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Summary

Clinical characteristics
The phenotypic spectrum associated with biallelic RFC1 AAGGG repeat expansion encompasses a range 
including (1) typical cerebellar ataxia, neuropathy, vestibular areflexia syndrome (CANVAS); (2) cerebellar, 
sensory, and vestibular impairment; (3) more limited phenotypes involving predominantly or exclusively one of 
the systems involved in balance control; (4) autonomic dysfunction; and (5) cough. Onset begins after age 35 
years. In a retrospective study of 100 affected individuals after ten years of disease duration, two thirds had 
clinical features of CANVAS; 16 had a complex sensory ataxia with cerebellar or vestibular involvement; and 15 
had a sensory neuropathy as the only clinically detectable manifestation.

Diagnosis/testing
The diagnosis of RFC1 CANVAS / spectrum disorder is established in a proband with suggestive findings and 
biallelic intronic AAGGG pentanucleotide expansions in RFC1 identified by molecular genetic testing that is 
targeted to detect these expansions. Note that pathogenic RFC1 AAGGG repeat expansions cannot be detected 
by sequence-based multigene panels or exome sequencing. However, they can be suspected by genome 
sequencing.

Management
Treatment of manifestations: The goals of treatment are to maximize function and reduce complications. 
Depending on the clinical manifestations, each affected individual should be managed by a multidisciplinary 
team of relevant specialists such as neurologists, occupational therapists, physical therapists, physiatrists, and 
(depending on individual needs) speech therapists, respiratory therapists, nutritionists, and gastroenterologists.

Surveillance: Routine follow up by multidisciplinary specialists to assess: progression of neurologic findings; 
mobility, self-help skills; need for alternative communication methods; and aspiration risk and feeding methods.
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Agents/circumstances to avoid: Medications of known toxicity for peripheral nerves (e.g., neurotoxic 
chemotherapy agents, pyridoxine), the cerebellum (e.g., phenytoin), or the vestibular system (e.g., 
aminoglycosides); chronic alcohol consumption.

Genetic counseling
RFC1 CANVAS / spectrum disorder is inherited in an autosomal recessive manner. If both parents are known to 
be heterozygous for an RFC1 AAGGG repeat expansion, each sib of an affected individual has at conception a 
25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of being 
unaffected and not a carrier. Once biallelic RFC1 AAGGG repeat expansions have been identified in an affected 
family member, carrier testing for at-risk relatives, prenatal testing for a pregnancy at increased risk, and 
preimplantation genetic testing are possible.

GeneReview Scope
The phenotypic spectrum associated with biallelic intronic AAGGG pentanucleotide expansions in RFC1 ranges 
from typical cerebellar ataxia, neuropathy, vestibular areflexia syndrome (CANVAS) – encompassing cerebellar, 
sensory, and vestibular impairment – to more limited phenotypes involving predominantly or exclusively one of 
the systems involved in balance control. The title, RFC1 CANVAS / spectrum disorder, emphasizes that 
clinicians need to evaluate an individual with biallelic RFC1 pathogenic variants for medically actionable 
manifestations in the entire phenotypic spectrum (regardless of clinical findings that prompted molecular 
genetic testing) and to counsel individuals and families that the finding of biallelic RFC1 AAGGG repeat 
expansions is not equivalent to a diagnosis of CANVAS syndrome.

Diagnosis
Formal diagnostic criteria for RFC1 CANVAS / spectrum disorder have not been established.

Suggestive Findings
RFC1 CANVAS / spectrum disorder should be suspected in individuals with onset after age 35 years of one or 
more the following clinical findings (with supportive electrodiagnostic, vestibular, and imaging findings and 
family history).

Clinical Findings
Complex impairment of balance and coordination of peripheral, vestibular, and cerebellar origin

• Symptoms include unsteadiness (imbalance, dizziness), falls, clumsiness of hands.
• Examination reveals progressive ataxia of gait and limb dysmetria.

Sensory neuropathy or neuronopathy

• Symptoms include unsteadiness, loss of feeling, pins and needles, pain and cramps.
• On examination:

⚬ Altered sensation (pinprick, vibration, position sense) in all limbs in either a length-dependent 
(distal extremities worse) or non-length-dependent pattern

⚬ Reflexes can be normal, decreased/abolished, or brisk.
⚬ Positive Romberg and dysmetria worsened by eye closure
⚬ Normal muscle bulk, strength, and tone
⚬ Flexor plantar responses

Bilateral vestibular areflexia
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• Symptoms include oscillopsia.

• Examination reveals bilateral vestibular hypofunction:
⚬ Absent/reduced vestibulo-ocular reflex at bedside on head impulse test
⚬ Impaired visually enhanced vestibulo-ocular reflexes (indicating the coexistence of vestibular and 

cerebellar pathology)
Note: Vertigo, defined as an abnormal sensation of motion in which the individual or the individual's 
surroundings seem to whirl dizzily, stemming from a subacute/acute imbalance of vestibular inputs, is not 
a symptom suggestive of RFC1 CANVAS / spectrum disorder.

Cerebellar dysfunction

• Symptoms include dysarthria, dysphagia.
• Examination reveals abnormal eye movements (downbeat, horizontal, rotatory gaze-evoked nystagmus, 

broken pursuits, dysmetric saccades), dysdiadokokinesia, normal/reduced muscle tone.

Chronic cough (with or without associated gastroesophageal reflux disease)

Autonomic dysfunction (mild and rarely disabling)

• Symptoms include postural hypotension; erectile dysfunction; urinary dysfunction; chronic constipation 
and/or diarrhea; nausea, vomiting or bloating after a small meal; anhidrosis or increased sweating; dry 
mouth/eyes.

• Examination includes autonomic testing (in some cases) for sympathetic dysfunction (measuring blood 
pressure response to change in posture and handgrip and sympathetic skin response) and/or 
parasympathetic dysfunction (ECG monitoring of heart rate variation during Valsalva maneuver, deep 
breathing and standing).

Supportive Findings
Electrodiagnostic findings. Nerve conduction studies are consistent with sensory neuropathy or neuronopathy:

• Reduced or absent sensory action potential (SAP). When the individual already has a clear ataxic gait, 
SAPs are often absent throughout.

• Usually normal motor study
• Abnormal blink reflex (trigeminal neuronopathy), preserved H–reflex (Hoffmann reflex)

Electromyography is usually normal.

Vestibular testing

• Bilaterally abnormal video head impulse test
• Bilaterally reduced caloric response
• Vestibulo-ocular reflex gain tested using a rotatory chair

Imaging

• Brain MRI shows cerebellar atrophy (vermian atrophy, crus I atrophy).
• Spine MRI shows cord atrophy and T2-weighted hyperintensity in the posterior columns.
• Nerve ultrasound shows reduced cross-sectional area of upper and lower limb nerves (reported by 1 

group) [Pelosi et al 2018].

Autonomic testing shows sympathetic and/or parasympathetic dysfunction.

Family history
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• Consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental consanguinity)
• Family history may alternatively be consistent with pseudodominant inheritance (i.e., the occurrence of an 

autosomal recessive disorder in two generations of a family without consanguinity) due to the high 
heterozygote carrier frequency of RFC1 AAGGG repeat expansions (see Prevalence).

• Absence of a known family history does not preclude the diagnosis.

Establishing the Diagnosis
The diagnosis of RFC1 CANVAS / spectrum disorder is established in a proband with suggestive findings and 
biallelic intronic AAGGG pentanucleotide expansions in RFC1 identified by molecular genetic testing (see Table 
1).

Note: Pathogenic AAGGG repeat expansions in RFC1 cannot be detected by sequence-based multigene panels 
or exome sequencing. However, they can be suspected based on genome sequencing.

Repeat Sizes
Normal

• AAAAG11 repeats (allele frequency = 0.75)
• AAAAG12-200 (allele frequency = 0.13)
• AAAGG40-1000 (allele frequency = 0.08)

Pathogenic (full-penetrance)

• Most commonly AAGGG repeat expansion, most frequently ranging from 400 to more than 2000 repeats 
(maximum number of repeats in Authors' series = 2750) (allele frequency = 0.01-0.04)

• Additional pathogenic repeat expansions recently identified in specific populations:
⚬ ACAGG repeat expansion (~1000 repeats) in two Asia-Pacific families and one Japanese individual 

[Scriba et al 2020, Tsuchiya et al 2020]
⚬ (AAAGG)10-25(AAGGG)exp (AAAGG)4-6 repeat expansion (990-1940 repeats), identified in 13 

affected individuals of New Zealand Māori and Cook Island ancestry [Beecroft et al 2020]
Note: Expansions of additional likely non-pathogenic repeat configuration including AAGAG and 
AGAGG, and repeat interruptions of slightly expanded AAAAG alleles by AGAAG and AAGAG motifs 
were identified in the heterozygous state in individuals with ataxia and in healthy controls [Akçimen et al 
2019, Gisatulin et al 2020].

Molecular genetic testing relies on targeted analysis to establish the presence and characterize the number of 
RFC1 AAGGG pentanucleotide repeats (see Molecular Genetics).

Table 1. Molecular Genetic Testing Used in RFC1 CANVAS / Spectrum Disorder

Gene 1 Method 2, 3 Proportion of Pathogenic Variants Detectable 
by Method

RFC1 Targeted analysis for AAGGG pentanucleotide 
expansions 4 100%

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for specific methods to characterize the number of RFC1 AAGGG pentanucleotide repeats.
3. Note: Sequence-based multigene panels and exome sequencing cannot detect pathogenic repeat expansions in this gene. However, 
they can be suspected on the basis of genome sequencing.
4. After exclusion of biallelic AAGGG expansions, targeted analysis for ACAGG repeats can also be advised in typical CANVAS cases 
of Asian and Asian Pacific origin, based on current and evolving knowledge.
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Clinical Characteristics

Clinical Description
The phenotypic spectrum associated with biallelic RFC1 AAGGG repeat expansions ranges from typical 
cerebellar ataxia, neuropathy, vestibular areflexia syndrome (CANVAS), to cerebellar, sensory and vestibular 
impairment, to more limited phenotypes involving predominantly or exclusively one of the systems involved in 
balance control.

Before its molecular basis was known, CANVAS was characterized as cerebellar dysfunction with predominant 
vermian atrophy, spinal and cranial sensory neuronopathy, and bilateral vestibular areflexia [Bronstein et al 
1991, Migliaccio et al 2004, Szmulewicz et al 2011, Cazzato et al 2016, Szmulewicz et al 2016, Rust et al 2017, 
Burke & Halmagyi 2018, Infante et al 2018, Pelosi et al 2018, Taki et al 2018]. Following the discovery of the 
causative biallelic RFC1 repeat expansions, this genetic alteration was also identified in individuals with a 
progressive disorder of balance, but not full CANVAS, thus expanding the phenotypic spectrum to include 
phenotypes involving predominantly or exclusively one of the systems involved in balance control, as well as 
autonomic dysfunction [Wu et al 2014] and cough.

To date, more than 200 individuals – either simplex cases (i.e., a single occurrence in a family) or having a family 
history consistent with autosomal recessive inheritance – have been identified with biallelic AAGGG repeat 
expansions in RFC1 [Akçimen et al 2019, Cortese et al 2019, Rafehi et al 2019, Aboud Syriani et al 2020, Cortese 
et al 2020b, Gisatulin et al 2020]. The clinical features of 100 individuals with RFC1 CANVAS / spectrum 
disorder were recently evaluated in a retrospective study [Cortese et al 2020b] and are summarized in Table 2 
and detailed in the text that follows.

After ten years of disease duration:

• Clinical features of CANVAS were seen in two thirds of affected individuals;
• A complex sensory ataxia with cerebellar or vestibular involvement was identified in 16 and six 

individuals, respectively;
• A sensory neuropathy was the only clinically detectable diasease manifestation in 15 individuals.

Table 2. RFC1 CANVAS / Spectrum Disorder: Frequency of Select Features

Feature Frequency

Sensory neuropathy 100%

Bilateral vestibular impairment 69% (93% of those tested)

Cough 64%

CANVAS 63%

Cerebellar syndrome 63%

Dysautonomia 32% (50% of those undergoing specific investigations)

Based on 100 individuals with RFC1 disorder [Cortese et al 2020b]
CANVAS = cerebellar ataxia, neuropathy, vestibular areflexia syndrome

In the series of Cortese et al [2020b], the mean age of onset of neurologic manifestations was 52 years (range 
19-76 years) and mean age at the time of the study (and at diagnosis) was 72 years. However, symptoms can 
present as early as the third decade and it is expected that in the future more affected individuals will be 
diagnosed at a younger age.

Sensory neuropathy. More than two thirds of individuals complain of sensory symptoms, including loss of 
feeling, pins and needles, and neuropathic pain – in many cases since the onset of disease. Neurologic 
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examination shows impaired sensation to pinprick, vibration and joint position, more typically in a length-
dependent distribution. Reflexes can be either reduced/abolished, retained, or brisk. Motor nerves are usually 
unaffected.

Imbalance. Progressive imbalance is the most common complaint and is the presenting symptom in half of the 
cases. Imbalance is often worse in the dark, indicating a prominent peripheral component. Upper-limb 
coordination and hand dexterity are better preserved than gait.

Vestibular dysfunction. Oscillopsia, defined as a visual disturbance in which objects appear to oscillate during 
head movements, is a common sequela of a bilaterally impaired vestibulo-ocular reflex; it is reported by one 
third of affected individuals and can be the presenting complaint in some. Vertigo and hearing loss are not part 
of the syndrome but (as they are common in the general population) can independently occur. Bedside head 
impulse test reveals bilateral vestibular function in up to 90% of individuals.

Cough. Notably, a chronic spasmodic dry cough is frequently associated and can be reported as early as the 
second decade of life, up to three decades before any neurologic symptoms develop. Gastroesophageal reflux 
may coexist.

Cerebellar dysfunction. Dysarthria and dysphagia, which are attributed to cerebellar dysfunction, frequently 
complicate the disease course in later stages. Abnormal eye movements of putative cerebellar origin, including 
gaze-evoked, downbeat, and horizontal nystagmus, saccadic pursuits, and dysmetric saccades, are common and 
can be observed earlier in the disease course.

Dysautonomia. Symptoms of autonomic dysfunction including postural hypotension, erectile dysfunction, 
chronic constipation, urinary dysfunction, and altered sweating are not infrequent but rarely disabling. 
Autonomic testing confirms the presence of a parasympathetic and/or sympathetic dysfunction in half of 
individuals undergoing specific investigations.

Disease course. Current data support a pattern of spatial progression from the early involvement of sensory 
neurons to the later appearance of vestibular and cerebellar dysfunction. The disease has a slowly progressive 
course. Half of individuals need a cane after ten years of disease duration and one fourth are wheelchair 
dependent five years later. Life expectancy does not appear to be affected.

Genotype-Phenotype Correlations
No genotype-phenotype correlations have been identified.

Prevalence
The heterozygote carrier frequency of RFC1 AAGGG repeat expansions ranges from 0.7% to 4% in populations 
of predominantly northern European origin [Akçimen et al 2019, Cortese et al 2019, Rafehi et al 2019]. A similar 
allele frequency (2.24%) was found in the Chinese Han population [Fan et al 2020].

Therefore, the estimated prevalence of RFC1 CANVAS / spectrum disorder ranges from 1:20,000 to 1:625.

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in RFC1.
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Differential Diagnosis
AAGGG expansions in RFC1 were identified in 82%-97% of individuals with clinical features consistent with the 
full CANVAS phenotype [Cortese et al 2019, Rafehi et al 2019], suggesting that locus heterogeneity for the full 
CANVAS phenotype (albeit limited) is possible.

AAGGG expansions in RFC1 represent one of the more common causes of hereditary adult-onset ataxia (see 
Hereditary Ataxia Overview). In individuals with adult-onset ataxia, RFC1 AAGGG expansions were identified 
in 14%-22% of individuals [Cortese et al 2019, Cortese et al 2020b].

Given the multisystem involvement of RFC1 CANVAS / spectrum disorder and the possible asynchronous 
involvement of different systems during disease progression, the differential diagnosis is broad and includes:

• Genetic causes of inherited ataxia (see Hereditary Ataxia Overview);
• Genetic causes of inherited neuropathy (see Charcot-Marie-Tooth Hereditary Neuropathy Overview);
• Mitochondrial disorders that can manifest with ataxia, neuropathy and (more occasionally) bilateral 

vestibular areflexia (see Mitochondrial Disorders Overview).

Selected genes and disorders of interest are summarized in Table 3 [Pandolfo 2008, Valdmanis et al 2011, 
Paulson 2012, Mead et al 2013, Cook & Giunti 2017, Paul et al 2017, Peng et al 2017, Rahman & Copeland 2019, 
Cortese et al 2020a].

Table 3. Genes of Interest in the Differential Diagnosis of RFC1 CANVAS / Spectrum Disorder

Gene DiffDx Disorder MOI
Clinical Features of DiffDx Disorder

Overlapping w/RFC1 CANVAS Distinguishing from RFC1 CANVAS

ATXN3 SCA3 (MJD) AD

• Progressive cerebellar ataxia
• Sensory loss
• Bilateral vestibular areflexia
• Because MJD is a late-onset 

disorder (5th-7th decade) & 
pyramidal/ extrapyramidal 
signs may be absent, MJD 
may mimic RFC1-CANVAS.

• Frequent assoc of dystonic-
rigid extrapyramidal 
syndrome &/or peripheral 
amyotrophy

• Sensorimotor neuropathy (vs 
pure sensory neuropathy 
typical of RFC1 CANVAS)

• In some, addl clinical signs 
incl PEO, dystonia, action-
induced facial & lingual 
fasciculation-like movements, 
& bulging eyes

FXN Friedreich ataxia 
(FRDA) AR

• Sensory neuronopathy
• Cerebellar dysfunction
• Bilateral vestibular areflexia 

is possible.
• Late-onset FRDA can be 

clinically indistinguishable 
from RFC1-CANVAS.

• Typical age of onset: <25 yrs
• Frequent muscle weakness, 

pyramidal involvement 
(Babinski signs) & skeletal 
deformities (pes cavus, 
scoliosis)

• Assoc cardiomyopathy & 
diabetes

• Vision & hearing loss

MT-ATP6
MT-TL1 1
mtDNA 
deletion

NARP; MIDD/MELAS; 
Kearns-Sayre syndrome 
(See mtDNA Deletion 
Syndromes.)

Mat

• Ataxia
• Neuropathy
• Bilateral vestibular areflexia 

(reported in assoc w/
m.3243A>G)

• Earlier onset
• Chronic PEO
• Hearing & vision loss
• Weakness
• Extraneurologic involvement
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Table 3. continued from previous page.

Gene DiffDx Disorder MOI
Clinical Features of DiffDx Disorder

Overlapping w/RFC1 CANVAS Distinguishing from RFC1 CANVAS

POLG
SANDO (See POLG 
Disorders, Ataxia 
Neuropathy Spectrum.)

AR • Sensory neuronopathy
• Cerebellar dysfunction

• Onset 2nd-4th decade
• Chronic PEO
• Multisystem involvement

PRNP

Gerstmann-Sträussler-
Scheinker disease 
(diarrhea & autonomic 
neuropathy) 2
(See Genetic Prion 
Disease.)

AD
• Neuropathy
• Ataxia
• Autonomic failure

• Dementia
• More rapid decline

RNF170

AD sensory ataxia; 
sensory ataxia 
neuropathy w/
vestibular areflexia

AD
• Sensory neuronopathy
• Bilateral vestibular areflexia
• Adult onset

• Normal cerebellar function
• SAPs can be normal.

AD = autosomal dominant; AR = autosomal recessive; CANVAS = cerebellar ataxia, neuropathy, vestibular areflexia syndrome; DiffDx 
= differential diagnosis; Mat = maternal transmission; MELAS = mitochondrial encephalomyopathy, lactic acidosis, and stroke-like 
episodes; MIDD = maternally inherited diabetes and deafness; MJD = Machado-Joseph disease; MOI = mode of inheritance; NARP = 
neuropathy, ataxia, and retinitis pigmentosa; PEO = progressive external ophthalmoplegia; SANDO = sensory ataxic neuropathy, 
dysarthria, and ophthalmoparesis; SAP = sensory action potential; SCA = spinocerebellar ataxia
1. m.8993T>G or m.8993T>C in MT-ATP6; m.3243A>G in MT-TL1
2. Mead et al [2013]

Sensory Neuronopathy
As sensory neuronopathy was identified in all individuals with genetically confirmed diagnoses and tends to 
appear early in the disease course, the differential diagnosis should initially encompass causes of acquired 
sensory neuronopathy including:

• Paraneoplastic syndrome
• Sjogren syndrome
• Acute and chronic immune-mediated disorders
• Metabolic disorders (diabetes mellitus, vitamin B12 deficiency, copper deficiency)
• Toxins (alcohol, pyridoxine, platinum derivatives, pyridoxine intoxication)

Late-Onset Cerebellar Ataxia
Multisystem atrophy (MSA), a rapidly progressive neurodegenerative disease, is the main differential diagnosis 
in an individual with late-onset cerebellar ataxia [Fan et al 2020, Sullivan et al 2020, Wan et al 2020]. The 
following clinical characteristics distinguish MSA from RFC1 CANVAS / spectrum disorder.

• The average time from first manifestations to death in MSA is 9.3 years, while disease progression in RFC1 
CANVAS / spectrum disorder is very slow and life expectancy does not appear to be reduced [Fanciulli & 
Wenning 2015].

• Unlike RFC1 CANVAS / spectrum disorder, sensory neuropathy and vestibular dysfunction do not occur 
in MSA, or, if coexisting, are most likely unrelated.

• Autonomic dysfunction, a common and highly debilitating feature of MSA, is usually mild in RFC1 
CANVAS / spectrum disorder.

• Presence of additional features that favor an MSA diagnosis include rapid eye movement sleep behavior 
disorder, parkinsonism, and MRI pattern (putaminal, pontine, and middle cerebellar peduncle atrophy 
and "hot cross-bun" sign cruciform T2-weighted hyperintensity in the pons) [Chelban et al 2019].
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Additional causes of progressive cerebellar impairment to consider include: paraneoplastic syndromes; toxic, 
nutritional, vascular, and inflammatory conditions; and idiopathic (i.e., idiopathic late-onset cerebellar) ataxia.

Wernicke's disease due to vitamin B1 deficiency typically presents with mental status change, cerebellar ataxia, 
and altered eye movements as well as vestibular areflexia and chronic neuropathy. Exposure to chronic alcohol 
intake, the acute course, and the presence of delirium help distinguish this potentially reversible condition from 
RFC1 CANVAS / spectrum disorder.

Bilateral Vestibular Areflexia
The differential diagnosis of bilateral vestibular areflexia includes (among other conditions) aminoglycoside 
ototoxicity, Meniere's disease, bilateral vestibular neuritis, tumors compressing both vestibular nerves (e.g., 
bilateral schwannomas in neurofibromatosis 2), and infectious and/or inflammatory systemic disorders.

Bilateral vestibular hypofunction can be observed in several hereditary neurodegenerative conditions including 
spinocerebellar ataxia (SCA3 as well as SCA1, SCA2, and SCA6), Friedreich ataxia, Gaucher disease, and 
Charcot-Marie-Tooth (CMT) hereditary neuropathy. Although vestibular dysfunction is probably more 
common than previously thought in CMT, nerve conduction study, typically showing an alteration of motor and 
sensory conductions, can help in the differential diagnosis [Poretti et al 2013, Pérez-Garrigues et al 2014, Akdal 
et al 2020].

When bilateral vestibular hypofunction occurs with hearing and visual loss, Usher syndrome type I and Usher 
syndrome type II should also be considered.

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with RFC1 CANVAS / spectrum disorder, 
the evaluations summarized in Table 4 (if not performed as part of the evaluation that led to the diagnosis) are 
recommended.

Table 4. Recommended Evaluations Following Initial Diagnosis in Individuals with RFC1 CANVAS / Spectrum Disorder

System/Concern Evaluation Comment

Neurologic

Assessment by neurologist for gait & postural ataxia

No validated clinical scale for RFC1 CANVAS / spectrum 
disorder exists; consider use of validated scales for eval of 
cerebellar disorder (e.g., SARA) & neuropathy (e.g., 
CMTNS). 1

Assess sensory neuropathy (sensory impairment, ↓/↑ 
reflexes, dysmetria) to evaluate for pain.

Electrophysiologic studies (EMG & NCS) to establish 
presence of sensory neuropathy

Cerebellar dysfunction (dysmetria, 
dysdiadochokinesis, tremor, dysarthria, nystagmus, 
saccades & smooth pursuit)

Brain MRI to assess presence/severity of cerebellar 
atrophy

Bilateral vestibular dysfunction (head impulse test & 
visually enhanced vestibular ocular reflex)

Vestibular testing (video head impulse test, caloric 
response, vestibulo-ocular reflex gain tested using a 
rotatory chair) to assess vestibular hypofunction

Clinical assessment of symptoms of autonomic 
dysfunction Consider autonomic testing in symptomatic persons.

PT/OT / 
Rehabilitation Assess gross motor & fine motor skills & ambulation.

• Prevention of falls
• Adaptive devices (cane, walker, wheelchair)
• PT
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Table 4. continued from previous page.

System/Concern Evaluation Comment

Speech For those w/dysarthria: speech/language eval

Feeding

For those w/frequent choking or severe dysphagia, 
assess:

• Nutritional status;
• Aspiration risk.

Consider involving a gastroenterologist & nutritionist.

Respiratory For those w/disabling cough or respiratory symptoms: 
consider referring to pulmonary specialist.

Consider:

• Respiratory function testing, esp in non-ambulant 
individuals;

• A sleep study if sleep apnea is suspected.

Genetic 
counseling By genetics professionals 2

To inform patients & their families re nature, MOI, & 
implications of RFC1 CANVAS / spectrum disorder in 
order to facilitate medical & personal decision making

Family support/ 
resources

Assess:

• Use of community or online resources;
• Need for social work involvement for caregiver 

support.

CMTNS = Charcot-Marie-Tooth Neuropathy Score; EMG = electromyogram; MOI = mode of inheritance; NCS = nerve conduction 
study; OT = occupational therapy; PT = physical therapy; SARA = Scale for the Assessment and Rating of Ataxia
1. Murphy et al [2011], Bürk & Sival [2018]
2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
The goals of treatment are to maximize function and reduce complications. Depending on the clinical 
manifestations, each affected individual should be managed by a multidisciplinary team of relevant specialists 
including neurologists, occupational therapists, physical therapists, physiatrists, and (depending on individual 
needs) speech therapists, respiratory therapists, nutritionists, and gastroenterologists.

Table 5. Treatment of Manifestations in Individuals with RFC1 CANVAS / Spectrum Disorder

Manifestation/
Concern Treatment Considerations/Other

Ataxia 
(multifactorial)

Care by neurorehabilitation specialist, 
physiatrist, OT/PT

• Consider adaptive devices to maintain/improve mobility (e.g., 
canes, walkers, ramps to accommodate motorized chairs), 
feeding (e.g., weighted eating utensils), dressing (e.g., dressing 
hooks).

• PT (balance exercises, gait training, muscle strengthening) to 
maintain mobility & function 1

• OT to optimize ADL
• Inpatient rehab w/OT/PT may improve ataxia & functional 

abilities in patients w/degenerative ataxias. 2, 3

• Consider vestibular rehab.
• Home adaptations to prevent falls (e.g., grab bars, raised toilet 

seats)
• Exercise w/in patient's capability
• Weight control to avoid obesity

Sensory 
neuropathy Neurologist, physiatrist • Advice on injury avoidance

• Consider pain treatment (rarely required).
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Table 5. continued from previous page.

Manifestation/
Concern Treatment Considerations/Other

Vestibular 
dysfunction

Neurorehabilitation specialist, ENT 
specialist Consider vestibular rehab. 4

Autonomic 
dysfunction

Care by neurologist, neurorehabilitation 
specialist, physiatrist

Consider treatment for erectile dysfunction, urinary incontinence/
retention, constipation/diarrhea, dry eyes/mouth.

Dysarthria Speech & language therapy Consider alternative communication methods as needed (e.g., writing 
pads & digital devices; rarely required).

Dysphagia Modify food consistency to ↓ aspiration 
risk. Video esophagram may help define best consistency.

Cough Respiratory specialist / ENT specialist / 
gastroenterologist Proton pump inhibitor if gastroesophageal reflux is present

ADL = activities of daily living; OT = occupational therapy/therapist; PT = physical therapy/therapist
1. Martineau et al [2014]
2. Zesiewicz et al [2018]
3. van de Warrenburg et al [2014]
4. While 4-aminopyridine (used for the treatment of episodic ataxia type 2, ataxia-telangiectasia, and downbeat nystagmus) may be 
considered in individuals with RFC1 CANVAS / spectrum disorder, currently there are no data supporting this use.

Surveillance
Table 6. Recommended Surveillance for Individuals with RFC1 CANVAS / Spectrum Disorder

System/
Concern Evaluation Frequency

Neurologic

Neurologic assessment for progression of ataxia; sensory 
impairment; vestibular dysfunction; dysautonomia

No validated clinical scale exists for RFC1 CANVAS / spectrum 
disorder; consider monitoring disease w/validated scales for 
cerebellar disorder (e.g., SARA) and neuropathy (e.g., CMTNS). 1

Annually; more often for an acute 
exacerbation

Physiatry, OT/PT assessment of mobility, self-help skills

Dysarthria Need for alternative communication method or speech therapy (rarely 
required) Per symptom progression

Dysphagia Assess aspiration risk & feeding methods.

CMTNS = Charcot-Marie-Tooth Neuropathy Score; OT = occupational therapy; PT = physical therapy; SARA = Scale for the 
Assessment and Rating of Ataxia
1. Murphy et al [2011], Bürk & Sival [2018]

Agents/Circumstances to Avoid
Medications of known toxicity for peripheral nerves (e.g., neurotoxic chemotherapy agents, pyridoxine), the 
cerebellum (e.g., phenytoin), or the vestibular system (e.g., aminoglycosides) as well as chronic alcohol 
consumption may worsen the condition.

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.
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Therapies Under Investigation
Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
RFC1 CANVAS / spectrum disorder is inherited in an autosomal recessive manner.

Pseudodominance (the occurrence of an autosomal recessive disorder in two generations of a family without 
consanguinity) may be observed in RFC1 CANVAS / spectrum disorder due to the high heterozygote carrier 
frequency of RFC1 AAGGG repeat expansions (see Prevalence).

Parents of a proband

• The parents of an affected individual are obligate heterozygotes (i.e., presumed to be carriers of one RFC1 
AAGGG repeat expansion based on family history).

• Molecular genetic testing of the parents can be used to confirm that both parents are heterozygous for an 
RFC1 AAGGG repeat expansion and to facilitate reliable recurrence risk assessment; however, given the 
mean age of onset of RFC1 CANVAS / spectrum disorder, molecular genetic testing of the parents is often 
not possible.

• To date, all reported heterozygotes (carriers) are asymptomatic and are presumed not to be at risk of 
developing the disorder (additional long-term testing is needed to confirm this observation).

Sibs of a proband

• If both parents are known to be heterozygous for an RFC1 AAGGG repeat expansion, each sib of an 
affected individual has at conception a 25% chance of being affected, a 50% chance of being an 
asymptomatic carrier, and a 25% chance of being unaffected and not a carrier.

• To date, all reported heterozygotes (carriers) are asymptomatic and are presumed not to be at risk of 
developing the disorder (additional long-term testing is needed to confirm this observation).

Offspring of a proband. Unless an individual with RFC1 CANVAS / spectrum disorder has children with an 
affected individual or a carrier, his/her offspring will be obligate heterozygotes (carriers) for an RFC1 AAGGG 
repeat expansion.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of an RFC1 AAGGG 
repeat expansion.

Carrier Detection
Once biallelic RFC1 AAGGG repeat expansions have been identified in an affected family member, carrier 
testing for at-risk relatives is possible.
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Related Genetic Counseling Issues
Family planning

• The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the 
availability of prenatal/preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

DNA banking is the storage of DNA (typically extracted from white blood cells) for possible future use. Because 
it is likely that testing methodology and our understanding of genes, allelic variants, and diseases will improve in 
the future, consideration should be given to banking DNA of affected individuals.

Prenatal Testing and Preimplantation Genetic Testing
Once biallelic RFC1 AAGGG repeat expansions have been identified in an affected family member, prenatal 
testing for a pregnancy at increased risk and preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• ACMT-Rete per la Charcot-Marie-Tooth
Italy
Email: ascolto@acmt-rete.it
www.acmt-rete.it

• American Hearing Research Foundation
Phone: 630-617-5079
Email: info@american-hearing.org
www.american-hearing.org

• Associazione Malati Menière Insieme ODV
Italy
www.ammi-italia.it

• Ataxia UK
United Kingdom
Phone: 0800 995 6037; +44 (0) 20 7582 1444 (from abroad)
Email: help@ataxia.org.uk
www.ataxia.org.uk

• Charcot Marie Tooth UK
United Kingdom
Phone: 0300 323 6316
Email: enquiries@cmt.org.uk
www.cmt.org.uk
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• Charcot-Marie-Tooth Association (CMTA)
Phone: 800-606-2682 (toll-free); 610-427-2971
Email: info@cmtausa.org
www.cmtausa.org

• euro-ATAXIA (European Federation of Hereditary Ataxias)
United Kingdom
Email: lporter@ataxia.org.uk
www.euroataxia.org

• Ménière’s Society
United Kingdom
Phone: 01306 876883
Email: info@menieres.org.uk
www.menieres.org.uk

• Multiple System Atrophy Trust
United Kingdom
Phone: 0333 323 4591
Email: support@msatrust.org.uk
www.msatrust.org.uk

• Muscular Dystrophy UK
United Kingdom
Phone: 0800 652 6352
www.musculardystrophyuk.org

• National Ataxia Foundation
Phone: 763-553-0020
Fax: 763-553-0167
Email: naf@ataxia.org
www.ataxia.org

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. RFC1 CANVAS / Spectrum Disorder: Genes and Databases

Gene Chromosome Locus Protein HGMD ClinVar

RFC1 4p14 Replication factor C subunit 
1

RFC1 RFC1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for RFC1 CANVAS / Spectrum Disorder (View All in OMIM)

102579 REPLICATION FACTOR C, SUBUNIT 1; RFC1

614575 CEREBELLAR ATAXIA, NEUROPATHY, AND VESTIBULAR AREFLEXIA SYNDROME; CANVAS
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Molecular Pathogenesis
Mechanism of disease causation. The mechanism underlying neurodegeneration in RFC1 CANVAS / spectrum 
disorder is unknown. RFC1 is a gene implicated in DNA replication and repair. Notably, preliminary studies 
have not shown reduced expression or overt loss of function of RFC1 protein, which is unexpected given the 
autosomal recessive pattern of inheritance [Cortese et al 2019].

Table 7. RFC1 Technical Considerations

Technical Issue Comment [Reference]

Sequence of repeat AAAAG (normal) & AAGGG (expanded pathogenic). However, expansions may be AAAAG, AAAGG, 
AAGAG, AGAGG, ACAGG or AAGGG; imperfect repeats w/interruptions are also possible.

Methods to detect 
expanded allele

Conventional PCR, repeat-primed PCR (RP-PCR) [Cortese et al 2019, Akçimen et al 2019], & Southern blotting 
[Cortese et al 2019] have been described. The presence of biallelic AAGGG pentanucleotide expansions is 
suggested by the following:

• Absence of PCR amplifiable product on flanking PCR

• Presence of a saw-tooth decremental pattern on repeat-primed PCR (RP-PCR) for the pathogenic 
AAGGG pentanucleotide expansion

• Optional: Absence of a saw-tooth decremental pattern on repeat-primed PCR for non-pathogenic repeat 
expansions of (e.g.,) AAAAG, AAAGG, and other possible configurations [Akçimen et al 2019]
These expansions can be large enough to prevent amplification of a PCR product on standard flanking 
PCR conditions.

Given the large size of the AAGGG pentanucleotide repeat expansions, sizing can be obtained only by Southern 
blotting, which is the only available method to confirm the presence of biallelic expansions, showing either 2 
discreet bands or 1 band corresponding to 2 expanded alleles of similar size.

Somatic instability Data not available

Germline 
instability Data not available

PCR = polymerase chain reaction

RFC1-specific laboratory technical considerations. Detection of an AAGGG pentanucleotide repeat expansion 
may be done by conventional PCR and RP-PCR, followed by confirmation of the presence of biallelic expansions 
and their size by Southern blotting. However, the presence of non-pathogenic expansions of different repeated 
units (e.g., AAAAG, AAAGG), interruptions, or insertions of different repeated units inside the expanded 
microsatellite cannot be ruled out.

Recently, biallelic ACAGG repeat expansions were identified in one Japanese individual with typical CANVAS 
who did not have the common AAGGG repeat expansion [Tsuchiya et al 2020].The size of the ACAGG 
expansion was in the same range as pathogenic AAGGG expansions, indicating that ACAGG repeat expansion 
could also cause CANVAS.

Other techniques, including long-read sequencing [Nakamura et al 2020], may have the potential to reliably 
assess the presence, size, and sequence of repeat expansions in RFC1.
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Table 8. Notable RFC1 Pathogenic Variants

Reference Sequences DNA Nucleotide Change Predicted Protein 
Change Repeat Range

NM_001204747.1

c.132+2923_2927AAAAG[11] -- Normal

c.132+2923_2927AAAAG[12_200] -- Normal

c.132+2923_2927AAAGG[40_~1000] -- Normal

c.132+2923_2927ACAGG 1 Uncertain significance

c.132+2923_2927AAGGG[~400_~2000] 2 Pathogenic (full-
penetrance)

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.
1. Not available, but reported to be in the same range as AAGGG expansions [Author, personal observation]
2. In 13 affected individuals of New Zealand Māori and Cook Island ancestry, the core AAGGG expansion was identified to be flanked 
by short AAAGG expansion arms, resulting in the configuration (AAAGG)10-25(AAGGG)exp (AAAGG)4-6 [Beecroft et al 2020].
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