Alakus, H., Berlth, F., Chon, S. H., Schiffmann, L.,
Zander, T., Buttner, R., Holscher, A. H., Bruns, C. J., Quaas, A., & Loeser, H. (2019).
HER2/neu (ERBB2) expression and gene amplification correlates with better survival
in esophageal adenocarcinoma. BMC Cancer, 19(1), 38.
https://doi.org/10.1186/s12885-018-5242-4

Qumseya, B., Sultan, S., Bain, P., Jamil, L., Jacobson, B., Anandasabapathy, S., Agrawal, D.,
Buxbaum, J. L, Fishman, D. S., Guruduy, S. R, Jue, T. L., Kripalani, S., Lee, J. K., Khashab,
M. A., Naveed, M., Thosani, N. C,, Yang, J., DeWitt, J., & Wani, S. (2019). ASGE

Page 26 of 28


https://doi.org/10.1177/2050640616689525
https://www.luciddx.com/esoguard
https://doi.org/10.1016/j.amjsurg.2017.03.024
https://doi.org/10.1126/scitranslmed.aao5848
https://doi.org/10.1093/annonc/mdy498
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
https://doi.org/10.1016/j.annonc.2022.07.003
https://doi.org/10.1186/s12885-018-5242-4

s
SMVP

guideline on screening and surveillance of Barrett's esophagus. Gastrointestinal
Endoscopy, 90(3), 335-359.e332. https://doi.org/10.1016/j.gie.2019.05.012

Rothenberg, M. E. (2023). Eosinophilic esophagitis (EoE): Genetics and
iImmunopathogenesis. https://www.uptodate.com/contents/eosinophilic-esophagitis-
eoe-genetics-and-immunopathogenesis

Saltzman, J. R, & Gibson, M. K. (2023). Clinical manifestations, diagnosis, and staging of
esophageal cancer. https://www.uptodate.com/contents/clinical-manifestations-
diagnosis-and-staging-of-esophageal-cancer

Shaheen, N. J,, Falk, G. W., lyer, P. G,, Souza, R. F,, Yadlapati, R. H., Sauer, B. G., & Wani, S.
(2022). Diagnosis and Management of Barrett's Esophagus: An Updated ACG
Guideline. Am J Gastroenterol, 117(4), 559-587.
https://doi.org/10.14309/ajg.0000000000001680

Sherrill, J. D., & Rothenberg, M. E. (2014). Genetic and epigenetic underpinnings of
eosinophilic esophagitis. Gastroenterol Clin North Am, 43(2), 269-280.
https://doi.org/10.1016/j.gtc.2014.02.003

Shoda, T., Wen, T., Aceves, S. S., Abonia, J. P., Atkins, D., Bonis, P. A., Caldwell, J. M.,
Capocelli, K. E., Carpenter, C. L., Collins, M. H,, Dellon, E. S., Eby, M. D., Gonsalves, N.,
Gupta, S. K, Falk, G. W., Hirano, I, Menard-Katcher, P., Kuhl, J. T., Krischer, J. P, . ..
Rothenberg, M. E. (2018). Eosinophilic oesophagitis endotype classification by
molecular, clinical, and histopathological analyses: a cross-sectional study. Lancet
Gastroenterol Hepatol, 3(7), 477-488. https://doi.org/10.1016/s2468-1253(18)30096-7

Singer, M. E., & Smith, M. S. (2020). Wide Area Transepithelial Sampling with Computer-
Assisted Analysis (WATS(3D)) Is Cost-Effective in Barrett's Esophagus Screening. Dig
Dis Sci. https://doi.org/10.1007/s10620-020-06412-1

Smith, M. S., lkonomi, E., Bhuta, R,, lorio, N., Kataria, R. D., Kaul, V., & Gross, S. A. (2019).
Wide-area transepithelial sampling with computer-assisted 3-dimensional analysis
(WATS) markedly improves detection of esophageal dysplasia and Barrett's
esophagus: analysis from a prospective multicenter community-based study. Dis
Esophagus, 32(3). https://doi.org/10.1093/dote/doy099

Spechler, S. (2022, September 7). Barrett's esophagus: Epidemiology, clinical
manifestations, and diagnosis. https://www.uptodate.com/contents/barretts-
esophagus-epidemiology-clinical-manifestations-and-diagnosis

Testa, U., Castelli, G., & Pelosi, E. (2017). Esophageal Cancer: Genomic and Molecular
Characterization, Stem Cell Compartment and Clonal Evolution. Medicines (Basel),
4(3). https://doi.org/10.3390/medicines4030067

Trindade, A. J., McKinley, M. J,, Alshelleh, M., Levi, G., Stewart, M., Quinn, K. J., & Thomas,
R. M. (2019). Mutational load may predict risk of progression in patients with
Barrett's oesophagus and indefinite for dysplasia: a pilot study. BMJ Open
Gastroenterology, 6(1), e€000268. https://doi.org/10.1136/bmjgast-2018-000268

Page 27 of 28


https://doi.org/10.1016/j.gie.2019.05.012
https://www.uptodate.com/contents/eosinophilic-esophagitis-eoe-genetics-and-immunopathogenesis
https://www.uptodate.com/contents/eosinophilic-esophagitis-eoe-genetics-and-immunopathogenesis
https://www.uptodate.com/contents/clinical-manifestations-diagnosis-and-staging-of-esophageal-cancer
https://www.uptodate.com/contents/clinical-manifestations-diagnosis-and-staging-of-esophageal-cancer
https://doi.org/10.14309/ajg.0000000000001680
https://doi.org/10.1016/j.gtc.2014.02.003
https://doi.org/10.1016/s2468-1253(18)30096-7
https://doi.org/10.1007/s10620-020-06412-1
https://doi.org/10.1093/dote/doy099
https://www.uptodate.com/contents/barretts-esophagus-epidemiology-clinical-manifestations-and-diagnosis
https://www.uptodate.com/contents/barretts-esophagus-epidemiology-clinical-manifestations-and-diagnosis
https://doi.org/10.3390/medicines4030067
https://doi.org/10.1136/bmjgast-2018-000268

s
SMVP

Vennalaganti, P. R, Kaul, V., Wang, K. K., Falk, G. W., Shaheen, N. J., Infantolino, A,
Johnson, D. A, Eisen, G, Gerson, L. B., Smith, M. S,, lyer, P. G,, Lightdale, C. J., Schnoll-
Sussman, F., Gupta, N., Gross, S. A., Abrams, J., Haber, G. B., Chuttani, R., Pleskow, D.
K., ...Sharma, P. (2018). Increased detection of Barrett's esophagus-associated
neoplasia using wide-area trans-epithelial sampling: a multicenter, prospective,
randomized trial. Gastrointest Endosc, 87(2), 348-355.
https://doi.org/10.1016/j.gie.2017.07.039

Visaggi, P., Barberio, B., Ghisa, M., Ribolsi, M., Savarino, V., Fassan, M., Valmasoni, M.,
Marchi, S., de Bortoli, N., & Savarino, E. (2021). Modern Diagnosis of Early
Esophageal Cancer: From Blood Biomarkers to Advanced Endoscopy and Artificial
Intelligence. Cancers (Basel), 13(13). https://doi.org/10.3390/cancers13133162

Visser, E., Franken, I. A., Brosens, L. A., Ruurda, J. P., & van Hillegersberg, R. (2017).
Prognostic gene expression profiling in esophageal cancer: a systematic review.
Oncotarget, 8(3), 5566-5577. https://doi.org/10.18632/oncotarget.13328

Vollmer, R. T. (2019). A review of the incidence of adenocarcinoma detected during
surveillance for Barrett's esophagus. Hum Pathol, 84, 150-154.
https://doi.org/10.1016/j.humpath.2018.09.016

Wechsler, J. B, Ackerman, S. J., Chehade, M., Amsden, K, Riffle, M. E., Wang, M.-Y., Du, J,,
Kleinjan, M. L., Alumkal, P., Gray, E., Kim, K.-Y. A., Wershil, B. K., & Kagalwalla, A. F.
(2021). Noninvasive biomarkers identify eosinophilic esophagitis: A prospective
longitudinal study in children. Allergy, 76(12), 3755-3765.
https://doi.org/10.1111/all.14874

Wen, T., Stucke, E. M., Grotjan, T. M., Kemme, K. A., Abonia, J. P, Putnam, P. E., Franciosi,
J. P, Garza, J. M., Kaul, A, King, E. C,, Collins, M. H., Kushner, J. P., & Rothenberg, M. E.
(2013). Molecular diagnosis of eosinophilic esophagitis by gene expression profiling.
Gastroenterology, 145(6), 1289-1299. https://doi.org/10.1053/j.gastro.2013.08.046

Zhang, X, Patil, D., Odze, R. D., Zhao, L., Lisovsky, M., Guindi, M., Riddell, R., Bellizzi, A.,
Yantiss, R. K., Nalbantogluy, I., & Appelman, H. D. (2020). The microscopic anatomy of
the esophagus including the individual layers, specialized tissues, and unique
components and their responses to injury. Ann N Y Acad Sci, 1434(1), 304-318.
https://doi.org/10.1111/nyas.13705

X. Revision History

Revision Date | Summary of Changes

Page 28 of 28


https://doi.org/10.1016/j.gie.2017.07.039
https://doi.org/10.3390/cancers13133162
https://doi.org/10.18632/oncotarget.13328
https://doi.org/10.1016/j.humpath.2018.09.016
https://doi.org/10.1111/all.14874
https://doi.org/10.1053/j.gastro.2013.08.046
https://doi.org/10.1111/nyas.13705

V' 4
JIMVP

HEALTH CARE

Fibromyalgia Testing

Policy Number: AHS -M2177 - Prior Policy Name and Number, as
Fibromyalgia Testing applicable:

Initial Policy Effective Date: 02/01/2026

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

Fibromyalgia is a chronic diffuse pain condition and the most common cause of
chronic widespread musculoskeletal pain (Goldenberg, 2023a). It is also known by
"diffuse myofascial pain syndrome,” “fibromyalgia-fibromyositis syndrome,” or
“fibromyalgia syndrome” (Ada, 2022). FM has The etiology and pathophysiology of FM
is generally unknown, but it can be found with “fatigue, cognitive disturbance
psychiatric symptoms, and multiple somatic symptoms;” however, presentation may
vary from patient to patient (Goldenberg, 2023a; Kimura & Walco, 2023). Controversy
has arisen regarding the disease origin, as it has been considered to be psychogenic or
psychosomatic, but recent research indicates it as a disorder of pain regulation, a form
of “central sensitization” (Goldenberg, 2023a).

Terms such as male and female are used when necessary to refer to sex assigned at
birth.

Il. Related Policies

Policy Policy Title
Number
AHS-G2155 | General Inflammation Testing

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “"Applicable State and Federal Regulations” section of this policy document.
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The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

1) For the diagnosis of fibromyalgia or chronic pain syndromes, the following tests DO

NOT MEET COVERAGE CRITERIA:

a) Genetic testing (e.g., mutation analysis, copy number variants, epigenetic analysis,
MRNA expression, miRNA expression).

b) Biomarker panel testing with proprietary algorithms and/or index scores (e.g.,
FM/a®, NutrEval FMV®).

IV. Table of Terminology

Term Definition
SHT Serotonin
5-HT2A Serotonin 2A
ATAT Alpha-1 antitrypsin
AAPT American Pain Society Pain Taxonomy
ACE I/D Anglotensin-converting enzyme |/D polymorphism
ACR American College of Rheumatology
Analgesic, Anesthetic, and Addiction Clinical Trial Translations
ACTTION . .
Innovations Opportunities and Networks
ADRATA Adrenoreceptor alpha 1A gene
ADRB2 Adrenoreceptor beta 2 gene
ADRB3 Adrenoreceptor beta 3 gene
AMPA a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
ANS Autonomic nervous system
APS American Pain Society
BDNF Brain derived neurotrophic factor gene
CB-1 Cannabinoid receptor type 1
CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers for Medicare and Medicaid Services
CNR1 Cannabinoid receptor 1 gene
CNS Central nervous system
CNV Copy number variant
COMT Catecholamine o-methyl transferase gene
CRA Canadian Rheumatology Association
CRP C-reactive protein
CSF Cerebrospinal fluid
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CWP Chronic widespread pain

DNA Deoxyribonucleic acid

DRD3 Dopamine receptor D3 gene

EDN1T Endothelin 1 gene

ESR Erythrocyte sedimentation rate

FDA Food and Drug Administration

FIQ Fibromyalgia-Impact Questionnaire

FM Fibromyalgia

GABRB3 Gamma-aminobutyric acid receptor subunit beta-3 gene
GBP1 Guanylate binding protein 1 gene

GCH1 Guanosine triphosphate (GTP) cyclohydrolase 1 gene
GERD Gastroesophageal reflux disease

GRIA4 Glutamate ionotropic receptor AMPA type subunit 4 gene
HLA-DRB1 Human leukocyte antigen DR beta 1 gene
HTR2A 5-Hydroxytryptamine Receptor 2A gene

HTR3A 5-Hydroxytryptamine Receptor 3A gene

HTR3B 5-Hydroxytryptamine Receptor 3B gene

IBS Irritable bowel syndrome

IFN-y Interferon-y

IGHV10R21- . : o ,
1 Immunoglobulin domain-containing like protein
IGLV3-25 Immunoglobulin lambda variable 3-25

IL-10 Interleukin-10

IL1RAP Interleukin-1 receptor accessor protein

IL-4 Interleukin-4 gene

IL-5 Interleukin-5

IL-6 Interleukin-6

IL-8 Interleukin-8

LDTs Laboratory-developed tests

MAOA Monoamine oxidase A gene

MAPK Mitogen-activated protein kinase

MCP-1 Monocyte chemoattractant protein-1

MEFV Mediterranean fever gene

METTL18 Methyltransferase-like 18

MIP-18 Macrophage inflammatory protein-18

MSP Multisite pain

MTHFR Methylenetetrahydrofolate reductase gene
MYTIL Myelin transcription factor 1 like gene

NA Noradrenaline

Page 3 of 16




V' 4
JIMVP

HEALTH CARE

NRXN3 Neurexin 3 gene

OPRM1 Opioid receptor mu 1 gene

PBMC Plasma and peripheral blood mononuclear cells
PHA Phytohemagglutinin

PMA Phorbol-12-myristate-13-acetate

RA Rheumatoid arthritis

RGS4 Regulator of G protein signaling 4 gene

SCL-90 Symptom Checklist-90 for Psychopathological Disorders
SCN9A Sodium voltage-gated channel alpha subunit 9 gene
SLC64A4 Solute carrier family 64 member 4 gene

SERPINAT Serpin family A member 1 gene

SLE Systemic lupus erythematosus

SNPs Single nucleotide polymorphisms

SS Sjégren syndrome

TAAR1T Trace amine-associated receptor 1 gene

TACR1 Tachykinin receptor 1 gene

TMD Temporomandibular joint disorder

TPC Tender point count

TPQ Tridimensional Personality Questionnaire

TRPV2 Transient receptor potential vanilloid channel 2 gene
TRPV3 Transient receptor potential vanilloid channel 3 gene
TSH Thyroid stimulating hormone

TSPO Translocator protein gene

WPI Widespread pain index

V. Scientific Background

Fibromyalgia (FM) is a condition characterized by chronic and diffuse non-
inflammatory musculoskeletal pain. FM is often accompanied by fatigue, cognitive
disturbances (“fibro fog”), psychiatric symptoms, and multiple other nonspecific
somatic symptoms (Galvez-Sanchez & Reyes Del Paso, 2020; Goldenberg, 2023a).
Aside from the secondary symptoms, patients may at times experience abdominal and
chest wall pain, irritable bowel syndrome (IBS), gastroesophageal reflux disease (GERD),
and symptoms of autonomic nervous system (ANS) dysfunction. Despite this, FM is
generally of unknown etiology and pathophysiology. However, FM should be
considered as a diagnosis in patients experiencing idiopathic chronic pain for at least
three months and is solely confirmed by a clinical, symptom-based assessment
(D'Agnelli et al., 2019). What adds to the controversial and mysterious nature of the
condition is that it depends on subjective symptoms. On a normal physical
examination, patients often appear well and do not show abnormalities other than
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"widespread soft tissue tenderness” with normal laboratory and radiologic studies,
making it a common but elusive diagnosis. However, a history of other medical
conditions that cause musculoskeletal pain can coexist with or mimic FM like
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and thyroid disease.
Medical history can support a FM diagnosis (Goldenberg, 2023a). FM is more
commonly diagnosed in women than men. The prevalence of FM in the United States
and other countries is about two to three percent and incidence tends to increase with
age (Bhargava & Hurley, 2020). FM can also be diagnosed in adolescents in the form of
juvenile primary fibromyalgia, and it is confirmed mostly symptomatically but based on
slightly different diagnostic criteria for research and epidemiological purposes (Kimura
& Walco, 2023).

Fibromyalgia is categorized as a “disorder of pain regulation,” under “central
sensitization” (Goldenberg, 2023b). This finding is supported by biochemical
abnormalities that are oftentimes present in FM patients: low concentrations of
metabolites of serotonin (5HT) and noradrenaline (NA), and high concentrations of
substance P and nerve growth factors (Julien et al., 2005). Patients are more sensitive
to central nervous system inputs of pain, and those with FM at times can experience
symptoms like those suffering from other central pain disorders, like migraines, IBS,
and temporomandibular joint disorder (TMD) (Goldenberg, 2023b). Reduced 5HT and
NA may actually account for the widespread pain symptoms by contributing to the
dysfunction of endogenous systems that inhibit pain sensation (Julien et al., 2005).

Contrary to the established findings published about FM, recent research has
demonstrated that there is a possible genetic basis to the disease progression; up to
50% of disease risk can be attributed to candidate genes (D'Agnelli et al., 2019). There
also appears to be a strong familial predisposition to FM, although it is suspected to
have a more polygenic mode of inheritance (Arnold et al., 2019; Buskila et al., 2007).
However, there is no singular definitive gene that directly causes FM; several genes
under consideration include SLC64A4, TRPV2, MYTIL, and NRXN3 (D'Agnelli et al,
2019). Single nucleotide polymorphisms (SNPs) in the SLC64A4 gene, which encodes a
sodium-dependent serotonin transporter, has been associated with both FM and TMD.
SLC64A4 mutations that cause increased serotonin reuptake have been associated with
high levels of depression and psychological disorders, as well as “SCL-90 [Symptom
Checklist-90 for psychopathological disorders] scores for somatic awareness and
anger, TPQ [tridimensional personality questionnaire] harm avoidance trait, increased
salivary cortisol level, [and] increased leukocyte count” (D'Agnelli et al., 2019;
Diatchenko et al., 2013). TRPVZ (transient receptor potential vanilloid channel 2) gene
is needed for not only cell cycle progression, growth, and differentiation of
hematopoietic stem cells and innate immunity, but also the pain threshold due to its
presence in the mechanoresponsive and thermo-responsive neurons in the dorsal root
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and trigeminal ganglia (D'Agnelli et al., 2019; Mickle et al., 2015; Santoni et al., 2013).
Genetic correlations in FM between mutations in SLC6A4 and TRPVZ2, which encodes a
calcium-permeable channel that is heat-activated and modulates many cellular
functions, are further supported by linkage analysis done with FM to the chromosome
17p11.2-q11.2 region, which happens to house the two genes (Arnold et al,, 2013;
Kojima & Nagasawa, 2014).

Docampo et al. (2014) discovered that the rs11127292 polymorphism in the MYTTL
(myelin transcription factor 1 like) gene, which is critical in the process of neuronal
differentiation and has historically been associated with neuropsychiatric disorders,
and an intronic CNV (copy number variant) in the NRXN3 (neurexin 3) gene, which is
involved in signal transmission by promoting synapse stability and function, affect the
central nervous system (CNS) aspect of FM as well (Docampo et al., 2014).

Studies have also examined the differences in other allelic frequencies and influence of
genetics on the sequelae of FM progression. Smith et al. (2012) identified significant
variations in allelic frequency of GABRB3 (rs4906902), TAART (rs8192619), and GBP1
(rs7911) between FM patients and controls. TAART was demonstrated to alter
dopamine bioavailability and function, which may cause the increased pain sensitivity
seen in FM. RGS4, CNR1, and GRIA4 were implicated in other cohorts from the study by
Smith et al. (2012), and are genes primarily involved in mechanisms of analgesia and
central sensitivity as well. RGS4, which is expressed in the CNS regions like the dorsal
horn of the spinal cord and the locus coeruleus, influences opioid receptor function
when overexpressed. CNR1, which encodes the CB-1 cannabinoid receptor, has been
indirectly utilized in FM treatment by the cannabinoid receptor agonist nabilone. Low
CNR1 expression and thus low CB-1 receptor activity may pose as a strong candidate
for future testing, as several FM patients have increased circulating anandamide, an
endocannabinoid, which has been hypothesized to underlie the pain in conditions like
FM. Alterations to the GRIA4 gene affect AMPA (a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) receptors, which play roles in the pain and comorbidities
associated with FM (Smith et al., 2012).

Another gene commonly associated with FM is the COMT (catecholamine o-methyl
transferase) gene. Though not directly affecting disease presentation, the V158M
variant may contribute to subsequent depression, anxiety, and disability in many FM
females (D'Agnelli et al., 2019). Mutations in the COMT gene are more closely linked to
“pain catastrophizing, increased pain level during elevated pain attention, thermal and
pressure sensitivity, psychological distress, increase number of tender points in TPC
[tender point count], pain and positive affect interaction, and FIQ [fibromyalgia-impact
questionnaire]-defined pain, fatigue, sleep, disturbance, morning stiffness, and
disability” (Diatchenko et al., 2013). Similarly, mutations in the HTR2A (5-
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hydroxytryptamine receptor 2A) gene, which encodes for its receptor, 5-HT2A,
contributed to lower levels of total 5-HT in serum and CSF of FM patients (Park & Lee,
2017). The phenotype in FM more closely relates to psychological facets of FM —
including reduced perception of environmental quality, “increased SCL-90-R total score
and subscales scores for somatic awareness, anxiety, psychosis, obsessive-compulsive
behavior, hostility, global severity index, interpersonal sensitivity, phobic anxiety, [and]
depression” (Diatchenko et al., 2013).

Research has also demonstrated the role of epigenetics in FM phenotype and
progression. Ciampi de Andrade et al. (2017) investigated DNA methylation states in
samples obtained from FM cases and healthy controls, and found that the majority
(1042 genes, 65%) of the differently methylated genes between the two were mostly
hypomethylated. These genes were involved in “transduction and calcium signaling,
MAPK signaling pathway, regulation of actin cytoskeleton endocytosis, and neuroactive
ligand-receptor interaction pathways,” and the sites that were identified were involved
in DNA repair, immune system response and regulation, and membrane transport
(D'Agnelli et al.,, 2019). Additionally, circulating miRNAs obtained from cerebrospinal
fluid (CSF) and serum samples were found to be associated with many of the clinical
symptoms of FM, including pain and fatigue, alterations in energy metabolism and
growth, alterations in pain threshold, and sleep disturbance (Bjersing et al., 2015;
Bjersing et al., 2013).

Proprietary Testing

The gradually progressing genetic and epigenetic findings for FM make biomarker
testing attractive to researchers and physicians to solidify an alternative nonclinical
diagnosis for this debilitating disease. The FM/a® Test takes advantage of the
understanding of the immunological biomarkers and genetic components of FM to
develop a blood test for diagnosis (FM/a, 2020). Biomarkers assayed through this test
were based on a study on levels of cytokines interferon-y (IFN-y), interleukin-5 (IL-5),
IL-6, IL-8, IL-10, macrophage inflammatory protein-1p (MIP-1B) , monocyte
chemoattractant protein-1 (MCP-1), and MIP1-a obtained from samples of plasma and
peripheral blood mononuclear cells (PBMC) with/without mitogenic activator
treatment (Behm et al,, 2012). Results identified that there was no statistically
significant difference in these cytokines between FM samples and controls. However,
when phytohemagglutinin (PHA), which induces PBMC proliferation and cytokine
secretion, phorbol-12-myristate-13-acetate (PMA), and ionomycin, which “stimulate
PBMCs and activate extracellular expressions of cytokines,” were cultured with the
blood samples, the concentrations of most cytokines in FM samples compared to
normal samples were statistically significant, except for IL-5. This immunoassay
indicated a connection to the coexisting diagnoses of FM with mental depression and
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chronic pain, as both these populations tend to experience high pro-inflammatory
cytokine levels as well (Behm et al., 2012).

Results supporting the FM/a® Test were further elucidated by Wallace et al. (2015),
who looked into the cytokine and chemokine profiles in FM, rheumatoid arthritis, and
systemic lupus erythematosus. Using the Luminex multiplex immunoassay bead array
technology with mitogenic stimulation of PBMCs, cytokine concentrations for IL-6, IL-8,
MIP-a, and MIP-b were recorded. Measures of analytical validity were done using a
cytokine/chemokine composite test score. This measurement with all the
cytokines/chemokines altogether was considered to have a sensitivity of 93%, a
specificity of 89.4%, positive predictive value of 92%, and negative predictive value of
91% for the diagnosis of FM (Wallace et al., 2015).

Other researchers have opted for a proteomics approach to identify individuals with
FM. Among females with FMS, Han et al. (2020) discovered dysregulated proteins and
mechanisms associated with an FM diagnosis. They propose a panel of
methyltransferase-like 18 (METTL18), immunoglobulin lambda variable 3-25 (IGLV3-
25), interleukin-1 receptor accessor protein (ILTRAP), and putative V-set and
immunoglobulin domain-containing like protein (IGHV10OR21-1) to differentiate FM
from healthy controls. This conclusion was drawn from using a decision tree model
that yielded an accuracy of 0.97. Collectively, they offered 100% detection sensitivity in
their training cohort, and a specificity of 88% (Han et al., 2020).

Genova Diagnostics has also released the NutrEval FMV® Profile, which is a “blood and
urine profile that evaluates over 125 biomarkers and assesses the body's functional
need for 40 antioxidants, vitamins, minerals, essential fatty acids, amino acids, digestive
support, and other select nutrients.” NutrEval® aims to provide insight into conditions
such as depression, anxiety, certain inflammatory conditions, and chronic pain
syndromes (Genova, 2024). While there are no peer-reviewed studies published to
confirm either the analytical or clinical utility of this particular proprietary test,
researchers have delved into the biomarkers that comprise this assay. The
aforementioned research on COMT proves relevant in the genomics component of this
test. The clinical utility for the NutrEval ® Profile is particularly pertinent to the chronic
pain aspect. In patients with chronic pain, it was found that quinolinic acid,
pyroglutamic acid (indicator of glutathione depletion), xanthurenic acid (indicator of
vitamin B6 insufficiency), 3-hydroxyropyl mercapturic acid (acrolein metabolite), and
methylmalonic acid (indicator of vitamin B12 deficiency) were all elevated to a certain
degree among patients experiencing chronic pain. Seventy-seven percent of patients
with chronic pain all had at least one abnormal biomarker (Gunn et al.,, 2020). This
demonstrates that understanding the role of nutrition metabolism is necessary for
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delineating the underlying processes of FM, a chronic pain condition, but additional
research is needed.

Clinical Utility and Validity

Currently, most, if not all, of the FM diagnoses are solely clinical. Judgment is made
subjectively and dependent on guidelines to conclude if subjective symptoms translate
to FM. The sensitivity and specificity of utilizing the 2016 ACR guidelines, when
compared to the 1990 criteria in a referral care setting, are 71% and 60%, respectively,
with a positive predictive value of 85% and a negative predictive value of 39% (Ahmed
et al,, 2019). These statistical measures evidently prove that there need be more
sensitive and specific measures beyond clinical symptoms for diagnosis of FM.

The clinical utility of an FM diagnosis extends beyond genetic testing and biomarkers;
FM is also found concurrently among those with primary immunodeficiency and
autoimmune diseases, such as RA, SLE, and Sjogren Syndrome (SS) (Han et al., 2020;
Wilke, 1999). Confirming an FM diagnosis could aid in explicating the additional
complications found in RA and SLE, such as “alternating constipation and diarrhea,
urinary frequency, diffuse paresthesias, and cognitive difficulties.” The converse also
holds true — diagnoses of SS could prompt possible FM diagnoses as well, as seen in
the cases of seeing sicca symptoms and tender point count of six (though not
necessary with 2016 ACR guidelines) (Wilke, 1999).

Janssen et al. (2021) conducted a review that identified the polymorphisms related to
FM and the respective clinical characteristics. From 27 articles, they found the relevant
genes to be MTHFR, RGS4, MYTIL, TACR1, SCN9A, DRD3, ADRB2, IL-4, HLA-DRBI],
EDN1, CNR1, TAAR1, OPRM1, ADRATA, ADRB3, BDNF, GRIA4, HTR3A, HTR3B, HTR2A,
SERPINA 1 or ATAT, NRXN3, GCH1, MEFV, TRPV3, SLC6A4, ACE I/D, TSPO, COMT, and
MAOA. Additionally, “73.33% of the genes related to FM were also associated with
some psychological disorders, such as anxiety, depression, schizophrenia, and
obsessive and compulsive disorder, and 40.00% with pain sensitivity and/or migraine,
besides other disorders associated (drug addiction, autoimmune disorders, circulatory
problems, and metabolic alterations).” Of note, SLC6A4, HTR3A, HTR3B, and HTRA
genes were associated with serotonergic regulation, chronic pain conditions, and
anxiogenic situations; COMT was related to FM risk and increase in pain severity,
increased likelihood of psychological disorders like “"depression, anxiety and
schizophrenia, alcoholism, opioid addiction, and eating disorders; BDNF was associated
with hyperalgesia in FM; and TACRT was related to dementia and fatigue. As for
treating FM, Janssen et al. (2021)also found that TAAR1, RGS4, CNR1, GRIA4 may be
considered as targets. These collective findings continue to demonstrate the
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comorbidities associated with FM, and how understanding the genetic bases may aid
in preventing and treating additional sequelae (Janssen et al., 2021).

Kendler et al. (2022) studied the familial genetic risk for functional somatic disorders
including internalizing disorders, chronic fatigue syndrome, IBS, and FM. The study
included 5,829,186 individuals in Sweden. The authors used a novel method that
assessed aggregated risk in first to fifth degree relatives and adjusted for cohabitation.
“Patients with FM carry substantial genetic risks not only for FM, but also for pain
syndromes and internalizing, autoimmune and sleep disorders.” Overall, patients with
FM had a unique family risk genetic score with elevated genetic risk across other
disorders; the was a similar but less marked pattern of genetic risks in patients of other
functional somatic disorders. The authors suggest that the genetic risk score for FM
differentiated it from classic autoimmune disorder and internalizing disorder (Kendler
et al,, 2022).

Guidelines and Recommendations
American Pain Society

The Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations
Opportunities and Networks (ACTTION) partnership with the Food and Drug
Administration (FDA) and APS created the ACTTION-APS Pain Taxonomy (AAPT) to
help standardize clinically useful and consistent diagnoses of chronic pain disorders.
First and foremost, all patients must have chronic pain to be diagnosed with FM. The
working group members raised a concern of defining FM-pain as by the 1990 ACR
criteria (CWP — chronic widespread pain) or the ACR 2010/2016 criteria of multisite
pain (MSP), which were distinguished in count (MSP) versus anatomical distribution
(CWP) of pain.

To facilitate identifying FM in clinical practice and in research, the AAPT core diagnostic
criteria for FM are as follows:

1. "MSP defined as 6 or more pain sites from a total of 9 possible sites [head; left
arm; right arm; chest; abdomen; upper back and spine; lower back and spine,
including buttocks; left leg; and right leg]

2. Moderate to severe sleep problems OR fatigue

3. MSP plus fatigue or sleep problems must have been present for at least 3
months” (Arnold et al.,, 2019).

This guideline did not mention genetic testing for FM (Arnold et al., 2019).

American College of Rheumatology (ACR)
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In 2016, the ACR published revisions to their 2010/2011 guidelines on preliminary
diagnostic criteria for fibromyalgia and measurements of symptom severity. To satisfy
a diagnosis of fibromyalgia, a patient must have:

1. "Widespread pain index (WPI) > 7 and symptom severity (SS) scale score > 5 or
WPI 4-6 and SS scale score > 9.

2. Generalized pain, defined as pain in at least 4 or 5 regions, must be present. Jaw,
chest, and abdominal pain are not included in generalized pain definition.

3. Symptoms have been present at a similar level for at least 3 months.

4. A diagnosis of fibromyalgia is valid irrespective of other diagnoses. A diagnosis of
fibromyalgia does not exclude the presence of other clinically important
illnesses.”

The table below obtained from the ACR's publication regarding ascertainment of WPI
and SS is shown.

Ascertainment

(1) WPL: note the number of areas in which the patient has had pain over the last week In how many areas has the patient had pain? Score will be between 0 and 19
Left upper region [Region 1) Right upper region (Region 2) Axial region [Region 5)
Jaw, left* Jaw, right Neck
Shoulder girdle, left Shoulder girdle, right Upper back
Upper arm, left Upper arm, right Lower back
Lower arm, left Lower arm, right Chest”
Abdomen
Left lower region (region 3) Right lower region (Region 4)
Hip (buttock, trochanter], left Hip (butteck, trochanter), right
Upper leg. left Upper leg. right
Lower leg, left Lower leg, right

(2) Symptom severity scale (S55) score
Fatigue
‘Waking unrefreshed
Cognitive sympioms
For the each of the 3 symptoms above, indicate the level of severity over the past week using the following scale:
0 = Mo problem
1 = Slight or mild problems, generally mild or intermittent
2 = Moderate, considerable problems, often present and/or at a moderate level
3 = Severe: pervasive, continuous, life-disturbing problems
The sympiom severity scale (S55) score: is the sum of the severity scores of the 3 symptoms (fatigue, waking unrefreshed, and cognitive symptoms) (0-9) plus the sum
{0-3) of the number of the following symptoms the patient has been bothered by that occurred during the previous 6 months:
(1) Headaches (0-1)
{2) Pain or cramps in lower abdomen (0-1)
{3) And depression (0-1)

The final symptom severity score is between 0 and 12
The fibromyalgia severity (FS) scale is the sum of the WPI and 555

The FS scale is also known as the polysymptomatic distress (PSD) scale.
2 Not included in generalized pain definition.

Several cases previously deemed positive by the 2010/2011 criteria would be
considered negative by the 2016 modified criteria, indicating a lower specificity. The
current criteria also state patients can experience pain in 4-5 regions (four quadrants
and axial), termed "generalized pain,” to distinguish from the 1990 guideline’s
"widespread pain” definition. The 2016 ACR guidelines also now recognize spatial
distribution of painful sites (Arnold et al., 2019). It lastly modifies the language from
the 2010 guidelines that discuss other disorders serving as the etiology of experienced
pain, and assumes the 1990 ACR guideline criterion of possible comorbidities with
fibromyalgia (#4) (Wolfe et al., 2016).
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After conducting an in-depth review of existing guidelines and literature, Heymann et
al. (2017) published recommendations based on the 2010 ACR guidelines, and endorse
using the 2010 ACR criteria for diagnosis of FM. They stated:

1. "The presence of widespread pain is essential for the diagnosis of patients with
suspected FM.

2. Tender points may be useful in the diagnosis of fiboromyalgia when evaluated in
combination with other functional disorders covered in the 2010 [ACR] criteria.
The tender point count may be correlated with the intensity of some symptoms,
particularly emotional stress.

3. Sleep disorders and changes in cognition and fatigue should be considered in the
diagnosis of FM. They should also be considered in the assessment of severity of
patients with FM.

We suggest the systematic measurement of mood disorders using validated
instruments suitable to the healthcare level in which they are administered because
they are highly important when assessing the severity of patients with FM"” (Heymann
et al,, 2017).

These guidelines did not mention genetic testing for FM.
Canadian Rheumatology Association (CRA)

The CRA released recommendations to the “identification, evaluation, and
management” of those with FM after conducting a needs assessment. In relation to
diagnosis of FM, the CRA recommends:

e “Fibromyalgia, a condition that can wax and wane over time, should be
diagnosed in an individual with diffuse body pain that has been present for at
least 3 months, and who may also have symptoms of fatigue, sleep disturbance,
cognitive changes, mood disorder, and other somatic symptoms to variable
degree, and when symptoms cannot be explained by some other iliness [Level 5,
Grade DJ.

o All patients with a symptom complaint suggesting a diagnosis of fibromyalgia
should undergo a physical examination which should be within normal limits
except for tenderness on pressure of soft tissues (ie. hyperalgesia which is
increased pain following a painful stimulus) [Level 4, Grade D].

e Fibromyalgia should be diagnosed as a clinical construct, without any
confirmatory laboratory test, and with testing limited to simple blood testing
including a full blood count, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), creatine kinase, and thyroid stimulating hormone (TSH). Any
additional laboratory or radiographic testing should depend on the clinical

Page 12 of 16



' 4
SMVP

evaluation in an individual patient that may suggest some other medical
condition [Level 5, Grade D]” (Fitzcharles et al., 2012).

This guideline did not mention genetic testing for FM (Fitzcharles et al., 2012).
VII. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, please
visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT Code Description

81479 | Unlisted molecular pathology procedure

81599 | Unlisted multianalyte assay with algorithmic analysis

84999 | Unlisted chemistry procedure

Current Procedural Terminology© American Medical Association. All Rights
reserved.

Procedure codes appearing in Medical Policy documents are included only as a general
reference tool for each policy. They may not be all-inclusive.
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I. Policy Description

Prostate cancer is characterized by malignancy which originates in the small walnut-
shaped gland that produces the seminal fluid in individuals who have a prostate.
Heterogeneous in both molecular alterations and progression, clinical course ranges
from a microscopic tumor that never becomes clinically significant to aggressive
disease that can cause metastases, morbidity, and death (Benedettini et al., 2008;
Taplin & Smith, 2024).

Gene expression assays quantify specific mMRNAs being transcribed to assess the genes
that are active in a particular cell or tissue. Analyses of gene expression can be clinically
useful for disease classification, diagnosis, prognosis, and tailoring treatment to
underlying genetic determinants of pharmacologic response (Steiling & Christenson,
2023). Protein expression-based assays measure the expression of the translation end-
product(s) to assess cell-cycle progression. Similar to gene expression assays, protein
biomarker-based assays can be clinically useful for disease classification and possible
surveillance (Blume-Jensen et al., 2015; Ross et al., 2022).

Il. Related Policies

Policy Policy Title
Number
AHS-G2007 Prostate Biopsy Specimen Analysis
AHS-G2008 Prostate Specific Antigen (PSA) Testing
AHS-G2054 Liquid Biopsy
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‘ AHS-G2124 ‘ Serum Tumor Markers for Malignancies ‘

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

1)

2)

3)

For individuals with low-risk or favorable intermediate-risk disease, as defined by the
NCCN (see Note 1), the one-time use of Prolaris®, Oncotype DX Genomic Prostate
Score®, or Decipher® tumor-based assays to guide the management of prostate
cancer MEETS COVERAGE CRITERIA when all of the following conditions are met:

a) When pathological examination showed localized adenocarcinoma of the
prostate with no clinical evidence of metastasis or lymph node involvement;

b) When the individual has no significant co-morbidities, including advanced age, to
suggest they have an estimated life expectancy of less than 10 years.

For individuals with unfavorable intermediate-risk and high-risk disease, as defined
by the NCCN (see Note 1), the one-time use of Prolaris® or Decipher® tumor-based
assays to guide the management of prostate cancer MEETS COVERAGE CRITERIA
when all of the following conditions are met:

a) When pathological examination showed localized adenocarcinoma of the
prostate with no clinical evidence of metastasis or lymph node involvement;

b) When the individual has no significant co-morbidities, including advanced age, to
suggest they have an estimated life expectancy of less than 10 years.

For individuals for whom there is a potential need for a prostate biopsy, the one-
time use of the ExoDx Prostate (IntelliScore) (EPI) biomarker test (either once prior to
initial biopsy or once prior to repeat biopsy) MEETS COVERAGE CRITERIA when all
of the following conditions are met:

a) The individual has confirmed (see Note 2), moderately elevated PSA levels:
i) For individuals ages 50 — 75 years, PSA levels between 3 — 10 ng/mL
i) For individuals over the age of 75, PSA levels between 4 — 10 ng/mL

b) The individual has none of the following conditions for which a prostate biopsy is
already indicated:

i) DRE suspicious for cancer.

ii) Persistently elevated PSA.
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iii) Positive multiparametric MR, if performed.

iv) Known to have a high-penetrance prostate cancer risk gene(s) per NCCN
guidelines (see Note 3).

The individual has no other relative contraindication for prostate biopsy,
including any of the following:

i) Aless than 10-year life expectancy.

i) Benign disease not ruled out.

For individuals with a prostate, the one-time use of the 4Kscore test (either once
prior to initial biopsy or once prior to repeat biopsy) MEETS COVERAGE CRITERIA
when all of the following conditions are met:

a)

The individual has confirmed (see Note 2), moderately elevated PSA levels:

i) For individuals ages 45 — 75 years, PSA levels greater than 3 and less than 10
ng/mL.

ii) For individuals over the age of 75, PSA levels greater than or equal to 4 and
less than 10 ng/mL.

The individual has none of the following conditions for which a prostate biopsy is
already indicated:

i) DRE suspicious for cancer.

ii) Persistently elevated PSA.

iii) Positive multiparametric MRI (if performed).

iv) Ethnicity at higher risk for prostate cancer (see Note 4)
v) First-degree relative (see Note 5) with prostate cancer.

vi) Known to have a high-penetrance prostate cancer risk gene(s) per NCCN
guidelines (see Note 3).

The individual has no other relative contraindication for prostate biopsy,
including any of the following:

i) Aless than 10-year life expectancy.

i) Benign disease not ruled out.

For individuals with a prostate, the one-time use of the IsoPSA test (either once prior
to initial biopsy or once prior to repeat biopsy) MEETS COVERAGE CRITERIA when
all of the following conditions are met:
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a) For individuals 50 years of age or older who have confirmed (see Note 2) PSA
levels greater than 4 and less than or equal to 25 ng/mL.

b) The individual has no other relative contraindication for prostate biopsy,
including any of the following:

i) A less than 10-year life expectancy.
i) Benign disease not ruled out.

6) For the assessment and/or monitoring of prostate cancer, the following tests DO
NOT MEET COVERAGE CRITERIA:

a) Ki-67 immunohistochemistry

b) PTEN loss

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

7) The following tests DO NOT MEET COVERAGE CRITERIA:

a) All other urine testing for gene expression profile and/or protein biomarkers
designed to assess prostate cancer.

b) Other screening tests for prostate cancer (e.g., alpha-methylacyl coenzyme A
racemase [AMACR], ConfirmMDx, early prostate cancer antigen, endoglin, E
twenty-six [ETS] gene fusions, human kallikrein 2, analysis of prostatic fluid
electrolyte composition, interleukin-6, transforming growth factor-beta 1,
TMPRSS2:ERG gene fusion, MyProstateScore, gene hypermethylation, PCA3/KLK3
ratio, Prostate Health Index (PHI), PCA3 score).

c) All other tests not described above that use cellular and biologic features of a
tumor (e.g., those that are used to predict risk of recurrence in patients with
prostate cancer).

NOTES:

Note 1: NCCN Prostate Cancer Initial Risk Stratification and Staging Workup for
Clinically Localized Disease (NCCN, 2024a)

Risk Group Clinical/Pathological Features
Has all of the following:
-cT1c; AND

Very Low
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- Grade Group 1

- PSA <10 ng/mL

- Fewer than 3 prostate biopsy fragments/cores positive, <50% cancer

in each fragment/core

- PSA density <0.15 ng/mL/g

Has all of the following but does not qualify for very low risk:
-cT1-cT2a

L
ow - Grade Group 1
- PSA <10 ng/mL
Has all of the following: Has all of the following:
- No high-risk group
- TIRF
features Favorable
: -high-ri Int diat
No very-high-risk group ntermedia . Grade Group 1 or 2
features e
. - Has one or more - <50% biopsy cores
Intermediat | . . . .\
. intermediate risk factors positive
» cT2b-cT2c Has one or more of the
Unf bl following:
» Grade Group 2 or 3 Inrt]e?\r/r:)ergiate -2 or 3 IRFs
» PSA 10-20 ng/mL o - Grade Group 3
- 250% biopsy cores
positive
Has no very-high-risk features and has at least one high-risk feature:
_ -cT3a OR
High
- Grade Group 4 or Grade Group 5 OR
- PSA >20 ng/mL
Has at least one of the following:
- T3b-T4
Very High - Primary Gleason pattern 5

- 2 or 3 high-risk features
- >4 cores with Grade Group 4 or 5

Note 2: PSA elevation should be verified after a few weeks under standardized
conditions (e.g., no ejaculation, manipulations, and urinary tract infections, no
medications such as 5a-reductase) in the same laboratory or other Clinical Laboratory
Improvement Amendments (CLIA) approved laboratory before considering a biopsy.
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Note 3: According to the NCCN Prostate Cancer Early Detection guidelines, the main
high-penetrance cancer risk genes include BRCAT, BRCAZ, ATM, MLH1, MSHZ2, MSHS,
HOXB13, CHEK2, NBN, PALB2, RAD51D, and TP53 (NCCN, 2024b).

Note 4: According to the NCCN Prostate Cancer Early Detection guidelines,
“Black/African American individuals have a significantly higher incidence of prostate

cancer, increased prostate cancer mortality, and earlier age of diagnosis compared to
white individuals” (NCCN, 2024b).

Note 5: First-degree relatives include parents, full siblings, and children of the individual.

IV. Table of Terminology

Term Definition

ADT Androgen deprivation therapy

AMACR Alpha-methylacyl coenzyme A racemase
APC Adenomatous polyposis coli gene

ARSI Androgen receptor signaling inhibitor
AR-V7 Androgen receptor splice variant-7

AS Active surveillance

ASCO American Society of Clinical Oncology
ASTRO American Society for Radiation Oncology
ATM ATM serine/threonine kinase gene

AUA American Urological Association

AUC Area under the curve

BCR Biochemical recurrence

BRCAT Breast cancer gene 1

BRCAZ2 Breast cancer gene 2

CAPRA Cancer of the prostate risk assessment
CCP Cell-cycle progression

CCR Cell-cycle risk

CDK12 Cyclin dependent kinase 12 gene

CDx Companion diagnostic

CHEKZ2 Checkpoint kinase 2 gene

CLIA 88 Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid Services
CNAs Copy number alterations

CTCs Circulating tumor cells

DDR DNA damage and repair

DLX1 Distal-less homeobox 1 gene
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DRE Digital rectal examination
DX Diagnosis
EANM European Association of Nuclear Medicine
EAU European Association of Urology
EBRT External beam radiation therapy
EDTA Ethylenediaminetetraacetic acid
EPI ExoDx Prostate (IntelliScore)
ERG ETS Transcription Factor ERG
ESMO European Society for Medical Oncology
ESTRO European Society for Radiotherapy and Oncology
ESUR European Society of Urogenital Radiology
ETS E-twenty-six
FANCA Fanconi anemia complementation group A gene
FDA Food and Drug Administration
FFPE Formalin-fixed paraffin-embedded
FISH Fluorescence in situ hybridization
GEC Gene/genomic expression classifiers
GPS Genomic prostate score
GSTP1 Glutathione S-transferase pi 1 gene
HGPC High-grade prostate cancer
hK2 Human kallikrein-2
HOXB13 Homeobox B13 gene
HOXC6 Homeobox C6 gene
HT Hormonal therapy
IHC Immunohistochemistry
: Insertion and deletion
indels .
alterations
IRF Intermediate-risk factor
ISUP International Society of Urological Pathology
KLK3 Kallikrein related peptidase 3 gene
LDTs Laboratory-developed tests
mCRPC Metastatic castration-resistant prostate cancer
MLH1 MutL homolog 1 gene
MRI Magnetic resonance imaging
MSH2 MutS homolog 2 gene
MSH6 MutS homolog 6 gene
NBN Nibrin gene
NCCN National Comprehensive Cancer Network
NPV Negative predictive value
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PALB2 Partner and localizer of BRCA2 gene
PARP Poly (ADP-ribose) polymerase

PCa Prostate cancer

PCA3 Prostate cancer gene 3

PPCR Polymerase chain reaction

PCRMP Prostate Cancer Risk Management Programme
PHI Prostate health index

PLA Proprietary laboratory analyses

PPV Positive predictive value

PSA Prostate specific antigen

PTEN Phosphatase and tensin homolog gene
QALY Quality adjusted life-years

RAD51D RADS51 poaralog d gene

RASSF1 Ras association domain family 1 gene
RNA Ribonucleic acid

RP Radical prostatectomy

RT Radiation therapy

RT-PCR Reverse transcription-polymerase chain reaction
TMPRSS2 Transmembrane serine protease 2
TP53 Tumor protein 53 gene

TRUS Transrectal ultrasound guided biopsy

V. Scientific Background

Prostate cancer (PCa) is the most common cancer in American individuals who have a
prostate and the second leading cause of death in the same group. In 2024, the
American Cancer Society estimates that approximately 299,010new prostate cancer
diagnoses and approximately 35.250prostate cancer deaths will occur; although, the
five-year survival rate between 2012-2018 was 97%. About one individual in eight
amongst those who have a prostate will be diagnosed with prostate cancer during
their lifetime in the United States (ACS, 2024a, 2024b).

Many cases of prostate cancer do not become clinically evident, as indicated in
autopsy studies, where prostate cancer is detected in approximately 30 percent of
individuals with a prostate aged 55 or older and approximately 60 percent of
individuals with a prostate by age 80 (Bell et al., 2015). These data suggest that

prostate cancer often grows so slowly that most individuals die of other causes before
the disease becomes clinically advanced (Hoffman, 2023).

Prostate cancer survival is related to many factors, especially the extent of tumor at the
time of diagnosis. The five-year relative survival among individuals with cancer
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localized to the prostate or with regional spread is 100%, compared with 31% among
those diagnosed with distant metastases (Hoffman, 2023). Gene expression profiling
has been proposed as a method of risk stratification for prostate cancer. Several tests
evaluating the expression levels of various genes have been produced to be used in
conjunction with other tools such as Gleason score and prostate-specific antigen (PSA)
assessment. The Gleason score is a scoring system used to categorize a prostate cancer
biopsy based on risk assessment.

Tissue-based gene expression classifiers (GEC) are now widely used to assist in prostate
cancer prognosis. These tests are RNA-based prognostic biomarkers that analyze a
distinct multigene panel to predict cancer progression, from the chance of having the
disease to the probability of death at ten years due to prostate cancer. Genomic tests
can predict prostate cancer aggressiveness, detect potentially dangerous prostate
cancer-related genomic activity, and utilize biopsy samples to deliver prognostic
information via immunofluorescence imaging. Additionally, researchers have identified
the potential of microRNAs as human prostate cancer biomarkers (Song et al., 2018).
While several types of biomarker tests exist, the NCCN specifically recommends
Prolaris, Oncotype DX Genomic Prostate Score® (GPS™), and Decipher as tumor-based
molecular assays to consider during initial risk stratification (NCCN, 2024a). Ki-67 and
PTEN are also listed in NCCN guidelines, but are not recommended (NCCN, 2024a).

Proprietary Testing, Clinical Utility, and Analytical Validity

Hu et al. (2018) evaluated the utility of three genomic expression classifiers (GEC),
including Decipher, Oncotype Dx, and Prolaris. A total of 747 patients underwent GEC
testing. The authors found that “Among patients with clinical favorable risk of cancer,
the rate of active surveillance (AS) differed significantly among patients with a GEC
result above the threshold (46.2%), those with a GEC result below the threshold
(75.9%), and those who did not undergo GEC (57.9%).” The authors further estimated
that for every nine individuals "with favorable risk of cancer who undergo GEC testing,
one additional patient may have their disease initially managed with AS” (Hu et al,,
2018).

Prolaris

The test "Prolaris” (created by Myriad Genetics) has been used to inform decision
making on AS and whether to proceed to a treatment option, such as radiation or
surgery. Prolaris is an assessment of the average expression of 31 cell-cycle
progression (CCP) genes compared to 15 reference genes. This score is combined with
the patient’s age, PSA, percent positive cores, clinical stage, Gleason score, and
American Urological Association (AUA) risk category; it is intended to provide a 10-
year prostate cancer-specific mortality risk. Scores range from zero to ten, with each
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unit increase representing a doubling of disease-risk progression. Prolaris may also be
used to assess risk post-prostatectomy, and the same scale of zero to ten is used. Each
unit increase represents a doubling of risk of biochemical recurrence (BCR) (Alford et
al., 2017).

Cell cycle progression expression has been found to correlate with mortality rate of
prostate cancer and can provide important pretreatment prognostic information.
Cuzick et al. (2015) found that not only was there a relationship between CCP
expression and mortality rate, the increased expression of CCP was predictive of BCR
after 10 years. Even after adjusting for factors such as PSA and Gleason score, the CCP
was both "highly significant” and “independent” of prostate cancer mortality rate. The
authors noted that the CCP score could be created from minimal tumor mass (as little
as 0.5 mm), with a 90% success rate with >0.5 mm visible tumor, as well as Prolaris’
objective criteria compared to the Gleason score (Cuzick et al., 2015).

Prolaris may be used to lower unnecessary treatment by providing a molecular
indication of the disease’s progression. Radical treatments, such as prostatectomies,
are often unnecessary, and there is utility in a biomarker metric than can reliably
inform providers of a course of treatment or condition. An AS status is preferable to
treatment. Hu et al. (2018) used data provided by the CCP score (along with two other
biomarker tests) to perform risk stratification and assess whether further treatment was
needed or if the condition could be managed by active surveillance. Lin et al. (2018)
clearly separated high- and low-risk patients using the CCP score. The study combined
the CCP score as well as a clinical assessment from the Cancer of the Prostate Risk
Assessment (CAPRA) into a cell-cycle risk (CCR) score. This CCR score was used to
select patients for an AS status. The threshold created from both the molecular
measures and the clinical measures has the advantage of including higher-risk patients
whose clinical features may be lower-risk. Furthermore, the patients that fell below the
threshold were found to have a mortality risk of 2.5%, and the probability of survival of
patients with scores under the threshold was 100% (Hu et al., 2018; Lin et al., 2018).
Finally, Prolaris has been used by providers to inform clinician decision making. A
survey by Carneiro et al. (2018) found that the course of treatment for prostate cancer
patients was influenced by Prolaris’ results. About 65% of cases were reported to have
shifted in the intended treatment based on the test results, and about 40% were
reported to have opted for the AS choice (a "decrease” in treatment) (Carneiro et al.,
2018).

Tward et al. (2020) studied the ability of CCR to predict prostate cancer metastasis
using Prolaris. According to a CCR threshold of 2.112, 29.5% patients were

hypothesized to be high risk metastasis (CCR>2.112) and 70.5% were unfavorable
intermediate risk patients (CCR < 2.112). Patients were followed five years later to
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determine if CCR accurately predicted metastasis in those undergoing multimodality
therapy (androgen deprivation with surgery) or radiation therapy. According to the
results, the CCR score does provide a clinically meaningful different risk of metastasis
for patients receiving multimodality therapy or radiation therapy. Multimodality
therapy reduced patients' risk of metastasis and treatment benefit can be evaluated as
a function of the CCR score. For those with CCR scores below the threshold of 2.112
(27% of high-risk group and 73% of the unfavorable intermediate group), radiation
therapy was considered after assessing the difference in the risk of metastasis (Tward
et al,, 2020).

Oncotype DX Genomic Prostate Score® (GPS™) is similar to Prolaris in that it assesses
levels of gene expression, should be used for lower-risk patients, and can inform
clinicians about the possible course of treatment. The primary difference is that
Oncotype DX only tests 12 genes, with five reference genes (compared to 31 and 15,
respectively, for Prolaris)(Exact Sciences, 2021). These expression levels are combined
into an algorithm to produce a genomic prostate score (GPS) of 0-100. This GPS score
correlated with prediction of cancer aggression (outcomes such as death or
recurrence) (Cullen et al., 2015).

Cullen et al. (2015) found that the GPS score correlated well with BCR. The researchers
noted that OncoType DX is a good predictor of both early and late BCR and is
validated for adverse pathology whereas Prolaris is validated for 10-year mortality or
BCR after radical prostatectomy (Alford et al., 2017; Cullen et al., 2015; Davis, 2014;
NCCN, 2024a). Oncotype DX was recently validated in a group of individuals separated
by race, showing that this tool is an independent predictor of adverse pathology with
similar predictive accuracy in both African American (n=96) and European American
(n=76) populations (Murphy et al., 2020).

AR-V7 Nucleus Detect test

The AR-V7 Nucleus Detect test is available through Epic Sciences. This test evaluates
the Androgen Receptor Splice Variant-7 (AR-V7) protein in the nucleus of circulating
tumor cells and is intended to identify metastatic castration-resistant prostate cancer
patients who will not respond to androgen-receptor targeted therapies (Epic Sciences,
2023).

Scher et al. (2016) examined 161 patients with progressive metastatic castration-
resistant prostate cancer (mCRPC) to assess its association with AR-V7. Out of 191
samples (128 pre-ARS inhibitor and 63 pretaxane), the investigators found AR-V7-
positive circulating tumor cells in 34 samples, and those samples were found to have
worse clinical outcomes and overall survival than those without AR-V7. Scher et al.
(2016) concluded that “the results validate CTC nuclear expression of AR-V7 protein in
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[individuals] with mCRPC as a treatment-specific biomarker that is associated with
superior survival on taxane therapy over ARS-directed therapy in a clinical practice
setting” (Scher et al., 2016).

Further, Chen et al. (2018) studied the overexpression of the nuclear AR-V7 protein in
prostate cancer cases. A total of 401 individuals participated in this study. Participants
were split into two cohorts: cohort | included those who were high-risk (n=238), and
cohort Il included those who were not considered high-risk (n=238). Analyses showed
that high nuclear AR-V7 protein expression was detected in approximately 30-40% of
participants, and a "High baseline expression of nuclear AR-V7 protein was associated
with an unfavorable BCR-free survival in the high-risk patient cohort | but not in the
unselected consecutive cohort Il. Remarkably, AR-V7 was an independent negative
prognostic factor in high-risk prostate cancer patients of cohort | who were selected to
receive adjuvant treatment” (Chen et al., 2018).

Graf et al. (2020) studied the clinical utility of AR-V7 as a biomarker for patients with
progressing metastatic castration-resistant prostate cancer (mCRPC). The results were
used by physicians to make a second line of therapy choice of either an androgen
receptor signaling inhibitor (ARSI) or taxane chemotherapy. There were 255 samples of
circulating tumor cells (CTCs) tested for AR-V7. Patients with detectable AR-V7 in the
CTCs had superior survival with taxane treatment over ARSIs and patients who were
AR-V7- negative had superior survival on ARSIs over taxanes. These results showed
that individuals who tested AR-V7- positive were more likely to survive longer on
taxane chemotherapy. Overall, the authors suggest that the use of AR-V7 CTC test "to
inform treatment choice can improve patient outcomes relative to decisions based
solely on standard-of-care measures” (Graf et al., 2020).

Decipher

Decipher is a genomic prognostic test that is used to predict cancer outcomes in
patients that have undergone a radical prostatectomy (RP), which is the removal of the
prostate gland and surrounding tissues. Decipher relies on the expression levels of 22
RNA markers in the RP specimen and is primarily used to predict likeliness of
metastases or mortality. The algorithm score ranges from zero to one, where a higher
score corresponds with higher chance of metastasis. This algorithm was shown to have
outperformed the traditional assessment of clinical and pathological features in
predicting metastasis (0.75 accuracy compared to 0.69) as well as 17 other genetic
tests (0.54 to 0.68 accuracy) (Alford et al,, 2017; Dalela et al., 2016).

Van den Broeck et al. (2019) aimed to validate the Decipher test in the prediction of
distant metastatic recurrence in individuals with high-risk nonmetastatic prostate
cancer 10 years after the surgery was completed. A total of 298 people participated in

Page 12 of 36



s

SMVP
this study. Results showed that “the median Decipher scores were higher in the
population that developed metastases” suggesting that this study “validates Decipher
as a predictor for metastatic recurrence even in patients with high-risk, nonmetastatic
PC [prostate cancer] within 10-yr follow-up” (Van den Broeck et al., 2019). Specifically,
the data showed that each 10% increase in Decipher score resulted in an increased risk
of distant metastatic prostate cancer recurrence.

In a prospective trial by Marascio et al. (2020), the clinical utility of the Decipher tumor
test on postoperative management of prostate cancer post prostatectomy was
discussed. There were 3,455 individuals with prostates enrolled in the study and the
change in treatment decision-making was recorded. In the cohort, 61% of the patients
had high-risk tumors with a two-year prostate cancer reoccurrence. As a result of
genome classifier testing, providers' recommendations changed for 39% of the
patients, translating to a number needed to test of three to change one treatment
decision. This study demonstrated that genome classifier testing favorably impacts
treatment decision making post radical prostatectomy, promoting more post-operative
radiotherapy. This translated to improved patient reported quality of life (Marascio et
al., 2020).

Nguyen et al. (2023) published a meta-analysis examining the prognostic ability of the
Decipher Genomic Classifier for distant metastases, prostate cancer-specific mortality,
and overall survival within the context of three randomized phase three high-risk
definitive radiation therapy trials. The total cohort consisted of 265 individuals whose
median age was 69 years and median pretreatment PSA of 25.8 ng/mL. The authors
report that upon meta-analysis, the Decipher Genomic Classifier score was statistically
significantly associated with time to distant metastasis, prostate cancer—specific
mortality, and overall survival (Nguyen et al., 2023).

Spratt et al. (2023) reported on the Decipher Genomic Classifier's performance in the
context of intermediate-risk prostate cancer. Through multivariable analysis of 215
individual samples, it was determined that the test was “independently prognostic for
disease progression (subdistribution hazard ratio [sHR], 1.12; 95% confidence interval
[CI], 1.00-1.26; P = .04), biochemical failure (sHR, 1.22; 95% Cl, 1.10-1.37; P < .001),
distant metastasis (sHR, 1.28; 95% Cl, 1.06-1.55; P = .01), and prostate cancer-specific
mortality (sHR, 1.45; 95% Cl, 1.20-1.76; P < .001).” Beyond prognostic utility, the
authors argue that the data herein support the predictive value of the Decipher
Genomic Classifier for individuals with intermediate risk prostate cancer; among
individuals with a test score of intermediate-high, radiation dose-escalation showed
greater absolute benefit, with 10-year metastasis-free survival of 75% (95% Cl, 55-95)
compared with 54% (95% Cl, 31-77) for standard dose (Spratt et al.,, 2023).
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ExoDX Prostate IntelliScore (EPI)

ExoDX is a urinary test that detects the expression level of three genetic biomarkers
(ERG, PCA3, and SPDEF) (ExoSome, 2024a, 2024b). This test integrates the expression
levels of these three biomarkers and assigns an individualized risk score to predict the
risk of high-grade prostate cancer (Gleason score > seven). This test is intended for
individuals 50 or over with a PSA level of two to ten ng/mL presenting for an initial
biopsy (prior to a DRE) and as a useful test in the post-biopsy setting for patients
thought to be higher risk despite a negative prostate biopsy(ExoSome, 2024a, 2024b;
NCCN, 2024b).

McKiernan et al. (2016) used ExoDX to discriminate between benign prostate cancer
(Gleason score 6 and under) and high-risk cancer (Gleason score >7). The prognostic
score was derived from a sample of 499 patients with PSA levels of two to 20 ng/mL; it
was then validated in a sample of 1064 patients and evaluated in a population of 255.
The test was compared to the standard of care practices (SOC), and the area under the
curve (AUCQ) of the test was 0.77 compared to the SOC's 0.66. An independent
validation found the AUC of the test to be 0.73 compared to the SOC's 0.63. The
authors calculated that 138 of 519 biopsies (27%) would have been avoided and that
the test only missed five percent of patients with high-risk disease (McKiernan et al,,
2016). Within a second phase of the long-term study, McKiernan and colleagues report
that using the EPI validated cut-point of 15.6 results in avoiding 26% of unnecessary
prostate biopsies and a 20% decrease in all biopsies. If the EPI cut-point is raised to 20,
then 31% of total biopsies would be avoided, including 40% of unnecessary biopsies
(McKiernan et al., 2018).

A study published in 2018 did a cost-effectiveness analysis and comparison of not only
ExoDx (EPI), but also Prostate Health Index (PHI), 4Kscore, and SelectMDx to current
standard care of care. Using 2017 US dollars for their calculations, the cost and quality
adjusted life-years (QALY) for the current standard of care—transrectal ultrasound
guided biopsy (TRUS biopsy)—was $3,863 and 18.0865, respectively. The authors of
the study note that EPI, PHI, and SelectMDx cost less than performing TRUS biopsy.
They note, “The EPI provided the highest QALY with an incremental cost-effectiveness
ratio of $58,404 per QALY. The use of biomarkers could reduce the number of
unnecessary biopsies by 24% to 34% compared to the current standard of care... Using
SelectMDx or the EPI following elevated prostate specific antigen but before
proceeding to biopsy is a cost-effective strategy in this setting” (Sathianathen Niranjan
et al.,, 2018).

A randomized, blinded, two-armed clinical utility study was published in 2020 using
ExoDx (EPI) in individuals presenting for initial biopsy with PSA values in the
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intermediate range (two to ten ng/mL). This large study (n = 1,094) included 72
urologists from 24 different practices. All patients had an EPI test performed, but the
patients were divided into two different groups (control and experimental) where only
the experimental group received results prior to their biopsy decision. Of the
individuals within the experimental group who received negative EPI scores, 74%
deferred biopsy. For individuals within the experimental group who received positive
EPI scores, 87% were recommended by their urologists to undergo the biopsy, and
ultimately 72% did. As compared to the control arm of the study, there is a 30%
increase in the detection of high-grade prostate cancer [HGPC], and the authors
“estimate that 49% fewer HGPC were missed due to deferrals compared to standard of
care (SOC). Overall, 68% of urologists reported that the EPI test influenced their biopsy
decision” (Tutrone et al., 2020).

McKiernan et al. (2020) investigated the use of the EPI test in a prospective clinical
validation study of 229 individuals who were undergoing repeat biopsy. The EPI test
demonstrated an NPV of 92% and results evidenced avoidance of 26% of unnecessary
biopsies while missing 2.1% of the incidences of high-grade prostate cancer (a total of
five patients) (McKiernan et al., 2020).

4Kscore

4Kscore is intended to assess the risk for “aggressive” prostate cancer. The test
incorporates total PSA, free PSA, “intact” PSA, and "hk2"” [human kallikrein 2] (NCCN,
2024a; OPKO, 2021). These biomarkers, along with other patient clinical information
(such as age and prior biopsy status) are evaluated by the 4Kscore algorithm, which
generates a risk score for aggressive cancer (percent risk of Gleason seven or higher, if
a biopsy were to be performed).

Zappala et al. (2017) performed a meta-analysis of 4kScore validation studies. A total
of 12 studies encompassing 11134 patients were included, and the pooled area under
curve (AUC) for the test to “discriminate for high-grade PCa [prostate cancer] was
found to be 0.81" (Zappala et al., 2017).

Two key prospective and blinded investigations were completed in 2015 and 2018,
attempting to validate 4Kscore in a total of 937 patients, defined as the "intended use”
population. The test demonstrated an overall sensitivity, specificity, negative predictive
value (NPV), and positive predictive value (PPV) of 96.9%, 27.4%, 95.9%, and 33.7%,
respectively. These metrics showed little variation between African American and non-
African American individuals, with the exception of PPV (46.7% compared to 28.1%,
respectively) (Parekh et al,, 2015; Punnen et al., 2018).
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Wysock et al. (2020) compared the performance of 4K score to SelectMDx in detecting
prostate cancer in 114 patients who received both tests. These tests were analyzed to
provide guidance on whether to perform biopsy. Based on the results, the two scores
lead to different biopsy recommendations. A total of 50 out of 144 patients underwent
biopsy based on the test results. Of the 50 patients, 22 (44%) were found to have
clinically significant prostate cancer. In addition, the specificity of 4K score was
significantly greater compared to SelectMDx while sensitivity was similar. The area
under the curve for 4K score was 0.830 and SelectMDx was 0.672. The authors state
that "the 4Kscore when combined with magnetic resonance imaging was superior to
the SelectMDx" in detecting prostate cancer (Wysock et al., 2020).

Mi et al. (2021) completed a meta-analysis to help inform the diagnostic accuracy of
4Kscore in detecting high-grade prostate cancer, covering a total of nine studies and
1,689 patients. The investigators reported a pooled sensitivity, specificity, and AUC of
0.90 (95%Cl: 0.86-0.92), 0.44 (95%Cl: 0.36-0.52), and 0.81 (95%Cl: 0.77-0.84),
respectively, and concluded that “4Kscore can be used as a model for the diagnosis of
high-grade CaP [prostate cancer]. However, we detected significant heterogeneity
among studies that was not explained by subgroup or meta-regression analysis, thus
lowering our confidence in these results.”

Further validation of the test will be useful; however, to date, 4Kscore has
demonstrated relatively high sensitivity and AUC compared to other molecular testing
for the assessment of high-grade prostate cancer risk.

ConfirmMDX

ConfirmMDX uses methylation-specific polymerase chain reaction (PCR) to identify
methylation of three genes (GSTP1, APC, and RASSFT), and determine whether a
patient with a previously negative prostate biopsy should undergo a repeat biopsy
(MDxHealth, 2023a). This test has been evaluated by Van Neste, Partin, et al. (2016)
and was found to have an NPV of 96% for high-grade prostate cancer. A total of 7899
prostate core biopsies from 803 patients were assessed, and the NPV of finding low
levels of DNA methylation was 89.2% for all cancers. The PPV of the genetic assay was
found to be 28.2% (for detection of any cancer on a repeat biopsy), and this was
calculated to be “significantly higher” than the PPV of standard of care practices. The
final algorithm was optimized to a maximum of 0.742 AUC (Van Neste, Partin, et al.,
2016). Wojno et al. (2014) evaluated the utility of this test and found that out of 138
patients that the test had been performed on, only six with a negative result had
undergone a repeat biopsy.

SelectMDX
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SelectMDX evaluates two mRNA cancer-related biomarkers (HOXC6 and DLX1 with
KLK3 as a reference gene) to assist a clinician in deciding to continue routine screening
or to order a prostate biopsy. This test is considered a “non-invasive urine test” and
reports a binary result of “increased risk” or “very low risk” (MDxHealth, 2023b). Van
Neste, Hendriks, et al. (2016) evaluated this test at a 0.90 AUC in a validation cohort.
The authors concluded that the mRNA signature was one of the most significant
components of the validation results (Van Neste, Hendriks, et al., 2016). Shore (2018)
assessed the effect of SelectMDX results on clinical decision making, and found that
out of 253 patients that SelectMDX evaluated as "negative,” only 12% underwent a
biopsy (Shore, 2018).

IsoPSA®

IsOPSA® is a blood test indicated for use in individuals with a prostate who are over 50
years of age with elevated PSA, to help inform the likelihood of having high-grade
prostate cancer. Utilizing a proprietary, 2-phase aqueous polymer and salt mixture, PSA
isoforms separate between the two aqueous phases, where the discriminatory power
between benign and cancerous clinical phenotypes purportedly resides primarily in the
top phase. The PSA isoform content in the top layer is then measured with
conventional, FDA-approved PSA ELISA immunoassays, and a single numerical score
(IsoPSA Index) that is either above or below an established cutoff is generated,
providing a binary positive or negative result.

The clinical validity of IsoPSA® was demonstrated in several studies. Stovsky et al.
(2019) performed a multicenter, prospective validation in 271 individuals scheduled for
prostate biopsy, and found that the test yielded an area under the receiver operating
characteristic curve of 0.784 for high grade cancer. Klein et al. (2022) completed an
additional multicenter study of 888 individuals scheduled for prostate biopsy and
found similar results, establishing an AUC of 0.783 for IsoPSA®. These investigators
further reported a sensitivity, specificity, NPV, and PPV of 0.902, 0.455, 0.893, and
0.477, respectively.

To investigate the clinical utility of IsoPSA®, Scovell et al. (2022) performed a “real-
world” observational study engaging 38 providers across the Cleveland Clinic health
system. The authors examined whether an IsoPSA® result changed the number of
biopsy and magnetic resonance imaging recommendations for a cohort of 734
individuals with total serum prostate specific antigen [PSA] > four and <100 ng/ml and
no history of prostate cancer. The authors determined that “IsoPSA testing resulted in
a 55% (284 vs 638) net reduction in recommendations for prostate biopsy” for those
“with total PSA > four ng/ml.”

Progensa PCA3
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Progensa PCA3 is an FDA-approved assay that examines the concentration of the
prostate cancer gene three (PCA3) and compares it to the amount of prostate-specific
antigen RNA. This test is intended for assistance in decision making for a repeat biopsy
in individuals with a prostate who are 50 years or older, and a PCA3 score under 25
was associated with a decreased likelihood of a positive biopsy. However, the
manufacturer states this test should not be used for those with atypical small acinar
proliferation on their most recent biopsy (Hologic, 2024). A total of 466 samples were
provided, and 102 of these samples were evaluated to require a repeat biopsy. This
assay was evaluated at a 77.5% sensitivity, a 57.1% specificity, a 33.6% positive
predictive value, and a 90.0% negative predictive value (Gittelman et al., 2013).

Rodriguez and Garcia-Perdomo (2020) performed a systematic review and meta-
analysis of the diagnostic accuracy of PCA3 prior to a patient'’s first prostate biopsy.
They found that with a cutoff of 35, the sensitivity of the diagnostic tests was 0.69 (95%
confidence interval 0.61-0.75), specificity was 0.65 (95% confidence interval 0.553-
0.733), the diagnostic odds ratio was 4.244 (95% confidence interval 3.487-5.166), and
the AUC was 0.734 (95% confidence interval 0.674-0.805). This study suggests that
there may be a greater clinical utility with 35 as the cutoff as opposed to the 25
approved by the FDA, and ultimately urinary PCA3 can "be used as a guide for
directing the performance of the first prostate biopsy and decreasing unnecessary
biopsies” (Matuszczak et al., 2021; Rodriguez & Garcia-Perdomo, 2020).

MyProstateScore

MyProstateScore is a panel that measures urinary prostate cancer antigen three
(PCA3), urinary TMPRSS2:ERG gene fusion (T2:ERG), and serum PSA, to predict the
likelihood of prostate cancer in biopsy-naive patients. Validating the test in a cohort of
1225 patients, Tomlins et al. (2016) found that MyProstateScore was superior to PSA
alone, yielding an AUC of 0.693 (compared to 0.585 for PSA). Tosoian et al. (2021)
aimed to validate an optimal MyProstateScore threshold for ruling out clinically
significant (grade group > two) cancer, finding that a threshold of 10 resulted in 97%
sensitivity and 98% NPV. The investigators further concluded that use of the test could
have prevented about one out of three of the biopsies that patients received.

ProMark

Another test that may have utility is ProMark. It measures the levels of eight proteins
through the quantitative immunofluorescence of a biopsy specimen. ProMark is used
to predict cancer aggression in patients with a Gleason score of 3+3 or 3+4. The
proteins chosen have roles in cell proliferation, signaling, or stress response, and the
score is reported from one to 100. This score represents individualized risk. Blume-
Jensen et al. (2015) narrowed down the eight primary protein biomarkers used (down
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from the 12 proposed by an earlier study) as well as assessed its ability to predict
clinical endpoints of favorable and nonfavorable disease. They recommended a cutoff
of 0.33 (on a scale of zero to one) for “nonfavorable” pathology (83.6% of patients with
favorable disease fell below this cutoff). Conversely, a cutoff of 0.8 was recommended
for favorable pathology as 76.9% of patients with nonfavorable pathology were above
this cutoff. The authors concluded that this assay provided useful information,
especially when differentiating between Gleason scores (Alford et al., 2017; Blume-
Jensen et al., 2015).

Prostate Health Index

Prostate Health Index (PHI) measures total PSA, fPSA (free non-protein bound PSA),
and p2PSA (an isoform of fPSA). Levels of these three proteins are combined and
calculated, implying that individuals with a higher total PSA and p2PSA and a lower
fPSA have a higher risk of presenting with prostate cancer (Coufiago et al., 2020). PHI is
clinically used to reduce the number of unnecessary biopsies in those with border-line
PSA levels, predict biochemical recurrence after radical prostatectomy, and enhance
the predictive value of multi-parametric MRI. PHI is not recommended in primary
screening for prostate cancer (Duffy, 2020).

Jia et al. (2020) compared the diagnostic value of PCA3 and PHI for detection of
prostate cancer at initial biopsy in a meta-analysis of 10,376 patients from 20 studies.
The pooled sensitivity for PCA3 and PHI was 0.55 and 0.88, respectively. The pooled
specificity for PCA3 and PHI was 0.74 and 0.36. The area under the curve, measuring
overall quality of the diagnostic test, was 0.72 for PCA3 and 0.76 for PHI. The
combination use of PCA3 and PHI resulted in a higher area under the curve of 0.79.
Overall, this study suggests that both PCA3 and PHI show acceptable results and a
"combination of these two diagnostic tests may be more helpful than the use of either
test alone in prostate cancer management” (Jia et al., 2020).

White et al. (2018) evaluated the clinical utility of the PHI on "biopsy decision
management” among patients with “non-suspicious DRE findings and tPSA in the four
to ten ng/mL range” in an observational study at several large urology group practices.
They found that there was a “significant reduction in biopsy procedures performed” in
individuals receiving a PHI test when comparing to the control group (36.4% biopsy vs
60.3% biopsy), and that the “PHI score impacted physician’s patient management plan
in 73% of cases, including biopsy deferrals when the PHI score was low, and decisions
to perform biopsies when the PHI score indicated an intermediate or high probability
of prostate cancer,” defined as a score greater than or equal to 36. This altogether
conveyed the importance of the PHI score in clinical decision making in terms of how
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to proceed with individual patient circumstances (Matuszczak et al., 2021; White et al.,
2018)

Ki-67 and PTEN

Finally, the NCCN specifically recommends against two particular tests in assessment of
prostate cancer; Ki-67 staining and phosphatase and tensin homolog (PTEN) loss
(NCCN, 2024a).

Ki-67 is a nuclear protein involved in cell cycle proliferation and is intended to provide
prognostic information on metastasis and prostate cancer-specific mortality (NCCN,
2024a; Ross et al.,, 2022). Ki-67 staining has shown some promising results. However,
the primary limitation with these studies is that most active surveillance populations
will have a Gleason Score of 6 or less, which is considered “low-risk.” This population
will most likely have low Ki-67 levels, clouding its utility in populations trying to decide
between immediate and deferred treatment (Ross et al., 2022).

PTEN loss is a relatively early event in the course of prostate cancer. PTEN is a tumor
suppressor gene on chromosome 10q and is involved in cell cycle regulation. PTEN is
intended to provide prognostic information on prostate cancer-specific mortality,
biochemical recurrence, and cancer progression (NCCN, 2024a; Ross et al., 2022). Data
on prognostic value of PTEN loss post-treatment have been conflicting. It is possible
that active treatments contribute to the disruption of the PTEN pathway or the high
correlation between PTEN loss and clinicopathologic factors. Lotan et al. (2011) found
that when clinicopathologic factors, such as Gleason Score and surgical margin status,
were included in their multivariable analysis, PTEN's association with metastasis and
prostate cancer-specific mortality decreased significantly.

ArteraAl Prostate Cancer

ArteraAl Prostate Cancer is a multimodal artificial intelligence (MMAI) digital
pathology-based post-radical prostatectomy biomarker test that stratifies the risk of
metastasis as well as identifies the potential benefits of additional hormone therapy. It
is for patients who have been diagnosed with localized prostate cancer who have not
yet received radiation therapy (RT) or androgen-deprivation therapy (ADT) before
getting a biopsy. The current standard for individuals with intermediate-risk localized
prostate cancer includes treatment with ST-ADT in combination with radiation therapy,
but a clinical study of the predictive biomarker used in the ArteraAl Prostate test
showed that only 34% of patients require radiation therapy. The Al portion of the test
“learns” from digital pathology images and clinical data inputs to then predict the
likelihood of additional therapy being beneficial, as well provides details as to the
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prognosis of the patient. Test results do not require tissue, but rather a validated
algorithm is used to assess the “digital image” from a patient’s biopsy and clinical data.

The development of the ArteraAl model relied on two trials and utilized clinical data
and digital pathology. The 5-year DM area under the curve was 0.83 for ArteraAl,
compared with 0.72 for NCCN risk group (P < .001). Results show promising risk
stratification for hormonal therapy (Results identified 40% of biochemical recurrence
(BCR) patients who benefited from therapy intensification vs. 60% of patients who did
not) indicating potential benefits for high-risk patients; this tool is purported to be of
use with both newly-diagnosed patients and those that show biochemical recurrence
(ArteraAl, 2024; Hannah Clarke, 2024).

Esteva et al. (2022) performed a study to demonstrate the usage of multimodal deep
learning architecture to personalize therapy for prostate cancer by predicting long-
term outcomes using clinical data and digital histopathology from prostate biopsies.
The models, trained and validated on data from the five phase Ill randomized trials,
outperformed the National Cancer Center Network (NCCN) risk groups in terms of
discriminatory performance on all endpoints. The Al-based tool (ArteraAl) provided
superior prognostication with a relative improvement over these current risk group
tools (based on digital rectal exam, serum prostate-specific antigen (PSA) level, and
tumor biopsy grade) of between 9.2% to 14.6% in a held-out validation set (Esteva et
al., 2022).

. Guidelines and Recommendations

National Comprehensive Cancer Network (NCCN)

Patients with low or favorable intermediate-risk disease and life expectancy >10 y may
consider the use of the following tumor-based molecular assays: Decipher, Oncotype
DX Prostate, and Prolaris. Patients with unfavorable intermediate- and high-risk disease
and life expectancy >10 y may consider the use of Decipher and Prolaris tumor-based
molecular assays. Retrospective studies have shown that molecular assays performed
on prostate biopsy or RP specimens provide prognostic information independent of
NCCN or CAPRA risk groups. These include, but are not limited to, “likelihood of death
with conservative management, likelihood of biochemical recurrence after radical
prostatectomy or EBRT, likelihood of adverse pathologic features after radical
prostatectomy, and likelihood of developing metastasis after operation, definitive
EBRT, or post-recurrence EBRT” (NCCN, 2024a). Furthermore, they note that clinicians
may consider testing patients with metastatic prostate cancer and regional prostate
cancer for alterations in homologous recombination DNA repair genes BRCAT, BRCA2,
ATM, PALB2, FANCA, RAD51D, CHEKZ2, and CDK12; "Post-test genetic counseling is
recommended if pathogenic/likely pathogenic somatic mutations in any gene that has
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clinical implications if also identified in germline (e.g., BRCA2, BRCA1, ATM, PALBZ,
CHEK2, HOXB13, MLH1, MSH2, MSH6, PMS2)” (NCCN, 2024a). The NCCN noted that
somatic tumor testing of the aforementioned genes has potential for early use of
platinum chemotherapy, use of PARP inhibitors, or eligibility for clinical trials. Lastly,
they recommend that individuals with regional disease, metastatic castration-resistant
disease, or castration-naive metastatic disease should additionally consider tumor
testing for microsatellite instability or mismatch repair deficiency. The NCCN also
specifically does not recommend either Ki-67 or PTEN testing (NCCN, 2024a).

The NCCN does include available tissue-based tests for prostate cancer risk
stratification/prognosis within their table of possible testing as indicated below.
Regarding Decipher testing, NCCN states that Decipher “may be considered to inform
adjuvant treatment if adverse events are found after radical prostatectomy and during
workup for radical prostatectomy PSA persistence or recurrence.” NCCN discourages
repeat molecular tumor analysis (NCCN, 2024a, 2024b):

Test Platform

Decipher Whole-Transcriptome 1.4M
RNA expression (46,050
genes and non-coding
RNA), oligonucleotide
microarray optimized for
FFPE tissue

Recommendation

Cover post-biopsy for NCCN very-
low-, low-risk, favorable intermediate,
and unfavorable intermediate risk
prostate cancer in patients with at
least 10 years life expectancy who
have not yet received treatment for
prostate cancer and are candidates for
active surveillance or definitive
therapy.

Cover post-RP for 1) pT2 with positive
margins; 2) any pT3 disease; 3) rising
PSA (above nadir)

Kl-67 IHC

Not recommended

Oncotype Quantitative RT-PCR for 12

DX Prostate  prostate cancer-related
genes and 5 housekeeping
controls

Cover post-biopsy for NCCN very-
low-, low-risk, and favorable
intermediate-risk prostate cancer in
patients with at least 10 years life
expectancy who have not yet received
treatment for prostate cancer and are
candidates for active surveillance or
definitive therapy.

Prolaris Quantitative RT-PCR for 31

Cover post-biopsy for NCCN very-
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cell cycle-related genes and  low-, low-risk, and favorable

15 housekeeping controls intermediate-risk prostate cancer in
patients with at least 10 years life
expectancy who have not yet received
treatment for prostate cancer and are
candidates for active surveillance or
definitive therapy.

PTEN Fluorescence in situ Not recommended
hybridization or IHC

The NCCN, within the algorithm for the indications for prostate biopsy, says to
“consider biomarkers that improve the specificity of screening” for individuals who
have had elevated levels of PSA (above three ng/mL for those ages 45 — 75 years or
four ng/mL or higher for those individuals over the age of 75 years. The NCCN goes on
to state, “Biomarkers that improve the specificity of detection are not, as yet, mandated
as first-line screening tests in conjunction with serum PSA. However, there may be
some patients who meet PSA standards for consideration of prostate biopsy, but for
whom the patient and/or the physician wish to further define risk. Lower percent-free
PSA and/or higher PSA density are associated with a greater risk of high-grade
prostate cancer. The probability of high-grade cancer (Gleason score > 3+4, Grade
Group two or higher) may be further defined utilizing the Prostate Health Index (PHI),
SelectMDx, 4Kscore, and ExoDx Prostate Test, MyProstateScore (MPS), and IsoPSA.
Extent of validation of these tests across diverse populations is variable. It is not yet
known how such tests could be applied in optimal combination with MRI” (NCCN,
2024b).

The NCCN notes that “Tests that improve specificity in the post-biopsy setting—
including percent-free PSA, 4Kscore, PHI, PCA3, ConfirmMDx, ExoDx Prostate Test,
MPS, and IsoPSA—should be considered in patients thought to be higher risk despite a
negative prostate biopsy” (NCCN, 2024b).The NCCN panel remarks that 4Kscore “can
be considered for patients prior to biopsy and for those with a prior negative biopsy
who are thought to be at higher risk for clinically significant prostate cancer” The
NCCN further remarks that SelectMDx is “potentially informative” in patients who have
never undergone biopsy and can therefore be “considered” in these patients. The
NCCN also acknowledged that ConfirmMDX can be considered an option for
individuals contemplating repeat biopsy and is approved for limited coverage by
MolIDX to reduce unnecessary repeat biopsies. Further, ExoDx Prostate (IntelliScore),
also called EPI, “can be considered as an option for individuals contemplating initial or
repeat biopsy because the assay may identify individuals at higher risk of prostate
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cancer diagnosis on repeat biopsy.” IsoPSA and MyProstrateScore “can be considered
for patients prior to biopsy.” Lastly, the PCA3 assay can be used to help “decide, along
with other factors, whether a repeat biopsy in individuals aged >50 years with one or
more previous negative prostate biopsies is necessary” (NCCN, 2024b).

The NCCN also lists ArteraAl Prostate Cancer in “Table 2: Risk Stratification, Selected
Advanced Tools for Localized Prostate Cancer.” The category of the listing is “Al
Pathology” and it is listed as “predictive” and “prognostic” for "biochemical
recurrence,” “distant metastases,” and "prostate cancer specific mortality” with a IB
category for predictive and IB for prognostic (IB meaning: “Prospective clinical trial(s)
using archived samples with design that accommodates tumor marker utility, >1
validation study available with consistent results”), it also falls under “Category

2A: Based upon lower-level evidence, there is uniform NCCN consensus that the

intervention is appropriate.”(NCCN, 2024a).
American Society of Clinical Oncology (ASCO)

In 2020, an ASCO multidisciplinary panel published guidelines on molecular
biomarkers in localized prostate cancer. These guidelines are below.

e “Commercially available molecular biomarkers (i.e., Oncotype Dx Prostate,
Prolaris, Decipher, and ProMark) may be offered in situations in which the assay
result, when considered as a whole with routine clinical factors, is likely to affect
management. Routine ordering of molecular biomarkers is not recommended.”

e "Any additional molecular biomarkers evaluated do not have sufficient data to
be clinically actionable or are not commercially available and thus should not be
offered”

e "The Expert Panel recommends consideration of a commercially available
molecular biomarker (e.g., Decipher Genomic Classifier) in situations in which
the assay result, when considered as a whole with routine clinical factors, is likely
to affect management. In the absence of prospective clinical trial data, routine
use of genomic biomarkers in the postprostatectomy setting to determine
adjuvant versus salvage radiation or to initiate systemic therapies should not be
offered.”

e Inindividuals "with newly diagnosed prostate cancer who are eligible for active
surveillance, both genomics and MRI intend to identify clinically significant
cancers. The Expert Panel endorses their use only in situations in which the
result, when considered as a whole with routine clinical factors, is likely to have
an impact on patient management” (Eggener et al., 2020).

In 2020, an ASCO panel published guidelines on the use of molecular biomarkers in
localized prostate cancer. In concordance with the 2018 and 2019, ASCO recommends
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the use of commercially available tests (Oncotype Dx Prostate, Prolaris, Decipher, and
ProMark) when the assay result “is likely to have an impact on patient management.
Examples include select individuals with high-volume low-risk or favorable
intermediate-risk prostate cancer who are considering active surveillance or in
individuals with high-risk features for treatment intensification. While testing may
influence management decisions, there is no high-level evidence that the results from
these panels will improve quality of life or cancer-specific outcomes” (Eggener et al.,
2020).

European Association of Urology (EAU), European Association of Nuclear
Medicine (EANM), European Society for Radiotherapy and Oncology (ESTRO),
European Society of Urogenital Radiology (ESUR), International Society of
Urological Pathology (ISUP), and the International Society of Geriatric Oncology
(SI0G)

In 2023, the EAU, EANM, ESTRO, ESUR, ISUP and SIOG released joint guidelines on
prostate cancer. These guidelines state that asymptomatic individuals with a prostate-
specific antigen level between three and ten ng/mL and a normal digital rectal
examination, use one of the following tools for biopsy indication:

e “risk-calculator, provided it is correctly calibrated to the population
prevalence(strong);

e magnetic resonance imaging of the prostate (strong).

e An additional serum, urine biomarker test (weak).”

These joint guidelines acknowledged PHI, Progensa PCA3, and SelectMDX as tests
used to select for repeat biopsies, but stated that “given the limited available data
and the fact that the role of MRI in tumour detection was not accounted for, no
recommendation can be made regarding the routine application of ConfirmMDX; in
particular in light of current use of MRI before biopsy.” They also noted that the
“clinically added value of SelectMDX in the era of upfront MRI and targeted biopsies
remains unclear.”

Other tests recognized as having use in the evaluation of prostate cancer included
Oncotype Dx, Prolaris, Decipher, Decipher PORTOS and Promark. These five
commercially available tests have “extensive validation in large retrospective studies
and evidence that their tests results might actually impact clinical decision-taking.”
However, “since the long-term impact of the use of these commercially available tests
on oncological outcome remains unproven and prospective trials are largely lacking,
the Panel concluded that these tests should not be offered routinely but only in
subsets of patients where the test result provides clinically actionable information.”
They provide the examples of an individual with favorable intermediate-risk PCa who
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decides to continue with active surveillance or an individual with unfavorable
intermediate-risk PCa who opts for radiotherapy (RT) to consider treatment

intensification with hormonal therapy” (Mottet et al,, 2023).
European Society for Medical Oncology (ESMO)

European Society for Medical Oncology (ESMO) provided recommendations on the
use of precision medicine in providing prognostic information for prostate cancer.
These are the following recommendations provided:

e ESMO does not recommend the use of AR-V7 testing, stating that the test is of
limited value in therapy selection.

e Other tissue-based molecular assays may be used on conjunction with
clinicopathological factors to make treatment decision.

e Germline testing for BRCAZ2 and other DDR [DNA damage and repair] genes is
recommended in patients with a family history of cancer and should be
considered in patients with metastatic cancer (Parker et al., 2020).

VII. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, please
visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). As an LDT, the U. S. Food and Drug Administration
has not approved or cleared this test; however, FDA clearance or approval is not
currently required for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT | Code Description
PCA3/KLK3 (prostate cancer antigen 3 [non-protein coding]/kallikrein-
81313 | related peptidase 3 [prostate specific antigen]) ratio (eg, prostate cancer)
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CPT | Code Description
81479 | Unlisted molecular pathology procedure
Oncology (high-grade prostate cancer), biochemical assay of four proteins
(Total PSA, Free PSA, Intact PSA, and human kallikrein-2 [hK2]), utilizing
81539 | plasma or serum, prognostic algorithm reported as a probability score.
Oncology (prostate), mRNA gene expression profiling by real-time RT-PCR
of 46 genes (31 content and 15 housekeeping), utilizing formalin-fixed
paraffin-embedded tissue, algorithm reported as a disease-specific
81541 | mortality risk score
Oncology (prostate), mRNA, microarray gene expression profiling of 22
content genes, utilizing formalin-fixed paraffin-embedded tissue, algorithm
81542 | reported as metastasis risk score
Oncology (prostate), promoter methylation profiling by real-time PCR of 3
genes (GSTP1, APC, RASSF1), utilizing formalin-fixed paraffin-embedded
tissue, algorithm reported as a likelihood of prostate cancer detection on
81551 | repeat biopsy
Oncology (prostate) gene expression profile by real-time RT-PCR of 3 genes
(ERG, PCA3, and SPDEF), urine, algorithm reported as risk score
Proprietary test: ExoDx® Prostate (IntelliScore)
0005U | Lab/manufacturer: Exosome Diagnostics, Inc.
Oncology (prostate), measurement of PCA3 and TMPRSS2-ERG in urine and
PSA in serum following prostatic massage, by RNA amplification and
fluorescence-based detection, algorithm reported as risk score
Proprietary test: MyProstateScore
0113U | Lab/Manufacturer: Lynx DX
Oncology (prostate), detection of 8 autoantibodies (ARF 6, NKX3-1, 5'-UTR-
BMI1, CEP 164, 3'-UTR-Ropporin, Desmocollin, AURKAIP-1, CSNK2A2),
multiplexed immunoassay and flow cytometry serum, algorithm reported as
risk score
Proprietary test: Apifiny®
0021U | Lab/Manufacturer: Armune BioScience, Inc.
Oncology (prostate), mRNA, gene expression profiling by real-time RT-PCR
of 17 genes (12 content and 5 housekeeping), utilizing formalin-fixed
paraffin-embedded tissue, algorithm reported as a risk score
Proprietary test: Genomic Prostate Score® (GPS) Test
0047U | Lab/manufacturer: MDxHealth, Inc
Oncology (prostate cancer), FISH analysis of 4 genes (ASAP1, HDAC9, CHD1
and PTEN), needle biopsy specimen, algorithm reported as probability of
0053U | higher tumor grade
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CPT | Code Description
Proprietary test: Prostate Cancer Risk Panel
Lab/Manufacturer: Mayo Clinic Laboratory
Oncology (prostate), multianalyte molecular profile by photometric
detection of macromolecules adsorbed on nanosponge array slides with
machine learning, utilizing first morning voided urine, algorithm reported as
likelihood of prostate cancer
Proprietary test: PanGIA Prostate

0228U | Lab/Manufacturer: Genetics Institute of America/Entopsis, LLC
Oncology (prostate), mRNA expression profiling of HOXC6 and DLX1,
reverse transcription polymerase chain reaction (RT-PCR), first-void urine
following digital rectal examination, algorithm reported as probability of
high-grade cancer
Protietary test: SelectMDx® for Prostate Cancer

0339U | Lab/Manufacturer: MDxHealth®, Inc
Oncology (prostate cancer), analysis of all prostate-specific antigen (PSA)
structural isoforms by phase separation and immunoassay, plasma,
algorithm reports risk of cancer
Proprietary test: ISOPSA®

0359U | Lab/Manufacturer: Cleveland Diagnostics, Inc
Oncology (prostate), mRNA, gene expression profiling of 18 genes, first-
catch post-digital rectal examination urine (or processed first-catch urine),
algorithm reported as percentage of likelihood of detecting clinically
significant prostate cancer
Proprietary test: MyProstateScore 2.0

0403U | Lab/Manufacturer: LynxDX
Oncology (prostate), exosome- based analysis of 53 small noncoding RNAs
(sncRNAs) by quantitative reverse transcription polymerase chain reaction
(RT-gPCR), urine, reported as no molecular evidence, low-, moderate- or
elevated-risk of prostate cancer.
Proprietary test: miR Sentinel™ Prostate Cancer Test

0424U | Lab/Manufacturer: miR Scientific®, LLC
Oncology (prostate), 5 DNA regulatory markers by quantitative PCR, whole
blood, algorithm, including prostate-specific antigen, reported as likelihood
of cancer.
Proprietary test: EpiSwitch® Prostate Screening Test (PSE)

0433U | Lab/Manufacturer: Oxford BioDynamics PLC

Current Procedural Terminology© American Medical Association. All Rights reserved.
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Procedure codes appearing in Medical Policy documents are included only as a general
reference tool for each policy. They may not be all-inclusive.
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Genetic Testing Germline Disorders

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUNDU | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

Germline variants or mutations are defined as genetic alterations that occur within the
germ cells (egg or sperm), such that the alteration becomes incorporated into the DNA
of every cell in the body of the offspring. It may also be called a hereditary mutation (Li
et al.,, 2017; NCl, 2024).

Genetic testing refers to the use of technologies that identify genetic variation, which
include genomic, transcriptional, proteomic, and epigenetic alterations, for the
prevention, diagnosis, and treatment of disease (Kohlmann & Slavotinek, 2024; Li et al,,
2017).

Il. Related Policies

Policy Policy Title
Number

AHS-M2066 | Genetic Cancer Susceptibility Using Next Generation Sequencing
AHS-M2146 | General Genetic Testing, Somatic Disorders

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’'s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

1) Single gene or multi-gene panel testing (see Note 1 and Note 2) for inherited
diseases MEETS COVERAGE CRITERIA (once per patient lifetime) when one of the
following criteria are met:

a) The individual is currently symptomatic with the suspicion of a known genetic
disease in which knowledge of the likely pathogenic or pathogenic variant will
assist in the diagnosis, treatment, or procreative management.
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b) For asymptomatic individuals who are judged to be at significant risk (based on
family history and/or ethnicity) for an inherited disorder or an inherited cancer
risk factor, and meet one of the following conditions:

i) The individual is being tested for their risk of an adult-onset condition and is
at or above the age of majority, (e.g., 18 years).

i) An individual not at or above the age of majority is being tested for their risk
of an adult-onset condition for which there is documented evidence that early
intervention during childhood may prevent disease severity or time of disease
onset.

c) For asymptomatic individuals who are both:

i) judged to be at risk as a carrier of an inherited disorder or cancer risk factor
based on family history and/or ethnicity;

i) would benefit from procreative management.
The following does not meet coverage criteria due to a lack of available published

scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

2) The following genetic tests for inherited diseases DO NOT MEET COVERAGE
CRITERIA:

a) Tests for genes that do not meet the above criteria.

b) Inherited disease diagnosis or carrier assessment using panels of genes that
include genes outside of those specifically related to the disease being
investigated.

c) Repeat germline testing of a unique gene using the identical method of gene
analysis.

d) Testing as a screening tool for the general population.

e) Direct-to-consumer genetic testing (e.g., mail order, online ordering, pharmacy,
retail).

NOTES:

Note 1: Genetic tests being considered must meet all of the following conditions:
a) Scientific literature shows that a specific a gene likely pathogenic or pathogenic
variant (or variants) is associated with the disease in question and that
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identification of the variant is clinically actionable (there is clinical utility) with a
non-investigational treatment;

b) When confirmation of a gene likely pathogenic or pathogenic variant is standard
of care for the disease state and other testing for the disease is either equivocal
or does not exist;

c) The disease in question is associated with significant morbidity and/or mortality;

d) The results of testing can impact clinical management (via surveillance or
treatment strategies) and will guide decisions on healthcare management to
mitigate symptoms or progression of the disorder.

Note 2: For two or more gene tests being run on the same platform, please refer to
AHS-R2162 Reimbursement Policy.

IV. Table of Terminology

Term Definition

ACMG American College of Medical Genetics and Genomics
AMP Association For Molecular Pathology

APC Adenomatous polyposis coli

ASCO American Society of Clinical Oncology

ATM Ataxia telangiectasia mutated

BRCA1/2 | Breast cancer gene 1/2

CAP College of American Pathologists

CDH1 Cadherin-1

CLIA '88 Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid Services
CNV Copy number variant

CSG Cancer susceptibility gene

ctDNA Circular tumor deoxyribonucleic acid

FDA Food and Drug Administration

EMSO European Society for Medical Oncology
LDTs Laboratory-developed tests

LOF Loss-of-function

MGPT Multi-gene panel testing

NCCN National Comprehensive Cancer Network
NGS Next-generation sequencing

PALB2 Partner and localizer of BRCA2

PCR Polymerase chain reaction

PTEN Phosphatase and tensin homolog

PVG Pathogenic germline variants
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smMIPS Single molecule molecular inversion probes
SNPs Single nucleotide polymorphisms

TP53 Tumor protein P53

VUS Variant of uncertain significance

V. Scientific Background

Gene mutations are referred to as “germline” if they are within gametes (ova and
sperm). Therefore, these mutations may be passed on from parent to offspring (Raby &
Blank, 2024). There are many different types of germline mutations, such as single
nucleotide polymorphisms (SNPs), structural variations such as deletions, inversions, or
translocations, as well as smaller chromosomal abnormalities such as short tandem
repeats, or gene fusions. Mutations may not necessarily result in disease (Christensen &
Hulick, 2024).

Single nucleotide polymorphisms are the most common type of genetic mutation, such
as missense mutations. These mutations are single base-pair changes where one
nucleotide is replaced with a different nucleotide. Millions of SNPs have been identified
through genome-wide association studies, approximately 4000 SNPs have a potential
association with disease (Attia, 2024). Insertion/deletion (indel) polymorphisms are
often a single nucleotide but may be up to four nucleotides. SNPs often lead to
frameshift mutations, which can cause premature stop codons and the failure of the
allele (Kohlmann & Slavotinek, 2024).

Structural variations are usually classified as larger than 1000 base pairs. These include
deletions, duplications, inversions, translocations, or ring chromosome formation. Due
to the large number of bases affected, these variations may lead to severe genetic
abnormalities. For example, a major cause of Duchenne muscular dystrophy is the
deletion of large portions of exons (coding portions of genes). The most common
structural variation is the copy number variant (CNV), which refers to differing amounts
of DNA segments in different individuals. For example, one person may have three
copies of a specific segment whereas another may only have two. These variations may
lead to dysregulation, gain-of-function, or loss-of-function of the affected genes. The
sensitive genes that require or produce precise amounts of a protein product tend to
suffer more from these variations (Bacino, 2023).

Germline mutations are unique in that the risk for certain conditions, including many
forms of cancer, may be passed from parent to offspring. Testing for these conditions
will often involve testing entire families if one member is found to have a germline
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mutation; for example, the National Comprehensive Cancer Network (NCCN) guidelines
for hereditary breast cancer recommend testing for high-penetrance breast cancer
susceptibility genes such as BRCA1/2, CDH1, PALB2, PTEN, STK, and TP53 mutations if
any blood relative has a known or likely pathogenic variant in a cancer susceptibility
gene (NCCN, 2024a). Wilson et al. (2020) estimate that 21,800 adult survivors of
childhood cancer in the United States carry a pathogenic or likely pathogenic variant in
one of 156 cancer predisposition genes.

Some types of mutations are unique to germline mutations. Errors in chromosome
number (aneuploidy) are typically caused by nondisjunctions in meiosis, causing either
a monosomic (one chromosome) or a trisomic (three chromosomes) set of
chromosomes. Some aneuploidies, trisomy 21, or Down Syndrome, being most notable,
are compatible with life. Aneuploidies may also result with sex chromosomes, resulting
in conditions such as Turner’'s Syndrome (one X chromosome) or Klinefelter's Syndrome
(XXY) (Bacino, 2024; Schrijver & Zehnder, 2024).

Any size mutation may be pathogenic and must be classified as to how likely they are
to cause disease. The American College of Medical Genetics and Genomics (ACMG) has
classified mutations in five categories, which are as follows: pathogenic, likely
pathogenic, uncertain significance, likely benign, and benign. The "likely pathogenic”
and “likely benign” refer to weaker evidence than their respective pathogenic and
benign categories, and “uncertain significance” refers to evidence that does not meet
criteria for benignity or pathogenicity or has conflicting evidence from both sides
(Christensen & Hulick, 2024). Prediction algorithms have been used to interpret variants
and to predict whether a variant will affect the gene function or splicing of the gene.
These algorithms are publicly available but have a tendency of predicting harmful
impact of a variant. The specificity of these databases has been estimated at 60-80% (Li
et al,, 2017).

Due to the enormous number of variants, as well as the rate that variants are
discovered, comprehensive databases of genetic variants have been published and are
easily available. For example, the Haplotype Reference Consortium contains over 40
million identified SNPs (Christensen & Hulick, 2024). Databases focusing on cancer-
specific variants, reference sequences, and the general population are all available
publicly (Li et al., 2017).

For many years, single-gene testing was the standard approach for germline mutation
testing. In recent years, multi-gene panel testing (MGPT) has been introduced and
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widely accepted as the first-tier test. MGPT increases the probability of identifying
pathogenic mutations and represents an affordable application of next-generation
sequencing (NGS) into clinical practice. However, the clinical utility of MGPT is not well
established, especially in cases where more than one pathogenic variant is identified.
The risk for a specific malignancy is complex and if a gene panel discovers a mutation
incidentally, management can be difficult. Many guidelines call for radical procedures
for these disease states and it may cause unnecessary harm for the patient concerned
about predisposition to the disease. Additionally, a combination of mutations may
interact to alter the profile of the disease. For instance, certain combinations of
mutations may be detrimental and increase the overall risk of cancer malignancy, while
other combinations may reduce overall risk of malignancy. In this regard, identifying
clinically actionable mutations may be unclear with MGPT (Slaught et al., 2021).

Clinical Utility and Validity

Genetic testing for germline mutations “can be conducted on virtually any tissue type,”
although many laboratories prefer blood samples, check swabs or saliva samples
(Kohlmann & Slavotinek, 2024). Advancements in technology and availability of
sequencing, previously constrained by limitations of sequential single-gene testing on
limited patient samples, have led to significant strides in the understanding of the
genetic basis of inherited and somatic conditions.

Variants detected by genetic testing include inherited germline variants and somatic
mutations; NGS has allowed for superior detection for these mutations (Konnick &
Pritchard, 2016). The accuracy of NGS varies depending on how many genes are
sequenced; fewer genes tend to result in higher accuracy since there will be more
“probe-template overlap.” Although Sanger sequencing remains the most accurate at
>99.99% accuracy, it cannot sequence a large quantity of genes in a timely fashion and
is best used for sequencing of a specific gene (Hulick, 2024). Pogoda et al. (2019)
identified rare variants in the ATM gene by using single molecule molecular inversion
probes (smMIPSs), an NGS-based screening method. A total of 373 patients with
dystonia and six positive controls with previously identified ATM variants participated
in this study. Results generated by the smMIPs “produced similar results as routinely
used NGS-based approaches” (Pogoda et al., 2019). This suggests that ATM screening
should be routinely used when genetic testing dystonia patients. Further, smMIPs may
be an important technique for the germline screening for all rare neurodegenerative
disorders.
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The clinical validity of a genetic test depends primarily on the expressivity and
penetrance of a given phenotype. Penetrance refers to the likelihood of developing a
disease when the pathogenic mutation is present, and expressivity refers to the
variations in the way the disease is expressed. For example, virtually any mutation in the
APC gene will cause symptoms of familial adenomatous polyposis, thereby increasing
the clinical validity of an APC assessment while other conditions may not clinically
manifest at all despite a mutated genotype (Kohlmann & Slavotinek, 2024).

The clinical utility of a genetic test generally relies on available treatments for a
condition. Conditions such as Huntington Disease that do not have many options for
treatment will have limited clinical utility compared to another condition even though
the actual test is highly valid. Factors, such as severity of the disease and management
options, affect the clinical utility of a genetic test (Kohlmann & Slavotinek, 2024).

Lincoln et al. (2020) performed a retrospective study to investigate the yield and utility
of germline testing on cancer patients following tumor DNA sequencing. The authors
calculated the prevalence of pathogenic germline variants (PVG) and the potential
actionability of the PVGs in 2023 cancer patients. A total of 30.5% (n=617) of
participants had PVGs. Participants with PVGs spanned all ages and cancer types.
Tumor DNA sequencing missed 8.1% of PGVs. A total of 11.2% of missed PVGs were
only detected after developing a second primary cancer. The results suggest that
missed PVGs could have been detected earlier and the second cancer could have been
treated earlier or prevented. The authors concluded that germline testing following
tumor DNA sequencing can result in important findings that can impact patient care
(Lincoln et al., 2020).

There is an ethical concern associated with genetic testing for germline disorders, and
patients can have mixed preferences about receiving their results. Although the
information can be clinically useful, it can also be burdensome knowledge on patients
and their families. Best et al. (2022) studied the preferences on receiving results in
patients who have undergone germline genome sequencing. The study included 335
cancer patients and 199 of their relatives, all of whom were undergoing germline
genome sequencing. “A significantly higher percentage of probands thought people
would like to be informed about genetic conditions for which there is prevention or
treatment that can change cancer risk compared to conditions for which there is no
prevention or treatment (93% [311] versus 65% [216]; p < 0.001). Similar results were
obtained for relatives (91% [180] versus 61% [121]; p < 0.001).” The authors also
conducted interviews with 40 participants and identified four themes: “1) Recognised
benefits of GS, (2) Balancing benefits with risks, (3) Uncertain results are perceived as
unhelpful and (4) Competing obligations.” The authors conclude by noting the
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importance in ensuring patient understanding of the relevant test validity and consent
options (Best et al., 2022).

Guidelines and Recommendations

American College of Medical Genetics and Genomics (ACMG) and the Association
for Molecular Pathology (AMP)

The ACMG and AMP released criteria on the types and severity of mutations, which are
as follows:

Very strong evidence of pathogenicity: Null variants (nonsense, frameshifts,
canonical +/- one to two splice sites, initiation codon, exon deletions) in a gene
where loss-of-function (LOF) is a known mechanism of disease. The guidelines
note to use caution in genes where LOF is not a mechanism, if LOF variants are at
the 3’ end, if exon skipping occurs, and if multiple transcripts are present.
Strong: Amino acid change to a pathogenic version, de novo mutations,
established studies supporting a damaging gene or gene product, or if the
prevalence of the variant is increased in affected individuals compared to healthy
controls. The guidelines note to be careful of changes impacting splicing and if
only the paternity has been confirmed.

Moderate: Located in a mutational hot spot or well-established functional
domain (e.g., active site of an enzyme) without a benign variation, absent from
controls in Exome Sequencing Project, 1000 Genomes Project, or Exome
Aggregation Consortium, detected in trans with pathogenic variants for a
recessive disorder, protein length changes, novel missense changes where a
different missense change has been pathogenic before, and a possible de novo
mutation.

Supporting: Cosegregation with disease in multiple affected family members in a
gene definitively known to cause the disease, missense variant in a gene with low
rate of benign missense variation, if the mutation has evidence that it is
deleterious, or if the patient’s phenotype is highly specific for disease with a
single genetic cause.

The guidelines also list criteria for benign gene variants.

Stand-alone evidence of benignity: Allele frequency is > five percent in Exome
Sequencing Project, 1000 Genomes Project, or Exome Aggregation Consortium.
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e Strong: Allele frequency is greater than expected for disorder, observed in
healthy adult with full penetrance at early age, lack of segregation in affected
family members (although pathogenic variants may masquerade as
nonsegregated), or well-established studies that show no damaging effect on
protein production.

e Supporting: Missense variant of a gene for which truncating mutations are
pathogenic, indels in repetitive region of unknown function, silent variants,
variants of unknown significance, or a trans version of a cis mutation (Richards et
al., 2015).

National Comprehensive Cancer Network (NCCN)

Germline mutations have been incorporated into the diagnostic workups
recommended by the NCCN. Furthermore, the NCCN has several guidelines which
recommend that gene expression profiling, or multiple gene testing, may be helpful,
more efficient and/or cost effective for selected patients (NCCN, 2024b).

The NCCN includes some general testing criteria. They believe that testing is indicated
in the following scenarios:

e ‘“Individuals with any blood relative with a known P/LP variant in a cancer
susceptibility gene”

e “Individuals meeting the criteria below but who tested negative with previous
limited testing (eg, single gene and/or absent deletion duplication analysis) and
are interested in pursuing multi-gene testing”

e "A P/LP variant identified on tumor genomic testing that has clinical implications
if also identified in the germline”

e "To aid in systemic therapy and surgical decision-making” (NCCN, 2024a).

It is also notes that testing may be considered in the following scenario with
appropriate pre-test education and access to post-test management: an individual of
Ashkenazi Jewish ancestry without additional risk factors and with a personal history of
serous endometrial cancer (NCCN, 2024a).

Regarding the choice of multi-gene testing, the NCCN states that:

e "The introduction of multi-gene testing for hereditary forms of cancer has rapidly
altered the clinical approach to hereditary cancer testing of patients at increased
risk of inherited susceptibility to cancer and their families. Based on next-
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generation sequencing (NGS) technology, these tests simultaneously analyze a

set of genes that are associated with a specific family cancer phenotype or

multiple phenotypes.”

“An individual’s personal and/or family history may be explained by more than

one inherited cancer syndrome; thus, phenotype-directed testing based on

personal and family history through a tailored multi-gene panel test is often
more efficient and cost effective and increases the yield of detecting a P/LP
variant in a gene that will impact medical management for the individual or their
family members with increased risk.”

o The NCCN explains here that ‘tailored’ is “defined as a disease-focused multi-
gene panel of clinically actionable cancer susceptibility genes, in contrast to
large multi-gene panels of uncertain or unknown clinical relevance.”

“There may also be a role for multi-gene testing in individuals who have tested

negative for a single syndrome, but whose personal or family history remains

suggestive of an inherited susceptibility.”

“Some individuals may carry P/LP germline variants in more than one cancer

susceptibility gene; thus, consideration of a multi-gene panel for individuals

already known to carry a single P/ LP germline variant from phenotype-directed
testing may be considered on a case-by-case basis, based on the degree of
suspicion for there being additional variants.”

“Because commercially available tests differ in the specific genes analyzed, variant

classification, and other factors (eg, methods of DNA/RNA analysis or option to

reflex from a narrow to a larger panel; provision of financial assistance for
cascade testing of relatives), it is important to consider the indication for testing
and expertise of the laboratory when choosing the specific laboratory and test
panel.”

“Multi-gene testing can include "intermediate” penetrant (moderate-risk) genes.”

This is because “For many of these genes, there are limited data on the degree of

cancer risk, and there may currently be no clear guidelines on risk management

for carriers of P/LP variants. Not all genes included on available multi-gene tests
will change risk management compared to that based on other risk factors such
as family history.”

“It may be possible to refine risks associated with both moderate and high

penetrance genes, taking into account the influence of gene/gene or gene/

environment interactions. In addition, certain P/LP variants in a gene may pose
higher or lower risk than other P/LP variants in that same gene. This information
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should be taken into consideration when assigning risks and management
recommendations for individuals and their relatives who also have increased risk.”

e "P/LP variants in many breast, ovarian, pancreatic, and prostate cancer
susceptibility genes involved in DNA repair may be associated with rare
autosomal recessive conditions, thus posing risks to offspring if the partner is
also a carrier.”

e "As more genes are tested, there is an increased likelihood of finding VUS,
mosaicism, and clonal hematopoiesis of indeterminate potential.”

e "When a P/LP variant with clinical implications for the patient and/or their family
members is found on tumor genomic testing, germline confirmatory testing
should be recommended.”

e "There are significant limitations in interpretation of polygenic risk scores (PRS).
PRS should not be used for clinical management at this time and use is
recommended in the context of a clinical trial, ideally including diverse
populations” (NCCN, 2024a).

For more information, please see the individual policies.

Association for Molecular Pathology (AMP), American Society of Clinical
Oncology (ASCO), and College of American Pathologists (CAP)

The Joint Commission noted that germline variants should focus on the pathogenicity
of a given variant rather than their impact on clinical care. The guidelines recommend
reporting germline variants with known clinical impact, such as BRCAT or 2. A genetic
counseling recommendation should also be provided if a pathogenic germline
mutation is found (Li et al., 2017).

The guidelines note that it is critical to identify a somatic vs a germline mutation as the
type of mutation may have significant clinical consequences (Li et al., 2017).

American Society of Clinical Oncology (ASCO)

The ASCO published guidelines regarding genetic and genomic testing for cancer
susceptibility. These guidelines state that the "ASCO recognizes that concurrent
multigene testing (i.e., panel testing) may be efficient in circumstances that require
evaluation of multiple high-penetrance genes of established clinical utility as possible
explanations for a patient’s personal or family history of cancer. Depending on the
specific genes included on the panel employed, panel testing may also identify
mutations in genes associated with moderate or low cancer risks and mutations in
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high-penetrance genes that would not have been evaluated on the basis of the
presenting personal or family history... ASCO affirms that it is sufficient for cancer risk
assessment to evaluate genes of established clinical utility that are suggested by the

patient’s personal and/or family history” (Robson et al.,, 2015).

The ASCO released guidelines regarding germline testing for epithelial ovarian cancer.
ASCO recommends that “all [individuals] diagnosed with epithelial ovarian cancer
should be offered germline genetic testing for BRCAT, BRCAZ2, and other ovarian
cancer susceptibility genes, irrespective of their clinical features or family cancer
history.” In addition, “first- or second-degree blood relatives of a patient with ovarian
cancer with a known germline pathogenic cancer susceptibility gene mutation or
variant should be offered individualized genetic risk evaluation, counseling, and
genetic testing.” Lastly, “clinical decisions should not be based on a variant of uncertain
significance (VUS).” In this case, the patient’s clinical features and family history should
be taken into consideration and should inform clinical decision making”
(Konstantinopoulos et al., 2020).

The ASCO released guidelines for the selection of germline genetic testing panels in
patients with cancer. ASCO recommends “all patients should have a family history
taken and recorded that includes details of cancers in first- and second-degree
relatives and the patient's ethnicity.” The guidelines went on to add that “when
germline genetic testing is indicated for a patient with cancer, multi-gene panel testing
should be offered if more than one gene is relevant” (Tung et al., 2024).

European Society for Medical Oncology (EMSO)

The EMSO published recommendations on the use of circular tumor DNA (ctDNA)
assays in patients with cancer. Regarding germline disorders, the authors report that
“Pathogenic germline variants in cancer susceptibility genes may be detected in ctDNA
(such as BRCA1, BRCA2, PALB2), and detection of such variants requires reflex germline
testing with a validated assay to confirm somatic versus germline nature.” They also
note that "Caution should be carried out in interpretation of pathogenic variants in
high penetrance cancer susceptibility genes (such as BRCA1, BRCA2, PALB2); validated
germline testing should be carried out to confirm germline or somatic nature” (Pascual
et al,, 2022).

The ESMO reports that ctDNA assays are validated and sensitive enough to “genotype
advanced cancers and select patients for targeted therapies.” They note that ctDNA
assay results are limited by false-negative results and lower sensitivity for fusion and
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copy number changes, and ctDNA should not be used to detect molecular residual
disease (Pascual et al., 2022).

The ESMO released recommendations for germline-focussed analysis of tumor-only
sequencing:

1.

10.

11.

12.

Germline-focussed tumour analysis should be carried out in all laboratories as
part of routine analysis of a large tumour panel.

Germline-focussed tumour analysis can be delivered via an automated pipeline
so as not to add substantial additional manual work, cost or delay to tumour
analysis.

Variants in should be flagged which are (i) predicted to result in protein
truncation in genes acting through LOF and/or (ii) classified as Pathogenic/Likely
Pathogenic via a well-maintained, comprehensive and curated clinical resource
(ClinVar is recommended).

Germline-focussed tumour analysis can be restricted to variants of VAF >30%
(SNVs) or >20% (small insertions/deletions). Local validation will be required to
confirm the accuracy of tumour VAF estimates, especially for PCR-based NGS
methodologies.

Samples known or suspected to be hypermutated should be included for
germline-focussed tumour analysis.

Germline-focussed tumour analysis in the off-tumour context should be
restricted to ‘High Actionability- [cancer susceptibility genes] CSGs'.

Recessively acting ‘High Actionability-CSGs' (currently MUTYH alone) should be
included for germline-focussed tumour analysis but reporting and germline
follow-up testing should be undertaken only on detection of two pathogenic
variants.

Germline-focussed tumour analysis of ‘standard actionability’-CSGs should be
restricted to the on-tumour setting.

‘Standard actionability’-CSGs included for germline-focussed tumour analysis can
be restricted to genes of high penetrance.

Germline-focussed tumour analysis can be restricted to gene-scenarios for which
the germline conversion rate is >10%. For selected genes, it may therefore be
appropriate to restrict germline-focussed tumour analysis to just those tumours
arising age <30 years.

Formal variant review and classification should be undertaken by an experienced
clinical scientist before initiation of patient re-contact and/or germline testing.
Before analysis of their germline sample for the pathogenic variant, adequate
information should be provided to the patient regarding the implications of
germline testing, along with documentation of their consent.
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13. The tumour-observed pathogenic variant should be analyzed in an appropriate
germline sample (lymphocytes, saliva/buccal swab, normal tissue) in a laboratory
accredited for germline analysis.

14. A patient in whom a germline pathogenic variant is detected should be referred
to a specialist genetics service for long term follow-up and management of the
family.

15. A normal/negative tumour sequencing result should not be taken as equivalent
to a normal/negative germline result unless robust analysis of dosage has been
carried out. This distinction is particularly important for genes such as BRCAT and
MSH2, for which whole exon deletion/duplications constitute a substantial
proportion of pathogenic variants.

16. Re-evaluation of this workflow, revised analyses and update of these
recommendations should be undertaken at least 2-yearly. Reanalysis should
include updated data regarding pathogenicity of variants and penetrance of
CSGs, along with review of thresholds for ‘germline conversion rates’ and VAF
cut-offs (Mandelker et al., 2019).

VIl. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in
house. These laboratory-developed tests (LDTs) are regulated by the Centers for
Medicare and Medicaid (CMS) as high-complexity tests under the Clinical Laboratory
Improvement Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by
the U. S. Food and Drug Administration; however, FDA clearance or approval is not
currently required for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT Code Description
Human Platelet Antigen 1 genotyping (HPA-1), ITGB3 (integrin, beta 3
81105 | [platelet glycoprotein llla], antigen CD61 [GPllla]) (eg, neonatal alloimmune
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thrombocytopenia [NAIT], post-transfusion purpura), gene analysis,
common variant, HPA-1a/b (L33P)

81106

Human Platelet Antigen 2 genotyping (HPA-2), GP1BA (glycoprotein Ib
[platelet], alpha polypeptide [GPIba]) (eg, neonatal alloimmune
thrombocytopenia [NAIT], post-transfusion purpura), gene analysis,
common variant, HPA-2a/b (T145M)

81107

Human Platelet Antigen 3 genotyping (HPA-3), ITGA2B (integrin, alpha 2b
[platelet glycoprotein Ilb of lIb/llla complex], antigen CD41 [GPIIb]) (eg,
neonatal alloimmune thrombocytopenia [NAIT], post-transfusion purpura),
gene analysis, common variant, HPA-3a/b (1843S)

81108

Human Platelet Antigen 4 genotyping (HPA-4), ITGB3 (integrin, beta 3
[platelet glycoprotein llla], antigen CD61 [GPIlla]) (eg, neonatal alloimmune
thrombocytopenia [NAIT], post-transfusion purpura), gene analysis,
common variant, HPA-4a/b (R143Q)

81109

Human Platelet Antigen 5 genotyping (HPA-5), ITGA2 (integrin, alpha 2
[CD49B, alpha 2 subunit of VLA-2 receptor] [GPla]) (eg, neonatal
alloimmune thrombocytopenia [NAIT], post-transfusion purpura), gene
analysis, common variant (eg, HPA-5a/b [K505E])

81110

Human Platelet Antigen 6 genotyping (HPA-6w), ITGB3 (integrin, beta 3
[platelet glycoprotein llla, antigen CD61] [GPIlla]) (eg, neonatal alloimmune
thrombocytopenia [NAIT], post-transfusion purpura), gene analysis,
common variant, HPA-6a/b (R489Q)

81111

Human Platelet Antigen 9 genotyping (HPA-9w), ITGA2B (integrin, alpha 2b
[platelet glycoprotein llb of Ilb/llla complex, antigen CD41] [GPIIb]) (eg,
neonatal alloimmune thrombocytopenia [NAIT], post-transfusion purpura),
gene analysis, common variant, HPA-9a/b (V837M)

81112

Human Platelet Antigen 15 genotyping (HPA-15), CD109 (CD109 molecule)
(eg, neonatal alloimmune thrombocytopenia [NAIT], post-transfusion
purpura), gene analysis, common variant, HPA-15a/b (S682Y)

81161

DMD (dystrophin) (eg, Duchenne/Becker muscular dystrophy) deletion
analysis, and duplication analysis, if performed

81173

AR (androgen receptor) (eg, spinal and bulbar muscular atrophy, Kennedy
disease, X chromosome inactivation) gene analysis; full gene sequence

81174

AR (androgen receptor) (eg, spinal and bulbar muscular atrophy, Kennedy
disease, X chromosome inactivation) gene analysis; known familial variant

81177

ATN1 (atrophin 1) (eg, dentatorubral-pallidoluysian atrophy) gene analysis,
evaluation to detect abnormal (eg, expanded) alleles

81178

ATXNT (ataxin 1) (eg, spinocerebellar ataxia) gene analysis, evaluation to
detect abnormal (eg, expanded) alleles
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81179

ATXNZ2 (ataxin 2) (eg, spinocerebellar ataxia) gene analysis, evaluation to
detect abnormal (eg, expanded) alleles

81180

ATXN3 (ataxin 3) (eg, spinocerebellar ataxia, Machado-Joseph disease)
gene analysis, evaluation to detect abnormal (eg, expanded) alleles

81181

ATXNY7 (ataxin 7) (eg, spinocerebellar ataxia) gene analysis, evaluation to
detect abnormal (eg, expanded) alleles

81182

ATXNB8OS (ATXNS8 opposite strand [non-protein coding]) (eg,
spinocerebellar ataxia) gene analysis, evaluation to detect abnormal (eg,
expanded) alleles

81183

ATXN10 (ataxin 10) (eg, spinocerebellar ataxia) gene analysis, evaluation to
detect abnormal (eg, expanded) alleles

81187

CNBP (CCHC-type zinc finger nucleic acid binding protein) (eg, myotonic
dystrophy type 2) gene analysis, evaluation to detect abnormal (eg,
expanded) alleles

81188

CSTB (cystatin B) (eg, Unverricht-Lundborg disease) gene analysis;
evaluation to detect abnormal (eg, expanded) alleles

81189

CSTB (cystatin B) (eg, Unverricht-Lundborg disease) gene analysis; full gene
sequence

81190

CSTB (cystatin B) (eg, Unverricht-Lundborg disease) gene analysis; known
familial variant(s)

81204

AR (androgen receptor) (eg, spinal and bulbar muscular atrophy, Kennedy
disease, X chromosome inactivation) gene analysis; characterization of
alleles (eg, expanded size or methylation status)

81228

Cytogenomic constitutional (genome-wide) microarray analysis;
interrogation of genomic regions for copy number variants (eg, bacterial
artificial chromosome [BAC] or oligo-based comparative genomic
hybridization [CGH] microarray analysis)

81229

Cytogenomic constitutional (genome-wide) microarray analysis;
interrogation of genomic regions for copy number and single nucleotide
polymorphism (SNP) variants for chromosomal abnormalities

81233

BTK (Bruton's tyrosine kinase) (eg, chronic lymphocytic leukemia) gene
analysis, common variants (eg, C481S, C481R, C481F)

81234

DMPK (DM1 protein kinase) (eg, myotonic dystrophy type 1) gene analysis;
evaluation to detect abnormal (expanded) alleles

81236

EZH2 (enhancer of zeste 2 polycomb repressive complex 2 subunit) (eg,
myelodysplastic syndrome, myeloproliferative neoplasms) gene analysis,
full gene sequence

81237

EZH2 (enhancer of zeste 2 polycomb repressive complex 2 subunit) (eg,
diffuse large B-cell ymphoma) gene analysis, common variant(s) (eg,
codon 646)
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81238 | F9 (coagulation factor IX) (eg, hemophilia B), full gene sequence

DMPK (DM1 protein kinase) (eg, myotonic dystrophy type 1) gene analysis;
81239 | characterization of alleles (eg, expanded size)

G6PD (glucose-6-phosphate dehydrogenase) (eg, hemolytic anemia,
81247 | jaundice), gene analysis; common variant(s) (eg, A, A-)

G6PD (glucose-6-phosphate dehydrogenase) (eg, hemolytic anemia,
81248 | jaundice), gene analysis; known familial variant(s)

G6PD (glucose-6-phosphate dehydrogenase) (eg, hemolytic anemia,
81249 | jaundice), gene analysis; full gene sequence

GJB2 (gap junction protein, beta 2, 26kDa, connexin 26) (eg, nonsyndromic
81252 | hearing loss) gene analysis; full gene sequence

IKBKAP (inhibitor of kappa light polypeptide gene enhancer in B-cells,

kinase complex-associated protein) (eg, familial dysautonomia) gene
81260 | analysis, common variants (eg, 2507+6T>C, R696P)

HTT (huntingtin) (eg, Huntington disease) gene analysis; evaluation to
81271 | detect abnormal (eg, expanded) alleles

HTT (huntingtin) (eg, Huntington disease) gene analysis; characterization of
81274 | alleles (eg, expanded size)

IFNL3 (interferon, lambda 3) (eg, drug response), gene analysis, rs12979860
81283 | variant

FXN (frataxin) (eg, Friedreich ataxia) gene analysis; evaluation to detect
81284 | abnormal (expanded) alleles

FXN (frataxin) (eg, Friedreich ataxia) gene analysis; characterization of
81285 | alleles (eg, expanded size)
81286 | FXN (frataxin) (eg, Friedreich ataxia) gene analysis; full gene sequence
81289 | FXN (frataxin) (eg, Friedreich ataxia) gene analysis; known familial variant(s)

MYD88 (myeloid differentiation primary response 88) (eg, Waldenstrom's

macroglobulinemia, lymphoplasmacytic leukemia) gene analysis,
81305 | p.Leu265Pro (L265P) variant

PALB2 (partner and localizer of BRCA2) (eg, breast and pancreatic cancer)
81307 | gene analysis; full gene sequence

PALB2 (partner and localizer of BRCA2) (eg, breast and pancreatic cancer)
81308 | gene analysis; known familial variant

PABPN1 (poly[A] binding protein nuclear 1) (eg, oculopharyngeal muscular

dystrophy) gene analysis, evaluation to detect abnormal (eg, expanded)
81312 | alleles

PLCG2 (phospholipase C gamma 2) (eg, chronic lymphocytic leukemia)
81320 | gene analysis, common variants (eg, R665W, S707F, L845F)
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81329

SMN1 (survival of motor neuron 1, telomeric) (eg, spinal muscular atrophy)
gene analysis; dosage/deletion analysis (eg, carrier testing), includes SMN2
(survival of motor neuron 2, centromeric) analysis, if performed

81333

TGFBI (transforming growth factor beta-induced) (eg, corneal dystrophy)
gene analysis, common variants (eg, R124H, R124C, R124L, R555W, R555Q)

81336

SMN1 (survival of motor neuron 1, telomeric) (eg, spinal muscular atrophy)
gene analysis; full gene sequence

81337

SMNT1 (survival of motor neuron 1, telomeric) (eg, spinal muscular atrophy)
aene analvsis: known familial seauence variant(s)

81343

PPP2R2B (protein phosphatase 2 regulatory subunit Bbeta) (eg,
shinacerebellar ataxia) aene analvsis. evaluation to detect abnarmal (ea

81344

TBP (TATA box binding protein) (eg, spinocerebellar ataxia) gene analysis,
evaluation to detect abnormal (eg, expanded) alleles

81400

Molecular pathology procedure, Level 1 (eg, identification of single
germline variant [eg, SNP] by techniques such as restriction enzyme
digestion or melt curve analysis)

81401

Molecular pathology procedure, Level 2 (eg, 2-10 SNPs, 1 methylated
variant, or 1 somatic variant [typically using nonsequencing target variant
analysis], or detection of a dynamic mutation disorder/triplet repeat)

81402

Molecular pathology procedure, Level 3 (eg, >10 SNPs, 2-10 methylated
variants, or 2-10 somatic variants [typically using non-sequencing target
variant analysis], immunoglobulin and T-cell receptor gene
rearrangements, duplication/deletion variants of 1 exon, loss of
heterozygosity [LOH], uniparental disomy [UPD])

81403

Molecular pathology procedure, Level 4 (eg, analysis of single exon by DNA
sequence analysis, analysis of >10 amplicons using multiplex PCR in 2 or
more independent reactions, mutation scanning or duplication/deletion
variants of 2-5 exons)

81404

Molecular pathology procedure, Level 5 (eg, analysis of 2-5 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of 6-
10 exons, or characterization of a dynamic mutation disorder/triplet repeat
by Southern blot analysis)

81405

Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of
11-25 exons, regionally targeted cytogenomic array analysis)

81406

Molecular pathology procedure, Level 7 (eg, analysis of 11-25 exons by
DNA sequence analysis, mutation scanning or duplication/deletion variants
of 26-50 exons, cytogenomic array analysis for neoplasia)
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81407

Molecular pathology procedure, Level 8 (eg, analysis of 26-50 exons by
DNA sequence analysis, mutation scanning or duplication/deletion variants
of >50 exons, sequence analysis of multiple genes on one platform)

81408

Molecular pathology procedure, Level 9 (eg, analysis of >50 exons in a
single gene by DNA sequence analysis)

81437

Hereditary neuroendocrine tumor-related disorders (eg, medullary thyroid
carcinoma, parathyroid carcinoma, malignant pheochromocytoma or
paraganglioma), genomic sequence analysis panel, 5 or more genes,
interrogation for sequence variants and copy number variants

81438

Hereditary neuroendocrine tumor disorders (eg, medullary thyroid
carcinoma, parathyroid carcinoma, malignant pheochromocytoma or
paraganglioma); duplication/deletion analysis panel, must include analyses
for SDHB, SDHC, SDHD, and VHL

81441

Inherited bone marrow failure syndromes (IBMFS) (eg, Fanconi anemia,
dyskeratosis congenita, Diamond-Blackfan anemia, Shwachman-Diamond
syndrome, GATA2 deficiency syndrome, congenital amegakaryocytic
thrombocytopenia) sequence analysis panel, must include sequencing of at
least 30 genes, including BRCA2, BRIP1, DKC1, FANCA, FANCB, FANCC,
FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, GATA1, GATA2, MPL,
NHP2, NOP10, PALB2, RAD51C, RPL11, RPL35A, RPL5, RPS10, RPS19,
RPS24, RPS26, RPS7, SBDS, TERT, and TINF2

81442

Noonan spectrum disorders (eg, Noonan syndrome, cardio-facio-
cutaneous syndrome, Costello syndrome, LEOPARD syndrome, Noonan-
like syndrome), genomic sequence analysis panel, must include sequencing
of at least 12 genes, including BRAF, CBL, HRAS, KRAS, MAP2K1, MAP2K?2,
NRAS, PTPN11, RAF1, RIT1, SHOC2, and SOS1

81443

Genetic testing for severe inherited conditions (eg, cystic fibrosis,
Ashkenazi Jewish-associated disorders [eg, Bloom syndrome, Canavan
disease, Fanconi anemia type C, mucolipidosis type VI, Gaucher disease,
Tay-Sachs disease], beta hemoglobinopathies, phenylketonuria,
galactosemia), genomic sequence analysis panel, must include sequencing
of at least 15 genes (eg, ACADM, ARSA, ASPA, ATP7B, BCKDHA, BCKDHB,
BLM, CFTR, DHCR7, FANCC, G6PC, GAA, GALT, GBA, GBE1, HBB, HEXA,
IKBKAP, MCOLN1, PAH)

81470

X-linked intellectual disability (XLID) (eg, syndromic and non-syndromic
XLID); genomic sequence analysis panel, must include sequencing of at
least 60 genes, including ARX, ATRX, CDKL5, FGD1, FMR1, HUWET,
ILTRAPL, KDM5C, L1CAM, MECP2, MED12, MID1, OCRL, RPS6KA3, and
SLC16A2
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X-linked intellectual disability (XLID) (eg, syndromic and non-syndromic
XLID); duplication/deletion gene analysis, must include analysis of at least
60 genes, including ARX, ATRX, CDKL5, FGD1, FMR1, HUWET, IL1RAPL,

81471 | KDM5C, L1CAM, MECP2, MED12, MID1, OCRL, RPS6KA3, and SLC16A2

81479 | Unlisted molecular pathology procedure
Hereditary colon cancer disorders (eg, Lynch syndrome, PTEN hamartoma
syndrome, Cowden syndrome, familial adenomatosis polyposis), targeted
MRNA sequence analysis panel (APC, CDH1, CHEK2, MLH1, MSH2, MSHS6,
MUTYH, PMS2, PTEN, and TP53) (List separately in addition to code for
primary procedure - 81435, 0101U)
Proprietary test: RNAinsight™ for ColoNext®

0130U | Lab/Manufacturer: Ambry Genetics
BRCA1 (BRCAT1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) (eg, hereditary breast and ovarian cancer) mRNA sequence
analysis (List separately in addition to code for primary procedure)
Proprietary test: RNAinsight™ for BRCA1/2

0138U | Lab/Manufacturer: Ambry Genetics
AR (androgen receptor) (eg, spinal and bulbar muscular atrophy, Kennedy
disease, X chromosome inactivation), full sequence analysis, including small
sequence changes in exonic and intronic regions, deletions, duplications,
short tandem repeat (STR) expansions, mobile element insertions, and
variants in non-uniquely mappable regions
Proprietary test: Genomic Unity® AR Analysis

0230U | Lab/Manufacturer: Variantyx Inc
CSTB (cystatin B) (eg, progressive myoclonic epilepsy type 1A, Unverricht-
Lundborg disease), full gene analysis, including small sequence changes in
exonic and intronic regions, deletions, duplications, short tandem repeat
(STR) expansions, mobile element insertions, and variants in non-uniquely
mappable regions
Proprietary test: Genomic Unity® CSTB Analysis

0232U | Lab/Manufacturer: Variantyx Inc
SMNT1 (survival of motor neuron 1, telomeric) and SMN2 (survival of motor
neuron 2, centromeric) (eg, spinal muscular atrophy) full gene analysis,
including small sequence changes in exonic and intronic regions,
duplications and deletions, and mobile element insertions
Proprietary test: Genomic Unity® SMN1/2 Analysis

0236U | Lab/Manufacturer: Variantyx Inc
Hematology (autosomal dominant congenital thrombocytopenia), genomic

0269U | sequence analysis of 14 genes, blood, buccal swab, or amniotic fluid
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Proprietary test: Versiti™ Autosomal Dominant Thrombocytopenia Panel
Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0270U

Hematology (congenital coagulation disorders), genomic sequence analysis
of 20 genes, blood, buccal swab, or amniotic fluid

Proprietary test: Versiti™ Coagulation Disorder Panel

Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0271U

Hematology (congenital neutropenia), genomic sequence analysis of 23
genes, blood, buccal swab, or amniotic fluid

Proprietary test: Versiti™ Congenital Neutropenia Panel
Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0272U

Hematology (genetic bleeding disorders), genomic sequence analysis of 51
genes, blood, buccal swab, or amniotic fluid, comprehensive

Proprietary test: Versiti™ Comprehensive Bleeding Disorder Panel
Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0273U

Hematology (genetic hyperfibrinolysis, delayed bleeding), genomic
sequence analysis of 8 genes (F13A1, F13B, FGA, FGB, FGG, SERPINAT,
SERPINE1, SERPINF2, PLAU), blood, buccal swab, or amniotic fluid
Proprietary test: Versiti™ Fibrinolytic Disorder Panel
Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0274U

Hematology (genetic platelet disorders), genomic sequence analysis of 43
genes, blood, buccal swab, or amniotic fluid

Proprietary test: Versiti™ Comprehensive Platelet Disorder Panel
Lab/Manufacturer: Versiti™ Diagnostic Laboratories/Versiti™

0276U

Hematology (inherited thrombocytopenia), genomic sequence analysis of
23 genes, blood, buccal swab, or amniotic fluid

Proprietary test: Versiti™ Inherited Thrombocytopenia Panel
Lab/Manufacturer: Versiti™ Comprehensive Bleeding Disorder Panel

0277V

Hematology (genetic platelet function disorder), genomic sequence
analysis of 31 genes, blood, buccal swab, or amniotic fluid
Proprietary test: Versiti™ Platelet Function Disorder Panel
Lab/Manufacturer: Versiti™ Comprehensive Bleeding Disorder Panel

Pediatrics (congenital epigenetic disorders), whole genome methylation
analysis by microarray for 50 or more genes, blood
Proprietary test: EpiSign Complete

0318U | Lab/Manufacturer: Greenwood Genetic Center
DNA analysis for germline mutations of the RET proto-oncogene for
S3840 | susceptibility to multiple endocrine neoplasia type 2

Current Procedural Terminology© American Medical Association. All Rights
reserved.

Page 21 of 24



' 4
SMVP

Procedure codes appearing in Medical Policy documents are included only as a
general reference tool for each policy. They may not be all-inclusive.
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General Genetic Testing, Somatic Disorders

Policy Number: AHS — M2146 — General Initial Policy Effective Date: 01/01/2026
Genetic Testing, Somatic Disorders

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

Genetic testing refers to the use of technologies that identify genetic variation, which
include genomic, transcriptional, proteomic, and epigenetic alterations, for the
prevention, diagnosis, and treatment of disease (Kohlmann & Slavotinek, 2024; Li et al,,
2017).

Somatic variations or mutations are defined as a genetic alteration that occurs after
conception in any of the cells of the body, except the germ cells, and therefore are not
passed on to offspring (Li et al., 2017).

For guidance concerning Tumor Mutational Burden Testing (TMB) and/or Microsatellite
instability analysis please refer to the AHS-M2178-Microsatellite Instability and Tumor
Mutational Burden Testing policy.

Il. Related Policies

Policy Policy Title
Number
AHS-M2145 | General Genetic Testing, Germline Disorders

AHS-M2032 | Whole Genome and Whole Exome Sequencing

AHS-M2178 | Microsatellite Instability and Tumor Mutational Burden Testing

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

This policy addresses the general use of somatic (tumor) genetic testing and applies to all
tests for which a policy addressing a specific clinical condition is not available.
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1) For diagnosis, selection of therapy, or prognostication (when there is a documented
benefit based on the presence of such mutations in the tumor or neoplastic cells),
genetic testing for a specific genetic mutation or mutations that have documented
clinical utility MEETS COVERAGE CRITERIA.

2) Repeat testing MEETS COVERAGE CRITERIA in either of the following situations:

a) For recurrence monitoring.

b) When there is the possibility of further genetic alterations in the hematologic
malignancy, primary tumor, or metastasis and knowledge of these changes
would result in the addition, elimination, or alteration of non-investigational

therapies.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the

diagnosis and treatment of an individual’s illness.

3) For all situations not described above, genetic testing (single gene or multi-gene
panel testing) for somatic disorders DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note: For two or more gene tests being run on the same platform, please refer to AHS-
R2162 Reimbursement Policy.

IV. Table of Terminology

Term Definition

ACMG American College of Medical Genetics and Genomics
ACTCT Actin alpha cardiac muscle 1

AMP Association For Molecular Pathology

APC Adenomatous polyposis coli

APOB Apolipoprotein B

ASCO American Society of Clinical Oncology
ATP/B ATPase copper transporting beta

BAG3 BAG cochaperone 3

BMPR1A Bone morphogenetic protein receptor type 1A
BRCA Breast cancer gene

BRCAT Breast cancer gene 1

BRCAZ2 Breast cancer gene 2
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BSG British Sarcoma Group
CACNA1S Calcium voltage-gated channel subunit alphal S
CALM1 Calmodulin |
CALM2 Calmodulin 2
CALM3 Calmodulin 3
CAP College Of American Pathologists
CD Cluster of differentiation
CD34 Cluster of differentiation 34
CGP Comprehensive genomic profiling
CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers For Medicare and Medicaid Services
CNAs Copy number alterations
CNV Copy number variant
COL3AT Collagen type Il alpha 1
CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
D842V Platelet-derived growth factor receptor alpha
DES Desmin
dMMR Mismatch repair deficiency
DNA Deoxyribonucleic acid
DOG1 Delay of germination
DSC2 Desmocollin-2
DSG2 Desmoglein 2
DSP Desmoplakin
EGISTs Extragastrointestinal stromal tumors
EP Expected pathogenic
European Society for Medical Oncology Scale for Clinical
ESCAT Actionability of Molecular Targets
ESMO European Society for Medical Oncology
EZH2? Enhancer of zeste 2 polycomb repressive complex 2 subunit
FBN1 Fibrillin-1
FDA Food and Drug Administration
FFPE Formalin-fixed paraffin embedded
FISH Fluorescence in situ hybridization
GIS Genomic instability score
GISTs Gastrointestinal stromal tumors
GLA Alpha-galactosidase A
Genome-Wide Repository of Associations Between SNPs And
GRASP
Phenotypes
HGSC High-grade serous ovarian, fallopian tube, and peritoneal carcinoma
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HOXC6 Homeobox C6

HRD Homologous recombination deficiency

HRR Homologous recombination repair

Indel Insertion/deletion

KCNH2 Potassium voltage-gated channel subfamily H member 2
KCNQT Potassium voltage-gated channel subfamily Q member 1
KIT KIT proto-oncogene receptor tyrosine kinase

LP Likely pathogenic

LDLR Low density lipoprotein receptor

LDTs Laboratory-developed tests

LMNA Lamin A/C

LOF Loss of function

LOH Loss of heterozygosity

LST Large scale state transitions

MBR Major breakpoint region

MCR Minor cluster region

MLH1 MutL homolog 1

MSH2 MutS homolog 2

MSH6 MutS homolog 6

MSI Microsatellite instability

MSK- Memorial Sloan Kettering- integrated mutation profiling of
IMPACT actionable cancer targets

MUTYH MutY DNA glycosylase

MYBPC3 Myosin binding protein C

MYH7 Myosin heavy chain 7

MYHT1 Myosin heavy chain 11

MYL2 Myosin light chain 2

MYL3 Myosin light chain 3

NCCN National Comprehensive Cancer Network

NF2 Neurofibromin 2

NGS Next generation sequencing

NSCLC Non-small cell lung cancer

OCEANs Oncogene Concatenated Enriched Amplicon Nanopore Sequencing
ORR Overall response rate

oTC Ornithine transcarbamylase

PARPi Poly-ADP ribose inhibitors

PCR Polymerase chain reaction

PCSK9 Proprotein convertase subtilisin/kexin type 9
PD-1/PD-L1 | Programmed death-1/ programmed death ligand-1
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PDGFRA Platelet-derived growth factor receptor alpha
PKP2 Plakophilin 2

PMS2 PMS1 homolog 2, mismatch repair system component
poly-ADP Polymeric adenosine diphosphate

PRKAGZ2 Protein kinase AMP-activated non-catalytic subunit gamma 2
PTEN Phosphatase and tensin homolog

RB1 RB transcriptional corepressor 1

RBMZ20 RNA binding motif 20

RNA Ribonucleic acid

RYR1 Ryanodine receptor 1

RYR2 Ryanodine receptor 2

SCL Small cell lung cancer

SCN5A Sodium voltage-gated channel alpha subunit 5
SCNEC Small cell neuroendocrine carcinoma

SDHAF2 Succinate dehydrogenase complex assembly factor 2
SDHB Succinate dehydrogenase complex subunit B
SDHC Succinate dehydrogenase complex subunit C
SDHD Succinate dehydrogenase cytochrome b
SMAD4 Mothers against decapentaplegic homolog 4
SNP Single nucleotide polymorphism

SNV single nucleotide variant

STK11 Serine/threonine kinase 11

STR Short tandem repeat

TAI Telomeric allelic imbalance

TF Tumor fraction

TGFBR1 Transforming growth factor, beta receptor |
TGFBR2 Transforming growth factor, beta receptor Il
TMB Tumor mutational burden

TMEMA43 Transmembrane protein 43

TNNCT Troponin C1, slow skeletal and cardiac type
TP53 Tumor protein P53

TSC1 Tuberous sclerosis complex 1

T7SC2 Tuberous sclerosis complex 2

UPD Uniparental disomy

VUS Variants of unknown significance

WES Whole-exome sequencing

WT1 Wilms' tumor 1

V. Scientific Background
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Gene mutations are referred to as “somatic” if they are not within the germline (i.e.,
within gametes); therefore, these mutations are not passed on from parent to offspring.
Somatic mutations may arise de novo or later in life and are very common in neoplasms
(Raby & Blank, 2024). There are many different types of somatic mutations, including
single nucleotide polymorphisms (SNPs); structural variations such as deletions,
inversions, or translocations, and smaller chromosomal abnormalities such as short
tandem repeats or gene fusions. Most mutations do not result in disease (Kohlmann &
Slavotinek, 2024).

Single nucleotide polymorphisms are the most common type of genetic mutation,
including missense mutations. These mutations are single base-pair changes where one
nucleotide replaces a different nucleotide. More than 65% of the diseases caused by
genetic mutations are due to SNPs (Kohlmann & Slavotinek, 2024). Estimates based on
whole genome sequencing have placed the average amount of SNPs in any given
individual at 2.8 to 3.9 million (Kohlmann & Slavotinek, 2024). Insertion/deletion
(Garrett et al.) polymorphisms are often a single nucleotide but may be up to four
nucleotides. SNPs often lead to frameshift mutations that can cause premature stop
codons and the failure of the allele (Kohlmann & Slavotinek, 2024).

Structural variations are usually classified as larger than 1000 base pairs. These include
deletions, duplications, inversions, translocations, or ring chromosome formations. Due
to the large number of genes affected, these variations commonly lead to severe
genetic abnormalities; for example, a major cause of chronic myeloid leukemia is due to
the translocation between chromosomes nine and 22, resulting in a fused gene. The
most common structural variation is the copy number variant (CNV), referring to a
differing number of DNA segment copies in different individuals. For example, one
person may have three copies of a particular sesgment whereas another may only have
two. These variations may lead to dysregulation, gain-of-function, or loss of function of
the affected genes (Kohlmann & Slavotinek, 2024). The sensitive genes that require or
produce precise quantities of a protein product tend to suffer more from these
variations (Bacino, 2023).

Any size mutation may be pathogenic and must be categorized as to how likely the
mutation is to cause disease. The American College of Medical Genetics and Genomics
(ACMG) has classified mutations in five categories, which are as follows: pathogenic,
likely pathogenic, uncertain significance, likely benign, and benign. The “likely
pathogenic” and “likely benign” refer to weaker evidence than their respective
pathogenic and benign categories, and “uncertain significance” refers to evidence that
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does not meet criteria for benignity or pathogenicity or has conflicting evidence from
both sides (Kohlmann & Slavotinek, 2024). Prediction algorithms have been used to
interpret variants and to predict whether a variant will affect the gene function or
splicing of the gene. These algorithms are publicly available but have a tendency of
predicting the harmful impact of a variant. The specificity of these databases has been

estimated at 60-80% (Li et al., 2017).

Due to the enormous number of variants, as well as the rate that variants are
discovered, comprehensive databases of genetic variants have been published and are
easily available. For example, the Genome-Wide Repository of Associations Between
SNPs and Phenotypes (GRASP) database includes information from over 2000 studies
and over one million variant-related results (Kohlmann & Slavotinek, 2024). Databases
focusing on cancer-specific variants, reference sequences, and the general population
are all available publicly (Li et al., 2017).

Spontaneous mutations accumulate in somatic cells over a lifetime. Early somatic
mutations can cause developmental disorders while the accumulation of mutations
throughout life can lead to cancer and contribute to aging (Martincorena & Campbell,
2015). Molecular profiles of tumors have clinical utility in guiding the clinical
management of cancer patients, providing diagnostic or prognostic information, or
identifying a potential treatment regimen (Li et al., 2017). Increasingly, somatic
mutations are being identified in diseases other than cancer, such as
neurodevelopmental diseases (Poduri et al., 2013).

A malignant neoplasm is another term for cancer, which may encompass many types
including breast, prostate, skin, lung, rectum, colon, and brain. Gastrointestinal stromal
tumors (GISTs) are considered rare neoplasms with approximately 95% of these cancers
non-hereditary; GISTs are mainly identified by KIT protein expression with typical
mutations in the KIT or platelet-derived growth factor receptor alpha (PDGFRA) genes
(Morgan et al., 2023). These GISTs are the most common mesenchymal tumor of the
gastrointestinal tract that originate from the cell of Cajal (Comandini et al., 2017).
Primary prostate and lung tumors have been associated with different types of GISTs
such as gastric and small bowel; genetic analysis of one patient found "that the gastric
GIST and abdominal tumors were characterized by two different c-KIT mutations”
(Comandini et al,, 2017). Extragastrointestinal stromal tumors (EGISTs) are another type
of rare neoplasm which also arise in the gastrointestinal tract. Liu et al. (2014) report
that an EGIST was identified in the prostate of a patient. “The results of
immunohistochemical staining showed positive immunoreactivity for cluster of
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differentiation (CD)117 (c-kit), CD34 and DOG1 in the tumor. On mutation analysis, loss
of heterozygosity of the c-kit gene was observed in the prostatic EGIST; however, the
platelet-derived growth factor receptor-a (PDGFRA) gene was normal” (Liu et al., 2014).
Due to the rarity of EGIST of the prostate, immunohistochemistry analysis is important

to confirm a diagnosis.

Mutations of the KIT and PDGFRA genes in small cell neuroendocrine carcinoma
(SCNEC) of the prostate have been researched by Terada (2012). A total of 706
malignant prostate tumors were identified, and four of these tumors were classified as
SCNEC. Of these four tumors, three tumors were positive for KIT, and PDGFRA, among
other genes. Molecular genotyping via PCR showed no KIT or PDGFRA mutations
(Terada, 2012). Another study completed by McCabe et al. (2008) noted that homeobox
C6 (HOXC6) is overexpressed in prostate cancers and completed an analysis of prostate
cancer cells to identify which promoters are bound by HOXC6. “We show that HOXC6
directly regulates expression of bone morphogenic protein 7, fibroblast growth factor
receptor 2, insulin-like growth factor binding protein 3, and platelet-derived growth
factor receptor alpha (PDGFRA) in prostate cells” (McCabe et al., 2008). The researchers
also note that PDGFRA is able to reduce the proliferation of prostate cancer cells, and
that if HOXCG6 is overexpressed, the effects of PDGFRA inhibition may be overcome. The
fusion gene FIP1LT-PDGFRA has also been associated with chronic eosinophilic
leukemia (Legrand et al., 2013).

Proprietary Testing

Clinical biomarkers are widely used for making personalized and actionable decisions
for cancer treatment. TMB, the number of somatic mutations per mega base of the
DNA in cancer cells, is an emerging biomarker associated with predicting the response
to immunotherapy treatment (NCI, 2024). A high TMB value indicates better treatment
outcomes, which is observed in patients with melanoma on CTLA-4 inhibitors and
patients with melanoma, non-small cell lung carcinoma, bladder cancer, microsatellite
instability cancers, and pan-tumors on PD-1/PD-L1 inhibitors. High TMB has also been
associated with improved outcomes in patients on a combination of PD-1/PD-L1 and
CTLA-4 inhibitors (Merino et al., 2020). TMB was originally measured with whole-exome
sequencing (WES), but this method has limited clinical utility due to a six to eight week
sequencing period and expensive costs. Alternatively, targeted NGS panels can reliably
estimate TMB from a subset of the exome with reduced sequencing time and increased
clinical application. Two FDA-approved products for calculating TMB include the
FoundationOne CDx assay (Foundation Medicine Inc.) and MSK-IMPACT (Memorial
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Sloan Kettering Cancer Center). Both of these tests, referred to as comprehensive
genomic profiling (CGP), can identify all types of "molecular alterations (i.e., single
nucleotide variants, small and large insertion-deletion alterations, copy number
alterations, and structural variants) in cancer-related genes, as well as genomic
signatures such as microsatellite instability (Bauml et al.), loss of heterozygosity, and
TMB (Klempner et al., 2020). Studies show that TMB calculation from CGP has high
concordance with TMB” measured from WES. On June 16, 2020, the FDA approved
pembrolizumab for the treatment of adult and pediatric patients with a TMB value of
greater than 10 mutations per mega base as determined by the FoundationOne CDx
assay (FDA, 2020b).

Analysis of somatic mutations in solid tumors and hematologic malignancies using
next generation sequencing has become common practice in oncology clinics as well
as clinical trials. There are several known approved NGS tests for detection of somatic
mutations. MyChoice HRD CDx, by Myriad Genetic Laboratories, was FDA-approved on
October 23, 2019, and ONCO/Reveal Dx Lung & Colon Cancer Assay (O/RDx-LCCA) by
Pillar Biosciences was FDA-approved on July 30, 2021. Myriad MyChoice® CDx is a next
generation sequencing based in vitro diagnostic test that detects single nucleotide
variants, insertions and deletions, and large rearrangement variants in protein coding
regions and intron/exon boundaries of the BRCAT and BRCAZ2 genes (Myriad Genetics,
2024). The ONCO/Reveal Dx Lung & Colon Cancer Assay (O/RDx-LCCA) by Pillar
Biosciences, is a next generation sequencing test for detection of somatic mutations for
non-small cell lung cancer (NSCLC) and colorectal cancer (CRC) tumor tissue. The test
simultaneously detects clinically relevant mutations in KRAS for CRC and epidermal
growth factor receptor (EGFR) for NSCLC in a single assay. In the accuracy study,
positive percent agreement (Pappas et al.) and negative percent agreement (NPA)
between O/RDx-LCCA and externally validated comparator method (CompO) was
>99%. The authors conclude that O/RDx-LCCA "“is a highly accurate assay for the
detection of clinically relevant KRAS variants in CRC and EGFR variants in NSCLC" (Pillar
Biosciences, 2020, 2021).

In 2020, the FDA approved Guardant360® CDx for tumor mutation profiling in patients
with any solid malignant neoplasm. The Guardant360 CDx is also approved as a
companion diagnostic to identify NSCLC patients with EGFR alterations who may
benefit from treatment with Tagrisso® (osimertinib) (Guardant, 2020). In an analytical
study, the positive and NPA for Guardant360 CDx relative to Therascreen® KRAS RGQ
PCR was 0.71 and 1.00 respectively; overall percent agreement was 0.82 (Bauml et al,,
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2021). In 2020, the FDA also approved Therascreen BRAF V600E RGQ PCR Kit by
QIAGEN. This is a real-time PCR test for the qualitative detection of V600E mutations in
the BRAF gene in human colorectal cancer (CRC) tumor tissue. Therascreen can help
select patients with metastatic colorectal cancer (mCRC) whose tumors carry the BRAF
V600E mutation for treatment with BRAFTOVI (encorafenib) in combination with
cetuximab (QIAGEN, 2024).

Analytical Validity

Woodhouse et al. (2020) evaluated the analytical performance of FoundationOne
Liquid CDx assay to detect genomic alterations in cancer patients. The assay was
evaluated across more than 30 different cancer types in over 300 genes and greater
than 30,000 gene variants. "Results demonstrated a 95% limit of detection of 0.40%
variant allele fraction for select substitutions and insertions/deletions, 0.37% variant
allele fraction for select rearrangements, 21.7% tumor fraction (USPSTF) for copy
number amplifications, and 30.4% TF for copy number losses. The false positive variant
rate was 0.013% (approximately one in 8,000). Reproducibility of variant calling was
99.59%" (Woodhouse et al., 2020). In comparison to in situ hybridization and
immunohistochemistry, FoundationOne had an overall 96.3% positive percent
agreement and > 99.9% negative percent agreement. "These study results
demonstrate that FoundationOne Liquid CDx accurately and reproducibly detects the
major types of genomic alterations in addition to complex biomarkers such as
microsatellite instability, blood tumor mutational burden, and tumor fraction”
(Woodhouse et al., 2020).

Thirunavukarasu et al. (2021) developed the Oncogene Concatenated Enriched
Amplicon Nanopore Sequencing (OCEANS) method for rapid, accurate, and affordable
somatic mutation detection. The OCEANS method involves amplified variants with low
variant allele frequency and subsequently concatenating with Nanopore Sequencing. In
this study, the 15-plex OCEANS melanoma panel was compared to NGS. OCEANS had
a 100% sensitivity relative to NGS. Of the 9584 NGS-negative loci, OCEANS was able to
detect an additional 97 variants; thus, relative to NGS, OCEANS had a 99.0% specificity
and very low false positive rate. These 97 NGS-negative and OCEANS-positive results
were believed to be true mutations, and droplet digital PCR (ddPCR) confirmation
experiments supported this hypothesis. The authors conclude that "Integrating
OCEANS with long-read and base modification detection capabilities of Nanopore
Sequencing can enable development of comprehensive oncology panels"
(Thirunavukarasu et al., 2021).

Clinical Utility and Validity
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Advancements in technology and availability of sequencing, previously constrained by
limitations of sequential single-gene testing on limited patient samples, have led to
significant strides in our understanding of the genetic basis of inherited and somatic
conditions. Variants detected by genetic testing include inherited germline variants and
somatic mutations; next generation sequencing (Lamont et al.) has allowed for superior
detection of these mutations (Konnick & Pritchard, 2016). The accuracy of NGS varies
depending on how many genes are sequenced; fewer genes tend to result in higher
accuracy since there will be more “probe-template overlap.” Although Sanger
sequencing remains the most accurate at >99.99% accuracy, it cannot sequence a large
amount of genes in a timely fashion and is best used for sequencing of a specific gene
(Hulick, 2024). NGS also can be used clinically to guide screening, preventive options,
and cancer treatment such as the “analysis of tumor tissue or non-tumor tissue to
identify genetic abnormalities that may be present in the germline and/or the tumor
that could potentially match molecularly targeted therapies. As an example, a poly(ADP
ribose) polymerase (PARP) inhibitor could be considered in a patient with an identified
BRCA1 or BRCA2 mutation” (Hulick, 2024).

Next generation sequencing has been used to identify several types of somatic
mutations associated with cancer and may help to single out therapeutic targets.
Genetic mutations in BRCA1 & 2 are associated with breast and ovarian cancer. Kowalik
et al. (2019) have identified somatic genetic mutations in BRCA1 & 2 for ovarian cancer
prognostic purposes using NGS. Ovarian cancer tissue samples were used for the
analysis. A total of three percent of mutations (6/201) were identified as somatic; with
only 24% (49/201) of samples identified with a pathogenic mutation overall (Kowalik et
al., 2019). The other 35 mutations were of germline origin. This corroborated the report
by Nagahashi et al. (2019) which states that approximately 2.5% of BRCA1 & 2
mutations are somatic. Detection of a BRCA1/2 germline mutation is essential for
planning individual therapy, where indicated, testing should be arranged as early as
possible. It is the only way of identifying patients suitable for PARPi therapy and
ensuring they receive the best possible treatment (Lux & Fasching, 2023).

The clinical validity of a genetic test depends primarily on the expressivity and
penetrance of a given phenotype. Penetrance refers to the likelihood of developing a
disease when the pathogenic mutation is present, and expressivity refers to the
variations in the way the disease is expressed. For example, virtually any mutation in the
APC gene will cause symptoms of familial adenomatous polyposis, thereby increasing
the clinical validity of an APC assessment. Some conditions may not clinically manifest
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at all despite a mutated genotype (Kohlmann & Slavotinek, 2024).

The clinical utility of a genetic test generally relies on available treatments for a
condition. Conditions such as Huntington's Disease that do not have many options for
treatment will have limited clinical utility compared to another condition even though
the actual test is highly valid. Factors such as severity of the disease and management
options affect the clinical utility of a genetic test (Kohlmann & Slavotinek, 2024).

Hayano et al. (2016); McCabe et al. (2008) noted that homeobox C6 (HOXC®6) is
overexpressed in prostate cancers and completed an analysis of prostate cancer cells to
identify which promoters are bound by HOXC6.

In a multi-cohort, open-label, non-randomized study to establish the relationship
between TMB and pembrolizumab treatment response, 790 patients were tested for
TMB with the FoundationOne CDx assay. A total of 102/790 patients had high TMB
(=10 mutations per mega base) in solid tumors of anal, biliary, cervical, endometrial,
mesothelioma, neuroendocrine, salivary, small cell lung, thyroid, and vulvar cancers. The
overall response rate (ORR) in patients with a high TMB was 29%, with a 4% complete
response rate and 25% partial response rate compared to an ORR of 6% in patients with
a low TMB. The ORR was nearly 5-fold in patients with a high TMB. The authors
conclude “TMB could be a novel and useful predictive biomarker for response to
pembrolizumab monotherapy in patients with previously treated recurrent or
metastatic advanced solid tumours” (Marabelle et al., 2020).

In a prospective study, Takeda evaluated the clinical application of the FoundationOne
CDx Assay in decision-making for patients with advanced solid tumors. A total of 175
samples were analyzed using the FoundationOne assay and 153 of these patients were
assessed for TMB. "The most common known or likely pathogenic variants were TP53
mutations (n = 113), PIK3CA mutations (n = 33), APC mutations (n = 32), and KRAS
mutations (n = 29). The median TMB was four mutations/Mb, and tumors with a high
TMB (=10 mutations/Mb) were more prevalent for lung cancer (11/32) than for other
solid tumor types." From the 175 samples found to have known or likely pathogenic
variants, 24 subjects (14%) received the optimal targeted therapy. The authors
conclude that "such testing may inform the matching of patients with cancer with
investigational or approved targeted drugs” (Takeda et al., 2021).

Guidelines and Recommendations

Association for Molecular Pathology (AMP), American Society of Clinical
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Oncology (ASCO), and College of American Pathologists (CAP)

The Joint Commission recommended that somatic variants be categorized by and
reported based on their impact on clinical care. The Joint Commission notes that
somatic variants include indels, single nucleotide variants (SNVs), fusion genes from
genomic rearrangements, and CNVs and should focus on their impact on clinical care.
Any variant may be considered a biomarker if it predicts response to therapy,
influences prognosis, diagnosis, treatment decisions, or the gene function itself. The
Joint Commission proposes four levels for these biomarkers which are as follows:

“1. Level A, biomarkers that predict response or resistance to US FDA-approved
therapies for a specific type of tumor or have been included in professional
guidelines as therapeutic, diagnostic, and/or prognostic biomarkers for specific types
of tumors;

2. Level B, biomarkers that predict response or resistance to a therapy based on well-
powered studies with consensus from experts in the field, or have diagnostic and/or
prognostic significance of certain diseases based on well-powered studies with
expert consensus;

3. Level C, biomarkers that predict response or resistance to therapies approved by
FDA or professional societies for a different tumor type (i.e., off-label use of a drug),
serve as inclusion criteria for clinical trials, or have diagnostic and/or prognostic
significance based on the results of multiple small studies;

4. Level D, biomarkers that show plausible therapeutic significance based on
preclinical studies, or may assist disease diagnosis and/or prognosis themselves or
along with other biomarkers based on small studies or multiple case reports with no
consensus” (Li et al., 2017).

The Joint Commission also includes variants in different tiers based on the amount of
evidence there is to support its significance. For example, tier 1 variants include
significance of levels A and B, while tier 2 includes significance of levels C and D. Tier 3
is variants of unknown significance (VUS), such as variants in cancer genes that have
not been reported in any other cancers. These variants are not typically seen in
significant frequencies in the general population. When evaluating these variants, the
type of mutation and gene function should be considered. Tier 4 is benign variants or
likely benign variants. These alleles are often observed in significant amounts in
general populations. Tier 3 variants should be reported while ensuring that the most
important information is communicated to the patient (Li et al., 2017).

National Comprehensive Cancer Network (NCCN)

Page 13 of 33



V' 4
JIMVP

HEALTH CARE

Multiple somatic mutations have been incorporated into the diagnostic workups
recommended by the NCCN. Furthermore, the NCCN has several guidelines which

recommend that gene expression profiling, or multiple gene testing, may be helpful,
more efficient and/or cost-effective for selected patients (NCCN, 2024). Please see the
individual policies.

American College of Medical Genetics and Genomics (ACMG) and the Association
for Molecular Pathology (AMP)

The ACMG and AMP released criteria on the types and severity of mutations, which are
as follows:

Very strong evidence of pathogenicity: Null variants (nonsense, frameshifts,
canonical +/- 1-2 splice sites, initiation codon, exon deletions) in a gene where
loss of function (LOF) is a known mechanism of disease. The guidelines note to
use caution in genes where LOF is not a mechanism, if LOF variants are at the 3’
end, if exon skipping occurs, and if multiple transcripts are present.

Strong: Amino acid change to a pathogenic version, de novo mutations,
established studies supporting a damaging gene or gene product, or if the
prevalence of the variant is increased in affected individuals compared to healthy
controls. The guidelines note to be careful of changes impacting splicing and if
only the paternity has been confirmed.

Moderate: Located in a mutational hot spot or well-established functional
domain (e.g., active site of an enzyme) without a benign variation, absent from
controls in Exome Sequencing Project, 1000 Genomes Project, or Exome
Aggregation Consortium, detected in trans with pathogenic variants for a
recessive disorder, protein length changes, novel missense changes where a
different missense change has been pathogenic before, and a possible de novo
mutation.

Supporting: Cosegregation with disease in multiple affected family members in a
gene definitively known to cause the disease, missense variant in a gene with low
rate of benign missense variation, if the mutation has evidence that it is
deleterious, if the patient’s phenotype is highly specific for disease with a single
genetic cause.

The guidelines also list criteria for benign gene variants.

Stand-alone evidence of benignity: Allele frequency is >5% in Exome
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Sequencing Project, 1000 Genomes Project, or Exome Aggregation Consortium.

e Strong: Allele frequency is greater than expected for disorder, observed in
healthy adult with full penetrance at early age, lack of segregation in affected
family members (although pathogenic variants may masquerade as
nonsegregated), or well-established studies that show no damaging effect on
protein production.

e Supporting: Missense variant of a gene for which truncating mutations are
pathogenic, indels in repetitive region of unknown function, silent variants, VUS,
or a trans version of a cis mutation (Richards et al., 2015).

American College of Medical Genetics and Genomics (ACMG)

The ACMG has released a list of genes for which secondary findings should be
disclosed. Secondary findings refer to incidental findings unrelated to why a genetic
test was originally ordered but are of significant clinical value to the patient. The
portion of the table containing the conditions, the associated genes, and which
variants should be report is listed below (Kalia et al., 2016; Miller et al., 2023; Miller et
al., 2021):

Condition Gene(s) Variants to
Report
Breast/ovarian cancer BRCAT, BRCA2 LP (likely
pathogenic),
P (pathogenic)
Li-Fraumeni syndrome TP53 LP, P
Peutz-Jeghers syndrome STK11 LP, P
Juvenile polyposis syndrome BMPR1A, SMAD4 LP, P
PTEN hamartoma syndrome PTEN LP, P
Lynch syndrome MLH1, MSHZ2, MSH6, LP, P
PMS2
Familial adenomatous polyposis APC LP, P
MYH-associated polyposis MUTYH LP, P
Von Hippel Lindau syndrome VHL LP, P
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Retinoblastoma RB1 LP, P

Tuberous sclerosis complex TSC1, TSC2 LP, P

Wilms tumor WTT LP, P

Multiple endocrine neoplasia 1 or 2 MENT1 (1), RET (2) LP, P

Familial medullary thyroid cancer RET LP, P

Hereditary paraganglionoma- SDHD, SDHAF2, SDHC, | LP,P

pheochromocytoma syndrome SDHB

Neurofibromatosis type 2 NF2 LP, P

Marfan syndrome, Loeys-Dietz FBN1, TGFBR1, TGFBR2, | LP, P

syndrome, familial thoracic aortic SMAD3, ACTA2, MYHT11

aneurysms and dissections

Malignant hyperthermia RYR1, CACNATS LP, P

Wilson disease (copper metabolism) | ATP7B LP, P

Ornithine transcarbamylase oTC All hemi, het,

deficiency (urea cycle) homozygous P
and LP

Hereditary hemochromatosis HFE HFE p.Cys282Tyr
homozygotes
only

Hereditary hemorrhagic ACVRL1, ENG LP, P

telangiectasia

Maturity-onset diabetes of the young | HNFTA LP, P

RPE65-related retinopathy RPE65 LP, P

Hereditary TTR amyloidosis TTR LP, P

Cardiac and/or blood vessel related

Condition

Variants to
Report
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Genes related to inborn errors of metabolism phenotypes

Aortopathies FBN1, TGFBR1, TGFBR2, LP, P
SMAD3, ACTA2, MYHT11
Arrhythmogenic right ventricular PKP2, DSP, DSC2, LP, P
cardiomyopathy TMEMA43, DSGZ2
Catecholaminergic polymorphic RYR2, CASQZ, TRDN LP, P
ventricular tachycardia
Dilated cardiomyopathy TNNTZ2, LMNA, FLNC, LP, P
TTN, BAG3, DES, RBMZ20,
TNNCT
Ehlers-Danlos syndrome, vascular | COL3AT LP, P
type
Familial hypercholesterolemia LDLR, APOB, PCSK9 LP, P
Hypertrophic cardiomyopathy MYH?7, MYBPC3, TNNI3, LP, P
TPM1, MYL3, ACTCT,
PRKAGZ2, MYL2
Long QT syndrome types 1 and 2 KCNQT, KCNH2 LP, P
Long QT syndrome 3; Brugada SCN5A LP, P
syndrome
Long QT syndrome types 14-16 CALM1, CALMZ, CALM3 LP, P

Biotinidase deficiency

LP, P (2 variants)

deficiency

Fabry disease GLA All hemi, het,
homozygous P
and LP

Ornithine transcarbamylase oTC All hemi, het,

homozygous P
and LP

Page 17 of 33




V' 4
JIMVP

HEALTH CARE

Pompe disease GAA Pand LP (2
variants)

American Society of Clinical Oncology (ASCO)

The ASCO published guidelines regarding genetic and genomic testing for cancer
susceptibility. These guidelines state that the "ASCO recognizes that concurrent
multigene testing (i.e., panel testing) may be efficient in circumstances that require
evaluation of multiple high-penetrance genes of established clinical utility as possible
explanations for a patient’'s personal or family history of cancer. Depending on the
specific genes included on the panel employed, panel testing may also identify
mutations in genes associated with moderate or low cancer risks and mutations in
high-penetrance genes that would not have been evaluated on the basis of the
presenting personal or family history... ASCO affirms that it is sufficient for cancer risk
assessment to evaluate genes of established clinical utility that are suggested by the
patient’s personal and/or family history” (Robson et al., 2015).

ASCO released guidelines regarding somatic tumor testing for ovarian cancer. ASCO
recommends that, forindividuals with ovaries “diagnosed with clear cell, endometrioid,
or mucinous ovarian cancer should be offered somatic tumor testing for mismatch
repair deficiency (dAMMR). Somatic tumor testing for BRCAT and BRCAZ pathogenic or
likely pathogenic variants may be reserved for time of recurrence for [those] who have
completed upfront therapy and are currently in observation, as presence of these
mutations qualifies the patient for FDA-approved treatments” (Konstantinopoulos et
al., 2020). In a 2021 update of these guidelines, ASCO adds “Implementation of
techniques and pipelines enabling both SNV and CNV detection should be preferred,
optimally by next-generation sequencing” (Pujol et al., 2021).

In 2022, a provisional opinion was released by ASCO. It addressed the appropriate use
of tumor genomic testing in patients with metastatic or advanced solid tumors. A lack
of clarity in clinical practice “as to when tumor genomic sequencing should be ordered,
what type of assays should be performed, and how to interpret the results for
treatment selection,” was the impetus. In the opinion of ASCO, patients with metastatic
or advanced cancer “should undergo genomic sequencing in a certified laboratory if
the presence of one or more specific genomic alterations has regulatory approval as
biomarkers to guide the use of or exclusion from certain treatments for their disease.”
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Additionally:

e "Multigene panel-based assays should be used if more than one biomarker-
linked therapy is approved for the patient's disease.”

e "Site-agnostic approvals for any cancer with a high tumor mutation burden,
mismatch repair deficiency, or neurotrophic tyrosine receptor kinase (NTRK)
provide a rationale for genomic testing for all solid tumors.”

e "Multigene testing may also assist in treatment selection by identifying additional
targets when there are few or no genotype-based therapy approvals for the
patient’s disease. For treatment planning, the clinician should consider the
functional impact of the targeted alteration and expected efficacy of genomic
biomarker-linked options relative to other approved or investigational
treatments” (Chakravarty et al., 2022).

European Society for Medical Oncology (ESMO)

The ESMO recommends that “Mutational analysis inclusion in the diagnostic work-up
of all GISTs should be considered standard practice [ll, A] (with the possible exclusion
of < 2 cm non-rectal GISTs)” (Casali et al., 2018). The article also states that “Mutational
analysis for known mutations involving KIT and PDGFRA can confirm the diagnosis of
GIST, if doubtful (particularly in rare CD117/DOG1-negative suspect GIST). Mutational
analysis has a predictive value for sensitivity to molecular-targeted therapy and to
prognostic value. Its inclusion in the diagnostic work-up of all GISTs should be
considered standard practice” (Casali et al.,, 2018; Casali et al., 2022).

The ESMO Translational Research and Precision Medicine Working Group released
clinical practice guidelines to define best practice for homologous recombination
deficiency (HRD) testing in high-grade serous ovarian, fallopian tube and peritoneal
carcinoma (HGSC). ESMO recommends that “pathological evaluation of the tumour
tissue specimens used for assessment of somatic molecular alterations is essential”
(Miller et al., 2020). Regarding homologous recombination repair (HRR) tests, BRCA
germline and somatic mutation tests are recommended as they consistently identify
the subgroup of ovarian cancer patients who benefit the most from poly-ADP ribose
inhibitors (PARPi) therapy. There is insufficient evidence to determine the clinical
validity of a panel of non-BRCA HRR genes and BRCAT or RAD51C promoter
methylation to predict PARPi benefit. “In the first-line maintenance setting, germline
and somatic BRCA mutation testing is routinely recommended to identify HGSC
patients who should receive a PARPi” (Miller et al., 2020).

Page 19 of 33



V' 4
JIMVP

HEALTH CARE

British Sarcoma Group (BSG)

The BSG has published guidelines on the management of GIST and state that most
GIST cases are associated with a KIT or PDGFRA mutation. The guidelines recommend
the following:

e "The diagnosis should be made by a pathologist experienced in the disease and
include the use of immunohistochemistry and mutational analysis, which should
be performed by an accredited laboratory.

e If neoadjuvant treatment with imatinib is planned, it is vital to confirm the
diagnosis, since there is a wide differential. It may be necessary to perform a
percutaneous core needle biopsy if the tumour is inaccessible to endoscopic
ultrasound-guided biopsy. Mutational analysis is obligatory, since some GISTs are
insensitive to imatinib (e.g. those with D842V mutation in exon 18 of PDGFRA)"
(Judson et al., 2017).

These guidelines were updated in 2024 and recommended with the following minor
changes:

e "The diagnosis of GIST should be established by a pathologist experienced in the
disease and should include the use of IHC and, if necessary, molecular analysis
(which should be performed by an accredited laboratory).

e If initial treatment with imatinib is planned, it is essential to confirm the diagnosis
of GIST, since there is a wide differential. It may be necessary to perform a
percutaneous core needle biopsy if the tumour is inaccessible to EUS biopsy.
Molecular analysis is particularly critical, since some GISTs are insensitive to
tyrosine kinase inhibitors (e.g. the PDGFRA exon 18 D842V mutation)” (Judson et
al., 2024).

European Association of Urology (EAU)-European Association of Nuclear
Medicine (EANM)-European Society for Radiotherapy and Oncology (ESTRO)-
European Society of Urogenital Radiology (ESUR)-International Society of
Geriatric Oncology (SIOG)

The EAU/EANM/ESTRO/ESUR/SIOG released guidelines on prostate cancer in 2021.
These guidelines strongly recommend offering patients with Metastatic Castration-
Resistant Prostate Cancer (mCRPC) “somatic molecular testing to identify patients
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suitable for treatment with PARP inhibitors” (Mottet et al., 2021).

The American Urological Association / American Society for Radiation Oncology /
Society of Urologic Oncology (AUA/ASTRO/SUO)

The AUA/ASTRO/SUO released guidelines on prostate cancer in 2021. These guidelines
recommend that “clinicians should offer germline and somatic tumor genetic testing to
identify DNA repair deficiency mutations and microsatellite instability status that may
inform prognosis in patients with mCRPC and counseling regarding family risk as well
as potential targeted therapies” (Lowrance et al., 2021).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

On July 30, 2021, the FDA approved ONCO/Reveal Dx Lung & Colon Cancer Assay
(O/RDx-LCCA) by Pillar Biosciences. “The device is a qualitative next generation
sequencing based in vitro diagnostic test that uses amplicon-based target enrichment
technology for detection of single nucleotide variants (SNVs) and deletions in 2 genes
from DNA isolated from formalin-fixed paraffin-embedded (FFPE) non-small cell lung
cancer (NSCLC) and colorectal cancer (CRC) tumor tissue specimens” (FDA, 2021).

On July 18, 2020, the FDA approved Cobas® EZH2 Mutation Test, a somatic gene
mutation detection system by Roche Molecular System, Inc. “The device is a real-time
allele-specific PCR test for qualitative detection of single nucleotide mutations for
Y646N, Y646F or Y646X (Y646H, Y646S, or Y646C), A682G, and A692V of the EZH2 gene
in DNA extracted from formalin fixed paraffin embedded (FFPE) human follicular
lymphoma tumor tissue specimens” (FDA, 2020a).

On August 7, 2020, the FDA approved Guardant360 CDx, by Guardant Health, Inc. This
device is a next generation sequencing based in vitro diagnostic device that uses
targeted high throughput hybridization-based capture technology to detect SNVs,
insertions, and deletions in 55 genes, copy number amplifications in two genes, and
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fusions in four genes. Guardant360 CDx also utilizes circulating cell-free DNA collected
in Streck Cell-Free DNA Blood Collection Tubes to identify NSCLC patients who may

benefit from treatment with the targeted therapy (FDA, 2020c).

On April 15, 2020, the FDA approved Therascreen BRAF V600E RGQ PCR Kit by
QIAGEN. The Therascreen BRAF V600E RGQ PCR Kit is a real-time PCR test for the
qualitative detection of V60OE mutations in the BRAF gene using genomic DNA
extracted from FFPE human colorectal cancer (CRC) tumor tissue. The Therascreen
BRAF V600E RGQ PCR Kit is an in vitro diagnostic device intended to be used as an aid
in selecting patients with metastatic colorectal cancer (mCRC) whose tumors carry the
BRAF V600E mutation for treatment with BRAFTOVI (encorafenib) in combination with
cetuximab” (FDA, 2020d).

On October 23, 2019, the FDA approved MyChoice HRD CDx, by Myriad Genetic
Laboratories, Inc. This device is a next generation sequencing based in vitro diagnostic
device for detection of SNVs, insertions, deletions, and large rearrangement variants of
the BRCA1 and BRCAZ2 genes. This test also determines the Genomic Instability Score
(GIS), a measurement of Loss of Heterozygosity (LOH), Telomeric Allelic Imbalance
(TAI), and Large Scale State Transitions (LST), which is used to identify ovarian cancer
patients with positive HRD status (FDA, 2019).

On November 30, 2017, the FDA approved FoundationOne CDx, by Foundation
Medicine, Inc. This device is a next generation sequencing based in vitro diagnostic
device for detection of substitutions, insertion and deletion alterations (indels), and
copy number alterations (CNAs) in 324 genes and select gene rearrangements, as well
as genomic signatures including microsatellite instability (Bauml et al.) and TMB using
DNA isolated from FFPE tumor tissue specimens (FDA, 2017).

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT Code Description

CCND1/IGH (t(11;14)) (eg, mantle cell ymphoma) translocation analysis,
81168 | major breakpoint, qualitative and quantitative, if performed

NTRK1 (neurotrophic receptor tyrosine kinase 1) (eg, solid tumors)
81191 | translocation analysis
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CPT

Code Description

81192

NTRK2 (neurotrophic receptor tyrosine kinase 2) (eg, solid tumors)
translocation analysis

81193

NTRK3 (neurotrophic receptor tyrosine kinase 3) (eg, solid tumors)
translocation analysis

81194

NTRK (neurotrophic-tropomyosin receptor tyrosine kinase 1, 2, and 3) (eg,
solid tumors) translocation analysis

81233

BTK (Bruton's tyrosine kinase) (eg, chronic lymphocytic leukemia) gene
analysis, common variants (eg, C481S, C481R, C481F)

81261

IGH@ (Immunoglobulin heavy chain locus) (eg, leukemias and lymphomas,
B-cell), gene rearrangement analysis to detect abnormal clonal population(s);
amplified methodology (eg, polymerase chain reaction)

81262

IGH@ (Immunoglobulin heavy chain locus) (eg, leukemias and lymphomas,
B-cell), gene rearrangement analysis to detect abnormal clonal population(s);
direct probe methodology (eg, Southern blot)

81263

IGH@ (Immunoglobulin heavy chain locus) (eg, leukemia and lymphoma, B-
cell), variable region somatic mutation analysis

81264

IGK@ (Immunoglobulin kappa light chain locus) (eg, leukemia and
lymphoma, B-cell), gene rearrangement analysis, evaluation to detect
abnormal clonal population(s)

81265

Comparative analysis using Short Tandem Repeat (STR) markers; patient and
comparative specimen (eg, pre-transplant recipient and donor germline
testing, post-transplant non-hematopoietic recipient germline [eg, buccal
swab or other germline tissue sample] and donor testing, twin zygosity
testing, or maternal cell contamination of fetal cells)

81266

Comparative analysis using Short Tandem Repeat (STR) markers; each
additional specimen (eg, additional cord blood donor, additional fetal
samples from different cultures, or additional zygosity in multiple birth
pregnancies) (List separately in addition to code for primary procedure)

81267

Chimerism (engraftment) analysis, post transplantation specimen (eg,
hematopoietic stem cell), includes comparison to previously performed
baseline analyses; without cell selection

81268

Chimerism (engraftment) analysis, post transplantation specimen (eg,
hematopoietic stem cell), includes comparison to previously performed
baseline analyses; with cell selection (eg, CD3, CD33), each cell type

81277

Cytogenomic neoplasia (genome-wide) microarray analysis, interrogation of
genomic regions for copy number and loss-of-heterozygosity variants for
chromosomal abnormalities
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CPT

Code Description

81278

IGH@/BCL2 (t(14;18)) (eg, follicular lymphoma) translocation analysis, major
breakpoint region (MBR) and minor cluster region (mcr) breakpoints,
qualitative or quantitative

81305

MYD88 (myeloid differentiation primary response 88) (eg, Waldenstrom's
macroglobulinemia, lymphoplasmacytic leukemia) gene analysis,
p.Leu265Pro (L265P) variant

81314

PDGFRA (platelet-derived growth factor receptor, alpha polypeptide) (eg,
gastrointestinal stromal tumor [GIST]), gene analysis, targeted sequence
analysis (eg, exons 12, 18)

81315

PML/RARalpha, (t(15;17)), (promyelocytic leukemia/retinoic acid receptor
alpha) (eg, promyelocytic leukemia) translocation analysis; common
breakpoints (eg, intron 3 and intron 6), qualitative or quantitative

81316

PML/RARalpha, (t(15;17)), (promyelocytic leukemia/retinoic acid receptor
alpha) (eg, promyelocytic leukemia) translocation analysis; single breakpoint
(eg, intron 3, intron 6 or exon 6), qualitative or quantitative

81340

TRB@ (T cell antigen receptor, beta) (eg, leukemia and lymphoma), gene
rearrangement analysis to detect abnormal clonal population(s); using
amplification methodology (eg, polymerase chain reaction)

81341

TRB@ (T cell antigen receptor, beta) (eg, leukemia and lymphoma), gene
rearrangement analysis to detect abnormal clonal population(s); using direct
probe methodology (eg, Southern blot)

81342

TRG@ (T cell antigen receptor, gamma) (eg, leukemia and lymphoma), gene
rearrangement analysis, evaluation to detect abnormal clonal population(s)

81347

SF3B1 (splicing factor [3b] subunit B1) (eg, myelodysplastic syndrome/acute
myeloid leukemia) gene analysis, common variants (eg, A672T, E622D, L833F,
R625C, R625L)

81348

SRSF2 (serine and arginine-rich splicing factor 2) (eg, myelodysplastic
syndrome, acute myeloid leukemia) gene analysis, common variants (eg,
P95H, P95L)

81357

U2AF1 (U2 small nuclear RNA auxiliary factor 1) (eg, myelodysplastic
syndrome, acute myeloid leukemia) gene analysis, common variants (eg,
S34F, S34Y, Q157R, Q157P)

81360

ZRSR2 (zinc finger CCCH-type, RNA binding motif and serine/arginine-rich 2)
(eg, myelodysplastic syndrome, acute myeloid leukemia) gene analysis,
common variant(s) (eg, E65fs, E122fs, R448fs)

81370

HLA Class | and Il typing, low resolution (eg, antigen equivalents); HLA-A, -B,
-C, -DRB1/3/4/5, and -DQB1

81371

HLA Class | and Il typing, low resolution (eg, antigen equivalents); HLA-A, -B,
and -DRB1 (eg, verification typing)
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CPT Code Description

HLA Class | typing, low resolution (eg, antigen equivalents); complete (ie,
81372 | HLA-A, -B, and -Q)

HLA Class | typing, low resolution (eg, antigen equivalents); one locus (eg,
81373 | HLA-A, -B, or -C), each

HLA Class | typing, low resolution (eg, antigen equivalents); one antigen
81374 | equivalent (eg, B*27), each

HLA Class Il typing, low resolution (eg, antigen equivalents); HLA-
81375 | DRB1/3/4/5 and -DQB1

HLA Class Il typing, low resolution (eg, antigen equivalents); one locus (eg,
81376 | HLA-DRB1, -DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each

HLA Class Il typing, low resolution (eg, antigen equivalents); one antigen
81377 | equivalent, each

HLA Class | and Il typing, high resolution (ie, alleles or allele groups), HLA-A,
81378 | -B, -C, and -DRB1

HLA Class | typing, high resolution (ie, alleles or allele groups); complete (ie,
81379 | HLA-A, -B, and -Q)

HLA Class | typing, high resolution (ie, alleles or allele groups); one locus (eg,
81380 | HLA-A, -B, or -C), each

HLA Class | typing, high resolution (ie, alleles or allele groups); one allele or
81381 | allele group (eg, B*57:01P), each

HLA Class Il typing, high resolution (ie, alleles or allele groups); one locus
81382 | (eg, HLA-DRB1, -DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each

HLA Class Il typing, high resolution (ie, alleles or allele groups); one allele or
81383 | allele group (eg, HLA-DQB1*06:02P), each

Molecular pathology procedure, Level 1 (eg, identification of single germline

variant [eg, SNP] by techniques such as restriction enzyme digestion or melt
81400 | curve analysis)

Molecular pathology procedure, Level 2 (eg, 2-10 SNPs, 1 methylated

variant, or 1 somatic variant [typically using nonsequencing target variant
81401 | analysis], or detection of a dynamic mutation disorder/triplet repeat)

Molecular pathology procedure, Level 3 (eg, >10 SNPs, 2-10 methylated

variants, or 2-10 somatic variants [typically using non-sequencing target

variant analysis], immunoglobulin and T-cell receptor gene rearrangements,

duplication/deletion variants of 1 exon, loss of heterozygosity [LOH],
81402 | uniparental disomy [UPD])

Molecular pathology procedure, Level 4 (eg, analysis of single exon by DNA

sequence analysis, analysis of >10 amplicons using multiplex PCR in 2 or

more independent reactions, mutation scanning or duplication/deletion
81403 | variants of 2-5 exons)
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CPT Code Description
Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of 11-
81405 | 25 exons, regionally targeted cytogenomic array analysis)
Solid organ neoplasm, genomic sequence analysis panel, 5-50 genes,
interrogation for sequence variants and copy number variants or
81449 | rearrangements, if performed; RNA analysis
Solid organ or hematolymphoid neoplasm or disorder, 51 or greater genes,
genomic sequence analysis panel, interrogation for sequence variants and
copy number variants or rearrangements, or isoform expression or mRNA
81456 | expression levels, if performed; RNA analysis
81479 | Unlisted molecular pathology procedure
81599 | Unlisted multianalyte assay with algorithmic analysis
88237 | Tissue culture for neoplastic disorders; bone marrow, blood cells
88239 | Tissue culture for neoplastic disorders; solid tumor
88240 | Cryopreservation, freezing and storage of cells, each cell line
88241 | Thawing and expansion of frozen cells, each aliquot
Chromosome analysis, in situ for amniotic fluid cells, count cells from 6-12
88269 | colonies, 1 karyotype, with banding
88271 | Molecular cytogenetics; DNA probe, each (eg, FISH)
Molecular cytogenetics; chromosomal in situ hybridization, analyze 3-5 cells
88272 | (eg, for derivatives and markers)
Molecular cytogenetics; chromosomal in situ hybridization, analyze 10-30
88273 | cells (eg, for microdeletions)
88274 | Molecular cytogenetics; interphase in situ hybridization, analyze 25-99 cells
Molecular cytogenetics; interphase in situ hybridization, analyze 100-300
88275 | cells
88280 | Chromosome analysis; additional karyotypes, each study
Chromosome analysis; additional specialized banding technique (eg, NOR,
88283 | C-banding)
88285 | Chromosome analysis; additional cells counted, each study
88289 | Chromosome analysis; additional high resolution study
88291 | Cytogenetics and molecular cytogenetics, interpretation and report
88299 | Unlisted cytogenetic study
Hematology (atypical hemolytic uremic syndrome [aHUS]), genomic
sequence analysis of 15 genes, blood, buccal swab, or amniotic fluid
Proprietary test: Versiti™ aHUS Genetic Evaluation
0268U | Lab/Manufacturer: Versiti™ Diagnostic Laboratories
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CPT Code Description
Oncology (solid organ neoplasia), targeted genomic sequence analysis panel
of 361 genes, interrogation for gene fusions, translocations, or other
rearrangements, using DNA from formalin-fixed paraffin-embedded (FFPE)
tumor tissue, report of clinically significant variant(s)
Proprietary test: Aventa FusionPlus ™

0444U | Lab/Manufacturer: Aventa Genomics, LLC
Oncology (solid tumor), DNA, qualitative, next-generation sequencing (NGS)
of singlenucleotide variants (SNV) and insertion/deletions in 22 genes
utilizing formalin-fixed paraffinembedded tissue, reported as presence or
absence of mutation(s), location of mutation(s), nucleotide change, and
amino acid change
Proprietary test: oncoRevealTMCDx

0523U | Lab/Manufacturer: Pillar Biosciences Inc, Pillar Biosciences Inc

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general

reference tool for each policy. They may not be all-inclusive.
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Genetic Markers for Assessing Risk of Cardiovascular Disease

Policy Number: AHS — M2180 — Genetic | Prior Policy Name and Number, as
Markers for Assessing Risk of applicable:
Cardiovascular Disease

Initial Policy Effective Date: 02/01/2026

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

Policy Description

Cardiovascular risk assessment comprises the means and processes to predict the
probability of developing a cardiovascular disease. These are a group of tests and
health factors that have been proven to indicate a person's chance of having a
cardiovascular event such as a heart attack or stroke. This policy addresses genetic
markers that are associated with cardiovascular disease risk. Terms such as male and
female are used when necessary to refer to sex assigned at birth.

Related Policies

Policy Policy Title
Number
AHS-G2050 | Cardiovascular Disease Risk Assessment

AHS-M2082 | Genetic Testing for Lipoprotein(a) Variant(s) as a Decision Aid for
Aspirin Treatment and/or CVD Risk Assessment

AHS-M2137 | Genetic Testing for Familial Hypercholesterolemia

AHS-M2141 | Testing of Homocysteine Metabolism-Related Conditions

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “"Applicable State and Federal Regulations” section of this policy
document.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.
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1) To predict the risk of developing cardiovascular disease and/or the effectiveness of

2

statin therapy, KIF6 genotyping DOES NOT MEET COVERAGE CRITERIA.

2) To assess an individual's risk of developing cardiovascular disease, the following tests

DO NOT MEET COVERAGE CRITERIA:

a) Gene expression profiling.

b) Genotyping for 9p21 single nucleotide polymorphisms.

c) Panels that incorporate genetic risk factors with nongenetic biomarkers.

3) All other genetic tests for assessing cardiovascular disease risk DO NOT MEET
COVERAGE CRITERIA.

IV. Table of Terminology

Term Definition

ABI Ankle-brachial index

ACC American College of Cardiology

AHA American Heart Association

Apo B Apolipoprotein B

ASCVD Atherosclerotic cardiovascular disease

CAC Coronary artery calcium

CAD Coronary artery disease

CCS Canadian Cardiovascular Society

CHD Coronary heart disease

CVvD Cardiovascular disease

EAS European Atherosclerosis Society

ES Endocrine Society

ESC European Society of Cardiology

FDA Food and Drug Administration

GRS Genomic risk score

GWAS Genome-wide association study

HDL High-density lipoprotein

hsCRP High-sensitivity C reactive protein
Incremental decrease in end points through aggressive lipid-

IDEAL lowering

KIF6 Kinesin family member 6

LDL Low-density lipoprotein

LDL-C Low-density lipoprotein cholesterol

LDT Laboratory developed test
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Lp(a) Lipoprotein A

LPA Apolipoprotein(a) locus

Lp-PLA2 Lipoprotein-associated phospholipase A2
Ml Myocardial infarction

PRSs Polygenic risk scores

RNA Ribonucleic acid

SNPs Single nucleotide polymorphisms

TNT Treating to new targets study

VLDL Very low-density lipoprotein

V. Scientific Background

Statistics show that cardiovascular disease (including coronary heart disease, stroke,
and hypertension) is America's leading health problem and the leading cause of death.
According to the 2024 update of the heart disease and stroke statistics report released
by the American Heart Association (AHA):

Approximately 127.9 million people in this country suffer from some form of
cardiovascular disease (encompassing coronary heart disease, heart failure,
hypertension, and stroke).

The direct and indirect costs of cardiovascular disease and stroke are about
$422.3 billion and increasing every year.

Coronary heart disease (CHD) was the leading cause (40.3%) of deaths
attributable to CVD in the United States, followed by stroke (17.5%), other CVD
(17.1%), high blood pressure (13.4%), heart failure (9.1%), diseases of the arteries
(2.6%).

Heart disease and stroke claim more lives each year in the United States than all
forms of cancer and Chronic Lower Respiratory disease combined.

On average, someone dies of a stroke every three minutes fourteen seconds in
the United States.

11.5% of US adults reported cigarette use every day or some days (13.1% of
males and 10.1% of females).

Worldwide, high body mass index was attributed to 3.69 million deaths (AHA,
2024; Seth S. Martin, 2024).

Cardiovascular Risk Assessment

Traditionally, the most important indicators for cardiac risk are those of a person's
health history. These include factors such as family history, age, weight, exercise, and
cigarette smoking status (Wilson, 2023). Research has begun examining genetic
markers and their ability to predict an individual's risk of developing cardiovascular
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disease.
Genetic Markers

According to the AHA in 2013, genomics serves several roles in cardiovascular health
and disease, including disease prediction, discovery of genetic loci influencing CVD,
functional evaluation of these genetic loci to understand mechanisms, and
identification of therapeutic targets (Ganesh et al,, 2013). The AHA notes that several
clinically useful diagnostic tests have been discovered for single-gene CVDs. However,
it is laborious to develop genetic testing for complex CVD because individual common
variants have a smaller impact on risk. Furthermore, the influence of factors such as
environmental variables, phenotypic heterogeneity, and pathogenic complexity, makes
understanding the genomics behind complex CVDs more difficult. Characterization of
the clinical phenotype requires consideration of the clinical details of the diseases and
traits under study (Ganesh et al., 2013). Many genetic loci and polymorphisms have
been proposed to influence cardiovascular risk. Palotie et al. (2016) identified 49,310
single nucleotide polymorphisms (SNPs), created a genomic risk score (GRS) based on
those SNPs, and evaluated the GRS with five population cohorts totaling over 15,000
samples. The GRS was found to result in a hazard ratio of 1.74 for the three Finnish
population cohorts (n = 12676) and a hazard ratio of 1.28 for the two Framingham
cohorts (n = 3406). The GRS was also found to capture different trajectories of
absolute risk, with men in the top 20% attaining 10% cumulative coronary heart
disease (CHD) risk 12—-18 years earlier than those in the bottom 20% (Palotie et al.,
2016).

Gene expression changes, particularly in peripheral blood cells, may provide some
information on CVD risk. Gene expression is thought to reflect the pathological state of
the current cell, tissue, or organ system, therefore providing molecular insight on the
status of cardiac tissue before clinical symptoms start to appear (Elashoff et al., 2011).
Genetic variation may lead to vastly differing concentrations of many genetic products.
For example, Zhernakova et al. (2018) evaluated the plasma concentrations of 92
cardiovascular disease-related proteins, of which 73 had a genetic association. Cis- and
trans- isoforms of the protein quantitative trait loci produced genetic variation; this,
combined with microbial variation, is responsible for 17.5% of inter-individual variation
in plasma proteins (Zhernakova et al., 2018).

9p21 SNP

Genetic determinants of the development of CHD have been investigated in multiple
studies with 46 SNPs across the genome significantly associated with an increased risk
of disease (Deloukas et al., 2013). The strongest association with CHD risk was linked to
SNPs around locus 9p21 (Palomaki et al., 2010; Patel et al., 2014; Paynter et al., 2009;
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Samani et al.,, 2007; Wilson, 2023). However, despite clear association between variants
and incident CHD, locus 9p21 SNPs have not been definitively shown to significantly
improve CHD risk prediction compared with traditional risk factors (Dutta et al., 2011;
Palomaki et al., 2010; Paynter et al., 2009; Virani et al., 2012). Trenkwalder et al. (2019)
identified an association between the LPA locus and an increased risk of aortic valve
stenosis, particularly in patients without CAD; however, 9p21 was not associated with
aortic valve stenosis. The pathophysiologic impact of these genetic variants likely varies
depending on other environmental factors or comorbid conditions (Wilson, 2023).
Proprietary labs such as Celera Corporation (now owned by Quest Diagnostics) and
deCODE Genetics offer tests revolving around analysis of this locus mutation (Quest,
2024).

Palomaki et al. (2010) performed a targeted systematic review of published literature
to evaluate the clinical utility of 9p21 single nucleotide polymorphism testing. Forty-
seven distinct data sets from 22 articles were analyzed, including 35,872 cases and
95,837 controls. The authors found a statistically significant association between 9p21
SNPs and heart disease that varied by age at disease onset, but the magnitude of the
association was small. These risk alleles were found to associate more strongly with
cardiovascular events in younger persons than cardiovascular events overall. However,
the authors noted that the clinical utility of 9p21-related biomarkers cannot be
assumed due to numerous complicating factors such as patient adherence (Palomaki
et al., 2010).

Gransbo et al. (2013) evaluated if testing for 9p21 SNP adds useful information to CVD
prediction beyond assessment of traditional risk factors. The common SNP variant
rs4977574 on chromosome 9p21 was genotyped in 24,777 subjects who were free
from CVD prior to the baseline examination. The genotyping of the 9p21 gene was not
found to significantly improve predictive accuracy of CVD, although 9p21 significantly
predicted CVD in the whole population in additive models. The authors evaluated the
attributable risk conferred by 9p21 to be 13%. The investigators concluded that a
variation of chromosome 9p21 alone “does not add clinically meaningful information
in terms of CVD prediction beyond traditional risk factors at any age” (Gransbo et al,
2013).

Dehghan et al. (2016) evaluated the genome-wide association study (GWAS) for
incident myocardial infarction (MI) and CHD in prospective cohort studies, which
analyzed a total of 64297 individuals, including 3898 MI cases and 5465 CHD cases. A
modest association between the 9p21 locus SNP (rs1333049) and M, as well as
marginal association with CHD was found. Among an inception cohort of those who
experienced MI during follow-up, this risk allele was associated with a decreased risk of
subsequent mortality. The authors concluded that the role of 9p21 locus may be
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complex and that the protective effect of the risk alleles at 9p21 is unclear; however,
the authors note that several other studies have found that the 9p21 locus increases
the CHD risk for the first event only and not for subsequent events. Overall, the authors
suggest further investigation of genetic causes of complex disorders (Dehghan et al.,
2016).

Kessler et al. (2016) reviewed the impact of GWAS on the pathophysiology and therapy
of CVD. The researchers found a correlation between the number of individuals
participating in the study and the number of genome-wide significant variants
detected by the GWAS. Technological advancement has led to denser genotyping,
resulting in increased number of loci with genome-wide significant association for
CAD. Over 50 genetic variants associated with cardiovascular risk have so far been
identified. Almost all risk variants identified by GWAS were found in European
individuals with the average European carrying several risk alleles associated with CHD.
Most of these risk alleles were found in non-coding parts of the genome, suggesting
that these variants affect gene regulation rather than protein structure. For example,
the 9p21 locus encodes different isoforms of antisense non-coding RNA in the INK4
locus (ANRIL) which is involved in the preferred synthesis of non-circular/circular forms
of the long non-coding RNA, affecting expression of multiple genes (Kessler et al.,
2016). The authors state, however, that variants identified represent no more than 10%
of the heritable risk. Although important progress was made with GWAS, further
understanding of inheritance patterns is needed. The results available so far provide
valuable insights into the pathophysiology of CAD and MI, but they are only a starting
point for individualized treatment strategies (Kessler et al., 2016).

In summary, no studies were found that outlined changes to preventive and
monitoring strategies, patient management, or improvement in clinical outcomes due
to genotyping for 9p21 SNPs. There is a lack of published evidence regarding the
clinical utility of genetic testing. Based on current literature, the contribution of 9p21
genotyping to overall cardiovascular risk assessment, above that of traditional risk
factors, is not likely to be clinically important.

Kinesin family member 6 (KIF6)

Kinesin family member 6 (KIF6) is a protein encoded by the KIF6 gene. This protein is
involved in transport along microtubules, and the primary mutation of Trp719Arg
affects its ability to bind its cargo. KIF6 has been studied as a marker for coronary
artery disease and effectiveness of statin therapy. Initial studies of two trials with
statins found an association between the KIF6 p.Trp719Arg (rs20455, c.2155T>C)
polymorphism and clinical outcomes with statin therapy, showing carriers of the
719Arg allele having greater reduction in clinical events compared with noncarriers
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(lakoubova et al., 2008). However, subsequent studies dispute the reported
associations.

Hopewell et al. (2011) studied the effects of the KIF6 Trp719Arg polymorphism
(rs20455) on vascular risk and response to statin therapy in 18,348 participants from
the Heart Protection Study. Participants received 40 mg simvastatin daily for four to six
weeks before being randomly allocated 40 mg simvastatin daily or placebo for five
years. The KIF6 genotype was not significantly associated, among placebo-allocated
participants, with the risks of incident major vascular events, major coronary events,
revascularizations, or strokes. The investigators concluded that statin therapy
significantly reduces the incidence of coronary and other major vascular events to a
similar extent, irrespective of KIF6 genotype. The authors further stated that use of KIF6
genotyping to guide statin therapy is not warranted (Hopewell et al., 2011).

Ridker et al. (2011) evaluated the effect of polymorphism at rs20455 encoding the KIF6
719Arg allele on outcomes of 8,781 Caucasian trial participants in the Justification for
the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER)
study. Rosuvastatin was equally effective at reducing cardiovascular event rates among
carriers and noncarriers of the KIF6 719Arg allele, and carriers of the 719Arg allele were
not found to have more vascular events or a significant difference in hsCRP or lipid
levels. The authors concluded that for rosuvastatin there appears to be no clinical
utility to screening for the KIF6 genotype as a method to determine vascular risk or to
predict statin efficacy (Ridker et al., 2011).

Arsenault et al. (2012) investigated if carriers of the KIF6 719Arg variant benefit more
from statin therapy, in terms of CVD risk reduction, than noncarriers through two large
prospective, randomized, double-blinded, controlled trials. A total of 10,001 patients
with stable CHD and LDL-C levels <130 mg/dL (3.4 mmol/L) of the Treating to New
Targets (TNT) study were randomly assigned to receive either 10- or 80-mg of
atorvastatin per day and followed up for a median of 4.9 years. A total of 8,888
patients with a history of myocardial infarction from the Incremental Decrease in End
Points Through Aggressive Lipid-Lowering (IDEAL) study were randomly assigned to
receive 20-40 mg of simvastatin or 80 mg of atorvastatin and followed up for a median
of 4.8 years. The investigators concluded that carriers of the KIF6 719Arg allele were
not at increased cardiovascular risk and did not obtain consistent cardiovascular
benefit from high-dose statin therapy compared with noncarriers (Arsenault et al.,
2012).

Charland et al. (2014) investigated the impact of providing KIF6 test results and risk
information directly to 647 tested patients on six month statin adherence and
persistence compared with concurrent non-tested matched controls. The investigators
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observed that significantly more tested patients were adherent and persisted on
therapy compared to the control group, with tested patients rating out at a 63.4%
adherence (defined as ingesting medication on 80% of days), compared to 45% for the
control group over six months (Charland et al., 2014). The test group also persisted on
therapy more often than the control group (69.1% for the testing group, 53.3% for the
control). The investigators concluded that the study provided the first evidence that
pharmacogenetic testing may modify patient adherence (Charland et al., 2014).

Ruiz-Ramos et al. (2015) performed a systematic review and meta-analysis of
previously published association studies between Trp719Arg polymorphism of KIF6
and the development of CHD. This electronic search included papers published
between 1993 and 2014. Twenty-three studies consisting of 38,906 subjects were
identified (17,812 cases, 21,094 controls). A significant association was not found
between Caucasian populations and the polymorphism or the CAD subgroup and the
polymorphism, though the authors concluded that allele 719Arg may have a protective
association to present CHD in all populations and the Trp719Arg polymorphism of the
KIF6 gene is an important risk factor for developing Ml (Ruiz-Ramos et al.,, 2015).

Proprietary Testing
Cardiovascular Risk Panels/Profiles

Cardiovascular risk panels refer to combinations of cardiac markers that are used to
assess risk of developing cardiovascular disease, major adverse cardiovascular events,
or ischemic cerebrovascular events. Commercially available risk panels use different
combinations of lipids, inflammatory, genetic, and metabolic markers. Risk panel’s
report the results of multiple individual tests, whereas quantitative risk scores generally
use proprietary algorithms to combine the results of multiple markers into one score.
The clinical utility of risk panels is lacking as the impact of results on patient
management is unknown.

Quest Diagnostics currently offers cardiogenetic testing for CVD risk. Tests include
Cardio IQ® 9p21 and Cardio IQ® KIF6 (Quest, 2024).

Guidelines and Recommendations
U.S. Preventative Services Task Force (USPSTF)

In a 2018 recommendation, the USPSTF provided a general statement regarding
nontraditional risk factors in CVD risk assessment, but did not directly address the use
of commercial CVD risk panels:

“The USPSTF concludes that there are insufficient adequately powered clinical trials
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evaluating the incremental effect of the ankle-brachial index (ABI), high-sensitivity C-

reactive protein (hs-CRP) level, or coronary artery calcium (CAC) score in risk

assessment and initiation of preventive therapy.

Furthermore, the clinical meaning of improvements in measures of calibration,

discrimination, and reclassification risk prediction studies is uncertain” (Lin et al., 2018).

American College of Cardiology (ACC) and the American Heart Association (AHA)

The 2019 ACC and AHA guidelines do not address arterial compliance, lipoprotein-
associated phospholipase, long-chain omega-3 fatty acids, 9p21 polymorphisms, KIF6
genotyping, or endothelial function assessment as methods to assess initial CVD risk
(Arnett et al., 2019). The 2013 ACC and AHA guidelines on the assessment of
cardiovascular risk did not address assessment of 9p21 polymorphisms or KIF6
genotyping. However, the 2010 guidelines recommended against genotype testing for
“CHD risk assessment in asymptomatic adults” (Goff et al., 2014; Greenland et al.,
2010).

American Heart Association (AHA)

A policy statement from the AHA on genetics and cardiovascular disease states
“although robust GWAS [genome wide association studies] evidence exists linking
common variants to complex CVD, studies are not yet available to inform the clinical
benefit of providing such genetic information to patients” (Ashley et al., 2012).

A 2022 statement notes that the use of polygenic risk factors shows promise for the
prediction of cardiovascular disease, as “the identification of monogenic risk variants
predisposing to cardiovascular conditions has been used clinically to inform
surveillance and management plans. Relatively recent advances in population genetics
have uncovered the polygenic basis of these and other cardiovascular conditions in
most patients. These observations point to the possibility of using genetic profiling to
inform clinical practice... Such PRSs [Polygenic Risk Scores] may be appropriately
considered in select scenarios, given the current evidence base.”

The AHA statement points to coronary artery disease (CAD) as one of the main areas
where polygenic risk factors show promise; the discovery of common genetic variants
associated with coronary artery disease has enabled this development of polygenic risk
profiling. They also note that “scores have been shown to be strong predictors of
subclinical coronary atherosclerosis and independently prognostic of CAD risk.” The
statement does not specifically mention individual genes such as 9p21 single
nucleotide polymorphisms or KIF6 genotyping—focusing instead on genome wide
association studies (O'Sullivan et al., 2022).
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Endocrine Society (ES)

This guideline was published with the intent to assess and treat dyslipidemia in
patients with endocrine disorders. The guideline remarks that certain “advanced” lipid
testing (assessment of markers such as Apo B, lipid fractionation, and Lp(a)) may be
helpful in “characterizing” lipid abnormalities, but “add little” to risk prediction beyond
the standard lipid profile. The guideline also notes that genetic tests for risk
stratification may “modestly” improve risk prediction but are not available in clinical
practice. The guideline does remark that Apo B and non-HDL cholesterol should be
considered “risk-enhancing” factors (Newman et al., 2020).

Canadian Cardiovascular Society (CCS)

In 2021, the CCS published updated recommendations on the management of
dyslipidemia for the prevention of cardiovascular disease in adults. A summary of the
society’'s recommendations that involve genetic associations relevant to CVD risk
assessment is provided below:

e We suggest that CAC (coronary artery calcium) screening might be considered for
a subset of low-risk individuals 40 years or older with a family history of
premature ASCVD (men 55 years or younger; women 65 years or younger), in
addition to identifying known genetic causes of ASCVD such as elevated Lp(a) or
FH (Weak Recommendation; Low-Quality Evidence)” (Pearson et al., 2021).

The 2021 guidelines reaffirmed those from 2016, stating that “Screening should be
repeated every five years for men and women aged 40-75 years using the modified
FRS or Cardiovascular Life Expectancy Model (CLEM) to guide therapy to reduce major
CV events” (Pearson et al.,, 2021).

2021 European Society of Cardiology (ESC) and Other Societies on Cardiovascular
Disease Prevention in Clinical Practice

In 2021, the Joint Task Force of the ESC and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice published an update to guidelines on cardiovascular
disease prevention in clinical practice. The Task Force recognized that genetic
screening could be useful in some conditions such as familial hypercholesterolemia.
The authors note that the etiology of atherosclerotic cardiovascular disease (ASCVD)
has genetic associations; but, genetic information is not currently used to guide
preventive practice.

However, the ESC does not recommend genetic screening in the general population or
the use of genetics in “preventive approaches.” According to the Task Force, there is no
consensus regarding which genes and their corresponding single nucleotide
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polymorphisms that should be included in a genetic risk score. In terms of polygenic
risk scores, they acknowledge potential towards using genetics for prevention, but a
lack of clarity towards whether to use “risk factor-specific” or “outcome-specific”
polygenic risk scores. Further evaluation of clinical utility is required (Frank L. J.
Visseren et al.,, 2021).

VII. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/Medicare-Coverage-
Database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT Code Description

81402 | Molecular pathology procedure, Level 3 (eg, >10 SNPs, 2-10 methylated
variants, or 2-10 somatic variants [typically using non-sequencing target
variant analysis], immunoglobulin and T-cell receptor gene rearrangements,
duplication/deletion variants of 1 exon, loss of heterozygosity [LOH],
uniparental disomy [UPD])

81403 | Molecular pathology procedure, Level 4 (eg, analysis of single exon by DNA
sequence analysis, analysis of >10 amplicons using multiplex PCR in 2 or
more independent reactions, mutation scanning or duplication/deletion
variants of 2-5 exons)

81404 | Molecular pathology procedure, Level 5 (eg, analysis of 2-5 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of 6-
10 exons, or characterization of a dynamic mutation disorder/triplet repeat
by Southern blot analysis)

Page 11 of 18


https://www.cms.gov/Medicare-Coverage-Database/search.aspx
https://www.cms.gov/Medicare-Coverage-Database/search.aspx

V' 4
JIMVP

HEALTH CARE

CPT

Code Description

81405

Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of
11-25 exons, regionally targeted cytogenomic array analysis)

81406

Molecular pathology procedure, Level 7 (eg, analysis of 11-25 exons by
DNA sequence analysis, mutation scanning or duplication/deletion variants
of 26-50 exons)

81407

Molecular pathology procedure, Level 8 (eg, analysis of 26-50 exons by
DNA sequence analysis, mutation scanning or duplication/deletion variants
of >50 exons, sequence analysis of multiple genes on one platform)

81408

Molecular pathology procedure, Level 9 (eg, analysis of >50 exons in a
single gene by DNA sequence analysis)

81479

Unlisted molecular pathology procedure

81493

Coronary artery disease, mRNA, gene expression profiling by real-time RT-
PCR of 23 genes, utilizing whole peripheral blood, algorithm reported as a
risk score

Proprietary test: Corus® CAD

Lab/Manufacturer: CardioDx, Inc.

0401U

Cardiology (coronary heart disease [CAD]), 9 genes (12 variants), targeted
variant genotyping, blood, saliva, or buccal swab, algorithm reported as a
genetic risk score for a coronary event

Proprietary test: CARDIO inCode-Score (CIC-SCORE)

Lab/Manufacturer: GENinCode U.S. Inc

0439U

Cardiology (coronary heart disease [CHD]), DNA, analysis of 5 single-
nucleotide polymorphisms (SNPs) (rs11716050 [LOC105376934], rs6560711
[WDR37], rs3735222 [SCIN/LOC107986769], rs6820447 [intergenic], and
rs9638144 [ESYT2]) and 3 DNA methylation markers (cg00300879
[transcription start site {TSS200} of CNKSR1], cg09552548 [intergenic], and
cg14789911 [body of SPATC1L]), gPCR and digital PCR, whole blood,
algorithm reported as a 4-tiered risk score for a 3-year risk of symptomatic
CHD

Proprietary test: Epi+Gen CHD ™

Lab Manufacturer: Cardio Diagnostics, Inc

0440U

Cardiology (coronary heart disease [CHD]), DNA, analysis of 10 single-
nucleotide polymorphisms (SNPs) (rs710987 [LINC010019], rs1333048
[CDKN2B-AS1], rs12129789 [KCND3], rs942317 [KTN1-AS1], rs1441433
[PPP3CA], rs2869675 [PREX1], rs4639796 [ZBTB41], rs4376434 [LINC00972],
rs12714414 [TMEM18], and rs7585056 [TMEM18]) and 6 DNA methylation
markers (cg03725309 [SARS1], cg12586707 [CXCL1, cg04988978 [MPO],
cg17901584 [DHCR24-DT], cg21161138 [AHRR], and cg12655112 [EHDA4]),
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CPT Code Description

gPCR and digital PCR, whole blood, algorithm reported as detected or not
detected for CHD

Proprietary test: PrecisionCHDTM

Lab/Manufacturer: Cardio Diagnostics, Inc

0466U | Cardiology (coronary artery disease [CAD]), DNA, genomewide association
studies (564856 single-nucleotide polymorphisms [SNPs], targeted variant
genotyping), patient lifestyle and clinical data, buccal swab, algorithm
reported as polygenic risk to acquired heart disease

Proprietary test: CardioRisk+

Lab/Manufacturer: Gene by Gene, Ltd, Open DNS, Ltd

Current Procedural Terminology® American Medical Association. All Rights
reserved.

Procedure codes appearing in Medical Policy documents are included only as a
general reference tool for each policy. They may not be all-inclusive.

IX. Evidence-based Scientific References

AHA. (2024). 2024 Heart Disease and Stroke Statistics Update Fact Sheet At-a-Glance.
https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2024-Heart-and-
Stroke-Stat-Update/2024-Statistics-At-A-Glance-final_2024.pdf

Arnett, D. K., Blumenthal, R. S., Albert, M. A, Buroker, A. B., Goldberger, Z. D., Hahn, E. J,,
Himmelfarb, C. D., Khera, A., Lloyd-Jones, D., McEvoy, J. W., Michos, E. D., Miedema,
M. D., Mufoz, D., Smith, S. C,, Virani, S. S., Williams, K. A, Yeboah, J., & Ziaeian, B.
(2019). 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Disease: A Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Circulation, 140(11), e596-e646.
https://doi.org/doi:10.1161/CIR.0000000000000678

Arsenault, B. J.,, Boekholdt, S. M., Hovingh, G. K, Hyde, C. L., DeMicco, D. A., Chatterjee,
A., Barter, P., Deedwania, P., Waters, D. D., LaRosa, J. C,, Pedersen, T. R., & Kastelein, J.
J. (2012). The 719Arg variant of KIF6 and cardiovascular outcomes in statin-treated,
stable coronary patients of the treating to new targets and incremental decrease in
end points through aggressive lipid-lowering prospective studies. Circ Cardiovasc
Genet, 5(1), 51-57. https://doi.org/10.1161/circgenetics.111.960252

Ashley, E. A., Hershberger, R. E., Caleshu, C,, Ellinor, P. T, Garcia, J. G., Herrington, D. M.,
Ho, C. Y., Johnson, J. A, Kittner, S. J., Macrae, C. A, Mudd-Martin, G., Rader, D. J.,,
Roden, D. M., Scholes, D., Sellke, F. W., Towbin, J. A,, Van Eyk, J., & Worrall, B. B.
(2012). Genetics and cardiovascular disease: a policy statement from the American
Heart Association. Circulation, 126(1), 142-157.
https://doi.org/10.1161/CIR.0b013e31825b07f8

Page 13 of 18



https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2024-Heart-and-Stroke-Stat-Update/2024-Statistics-At-A-Glance-final_2024.pdf
https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2024-Heart-and-Stroke-Stat-Update/2024-Statistics-At-A-Glance-final_2024.pdf
https://doi.org/doi:10.1161/CIR.0000000000000678
https://doi.org/10.1161/circgenetics.111.960252
https://doi.org/10.1161/CIR.0b013e31825b07f8

s
SMVP

Charland, S. L, Agatep, B. C., Herrera, V., Schrader, B., Frueh, F. W., Ryvkin, M., Shabbeer,
J., Devlin, J. J., Superko, H. R.,, & Stanek, E. J. (2014). Providing patients with
pharmacogenetic test results affects adherence to statin therapy: results of the
Additional KIF6 Risk Offers Better Adherence to Statins (AKROBATS) trial.
Pharmacogenomics J, 14(3), 272-280. https://doi.org/10.1038/tpj.2013.27

Dehghan, A, Bis, J. C., White, C. C,, Smith, A. V., Morrison, A. C., Cupples, L. A., Trompet,
S., Chasman, D. I., Lumley, T., Volker, U., Buckley, B. M., Ding, J., Jensen, M. K., Folsom,
A. R, Kritchevsky, S. B., Girman, C. J,, Ford, I., Dérr, M., Salomaa, V., ... O'Donnell, C. J.
(2016). Genome-Wide Association Study for Incident Myocardial Infarction and
Coronary Heart Disease in Prospective Cohort Studies: The CHARGE Consortium.
PLOS ONE, 11(3), e0144997. https://doi.org/10.1371/journal.pone.0144997

Deloukas, P., Kanoni, S., Willenborg, C,, Farrall, M., Assimes, T. L., Thompson, J. R,
Ingelsson, E., Saleheen, D., Erdmann, J., Goldstein, B. A,, Stirrups, K., Konig, I. R,
Cazier, J. B,, Johansson, A, Hall, A. S, Lee, J. Y., Willer, C. J., Chambers, J. C, Esko, T., ..
. Samani, N. J. (2013). Large-scale association analysis identifies new risk loci for
coronary artery disease. Nat Genet, 45(1), 25-33. https://doi.org/10.1038/ng.2480

Dutta, A, Henley, W.,, Lang, I. A,, Murray, A., Guralnik, J., Wallace, R. B., & Melzer, D.
(2011). The coronary artery disease-associated 9p21 variant and later life 20-year
survival to cohort extinction. Circ Cardiovasc Genet, 4(5), 542-548.
https://doi.org/10.1161/circgenetics.111.960146

Elashoff, M. R., Wingrove, J. A,, Beineke, P., Daniels, S. E., Tingley, W. G., Rosenberg, S.,
Voros, S., Kraus, W. E.,, Ginsburg, G. S., Schwartz, R. S,, Ellis, S. G., Tahirkheli, N.,
Waksman, R., McPherson, J., Lansky, A. J., & Topol, E. J. (2011). Development of a
blood-based gene expression algorithm for assessment of obstructive coronary
artery disease in non-diabetic patients. BMC Med Genomics, 4, 26.
https://doi.org/10.1186/1755-8794-4-26

Ganesh, S. K., Arnett, D. K., Assimes, T. L., Basson, C. T., Chakravarti, A., Ellinor, P. T.,
Engler, M. B., Goldmuntz, E., Herrington, D. M., Hershberger, R. E.,, Hong, Y., Johnson,
J. A, Kittner, S. J., McDermott, D. A,, Meschia, J. F., Mestroni, L., O'Donnell, C. J., Psaty,
B. M., Vasan, R.S., ... Waldman, S. A. (2013). Genetics and genomics for the
prevention and treatment of cardiovascular disease: update: a scientific statement
from the American Heart Association. Circulation, 128(25), 2813-2851.
https://doi.org/10.1161/01.cir.0000437913.98912.1d

Goff, D. C,, Jr., Lloyd-Jones, D. M., Bennett, G., Coady, S., D'Agostino, R. B., Sr., Gibbons,
R., Greenland, P., Lackland, D. T., Levy, D., O'Donnell, C. J., Robinson, J. G., Schwartz, J.
S., Shero, S. T., Smith, S. C,, Jr., Sorlie, P., Stone, N. J., & Wilson, P. W. (2014). 2013
ACC/AHA guideline on the assessment of cardiovascular risk: a report of the
American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol, 63(25 Pt B), 2935-2959.
https://doi.org/10.1016/}.jacc.2013.11.005

Page 14 of 18


https://doi.org/10.1038/tpj.2013.27
https://doi.org/10.1371/journal.pone.0144997
https://doi.org/10.1038/ng.2480
https://doi.org/10.1161/circgenetics.111.960146
https://doi.org/10.1186/1755-8794-4-26
https://doi.org/10.1161/01.cir.0000437913.98912.1d
https://doi.org/10.1016/j.jacc.2013.11.005

s
SMVP

Gransbo, K., Almgren, P., Sjogren, M., Smith, J. G,, Engstrom, G., Hedblad, B., & Melander,
0. (2013). Chromosome 9p21 genetic variation explains 13% of cardiovascular
disease incidence but does not improve risk prediction. J Intern Med, 274(3), 233-240.
https://doi.org/10.1111/joim.12063

Greenland, P., Alpert, J. S., Beller, G. A., Benjamin, E. J., Budoff, M. J,, Fayad, Z. A, Foster,
E., Hlatky, M. A, Hodgson, J. M., Kushner, F. G,, Lauer, M. S,, Shaw, L. J., Smith, S. C,,
Jr, Taylor, A. J.,, Weintraub, W. S., Wenger, N. K., Jacobs, A. K., Anderson, J. L., Albert,
N., ... Yancy, C. W. (2010). 2010 ACCF/AHA guideline for assessment of
cardiovascular risk in asymptomatic adults: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol, 56(25), e50-103.
https://doi.org/10.1016/j.jacc.2010.09.001

Hopewell, J. C,, Parish, S., Clarke, R, Armitage, J., Bowman, L., Hager, J., Lathrop, M., &
Collins, R. (2011). No impact of KIF6 genotype on vascular risk and statin response
among 18,348 randomized patients in the heart protection study. J Am Coll Cardiol,
57(20), 2000-2007. https://doi.org/10.1016/j.jacc.2011.02.015

lakoubova, O. A, Tong, C. H., Rowland, C. M., Kirchgessner, T. G., Young, B. A,, Arellano,
A. R, Shiffman, D., Sabatine, M. S., Campos, H., Packard, C. J., Pfeffer, M. A, White, T.
J., Braunwald, E., Shepherd, J,, Devlin, J. J., & Sacks, F. M. (2008). Association of the
Trp719Arg polymorphism in kinesin-like protein 6 with myocardial infarction and
coronary heart disease in 2 prospective trials: the CARE and WOSCOPS trials. / Am
Coll Cardiol, 51(4), 435-443. https://doi.org/10.1016/j.jacc.2007.05.057

Kessler, T., Vilne, B., & Schunkert, H. (2016). The impact of genome-wide association
studies on the pathophysiology and therapy of cardiovascular disease. EMBO Mol
Med, 8(7), 688-701. https://doi.org/10.15252/emmm.201506174

Lin, J. S., Evans, C. V., Johnson, E., Redmond, N., Coppola, E. L., & Smith, N. (2018).
Nontraditional Risk Factors in Cardiovascular Disease Risk Assessment: Updated
Evidence Report and Systematic Review for the US Preventive Services Task Force.
Jama, 320(3), 281-297. https://doi.org/10.1001/jama.2018.4242

Newman, C. B, Blaha, M. J., Boord, J. B, Cariou, B., Chait, A, Fein, H. G., Ginsberg, H. N.,
Goldberg, I. J., Murad, M. H., Subramanian, S., & Tannock, L. R. (2020). Lipid
Management in Patients with Endocrine Disorders: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab, 105(12).
https://doi.org/10.1210/clinem/dgaa674

O'Sullivan, J. W.,, Raghavan, S., Marquez-Luna, C., Luzum, J. A, Damrauer, S. M., Ashley, E.
A., O'Donnell, C. J., Willer, C. J., & Natarajan, P. (2022). Polygenic Risk Scores for
Cardiovascular Disease: A Scientific Statement From the American Heart Association.
Circulation, 146(8), e93-e118. https://doi.org/doi:10.1161/CIR.0000000000001077

Page 15 of 18


https://doi.org/10.1111/joim.12063
https://doi.org/10.1016/j.jacc.2010.09.001
https://doi.org/10.1016/j.jacc.2011.02.015
https://doi.org/10.1016/j.jacc.2007.05.057
https://doi.org/10.15252/emmm.201506174
https://doi.org/10.1001/jama.2018.4242
https://doi.org/10.1210/clinem/dgaa674
https://doi.org/doi:10.1161/CIR.0000000000001077

s
SMVP

Palomaki, G. E., Melillo, S., & Bradley, L. A. (2010). Association between 9p21 genomic
markers and heart disease: a meta-analysis. Jama, 303(7), 648-656.
https://doi.org/10.1001/jama.2010.118

Palotie, A., Havulinna, A. S., De Livera, A. M., Tikkanen, E., Sijbrands, E. J., Abraham, G,,
Schunkert, H., Yetukuri, L., Perola, M., Bhalala, O. G., Byars, S. G., Inouye, M., Samani,
N. J., Ripatti, S., & Salomaa, V. (2016). Genomic prediction of coronary heart disease.
European Heart Journal, 37(43), 3267-3278.
https://doi.org/10.1093/eurheartj/ehw450

Patel, R. S., Asselbergs, F. W., Quyyumi, A. A., Palmer, T. M,, Finan, C. |, Tragante, V.,
Deanfield, J.,, Hemingway, H., Hingorani, A. D., & Holmes, M. V. (2014). Genetic
variants at chromosome 9p21 and risk of first versus subsequent coronary heart
disease events: a systematic review and meta-analysis. J Am Coll Cardiol, 63(21),
2234-2245. https://doi.org/10.1016/j.jacc.2014.01.065

Paynter, N. P., Chasman, D. |., Buring, J. E., Shiffman, D., Cook, N. R., & Ridker, P. M.
(2009). Cardiovascular disease risk prediction with and without knowledge of genetic
variation at chromosome 9p21.3. Ann Intern Med, 150(2), 65-72.

Pearson, G. J., Thanassoulis, G., Anderson, T. J., Barry, A. R., Couture, P., Dayan, N., Francis,
G. A, Genest, J., Grégoire, J.,, Grover, S. A, Gupta, M., Hegele, R. A, Lau, D., Leiter, L.
A. Leung, A. A, Lonn, E., Mancini, G. B. J,, Manjoo, P., McPherson, R,, ... Wray, W.
(2021). 2021 Canadian Cardiovascular Society Guidelines for the Management of
Dyslipidemia for the Prevention of Cardiovascular Disease in Adults. Can J Cardiol,
37(8), 1129-1150. https://doi.org/10.1016/j.cjca.2021.03.016

Quest. (2024). Cardio IQ® 9p21 Genotype
https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-
genotype?p=r&q=cardio%201A%209p21%20genotype8icc=MASTER

Ridker, P., MacFadyen, J., Glynn, R, & Chasman, D. (2011). Kinesin-Like Protein 6 (KIF6)
Polymorphism and the Efficacy of Rosuvastatin in Primary Prevention. Circulation:
Cardiovascular Genetics, 4(3), 312-317.
https://doi.org/10.1161/CIRCGENETICS.110.959353

Ruiz-Ramos, D., Hernandez-Diaz, Y., Tovilla-Zarate, C. A., Juarez-Rojop, |., Lopez-Narvaez,
M. L., Gonzéalez-Castro, T. B., Torres-Hernandez, M. E., & Bafios-Gonzalez, M. A.
(2015). The Trp719Arg polymorphism of the KIF6 gene and coronary heart disease
risk: systematic review and meta-analysis. Hereditas, 152, 3.
https://doi.org/10.1186/s41065-015-0004-7

Samani, N. J., Erdmann, J,, Hall, A. S., Hengstenberg, C., Mangino, M., Mayer, B., Dixon, R.
J., Meitinger, T., Braund, P., Wichmann, H. E., Barrett, J. H.,, Konig, |. R, Stevens, S. E,,
Szymczak, S., Tregouet, D. A, lles, M. M., Pahlke, F., Pollard, H., Lieb, W., . ..
Schunkert, H. (2007). Genomewide association analysis of coronary artery disease. N
Engl J Med, 357(5), 443-453. https://doi.org/10.1056/NEJM0a072366

Page 16 of 18


https://doi.org/10.1001/jama.2010.118
https://doi.org/10.1093/eurheartj/ehw450
https://doi.org/10.1016/j.jacc.2014.01.065
https://doi.org/10.1016/j.cjca.2021.03.016
https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-genotype?p=r&q=cardio%20IA%209p21%20genotype&cc=MASTER
https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-genotype?p=r&q=cardio%20IA%209p21%20genotype&cc=MASTER
https://doi.org/10.1161/CIRCGENETICS.110.959353
https://doi.org/10.1186/s41065-015-0004-7
https://doi.org/10.1056/NEJMoa072366

s
SMVP

Seth S. Martin, A. W. A, Zaid I. Almarzooq, Cheryl A.M. Anderson, Pankaj Arora, Christy L.
Avery, Carissa M. Baker-Smith, Bethany Barone Gibbs, Andrea Z. Beaton, Amelia K.
Boehme, Yvonne Commodore-Mensah, Maria E. Currie, Mitchell S.V. Elkind, Kelly R.
Evenson, Giuliano Generoso, Debra G. Heard, Swapnil Hiremath, Michelle C.
Johansen, Rizwan Kalani, Dhruv S. Kazi, Darae Ko, Junxiu Liu, Jared W. Magnani, Erin
D. Michos, Michael E. Mussolino, Sankar D. Navaneethan, Nisha I. Parikh, Sarah M.
Perman, Remy Poudel, Mary Rezk-Hanna, Gregory A. Roth, Nilay S. Shah, Marie-
Pierre St-Onge, Evan L. Thacker, Connie W. Tsao, Sarah M. Urbut, Harriette G.C. Van
Spall, Jenifer H. Voeks, Nae-Yuh Wang, Nathan D. Wong, Sally S. Wong, Kristine
Yaffe, Latha P. Palaniappan and on behalf of the American Heart Association Council
on Epidemiology and Prevention Statistics Committee and Stroke Statistics
Subcommittee. (2024). 2024 Heart Disease and Stroke Statistics: A Report of US and
Global Data From the American Heart Association. Circulation, 149.
https://doi.org/10.1161/CIR.0000000000001209

Trenkwalder, T., Nelson, C. P.,, Musameh, M. D., Mordi, I. R, Kessler, T., Pellegrini, C.,
Debiec, R, Rheude, T., Lazovic, V., Zeng, L., Martinsson, A., Gustav Smith, J., Gadin, J.
R., Franco-Cereceda, A, Eriksson, P., Nielsen, J. B., Graham, S. E., Willer, C. J., Hveem,
K., ...Samani, N. J. (2019). Effects of the coronary artery disease associated LPA and
9p21 loci on risk of aortic valve stenosis. Int J Cardiol, 276, 212-217.
https://doi.org/10.1016/j.ijcard.2018.11.094

Virani, S. S., Brautbar, A, Lee, V.-V., MacArthur, E., Morrison, A. C., Grove, M. L, Nambi, V.,
Frazier, L., Wilson, J. M., Willerson, J. T., Boerwinkle, E., & Ballantyne, C. M. (2012).
Chromosome 9p21 single nucleotide polymorphisms are not associated with
recurrent myocardial infarction in patients with established coronary artery disease.
Circulation journal : official journal of the Japanese Circulation Society, 76(4), 950-956.
https://doi.org/10.1253/circj.cj-11-1166

Visseren, F. L. J.,, Mach, F., Smulders, Y. M., Carballo, D., Koskinas, K. C., Back, M., Benetos,
A., Biffi, A,, Boavida, J.-M., Capodanno, D., Cosyns, B., Crawford, C., Davos, C. H.,
Desormais, I., Di Angelantonio, E., Franco, O. H., Halvorsen, S., Hobbs, F. D. R,
Hollander, M., ... Group, E. S. C. S. D. (2021). 2021 ESC Guidelines on cardiovascular
disease prevention in clinical practice: Developed by the Task Force for
cardiovascular disease prevention in clinical practice with representatives of the
European Society of Cardiology and 12 medical societies With the special
contribution of the European Association of Preventive Cardiology (EAPC). European
Heart Journal, 42(34), 3227-3337. https://doi.org/10.1093/eurheartj/ehab484

Visseren, F. L. J.,, Mach, F., Smulders, Y. M., Carballo, D., Koskinas, K. C., Back, M., Benetos,
A., Biffi, A, Boavida, J. M., Capodanno, D., Cosyns, B., Crawford, C., Davos, C. H,,
Desormais, |., Di Angelantonio, E., Franco, O. H., Halvorsen, S., Hobbs, F. D. R,
Hollander, M., ... Group, E. S. C. S. D. (2021). 2021 ESC Guidelines on cardiovascular

Page 17 of 18


https://doi.org/10.1161/CIR.0000000000001209
https://doi.org/10.1016/j.ijcard.2018.11.094
https://doi.org/10.1253/circj.cj-11-1166
https://doi.org/10.1093/eurheartj/ehab484

s
~MVP

disease prevention in clinical practice. Eur Heart J, 42(34), 3227-3337.
https://doi.org/10.1093/eurheartj/ehab484

Wilson, P. (2023). Overview of the possible risk factors for cardiovascular disease -
UpToDate. In B. Downey (Ed.), UpToDate.
https://www.uptodate.com/contents/overview-of-the-possible-risk-factors-for-
cardiovascular-disease

Zhernakova, D. V., Le, T. H., Kurilshikov, A., Atanasovska, B., Bonder, M. J,, Sanna, S.,
Claringbould, A., V6sa, U., Deelen, P., Franke, L., de Boer, R. A,, Kuipers, F., Netea, M.
G., Hofker, M. H., Wijmenga, C., Zhernakova, A, Fu, J., LifeLines cohort, s., &
consortium, B. (2018). Individual variations in cardiovascular-disease-related protein
levels are driven by genetics and gut microbiome. Nature Genetics, 50(11), 1524-
1532. https://doi.org/10.1038/s41588-018-0224-7

Page 18 of 18


https://doi.org/10.1093/eurheartj/ehab484
https://www.uptodate.com/contents/overview-of-the-possible-risk-factors-for-cardiovascular-disease
https://www.uptodate.com/contents/overview-of-the-possible-risk-factors-for-cardiovascular-disease
https://doi.org/10.1038/s41588-018-0224-7

' 4
SMVP

Genetic Testing and Genetic Expression Profiling in Patients with
Uveal Melanoma
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CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

Uveal melanoma develops from melanocytes in any part of the uveal tract, including
the iris, ciliary body, and choroid (Diener-West et al., 2005). UM is the most common
primary cancer of the eye and has a strong propensity for metastasis (Harbour & Chen,
2013). These melanomas have significant differences from cutaneous melanomas so
the management of these two classes differ considerably (Albert et al., 1996; Harbour,
2022).

Gene expression assays measure the concentration of specific mMRNAs being
transcribed to assess the genes that are active in a particular cell or tissue. Analyses of
gene expression can be clinically useful for disease classification, diagnosis, prognosis,
and tailoring treatment to underlying genetic determinants of pharmacologic response
(Steiling, 2023). Gene expression profiling has been proposed as a method of risk
stratification for UM.

Il. Related Policies

Policy Policy Title
Number
AHS-M2029 | Molecular Testing for Cutaneous Melanoma
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lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” of this policy document.

1) For patients with primary, localized uveal melanoma (UM), gene expression profiling
for uveal melanoma (e.g., DecisionDx-UM) MEETS COVERAGE CRITERIA.

2) For patients with primary, localized UM, the following genetic markers for UM MEET
COVERAGE CRITERIA based on NCCN guidelines:

a) Copy number assessment for chromosomes 3, 6, and/or 8

b) Sequence analysis of the following genes:

i) BAPIT

i) EIFTAX
iii) PRAME
iv) SF3B1

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

3) All other testing for uveal melanoma (e.g., Uveal Melanoma Prognostic Genetic Test,
DecisionDx-PRAME, DecisionDx-UMSeq) DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note: For 2 or more gene tests being run on the same platform, please refer to AHS-
R2162 Reimbursement Policy.

IV. Table of Terminology

Term Definition
aCGH Array comparative genomic hybridization
AJCC American Joint Committee on Cancer

ATRIP ATR interacting irotein

BAP1 BRCAT-Associated Protein 1

Proto-oncogene B-Raf and v-Raf murine sarcoma viral oncogene
BRAF homolog B
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BRCA1 | Hereditary breast and ovarian cancer-causing gene product
CDC45 | Cell division cycle 45

CDH1 Cadherin 1

CHEK1 | Checkpoint kinase 1

ClZ1 Cip1-interacting zinc finger protein

CLIA '88 | Clinical Laboratory Improvement Amendments Of 1988
CMS Centers for Medicare and Medicaid Services

COMS Collaborative Ocular Melanoma Study

CYSLTRZ2 | Cysteinyl leukotriene receptor 2

DNA deoxyribonucleic acid

ECM1 Extracellular Matrix Protein 1

EIFTAX | Eukaryotic translation initiation factor 1A

EIF1B Eukaryotic translation initiation factor 1A X-Linked

FDA Food and Drug Administration

FENT Flap structure-specific endonuclease 1

FISH fluorescence in situ hybridization

FXR1 Fragile X mental retardation syndrome-related protein 1
GEP Gene expression profiling

GNATT1 | Guanine nucleotide-binding protein subunit alpha-11
GNAQ | Guanine nucleotide-binding protein G(q) subunit alpha
HTR2B | 5-hydroxytryptamine receptor 2B

HUS1 HUS1 Checkpoint clamp component

ID2 Inhibitor of DNA binding 2

JAMA Journal of the American Medical Association

LBD Largest basal diameter

LCAs Local coverage articles

LCDs Local coverage determinations

LDTs Laboratory-developed Tests

LIGT DNA ligase 1

LMCD1 | LIM and cysteine rich domains 1

LTA4H | Leukotriene A4 hydrolase

MAPK Mitogen-Activated Protein Kinases

MCM10 | Minichromosome maintenance 10 Replication Initiation Factor
MCMZ2 | Minichromosome maintenance complex component 2
MCM4 Minichromosome maintenance complex component 4
MCM5 Minichromosome maintenance complex component 5
MLH3 MutL Homolog 3

MLPA Multiplex Ligation-Dependent Probe Amplification
MRNA | Messenger Ribonucleic Acid
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MRPS21 | Mitochondrial Ribosomal Protein S21
MSH6 MutS homolog 6
MTUST | Microtubule associated scaffold protein 1
NCCN National Comprehensive Cancer Network
NCI National Cancer Institute
NICE National Institute for Health and Care Excellence
NIH National Institute of Health
OOTF Ophthalmic Oncology Task Force
PCNA Proliferating cell nuclear antigen
PCR polymerase chain reaction
PLCB4 1-Phosphatidylinositol-4,5-bisphosphate phosphodiesterase beta-4
POLD1 | Procollagen-lysine, 2-oxoglutarate 5-dioxygenase 1
POLE DNA polymerase epsilon catalytic subunit
PRAME | Preferentially Expressed Antigen in Melanoma
RAB31 Ras-related protein
RBMZ23 | RNA binding motif protein 23
ROBOT1 | roundabout guidance receptor 1
RRs Relative Risks
RT-PCR | Reverse Transcriptase Polymerase Chain Reaction
SAP130 | Histone deacetylase complex subunit SAP130
SATB1 special AT-rich sequence-binding protein-1
SF3B1 Splicing Factor [3b] Subunit B1
SNPs Single nucleotide polymorphism
TNM Tumor-Node-Metastasis
UK United Kingdom
UM Uveal melanoma

V. Scientific Background

Uveal melanoma (Diener-West et al.) is the most common primary cancer in the eye,
with an incidence of more than 7,000 new cases each year (Scott & Gerstenblith, 2018).
The mortality rate at 15 years of diagnosis of the primary tumor is approximately 50%
(Kujala et al., 2003); despite enucleation or definitive radiotherapy of the primary
lesion, approximately half will develop a metastasis, and the average survival after
metastasis is only 9-12 months (Carvajal et al., 2014; COMS, 2001; Diener-West et al.,
2005; Kath et al,, 1993; Onken et al., 2012; Rietschel et al., 2005). Tebentafusp is a

United States Food and Drug Administration approved treatment for adults with
advanced unresectable or metastatic uveal melanoma who are HLA-1 positive.
Tebentadusp is a bispecific T cell engager targeting glycoprotein 100. The drug
improved one-year overall survival rates compared to immunotherapy or
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chemotherapy. Currently there is no effective treatment in preventing deaths from
metastatic UM (Carvajal, 2024). Novel and innovative therapeutic targets for uveal
melanoma are currently being investigated. These include liver-directed therapies,
immunotherapy, and targeted-therapy on single compounds or combinational
therapies (Mallone et al., 2020).

Uveal melanoma typically presents with visual disturbance, but may be asymptomatic
(Mahendraraj et al., 2016). The diagnosis of UM is based upon fundoscopic
examination by an experienced clinician, which is followed by ultrasound and/or
fluorescein angiography. Biopsy is generally not indicated as the clinical diagnosis of
UM has an accuracy of 99 percent (Pereira et al., 2013); however, molecular
characterization of the tumor can provide important information about the risk of
recurrence.

The molecular pathogenesis of UM is not completely characterized. It is not associated
with the frequent BRAF mutations of cutaneous melanoma. UM has been associated
with activating mutations in GNAQ or GNATT in greater than 80 percent of primary
UMs leading to activation of downstream signaling pathways, including the mitogen-
activated protein kinases (MAPK) pathway (Onken et al., 2008; Shoushtari & Carvajal,
2014; Van Raamsdonk et al., 2009; Van Raamsdonk et al., 2010). Inactivating somatic
mutations have been found in the BRCAT-associated protein 1 (BAPT) gene in 84
percent of metastasizing tumors, implicating loss of BAPT in the progression of UM
(Harbour et al., 2010). Germline mutations of BAPT in approximately five percent of
patients with UMs have been associated with larger tumors and involvement of the
ciliary body (Gupta et al.,, 2015). Recurring mutations occurring at codon 625 of the
SF3BT1 gene and eukaryotic translation initiation factor 1A (EIF1AX) were associated
with good prognosis (Harbour et al., 2013; Harbour, 2022; Martin et al., 2013). Other
mutations such as PLCB4, CYSLTR2, SF3B1, and more are often observed (Carvajal,
2024).

Metastasis is common in UM. Approximately 50% of cases will have distal recurrence
with the liver and lungs as the most common sites of metastasis. As many as 30% of
patients with UM will die of a systemic metastasis within five years of diagnosis. The
National Comprehensive Cancer Network (NCCN) considers BAP1, PRAME, SF3B1, and
EIFTAX mutations to be associated with varying amounts of metastasis risk (NCCN,
2023). Cytogenetic changes may also confer increased metastasis risk. The most
common cytogenetic changes in UM are monosomy of chromosome 3 (possibly the
single strongest factor in predicting UM metastasis) and amplification of chromosome
8q; both of which are associated with poor prognosis. Other common cytogenetic
alterations include amplification of chromosome 6p and loss of 1p (Amaro et al., 2017).
Caines et al. (2015) organized four cytogenetic classes of prognostic risk based on

Page 5 of 19



i

SMVP
multiplex ligation-dependent probe amplification (MLPA) results. From best to worst,
those classes are: “(i) normal chromosomes 3 and 8q; (Larsen et al.) chromosome 3
deletion, normal chromosome 8¢q; (iii) normal chromosome 3, chromosome 8q gain;
and (iv) chromosome 3 deletion, chromosome 8q gain” (Caines et al., 2015).

Genetic analysis of UM can provide prognostic information for the risk of developing
metastatic disease (Spagnolo et al., 2012) and “currently represents the gold standard
in molecular prognosis” for uveal melanoma as it has a technical failure rate of only
three percent (Mallone et al., 2020). Genetic expression profiling (GEP) determines the
expression of multiple genes in a tumor and has been proposed as an additional
method to stratify patients into prognostic risk groups. Castle Biosciences offers a gene
expression profile for UM, called “Decision-DX.” This test evaluates the gene expression
of 15 genes, 12 as indicator genes and 3 as controls. The three control genes are
MRPS21, RBM23, and SAP130, and the 12 indicators are HTR2B, ID2, MTUS 1, ECM1,
ROBO1, SATB1, LTA4H, EIF1B, FXR1, CDH1, LMCD1, and RAB31 (Onken et al., 2010). The
gene expression is reported in three classes of risk; class 1A with two percent chance of
the cancer metastasizing over the next five years, class 1B with a 21% chance of
metastasis, and class 2 with a 72% chance. Although the test does not change the
course of treatment, it may still provide prognostic value for the patient (DecisionDX,
2024c¢).

Additionally, Decision-DX offers multiple tests for prognostication of UM. DecisionDX-
UMSeq is a seven gene panel intended to identify somatic mutations relevant to UM.
The seven genes are as follows: GNAQ, GNAT1, CYSLTR2, PLCB4, SF3B1, exons 1-2 of
EIFT1AX, and all coding exons of BAP1. GNAQ, GNAT1, CYSLTRZ2, and PLCB4 are
involved in G-protein-coupled receptor signaling, EIF1AX is involved with translation,
SF3B1 regulates transcript usage, and BAPT is a tumor suppressor on chromosome 3.
This test will report any somatic mutations found in these seven genes, as well as an
overview of any mutation found (DecisionDX, 2024b). DecisionDX also offers a test
focusing on the preferentially expressed antigen in melanoma (PRAME) gene
(compared to three control genes). The test reports whether the user is positive or
negative, along with an overview. However, DecisionDX notes that the “exact clinical
implications of PRAME are still under investigation” (DecisionDX, 2024a).

Another prognostic test available for UM is Impact Genetics’ multiplex ligation-
dependent probe amplification (MLPA). This test performs a copy number assessment
on chromosomes 1, 3, 6, and 8 to detect monosomy, disomy, and trisomy, a
microsatellite analysis on chromosome 3 to detect chromosome copy loss and/or
isodisomy, and sequence analysis of GNAQ, GNAT1, SF3B1, and EIFTAX (Impact,
2019b). The test combines these results with clinical and histomorphological data and
predicts survival percentage at 3, 5, and 10 years (Impact, 2019a).
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Analytical Validity

Plasseraud et al. (2017) examined the “technical reliability and correlation of molecular
class with pathologic characteristics” of DecisionDx. The authors identified samples
from de-identified clinical reports over a six year period. They found the inter-assay
concordance of 16 samples (run on three consecutive days) to be 100% with strongly
correlated discriminant scores (r? = .9944), inter-assay concordance of 46 samples
performed in a one-year period to be 100% with an r? of .9747 for discriminant scores,
and the inter-assay concordance of 12 assays concurrently run in duplicates to be
100% with an r? of .9934. Concordance between two sites assessing the same tumor
was 100% with r? of 0.9818. Finally, the “technical success” of 5516 samples was 96.3%
(Plasseraud et al., 2017).

Cook et al. (2018) investigated the validity of the DecisionDx-Melanoma test using
formalin-fixed paraffin-embedded tumor tissue to analyze 31 genes. The authors
evaluated samples from de-identified data over a three year period. They found inter-
assay concordance on 168 specimens was 99% with strongly correlated discriminant
scores (r> = 0.96). Inter-instrument concordance was 95% with a strongly correlated r?
of .99. Overall, in tests that met tumor sample requirements, the technical success rate
of the test was 98% (Cook et al., 2018).

Clinical Utility and Validity

In 2010, Onken et al. (2010) developed and validated the PCR-based 15-gene GEP
assay comprising 12 discriminating genes and three endogenous control genes,
analyzed the technical performance of the assay. A total of 609 samples were taken,
and the authors defined an “undetectable” gene as “if its transcript was undetectable
(i.e., no Ct value) after 40 qPCR cycles.” A sample was said to have failed “if one or
more endogenous controls was undetectable.” By this definition, only 32 samples (of
the 609) were said to have failed (Onken et al., 2010).

Damato et al. (2010) performed a study using MLPA to assess the correlation of
chromosome 1p, 3, 6p, 6q, 8p, and 8g abnormalities with other risk factors and/or
death. The authors examined 452 patients, and the ten-year disease-specific mortality
rates were as follows: “0% in 133 tumors with no chromosome 3 loss, 55% in tumors
with chromosome 3 loss but no chromosome 8q gain, and 71% in 168 tumors showing
combined chromosome 3 loss and 8q gain.” Lack of chromosome 6p gain was also
noted as a prognosticator of poor survival. The authors concluded that “these results
support the use of MLPA for routine clinical prognostication” (Damato et al., 2010)

Onken et al. (2012) further evaluated the prognostic accuracy of their GEP. A total of
459 patients from 12 independent centers were examined, and tumors were as
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classified as “class 1" or “class 2.” The authors then compared this classification to the
7t Edition clinical Tumor-Node-Metastasis (TNM) classification and chromosome 3
status (chromosome 3 was analyzed in the first 260 samples). The GEP assay was found
to have correctly classified 446 of 459 samples, with 276 in class 1 and 170 in class 2.
The authors also identified metastasis in three class 1 patients and 44 class 2 patients.
GEP class was also found to have a strong independent association with metastasis
than any other prognostic factor. The authors concluded that “the GEP assay had a
high technical success rate and was the most accurate prognostic marker among all of
the factors analyzed. The GEP provided a highly significant improvement in prognostic
accuracy over clinical TNM classification and chromosome 3 status. Chromosome 3
status did not provide prognostic information that was independent of GEP” (Onken et
al., 2012).

Larsen et al. (2014) evaluated the prognostic factors of the MLPA test and their
associations with metastasis and survival. MLPA was used to identify cytogenetic
changes in 36 patients. After adjusting for factors such as gender and age,
chromosome 3 loss and 8q gain were identified to be “significant prognosticators” for
poor survival. Chromosome 1p loss was also associated with metastatic death.
Chromosome 6p gain and chromosome 6q loss did not show any associations with
survival or metastasis, but the authors speculated this to be because of low occurrence
(four each) (Larsen et al.,, 2014).

Correa and Augsburger (2016) conducted a prospective case series study of 299
patients to evaluate if any conventional clinical prognostic factors for metastasis from
UM have prognostic value. The researchers found that GEP class was the strongest
prognostic factor for metastatic death in this series. Using a two-term model including
GEP class and "largest basal diameter” (LBD) led to strong, independent significance of
each factor studied. The authors concluded that “both GEP and LBD of the tumor are
independent prognostic factors for metastasis and metastatic death in multivariate
analysis” (Correa & Augsburger, 2016).

Plasseraud et al. (2016) conducted a prospective, multicenter study “to document
patient management differences and clinical outcomes associated with low-risk Class 1
and high-risk Class 2 results indicated by DecisionDx-UM testing.” The initial results of
the study indicated a low risk of metastasis for Class 1 patients (n = 37) compared to
Class 2 patients (n = 33) (5% versus 36%, respectively). The authors found that the
Class 1 patients (as determined by DecisionDx) had a 100% three year metastasis-free
survival compared to 63% for Class 2 patients and that Class 2 patients received
“significantly higher-intensity monitoring and more oncology/clinical trial referrals
compared to Class 1 patients” (Plasseraud et al., 2016).
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Aaberg et al. (2014) conducted a medical record review and cross-sectional survey of
ophthalmologists to assess current clinical practices for UM and the impact of
molecular prognostic testing on treatment decisions. The medical records for 191
Medicare patients was evaluated, with 88 (46%) patients having documented medical
treatment actions or institutional policies related to surveillance plans. Of these 88, all
GEP Class 1 UM patients were treated with low-intensity surveillance, while GEP Class 2
UM patients were treated with high-intensity surveillance. Patients with high metastatic
risk (monosomy 3 or GEP Class 2) underwent more frequent surveillance with hepatic
imaging and liver function testing every three to six months. High-risk patients were
considered more suitable for adjuvant treatment protocols. The authors concluded that
“the majority of ophthalmologists treating UM have adopted molecular diagnostic
tests for the purpose of designing risk-appropriate treatment strategies” (Aaberg et al,,
2014).

Worley et al. (2007) compared the gene expression-based classifier to the standard
genetic prognostic marker, monosomy 3, for predicting metastasis in 67 primary UMs.
The sensitivity and specificity for the molecular classifier (84.6% and 92.9%,
respectively) were superior to monosomy 3 detected by aCGH (58.3% and 85.7%,
respectively) and FISH (50.0% and 72.7%, respectively). The researchers concluded that
“molecular classification based on gene expression profiling of the primary tumor was
superior to monosomy 3 and clinicopathologic prognostic factors for predicting
metastasis in UM"” (Worley et al., 2007).

Recent studies have shown that even after controlling for gene expression profile,
tumor size (> 12 mm) is an independent predictor of metastasis at five years (Walter et
al., 2017; Weis et al., 2016). Weis et al. (2016) also noted that no published studies
indicate that patients at high risk for future metastasis (GEP class 2) benefit from
adjuvant therapy in reducing metastasis rates (Nathan et al., 2015).

Cai et al. (2018) compared the prognostic accuracy of gene expression profiling (GEP,
Class 1 or 2) with PRAME status and Tumor-Node-Metastasis (TNM) staging in patients
with uveal melanoma. A total of 128 patients were labeled Class 1 by the GEP, and 112
patients were labeled Class 2. PRAME status was negative in 157 cases and positive in
83 cases. TNM was stage | in 26 cases, llA in 67 cases, IIB in 50 cases, IlIA in 59 cases
and llIB in 38 cases. Metastatic disease was detected in 59 cases after median follow-
up of 29 months. GEP class was found to be associated with metastasis (Cai et al.,
2018).

Kucherlapati (2018) examined groups of genes to identify gene correlations in UM
survival. Genes with significant alteration include MCM2, MCM4, MCM5, CDC45,
MCM10, CIZ1, PCNA, FENT, LIG1, POLD1, POLE, HUS1, CHECK1, ATRIP, MLH3, and
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MSH6. Exon 4 skipping in CIZ1 was previously identified as an early serum biomarker in
lung cancer. MLH3 was found to have splicing variations with deletions to both Exon 5
and Exon 7 (Kucherlapati, 2018).

Szalai et al. (2018) evaluated the deterministic properties of UM, including mutation
rate and metastatic rate. The metastatic rate was based on patients with three
mutations: BAP1, SF3B1, and EIFTAX. The authors found that tumors with smaller
thicknesses had a higher mutation rate and that tumors with only an E/FTAX mutation
did not metastasize. Further, the authors identified a small peak in metastatic rate at
one year and a large peak at 3.5 years post-treatment for BAPT mutations, and peaks
at two to three years and seven years post-treatment for SF3B7 mutations (Szalai et al.,
2018).

Decatur et al. (2016) evaluated the associations between GEP classification, driver
mutations, and patient outcomes in UM. A total of 81 patients treated by enucleation
were examined. The GEP classified 35 patients as class 1 and 42 as class 2 (four were
unknown). The authors then performed a multiple regression analysis. BAPT mutations
were associated with class 2 GEP and older patients, E/IFTAX mutations were associated
with class 1 GEP, and GNATT mutations were not associated with any analyzed
features. Class 2 GEP was identified as the prognostic factor most related to metastasis
and melanoma-specific mortality, with relative risks (RRs) of 9.4 and 15.7 respectively.
BAPT mutations were also strongly related to metastasis, with RRs of 10.6 and 9.0
respectively (Decatur et al., 2016).

Schefler et al. (2019) examined the relationship between PRAME expression, GEP class,
and clinical features in UM cases. This retrospective, multicenter chart review study
included 148 patients with UM. All patients underwent GEP and PRAME mRNA
expression testing. The Tumor, Node, Metastasis (TNM) staging system was used to
separate patients; a total of 51 patients were stage |, 33 patients were stage IIA, 34
patients were stage IIB, 20 patients were stage IlIA, and 10 patients were stage IlIB. The
authors note, “There was no association between higher TNM stage and positive
PRAME status (p = 0.129). PRAME expression was found to be independent of gender,
patient age, and tumor thickness. PRAME expression was statistically associated with
LBD [largest basal diameter] and tumor volume. Higher GEP class was associated with
higher TNM staging” (Schefler et al., 2019). Additional research is needed to clarify
these results.

Guidelines and Recommendations

National Comprehensive Cancer Network (NCCN)
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The NCCN notes that gene expression profiling of a biopsy specimen may provide
prognostic information that can assist with eligibility of clinical trials or affect
management. Specifically, the guidelines state, “Biopsy of the primary tumor may
provide prognostic information that can help inform frequency of follow-up and may
be needed for eligibility for clinical trials. If biopsy is performed,
molecular/chromosomal is preferred over cytology alone” (NCCN, 2023).

The NCCN divides the “risk of distant metastasis” into three risk groups, low, medium,
and high.

e The following markers are considered low risk: Class 1A, disomy of chromosome
3, gain of chromosome 6p, EIFTAX mutations, tumor stage T1 (AJCC).

e The following markers are considered medium risk: Class 1B, SF3B7 mutations,
tumor stage T2 and tumor stage T3 (AJCC).

e The following markers are considered high risk: Class 2, monosomy of
chromosome 3, gain of chromosome 8q, BAPT mutations, PRAME mutations,
tumor stage T4 (AJCC)(NCCN, 2023).

Regarding extraocular recurrence or metastasis, the NCCN states that results “should
be confirmed histologically whenever possible or if clinically indicated. Biopsy
techniques may include FNA or core. Obtain tissue for genetic analysis (screening for
mutations that may be potential targets for treatment or determine eligibility for a
clinical trial from either biopsy of the metastasis (preferred) or archival material if the
patient is being considered for targeted therapy. Consider broader genomic profiling if
the test results might guide future decisions or eligibility for participation in a clinical
trial” (NCCN, 2023).

American Joint Committee on Cancer (AJCC)

The 7th edition of the American Joint Committee on Cancer (AJCC) classification
system recommends using tumor size to predict survival and has been validated
internationally. The guidelines from the AJCC Ophthalmic Oncology Task Force (OOTF)
note that "the OOTF recognizes that future modifications of the AJCC staging system
are inevitable. Future modifications are likely to involve incorporation of a patient’s
genetic and molecular UM characteristics” (AJCC, 2015).

The AJCC 8th edition updates and corrections document notes that “only minor
adjustments are introduced in the AJCC Cancer Staging Manual, 8th Edition” regarding
UM (AJCC, 2018). The document also states, "Prognostic biopsies of conservatively
treated uveal melanomas that allow analysis of their cytogenic, gene expression, and
molecular genetic features are increasingly common. However, evidence for a long-
term association between these characteristics and survival according to the anatomic
extent of the tumor is still incomplete” (AJCC, 2018).
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United Kingdom (Van Raamsdonk et al.) Uveal Melanoma Guideline
Development Group

United Kingdom (Van Raamsdonk et al.) uveal melanoma guideline development
group published guidelines which were accredited by the National Institute for Health
and Care Excellence (NICE). These guidelines state that: “Prognostic factors of UM are
multi-factorial and include clinical, morphological, immunohistochemical and genetic
features. There are several different cytogenetic and molecular techniques for
evaluating genetic changes in UM but there is insufficient comparative data. No
evidence was found that demonstrated one technique was superior to another”
(Nathan et al.,, 2015).

Consensus-Based Provincial Clinical Practice Guideline

In 2016, a consensus-based guideline on the management of UM was published by a
group of content experts from medical, radiation, and surgical oncology fields. These
guidelines state, “Two genetic tests more precisely identify patients with worse
prognosis: testing for monosomy 3 and gene-expression profiling (GEP)” (Weis et al.,,
2016).

National Institute of Health - National Cancer Institute Guideline (NIH-NCI)

The 2023 guidelines from the NIH specifies molecular features as key prognostic

indicators. These are in addition to staging algorithms from the AJCC, which they
acknowledge as the current classification system to define melanoma of the uveal
tract. Key prognostic indicators from the NIH guideline specifically include:

“Molecular Features

1. Chromosomal alterations
a. Chromosome 3 status (loss or no loss; complete or partial).
b. Chromosome 6p status (gain or no gain).
¢. Chromosome 8q status (gain or no gain).

Indicate:
e Technique used for assessing chromosome status may include the
following:

o Karyotyping.
o Fluorescence in situ hybridization.
o Comparative genomic hybridization.
o Loss of heterozygosity using DNA polymorphism analysis (e.g. single
nucleotide polymorphism, microsatellite).
o Other.
e How specimen was obtained may include the following:
o Enucleation.
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o Local resection.
o Biopsy.
o Fine-needle aspiration biopsy.
e For needle biopsies, whether cytopathologic evaluation was performed to
confirm the presence of tumor cells.

2. Gene-expression profile: class 1 or class 2
Indicate:

e Technique used for gene-expression profiling (e.g., microarray, pathologic
complete response).

e How specimen was obtained (e.g., enucleation, local resection, biopsy,
fine-needle aspiration biopsy).

e For needle biopsies, whether cytopathologic evaluation was performed to
confirm the presence of tumor cells” (NIH, 2023).

VIl. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by the U. S. Food
and Drug Administration; however, FDA clearance or approval is not currently required
for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT | Code Description

SF3B1 (splicing factor [3b] subunit B1) (eg, myelodysplastic syndrome/acute
myeloid leukemia) gene analysis, common variants (eg, A672T, E622D,
81347 | L833F, R625C, R625L)
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CPT Code Description

Molecular pathology procedure, Level 2 (eg, 2-10 SNPs, 1 methylated
variant, or 1 somatic variant [typically using nonsequencing target variant
analysis], or detection of a dynamic mutation disorder/triplet repeat)
Gene: PRAME (preferentially expressed antigen in melanoma) (eg,

81401 | melanoma), expression analysis

81479 | Unlisted molecular pathology procedure

81552 | Oncology (uveal melanoma), mRNA, gene expression profiling by real-time
RT-PCR of 15 genes (12 content and 3 housekeeping), utilizing fine needle
aspirate or formalin-fixed paraffin-embedded tissue, algorithm reported as
risk of metastasis

81599 | Unlisted multianalyte assay with algorithmic analysis

Current Procedural Terminology© American Medical Association. All Rights
reserved.

Procedure codes appearing in Medical Policy documents are included only as a
general reference tool for each policy. They may not be all-inclusive.
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I. Policy Description

Alpha-thalassemia is characterized by an impaired production of the alpha globin
chains of hemoglobin, leading to a relative excess of gamma globin chains (fetus and
newborn), or excess beta globin chains (children and adults) mainly due to deletion or
mutation of the alpha globin genes. There are four alpha thalassemia syndromes,
reflecting the loss of function of one, two, three, or all four of these alpha chain genes
varying in severity from non-symptomatic to incompatibility with extrauterine life (Benz
Jr & Angelucci, 2024; Martin & Thompson, 2013).

Beta-thalassemia is similarly characterized by impaired production of hemoglobin
components but affects the beta chains instead of the alpha chains. This creates excess
alpha globin chains, leading to hemolytic anemia, impaired iron handling, and other

clinical symptoms (Benz Jr, 2023).

When pursuing genetic testing for alpha- or beta-thalassemia, genetic counseling is
strongly recommended.

For guidance on prenatal screening and preconception screening for alpha- or beta-
thalassemia, please see AHS-M2179-Prenatal Screening (Genetic).

Il. Related Policies

Policy
Number

Policy Title
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AHS-M2170

Red Blood Cell Molecular Testing

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

1) Genetic testing to confirm an alpha- or beta-thalassemia diagnosis MEETS
COVERAGE CRITERIA in any of the following situations:

a) Forindividuals for whom one parent is a known carrier of alpha- or beta-
thalassemia.

b) For individuals for whom other testing to diagnose the cause of microcytic
anemia has been inconclusive.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

2) For all other situations not described above, genetic testing for alpha- or beta-
thalassemia DOES NOT MEET COVERAGE CRITERIA.

IV. Table of Terminology

Term Definition
ACMG American College of Medical Genetics and Genomics
ACOG American College of Obstetrics and Gynecology
APHL The Association of Public Health Laboratories
BCLT1A B-cell CLL/lymphoma 11a
BSH British Society for Haematology
CCMG Canadian College of Medical Geneticists
CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers for Medicare and Medicaid

Clustered Regularly Interspaced Short Palindromic
CRISPR/Cas9 | Repeated/CRISPR-associated protein 9
DNA Deoxyribonucleic acid
FDA Food And Drug Administration
Hb Hemoglobin
HBAT1 Alpha Globin 1
HBAZ2 Alpha Globin 2
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HBB Hemoglobin, subunit beta

HbF Hemoglobin F

HE Electrophoresis

HHPLC Hb high performance liquid chromatography
HLA Human leukocyte antigens

LDTs Laboratory-developed tests

MCH Mean cell hemoglobin

MCV Mean corpuscular volume

MDA Multiple displacement amplification

NGS Next-generation sequencing

NHS National Health Service

PCR Polymerase chain reaction

PGT Preimplantation genetic testing

PHE Public Health England

SCT Sickle cell and thalassemia

SNP Single nucleotide polymorphism

SOGC Society of Obstetricians and Gynaecologists of Canada
B+ Reduced expression

o) Absent expression

V. Scientific Background

Thalassemias result from deficiencies in hemoglobin biosynthesis due to mutations in
or near the two globin gene clusters which encode the globin polypeptide subunits of
hemoglobin (Benz Jr & Angelucci, 2024). Normal hemoglobin is a heterotetramer of
two alpha globin chains and two beta globin chains (hemoglobin A) or two gamma
globin chains (hemoglobin F). Well over 100 mutations have been documented to
affect the biosynthesis or post-translational stability of the globin subunits needed for
successful production of the large amounts of Hb needed for normal red cell
homeostasis. Globin chain synthesis is very tightly controlled, such that the ratio of
production of alpha to non-alpha chains is almost exactly 1:1 (Benz Jr, 2024b).

Alpha thalassemia refers to thalassemias that result from impaired or absent
production of alpha globin, leading to a relative excess of gamma globin (fetus and
newborn), or excess beta globin (children and adults). Excess beta globin chains can
form soluble homotetramers, but they are nonfunctional and unstable. This may lead
to increased hemolysis and a variety of clinical manifestations, such as anemia,
thrombosis, and skeletal changes. A diagnosis of alpha thalassemia is often confirmed
by genetic testing, as assessment of the hemoglobin gene is inexpensive and
convenient (Benz Jr, 2024b).
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The clinical severity is directly attributable to the net deficit of alpha globin synthesis
but is complicated by the number of alpha globin genes affected, which of the two
alpha globin loci is affected, and the degree to which the mutation blocks gene
expression. In addition, combinations of defects in both alpha and beta globulins can
balance each other out. Thus, understanding the broad spectrum of clinical severity in
alpha thalassemia requires a detailed knowledge of the underlying genetic defect and
the impact of these defects on the overall levels and balance of globin chain synthesis
(Benz Jr, 2023).

The majority of cases of alpha thalassemia are attributable to deletion of alpha globin
alleles, especially in Asia and Africa (Steinberg, 1999). However, more detailed analysis
of globin gene sequences suggests that some fairly common forms of alpha
thalassemia that appear to arise from a deletion of one copy of an alpha globin gene
are actually due to unequal crossover and recombination events that fuse the two
alpha globin genes together into one (Benz Jr, 2024b). Additionally, non-deletion
alleles are also common, especially in the Mediterranean area, which contain mutations
producing highly unstable alpha globin variants unable to produce intact hemoglobin
(Benz Jr & Angelucci, 2024). Current research continues to identify novel mutations and
improve thalassemia screening (He et al., 2018).

Beta-thalassemia is similar to alpha-thalassemia, with the beta chains of hemoglobin
affected instead of the alpha chains. However, excess alpha globin chains do not form
soluble homotetramers, causing them to aggregate when they accumulate in erythroid
precursors. This causes clinical symptoms to be more severe, although the symptoms
themselves are similar to alpha-thalassemia (anemia, iron overload, and so on) (Benz Jr,
2023; Benz Jr & Angelucci, 2024). There are two beta globin genes compared to four
for the alpha chain. As with alpha-thalassemia, the severity of clinical presentation
depends on the genotype of the beta globin genes (i.e. the ratio of beta to alpha
globin chains). Mutations may result in a reduced expression (B*) or absent expression
(B9). B? phenotypes are generally transfusion-dependent as they produce very little (if
any) adult hemoglobin (Benz Jr, 2023).

Due to the frequency of thalassemias worldwide, carrier screening may be useful,
particularly in areas such as Southeast Asia, Africa, and the Indian subcontinent. Both
primary thalassemias are autosomal recessive genetic disorders so parents who are
heterozygous carriers would have a 25% chance to have an affected child despite
being asymptomatic themselves. Identification of an affected fetus could alter
decisions during the pregnancy (Yates, 2023).
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Below is a table summarizing the clinical genotypes and phenotypes of both
thalassemia syndromes (Benz Jr, 2024a; Benz Jr & Angelucci, 2024; Steinberg, 2024)
(figure from Benz Jr).

Anemia

Severity

Genotype Hemoglobin Analysis

Alpha Thalassemias
Silent carrier ooa/a-  None Normal, <3% Hb Barts (gamma globin
tetramer) at birth
Minor aa/-- Mild Normal, 3 to 8% Hb Barts at birth
ora-/a Microcytic
Hb H disease o-/-- Moderate up to 30% HbH (beta globin tetramer),
Microcytic present in adults, up to 4% HbA: (alpha
and delta globin)
Major --/-- Severe Hb Barts, Hb Portland (zeta and gamma
(fetal Microcytic, globin), and HbH present, HbA, HbF,
hydrops) usually and HbA; absent
fatal
Beta Thalassemias
Minor B/B%orp Mild HbA> (4% or more); HbF (up to 5%)
(trait or / B+ Microcytic
carrier)
Intermedia B+ / B+ Moderate  HbA; (4% or more); HbF (up to 50%)
(non- Microcytic
transfusion-
dependent)
Major B/ B%or Severe HbA: (5% or more); HbF (up to 95%); no
(transfusion-  B°/ B+ microcytic  HbA
dependent) with
target
cells
(typical Hb
3to4
g/dL)

Analytical Validity

He et al. (2017) examined a next-generation sequencing (NGS) panel’s utility for
thalassemia screening in Southwestern China. A total of 951 individuals were tested,
and the NGS screen found 471 carriers (49.5%) of thalassemia. In comparison,
traditional methods (defined as “red cell indexes and hemoglobin electrophoresis, then
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DNA sequencing”) identified only 209 carriers (22%) of thalassemia, missing 217 alpha-
thalassemia carriers and 47 beta-thalassemia carriers (He et al., 2017). In a separate
study by Zhang et al. (2019), because of studying 3,973 subjects that underwent
hematological examinations and additional NGS and Gap-PCR due to being suspected
thalassemia carriers, the researchers found that “approximately 2.88% thalassemia
carriers would be missed by traditional genetic analysis. In addition, four novel
thalassemia mutations and one novel abnormal hemoglobin mutation were identified.”
This research further corroborated the increased effectiveness of using NGS in
screening thalassemia in an area of high disease prevalence (Zhang et al., 2019).

Shook et al. (2020) evaluated the accuracy of a specific pattern in hemoglobin
separation tests. The authors desired to find if an "FSA" pattern corresponded to a final
diagnosis of the sickle cell trait (HbAS), or a final diagnosis of sickle beta-thalassemia
(HbSPB*). Traditionally, the FSA pattern has indicated a diagnosis of HbSB*; however,
the authors hypothesized that the FSA pattern truly indicates a diagnosis of HbAS
instead. 31 newborns with an initial screening result of the FSA pattern (a suspected
diagnosis of HbSB™*) were included. 30 of these newborns underwent protein-base
confirmatory testing and 17 underwent confirmatory genetic testing. Of the newborns
undergoing protein confirmatory testing, 23 had an “FSA” pattern, establishing a
diagnosis of HbAS. Of the 8 remaining newborns with an FSA pattern, 7 underwent
genetic testing which identified HbAS as well. Genetic testing also confirmed positive
HbAS results in 10 newborns that tested initially positive by protein testing. The
authors concluded that genetic testing had utility in newborn screening for
hemoglobinopathies (Shook et al., 2020).

Chen et al. (2021) established an effective NGS protocol for four-factor
preimplantation genetic testing (PGT) to diagnose a- and B-thalassemia. Three
couples, in whom both partners were a- and p-double thalassemia carriers, underwent
PGT and a total of 35 biopsied trophectoderm samples underwent multiple
displacement amplification (MDA). Using NGS-based single-nucleotide polymorphism
(SNP) haplotyping, these samples were analyzed. “51.5% (17/33) of the embryos were
diagnosed as unaffected non-carriers or carriers. Of the 17 unaffected embryos, nine
(52.9%) were tested further and identified as euploid via NGS-based aneuploid
screening, in which five had HLA types matching affected children.” The authors
conclude that NGS-SNP was effective in performing PGT for multipurpose detection
(Chen et al., 2021).

Clinical Utility and Validity

Nosheen et al. (2015) evaluated a preliminary screening program for beta-thalassemia.
The screening program focused on families of beta-thalassemia major children. 98
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samples were taken, and 57 were found to have a beta-thalassemia trait with elevated
hemoglobin alpha 2. The mean hemoglobin alpha 2 level of the carriers was 5.2+0.56%
compared to 2.34+0.57% in normal subjects. The authors suggested that screening
programs and counseling for carriers could decrease incidence of beta-thalassemia
major (Nosheen et al., 2015).

Satirapod et al. (2019) evaluated the clinical outcomes of using preimplantation
genetic testing (PGT) in couples at risk of passing on beta thalassemia. Two
components of PGT were used, PGT for monogenic disease (used for diagnosis) and
PGT for aneuploidy (intended to identify chromosomal aberrations) A total of 15
couples were included and a total of 106 embryos were tested. After preimplantation
testing, 12 of 15 individuals were able to obtain satisfactory genetic testing results
(defined as non-disease affected embryos without chromosomal aberration and
transfer within first two cycles). Of these, nine individuals had successful implantations
and eight individuals had successful pregnancies with live births (deemed a 53.33%
success rate). PGT assessment of genetic status was confirmed by pre- and post-natal
genetic testing. Overall, the authors concluded that combined PGT-A and PGT-M was a
useful technology to prevent beta-thalassemia in the offspring of recessive carriers. To
increase the diagnostic efficiency of PGT-M, multiple displacement amplification (MDA)
may be utilized as the first step. This conclusion was drawn by Fu et al. (2019), who
found in a retrospective cohort study, that from 2,315 embryos tested, MDA yielded a
96.99% diagnostic efficiency, versus a PCR group, which only yielded 88.15%. MDA also
enabled statistically significantly more embryos to be available for transfer as well
when compared to the PCR group (74.28% vs 64.28%, respectively, P < 0.001) (Fu et al,,
2019).

Chen et al. (2020) also conducted a similar study that evaluated “the efficacy of
preimplantation genetic testing (PGT) for a- and -double thalassemia combined with
aneuploidy screening using next-generation sequencing (NGS).” From 12 couples that
each carried both a- and B- thalassemia mutations, the researchers were able to
facilitate 11 healthy live births from examining 112 embryos. This NGS-based SNP
(single nucleotide polymorphism) haplotyping was demonstrated to “reduce
misdiagnosis by linkage analyses with multiple SNP loci” and increase the number of
diagnosis results, including those from detecting aneuploidy and identified mutation
sites, in a single PGT cycle. It was also found that NGS-based SNP haplotyping could
be performed “through directly detecting mutation sites with NGS and using affected
embryos or gametes as probands.” This procedure benefits in eliminating multiple
biopsies as well (Chen et al., 2020).

Dan et al. (2023) conducted a literature mini-review of the current state of beta-
thalessemia management. Currently, beta-thalessemia requires lifelong management
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strategies that include regular blood transfusions and iron chelation therapy for severe
cases. The review discussed the limitations of current therapies and advocates for
continued research into hematopoietic stem cell transplantation and gene therapy as
new treatment approaches. Several novel therapeutic methods are being explored for
clinical utility. For example, Luspatercept is a recently FDA-approved therapy that
works by inhibiting the Smad2/3 signaling pathway, which is involved in erythropoiesis
(the process of producing red blood cells). By modifying this pathway, Luspatercept
helps to reduce the ineffective erythropoiesis that is a hallmark of beta-thalessemia. It
is particularly useful for patients who are transfusion-dependent and has purported
promise in improving iron balance and reducing the frequency of blood transfusions;
however, the cost of Luspatercept is $170,000 annually per patient. Hydroxyurea is a
drug that is well-known in the treatment of blood disorders, such as sickle cell disease,
but could also have potential benefits in treating beta-thalessemia. Gene therapy
focuses on strategies to increase the production of gamma globin chains, thereby
increasing HbF levels. This approach could potentially correct the underlying genetic
defects causing thalassemia. Gene therapy techniques include: (1) CRISPR/Cas9 gene
editing (involves editing the BCL11A gene, a key regulator of hemoglobin production,
to enhance HbF synthesis) and (2) Lentiviral Gene Transfer (therapies that involve a
lentiviral vector to insert a functional copy of the beta-globin gene into the patients’
hematopoietic stem cells). One example of lentiviral gene transfer is Zynteglo gene
therapy, the first FDA-approved genetic treatment for beta-thalessemia (Dan et al.,
2023).

Guidelines and Recommendations
American College of Medical Genetics and Genomics (ACMG)

In 2021, ACMG released an updated guideline for screening for autosomal recessive
and X-linked conditions during pregnancy and preconception. Their practice resource
aims to recommend “a consistent and equitable approach for offering carrier screening
to all individuals during pregnancy and preconception” and replaces any earlier ACMG
position statements on prenatal/preconception expanded carrier screening.

The ACMG provides carrier screening recommendations during pregnancy that are
split into three tiers. Tier 1 includes recommended screenings for all couples
considering pregnancy or pregnant women. The tier 1 recommendations include
disorders that have significant health impacts, for which prenatal diagnosis and
potential interventions might be available; this tier includes screenings relevant to this
policy, such as sickle cell disease, alpha-thalassemia, and beta-thalassemia. Tier 2
includes additional screenings that may be offered based on the family history or
ancestry that suggest higher risk of specific genetic conditions. In some cases,
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expanded carrier screening can be considered, which may test for less common
hemoglobinopathies. Tier 3 screenings are “optional” and can be considered based on
individual or family history factors. These screenings may include rare genetic disorders
or less common variants of hemoglobinopathies. The ACMG provides the following
specific recommendations:

e “Carrier screening enables those screened to consider their reproductive risks,
reproductive options, and to make informed decisions.”
e "The phrase "expanded carrier screening” be replaced by “carrier screening.”
e "Adopting a more precise tiered system based on carrier frequency:
o Tier 4: <1/200 carrier frequency (includes Tier 3) genes/condition will vary by
lab
o Tier 3: > 1/200 carrier frequency (includes Tier 2) includes X-linked conditions

Tier 2: 21/100 carrier frequency (includes Tier 1)

o Tier 1: CF [Cystic Fibrosis] + SMA [spinal muscular atrophy] + Risk Based

Screening

= "Tier 1 screening conveys the recommendations previously adopted by
ACMG and ACOG" and "adopts an ethnic and population neutral approach
when screening for cystic fibrosis and spinal muscular atrophy. Beyond
these two conditions, additional carrier screening is determined after risk
assessment, which incorporates personal medical and family history as well
as laboratory and imaging information where appropriate”

» "Tier 2 carrier screening stems from an ACOG recommendation for
conditions that have a severe or moderate phenotype and a carrier
frequency of at least 1/100.” However, "data demonstrate that carrier
screening for two common conditions using a carrier frequency threshold
of 1/100 may not be equitable across diverse populations. Others have
shown that limiting the carrier frequency to >1/100 creates missed
opportunities to identify couples at risk for serious conditions.”

» “We define Tier 3 screening as carrier screening for conditions with a
carrier frequency >1/200 ... Tier 2 and Tier 3 screening prioritize carrier
frequency as a way to think about conditions most appropriate for
screening in the general population. However, when ACOG proposed this
level, they did not specify whether it was thinking about carrier frequency
in terms of the global population or subpopulations. We use “carrier
frequency” to mean in any ethnic group with reasonable representation in
the United States.”

»= "Tier 4 includes genes less common than those in Tier 3 and can identify
additional at-risk couples. Tier 4 has no lower limit carrier screening
frequency and can greatly extend the number of conditions screened . . .
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the clinical validity at this level of carrier screening may be less compelling,
therefore we suggest reserving this level of screening for consanguineous
pregnancies (second cousins or closer) and in couples where family or
medical history suggests Tier 4 screening might be beneficial . . .
Importantly, patients should understand that their chance of being a
carrier for one or more conditions increases as the number of conditions
screened is increased.”
“All pregnant patients and those planning a pregnancy should be offered Tier 3
carrier screening.
Tier 4 screening should be considered:
o When a pregnancy stems from a known or possible consanguineous
relationship (second cousins or closer);
o When a family or personal medical history warrants.
ACMG does NOT recommend:
o Offering Tier 1 and/or Tier 2 screening, because these do not provide
equitable evaluation of all racial/ethnic groups.
o Routine offering of Tier 4 panels.
“Carrier screening paradigms should be ethnic and population neutral and more
inclusive of diverse populations to promote equity and inclusion.”
“All pregnant patients and those planning a pregnancy should be offered Tier 3
carrier screening for autosomal recessive [Table 1 & 5] ... conditions.”
"Reproductive partners of pregnant patients and those planning a pregnancy
may be offered Tier 3 carrier screening for autosomal recessive conditions [Table
1 & 5] when carrier screening is performed simultaneously with their partner.”
“When Tier 1 or Tier 2 carrier screening was performed in a prior pregnancy, Tier
3 screening should be offered” (Gregg et al., 2021).
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Table 1.  Autosomal recessive genes for screening with carrier frequency =1/50.
OMIM gene  OMIM gene name  Maximum carrier OMIM phenotype  Conditions
frequency”

141500 HEBE 0.119537 503903 Sickle cell anemia f-thalassemia

613985
613208 XPC 0.050885 178720 Xeraderma pigmentosum
6065933 YR 0049337 203100 Oculocutaneous albinism type 1A and 1B

G0G952
613815 CYP21A2 0048459 201910 Congenital adrenal hyperplasia due to 21-hydraxylase

deficiency

612349 PAH 0.046068 261600 Phenylketonuria
602421 CFTR 0.040972 219700 Cystic fibrosis
600585 TNXE 0035134 606408 Ehlers-Danlos-like syndrome due to tenascin-X deficiency
606869 HEXA 0.033146 272800 Tay-5achs disease
121011 Qg2 0.026200 220290 Mansyndromic hearing loss recessive 1A

601544 Monsyndromic hearing loss dominant 34
602858 DHCR? 0.023709 270400 Smith-Lemli-Opitz syndrame
277900 ATF7B 0.021983 GOGEE2 Wilson disease
608034 ASFA 0019856 2715900 Canavan disease
607008 ACADM 0016583 201450 Medium-chain acyl-coenzyme A dehydrogenase deficiency
602716 MNPHST 0015994 256300 Finnish congenital nephrotic syndrome
601785 PMM2 0015877 212065 Carbohydrate-deficient glycoprotein syndrome type la
607440 FKTN 0,01 5660 611615 Cardiomyopathy, dilated, 1%

253800 Walker-Warburg congenital muscular dystrophy
605646 SLC26A4 0.015422 600791 Deafness autosomal recessive 4

274600 Pendred syndrome
126340 ERCC2 0015255 610756 Cerebrooculofacioskeletal syndrome 2

&01675 Trichathiodystrophy 1, photosensitive
603297 DYNC2HT 0014817 612091 Shart-rib thoracic dysplasia 3 with or without polydactyly

Ot Online Mendelian Inheritance in Man*
“Values round to = 0002 (two decimal places).

Table 5. Genes that were ascertained for screening outside of the gnomAD criteria®.

frequency

OMIM gene  OMIM Published carrier Rationale for Ethnic group OMIM Conditions
gene name freque indusion phenotype
141800 HBAT u* Carrier frequency SEA and others 604131 a-Thalassemia
141850 HBAZ u* Carrier frequency SEA and others 604131 a-Thalassemia
600354 SMNT 1/60'"° ACOG/ACMG and US panethnic 253300
cartier frequency 253550 Spinal muscular
253400 atrophy types: I I, lll, IV
271150
604982 HPs1 1/5956-58 Carrier frequency PR 203300 Hermansky Pudlak 5. 1
606118 HPs32 1/59% Carrier frequency PR 614072 Hermansky Pudlak 5. 3
603722 ELFI 1/32% ACOG/ACMG and Al 223900 Familial dysautonomia
carrier frequency
606829 FXN 1/60-1/100% Carrier frequency Caucasians® 229300 Friedreich ataxia
238331 DLD ~1/100°%! Carrier frequency Al 246900 Dihydralipoamide
dehydrogenase deficiency
161650 NEB 1/168°7 Carrier frequency A 256030 Nemaline myopathy 2
606397 CLRNT 1120°° Carrier frequency Al 276902 Usher syndrome 3a
604610 BLM 1/100°° ACMG and carrier A 210900 Bloom syndrome

ACMG American College of Medical Genetics and Genomics, ACDG American College of Obstetricians and Gynecologists, Al Ashkenazi Jewish (2% of the US
population), OMIM Online Mendelian Inheritance in Man,** PR Puerto Rican, SEA South East Asian.
“Carrier frequency of a sequence variant is <1/200, if reported in gnomAD.*
“Diagnastic laboratory data was not used for carrier frequency data.

“Specific data for general US population not available; however, recognized as common among many US immigrant populations.™
#This term is no longer used by the journal but is used in the original article to which these studies refer. We have therefore not changed the term but
recognize it does not accurately describe the ancestry of the populations originally studied

(Gregg et al., 2021)
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Canadian College of Medical Geneticists (CCMG) and Society of Obstetricians and
Gynaecologists of Canada (SOGC)

The CCMG and SOGC published a joint guideline titled “Carrier Screening for
Thalassemia and Hemoglobinopathies in Canada” in 2008. Their recommendations
addressing thalassemia’s/hemoglobinopathies are listed below:

1.

“Carrier screening for thalassemia and hemoglobinopathies should be offered to
a woman if she and/or her partner are identified as belonging to an ethnic
population whose members are at higher risk of being carriers. Ideally, this
screening should be done pre-conceptionally or as early as possible in the
pregnancy. (I1-2A)

Screening should consist of a complete blood count, as well as hemoglobin
electrophoresis or hemoglobin high performance liquid chromatography. This
investigation should include quantitation of HbA2 and HbF. In addition, if there is
microcytosis (mean cellular volume < 80 fL) and/or hypochromia (mean cellular
hemoglobin < 27 pg) in the presence of a normal hemoglobin electrophoresis or
high-performance liquid chromatography the patient should be investigated with
a brilliant cresyl blue stained blood smear to identify H bodies. A serum ferritin
(to exclude iron deficiency anemia) should be performed simultaneously. (llI-A)

If a woman'’s initial screening is abnormal (e.g., showing microcytosis or
hypochromia with or without an elevated HbA2, or a variant Hb on
electrophoresis or high-performance liquid chromatography) then screening of
the partner should be performed. This would include a complete blood count as
well as hemoglobin electrophoresis or HPLC, HbA2 and HbF quantitation, and H
body staining. (llI-A)

If both partners are found to be carriers of thalassemia or an Hb variant, or of a
combination of thalassemia and a hemoglobin variant, they should be referred
for genetic counselling. Ideally, this should be prior to conception, or as early as
possible in the pregnancy. Additional molecular studies may be required to clarify
the carrier status of the parents and thus the risk to the fetus. (II-3A)

Prenatal diagnosis should be offered to the pregnant woman/couple at risk for
having a fetus affected with a clinically significant thalassemia or
hemoglobinopathy. Prenatal diagnosis should be performed with the patient’s
informed consent. If prenatal diagnosis is declined, testing of the child should be
done to allow early diagnosis and referral to a pediatric hematology centre, if
indicated. (II-3A)

Prenatal diagnosis by DNA analysis can be performed using cells obtained by
chorionic villus sampling or amniocentesis. Alternatively, for those who decline
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invasive testing and are at risk of hemoglobin Bart's hydrops fetalis (four-gene
deletion a-thalassemia), serial detailed fetal ultrasound for assessment of the
fetal cardiothoracic ratio (normal < 0.5) should be done in a centre that has
experience conducting these assessments for early identification of an affected
fetus. If an abnormality is detected, a referral to a tertiary care centre is
recommended for further assessment and counselling. Confirmatory studies by
DNA analysis of amniocytes should be done if a termination of pregnancy is
being considered. (II-3A)

7. The finding of hydrops fetalis on ultrasound in the second or third trimester in
[individuals] with an ethnic background that has an increased risk of a-
thalassemia should prompt immediate investigation of the pregnant patient and
her partner to determine their carrier status for a-thalassemia. (lll-A)" (Langlois et
al., 2008).

The Thalassemia Longitudinal Cohort

The report on the Thalassemia Longitudinal Cohort recommends: “Obtaining
genotyping to confirm the diagnosis and HLA typing for transplant evaluation for all
patients who require chronic transfusion is strongly recommended. For pediatric
patients, annual comprehensive follow up should include assessment of the availability
of a related donor as well as a recommendation to bank cord blood and obtain HLA
typing on all subsequently born full siblings” (Tubman et al., 2015).

American College of Obstetrics and Gynecology (ACOG)

The ACOG Committee Opinion #691 ("Carrier Screening for Genetic Conditions”) states
that: “"Couples at risk of having a child with a hemoglobinopathy may benefit from
genetic counseling to review their risk, the natural history of these disorders, prospects
for treatment and cure, availability of prenatal genetic testing, and reproductive
options. Prenatal diagnostic testing for the mutation responsible for sickle cell disease
is widely available. Testing for a-thalassemia and -thalassemia is possible if the
mutations and deletions have been previously identified in both parents. These DNA-
based tests can be performed using chorionic villi obtained by chorionic villus
sampling or using cultured amniotic fluid cells obtained by amniocentesis. For some
couples, preimplantation genetic diagnosis in combination with in vitro fertilization
may be a desirable alternative to avoid termination of an affected pregnancy.
Preimplantation genetic diagnosis has been successfully performed for sickle cell
disease and most types of B-thalassemia” (ACOG, 2017). This was reaffirmed in 2020.

In 2022, ACOG put out a new practice bulletin regarding hemoglobinopathies in
pregnancy (originally published in 2007) and reaffirmed this in 2023 with a few
additions (ACOG, 2022).
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e ACOG "recommends offering universal hemoglobinopathy testing to persons
planning pregnancy or at the initial prenatal visit if no prior testing results are
available for interpretation.”

e "Hemoglobinopathy testing may be performed using hemoglobin electrophoresis
or molecular genetic testing (eg, expanded carrier screening that includes sickle
cell disease [SCD] and other hemoglobinopathies).”

e "The use of noninvasive prenatal diagnosis for SCD with cell-free fetal DNA is still
experimental and currently not recommended” (ACOG, 2022).

National Health Service (NHS)

The NHS released standards for antenatal laboratories working with the NHS sickle cell
and thalassaemia (SCT) screening program (NHS, 2021). The referral guidelines for
antenatal screening specimens are as follows:

Biological mother carrier state Biological father carrier state

Further studies by DNA analysis

No abnormalities detected

Any abnormal Hb or thalassaemia
HbS
HbS

HbS

HbS + a thalassaemia

HbC
HbD

HbOA~rab

Hb Lepore

HbE
HbE

B or 5B thalassaemia

B or 5B thalassaemia

HPFH

a thalassaemia (MCH < 27pg but =

25pg)

Testing of baby’s biological father
not required

No abnormality detected

HbS or HbC

HbO™=* Db E | epore, B
thalassaemia or 5B thalassaemia

HPFH

Assess risk as per HbS alone,
unless family origins indicate a
high risk of a® thalassaemia
HbS

HbS

HbS, B thalassaemia or &3
thalassaemia

HbS, E, OArab, Lepore, B
thalassaemia or 5B thalassaemia
B thalassaemia, Hb Lepore, 5
thalassaemia, HbS

a thalassaemia (MCH < 25pg)

HbS, E, 0*™°, Lepore,

thalassaemia or 8B thalassaemia
a thalassaemia (high risk family

origins)

HbS, E, 0%, Lepore, B or 58
thalassaemia

not required

o thalassaemia (MCH < 25pg)

Testing of baby’s biological father

None required

None required

None required until PND

If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available

Send bloods for mutation confirmation. PND is not usually
indicated when HPFH has been confirmed

Assess risk as per HbS alone, unless family origins indicate a
high risk of a’ thalassaemia

None required until PND

If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available
If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available
If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available.
If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available
Send bloods for mutation confirmation if high risk family origins
for a® thalassaemia, consider impact on options available

If PND is being considered send bloods for mutation
confirmation, provided it does not limit options available

Send bloods for mutation confirmation if high risk family origins
for o’ thalassaemia, consider impact on options available

Send bloods for mutation confirmation. PND is not usually
indicated when HPFH has been confirmed

None required

1. Low risk a® thal family origins in

either biological parent

2. High risk o’ thal family origins in
both biological parents or unknown

not required

other phenotype detected

Testing of baby’s biological father

Test baby's biological father and if
MCH < 25pg irrespective of any

None required

Send maternal and paternal bloods for mutation confirmation,
consider impact on options available.

Page 14 of 20



V' 4
JIMVP

HEALTH CARE

The Association of Public Health Laboratories (APHL)

The Association of Public Health Laboratories (APHL) states that “Molecular testing can
be added to resolve cases when the newborn has been transfused with packed red
blood cells. Since the newborn’s phenotype is masked by the donor, DNA testing can
be used to identify any abnormal hemoglobins” (APHL, 2015).

Public Health England (PHE)

The PHE highlights the importance of antenatal screening. If the baby’s mother is
identified as a carrier, the biological father should also be tested. Both prenatal
diagnosis and genetic counselling are recommended by the PHE (PHE, 2022).

British Society for Haematology (BSH)
The BSH provides the following recommendations:

e "Antenatal screening/testing of pregnant [individuals] should be carried out
according to the guidelines of the NHS Sickle Cell and Thalassaemia Screening
programme.

e Laboratories performing antenatal screening should utilize methods capable of
detecting significant variants and be capable of quantitating haemoglobins A
and F at the cut-off points required by the national antenatal screening program”
(Ryan et al,, 2010).

Genetic counseling is also permitted for prospective parents.
The Thalassemia International Foundation (TIF)

The TIF provided recommendations for the management of transfusion dependent
Thalassemia. The following recommendations were made (TIF, 2021):

e "Molecular genetic testing is available in clinical laboratories and may be useful
for predicting the clinical phenotype in some cases as well as enabling
presymptomatic diagnosis of at-risk family members and prenatal diagnosis.

e Molecular analysis is not required to confirm the diagnosis of a  carrier, but it is
necessary to confirm the a thalassemia carrier status (grade A)

e Since the prevalent pathogenic variants of the  globin gene are limited in each
at-risk population, a PCR method designed to detect the common specific
mutation simultaneously should be used initially (grade B)
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e [ globin gene sequence analysis may be considered first if the affected individual
is not of an ancestry at high risk or if targeted analysis reveals only one or no
pathogenic variant (grade B)

e o thalassemias are mainly due to deletions of different length and they can be
detected preferentially by reverse dot blot and Gap-PCR (grade B)

e Methods that may be used to detect rare or unknown deletions include:
Southern blotting (now fallen into abeyance), quantitative PCR, long-range PCR
and, above all, MLPA (grade B)" (TIF, 2021).

VIl. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: http://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in
house. These laboratory-developed tests (LDTs) are regulated by the Centers for
Medicare and Medicaid (CMS) as high-complexity tests under the Clinical Laboratory
Improvement Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by
the U. S. Food and Drug Administration; however, FDA clearance or approval is not
currently required for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT | Code Description

HBA1/HBA2 (alpha globin 1 and alpha globin 2) (eg, alpha thalassemia, Hb
Bart hydrops fetalis syndrome, HbH disease), gene analysis; common
deletions or variant (eg, Southeast Asian, Thai, Filipino, Mediterranean,
81257 | alpha3.7, alpha4.2, alpha?20.5, Constant Spring)

HBA1/HBA2 (alpha globin 1 and alpha globin 2) (eg, alpha thalassemia, Hb
Bart hydrops fetalis syndrome, HbH disease), gene analysis; known familial
81258 | variant
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CPT | Code Description

HBA1/HBAZ2 (alpha globin 1 and alpha globin 2) (eg, alpha thalassemia, Hb

Bart hydrops fetalis syndrome, HbH disease), gene analysis; full gene
81259 | sequence

HBA1/HBA2 (alpha globin 1 and alpha globin 2) (eg, alpha thalassemia, Hb

Bart hydrops fetalis syndrome, HbH disease), gene analysis;
81269 | duplication/deletion variants

HBB (hemoglobin, subunit beta) (eg, sickle cell anemia, beta thalassemia,
81361 | hemoglobinopathy), common variant(s) (eg, HbS, HbC, HbE)

HBB (hemoglobin, subunit beta) (eg, sickle cell anemia, beta thalassemia,
81362 | hemoglobinopathy); known familial variant(s)

HBB (hemoglobin, subunit beta) (eg, sickle cell anemia, beta thalassemia,
81363 | hemoglobinopathy); duplication/deletion variant(s)

HBB (hemoglobin, subunit beta) (eg, sickle cell anemia, beta thalassemia,
81364 | hemoglobinopathy); full gene sequence
S3845 | Genetic testing for alpha-thalassemia
S3846 | Genetic testing for hemoglobin E beta-thalassemia

Medical genetics and genetic counseling services, each 30 minutes face-to-
96040 | face with patient/family
S0265 | Genetic counseling, under physician supervision, each 15 minutes

Current Procedural Terminology© American Medical Association. All Rights

reserved.

Procedure codes appearing in Medical Policy documents are included only as a
general reference tool for each policy. They may not be all-inclusive.
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Genetic Testing for Breast, Ovarian, Pancreatic, and Prostate
Cancers

Policy Number: AHS — M2003 — Genetic Prior Policy Name and Number, as
Testing for Breast, Ovarian, Pancreatic, and | applicable:

Prostate Cancers AHS — M2003 — BRCA

Initial Policy Effective Date: 02/01/2026

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

BRCAT and BRCAZ are two distinct tumor suppressor genes involved in a common
DNA repair process (Roy et al,, 2012). Germline mutations of BRCA genes are
associated with an increased risk of breast and ovarian cancer, as well as other cancer
types, including pancreatic and prostate cancer to a lesser extent (Paul & Paul, 2014).

“Prior to 2020, the NCCN Guidelines for Genetic/Familial High-Risk Assessment: Breast
and Ovarian (Breast, Ovarian, and Pancreatic as of 2020) focused largely on testing
criteria for BRCA1/2 and appropriate risk management for carriers of a BRCA1 or
BRCA2 P/LP variant. Sections on LFS and Cowden syndrome/PTEN hamartoma tumor
syndrome (PHTS) were also included. Based on strong evidence that genes beyond
BRCA1/2, TP53, and PTEN confer markedly increased risk of breast and/or ovarian
cancers, these Guidelines have been expanded” (NCCN, 2024b) to include BRCAT,
BRCAZ2, CDH1, PALB2, PTEN, and TP53 as high-penetrance breast cancer susceptibility
genes, as well as some moderate-penetrance susceptibility genes. These susceptibility
genes are often found on multi-gene panels, in addition to BRCAT1/2.

Il. Related Policies

Policy Policy Title
Number
AHS-M2004 | Lynch Syndrome

AHS-M2020 | Molecular Diaanostics for Breast Cancer Prognosis
AHS-M2081 | Genetic Testing for Li-Fraumeni Syndrome

AHS-M2087 | Genetic Testing for PTEN Hamartoma Tumor Syndrome

lll. Indications and/or Limitations of Coverage
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Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

The following coverage criteria are designed from National Comprehensive Cancer
Network (NCCN) guidelines. “NCCN recommendations have been developed to be
inclusive of individuals of all sexual and gender identities to the greatest extent possible.
In this [policy], the terms males and females refer to sex assigned at birth.”

Consideration of both maternal and paternal family histories is necessary in the
evaluation of an individual’s for risk of carrying a mutation in the BRCAT or BRCAZ2 gene;
each lineage must be considered separately.

1) For individuals without a diagnosis of a BRCA-related cancer who are at least 18
years of age, who have received genetic counseling, and who are in a family with a
pathogenic familial gene mutation associated with breast cancer, the following
testing MEETS COVERAGE CRITERIA:

a) Testing restricted to the known familial mutation.
b) Comprehensive genetic testing, including muti-gene panel testing, when the

specific familial mutation is unknown.

2) For individuals who have received genetic counseling, multi-gene panel testing (see
Note 1, Note 2) for gene mutations associated with breast, ovarian, pancreatic, or
prostate cancer MEETS COVERAGE CRITERIA when one of the following conditions
are met:

a) The individual has been diagnosed with breast cancer and meets at least one of
the following conditions:

i) Was diagnosed before 51 years of age.
ii) Was diagnosed at any age with at least one of the following conditions;
(a) High-risk (see Note 3), HER2-negative breast cancer.

(b) Lobular breast cancer with a personal or family history of diffuse gastric
cancer.

(c) Metastatic breast cancer.
(d) Triple negative breast cancer.
(e) Two or more primary breast cancer diagnoses.

(f) Male breast cancer.
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(g) Has at least one close blood relative (see Note 4) with any of the
following:

(i) Breast cancer before 51 years of age.
(ii) Breast cancer at any age in a male.
(i) Ovarian cancer at any age.

(iv) Pancreatic cancer at any age.

(v) Prostate cancer that is metastatic or a high- or very-high risk group
prostate cancer (see Note 5) at any age.

(h) Has a combined total of at least three diagnosed cancers (breast or
prostate) in a single lineage of close blood relatives (see Note 4) (including
the individual).

iii) Is of Ashkenazi Jewish ancestry

b) The individual has been diagnosed at any age with ovarian cancer (including
fallopian tube cancer or peritoneal cancer).

¢) The individual has been diagnosed at any age with pancreatic cancer.

d) The individual has been diagnosed at any age with prostate cancer with at least
one of the following conditions:

i) Has metastatic cancer, the tumor has intraductal/cribriform histology, or a
high- or very-high risk group (see Note 5).

ii) Has any of the following family history:
(@) Ashkenazi Jewish ancestry.
(b) At least one close blood relative (See Note 4) with any of the following:
(i) Breast cancer before 51 years of age.
(i) Ovarian cancer at any age.
(i) Pancreatic cancer at any age.

(iv) Prostate cancer that is metastatic, tumor with intraductal/cribriform
histology, or a high- or very-high risk group (see Note 5) at any age.

(c) Two or more close blood relatives (See Note 4) with either breast or
prostate cancer (any grade) at any age.

e) The individual has a gene mutation associated with breast, ovarian, pancreatic, or
prostate cancer that was detected by tumor genomic profiling in the absence of
germline mutation testing.
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f) The individual meets testing criteria for Li-Fraumeni syndrome (LFS), Lynch
syndrome, or Cowden syndrome/PTEN hamartoma tumor syndrome.

For individuals with a known family history of BRCA-related cancer who have
received genetic counseling and are at least 18 years of age, multi-gene panel
testing (see Note 1, Note 2) for gene mutations associated with breast, ovarian,
pancreatic, or prostate cancer MEETS COVERAGE CRITERIA only if the family
mutation is unknown (i.e., family member is unavailable for testing or testing results
are unavailable) and at least one of the following conditions are met:

a) The individual has at least one first- or second-degree blood relative (see Note 4)
meeting any of the above criteria for an individual with cancer, except as noted
below:

i) Only first-degree relatives of an individual affected with pancreatic cancer
should be offered testing.

b) The individual has a family member with breast, ovarian, tubal, or peritoneal
cancer with positive screening results (5-year probability of 5% or greater) from a
tool (see Note 6) designed to identify a family history that may be associated
with an increased risk for potentially harmful mutations in breast cancer
susceptibility genes (BRCAT or BRCA2).

For individuals 18 years of age or older who are of Ashkenazi Jewish ancestry and
who do not meet any of the above criteria, testing for the three known founder
mutations (185delAG and 5385insC in BRCAT; 6174delT in BRCA2) MEETS
COVERAGE CRITERIA.

Testing for gene mutations associated with breast, ovarian, pancreatic, or prostate
cancer DOES NOT MEET COVERAGE CRITERIA for any of the following:

a) General population screening.

b) Women diagnosed with breast cancer who are over 65 years of age and who
have no close blood relative (see Note 4) with breast, ovarian, pancreatic, or
prostate cancer, as there is a low probability that testing will have findings of
documented clinical utility.

¢) Individuals diagnosed with localized prostate cancer with Gleason Score <7 and
who have no close blood relative (see Note 4) with breast, ovarian, pancreatic, or
prostate cancer, as there is a low probability that testing will have findings of
documented clinical utility.

d) In all other situations not specified above.
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The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the

diagnosis and treatment of an individual’s illness.

6) Testing family members for a variant of uncertain significance DOES NOT MEET
COVERAGE CRITERIA.

7) For all other purposes, including, but not limited to, testing of the general
population, genetic testing for susceptibility to breast, ovarian, pancreatic, or
prostate cancer DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: For 2 or more gene tests being run on the same platform, please refer to AHS-
R2162 Reimbursement Policy.

Note 2: When germline multigene panel testing is performed in individuals with breast,
ovarian, pancreatic, or prostate cancer, the panel should at minimum include the
following high-penetrance breast, ovarian, pancreatic, and prostate cancer susceptibility
genes: ATM, BRCAT, BRCAZ2, BRIP1, CDH1, CDKN2A, CHEK2, EPCAM, HOXB13, MLH]1,
MSHZ2, MSH6, PALB2, PTEN, RAD51C, RAD51D, STK11, and TP53.

Note 3: High-risk disease includes the following:
e The individual has four or more positive lymph nodes.
e The individual has triple negative receptor status cancer.
e The individual has cancer that had an incomplete pathologic response to
chemotherapy.

Note 4: Close blood relatives include 1st-degree relatives (e.g., parents, siblings, and
children), 2nd-degree relatives (e.g., grandparents, aunts, uncles, nieces, nephews,
grandchildren, and half-siblings), and 3rd-degree relatives (great-grandparents, great-
aunts, great-uncles, great-grandchildren, and first cousins), all of whom are on the same
side of the family.

Note 5: Risk groups are defined in NCCN Guidelines for Prostate Cancer
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf

Note 6: According to the USPSTF recommendation in 2019, the risk tools evaluated by
the USPSTF include the Ontario Family History Assessment Tool, Manchester Scoring
System, Referral Screening Tool, Pedigree Assessment Tool, 7-Question Family History
Screening Tool, International Breast Cancer Intervention Study instrument (Tyrer-Cuzick),
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and brief versions of BRCAPRO. They do not specifically state the preference of one tool
over any of the others listed. According to the USPSTF, “these tools should be used to
guide referrals to genetic counseling” (USPSTF, 2019).

IV. Table of Terminology

Term Definition

AA African American

ACOG The American College of Obstetricians and Gynecologists
Al Ashkenazi Jewish

ASBS The American Society of Breast Surgeons
ASCO American Society of Clinical Oncology
ATM Ataxia telangiectasia mutated

BRCA Breast cancer gene

BRCAT Breast cancer gene 1

BRCAZ2 Breast cancer gene 2

CDH1 cadherin 1

CDRH Center for Devices and Radiological Health
CHEK2 Checkpoint kinase 2

CLIA ‘88 | Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid Services
CRPC Castrate-resistant prostate cancer

dMMR Mismatch despair deficiency

DNA Deoxyribonucleic acid

EDTA Ethylenediamine tetraacetic acid

ER Estrogen receptor

FANCC FA complementation group ¢

FDA Food and Drug Administration

FFPE Formalin-fixed paraffin-embedded

FGFR2 Fibroblast growth factor receptor 2

GIS Genomic instability score

HBOC Hereditary Breast and Ovarian Cancer
HER-2 Human epidermal growth factor 2

LDTs Laboratory-developed tests

LFS Li-Fraumeni syndrome

MSHZ2 Muts homolog 2

MSI Microsatellite instability

NBN Nibrin
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NCCN National Comprehensive Cancer Network

NGS Next-generation sequencing

NICE National Institute for Health and Care Excellence
OCCR Ovarian cancer cluster region

PALB2 Partner and localizer of brca2

PARP Poly ADP-ribose polymerase

PCR Polymerase chain reaction

PMS2 Pms1 homolog 2, mismatch repair system component
PR Progesterone receptor

PTEN Phosphatase and tensin homolog

RAD51C | Rad51 paralog c

RAD51D | RAD51 homolog C

RECOL RecQ Like Helicase

RET Ret proto-oncogene

Swi/snf related, matrix associated, actin dependent regulator of

MARCA4 ) :
5 ¢ chromatin, subfamily a, member 4
TMB Tumor mutational burden
TP53 Tumor protein p53

USPSTF The U.S. Preventive Services Task Force

V. Scientific Background

BRCAT1 and BRCAZ are critical genes in the process of homologous recombination
repair of double-strand DNA breaks (Walsh, 2015). Both genes are very large
(occupying about 70 kb) and encode a combined total of 49 exons. They are
considered tumor suppressor genes and a loss of function on either gene increases the
cancer risk (Pan & Xie, 2017). BRCAT is thought to regulate c-Abl kinase activity (as loss
of BRCAT results in a constitutively activated c-Abl kinase) whereas BRCAZ is thought
to regulate Rad51, which repairs DNA damage such as chromosomal breaks (Yoshida
& Miki, 2004).

Different regions of mutation may confer different types of risk. For example, BRCAZ2
has an area called the ovarian cancer cluster region (OCCR) in which mutations
predispose the patient for ovarian cancer. Mutations outside the OCCR are more likely
to result in breast cancer compared to mutations in the OCCR. On BRCAT, mutations
closer to the 3" end of the gene may result in higher risk than mutations closer to the
5" end (Meric-Bernstam et al,, 2013). Other gene defects that affect homologous
recombination include hypermethylation of RAD57C or ATR mutation. However, these
are considered to have a phenotype of “BRCAness” and behave like BRCA-deficient
genes even if the BRCA gene itself is normal (Walsh, 2015).
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Although the probability of cancer development in carriers is variable, estimates of
penetrance in individuals with a pathogenic variant in BRCAT or BRCAZ range from
46% to 87% lifetime risk for breast cancer, and 16.5% to 63% lifetime risk for ovarian
cancer (Petrucelli et al., 2016). BRCAT and BRCAZ2 mutations account for about 5 — 10%
of breast cancers and 10 — 18% of ovarian cancers (Walsh, 2015). BRCA mutations are
inherited in an autosomal dominant fashion and are highly penetrant (Isaacs &
Peshkin, 2024).

It is clinically important to recognize these carriers to guide management of cancer
and identify unaffected women with a BRCA mutation who will benefit from enhanced
surveillance; in addition, recognizing carriers helps physicians tailor care to improve
outcomes and more efficiently use health-care resources. Adherence to guidelines for
managing cancer risk has the potential to have a significant individual and population
health impact on morbidity and mortality (Buchanan et al., 2017). For example, BRCA
deficient cancers are often targeted for a certain class of drugs called poly(ADP-ribose)
polymerase (PARP) inhibitors. These inhibitors target enzymes responsible for the base
excision repair pathway. A cell can survive with the loss of either the base excision
repair pathway or the homologous recombination mechanism, but not both. Since
BRCA-deficient cells already have a faulty homologous recombination mechanism, the
BRCA-deficient cell dies when the PARP inhibitor shuts down the base excision repair
pathway. BRCA-deficient cells have been shown to be affected 1000 times more by
these PARP inhibitors than wild-type cells (Walsh, 2015).

Numerous proprietary tests exist for the assessment of BRCA or its related genes such
as RADS51. For example, gene panels such as Ambry Genetics’ panel include 25 genes
such as BRCAT, BRCA2, CHEK2, ATM, RAD51C, and BRIP1. This test is performed by
next generation sequencing or Sanger sequencing (except for EPCAM) with a
turnaround time of 2-3 weeks. Ambry has several proprietary tests such BRCAplus and
BreastNext (Ambry, 2023). Another gene panel that has been developed to identify
genetic mutations associated with inherited breast and ovarian cancers is the AmpliSeq
for lllumina BRCA Plus, Extended Hereditary Breast and Ovarian Research Panel. This
panel assesses germline variants in 11 genes known to harbor mutations related to
breast and ovarian cancer:

ATM, BRCA1, BRCA2, CHEKZ2, PALB2, RAD51C, RAD51D, NBN, CDH1, SMARCA4,

and TP53. However, though these community panels boasts the convenience of being
made-to-order, lllumina warns that they do not have associated performance metrics
(Illumina, 2021). myChoice CDx by Myriad Genetics, Inc. is a tumor test that determines
homologous recombination deficiency status by detecting BRCAT and BRCA2
(sequencing and large rearrangement) variants. This next generation sequencing-
based in vitro diagnostic assay focuses on assessing genomic instability by using loss
of heterozygosity, telomeric allelic imbalance and large-scale state transitions from
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tumor tissue specimens. The results can then be used to guide treatment and therapy
for ovarian cancer patients with positive homologous recombination deficiency, which
is defined by the presence of BRCA1/2 mutations and/or positive Genomic Instability
Score (Myriad Genetics, 2024).

Clinical Utility and Validity

A study performed by Kuchenbaecker et al. (2017) assessed the cumulative risk of
breast and ovarian cancer based on mutation position. A sample of 9856 patients was
analyzed, with 6036 patients carrying a BRCAT mutation and 3820 with a BRCA2
mutation. 5046 patients were unaffected by either type of cancer and 4810 had breast
cancer, ovarian cancer, or both at baseline. The breast cancer assessment was based on
3886 carriers, and the ovarian cancer assessment was based on 5066 women. The
authors evaluated the cumulative risk of breast cancer to 80 years to be 72% for BRCA1
mutation carriers and 69% for BRCAZ carriers. Cumulative risk for ovarian cancer to 80
years was found to be 44% for BRCAT carriers and 17% for BRCAZ carriers. BRCA2
mutations outside the OCCR were found to have a higher risk of breast cancer than
mutations inside it (hazard ratio: 1.93 for OCCR ranges 5' to ¢.2830, c.2831 to ¢.6401,
¢.6402 to 3) but no difference in overall ovarian cancer risk. Mutations closer to the 3’
or 5" ends of BRCAT were found to have a higher risk of breast cancer compared to the
middle third of the gene and the third closest to the 3’ end had the highest hazard
ratio of 1.51 compared to the third closest to the 5’ end (1.43) (Kuchenbaecker et al.,
2017).

A meta-analysis of 44 articles was performed to assess the difference in risk factors
between BRCAT and BRCAZ carriers. Factors such as breastfeeding, coffee, infertility,
and more were examined between both genotypes, and the only risk factor that
revealed an association of any kind was age at first live birth for BRCAT carriers. Breast
cancer risk was found to decrease for BRCAT women over 30 compared to women
under 30, and the same was found for women from 25-29 compared to women under
25. However, the authors stressed that more research was required (Friebel et al.,
2014).

However, the importance of BRCA testing has not only been explored for lifestyle
choices or transient states; factors such as ethnicity can also play a role in the
predisposition of patients to breast cancer. Palmer et al. (2020) delved into the risks of
breast cancer in African American (AA) women associated with inherited mutations in
breast cancer predisposition genes. Using germline DNA samples and drawing from 10
epidemiologic studies encompassing 5054 affected African American women and 4993
unaffected African American women, Palmer et al. (2020) sequenced mutations in 23
cancer predisposition genes using a QlAseq multiplex amplicon panel and found that
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pathogenic mutations could be identified in 10.3% of women with estrogen receptor
(ER)-negative breast cancer, 5.2% of women with ER-positive breast cancer, and 2.3%
of unaffected women. Mutations in BRCA1, BRCA2, and PALB2 were associated with an
overall increased risk for breast cancer, while RAD51D mutations were observed
specifically to be linked to higher risk of ER-negative disease. Other mutations the
researchers found to be of interest were in CHEK2, ATM, ERCC3, FANCC, and RECQL.
Thus, it was concluded that the study corroborated the use and “validity of current
breast cancer testing panels for use in AA women” (Palmer et al., 2020).

A study using next generation sequencing (NGS) to identify BRCA mutations was
performed by Lang et al. 4034 patients were screened (2991 breast cancer patients,
1043 healthy controls). BRCA mutations were found in 247 of the breast cancer
patients or 8.3%. 13.9% (16/115) of the BRCAT mutations were of the “c.5470_5477del"
variation, and several clinical characteristics such as high KI67 index and high tumor
grade were related to BRCA mutations, BRCAZ carriers were also found to have poorer
disease-free survival among HER2 positive patients (Lang et al., 2017).

Tomao et al. (2019) investigated the ability of BRCA mutational status on predicting
hematologic toxicity with platinum-based chemotherapy. 176 patients were included,
with 58 BRCA mutation carriers (40 BRCA1, 18 BRCAZ2, 118 controls). The authors
identified several differences in hematologic toxicity between the two groups; the
BRCA positive group was observed to have significantly higher frequency in
“thrombocytopenia (24% vs 5%), anemia (21% vs 7%; p = 0.006) and neutropenia (62%
vs 27%)". The authors also noted that granulocyte-colony stimulating growth factors
injection (12% versus 1%,) and dose delay (19% versus 27%) were more likely in the
BRCA positive group (odds ratio = 2.567 for granulocyte-colony stimulating growth
factors injection and 3.860 for dose delay). Overall, the authors concluded that
“germline BRCA /> mutations are associated with a higher hematologic toxicity in
patients with ovarian cancer who underwent platinum-based chemotherapy” (Tomao
et al,, 2019).

Yoo et al. (2020) conducted BRCAT/NGS for 262 hereditary breast and ovarian cancer
(HBOC) syndrome patients, and the results were confirmed by using multiplex ligation-
dependent probe amplification and direct Sanger sequencing. A multigene panel test
was also performed on 120 patients who did not possess BRCA1/2 pathogenic variants
but who met NCCN criteria for testing. The researchers reported that pathogenic
variants in BRCA1/2 were detected in 30 HBOC patients (11.5%), and four out of the
120 patients possessed pathogenic variants of MSH2 PMS2, CHEK2 and PALBZ2, which
were also detectable by multigene panel testing. The results suggested to the authors
that "Multi-gene panel testing could be a significant screening tool for HBOC patients,
especially for those with a family history of cancer” (Yoo et al., 2020).
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BRCA testing has been demonstrated to be potentially beneficial, even when the
testing is unselected and is population-based. Manchanda et al. (2020) examined the
North London Ashkenazi-Jewish (AJ) population in a randomized controlled trial
consisting of 1034 AJ women and men across two arms—one, a population-screening
approach, and a second, a family history/clinical-criteria-based BRCA testing—to
determine subsequent effects on psychological health and quality of life after
providing genetic testing for three Jewish BRCA founder-mutations. Based on the
results of the study, the researchers drew the conclusion that “Population-based AJ
BRCA testing does not adversely affect long-term psychological wellbeing or quality-
of-life, decreases anxiety and could identify up to 150% additional BRCA carriers”
(Manchanda et al., 2020). However, these results on the anxiety and health-anxiety of
this population may be contested, for validated questionnaires were used to measure
the psychological wellbeing of the participants at baseline/1-year/2-year/3-year
follow-ups. Moreover, the participants were recruited through self-referral, which may
affect the internal validity of the trials.

Guidelines and Recommendations

National Comprehensive Cancer Network (NCCN)

NCCN guidelines titled Genetic/Familial High-Risk Assessment: Breast, Ovarian, and
Pancreatic Version 3.2024 address general hereditary cancer testing. Note that NCCN
recommendations have been developed to be inclusive of individuals of all sexual and
gender identities to the greatest extent possible. In this guideline, the terms males and
females refer to sex assigned at birth. The NCCN list the following scenarios as
“clinically indicated” for genetic testing:

“Individual with any blood relative with a known pathogenic/likely pathogen variant

in a cancer susceptibility gene” [including BRCA1/2]

“Individuals meeting the criteria below but tested negative with previous limited

testing, (eg, single gene and/or absent deletion duplication analysis) and are

interested in pursuing multi-gene testing”

“A pathogenic/likely pathogenic variant identified on tumor genomic testing that has

clinical implications if also identified in the germline”

“To aid in systemic therapy and surgical decision-making”

“Individual who meets Li-Fraumeni syndrome (LFS) testing criteria or Cowden

syndrome/PTEN hamartoma tumor syndrome testing criteria or Lynch syndrome”

Personal or family history of cancer

a. Testing for high-penetrance breast cancer susceptibility genes (Specifically
BRCAT1, BRCAZ2, CDH1, PALB2, PTEN, STK11 and TP53):
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i. Personal history of breast cancer with specific features:
a. By Age of diagnosis and family history
(a) Diagnosed at age <50y
(b) Diagnosed at any age:
» Treatment indications:
(i) To aid in systematic treatment decisions using PARP inhibitors
for breast cancer in the metastatic setting
(i) To aid in adjuvant treatment decisions with Olaparib for high-
risk, HER-2 negative breast cancer
» Pathology/histology:
(iii) Triple-negative breast cancer
(iv) Multiple primary breast cancers (synchronous or
metasynchronous)
(v) Lobular breast cancer with personal or family history of diffuse
gastric cancer
» Family history:
(vi) 21 close blood relative with ANY:
e Breast cancer at age <50y
e Male breast cancer
e Ovarian cancer
e Pancreatic cancer
e Prostate cancer with metastatic or high- or very-high-
risk group
(vii) >3 total diagnoses of breast and/or prostate cancer (any
grade) on the same side of the family including the patient with
breast cancer.
» Ancestry:
(vii) Ashkenazi Jewish Ancestry
» Male breast cancer
ii. Family history of cancer only
a. Individuals affected with breast cancer (not meeting testing criteria listed
above) or individual unaffected with breast cancer with a first- or second-
degree blood relative meeting any of the criteria listed above (except
unaffected individuals whose relatives meet criteria only for systemic
therapy decision-making).
b. Individuals affected or unaffected with breast cancer who otherwise do not
meet the criteria above but have a probability >5% of a BRCA1/2 P/LP
variant based on prior probability models (eg, Tyrer-Cuzick, BRCAPro,

Page 12 of 30



V' 4
JIMVP

HEALTH CARE

CanRisk)

b. Testing for ovarian cancer susceptibility genes
i. Personal history of epithelial ovarian cancer (including fallopian tube cancer or
peritoneal cancer) at any age
ii. Family history of cancer only

a.

An individual unaffected with ovarian cancer with a first- or second-degree
blood relative with epithelial ovarian cancer (including fallopian tube
cancer or peritoneal cancer) at any age

An individual unaffected with ovarian cancer who otherwise does not meet
the criteria above but has a probability >5% of a BRCA1/2 pathogenic
variant based on prior probability models (eg, Tyrer-Cuzick, BRCAPro,
CanRisk)

c. Testing for pancreatic cancer susceptibility genes

i. Exocrine pancreatic cancer

a.

All individuals diagnosed with exocrine pancreatic cancer

b. First-degree relatives of individuals diagnosed with exocrine pancreatic

cancer

d. Testing for high-penetrance prostate cancer susceptibility genes

i. Personal history of prostate cancer with specific features:

a.

C.

By tumor characteristics (any age)
(a) Metastatic
(b) Histology
(i) High- or very-high-risk group
By family history and ancestry
(a) =1 close blood relative with:
(i) breast cancer at age <50y
(ii) triple-negative breast cancer at any age
(iii) male breast cancer at any age
(iv) ovarian cancer any age
(v) pancreatic cancer any age
(vi) metastatic, or high- or very-high risk group at any age
(b) >3 close blood relatives with prostate cancer (any grade) and/or breast
cancer on the same side of the family including the patient with
prostate cancer
(c) Ashkenazi Jewish ancestry
Family history of cancer only
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(a) An affected (not meeting testing criteria listed above) or unaffected
individual with a first-degree blood relative meeting any of the criteria
listed above (except unaffected individuals whose relatives meet
criteria only for systemic therapy decision-making)

Testing for Li-Fraumeni Syndrome

Individual from a family with a known TP53 pathogenic/likely pathogenic

variant

Classic Li-Fraumeni syndrome (LFS) criteria:

a. Combination of an individual diagnosed at age <45 years with a sarcoma
AND

b. A first-degree relative diagnosed at age <45 years with cancer AND

c. An additional first- or second-degree relative in the same lineage with
cancer diagnosed at age <45 years, or a sarcoma at any age

Chompret criteria:

a. Individual with a tumor from LFS tumor spectrum (eg, soft tissue sarcoma,
osteosarcoma, CNS tumor, breast cancer, adrenocortical carcinoma),
before 46 years of age, AND at least one first- or second-degree relative
with any of the aforementioned cancers (other than breast cancer if the
proband has breast cancer) before the age of 56 years or with multiple
primaries at any age OR

b. Individual with multiple tumors (except multiple breast tumors), two of
which belong to LFS tumor spectrum with the initial cancer occurring
before the age of 46 years OR

c. Individual with adrenocortical carcinoma, or choroid plexus carcinoma or
rhabdomyosarcoma of embryonal anaplastic subtype, at any age of onset,
regardless of family history OR

d. Breast cancer before 31 years of age

Personal or family history of pediatric hypodiploid acute lymphoblastic

leukemia

In individuals with cancer with a pathogenic/likely pathogenic TP53 variant

identified on tumor-only genomic testing, germline testing should be

considered for: (1) Those meeting one or more of the other LFS testing
criterion above after reevaluation of personal and family history (2) those
diagnosed age <30 years with any cancer (3) those with clinical scenario not
meeting these criteria but warranting germline evaluation per clinician
discretion.
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Testing for Cowden Syndrome (CS)/PTEN Hamartoma Tumor Syndrome
(PHTS):
i. Individual from a family with a known PTEN pathogenic/likely pathogenic
variant
ii. Individual with a personal history of Bannayan-Riley-Ruvalcaba syndrome
(BRRS)
iii. Individual meeting clinical diagnostic criteria for CS/PHTS
iv. Individual not meeting clinical diagnostic criteria for CS/PHTS with a personal
history of:
Adult Lhermitte-Duclos disease (cerebellar tumors); or
Autism spectrum disorder and macrocephaly; or

o

Two or more biopsy-proven trichilemmomas; or
Two or more major criteria (one must be macrocephaly); or
Three major criteria, without macrocephaly; or
One major and >3 minor criteria; or
. 24 minor criteria
ndividual with a relative with a clinical diagnosis of CS/PHTS or BRRS for
whom testing has not been performed
a. The individual must have the following:
(a) Any one major criterion or
(i) Breast cancer
(i) Endometrial cancer

@™ o0 o o

<

(iii) Follicular thyroid cancer
(iv) Multiple Gl hamartomas or ganglioneuromas
(v) Macrocephaly (megalocephaly) (ie, 297%, 58 cm in adult female, 60
c¢m in adult male)
(vi) Macular pigmentation of glans penis
(vii)Mucocutaneous lesions
1) One biopsy-proven trichilemmoma
2) Multiple palmoplantar keratoses
3) Multifocal or extensive oral mucosal papillomatosis
4) Multiple cutaneous facial papules (often verrucous)
(b) Two minor criteria
(i) Autism spectrum disorder
(i) Colon cancer
(i) >3 esophageal glycogenic acanthoses
(iv) Lipomas
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(v) Intellectual disability (ie, IQ <75)

(vi) Papillary or follicular variant of papillary thyroid cancer

(vii) Thyroid structural lesions (eg, adenoma, nodule[s], goiter)

(viii) Renal cell carcinoma

(ix) Single Gl hamartoma or ganglioneuroma

(x) Testicular lipomatosis

(xi) Vascular anomalies (including multiple intracranial developmental

venous anomalies)

vi. PTEN pathogenic/likely pathogenic variant detected by tumor genomic

testing on any tumor type in the absence of germline analysis

The NCCN states that general hereditary cancer testing may be considered in the
following scenario (with appropriate pre-test education and access to post-test

management):

An individual of Ashkenazi Jewish ancestry without additional risk factors.
Personal history of serious endometrial cancer.

The NCCN states that testing for high-penetrance breast cancer susceptibility genes
may be considered in the following scenarios (with appropriate pre-test education and
access to post-test management):

1.

Personal history of breast cancer < 60 y not meeting any of the above criteria
may approach a 2.5% probability of having a pathogenic/likely pathogenic
variant, based on recent data. It is cautioned that many of those PVs will be in
moderate penetrance genes, which are over-represented in older affected
individuals. Access to an experienced genetic counseling team to discuss
management options is particularly important in this setting.

Personal history of breast cancer diagnosed at any age with >1 close blood
relative with intermediate-risk prostate cancer with intraductal/cribriform
histology.

Individuals affected or unaffected with breast cancer who otherwise do not meet
any of the above criteria but with a 2.5%-5% probability of BRCA 1/2 pathogenic
variant/likely pathogenic variant based on prior probability models (e.g. Tyrer-
Cuzick, BRCAPro, CanRisk).

The NCCN states that when testing for high-penetrance breast cancer susceptibility
genes, there is “a low probability (<2.5%) that testing will have findings of documented
high-penetrance genes in the following scenarios:

Page 16 of 30



’ «
~MVP
Female diagnosed with breast cancer at age >60 y, with no close relative with
breast, ovarian, pancreatic, or prostate cancer
Diagnosed with localized prostate cancer with Gleason Score <7 and no close

relative with breast, ovarian, pancreatic, or prostate cancer" (NCCN, 2024b).

The NCCN suggests that prior to genetic testing,

“The probability of pathogenic or likely pathogenic variant detection associated
with these criteria will vary based on family structure, which includes size of the
family, age of the family members, early death, adoption, and number of male
and female relatives. Individuals with unknown or limited family
history/structure, such as fewer than 2 female first- or second-degree relatives
having lived beyond age 45 in either lineage, may have an underestimated
probability of familial P/LP variant detection. The estimated likelihood of P/LP
variant detection may be low in families with many unaffected and/or male
relatives.

Patients who have received an allogeneic bone marrow transplant or with active
or recent hematologic malignancies should not have molecular genetic testing
via blood, saliva, or buccal samples (due to unreliable test results from
contamination by donor DNA) until other technologies are available. If available,
DNA should be extracted from a fibroblast culture. If this source of DNA is not
possible, buccal samples can be considered, subject to the risk of donor DNA
contamination or malignant cells from the hematologic malignancy.

If more than one family member is affected with cancers highly associated with
a particular inherited cancer susceptibility syndrome, consider initial testing of a
family member with youngest age at diagnosis, bilateral disease, multiple
primary cancers, or other cancers associated with the syndrome, or most closely
related to the proband/patient. If there are no available family members with
cancer that is a cardinal feature of the syndrome in question, consider testing
first- or second-degree family members affected with other cancers thought to
be related to the gene in question (eg, prostate or pancreas with BRCA1/2).
Testing for unaffected family members when no affected member is available
should be considered. Significant limitations of interpreting test results should
be discussed.

In children <18y, genetic testing is generally not recommended when results
would not impact medical management.

Likely pathogenic variants are usually clinically managed similarly to pathogenic
variants, while patients with variants of uncertain significance (VUS) and likely
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benign variants should be managed based on the cancers present in the family.
e Choice of multi-gene testing” (NCCN, 2024b).

Furthermore, in the situation where the presence of a pathogenic or likely pathogenic
variant is unknown, the NCCN recommends that “the testing of the unaffected
individual (or of unaffected family members) should only be considered when no
affected family member is available for testing. In such cases, the unaffected individual
or unaffected close relative with the highest likelihood of testing positive for the
pathogenic or likely pathogenic variant should be tested,” though “A negative test
result in such cases, however, is considered indeterminate and does not provide the
same level of information as when there is known pathogenic or likely pathogenic
variant in the family.” The NCCN also remarks that “testing multiple family members
may be indicated” when testing unaffected individuals “(in the absence of having
tested affected family members)” to aid in interpreting results (NCCN, 2024b).

The NCCN also recommends assessing BRCA1/2 in all patients with recurrent or
metastatic breast cancer to identify candidates for PARP inhibitor therapy (NCCN,
2024a).

Regarding BRCA in ovarian cancer, the NCCN recommends testing for BRCA1/2
mutations prior to initiating treatment for persistent/recurrent ovarian cancer since
“germline and/or somatic BRCA1/2 status informs maintenance therapy.” The NCCN
notes that BRCA testing may be done prior to this stage (NCCN, 2024c).

BRCA testing was also mentioned in guidelines for pancreatic adenocarcinoma. The
NCCN recommends tumor/somatic gene profiling for those with “locally
advanced/metastatic disease who are candidates for anti-cancer therapy to identify
uncommon mutations, including testing for mutations in BRAF, BRCA1/2, HER2, KRAS,
and PALBZ genes, fusions in ALK, NRG1, NTRK, ROS1, FGFRZ2, RET genes, microsatellite
instability (MSI), mismatch repair deficiency (dMMR) , or tumor mutational burden
(TMB) via an FDA-approved and/or validated next-generation sequencing (NGS)-
based assay” (NCCN, 2024d).

The NCCN also published guidelines regarding BRCA in prostate cancer. Germline
genetic testing, which should include BRCA1/2 among other genes, such as ATM,
PALB2, and CHEK2 was recommended for initial patients with prostate cancer and any
of the following: “a positive family history; high-risk, very-high-risk, regional, or
metastatic prostate cancer, regardless of family history; Ashkenazi Jewish ancestry;
[and] a personal history of breast cancer.” The NCCN also notes that “germline genetic
testing should be considered in patients with a personal history of prostate cancer and
1) intermediate-risk prostate cancer and intraductal/cribriform histology or 2) a
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personal history of exocrine pancreatic cancer, breast cancer, colorectal, gastric,
melanoma, pancreatic cancer, upper tract urothelial cancer, glioblastoma, biliary tract
cancer, and small intestinal cancer” Moreover, the NCCN asserts that germline testing
should include "MLH1, MSH2, MSH6, and PMS2 (for Lynch syndrome) and homologous
recombination genes BRCAT, BRCAZ, ATM, PALBZ2, and CHEK2", urging that cancer
predisposition next-generation sequencing be considered (NCCN, 2024e).

Regarding somatic tumor testing in risk groups,

e “Tumor testing for somatic homologous recombination gene mutations (eg,
BRCAT, BRCA2, ATM, PALB2, FANCA, RAD51D, CHEK2, CDK12) can be
considered in patients with regional (N1) prostate cancer and is recommended
for those with metastatic disease.

e Tumor testing for MSI or dMMR can be considered in patients with regional or
metastatic castration-naive prostate cancer and is recommended in the
metastatic castrate-resistant prostate cancer (CRPC) setting.

e Tumor mutational burden (TMB) testing may be considered in patients with
metastatic CRPC.

e Multigene molecular testing can be considered for patients with low-,
intermediate-, and high-risk prostate cancer and life expectancy >10 years.

e The Decipher molecular assay is recommended to inform adjuvant treatment if
adverse features are found post-radical prostatectomy and can be considered as
part of counseling for risk stratification in patients with PSA
resistance/recurrence after radical prostatectomy (category 2B)" (NCCN, 2024e).

The NCCN published information on TP53 as a pathogenic/likely pathogenic variant,
noting that testing for Li-Fraumeni syndrome should occur when the individual is from
a family with a known TP53 pathogenic/likely pathogenic variant. They specifically note
that when this gene is “included as part of a multi-gene panel, an individual does not
need to meet these testing criteria [for Li-Fraumeni syndrome]- if “testing criteria on
other testing criteria pages are met” (NCCN, 2024b).

The U.S. Preventive Services Task Force (USPSTF)

In 2019, the USPSTF updated their 2014 recommendation (Moyer, 2014). In it, they
state that “the USPSTF recommends that primary care clinicians assess women with a
personal or family history of breast, ovarian, tubal, or peritoneal cancer or who have an
ancestry associated with breast cancer susceptibility 1 and 2 (BRCA1/2) gene mutations
with an appropriate brief familial risk assessment tool. Women with a positive result on
the risk assessment tool should receive genetic counseling and, if indicated after
counseling, genetic testing.” This recommendation is intended for women with a
“personal or family history of breast, ovarian, tubal, or peritoneal cancer or an ancestry
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associated with BRCA1/2 gene mutation” (USPSTF, 2019).

Moreover, they do not recommend (i.e. issue a D recommendation) routine screening,
genetic testing, or genetic counseling for women who have no family or personal
history of breast cancer or whose ancestry or ethnicity is not associated with a higher
risk for potentially pathogenic BRCAT or BRCA2 gene mutations (USPSTF, 2019).

The American College of Obstetricians and Gynecologists (ACOG)

The ACOG released guidelines in 2019 for Hereditary Cancer Syndromes and Risk
Assessments. The ACOG recommends:

Evaluating a patient’s risk of hereditary breast and ovarian cancer syndrome
should be a routine part of obstetric and gynecologic practice. Initial risk
evaluation should include a personal medical history and family history.

Genetic testing is recommended when the results of a detailed risk assessment
that is performed as part of genetic counseling suggest the presence of an
inherited cancer syndrome for which specific genes have been identified and
when the results of testing are likely to influence medical management.

The two main genetic testing options for hereditary breast and ovarian cancer
syndrome are BRCA mutation testing and multigene panel testing that includes
both BRCA and other genetic mutations. Multigene panel testing may be useful
when more than one gene may be associated with an inherited cancer syndrome
or when a patient has a personal or family history that is consistent with an
inherited cancer susceptibility, but single-gene testing has not identified a
pathogenic variant (ACOG, 2019).

The American Society of Breast Surgeons (ASBS)

The American Society of Breast Surgeons have released guidelines on genetic testing
for hereditary breast cancer. They are as follows:

1.

"Breast surgeons, genetic counselors, and other medical professionals
knowledgeable in genetic testing can provide patient education and counseling
and make recommendations to their patients regarding genetic testing and
arrange testing”

“Genetic testing should be made available to all patients with a personal history
of breast cancer. Recent data support that genetic testing should be offered to
each patient with breast cancer (newly diagnosed or with a personal history). If
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genetic testing is performed, such testing should include BRCAT/BRCAZ2 and
PALB2, with other genes as appropriate for the clinical scenario and family
history. For patients with newly diagnosed breast cancer, identification of a

mutation may impact local treatment”

. "Patients who had genetic testing previously may benefit from updated testing.
Every patient being seen by a breast surgeon, who had genetic testing in the past
and no pathogenic variant was identified, should be re-evaluated and updated
testing considered. In particular, a patient who had negative germline BRCAT and
2 testing, who is from a family with no pathogenic variants, should be considered
for additional testing.1 Genetic testing performed prior to 2014 most likely would
not have had PALB2 or other potentially relevant genes included and may not
have included testing for large genomic rearrangements in BRCAT or BRCA2"

. "Genetic testing should be made available to patients without a history of breast
cancer who meet NCCN guidelines. Unaffected patients should be informed that
testing an affected relative first, whenever possible, is more informative than
undergoing testing themselves. When it is not feasible to test the affected
relative first, then the unaffected family member should be considered for testing
if they are interested, with careful pre-test counseling to explain the limited value
of “uninformative negative” results. It is also reasonable to order a multi-gene
panel if the family history is incomplete (i.e., a case of adoption, patient is
uncertain of exact type of cancer affecting family members, among others) or
other cancers are found in the family history, as described above” (Manahan et
al., 2019).

American Society of Clinical Oncology (ASCO)

ASCO recommends germline genetic testing for BRCA1/2 for all women diagnosed

with epithelial ovarian cancer. Somatic tumor testing for BRCA1/2 should be performed

in women that do not carry a germline pathogenic or likely pathogenic variant
(Konstantinopoulos et al., 2020).

ASCO also published a guideline regarding PARP inhibitors for ovarian cancer. In
recommendation 2.2, they recommend the use of "Myriad myChoice CDx" to
determine BRCA1/2 status for therapy decisions (Tew et al., 2020).

In 2024, ASCO published “Germline Testing in Patients With Breast Cancer: ASCO-
Society of Surgical Oncology Guideline” with the following recommendations:
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e "BRCA1/2 mutation testing should be offered to all newly diagnosed patients
with breast cancer <65 years and select patients >65 years based on personal
history, family history, ancestry, or eligibility for poly(ADP-ribose) polymerase
(PARP) inhibitor therapy.”

e "All patients with recurrent breast cancer who are candidates for PARP inhibitor
therapy should be offered BRCA1/2 testing, regardless of family history.
BRCA1/2 testing should be offered to women who develop a second primary
cancer in the ipsilateral or contralateral breast.”

e "For patients with prior history of breast cancer and without active disease,
testing should be offered to patients diagnosed <65 years and selectively in
patients diagnosed after 65 years, if it will inform personal and family risk.”

e "Testing for high-penetrance cancer susceptibility genes beyond BRCA1/2
should be offered to those with supportive family histories; testing for
moderate-penetrance genes may be offered if necessary to inform personal and
family cancer risk.”

e "Patients should be provided enough pretest information for informed consent;
those with pathogenic variants should receive individualized post-test
counseling. Variants of uncertain significance should not impact management,
and patients with such variants should be followed for reclassification.”

e "Referral to providers experienced in clinical cancer genetics may help facilitate
patient selection and interpretation of expanded testing, and provide
counseling of individuals without pathogenic germline variants but with
significant family history” (Bedrosian et al., 2024).

National Institute for Health and Care Excellence (NICE)

NICE updated their guidelines on familial breast cancer in 2019. In it, they maintain
their BRCA-related recommendations from 2013, which are as follows:

"Offer genetic testing in specialist genetic clinics to a relative with a personal history of
breast and/or ovarian cancer if that relative has a combined BRCAT and BRCA2
mutation carrier probability of 10% or more.”

"Offer genetic testing in specialist genetic clinics to a person with no personal history
of breast or ovarian cancer if their combined BRCA7 and BRCA2 mutation carrier
probability is 10% or more and an affected relative is unavailable for testing.”

"Offer genetic testing in specialist genetic clinics to a person with breast or ovarian
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cancer if their combined BRCAT and BRCAZ2 mutation carrier probability is 10% or
more” (NICE, 2019).

European Expert Group

A group of 19 experts in BRCA testing were convened to publish this set of guidelines.
These experts came from across Europe and Israel, and participants included clinical or
medical geneticists (32%), oncologists (37%), and gynaecologists (26%).

The guidelines state that with the rise of next-generation sequencing, hotspot testing
instead of complete sequencing is “not acceptable,” albeit noting a possible exception
of founder mutations representing >99% of pathogenic variants in a specific area.

A majority of experts (60%) voted that BRCA testing should be offered to all patients
with metastatic breast cancer (Singer et al., 2019).

In 2021, the group published guidance on BRCA and HRR deficiency testing for
recently diagnosed patients with ovarian cancer. Consensus statements pertaining to
BRCA1/2 include (not an all-inclusive list):

1. "Tumour BRCA1/2 testing should be carried out at primary diagnosis.

2. Tumour BRCA1/2 testing should be carried out at disease recurrence (if not carried
out earlier)

3. Germline and/or tumour BRCA testing should be used (in either order) to
determine BRCA status at primary diagnosis” (Vergote et al., 2022).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

The Center for Devices and Radiological Health of the Food and Drug Administration
(FDA, 2018) granted premarket approval on January 12,2018 to BRACAnalysis CDx®,
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an in vitro diagnostic device intended for the qualitative detection and classification of
variants in the protein coding regions and intron/exon boundaries of the BRCAT and
BRCAZ genes using genomic DNA obtained from whole blood specimens collected in
EDTA. Single nucleotide variants and small insertions and deletions (indels) are
identified by polymerase chain reaction (PCR) and Sanger sequencing. Large deletions
and duplications in BRCAT and BRCAZ are detected using multiplex PCR. Another FDA-
approved device is the “FoundationFocus CDxBRCA", which is a “is a next generation
sequencing based in vitro diagnostic device for qualitative detection of BRCAT and
BRCA?Z alterations in formalin-fixed paraffin-embedded (FFPE) ovarian tumor tissue.”
This test is intended to be used “as an aid in identifying ovarian cancer patients for
whom treatment with Rubraca (rucaparib) is being considered” (FDA, 2016). A more
recent FDA-approved device comes out of Myriad Genetics, Inc., the myChoice HRD
CDx, which was approved on October 23, 2019. This test is a “next generation
sequencing-based in vitro diagnostic test that assesses the qualitative detection and
classification of single nucleotide variants, insertions and deletions, and large
rearrangement variants in protein coding regions and intron/exon boundaries of the
BRCA1 and BRCA2 genes and the determination of Genomic Instability Score (GIS)”
based off tumor tissue specimens.

Many labs have developed specific tests that they must validate and perform in house.
These laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and
Medicaid (CMS) as high-complexity tests under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA '88). As an LDT, the U. S. Food and Drug Administration
has not approved or cleared this test; however, FDA clearance or approval is not
currently required for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT Code Description

81162 | BRCA1 (BRCA1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) (e.g., hereditary breast and ovarian cancer) gene analysis; full
sequence analysis and full duplication/deletion analysis (i.e., detection of
large gene rearrangements)

81163 BRCA1 (BRCA1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) (eg, hereditary breast and ovarian cancer) gene analysis; full
sequence analysis

81164 | BRCA1 (BRCA1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) (e.g., hereditary breast and ovarian cancer) gene analysis; full
duplication/deletion analysis (i.e., detection of large gene rearrangements)
81165 | BRCA1 (BRCA1, DNA repair associated) (e.g., hereditary breast and ovarian
cancer) gene analysis; full sequence analysis
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CPT

Code Description

81166

BRCA1 (BRCAT1, DNA repair associated) (e.g., hereditary breast and ovarian
cancer) gene analysis; full duplication/deletion analysis (i.e., detection of
large gene rearrangements)

81167

BRCA2 (BRCAZ2, DNA repair associated) (e.g., hereditary breast and ovarian
cancer) gene analysis; full duplication/deletion analysis (i.e., detection of
large gene rearrangements)

81212

BRCA1 (BRCA1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) (eg, hereditary breast and ovarian cancer) gene analysis;
185delAG, 5385insC, 6174delT variants

81215

BRCA1 (BRCA1, DNA repair associated) (eg, hereditary breast and ovarian
cancer) gene analysis; known familial variant

81216

BRCA2 (BRCA2, DNA repair associated) (eg, hereditary breast and ovarian
cancer) gene analysis; full sequence analysis

81217

BRCA2 (BRCA2, DNA repair associated) (eg, hereditary breast and ovarian
cancer) gene analysis; known familial variant

81432

Hereditary breast cancer-related disorders (eg, hereditary breast cancer,
hereditary ovarian cancer, hereditary endometrial cancer); genomic
sequence analysis panel, must include sequencing of at least 10 genes,
always including BRCA1, BRCA2, CDH1, MLH1, MSH2, MSH6, PALB2, PTEN,
STK11, and TP53

81433

Hereditary breast cancer-related disorders (eg, hereditary breast cancer,
hereditary ovarian cancer, hereditary endometrial cancer);
duplication/deletion analysis panel, must include analyses for BRCAT1,
BRCA2, MLH1, MSH2, and STK11

81479

Unlisted molecular pathology procedure

0102U

Hereditary breast cancer-related disorders (eg, hereditary breast cancer,
hereditary ovarian cancer, hereditary endometrial cancer), genomic
sequence analysis panel utilizing a combination of NGS, Sanger, MLPA, and
array CGH, with MRNA analytics to resolve variants of unknown significance
when indicated (17 genes [sequencing and deletion/duplication])
Proprietary test: BreastNext®

Lab/Manufacturer: Ambry Genetics ®

0103U

Hereditary ovarian cancer (eg, hereditary ovarian cancer, hereditary
endometrial cancer), genomic sequence analysis panel utilizing a
combination of NGS, Sanger, MLPA, and array CGH, with MRNA analytics to
resolve variants of unknown significance when indicated (24 genes
[sequencing and deletion/duplication], EPCAM [deletion/duplication only])
Proprietary test: OvaNext®

Lab/Manufacturer: Ambry Genetics®
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CPT

Code Description

0129U

Hereditary breast cancer—related disorders (eg, hereditary breast cancer,
hereditary ovarian cancer, hereditary endometrial cancer), genomic
sequence analysis and deletion/duplication analysis panel (ATM, BRCAT1,
BRCA2, CDH1, CHEK2, PALB2, PTEN, and TP53)

Proprietary test: BRCAplus

Lab/Manufacturer: Ambry Genetics

0172U

Oncology (solid tumor as indicated by the label), somatic mutation analysis
of BRCA1 (BRCA1, DNA repair associated), BRCA2 (BRCA2, DNA repair
associated) and analysis of homologous recombination deficiency
pathways, DNA, formalin-fixed paraffin-embedded tissue, algorithm
quantifying tumor genomic instability score

Proprietary test: myChoice® CDx

Lab/Manufacturer: Myriad Genetics Laboratories, Inc

0474U

Hereditary pan-cancer (eg, hereditary sarcomas, hereditary endocrine
tumors, hereditary neuroendocrine tumors, hereditary cutaneous
melanoma), genomic sequence analysis panel of 88 genes with 20
duplications/deletions using nextgeneration sequencing (NGS), Sanger
sequencing, blood or saliva, reported as positive or negative for germline
variants, each gene

Proprietary test: GeneticsNow® Comprehensive Germline Panel
Lab/Manufacturer: GoPath Diagnostics, Inc

0475U

Hereditary prostate cancerrelated disorders, genomic sequence analysis
panel using next-generation sequencing (NGS), Sanger sequencing,
multiplex ligation-dependent probe amplification (MLPA), and array
comparative genomic hybridization (CGH), evaluation of 23 genes and
duplications/deletions when indicated, pathologic mutations reported with
a genetic risk score for prostate cancer

Proprietary test: ProstateNowTM Prostate Germline Panel
Lab/Manufacturer: GoPath Diagnostics, Inc

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in policy documents are included only as a general reference
tool for each policy. They may not be all-inclusive.

Evidence-based Scientific References

ACOG. (2019). Hereditary Cancer Syndromes and Risk Assessment. The American College
of Obstetricians and Gynecologists. https://www.acog.org/clinical/clinical-
guidance/committee-opinion/articles/2019/12/hereditary-cancer-syndromes-and-
risk-assessment
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menu#breast

Bedrosian, |., Somerfield, M. R, Achatz, M. |., Boughey, J. C., Curigliano, G., Friedman, S.,
Kohlmann, W. K., Kurian, A. W., Laronga, C., Lynce, F., Norquist, B. S., Plichta, J. K,
Rodriguez, P., Shah, P. D., Tischkowitz, M., Wood, M., Yaday, S., Yao, K., & Robson, M.
E. (2024). Germline Testing in Patients With Breast Cancer: ASCO-Society of Surgical
Oncology Guideline. Journal of Clinical Oncology, 42(5), 584-604.
https://doi.org/10.1200/jco.23.02225

Buchanan, A. H., Voils, C. I, Schildkraut, J. M., Fine, C., Horick, N. K., Marcom, P. K.,
Wiggins, K., & Skinner, C. S. (2017). Adherence to Recommended Risk Management
among Unaffected Women with a BRCA Mutation. J Genet Couns, 26(1), 79-92.
https://doi.org/10.1007/s10897-016-9981-6

FDA. (2016). FoundationFocus CDxBRCA
https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/index.cfm?db=pma&id=3
89050

FDA. (2018). Premarket Approval (PMA) &#x9;BRACAnalysis CDx
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P140020s01
2

Friebel, T. M., Domchek, S. M., & Rebbeck, T. R. (2014). Modifiers of cancer risk in BRCA1
and BRCA2 mutation carriers: systematic review and meta-analysis. J Natl Cancer Inst,
106(6), dju091. https://doi.org/10.1093/jnci/dju091

lllumina. (2021). AmpliSeq for Illumina BRCA Plus, Extended Hereditary Breast and
Ovarian Research Panel. lllumina, Inc. Retrieved 2/12 from
https://www.illumina.com/products/by-brand/ampliseq/community-panels/brca-
plus-extended-hereditary-breast-ovarian.html

Isaacs, C., & Peshkin, B. N. (2024, January 29, 2024). Cancer risks and management of
BRCA1/2 carriers without cancer. https://www.uptodate.com/contents/cancer-risks-
and-management-of-brca1-2-carriers-without-cancer

Konstantinopoulos, P. A., Norquist, B., Lacchetti, C., Armstrong, D., Grisham, R. N.,
Goodfellow, P. J,, Kohn, E. C,, Levine, D. A,, Liu, J. F., Lu, K. H., Sparacio, D., &
Annunziata, C. M. (2020). Germline and Somatic Tumor Testing in Epithelial Ovarian
Cancer: ASCO Guideline. Journal of Clinical Oncology, JCO.19.02960.
https://doi.org/10.1200/JC0O.19.02960

Kuchenbaecker, K. B., Hopper, J. L, Barnes, D. R,, Phillips, K. A., Mooij, T. M., Roos-Blom,
M. J., Jervis, S., van Leeuwen, F. E., Milne, R. L., Andrieu, N., Goldgar, D. E., Terry, M. B.,
Rookus, M. A, Easton, D. F., Antoniou, A. C,, McGuffog, L., Evans, D. G., Barrowdale,
D., Frost, D., ... Olsson, H. (2017). Risks of Breast, Ovarian, and Contralateral Breast
Cancer for BRCA1 and BRCA2 Mutation Carriers. Jama, 317(23), 2402-2416.
https://doi.org/10.1001/jama.2017.7112

Page 27 of 30


https://www.ambrygen.com/providers/oncology/test-menu#breast
https://www.ambrygen.com/providers/oncology/test-menu#breast
https://doi.org/10.1200/jco.23.02225
https://doi.org/10.1007/s10897-016-9981-6
https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/index.cfm?db=pma&id=389050
https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/index.cfm?db=pma&id=389050
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P140020s012
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P140020s012
https://doi.org/10.1093/jnci/dju091
https://www.illumina.com/products/by-brand/ampliseq/community-panels/brca-plus-extended-hereditary-breast-ovarian.html
https://www.illumina.com/products/by-brand/ampliseq/community-panels/brca-plus-extended-hereditary-breast-ovarian.html
https://www.uptodate.com/contents/cancer-risks-and-management-of-brca1-2-carriers-without-cancer
https://www.uptodate.com/contents/cancer-risks-and-management-of-brca1-2-carriers-without-cancer
https://doi.org/10.1200/JCO.19.02960
https://doi.org/10.1001/jama.2017.7112

s
~MVP

Lang, G. T., Shi, J. X,, Hu, X,, Zhang, C. H., Shan, L, Song, C. G., Zhuang, Z. G., Cao, A. Y.,
Ling, H., Yu, K. D., Li, S., Sun, M. H., Zhou, X. Y., Huang, W., & Shao, Z. M. (2017). The
spectrum of BRCA mutations and characteristics of BRCA-associated breast cancers
in China: Screening of 2,991 patients and 1,043 controls by next-generation
sequencing. Int J Cancer, 141(1), 129-142. https://doi.org/10.1002/ijc.30692

Manahan, E. R., Kuerer, H. M., Sebastian, M., Hughes, K. S., Boughey, J. C., Euhus, D. M,,
Boolbol, S. K., & Taylor, W. A. (2019). Consensus Guidelines on Genetic Testing for
Hereditary Breast Cancer from the American Society of Breast Surgeons. Ann Surg
Oncol, 26(10), 3025-3031. https://doi.org/10.1245/s10434-019-07549-8

Manchanda, R., Burnell, M., Gaba, F., Desai, R., Wardle, J., Gessler, S., Side, L., Sanderson,
S., Loggenberg, K., Brady, A. F.,, Dorkins, H., Wallis, Y., Chapman, C., Jacobs, C.,
Legood, R., Beller, U, Tomlinson, I, Menon, U., & Jacobs, I. (2020). Randomised trial
of population-based BRCA testing in Ashkenazi Jews: long-term outcomes. Bjog,
127(3), 364-375. https://doi.org/10.1111/1471-0528.15905

Meric-Bernstam, F., Gutierrez-Barrera, A. M., Litton, J., Mellor-Crummey, L., Ready, K.,
Gonzalez-Angulo, A. M., Lu, K. H., Hortobagyi, G. N., & Arun, B. K. (2013). Genotype in
BRCA-associated breast cancers. Breast J, 19(1), 87-91.
https://doi.org/10.1111/tbj.12056

Moyer, V. A. (2014). Risk assessment, genetic counseling, and genetic testing for BRCA-
related cancer in women: U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med, 160(4), 271-281. https://doi.org/10.7326/m13-2747

Myriad Genetics, |. (2024). What is Myriad myChoice® CDx? Myriad Genetics, Inc.
Retrieved 4/4/2024 from https://myriad.com/products-services/precision-
medicine/mychoice-cdx/

NCCN. (2024a, March 11, 2024). Breast Cancer, Version 2.2024. Retrieved 4/4/2024 from
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf

NCCN. (2024b, February 12, 2024). Genetic/Familial High-Risk Assessment: Breast,
Ovarian, and Pancreatic Version 3.2024. NCCN. Retrieved 4/4/2024 from
https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf

NCCN. (2024c, May 13, 2024). Ovarian Cancer Including Fallopian Tube Cancer and
Peritoneal Cancer Version 2.2024 — May 13, 2024. NCCN. Retrieved 4/4/2024 from
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf

NCCN. (2024d, April 30, 2024). Pancreatic adenocarcinoma Version 2.2024 — April 30,
2024. Retrieved 4/4/2024 from
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf

NCCN. (2024e, May 17, 2024). Prostate Cancer Version 4.2024 — May 17, 2024. NCCN.
Retrieved 4/4/2024 from
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf

NICE. (2019). Familial breast cancer: classification, care and managing breast cancer and
related risks in people with a family history of breast cancer.

Page 28 of 30


https://doi.org/10.1002/ijc.30692
https://doi.org/10.1245/s10434-019-07549-8
https://doi.org/10.1111/1471-0528.15905
https://doi.org/10.1111/tbj.12056
https://doi.org/10.7326/m13-2747
https://myriad.com/products-services/precision-medicine/mychoice-cdx/
https://myriad.com/products-services/precision-medicine/mychoice-cdx/
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf

s
~MVP
https://www.nice.org.uk/guidance/cg164/chapter/Recommendations#genetic-
testing

Palmer, J. R, Polley, E. C,, Hu, C, John, E. M., Haiman, C,, Hart, S. N., Gaudet, M., Pal, T.,
Anton-Culver, H., Trentham-Dietz, A., Bernstein, L, Ambrosone, C. B., Bandera, E. V.,
Bertrand, K. A, Bethea, T. N., Gao, C,, Gnanaolivy, R. D., Huang, H., Lee, K.Y, ...
Couch, F. J. (2020). Contribution of Germline Predisposition Gene Mutations to Breast
Cancer Risk in African American Women. J Natl Cancer Inst, 112(12), 1213-1221.
https://doi.org/10.1093/jnci/djaa040

Pan, Z., & Xie, X. (2017). BRCA mutations in the manifestation and treatment of ovarian
cancer. Oncotarget, 8(57), 97657-97670. https://doi.org/10.18632/oncotarget.18280

Paul, A, & Paul, S. (2014). The breast cancer susceptibility genes (BRCA) in breast and
ovarian cancers. Front Biosci (Landmark Ed), 19, 605-618.
https://doi.org/10.2741%2F4230

Petrucelli, N., Daly, M., & Pal, T. (2016). BRCA1- and BRCA2-Associated Hereditary Breast
and Ovarian Cancer [Text]. https://pubmed.ncbi.nlm.nih.gov/20301425/

Roy, R., Chun, J., & Powell, S. N. (2012). BRCA1 and BRCAZ: different roles in a common
pathway of genome protection. Nat Rev Cancer, 12(1), 68-78.
https://doi.org/10.1038/nrc3181

Singer, C. F.,, Balmafa, J., Burki, N., Delaloge, S., Filieri, M. E., Gerdes, A.-M., Grindedal, E.
M., Han, S., Johansson, O., Kaufman, B., Krajc, M., Loman, N., Olah, E., Paluch-Shimon,
S., Plavetic, N. D., Pohlodek, K., Rhiem, K., Teixeira, M., & Evans, D. G. (2019). Genetic
counselling and testing of susceptibility genes for therapeutic decision-making in
breast cancer&#x2014;an European consensus statement and expert
recommendations. European Journal of Cancer, 106, 54-60.
https://doi.org/10.1016/j.ejca.2018.10.007

Tew, W. P, Lacchetti, C, Ellis, A, Maxian, K., Banerjee, S., Bookman, M., Jones, M. B, Lee,
J. M., Lheureux, S., Liu, J. F., Moore, K. N., Muller, C,, Rodriguez, P., Walsh, C., Westin,
S. N., & Kohn, E. C. (2020). PARP Inhibitors in the Management of Ovarian Cancer:
ASCO Guideline. J Clin Oncol, 38(30), 3468-3493.
https://doi.org/10.1200/jc0.20.01924

Tomao, F., Musacchio, L., Di Mauro, F., Boccia, S. M., Di Donato, V., Giancotti, A., Perniola,
G., Palaia, I., Muzii, L., & Benedetti Panici, P. (2019). Is BRCA mutational status a
predictor of platinum-based chemotherapy related hematologic toxicity in high-
grade serous ovarian cancer patients? Gynecol Oncol, 154(1), 138-143.
https://doi.org/10.1016/j.ygyno.2019.04.009

USPSTF. (2019, August 20). BRCA-Related Cancer: Risk Assessment, Genetic Counseling,
and Genetic Testing. Retrieved 02/27/2019 from
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationSt
atementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-
testing

Page 29 of 30


https://www.nice.org.uk/guidance/cg164/chapter/Recommendations#genetic-testing
https://www.nice.org.uk/guidance/cg164/chapter/Recommendations#genetic-testing
https://doi.org/10.1093/jnci/djaa040
https://doi.org/10.18632/oncotarget.18280
https://doi.org/10.2741%2F4230
https://pubmed.ncbi.nlm.nih.gov/20301425/
https://doi.org/10.1038/nrc3181
https://doi.org/10.1016/j.ejca.2018.10.007
https://doi.org/10.1200/jco.20.01924
https://doi.org/10.1016/j.ygyno.2019.04.009
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing

s
SMVP
Vergote, |, Gonzalez-Martin, A., Ray-Coquard, |, Harter, P., Colombo, N., Pujol, P,
Lorusso, D., Mirza, M. R,, Brasiuniene, B., Madry, R., Brenton, J. D., Ausems, M. G. E. M.,
Buttner, R.,, Lambrechts, D., Vergote, |., Ausems, M., Brasiuniene, B., Brenton, J.,
Buttner, R., . .. Witteveen, E. (2022). European experts consensus: BRCA/homologous
recombination deficiency testing in first-line ovarian cancer. Annals of Oncology,
33(3), 276-287. https://doi.org/10.1016/j.annonc.2021.11.013
Walsh, C. S. (2015). Two decades beyond BRCA1/2: Homologous recombination,
hereditary cancer risk and a target for ovarian cancer therapy. Gynecol Oncol, 137(2),
343-350. https://doi.org/10.1016/].ygyno.2015.02.017
Yoo, J, Lee, G. D, Kim, J. H, Lee, S. N., Chae, H., Han, E., Kim, Y., & Kim, M. (2020). Clinical
Validity of Next-Generation Sequencing Multi-Gene Panel Testing for Detecting
Pathogenic Variants in Patients With Hereditary Breast-Ovarian Cancer Syndrome.
Ann Lab Med, 40(2), 148-154. https://doi.org/10.3343/alm.2020.40.2.148
Yoshida, K., & Miki, Y. (2004). Role of BRCA1 and BRCA2 as regulators of DNA repair,
transcription, and cell cycle in response to DNA damage. Cancer Sci, 95(11), 866-871.
https://pubmed.ncbi.nlm.nih.gov/15546503/

Page 30 of 30


https://doi.org/10.1016/j.annonc.2021.11.013
https://doi.org/10.1016/j.ygyno.2015.02.017
https://doi.org/10.3343/alm.2020.40.2.148
https://pubmed.ncbi.nlm.nih.gov/15546503/

V' 4
JIMVP

HEALTH CARE

Genetic Testing for CHARGE Syndrome

Policy Number: AHS — M2070 — Genetic Initial Policy Effective Date: 02/01/2026
Testing for CHARGE Syndrome

POLICY DESCRIPTION | RELATED POLICIES | INDICATIONS AND/OR LIMITATIONS OF
COVERAGE | TABLE OF TERMINOLOGY | SCIENTIFIC BACKGROUND | GUIDELINES AND
RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE
CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

CHARGE (coloboma, heart defects, atresia choanae, growth retardation, genital
abnormalities, and ear abnormalities) syndrome is a multiple congenital anomaly
condition affected by mutations in the CHD7 gene (Hsu et al., 2014). The majority of
these mutations result in a wide range of congenital anomalies that include colobomas
(congenital absence of pieces of tissue in eye structures that may cause defects in the
iris, retina, or optic nerve); heart defects; choanal atresia (an obliteration or blockage of
the posterior nasal aperture due to a persistent oronasal membrane that prevents
joining of the nose and oropharynx); retarded growth and development; genital
hypoplasia; ear anomalies; and deafness (Guercio & Martyn, 2007; Isaacson, 2022;
Jongmans et al., 2006).

Il. Related Policies

Policy Policy Title
Number
AHS-M2145 | General Genetic Testing, Germline Disorders

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

1) To confirm a diagnosis in a patient with signs/symptoms of CHARGE (coloboma,
heart defects, atresia choanae, growth retardation, genital abnormalities, and ear
abnormalities) syndrome when a definitive diagnosis cannot be made with clinical
criteria, genetic testing for the presence of CHD7 variants MEETS COVERAGE
CRITERIA.

2) For asymptomatic individuals who have a first-degree relative (see Note 1)
diagnosed with CHARGE syndrome who have a known likely pathogenic or
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pathogenic variant, genetic testing restricted to the known familial CHD?7 variant
MEETS COVERAGE CRITERIA.

For individuals seeking prenatal or pre-implantation screening, genetic testing for
the presence of CHD7 variants MEETS COVERAGE CRITERIA.

For individuals with clinical features of CHARGE syndrome who have already tested
negative for likely pathogenic or pathogenic variants in CHD7, screening for variants
in ZEB2, KMT2D and EFTUD2 MEETS COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published
scientific literature confirming that the test(s) is/are required and beneficial for the
diagnosis and treatment of an individual’s illness.

5) For all other situations not discussed above, genetic testing for CHARGE syndrome
DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: First-degree relatives include parents, full siblings, and children of the individual.

IV. Table of Terminology

Term Definition
ATP Adenosine triphosphate
Coloboma, heart defects, atresia choanae, growth retardation, genital
CHARGE | abnormalities, and ear abnormalities
CHD7 Chromodomain helicase deoxyribonucleic acid binding protein 7
CHH Congenital hypogonadotropic hypogonadism
CLIA '88 | Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid Services
CN Cranial nerve
CN | Cranial nerve absent or reduced sense of smell
CN IX, X | Cranial nerve swallowing problem
CNV Cranial nerve weak chewing/swallowing
CN VI Cranial nerve facial palsy
CN VIIl | Cranial nerve sensorineural hearing loss and balance/ vestibular problems
DNA Deoxyribonucleic acid
EFTUD?2 | Elongation factor Tu GTP binding domain containing 2
ENT Ear, nose, and throat
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EP300 ETA binding protein p300

FDA Food and Drug Administration

Gl Gastrointestinal

GnRH Gonadotropin-releasing hormone
HH Hypogonadotropic hypogonadism

KMT2D | Lysine methyltransferase 2D

LDTs Laboratory-developed tests

MLPA Multiplex ligation-dependent probe amplification

NGS Next-generation sequencing

NIPT Non-invasive prenatal test

NORD National Organization for Rare Disorders

PUF60 Poly(U) binding splicing factor 60

RERE Arginine-glutamic acid dipeptide repeats

SNP Single nucleotide polymorphism
SWI-

SNF Switch/sucrose non-fermentable
TBX1 T-box transcription factor 1

ZEB2 Zinc finger E-box binding homeobox 2

V. Scientific Background

CHARGE (coloboma, heart defects, atresia choanae, growth retardation, genital
abnormalities, and ear abnormalities) syndrome is a relatively common cause of
congenital anomalies affecting approximately 1 in 8,500 to 10,000 births (Longman,
2018). First described by Hall (1979) and Hittner et al. (1979), CHARGE syndrome was
diagnosed clinically (Blake et al., 1998; Pagon et al., 1981) until causative mutations
were identified in the CHD7 (Chromodomain-helicase-DNA-binding protein 7/ATP-
dependent helicase CHD7) gene (Vissers et al., 2004). Due to the variability associated
with CHD7 mutations, genetic analysis may be helpful for genotypic diagnostics but
will not necessarily assist in phenotypic predictions (Bergman et al., 2011). Most cases
of CHARGE syndrome occur through spontaneous mutation of the CHD7 gene;
however, the disorder can also be passed from parent to offspring in an autosomal
dominant fashion (Usman & Sur, 2024).

The CHD7 gene contains 38 exons that encode for the 300-kDa CHD7 chromatin
remodeler protein (Bilan et al., 2012). The CHD7 protein is a member of the SWI-SNF
superfamily of ATP-dependent chromatin remodelers that bind to DNA and modulate
gene expression (Asad et al., 2016; Marfella & Imbalzano, 2007). CHD7 has an
important, dosage-dependent role in the development of several craniofacial tissues
(Sperry et al.,, 2014) and has also been found to assist with orchestrating neural crest
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and central nervous system development (Bajpai et al., 2010; He et al., 2016; Van
Nostrand et al., 2014; Whittaker et al,, 2017). Further, CHD?7 plays a role in additional
gene expression programs and cellular interactions during embryogenesis; this likely
occurs through the dysregulation of co-transcriptional alternative splicing (Belanger et
al., 2018; Berube-Simard & Pilon, 2018; Schulz et al., 2014).

It is worth noting that the CHARGE syndrome acronym does not cover all disorders
that may result from this disease; a diagnosis may include additional sensory deficits
and birth defects, including cranial nerve dysfunction and feeding and gastrointestinal
(Gl) dysfunction (Blake & Hudson, 2017). It is notable that more than 90% of patients
experience feeding and Gl dysfunction; this is known to cause significant morbidity and
mortality in the CHARGE syndrome patient population (Blake & Hudson, 2017; Hefner
& Fassi, 2017). Further, many CHARGE syndrome patients exhibit clival pathology, such
as coronal clefts; this is now considered a useful diagnostic criteria for patients (Mahdi
& Whitehead, 2018). Nonetheless, the range of mutations in the CHD7 gene results in
a broad phenotype that may involve almost all organ and sensory systems in the body,
therefore causing significant variabilities in severity and comorbidity (de Geus et al.,
2017). Hence, no single feature is universally present or sufficient for the clinical
diagnosis of CHARGE syndrome.

Clinical Validity

The initial clinical CHARGE syndrome diagnostic criteria (Blake et al., 1998) was first
adapted to include supplemental clinical abnormalities (Verloes, 2005). More recently,
the diagnostic criteria were updated to incorporate results of molecular testing (Hale et
al., 2016a). Most individuals (90-95%) fulfilling the clinical criteria for a CHARGE
syndrome diagnosis have a CHD7 variant that is detectable by Sanger sequencing or
next-generation sequencing (NGS) (Bergman et al., 2011; Janssen et al., 2012).
However, since the inclusion of CHD?7, variants have been described in 14-17% of
mildly affected individuals who would not meet the clinical criteria for a CHARGE
syndrome diagnosis (Bergman et al., 2011). This has resulted in the addition of CHD7
to NGS gene panels for developmental delay, colobomata, heart defects (Corsten-
Janssen et al,, 2014), and other congenital malformations (van Ravenswaaij-Arts &
Martin, 2017). The clinical validity of genetic testing that relies on identifying CHD7
gene mutations may create issues in the future; van Ravenswaaij-Arts and Martin
(2017) stated that individuals with a missense variant of the CHD7 gene will less often
fulfill clinical criteria for a CHARGE syndrome diagnosis, since there may be a
decreased prevalence of congenital heart defects and choanal atresia with a missense
variant. However, this type of variant is overrepresented in families with parent to child
transmission of CHARGE syndrome (van Ravenswaaij-Arts & Martin, 2017).
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Despite the availability of molecular diagnostic tools, “the cause of CHARGE syndrome
remains unclear in approximately 5-10% of typical CHARGE patients and in 40-60% of
suspected cases” (Janssen et al., 2012). Other genetic conditions such as 22q11.2
deletion (DiGeorge) syndrome, Kallmann syndrome, and Kabuki syndrome are known
to have an overlapping phenotypic spectrum with CHARGE syndrome (Janssen et al.,
2012), which may complicate diagnosis based strictly on clinical criteria. Additionally, it
is challenging to distinguish younger patients with Kabuki syndrome from those with
CHARGE syndrome since they lack the facial gestalt of Kabuki syndrome but show
similar organ malformations to those of CHARGE syndrome patients (Pauli et al., 2017).

A more recent study utilized whole exome sequencing to genetically analyze 28
individuals exhibiting CHARGE syndrome features. Pathogenic variants in CHD7, other
genes (RERE, KMT2D, EP300, PUF60), and no pathogenic variants were found in 53.6%,
14.3%, and 28.6% of participants, respectively (Moccia et al., 2018). Based on these
results, it was suggested that “the phenotypic features of CHARGE syndrome overlap
with multiple other rare single-gene syndromes” (Moccia et al., 2018).

In a study by Goncgalves et al. (2019), mutations in the CHD7 gene were observed in
patients with isolated congenital hypogonadotropic hypogonadism (CHH), a condition
that is characterized by the lack of normal pubertal development resulting from
deficient gonadotropin-releasing hormone (GnRH). This demonstrates a limitation to
clinical validity in CHD7 genetic testing for CHARGE syndrome. The variable phenotypic
expression is related to the type of mutation, as CHARGE syndrome patients seem to
have “typically highly deleterious protein-truncating mutations,

whereas CHD7 mutations in isolated CHH are typically missense” (Gongalves et al.,
2019).

A study conducted by Qin et al. (2020) also found five neonatal patients to have
drastically different clinical CHARGE syndrome phenotypes, with postnatal dyspnea as
the most prominent symptom in the study cohort. The study found three novel genetic
variants (c.2828_2829delAG, c.4667dupC, and c.7873C > T) and two reported variants
(c.4667dupC and ¢.1480C > T) using whole exome sequencing that contributed to
CHARGE syndrome clinical presentations. In accordance with this data, researchers
concluded that though prenatal diagnosis of CHARGE syndrome may continue to be a
challenge, “fetal de novo mutations screening by non-invasive prenatal test (NIPT) with
maternal plasma is highly efficient for diagnosis. Detection of mutations in E1 and E38
may also provide clues for predicting severity of CHARGE syndrome by NIPT with
maternal plasma” (Qin et al., 2020).

Another study was completed with data from 145 participants, all of whom were
previously clinically diagnosed with CHARGE syndrome. Researchers surveyed these
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participants to determine if they had completed genetic testing to confirm a CHARGE
syndrome diagnosis. Of the total survey participants, 68% had never received genetic
testing; of the 46 patients who did complete genetic testing, 74% tested positive for a
CHD7 mutation (Hartshorne et al.,, 2011).

Clinical Utility and Validity

Patients with CHARGE syndrome experience a wide spectrum of comorbidities, some
more severe than others, and the complex management of these comorbidities can
often lead to more issues. The clinical utility of making a definite diagnosis of CHARGE
syndrome is high since a confirmed CHARGE diagnosis will lead to changes in clinical
management, including well-defined clinical assessment and treatment
recommendations (de Geus et al., 2017; Trider et al., 2017). No consensus on the utility
of genetic testing in patients who present with a clear clinical diagnosis exists.
However, testing may be useful in patients who do not have the classical CHARGE
characteristics and may be at risk for the long-term complications of CHARGE
syndrome (Blake et al.,, 2011). For instance, many patients with CHARGE syndrome will
often have more than one dysfunctional cranial nerve (CN), which can manifest as an
absent or reduced sense of smell (CN 1), weak chewing/swallowing (CN V), facial palsy
(CN VII), sensorineural hearing loss (CN VIII), balance/vestibular problems (CN VIIl), and
swallowing problems (CN IX, X) (Hudson et al.,, 2017). Testing is recommended in all
suspected cases of CHARGE syndrome, especially in patients who partially meet the
clinical criteria (Bergman et al,, 2011; Hale et al., 2016a; Trider et al., 2017).

Hefner and Fassi (2017) state that a CHARGE syndrome diagnosis “should be
considered in patients with any of the major diagnostic features: coloboma, choanal
atresia, semicircular canal anomalies, or cranial nerve anomalies.” These features are
also common in 22q11.2 deletion (DiGeorge) and Kabuki syndromes, and genetic
testing may be used to distinguish between these conditions; further, genetic
counseling is an important step in a CHARGE syndrome diagnosis (Hefner & Fassi,
2017). This will prove to be critical in establishing a multidisciplinary care team for
potential developmental concerns of a CHARGE syndrome child, such as combined
deafness-blindness (Hudson et al., 2017). As CHARGE patients grow up, they may have
feeding difficulties or orofacial anomalies that may need to be attended to by ENT
specialists, cardiovascular malformations that may involve pediatric cardiologists, or
concomitant hypogonadotropic hypogonadism (HH) that may require the help of
pediatric endocrinologists, supporting the high clinical utility of CHD7 testing of
CHARGE syndrome (Dijk et al., 2019).

Guidelines and Recommendations

The CHARGE Syndrome Foundation
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The CHARGE Syndrome Foundation states that CHARGE syndrome is marked by key
features such as coloboma, cranial nerve abnormalities, choanal atresia, heart defects,
characteristic external ears, esophageal defects, small/absent semicircular canals,
genitourinary abnormalities, and CHD7 gene mutations, and that its “diagnosis should
be made by a Medical Geneticist. Diagnosis is based on key features, ideally with DNA
testing for CHD7 mutations.” Though “It does not usually run in families,” the
“Recurrence risk to unaffected parents is 1-2%" and “If a parent has CHARGE
Syndrome, the risk to a baby is 50/50” (CHARGE Syndrome Foundation, 2024).

The National Organization for Rare Disorders (NORD)

NORD states that “Diagnosis can be confirmed by molecular genetic testing identifying
the variants in the CHD7 gene associated with the condition. If no disease-causing
variants are found, a SNP chromosomal microarray should be done, because in a few
patients, there has been a submicroscopic change in the chromosome 8q12.2 region. If
both these tests are negative, whole genome exome sequencing should be done, since
other genetic disorders share some clinical features with CHARGE syndrome, and new
variants in the ZEB2, KMT2D and EFTUDZ genes have been found in children previously
diagnosed as having CHARGE syndrome” (National Organization for Rare Disorders,
2024).

Other Recommendations

Guidelines by professional societies and organizations about genetic testing for
CHARGE syndrome are limited; however, recommendations by subject matter experts
in the field are included below.

A comprehensive guideline and clinical checklist were developed by the Atlantic
Canadian CHARGE syndrome team. This checklist includes diagnostic criteria such as
clinical diagnoses and genetic testing; genetic consultation for CHD7 analysis and array
comparative genomic hybridization is also recommended. Further, the guideline notes
that although “there is no consensus on genetic testing in the presence of a clear
clinical diagnosis,” multiple guidelines recommend genetic testing in “all suspected
cases of CHARGE syndrome and especially for patients who partially meet the clinical
criteria” (Trider et al.,, 2017).

According to guidelines published by researchers at The Children’s Mercy Hospitals
and Clinics in Kansas City, Missouri, a previously unknown missense mutation in exon
31 of CHD7 can cause a diagnosis of CHARGE syndrome. This mutation can be
inherited, showing that family history should be considered as a major diagnostic
criterion for CHARGE syndrome (Hughes et al., 2014). Moreover, because orofacial
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clefting is often observed with a diagnosis of CHARGE syndrome, it is also suggested
that patients with this anomaly be tested for CHARGE syndrome (Hughes et al., 2014).

Guidelines published by de Geus et al. (2017) provide a comprehensive overview of all
other published recommendations for CHARGE syndrome and introduce guidelines for
cranial imaging. A summary of their recommendations is included in the table below

(de Geus et al., 2017).

Recommendation References

CHARGE is a clinical diagnosis

(Bergman et al., 2011; Blake et al., 1998;
Harris et al., 1997; Issekutz et al., 2005;
Verloes, 2005)

CHD?7 testing can confirm uncertain
diagnosis in mildly affected patients

(Bergman et al., 2011)

CHD?7 testing may be performed
according to a flow diagram

(Bergman et al., 2011)

A genome-wide array should be
performed in patients with CHARGE
syndrome but without

a CHD7 mutation

(Corsten-Janssen et al.,, 2013)

Clinical genetics consultation is
indicated, including options for
prenatal diagnosis

(Bergman et al., 2011; Lalani et al., 2012)

Patients diagnosed with
hypogonadotropic hypogonadism and
anosmia should be screened for clinical
features consistent with CHARGE
syndrome

(Jongmans et al., 2009)

Olfactory bulb hypoplasia and
semicircular canal aplasia should be
considered major signs for CHARGE
syndrome

(Asakura et al., 2008; Sanlaville et al.,
2006)

If a parent has any features of CHARGE
syndrome, molecular genetic testing is
appropriate if a CHD7 pathogenic
variant has been identified in the
proband

(Jongmans et al., 2008)

CHD?7 analysis should be performed in
patients with a 22q11.2 deletion

(Corsten-Janssen et al.,, 2013)
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phenotype without TBX1
haploinsufficiency

CHD?7 analysis should be performed in
patients with Kallmann syndrome who
have at least two additional CHARGE
features or semicircular canal
anomalies

(Bergman et al., 2012; Costa-Barbosa et
al., 2013; Jongmans et al., 2009)

CHD?7 should be included in massive
parallel sequencing gene panels for
diagnostics in syndromic heart defects

(Corsten-Janssen et al,, 2014)

CHD7 analysis should not be
performed routinely in patients with
only atrial septal defect or conotruncal
heart defects

(Corsten-Janssen et al,, 2014)

CHD?7 analysis should not be
performed in septo-optic dysplasia
patients without features of CHARGE

(Gregory et al., 2013)

MLPA analysis is indicated if no
causal CHD7 is mutation is found

(Wincent et al., 2008; Wincent et al.,
2009)

MLPA analysis is not indicated if
no CHD7 mutation is found

(Bergman et al., 2008)

Guidelines for clinical diagnosis have also been published by Hale et al. (2016a), which
include the identification of a pathogenic CHD?7 variant as major criteria for a CHARGE
syndrome diagnosis. In a response to comments received on their publication by
(Blake et al.,, 2011), Hale and colleagues reaffirmed the appropriateness of CHD7
testing under the right circumstances. They state “there are specific (and extremely
useful) guidelines for when to test for CHD7 sequence variants in individuals with
CHARGE features (Bergman et al.,, 2011). Accurate and meaningful genetic information
can lead to improved understanding of etiology, provide accurate recurrence risks, and
help pave the way toward better clinical care. We advocate incorporating CHD7
sequence variant information into the diagnostic algorithm, when it is available, since
this information can improve understanding of disease causation, pathogenesis, and
treatment options. In cases when CHD?7 variant testing is not available, the diagnosis
can still be made based on appropriate clinical assessments” (Hale et al., 2016b).

Bergman et al. (2011) asserted that CHD?7 testing can confirm uncertain diagnoses in
mildly affected patients. Moreover, a clinical genetics consultation is also indicated,

including options for prenatal diagnosis.

Corsten-Janssen et al. (2014) published recommendations which state that:
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CHD7 should be included in massive parallel sequencing gene panels for

diagnostics in syndromic heart defects

CHD?7 analysis should be performed in patients with a 22q11.2 deletion

phenotype without TBX7 haploinsufficiency

Genome-wide array should be performed in patients with CHARGE syndrome but

without a CHD7 mutation

Jongmans et al. (2008) and Jongmans et al. (2009) recommended that:

Patients diagnosed with hypogonadotropic hypogonadism and anosmia should
be screened for clinical features consistent with CHARGE syndrome

If a parent has any features of CHARGE syndrome, molecular genetic testing is
appropriate if a CHD7 pathogenic variant has been identified in the proband
CHD?7 analysis should be performed in patients with Kallmann syndrome who
have at least two additional CHARGE features or semicircular canal anomalies

Usman and Sur (2024) compiled guidelines for the diagnosis of CHARGE syndrome
that state that the “only gene associated with CHARGE syndrome is CHD7, encrypting
the chromodomain helicase DNA binding protein. This sequencing detects pathogenic
variants in maximum individuals with typical CHARGE syndrome with the following
criteria of having the three primary characteristics or four major and three minor
characteristics.” The major criteria are the 4C’s: coloboma, cranial nerve abnormalities,
choanal atresia, and typical CHARGE ear. The minor criteria are heart defects, cleft lip
or palate, genital abnormalities, hypotonia, kidney abnormalities, esophageal atresia,
poor growth, typical CHARGE face, and typical CHARGE hand. The authors summarize
the outline of diagnosis as:

“Clinical diagnosis: It is a combination of major and minor diagnostic
characteristics, having the three primary features or four major and three minor
characteristics.”

“Laboratory analysis: It includes having the blood workup done, such as complete
blood count (CBC), serum electrolytes, renal function test, luteinizing hormone-
releasing hormone, Human chorionic gonadotropin (hCG), blood urea nitrogen
(BUN), creatinine, growth hormone levels, and immunologic studies.”

“Genetic analysis: Prenatal screening for CHD?7 variants is restricted to familial
cases, via amniocentesis chorionic or villus sampling at 10-12 and 18-20 weeks'
gestation.”

“Imaging studies: Involves a skeletal survey, abdominal ultrasound, barium
swallow, echocardiography, chest x-ray, cranial ultrasound in neonates, and
head computed tomography (CT) scan and magnetic resonance imaging (MRI)”
(Usman & Sur, 2024).
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VIl. Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable
government policy for a particular member [e.g., Local Coverage Determinations
(LCDs) or National Coverage Determinations (NCDs) for Medicare and/or state
coverage for Medicaid], then the government policy will be used to make the
determination. For the most up-to-date Medicare policies and coverage, please visit
the Medicare search website: https://www.cms.gov/medicare-coverage-
database/search.aspx. For the most up-to-date Medicaid policies and coverage, visit
the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in
house. These laboratory-developed tests (LDTs) are regulated by the Centers for
Medicare and Medicaid (CMS) as high-complexity tests under the Clinical Laboratory
Improvement Amendments of 1988 (CLIA '88). LDTs are not approved or cleared by
the U. S. Food and Drug Administration; however, FDA clearance or approval is not
currently required for clinical use.

VIIl. Applicable CPT/HCPCS Procedure Codes

CPT | Code Description

81403 | Molecular pathology procedure, Level 4 (eg, analysis of single exon by DNA
sequence analysis, analysis of >10 amplicons using multiplex PCR in 2 or
more independent reactions, mutation scanning or duplication/deletion
variants of 2-5 exons)

81404 | Molecular pathology procedure, Level 5 (eg, analysis of 2-5 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of 6-
10 exons, or characterization of a dynamic mutation disorder/triplet repeat
by Southern blot analysis)

81405 | Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of 11-
25 exons, regionally targeted cytogenomic array analysis)

81407 | Molecular pathology procedure, level 8 (eg, analysis of 26-50 exons by DNA
sequence analysis, mutation scanning or duplication/deletion variants of
>50 exons, sequence analysis of multiple genes on one platform)

81479 | Unlisted molecular pathology procedure
Current Procedural Terminology© American Medical Association. All Rights reserved.
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Procedure codes appearing in Medical Policy documents are included only as a general
reference tool for each policy. They may not be all-inclusive.
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Testing for Connective Tissue Disorders

Prior Policy Name and Number, as
applicable:

e AHS-M2144 Marfan Syndrome
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RECOMMENDATIONS | APPLICABLE STATE AND FEDERAL REGULATIONS | APPLICABLE

CPT/HCPCS PROCEDURE CODES | EVIDENCE-BASED SCIENTIFIC REFERENCES

I. Policy Description

More than 200 heritable connective tissue disorders exist and include Marfan
Syndrome (MFS), Ehlers-Danlos syndrome (EDS), Epidermolysis bullosa (EB), and Loeys-
Dietz syndrome (LDS) (NIH, 2016). Every disorder impacts connective tissue differently,
including several with vascular implications, and clinical severity varies within each

disorder.

Il. Related Policies

Policy Policy Title
Number

AHS-M2145 | General Genetic Testing, Germline Disorders

lll. Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual’s benefit coverage at
the time of the request. Specifications pertaining to Medicare and Medicaid can be
found in the “Applicable State and Federal Regulations” section of this policy document.

1) For individuals who have consulted with a cardiology specialist prior to genetic
testing, FBN'T mutation testing for Marfan Syndrome MEETS COVERAGE CRITERIA

in the following situations:

a) When Marfan syndrome is suspected based on clinical features, but a definitive
diagnosis cannot be made using established clinical diagnostic criteria (see Note

1).
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b) For an asymptomatic individual who has an affected first-degree blood relative
(i.e., parent, sibling, child) with a known mutation.

c) For the prenatal diagnosis or preimplantation genetic diagnosis (PGD) of Marfan
syndrome in the offspring of patients with known disease-causing variants.

2) Genetic testing for Loeys-Dietz Syndrome (TGFBR1 or TGFBR2 mutation) MEETS
COVERAGE CRITERIA in the following situations:

a) To confirm or establish a diagnosis of LDS in an individual with vascular
characteristics of LDS (see Note 2).

b) For an asymptomatic individual who has an affected first-degree blood relative
(i.e., parent, sibling, child) with a known mutation.

c) Forindividuals suspected of having Marfan Syndrome who have tested negative
for FBN1T.

3) For individuals with characteristics of vascular Ehlers-Danlos Syndrome (VEDS) (see
Note 3), genetic panel testing for COL3AT and COLTAT mutations to confirm or
establish a diagnosis of vEDS MEETS COVERAGE CRITERIA.

4) For individuals with characteristics of hypermobile Ehlers-Danlos syndrome (hEDS)
(see Note 5), genetic testing to confirm or establish a diagnosis DOES NOT MEET
COVERAGE CRITERIA.

5) All other gene testing for Marfan Syndrome or other connective tissue disorders,
including Ehlers-Danlos Syndrome, DOES NOT MEET COVERAGE CRITERIA.

NOTES:
Note 1: Clinical Diagnostic Criteria for Marfan Syndrome is as follows:

Revised Ghent nosology — The 2010 revised Ghent nosology puts greater weight on
aortic root dilatation/dissection and ectopia lentis as the cardinal clinical features of MFS
and on testing for mutations in FBNT (Loeys et al., 2010; Wright & Connolly, 2023).

* In the absence of family history of MFS, the presence of one of any of the following
criteria is diagnostic for MFS:

e Aortic criterion (aortic diameter Z >2 or aortic root dissection) and ectopia lentis*

e Aortic criterion (aortic diameter Z >2 or aortic root dissection) and a causal FBN1
mutation

e Aortic criterion (aortic diameter Z >2 or aortic root dissection) and a systemic
score >7 points*
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Ectopia lentis and a causal FBNT mutation that has been identified in an
individual with aortic aneurysm

In the presence of family history of MFS (as defined by the above criteria), the
presence of one of any of the following criteria is diagnostic for MFS:

Ectopia lentis

Systemic score >7 points*

Aortic criterion (aortic diameter Z >2 above 20 years old, Z >3 below 20 years, or
aortic root dissection) *

For criteria with an asterisk (*), the diagnosis of MFS can be made only in the absence of
discriminating features of Shprintzen-Goldberg syndrome, Loeys-Dietz syndrome, or
vascular Ehlers-Danlos syndrome and after TGFBR1/2, collagen biochemistry, or COL3A1
testing if indicated.

Systemic score — The revised Ghent nosology includes the following scoring system for
systemic features (Loeys et al., 2010; Wright & Connolly, 2023):

Wrist AND thumb sign: 3 points

Wrist OR thumb sign: 1 point

Pectus carinatum deformity: 2 points

Pectus excavatum or chest asymmetry: 1 point

Hindfoot deformity: 2 points

Plain pes planus: 1 point

Pneumothorax: 2 points

Dural ectasia: 2 points

Protrusio acetabuli: 2 points

Reduced upper segment/lower segment ratio AND increased

arm span/height AND no severe scoliosis: 1 point

Scoliosis or thoracolumbar kyphosis: 1 point

Reduced elbow extension (<170 degrees with full extension): 1 point

Facial features (at least three of the following five features: dolichocephaly, malar
hypoplasia, enophthalmos, downslanting palpebral fissures, retrognathia): 1 point
Skin striae: 1 point

Myopia >3 diopters: 1 point

Mitral valve prolapse: 1 point

Note 2: Clinical features of Loeys-Dietz Syndrome: aortic/arterial
aneurysms/tortuosity, arachnodactyly, bicuspid aortic valve and patent ductus
arteriosus, blue sclerae, camptodactyly, cerebral, thoracic or abdominal arterial
aneurysms and/or dissections, cleft palate/bifid uvula, club feet, craniosynostosis, easy
bruising, joint hypermobility, ocular hypertelorism, pectus carinatum or pectus
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excavatum, scoliosis, talipes equinovarus, thin skin with atrophic scars, velvety and
translucent skin, widely spaced eyes (Loeys & Dietz, 2018).

Note 3: Clinical features of Vascular EDS (VEDS) from The 2017 International
Classification For The Ehlers-Danlos Syndromes (Malfait et al, 2017):

e Inheritance
Autosomal dominant
« Major criteria

1.
2.

5

Family history of VEDS with documented causative variant in COL3AT

Arterial rupture at a young age

Spontaneous sigmoid colon perforation in the absence of known diverticular
disease or other bowel pathology

Uterine rupture during the third trimester in the absence of previous C-section
and/or severe peripartum perineum tears

Carotid-cavernous sinus fistula (CCSF) formation in the absence of trauma

e Minor criteria

6.

10.
11.
12.
13.
14.
15.
16.
17.

Bruising unrelated to identified trauma and/or in unusual sites such as cheeks
and back

Thin, translucent skin with increased venous visibility
Characteristic facial appearance

Spontaneous pneumothorax

Acrogeria

Talipes equinovarus

Congenital hip dislocation

Hypermobility of small joints

Tendon and muscle rupture

Keratoconus

Gingival recession and gingival fragility

Early onset varicose veins (under age 30 and nulliparous if female)

e Minimal criteria suggestive for vEDS:
A family history of the disorder, arterial rupture or dissection in individuals less than
40 years of age, unexplained sigmoid colon rupture, or spontaneous pneumothorax
in the presence of other features consistent with vEDS should all lead to diagnostic
studies to determine if the individual has VEDS. Testing for VEDS should also be
considered in the presence of a combination of the other “minor” clinical features
listed above.

Note 4: For 5 or more gene tests being run on the same platform, please refer to AHS-
R2162 Reimbursement Policy.
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Note 5: Clinical features of Hypermobile EDS (hEDS) from The 2017 International
Classification For The Ehlers-Danlos Syndromes (Malfait et al, 2017):

e Inheritance

Autosomal dominant
o Molecular basis

Unknown
o Clinical diagnosis
Clinical spectrum ranging from asymptomatic joint hypermobility, through “non-
syndromic” hypermobility with secondary manifestations, to hEDS (see “A Framework
for the Classification of Joint Hypermobility and Related Conditions” by Castori et al., this

issue).

The clinical diagnosis of hEDS needs the simultaneous presence of criteria 1 AND 2

AND 3:

Criterion 1: Generalized Joint Hypermobility (GJH)

Criterion 2: Two or More Among the Following Features (A—C) MUST Be Present (for
Example: A and B; Aand C; B and C; A and B and C)

Feature A: systemic manifestations of a more generalized connective tissue disorder
(a total of five must be present)

1.
2.
3.

10.
11.

12.

Unusually soft or velvety skin

Mild skin hyperextensibility

Unexplained striae such as striae distensae or rubrae at the back, groins,
thighs, breasts and/or abdomen in adolescents, men or prepubertal women
without a history of significant gain or loss of body fat or weight

Bilateral piezogenic papules of the heel

Recurrent or multiple abdominal hernia(s) (e.g., umbilical, inguinal, crural)
Atrophic scarring involving at least two sites and without the formation of
truly papyraceous and/or hemosideric scars as seen in classical EDS

Pelvic floor, rectal, and/or uterine prolapse in children, men, or nulliparous
women without a history of morbid obesity or other known predisposing
medical condition

Dental crowding and high or narrow palate

Arachnodactyly, as defined in one or more of the following: (i) positive wrist
sign (Steinberg sign) on both sides; (ii) positive thumb sign (Walker sign) on
both sides

Arm span-to-height >1.05

Mitral valve prolapse (MVP) mild or greater based on strict echocardiographic
criteria

Aortic root dilatation with Z-score > +2
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Feature B: positive family history, with one or more first degree relatives
independently meeting the current diagnostic criteria for hEDS.
Feature C: musculoskeletal complications (must have at least one)

1.

1.Musculoskeletal pain in two or more limbs, recurring daily for at least 3

months

2.Chronic, widespread pain for >3 months

Recurrent joint dislocations or frank joint instability, in the absence of trauma

(@aorb)

a. Three or more atraumatic dislocations in the same joint or two or more
atraumatic dislocations in two different joints occurring at different times

b. Medical confirmation of joint instability at two or more sites not related to
trauma

Criterion 3: All the Following Prerequisites MUST Be Met

1.

Absence of unusual skin fragility, which should prompt consideration of other
types of EDS

Exclusion of other heritable and acquired connective tissue disorders,
including autoimmune rheumatologic conditions. In patients with an acquired
connective tissue disorder (e.g., lupus, rheumatoid arthritis, etc.), additional
diagnosis of hEDS requires meeting both Features A and B of Criterion 2.
Feature C of Criterion 2 (chronic pain and/or instability) cannot be counted
towards a diagnosis of hEDS in this situation.

Exclusion of alternative diagnoses that may also include joint hypermobility by
means of hypotonia and/or connective tissue laxity. Alternative diagnoses and
diagnostic categories include, but are not limited to, neuromuscular disorders
(e.g., myopathic EDS, Bethlem myopathy), other HCTD (e.g., other types of
EDS, Loeys-Dietz syndrome, Marfan syndrome), and skeletal dysplasias (e.g.,
Ol). Exclusion of these considerations may be based upon history, physical
examination, and/or molecular genetic testing, as indicated.

IV. Table of Terminology

Term Definition

AAP American Academy of Pediatrics

AATS American Association for Thoracic Surgery
ACC American College of Cardiology

ACCF American College of Cardiology Foundation
ACMG American College of Medical Genetics

ACR American College of Radiology

ACTAZ Actin alpha 2, smooth muscle gene

AD Autosomal dominant
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ADAMTS?2 ADAM metallopeptidase with thrombospondin type 1 motif 2 gene
aEDS Arthrochalasia Ehlers-Danlos syndrome
AHA American Heart Association

Angll Angiotensin I

AR Autosomal recessive

ARBs Angiotensin receptor blockers

ASA American Stroke Association

ATR1 Angiotensin Il receptor type 1

B3GALT6 Beta-1,3-galactosyltransferase 6 gene
BAGALT7 Beta-1,4-galactosyltransferase 7 gene

BAV Bicuspid aortic valve

BCS Brittle cornea syndrome

C Carboxy

C1R Complement C1r

C1S Complement C1s

CCS Canadian Cardiovascular Society

CCSF Carotid-cavernous sinus fistula

cEDS Classical Ehlers-Danlos syndrome

CHST14 Carbohydrate sulfotransferase 14 gene
clEDS Classical-like Ehlers-Danlos syndrome

CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers For Medicare and Medicaid Services
CNV Copy number variant

COL12A1 Collagen type Xll alpha 1 chain gene
COL1AT Collagen type | alpha 1 chain gene

COL1A2 Collagen type | alpha 2 chain gene

COL1AZ

NMD Collagen type | alpha 2 gene nonsense-mediated mRNA decay
COL3A1 Collagen type Il alpha 1 chain gene

CPD Clinical provisional diagnosis

CT Computerized tomography

cvEDS Cardiac-valvular Ehlers-Danlos syndrome
CVS Chorionic villus sampling

DAST1 Dermatan 4-sulfotransferase-1 protein
dEDS Dermatosparaxis Ehlers-Danlos syndrome
DNA Deoxyribonucleic acid

DSE Dermatan sulfate epimerase gene

EB Epidermolysis bullosa

EDS Ehlers-Danlos syndrome
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EFEMP2 EGF containing fibulin extracellular matrix protein 2 gene
EGF Epidermal growth factor

ELN Elastin gene

EM Electron microscopy

FBN1 Fibrillin-1 gene

FBNZ2 Fibrillin-2 gene

FDA Food and Drug Administration

FKBP14 FKBP (FK506 binding protein) prolyl isomerase 14 gene
FKBP22 FKBP (FK506 binding protein) prolyl isomerase 22 gene
FLNA Filamin A gene

GAG Glycosaminoglycan

GJH Generalized joint hypermobility

HCTD Heritable connective tissue disorders

hEDS Hypermobile Ehlers-Danlos syndrome

HP Hydroxylysyl-pyridinoline

HPLC High-performance liquid chromatography

IFM Immunofluorescence mapping

kEDS Kyphoscoliotic

KRT14 Keratin 14 gene

KRT5 Keratin 5 gene

LDS Loeys-Dietz syndrome

LDTs Laboratory-developed tests

LH1 Lysyl hydroxylase 1

LOX Lysyl oxidase gene

LP Lysyl-pyridinoline

MCC Meets coverage criteria

mcEDS Musculocontractural Ehlers-Danlos syndrome
mEDS Myopathic Ehlers-Danlos syndrome

MFS Marfan syndrome

MLPA Multiplex ligation-dependent probe amplification
MRI Magnetic resonance imaging

MVP Mitral valve prolapse

MYHT11 Myosin heavy chain 11 gene

MYLK Myosin light chain kinase gene

NGS Next-generation sequencing

NORD National Organization for Rare Disorders

Ol Osteogenesis imperfecta

PCR Polymerase chain reaction
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pEDS Periodontal Ehlers-Danlos syndrome

PGD Preimplantation genetic diagnosis

PGT-M Preimplantation genetic testing for monogenic diseases
PLEC Plectin gene

PLOD1 Procollagen-Lysine,2-Oxoglutarate 5-Dioxygenase 1 gene
PRDM5 PR/SET Domain 5 gene

PRKG1 Protein kinase cGMP-dependent 1 gene

RCT Randomized controlled trial

RNA Ribonucleic acid

SCA Society of Cardiovascular Anesthesiologists

SCAI Society for Cardiovascular Angiography and Interventions
SDS-PAGE Sodium dodecyl sulphate—polyacrylamide gel electrophoresis
SIR Society of Interventional Radiology

SKI SKI proto-oncogene

SLC2A10 Solute Carrier Family 2 Member 10 gene

SLC39A13 Solute Carrier Family 39 Member 13 gene

SMAD3 Mothers against decapentaplegic homolog 3 gene
SMAD4 Mothers against decapentaplegic homolog 4 gene

SMC Smooth muscle cell

spEDS Spondylodysplastic Ehlers-Danlos syndrome

STS Society of Thoracic Surgeons

SVM Society for Vascular Medicine

TAD Thoracic aortic disease

TAAD Thoracic aortic aneurysm and dissection

TEM Transmission electron microscopy

TGFB Transforming growth factor beta gene

TGFB2 Transforming Growth Factor B 2 Ligand gene

TGFB3 Transforming Growth Factor B 3 Ligand gene

TGFBR Transforming growth factor beta receptor gene

TGFBR1 Transforming Growth Factor B Receptor | gene

TGFBR2 Transforming Growth Factor B Receptor Il gene

TGF-B Transforming Growth Factor-B

TNXA Tenascin XA (Pseudogene)

TNXB Tenascin XB gene

vEDS Vascular Ehlers-Danlos Syndrome

VUS Variant of unknown significance

WES Whole exome sequencing

WGS Whole genome sequencing

ZIP13 Zrt- and Irt-like protein 13
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ZNF469 ‘ Zinc finger protein 469 gene

. Scientific Background

Connective tissue helps to bind and support other types of tissue in the body.
Unfortunately, many types of connective tissue afflictions exist, including more than
200 heritable connective tissue disorders (NIH, 2016) such as Marfan Syndrome (MFS),
Ehlers-Danlos syndrome (EDS), Epidermolysis bullosa (EB), and Loeys-Dietz syndrome
(LDS). Each disorder affects connective tissue in a different manner. Symptoms may
include joint issues, bone growth problems, blood vessel damage, cranial structural
problems, skin problems, and height issues (NIH, 2016).

Marfan Syndrome (MFS) was first described more than 100 years ago by a Parisian
professor of pediatrics, Antoine-Bernard Marfan. He was the first to report the
association of long slender digits with other skeletal abnormalities in a 5-year-old girl
(Radke & Baumgartner, 2014). MFS is a fairly common condition with an incidence of
about 1 in 3000 to 5000 individuals. MFS is a systemic disorder of connective tissue
with significant clinical variability across a broad phenotypic continuum, ranging from
mild isolated features to severe and rapidly progressive neonatal multiorgan disease
(Faivre et al., 2007). Ocular findings include myopia, ectopia lentis, and an increased
risk for retinal detachment, glaucoma, and early cataracts. Skeletal system symptoms
include "bone overgrowth and joint laxity, disproportionately long extremities for the
size of the trunk, overgrowth of the ribs, and scoliosis.” The major cause of death in
MEFS results from cardiovascular system problems, including aortic root dilatation and
rupture, mitral or tricuspid valve prolapse, and enlargement of the proximal pulmonary
artery. Severe and prolonged regurgitation of the mitral or aortic valve can lead to left
ventricular dysfunction and heart failure. Patients presenting with one isolated
symptom are rare. However, with careful management, life expectancy approximates
that of the general population (Dietz, 2017; Pyeritz, 2017; 