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Policy Statement

I.  Genetic testing is considered medically necessary when the diagnosis of an inherited
peripheral motor or sensory neuropathy is suspected due to signs and/or symptoms, but a
definitive diagnosis cannot be made without genetic testing.

Il.  Genetic testing for an inherited peripheral neuropathy is considered investigational for all
other indications.

NOTE: Refer to Appendix A to see the policy statement changes (if any) from the previous version.

Policy Guidelines

This policy addresses the hereditary motor and sensory peripheral neuropathies, of which peripheral
neuropathy is the primary clinical manifestation. A number of other hereditary disorders may have
neuropathy as an associated finding but typically have other central nervous system or other
systemic findings. Examples include Refsum disease, various lysosomal storage diseases, and
mitochondrial disorders.

Genetics Nomenclature Update

The Human Genome Variation Society nomenclature is used to report information on variants found
in DNA and serves as an international standard in DNA diagnostics. It is being implemented for
genetic testing medical evidence review updates starting in 2017 (see Table PGI1). The Society's
nomenclature is recommended by the Human Variome Project, the Human Genome Organization,
and by the Human Genome Variation Society itself.

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

]

Table PG1. Nomenclature to Report on Variants Found in DNA

o
Previous Updated Definition

Mutation Disease-associated Disease-associated change in the DNA sequence
variant

Variant Change in the DNA sequence
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Previous Updated Definition

Familial variant Disease-associated variant identified in a proband for use in subsequent
targeted genetic testing in first-degree relatives

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

Variant Classification Definition

Pathogenic Disease-causing change in the DNA sequence

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

Benign Benign change in the DNA sequence

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

Genetic Counseling

Genetic counseling is primarily aimed at patients who are at risk for inherited disorders, and experts
recommend formal genetic counseling in most cases when genetic testing for an inherited

condition is considered. The interpretation of the results of genetic tests and the understanding of risk
factors can be very difficult and complex. Therefore, genetic counseling will assist individuals in
understanding the possible benefits and harms of genetic testing, including the possible impact of
the information on the individual’s family. Genetic counseling may alter the utilization of genetic
testing substantially and may reduce inappropriate testing. Genetic counseling should be performed
by an individual with experience and expertise in genetic medicine and genetic testing methods.

Coding
See the Codes table for details.

Description

The inherited peripheral neuropathies are a heterogeneous group of diseases that may be

inherited in an autosomal dominant, autosomal recessive, or X-linked dominant manner. These
diseases can generally be diagnosed based on clinical presentation, nerve conduction studies, and
family history. Genetic testing has been used to diagnose specific inherited peripheral neuropathies.

Summary of Evidence

For individuals with suspected inherited motor and sensory peripheral neuropathy who receive
testing for genes associated with inherited peripheral neuropathies, the evidence includes case-
control and genome-wide association studies. Relevant outcomes are test validity, symptoms, and
change in disease status. For the evaluation of hereditary motor and sensory peripheral neuropathies
and hereditary neuropathy with liability to pressure palsies (HNPP), the diagnostic testing yield is
likely to be high, particularly when sequential testing is used based on patient phenotype. However,
the clinical utility of genetic testing to confirm a diagnosis in a patient with a clinical diagnosis of an
inherited peripheral neuropathy is unknown. No direct evidence for improved outcomes with the use
of genetic testing for hereditary motor and sensory peripheral neuropathies and HNPP

was identified. However, a chain of evidence supports the use of genetic testing to establish a
diagnosis in cases of suspected inherited motor or sensory neuropathy, when a diagnosis cannot be
made by other methods, to initiate supportive therapies. The evidence is sufficient to determine that
the technology results in an improvement in the net health outcome.

Additional Information
Not applicable.
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Related Policies

e N/A

Benefit Application

Benefit determinations should be based in all cases on the applicable member health services
contract language. To the extent there are conflicts between this Medical Policy and the member
health services contract language, the contract language will control. Please refer to the member's
contract benefits in effect at the time of service to determine coverage or non-coverage of these
services as it applies to an individual member.

Some state or federal law may prohibit health plans from denying FDA-approved Healthcare
Services as investigational or experimental. In these instances, Blue Shield of California may be
obligated to determine if these FDA-approved Healthcare Services are Medically Necessary.

Regulatory Status

SB 496

SB 496 requires health plans licensed under the Knox-Keene Act ("Plans"), Medi-Cal managed care
plans ("MCPS"), and health insurers ("Insurers") to cover biomarker testing for the diagnosis,
treatment, appropriate management, or ongoing monitoring of an enrollee's disease or condition to
guide treatment decisions, as prescribed. The bill does not require coverage of biomarker testing for
screening purposes. Restricted or denied use of biomarker testing for these purposes is subject to
state and federal grievance and appeal processes. Where biomarker testing is deemed medically
necessary, Plans and Insurers must ensure that the testing is provided in a way that limits disruptions
in care.

Clinical Laboratory Improvement Amendments (CLIA) and FDA Regulatory Overview

Clinical laboratories may develop and validate tests in-house and market them as a laboratory
service; laboratory-developed tests must meet the general regulatory standards of the Clinical
Laboratory Improvement Amendments (CLIA). Genetic testing for the diagnosis of inherited
peripheral neuropathies is available under the auspices of CLIA. Laboratories that offer laboratory-
developed tests must be licensed by CLIA for high-complexity testing. To date, the U.S. Food and
Drug Administration has chosen not to require any regulatory review of this test

Rationale

Background

Inherited Peripheral Neuropathies

Inherited peripheral neuropathies are a clinically and genetically heterogeneous group of disorders.
The estimated prevalence in aggregate is 1in 2500 persons, making inherited peripheral
neuropathies the most commmon inherited neuromuscular disease.”

Peripheral neuropathies can be subdivided into 2 major categories: primary axonopathies and
primary myelinopathies, depending on which portion of the nerve fiber is affected. The further
anatomic classification includes fiber type (e.g., motor vs. sensory, large vs. small) and gross
distribution of the nerves affected (e.g., symmetry, length-dependency).

Inherited peripheral neuropathies are divided into hereditary motor and sensory neuropathies,
hereditary neuropathy with liability to pressure palsies (HNPP), and other miscellaneous, rare types
(e.g., hereditary brachial plexopathy, hereditary sensory, autonomic neuropathies). Other hereditary
metabolic disorders, such as Friedreich ataxia, Refsum disease, and Krabbe disease, may be
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associated with motor and/or sensory neuropathies but typically have other predominating
symptoms. This evidence review focuses on hereditary motor and sensory neuropathies and HNPP.
A genetic etiology of peripheral neuropathy is typically suggested by generalized polyneuropathy,
family history, lack of positive sensory symptoms, early age of onset, symmetry, associated skeletal
abnormalities, and very slowly progressive clinical course.? A family history of at least 3 generations
with details on health issues, the cause of death, and age at death should be collected.

Charcot-Marie-Tooth Disease

Hereditary Motor and Sensory Neuropathies

Most inherited polyneuropathies were originally described clinically as variants of Charcot-Marie-
Tooth (CMT) disease. The clinical phenotype of CMT is highly variable, ranging from minimal
neurologic findings to the classic picture with pes cavus and “stork legs” to a severe polyneuropathy
with respiratory failure.> CMT disease is genetically and clinically heterogeneous. Variants in more
than 30 genes and more than 44 different genetic loci have been associated with inherited
neuropathies.*Also, different pathogenic variants in a single gene can lead to different inherited
neuropathy phenotypes and inheritance patterns. A 2016 cross-sectional study of 520 children and
adolescents with CMT found variability in CMT-related symptoms across the 5 most commonly
represented subtypes.®

CMT subtypes are characterized by variants in 1 of several myelin genes, which lead to abnormalities
in myelin structure, function, or upkeep. There are 7 subtypes of CMT, with type 1 and 2 representing
the most common hereditary peripheral neuropathies.

Most cases of CMT are autosomal dominant, although autosomal recessive and X-linked dominant
forms exist. Most cases are CMT type 1 (approximately 40% to 50% of all CMT cases, with 78% to 80%
of those due to PMP22variants).> CMT type 2 is associated with 10% to 15% of CMT cases, with 20%
of those due to MFNZ2variants.

A summary of the molecular genetics of CMT is outlined in Table 1.

Table 1. Molecular Genetics of CMT Variants

Locus Gene Protein Product Prevalence (if known)
CMT type 1
CMTIA PMP22 Peripheral myelin protein 22 50% of CMTI1
CMTIB MPz Myelin PO protein 25% of CMTI1
CMTIC LITAF Lipopolysaccharide-induced tumor
necrosis factor-a factor
CMTID EGR2 Early growth response protein 2
CMTIE PMP22 Peripheral myelin protein 22 (sequence
changes)
CMTIF/2E  NEFL Neurofilament light polypeptide
CMTIG PMP2 Peripheral myelin protein 2
CMT type 2
CMT2A1 KIFIB Kinesin-like protein KIF1B
CMT2A2A/B MFNZ2 Mitofusin-2
CMT2B RAB7A Ras-related protein Rab-7
CMT2BI1 LMNA Lamin A/C
CMT2B2 PNKP
CMT2C TRPV4 Transient receptor potential cation
channel subfamily V member 4
CMT2D GARS]T Glycyl-tRNA synthetase
CMT2F HSPBT Heat-shock protein beta-1
CMT2G LRSAMIT E3 ubiquitin-protein ligase LRSAMI
CMT2H/2K  GDAPI Ganglioside-induced differentiation-
associated protein 1
CMT21/3 MPZ Myelin PO protein
CMT2L HSPB8 Heat-shock protein beta-8
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Locus Gene Protein Product Prevalence (if known)

CMT2M DNM2 Dynamin 2

CMT2N AARS]T Alanyl-tRNA synthetase, cytoplasmic

CMT20 DYNCIHT Cytoplasmic dynein 1 heavy chain 1

CMT2P LRSAMIT E3 ubiquitin-protein ligase LRSAM1

CMT2Q DHTKDI Dehydrogenase E1 And Transketolase
Domain Containing 1

CMT2R TRIMZ2 Tripartite Motif Containing 2

CMT2S IGHMBP2  DNA-binding protein SMUBP-2

CMT2T MME Membrane Metalloendopeptidase

CMT2U MARS]T Methionine-tRNA ligase, cytoplasmic

CMT2V NAGLU N-Acetyl-Alpha-Glucosaminidase

CMT2W HARST Histidyl-TRNA Synthetase 1

CMT2X SPGTI Spastic paraplegia 11

CMT2Y vcp Valosin Containing Protein

CMT2Z MORC2 Microrchidia Family CW-Type Zinc Finger
2

CMT type 4

CMT4A GDAP]T Ganglioside-induced differentiation-
associated protein 1

CMT4BI MTMRZ2 Myotubularin-related protein 2

CMT4B2 SBF2 Myotubularin-related protein 13

CMT4B3 SBFT SET Binding Factor1

CMT4C SH3TC2 SH3 domain and tetratricopeptide
repeats-containing protein 2

CMT4D NDRG] Protein NDRGI

CMT4E EGR2 Early growth response protein 2

CMT4F PRX Periaxin

CMT4H FGD4 FYVE, RhoGEF, and PH domain-
containing protein 4

CMT4] FIG4 Phosphatidylinositol 3, 5-biphosphate

X-linked CMT

CMTX3 Xq26 Unknown

CMTX4 AIFM] Apoptosis-inducing factor 1

CMTX5 PRPS]T Ribose-phosphate pyrophosphokinase 1

CMTX6 PDK3 Pyruvate dehydrogenase kinase isoform 3

Adapted from Bird (2022).6
CMT: Charcot-Marie-Tooth.

CMT Type 1

CMT1is an autosomal dominant, demyelinating peripheral neuropathy characterized by distal
muscle weakness and atrophy, sensory loss, and slow nerve conduction velocity. It is usually slowly
progressive and often associated with pes cavus foot deformity, bilateral foot drop, and palpably
enlarged nerves, especially the ulnar nerve at the olecranon groove and the greater auricular nerve.
Affected people usually become symptomatic between ages 5 and 25 years, and their lifespan is not
shortened. Less than 5% of people become wheelchair-dependent. CMTl1 is inherited in an autosomal
dominant manner. The CMTI subtypes (CMT 1A-E) are separated by molecular findings and are often
clinically indistinguishable. CMTIA accounts for 70% to 80% of all CMT], and about two-thirds of
probands with CMTI1A have inherited the disease-causing variant, and about one-third have CMTIA
as the result of a de novo variant.

CMTIA involves duplication of the PMP22 gene. PMP22 encodes an integral membrane protein,
peripheral membrane protein 22, which is a major component of myelin in the peripheral nervous
system. The phenotypes associated with this disease arise because of abnormal PMP22 gene dosage
effects.” Two normal alleles represent the normal wild-type condition. Four normal alleles (as in the
homozygous CMTIA duplication) result in the most severe phenotype, whereas 3 normal alleles (as in
the heterozygous CMTIA duplication) cause a less severe phenotype.®
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CMT Type 2

CMT2 is a non-demyelinating (axonal) peripheral neuropathy characterized by distal muscle
weakness and atrophy, mild sensory loss, and normal or near-normal nerve conduction velocities.
Clinically, CMT2 is similar to CMT], although typically less severe.® The subtypes of CMT2 are similar
clinically and distinguished only by molecular genetic findings. CMT2B1, CMT2B2, and CMT2H/K are
inherited in an autosomal recessive manner; all other subtypes of CMT2 are inherited in an
autosomal dominant manner. The most common subtype of CMT2 is CMT2A, which accounts for
approximately 20% of CMT2 cases and is associated with variants in the MFN2gene.

X-Linked CMT

CMT X type 1is characterized by a moderate-to-severe motor and sensory neuropathy in affected
males and mild to no symptoms in carrier females.® Sensorineural deafness and central nervous
system symptoms also occur in some families. CMT X type 1is inherited in an X-linked dominant
manner. Molecular genetic testing of GJB7(Cx32), which is available on a clinical basis, detects about
90% of cases of CMT X type 1.

CMT Type 4

CMT type 4 is a form of hereditary motor and sensory neuropathy that is inherited in an autosomal
recessive fashion and occurs secondary to myelinopathy or axonopathy. It occurs more rarely than
the other forms of CMT neuropathy, but some forms may be rapidly progressive and/or associated
with severe weakness.

Hereditary Neuropathy with Liability to Pressure Palsies

The largest proportion of CMT]1 cases are due to variants in PMP22. In HNPP (also called tomaculous
neuropathy), inadequate production of PMP22 causes nerves to be more susceptible to trauma or
minor compression or entrapment. Patients with HNPP rarely present symptoms before the second
or third decade of life. However, some have reported presentation as early as birth or as late as the
seventh decade of life.> The prevalence is estimated at 16 persons per 100,000, although some
authors have indicated a potential for underdiagnosis of the disease.® An estimated 50% of carriers
are asymptomatic and do not display abnormal neurologic findings on clinical examination.'> HNPP
is characterized by repeated focal pressure neuropathies such as carpal tunnel syndrome and
peroneal palsy with foot drop and episodes of numbness, muscular weakness, atrophy, and palsies
due to minor compression or trauma to the peripheral nerves. The disease is benign with complete
recovery occurring within a period of days to months in most cases, although an estimated 15% of
patients have residual weakness following an episode.’® Poor recovery usually involves a history of
prolonged pressure on a nerve, but, in these cases, the remaining symptoms are typically mild.

PMP22is the only gene for which a variant is known to cause HNPP. A large deletion occurs in
approximately 80% of patients, and the remaining 20% of patients have single nucleotide variants
(SNVs) and small deletions in the PMP22 gene. One normal allele (due to a 17p11.2 deletion) results in
HNPP and a mild phenotype. SNVs in PMP22have been associated with a variable spectrum of
HNPP phenotypes ranging from mild symptoms to representing a more severe, CMTI-like
syndrome." Studies have also reported that the SNV frequency may vary considerably by
ethnicity.”> About 10% to 15% of variant carriers remain clinically asymptomatic, suggesting
incomplete penetrance.’

Treatment

Currently, there is no therapy to slow the progression of neuropathy for inherited peripheral
neuropathies. A 2015 systematic review of exercise therapies for CMT including 9 studies described in
11 articles reported significant improvements with functional activities and physiological adaptations
with exercise. Supportive treatment, if necessary, is generally provided by a multidisciplinary team
including neurologists, physiatrists, orthopedic surgeons, and physical and occupational therapists.
Treatment choices are limited to physical therapy, the use of orthotics, surgical treatment for skeletal
or soft tissue abnormalities, and drug treatment for pain.”™ Avoidance of obesity and drugs
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associated with nerve damage (e.g., vincristine, paclitaxel, cisplatin, isoniazid, nitrofurantoin) is
recommended for patients with CMT.®

Supportive treatment for HNPP can include transient bracing (e.g., wrist splint or ankle-foot orthosis),
which may become permanent in some cases of foot drop.'® Prevention of HNPP manifestations
can be accomplished by wearing protective padding (e.g., elbow or knee pads) to prevent trauma to
nerves during activity. Some have reported that vincristine should also be avoided in HNPP
patients.?'® Ascorbic acid has been investigated as a treatment for CMTIA based on animal models,
but a 2013 trial in humans did not demonstrate significant clinical benefit.” Attarian et al (2014)
reported results of an exploratory phase 2 randomized, double-blind, placebo-controlled trial of
PXT3003, a low-dose combination of 3 approved compounds (baclofen, naltrexone, sorbitol) in 80
adults with CMTIA'® The trial demonstrated the safety and tolerability of the drug. Mandel et

al (2015) included this randomized controlled trial and 3 other trials (1 of ascorbic acid, 2 of PXT3003)
in a meta-analysis.'

Molecular Genetic Testing

Multiple laboratories offer individual variant testing for genes involved in hereditary sensory and
motor neuropathies, which would typically involve sequencing analysis via Sanger sequencing or
next-generation sequencing followed by deletion/duplication analysis (ie, with array comparative
genomic hybridization) to detect large deletions or duplications. For the detection of variants

in MFNZ, whole gene or select exome sequence analysis is typically used to identify SNVs, in addition
to or followed by deletion or duplication analysis for the detection of large deletions or duplications.
Aretz et al (2010) reported a general estimation of the clinical sensitivity of CMT variant testing for
hereditary motor and sensory neuropathy and HNPP using a variety of analytic methods (multiplex
ligation-dependent probe amplification, multiplex amplicon quantification, quantitative polymerase
chain reaction, Southern blot, fluorescence in-situ hybridization, pulsed-field gel electrophoresis,
denaturing high-performance liquid chromatography, high-resolution melting, restriction analysis,
direct sequencing).?® The clinical sensitivity (ie, the proportion of positive tests if the disease is
present) for the detection of deletions/duplications or mutations to PMP22 was about 50% and 1%,
respectively, for single nucleotide variants. The clinical specificity (ie, the proportion of negative tests
if the disease is not present) was nearly 100%.

A number of genetic panel tests for the assessment of peripheral neuropathies are commercially
available. For example, GeneDx (Gaithersburg, MD) offers an Axonal CMT panel, which uses next-
generation sequencing and exon array comparative genomic hybridization. The genes tested

include AARS, AIFMIT, BSCL2, DNAJIB2, DNM2 DYNCIHI, GAN, GARS, GDAPI, GJBI, GNB4, HARS, HINT
1, HSPBI, HSPBS8, IGHMBPZ2, INF2, KIF5A,LMNA, LRSAMI, MFNZ2, MME, MORC2, MPZ, NEFL, PLEKHGS5,
PRPS], RABJA, SLCI2A6, TRIMZ2, TRPV4, and YARS?" InterGenetics (Athens, Greece) offers a next-
generation sequencing panel for neuropathy that includes 42 genes involved in CMT, along with other
hereditary neuropathies. Fulgent Clinical Diagnostics Lab offers a broader next-generation
sequencing panel for CMT that includes 48 genes associated with CMT and other neuropathies and
myopathies.

Literature Review

Evidence reviews assess whether a medical test is clinically useful. A useful test provides information
to make a clinical management decision that improves the net health outcome. That is, the balance
of benefits and harms is better when the test is used to manage the condition than when another
test or no test is used to manage the condition.

The first step in assessing a medical test is to formulate the clinical context and purpose of the test.
The test must be technically reliable, clinically valid, and clinically useful for that purpose. Evidence
reviews assess the evidence on whether a test is clinically valid and clinically useful. Technical
reliability is outside the scope of these reviews, and credible information on technical reliability is
available from other sources.
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Testing for Genes Associated with Inherited Peripheral Neuropathies

Clinical Context and Test Purpose

The purpose of testing for variants associated with hereditary motor and sensory neuropathies in
individuals with suspected inherited peripheral neuropathy is to make a diagnosis of an inherited
peripheral neuropathy or to inform the prognosis of inherited peripheral neuropathy.

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

Populations

The relevant population of interest is individuals with suspected inherited peripheral neuropathy who
present with sensory, motor, or mixed findings, and sometimes with other findings. Charcot-Marie-
Tooth (CMT) disease is clinically heterogeneous.

Interventions

The relevant intervention of interest is testing for variants associated with CMT, by deletion or
duplication analysis, usually by multiplex ligation-dependent probe amplification, and gene
sequencing, usually by next-generation sequencing.

Genetic counseling is particularly important for CMT given the extreme genetic heterogeneity of the
disorder.

Comparators

The relevant comparator of interest is a clinical diagnosis of an inherited peripheral neuropathy
made using a combination of clinical features, family pedigree, and characteristic nerve conduction
velocity/electromyography studies. However, subtypes of CMT are defined based on their genotype.

Outcomes

The general outcomes of interest are test validity, symptoms, and change in disease status. Beneficial
outcomes resulting from a true test include avoiding potentially harmful therapies. Harmful
outcomes resulting from a false-positive test include potentially unneeded treatments due to
misidentified individuals.

Testing can be conducted during diagnostic evaluation, and follow-up should be continued for years
after diagnosis.

Study Selection Criteria
For the evaluation of clinical validity, studies that meet the following eligibility criteria were
considered:

e Reported on the accuracy of the marketed version of the technology

e Included a suitable reference standard

e Patient/sample clinical characteristics were described

e Patient/sample selection criteria were described.

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

Review of Evidence

England et al (2009) reported on the role of laboratory and genetic tests in the evaluation of distal
symmetric polyneuropathies and concluded that genetic testing is established as useful for the
accurate diagnosis and classification of hereditary polyneuropathies in patients with a cryptogenic
polyneuropathy who exhibit a classical hereditary neuropathy phenotype.>Six studies included in the
review showed that when the test for CMT771A duplication is restricted to patients with clinically
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probable CMTI1 (ie, autosomal dominant, primary demyelinating polyneuropathy), the yield is 54% to
80%, compared with testing a cohort of patients suspected of having any variety of hereditary
peripheral neuropathies, where the yield is only 25% to 59% (average, 43%).

Sequential Testing

Given the genetic complexity of CMT, many commercial and private laboratories evaluate CMT with
a testing algorithm based on patients’ presenting characteristics. For the evaluation of the clinical
validity of genetic testing for CMT, we included studies that evaluated patients with clinically
suspected CMT who were evaluated with a genetic testing algorithm that was described in the study.
Saporta et al (2011) reported results from genetic testing of 1024 patients with clinically suspected
CMT who were evaluated at a single institution’s CMT clinic from 1997 to 2009.* Patients who were
included were considered to have CMT if they had sensorimotor peripheral neuropathy and a family
history of a similar condition. Patients without a family history of neuropathy were considered to have
CMT if their medical history, neurophysiologic testing, and neurologic examination were typical for
CMTI1, CMT2, CMTX, or CMT4. Seven hundred eighty-seven patients were diagnosed with CMT; of
those, 527 (67%) had a specific genetic diagnosis as a result of their visit. Genetic testing decisions
were left up to the treating clinician, and the authors noted that decisions about which genes to test
changed during the study. Most (98.2%) of those with clinically diagnosed CMT1 had a genetic
diagnosis, and of all patients with a genetic diagnosis, most (80.8%) had clinically diagnosed CMT1.
The authors characterized several clinical phenotypes of CMT based on clinical presentation and
physiologic testing.

Rudnik-Schoneborn et al (2016) reported on results from genetic testing of 1206 index patients and
124 affected relatives who underwent genetic testing at a single reference laboratory from 2001 to
2012.2 Patients were referred by neurologic or genetic centers throughout Germany, and were
grouped by age at onset (early infantile [<2 years], childhood [2 to 10 years], juvenile [10 to 20 years],
adult [20 to 50 years], late adult [>50 years]), and by electroneurographic findings. Molecular genetic
methods changed over the course of the study, and testing was tiered by patient features and family
history. Of the 674 index patients with a demyelinating CMT phenotype on nerve conduction studies,
343 (51%) had a genetic diagnosis; of the 340 index patients with an axonal CMT phenotype, 45 (13%)
had a genetic diagnosis; and of the 192 with hereditary neuropathy with liability to pressure palsies
(HNPP), 67 (35%) had a genetic diagnosis. The most common genetic diagnoses differed by nerve
conduction phenotype: of the 429 patients genetically identified with demyelinating CMT (index and
secondary), 89.3% were detected with PMP22 deletion or duplication (74.8%), GIBI1/Cx32 (8.9%),

or MPZ/P0O (5.6%) variant analysis. In contrast, of the 57 patients genetically identified with axonal
CMT (index and secondary), 84.3% were detected with GJB]/Cx32 (42.1%), MFN2(33.3%),

or MPZ/P0 (8.8%) variant analysis.

In an earlier study, Gess et al (2013) reported on sequential genetic testing for CMT-related genes
from 776 patients at a single center for suspected inherited peripheral neuropathies from 2004 to
2012.2> Most patients (h=624) were treated in the same center. The test strategy varied based on
electrophysiologic data and family history. The testing yield was 66% (233/355) in patients with CMT],
35% (53/151) in patients with CMT2, and 64% (53/83) in patients with HNPP. Duplications on
chromosome 17 were the most common variants in CMT1 (77%), followed by GJB7(13%) and MPZ(8%)
variants among those with positive genetic tests. For CMT2 patients, GIB2(30%) and MFN2(23%)
variants were most common among those with positive genetic tests.

Ostern et al (2013) reported on a retrospective analysis of cases of CMT diagnostic testing referred to
a single reference laboratory in Norway from 2004 to 2010.2* Genetic testing was stratified based on
clinical information supplied on patient requisition forms based on age of onset of symptoms, prior
testing, results from motor nerve conduction velocity, and patterns of inheritance. The study sample
included 435 index cases of a total of 549 CMT cases tested (other tests were for at-risk family
members or other reasons). Patients were grouped based on whether they had symptoms of
polyneuropathy, classical CMT, with or without additional symptoms or changes in imaging or had
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atypical features or the physician suspected an alternative diagnosis. Among the cases tested, 72
(16.6%) were found to be variant-positive, all of whom had symptoms of CMT. Most (69/72 [95.8%]) of
the positive molecular genetic findings were PMP22 region duplications or sequence variants

in MPZ, GJBI], or MFNZ2 genes.

Murphy et al (2012) reported on the yield of sequential testing for CMT-related gene variants from
1607 patients with testing sent to a single center.?> Of the 916 patients seen in the authors’ clinic, 601
(65.6%) had a primary inherited neuropathy, including 425 with CMT and 46 with HNPP. Of the 425
with a clinical diagnosis of CMT, 240 had CMT1 (56.5%), and 115 (27.1%) had CMT2. Of those with CMT,
266 (62.6%) of 425 received a genetic diagnosis, most frequently (92%) with a variant in 1 of 4 genes
(PMP22 duplication, and GJBI, MPZ, and MFN2).

Uchéa Cavalcanti (2021) reported on results from genetic testing of 503 patients (94 families and 192
unrelated individuals) who underwent testing in a Brazilian neuromuscular outpatient clinic from 2015
to 2020.%% The diagnosis of CMT was established based on the presence of slowly progressive, motor
and sensory neuropathy, independent of any family history. Patients were assessed utilizing clinical
and neurophysiological data along with targeted gene panel sequencing. Among the 503 patients, a
genetic diagnosis was reported in 394 patients (77 families and 120 unrelated individuals). The
following confirmed genetic diagnoses were identified: demyelinating CMT (n=317), intermediate CMT
(n=34), and axonal CMT (n=43). The genetic diagnosis rate in probands was 68.9% (197/286). The
most common causative genes were PMP22 duplication GIBI, MFNZ, GDAPI, MPZ, PMP22 point
mutation, NEFL, SBF2 and SH3TC2.

In addition to sequential testing algorithms, some studies were reported on the yield of multigene
testing panels, most often using next-generation sequencing methods. Studies with populations of
suspected inherited motor or sensory neuropathy that have reported on next-

generation sequencing panel test results are summarized in Table 2.

Table 2. Summary of Genetic Panel Tests in Charcot-Marie-Tooth

Study N Population Test Diagnostic VUS
Yield (NGS (NGS
Panel) Panel)
Antoniadi et al (2015)%- 448  Suspected inherited 56-gene NGS panel 137 (31%) NR
peripheral patients
neuropathy, with (31 genes)

supportive NCV,
some with negative
testing for PMP2

DiVincenzo et al (2014)28. 17,377; Suspected 14-gene NGS panel 95(18.9%) 38 (7.5%)
503 peripheral and PMP22del/dup patients patients
with neuropathy, referred by MLPA (8genes) (M
NGS to acentral genes)
laboratory
Volodarsky et al (2021) 22 2517 Suspected diagnosis 34-gene NGS panel 440 (17.5%) NR
of CMT, referred to a patients; 6
molecular genetics genes
laboratory constituted
80% of the
overall
results

CMT: Charcot-Marie-Tooth; del/dup: deletion/duplication; MLPA: multiplex ligation-dependent amplification;
NCV: nerve conduction velocity; NGS: next-generation sequencing; NR: not reported; VUS: variant of uncertain
significance.

Genotype-Phenotype Correlations

There is significant clinical variability within and across subtypes of CMT. Therefore, some studies
have evaluated genotype-phenotype correlations within CMT cases. For example, Sanmaneechai et
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al (2015) characterized genotype-phenotype correlations in patients with CMTIB regarding MPZ
variants in a cohort of 103 patients from 71 families.3% Patients underwent standardized clinical
assessments and clinical electrophysiology. There were 47 different MPZvariants and 3 characteristic
ages of onset: infantile (age range, O to 5 years), childhood (age range, 6 to 20 years), and adult (age
range, 221 years). Specific variants were clustered by age group, with only 2 variants found in more
than 1 age group.

Karadima et al (2015) investigated the association between PMP22variants and clinical phenotype in
100 Greek patients referred for genetic testing for HNPP.3" In the 92 index cases, the frequency

of PMP22 deletions was 47.8%, and the frequency of PMP22 micro-variants was 2.2%. Variant-
negative patients were more likely to have an atypical phenotype (41%), absent family history (96%),
and nerve conduction study findings not fulfilling HNPP criteria (80.5%).

Whole Genome Sequencing

Record et al (2024) reported the use of whole genome sequencing to diagnose CMT.3%> Among the
1515 patients with a clinical diagnosis of CMT or a related disorder who were referred to a single
inherited neuropathy center, the genetic diagnostic yield was 76.9%. The most common diagnosis
was CMT1 (41.0%), followed by CMT2 (19.4%), intermediate CMT (13.5%); 4.8% of patients had HNPP.
The most common genetic diagnoses were PMP22 duplication, GIB], PMP22 deletion, and MFNZ2

Clinically Useful

A test is clinically useful if the use of the results informs management decisions that improve the net
health outcome of care. The net health outcome can be improved if patients receive correct therapy,
or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

The clinical utility of genetic testing for hereditary peripheral neuropathies depends on how the
results can be used to improve patient management. Published data for the clinical utility of genetic
testing for inherited peripheral neuropathies is lacking.

The diagnosis of an inherited peripheral neuropathy can generally be made clinically. However, when
the diagnosis cannot be made clinically, a genetic diagnosis may add incremental value. A diagnosis
of an inherited peripheral neuropathy is important to direct therapy, regarding early referrals to
physical therapy and avoidance of potentially toxic medications. Some specific medications for CMT
are under investigation, but their use is not well-established. There are significant differences in
prognosis for different forms of CMT, although whether a different prognosis leads to choices in
therapy that lead to different outcomes is uncertain. In some cases, a genetic diagnosis of an
inherited peripheral neuropathy may have the potential to avoid other diagnostic tests.

Direct Evidence

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

No direct evidence for improved outcomes with the use of genetic testing for hereditary motor and
sensory peripheral neuropathies and HNPP was identified.

Chain of Evidence

Indirect evidence on clinical utility rests on clinical validity.

There is evidence from observational studies to support the use of genetic testing to establish a
diagnosis in cases of suspected inherited motor or sensory neuropathy when a diagnosis cannot be
made by other methods and, in turn, to initiate supportive therapies.
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Section Summary: Testing for Genes Associated with Inherited Peripheral Neuropathies

A relatively large body of literature, primarily from retrospective, single-center reference labs in
which patients with suspected CMT have been tested, addressed clinical validity. The testing yield is
reasonably high, particularly when patients are selected based on clinical phenotype.

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

Practice Guidelines and Position Statements

Guidelines or position statements will be considered for inclusion in ‘Supplemental Information' if they
were issued by, or jointly by, a US professional society, an international society with US
representation, or National Institute for Health and Care Excellence (NICE). Priority will be given to
guidelines that are informed by a systematic review, include strength of evidence ratings, and include
a description of management of conflict of interest.

American Academy of Neurology

In 2009, the American Academy of Neurology (AAN) and 2 other specialty societies published an
evidence-based, tiered approach for the evaluation of distal symmetric polyneuropathy and
suspected hereditary neuropathies, which concluded the following (see Table 3).3

Table 3. Recommendations on Distal Symmetric Polyneuropathy and Suspected Hereditary
Neuropathies

Recommendation LOE®
“"Genetic testing is established as useful for the accurate diagnosis and classification of hereditary A
neuropathies”

“Genetic testing may be considered in patients with cryptogenic polyneuropathy who exhibit a C
hereditary neuropathy phenotype”

“Initial genetic testing should be guided by the clinical phenotype, inheritance pattern, and
electrodiagnostic features and should focus on the most common abnormalities which are CMTIA
duplication/HNPP deletion, Cx32 (GJBI), and MFN2 screening”

“There is insufficient evidence to determine the usefulness of routine genetic testing in patients U
with cryptogenic polyneuropathy who do not exhibit a hereditary neuropathy phenotype”

CMT: Charcot-Marie-Tooth; HNPP: hereditary neuropathy with liability to pressure palsies; LOE: level of
evidence.

a@Grade A: established as effective, ineffective, or harmful for the given condition in the specified population;
grade C: possibly effective, ineffective, or harmful for the given condition in the specified population; grade U:
data inadequate or conflicting; given current knowledge.

The AAN website indicates the recommendations were reaffirmed on January 22, 2022.

American Academy of Family Physicians

In 2020, the American Academy of Family Physicians recommended genetic testing for a patient with
suspected peripheral neuropathy, if basic blood tests are negative, electrodiagnostic studies suggest
an axonal etiology and diseases such as diabetes, toxic medications, thyroid disease, vitamin
deficiency, and vasculitis can be ruled out.3*

U.S. Preventive Services Task Force Recommendations
Not applicable.

Medicare National Coverage
There is no national coverage determination. In the absence of a national coverage determination,

coverage decisions are left to the discretion of local Medicare carriers.

Ongoing and Unpublished Clinical Trials
Some currently ongoing and unpublished trials that might influence this review are listed in Table 4.
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Table 4. Summary of Key Trials

NCT No. Trial Name Planned Completion
Enrollment Date
Ongoing
NCTO1193075 Natural History Evaluation of Charcot Marie Tooth Disease (CMT) 5000 December
Type (CMTIB), 2A (CMT2A), 4A (CMT4A), 4C (CMT4C), and Others 2026
NCTO1193088 Genetics of Charcot Marie Tooth Disease (CMT) - Modifiers of 1050 December
CMTIA, New Causes of CMT 2026

NCT: national clinical trial.
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Documentation for Clinical Review

Please provide the following documentation:
e History and physical and/or consultation notes including:
o Clinical findings (i.e., pertinent symptoms and duration)
o Family history, if applicable
e Reason for testing
e Pertinent past procedural and surgical history
e Past and present diagnostic testing and results

Post Service (in addition to the above, please include the following):
e Results/reports of tests performed

Coding

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

Type Code Description
PMP22 (peripheral myelin protein 22) (eg, Charcot-Marie-Tooth,
81324 hereditary neuropathy with liability to pressure palsies) gene analysis;

duplication/deletion analysis

PMP22 (peripheral myelin protein 22) (eg, Charcot-Marie-Tooth,
81325 hereditary neuropathy with liability to pressure palsies) gene analysis; full
sequence analysis

PMP22 (peripheral myelin protein 22) (eg, Charcot-Marie-Tooth,
81326 hereditary neuropathy with liability to pressure palsies) gene analysis;
known familial variant

Molecular pathology procedure, Level 4; Includes: GIB1 (gap junction

81403 protein, beta 1) (eg, Charcot-Marie-Tooth X-linked), full gene sequence.

Molecular pathology procedure, Level 5; Includes: EGR2 (early growth
response 2) (eg, Charcot-Marie-Tooth), full gene sequence: HSPBI1 (heat
81404 shock 27kDa protein 1) (eg, Charcot-Marie-Tooth disease), full gene
sequence; LITAF (lipopolysaccharide-induced TNF factor) (eg, Charcot-

cpT® Marie-Tooth), full gene sequence.

Molecular pathology procedure, Level 6; Includes: GDAP1 (ganglioside-
induced differentiation-associated protein 1) (eg, Charcot-Marie-Tooth
disease), full gene sequence; MPZ (myelin protein zero) (eg, Charcot-
Marie-Tooth), full gene sequence; NEFL (neurofilament, light
polypeptide) (eg, Charcot-Marie-Tooth), full gene sequence; PRX
(periaxin) (eg, Charcot-Marie-Tooth disease), full gene sequence; RAB7A
(RAB7A, member RAS oncogene family) (eg, Charcot-Marie-Tooth
disease), full gene sequence

81405

Molecular pathology procedure, Level 7; Includes: FIG4 (FIG4 homolog,
SACI lipid phosphatase domain containing [S. cerevisiae]) (eg, Charcot-
Marie-Tooth disease), full gene sequence; GARS (glycyl-tRNA synthetase)
(eg, Charcot-Marie-Tooth disease), full gene sequence; LMNA (lamin
A/C) (eg, Emery-Dreifuss muscular dystrophy [EDMD], 2 and 3] limb-
girdle muscular dystrophy [LGMD] type 1B, dilated cardiomyopathy
[CMD1A], familial partial lipodystrophy [FPLD2]), full gene sequence;
MFN2 (mitofusin 2) (eg, Charcot-Marie-Tooth disease), full gene

81406
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Type Code Description

sequence; SH3TC2 (SH3 domain and tetratricopeptide repeats 2) (eg,
Charcot-Marie-Tooth disease), full gene sequence

Hereditary peripheral neuropathies (eg, Charcot-Marie-Tooth, spastic
paraplegia), genomic sequence analysis panel, must include sequencing
of at least 5 peripheral neuropathy-related genes (eg, BSCL2, GJB],
MFN2, MPZ, REEP1, SPAST, SPGT1, SPTLCI)

81448

Unlisted molecular pathology procedure; For the other genes listed in this
81479 evidence review, there is no specific CPT listing of the test and the
unlisted molecular pathology code 81479 would be reported

HCPCS None

Policy History

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

Effective Date | Action

03/01/2017 BCBSA Medical Policy adoption

04/01/2017 Policy revision without position change

01/01/2018 Coding update

03/01/2018 Policy revision without position change

04/01/2019 Policy revision without position change

10/01/2025 Policy reactivated. Previously archived from 05/01/2020 to 09/30/2025

Definitions of Decision Determinations

Healthcare Services: For the purpose of this Medical Policy, Healthcare Services means procedures,
treatments, supplies, devices, and equipment.

Medically Necessary: Healthcare Services that are Medically Necessary include only those which
have been established as safe and effective, are furnished under generally accepted professional
standards to treat iliness, injury or medical condition, and which, as determined by Blue Shield of
California, are: (a) consistent with Blue Shield of California medical policy; (b) consistent with the
symptoms or diagnosis; (c) not furnished primarily for the convenience of the patient, the attending
Physician or other provider; (d) furnished at the most appropriate level which can be provided safely
and effectively to the member; and (e) not more costly than an alternative service or sequence of
services at least as likely to produce equivalent therapeutic or diagnostic results as to the diagnosis
or treatment of the member's iliness, injury, or disease.

Investigational or Experimental: Healthcare Services which do not meet ALL of the following five (5)
elements are considered investigational or experimental:
A. The technology must have final approval from the appropriate government regulatory
bodies.

e This criterion applies to drugs, biological products, devices and any other product or
procedure that must have final approval to market from the U.S. Food and Drug
Administration ("FDA") or any other federal governmental body with authority to regulate
the use of the technology.

e Any approval that is granted as an interim step in the FDA's or any other federal
governmental body’s regulatory process is not sufficient.

e The indications for which the technology is approved need not be the same as those
which Blue Shield of California is evaluating.
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B. The scientific evidence must permit conclusions concerning the effect of the technology on
health outcomes.

e The evidence should consist of well-designed and well-conducted investigations
published in peer-reviewed journals. The quality of the body of studies and the
consistency of the results are considered in evaluating the evidence.

e The evidence should demonstrate that the technology can measure or alter the
physiological changes related to a disease, injury, illness, or condition. In addition, there
should be evidence, or a convincing argument based on established medical facts that
such measurement or alteration affects health outcomes.

C. The technology must improve the net health outcome.

e The technology's beneficial effects on health outcomes should outweigh any harmful
effects on health outcomes.

D. The technology must be as beneficial as any established alternatives.

e The technology should improve the net health outcome as much as, or more than,
established alternatives.

E. The improvement must be attainable outside the investigational setting.

e When used under the usual conditions of medical practice, the technology should be
reasonably expected to satisfy Criteria C and D.

Feedback

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

For medical policy feedback, please send comments to: MedPolicy@blueshieldca.com

Questions regarding the applicability of this policy should be directed to the Prior Authorization
Department at (800) 541-6652, or the Transplant Case Management Department at (800) 637-2066
ext. 3507708 or visit the provider portal at www.blueshieldca.com/provider.

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

POLICY STATEMENT

BEFORE

AFTER
Blue font: Verbiage Changes/Additions

Reactivated Policy

Policy Statement:
N/A

Genetic Testing for the Diagnosis of Inherited Peripheral Neuropathies
2.04.89

Policy Statement:

I.  Genetic testing is considered medically necessary when the
diagnosis of an inherited peripheral motor or sensory neuropathy is
suspected due to signs and/or symptoms, but a definitive diagnosis
cannot be made without genetic testing.

II.  Genetic testing for an inherited peripheral neuropathy is
considered investigational for all other indications.
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