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RESEARCH ARTICLE

Genotype, Extrapyramidal Features, and
Severity of Variant Ataxia-Telangiectasia

Katherine Schon, BM BCh, MA, MRCP,2 Nienke J.H. van Os, MD,3 Nicholas Oscroft, MD,1

Helen Baxendale, BSc, MBBS, PhD, MRCP, MRCPCH,1

Daniel Scoffings, MBBS, MRCP, FRCR,4 Julian Ray, MBBS, BSc, FRCP,5

Mohnish Suri, MBBS, MD, FRCP,7

William P. Whitehouse, BSc, BMBS, DCH, FRCP, FRCPCH,8,9

Puja R. Mehta, MB BChir, MA, MRCP,1 Natasha Everett,1 Leonardo Bottolo, PhD,10,11,12

Bart P. van de Warrenburg, MD, PhD,3 Philip J. Byrd, BSc, PhD,13 Corry Weemaes, MD,14

Michel A. Willemsen, MD, PhD,3 Marc Tischkowitz, MD, PhD,2,10

Prof A. Malcolm Taylor, PhD,13 and Anke E. Hensiek, MD, PhD1,6

Objective: Variant ataxia-telangiectasia is caused by mutations that allow some retained ataxia telangiectasia-mutated
(ATM) kinase activity. Here, we describe the clinical features of the largest established cohort of individuals with variant
ataxia-telangiectasia and explore genotype-phenotype correlations.
Methods: Cross-sectional data were collected retrospectively. Patients were classified as variant ataxia-telangiectasia
based on retained ATM kinase activity.
Results: The study includes 57 individuals. Mean age at assessment was 37.5 years. Most had their first symptoms
by age 10 (81%). There was a diagnostic delay of more than 10 years in 68% and more than 20 years in one third of
probands. Disease severity was mild in one third of patients, and 43% were still ambulant 20 years after disease
onset. Only one third had predominant ataxia, and 18% had a pure extrapyramidal presentation. Individuals with
extrapyramidal presentations had milder neurological disease severity. There were no significant respiratory or
immunological complications, but 25% of individuals had a history of malignancy. Missense mutations were associ-
ated with milder neurological disease severity, but with a higher risk of malignancy, compared to leaky splice site
mutations.
Interpretation: Individuals with variant ataxia-telangiectasia require malignancy surveillance and tailored management.
However, our data suggest the condition may sometimes be mis- or underdiagnosed because of atypical features,
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including exclusive extrapyramidal symptoms, normal eye movements, and normal alpha-fetoprotein levels in some
individuals. Missense mutations are associated with milder neurological presentations, but a particularly high malig-
nancy risk, and it is important for clinicians to be aware of these phenotypes.

ANN NEUROL 2019;85:170–180

Ataxia-telangiectasia is a rare autosomal-recessive disorder

caused by mutations in the ATM gene on chromosome

11q22.3 (MIM 208900).1 The ataxia telangiectasia-mutated

(ATM) protein is a serine-threonine protein kinase, which

phosphorylates more than 700 substrates and is a key player

in the cellular response to double-stranded DNA damage.2

The clinical and genetic features of ataxia-telangiectasia vary,

and two forms of the disease have been described.

Classic (or typical) ataxia-telangiectasia presents

with a severe phenotype and has an estimated incidence

of 1 in 300,000.3 Individuals with classic ataxia-

telangiectasia have absent ATM kinase activity,4 either

attributed to two null mutations or mutations which

result in protein without ATM kinase activity. It is a

multisystem neurodegenerative disease which also causes

immunological defects, respiratory problems, oculocuta-

neous telangiectasia, and an increased risk of malig-

nancy.5,6 Affected children are usually wheelchair bound

before teenage years and have severe neurological disabil-

ity, including cerebellar ataxia, extrapyramidal features,

oculomotor dyspraxia, and polyneuropathy.7 Most indi-

viduals with classic ataxia-telangiectasia die before the

age of 30; malignancy or respiratory failure are the main

causes of death.8,9

In addition to classic ataxia-telangiectasia a second

form, variant ataxia-telangiectasia has been described as a

cause of neurological dysfunction.10,11 A study of 51 patients

with ataxia-telangiectasia (including 9 with retained ATM

kinase activity) showed that individuals with retained ATM

kinase activity have a milder neurological phenotype.4 Vari-

ant ataxia-telangiectasia results either from leaky splice site

mutations which allow expression of some normal ATM

protein or missense mutations which produce a mutant

ATM protein with activity.12 It has been speculated that the

presence of some ATM kinase activity relates to a milder

neurological phenotype and a lower risk of systemic compli-

cations. Furthermore, a range of atypical neurological pre-

sentations have been reported to occur in some individuals

with variant ataxia-telangiectasia.

Previously published reports of variant ataxia-

telangiectasia are limited to small cohorts of less than

15 individuals7,13–16 or case studies of unusual

presentations.17–21

The true clinical spectrum of variant ataxia-

telangiectasia is unknown, and it is not clear which factors

determine the extreme clinical variability that has been

reported. It is unclear whether affected individuals require

specific surveillance for systemic complications and malig-

nancy, similar to existing management recommendations

of classic ataxia-telangiectasia.22,23

Here, we report the clinical features of the largest

established cohort of patients with variant ataxia-telangiec-

tasia. We provide prognostic information and explore

genotype-phenotype correlations to inform management

guidelines.

Patients and Methods

Probands
Clinical data were retrospectively collected from case notes

for all individuals with variant ataxia-telangiectasia who have

attended the National Adult Ataxia-Telangiectasia service

(Papworth Hospital, UK), the Ataxia-Telangiectasia Special-

ist Centre (Nottingham City Hospital, UK), and the Excel-

lence Centre of Movement Disorders (Radboud UMC,

Nijmegen, Netherlands). Analysis includes single cross-

sectional data using the most recent recorded clinical

assessment.

Molecular Genetics Studies
Patients were classified as having variant ataxia-

telangiectasia based on retained ATM kinase activity.

Patients with a mutation in the initiator methionine

codon were included because of some uncertainty of

ATM activity associated with these mutations. ATM

mutations were identified by Sanger sequencing of PCR-

amplified ATM exon sequences. A lymphoblastoid cell

line was derived from each patient’s blood, and immuno-

blotting for ATM expression and ATM activity assays

were performed using methods as previously described.24

Chromosomal radiosensitivity was measured following

exposure to 1Gy of gamma rays at cell cycle phase G2.

Neurological Assessment
Clinical neurological assessment was performed by a neu-

rologist with a special interest in ataxia-telangiectasia. The

Scale for Assessment and Rating of Ataxia (SARA)25 and

Ataxia-Telangiectasia Neurological Examination Scale

Toolkit (A-T NEST) scores11 were recorded. As part of

the neurological examination, a subjective assessment of

eye movement abnormalities was recorded by the examin-

ing neurologist as normal eye movements, mildly abnor-

mal eye movements (including nystagmus, slowing of

saccades, and mild oculomotor dyspraxia), or severely
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abnormal eye movements (including marked oculomotor

apraxia).

Neurological Phenotype
Individuals were categorized into three neurological phe-

notypic groups to reflect those neurological symptoms,

which have been reported to most commonly occur in

variant ataxia-telangiectasia:

Group A: Cerebellar ataxia and/or peripheral neu-

ropathy with minimal or no extrapyramidal involvement

Group B: Cerebellar ataxia and/or neuropathy plus

additional extrapyramidal features

Group C: Extrapyramidal signs without significant

ataxia and/or peripheral neuropathy

Cross-sectional Clinical Neurological Disease
Severity
An overall assessment of current severity was made using

level of mobility and self-care.

Mild: Individuals still ambulant with/without a

walking aid and could use the upper limbs for most activi-

ties without help. A-T NEST scores within this group

were > 55, SARA scores <22.

Moderate: Individuals used a wheelchair frequently,

but were able to transfer, walk a few steps with help, and

use the upper limbs for most activities, such as feeding

themselves. A-T NEST scores within the moderate group

were 42 to 75, SARA scores 15 to 33.

Severe: Individuals were permanently wheelchair

bound, were unable to transfer unaided, and had signifi-

cant limitation of upper limb function, requiring assis-

tance with most activities of daily living. A-T NEST

scores within this group were < 46, SARA scores >30.

Neurological Investigations
Results of nerve conduction studies and electromyogram

(EMG) were reviewed. Neuropathy was graded depending

on the severity of the nerve conduction abnormality and

of any accompanying EMG impairment. The neuropathy

grade was determined by amplitude measures and how

widespread the abnormalities were. For example, in the

case of the sensory changes:

• impairment of sural amplitude only: mild

• absent sural responses: mild-moderate

• impaired upper limb digital potential and absent sural

responses: moderate

• impaired/absent upper limb potential and impaired

radial amplitude: moderate-severe

• absent sensory responses in upper limb and lower limb:

severe.

A similar approach was adopted for motor potentials.

If nerve conduction studies were relatively preserved, while

EMG abnormality was detected, then the subcategorization

of a suspected motor neuronopathy was documented.

MRI brain scans were conducted to rate atrophy of

the cerebellar vermis and hemispheres on sagittal three-

dimensional T1-weighted sequence. Cerebellar atrophy

was assessed separately for the vermis and jointly for both

hemispheres and rated as absent, mild (mild widening of

sulci and fissures, normal size of folia), moderate (moder-

ate widening of sulci and fissures associated with volume

loss of folia), or severe (marked widening of sulci and fis-

sures with marked volume loss of folia). White matter

hyperintensities on fluid-attenuated inversion recovery

sequence were classified as punctate, beginning confluent

or confluent.26 Cerebral microbleeds were assessed on

susceptibility-weighted imaging (SWI) or T2*W-gradient

echo sequence.27

RESPIRATORY ASSESSMENT. Patients attending Papworth

were assessed by a consultant respiratory physician. They

underwent arterial blood gas measurement, pulmonary

function testing, overnight oximetry and low dose com-

puted tomography (CT) thorax. Five of the Dutch

patients had spirometry.

IMMUNOLOGICAL ASSESSMENT. Immunological investi-

gations included immunoglobulin levels (immunoglobulin

IgG, IgA, IgM, IgG2, and IgE), serum electrophoresis if

indicated, lymphocyte subset analysis, and assessment of

serum antibody to pneumococcus, tetanus, and haemophi-

lus vaccine. History of immunizations, infections, and

treatment was recorded.

General Assessment
Past medical history, including diabetes and malignancy,

was documented in all patients. Level of mobility and age

at first wheelchair use were recorded. Examination for

conjunctival telangiectasia, measurement of weight,

height, and body mass index (BMI), blood tests for alpha-

fetoprotein (AFP), and liver function tests (LFTs) and

liver ultrasound scan were carried out in the majority of

patients, but this was not standardized between centres.

Ethical Considerations
The study was approved by the Health Research

Authority.

Statistical Analysis
In order to test the effect of the genetic covariates (pres-

ence of a missense mutation with retained ATM kinase

activity, number of mild mutations, ATM protein levels,

and chromosomal radiosensitivity) on neurological and
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other clinical features, we corrected the regression models

for fixed (age, sex, and age of onset) and random effects

(hospitals and families). We tested the effect of each genetic

covariate on quantile normalized SARA score, A-T NEST

score, age at first wheelchair use, and AFP levels using a lin-

ear mixed-effects model (lmer function, R project lme4

package28). For peripheral neuropathy, conjunctival telangi-

ectasia, and malignancy, we used a generalized linear mixed-

effects model (glmer function, R project lme4 package28)

treating the response as a dichotomous variable. Associations

between the neurological group and each genetic covariate

were tested using a multinomial logistic regression (multi-

nom function, R project nnet package29) with hospitals and

families treated as fixed effects. For overall severity and eye

movements responses, we used a mixed regression model for

ordinal data, the ordered regression model implemented in

the cmml function, R project ordinal package.30

Results

Demographic Features and Employment
The study included 57 individuals (23 males, 34 females)

from 50 families (Supplementary Table 1). Mean age was

37.5 years (standard deviation [SD], 12.3; range 11–58),

with 4 patients aged <18 years. Six women had offspring

(5 from the UK cohort, 1 from the Dutch cohort). None

of the men had offspring. Three individuals are deceased.

Eleven individuals were in employment, and 2 were stu-

dents. Seven had university degrees. Thirty-nine patients

were recruited from Papworth, 6 from Nottingham, and

12 from the Dutch cohort.

Neurological Features
ONSET, DURATION, MOBILITY, AND SEVERITY. Age of

onset is shown in Figure 1A. Most individuals (46 of 57) had

their first symptoms by age 10 years. Individuals with disease

onset before 10 years were considered to have early-onset dis-

ease. Six had onset between 11 and 16 years. Five had adult

onset disease.

Disease duration at last assessment ranged from

10 to 54 years. Disease duration was 10 to 20 years in

16 individuals, 20 to 30 years in 13, and > 30 years in 28.

Age at diagnosis ranged from 2 to 47 years (Fig 1B).

The diagnosis was made within 1 year of symptom onset

in 7 individuals and in 1 to 9 years in 17. There was a

diagnostic delay of 10 to 20 years in 12 and > 20 years in

17 (not documented in 4).

Forty-two individuals used a wheelchair and 15 were

still ambulant. Median age at first getting a wheelchair

was 20 years (range, 8–51; Fig 1C). Eleven individuals got

their first wheelchair within 10 years of symptom onset,

17 in 10 to 20 years, and 14 after more than 20 years.

Seven individuals were currently ambulant after a disease

duration of 10 to 20 years and 8 after >20 years.

Seventeen individuals had mild disease, 26 had moder-

ate disease, and 10 had severe disease. Classification of disease

severity was not available for 4 individuals. There was 1 outlier

in the severe group, a pediatric patient who used a wheelchair

since age 8, and had an A-T NEST score of 72.

FIGURE 1: Age at (A) symptom onset, (B) diagnosis with
ataxia-telangiectasia, and (C) first using a wheelchair were
obtained from each individual’s clinical notes.
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NEUROLOGICAL PHENOTYPE. Three distinct patterns of

neurological deficits were observed. The neurological fea-

tures and treatments in each group are summarised in

Supplementary Table 2.

Group A (Predominant Cerebellar Ataxia and/or
Peripheral Neuropathy With Minimal or no

Extrapyramidal Involvement). Nineteen individuals

(33%) were in Group A. Severe oculomotor dyspraxia was

common (11 of 19; 58%) and 6 patients had mild eye move-

ment abnormalities (32%). A 15-year-old with mild disease

had normal eye movements. The other patient with normal

eye movements presented initially with a severe reaction to

radiotherapy for breast cancer and had a mild phenotype con-

sisting of peripheral neuropathy with only minimal limb

ataxia.31 Disease severity was moderate or severe, except in

the individual described above and 2 pediatric patients aged

11 and 15 years. Mean disease duration was 32 years.

Group B (Disability Determined by a Mixture of Ataxia
and/or Peripheral Neuropathy Plus Additional

Extrapyramidal Features). Twenty-eight individuals

(49%) were in Group B. Their extrapyramidal features

included dystonic posturing/neck dystonia (12 patients),

dystonic tremor (11 individuals), choreiform movements

(9 patients), and orofacial dystonia (5 patients). Two

patients had a resting tremor. In this group, 12 of

28 (43%) exhibited prominent oculomotor dyspraxia,

43% had mildly abnormal eye movements, and 4 patients

had normal eye movements. Disease severity was widely

distributed. Six individuals had mild disease, 15 moderate

disease, and 4 individuals were severely affected (not docu-

mented in 3). Mean disease duration was 30 years.

Group C (predominantly extrapyramidal signs). Ten

individuals (18%) were in Group C. One individual

exhibited marked truncal dystonic spasms which limited

his ability to walk.32 Another patient had a clinical pheno-

type typical of myoclonic dystonia, which improved mark-

edly following deep brain stimulation.33 One individual

had marked orofacial dystonia, but otherwise an essentially

normal neurological examination with no limb ataxia or

dystonia.17 One exhibited neck and limb dystonia, which

was treated with botulinum toxin injections and another

had hemichorea. Three siblings presented with severe rest-

ing tremor (onset between 16 and 34 years) and anterior

horn neuronopathy.18 One individual presented with rest-

ing tremor at age 12 years and then developed chorea-

athetosis and dystonia. Another presented initially with

chorea-athetosis.

Two patients (20%) had marked oculomotor

dyspraxia, 2 had mildly abnormal eye movements,

and 6 of 10 of individuals had normal eye

movements. Disease severity was classified as mild in

8 of 10, and 6 individuals in this group were in

employment at the time of assessment. Mean disease

duration was 28 years.

NEUROLOGICAL INVESTIGATIONS. Neurophysiology.

Neurophysiology studies were performed in 34 individuals.

Eighteen had an axonal sensorimotor polyneuropathy of

varying severity. Three showed predominant involvement

of the motor neurons. Nine had an axonal sensorimotor

polyneuropathy with likely spinal muscular atrophy com-

ponent. Four had normal/nearly normal neurophysiology

studies.

Detailed neurophysiology results for 21 patients

assessed through Papworth are shown in Supplementary

Table 1.

Radiology. Brain MRI scans were available in a total of

35 individuals (including 23 performed through the Pap-

worth service, 10 Dutch individuals, and 2 patients

through the Nottingham clinic). Cerebellar atrophy was

found in 29 individuals. Six scans were reported as show-

ing a normal cerebellum (age, 19–46 years), of which one

also showed atrophy of the left corpus nucleus caudatus.

Seven individuals had white matter changes (single lesion

in 2, a few punctate lesions in 5). Cerebral microbleeds

were noted in 2 individuals. One had multiple, mainly in

the occipital subcortical white matter (age 53). The other

had a single microbleed in the right external capsule

(age 55).

Brain MRI scans performed through Papworth were

reviewed by a consultant radiologist. Cerebellar atrophy

was observed in 23 of 23 scans. Atrophy of the cerebellar

vermis was classified as mild in 8, moderate in 9, and

severe in 6. Atrophy of the cerebellar hemispheres was

classified as mild in 11, moderate in 7, and severe in

5 (Fig 2A–C).

Other Clinical Features
ENDOCRINE FUNCTION. Mean height percentile was

48.1 (SD, 31.1; 53 patients evaluated). Mean BMI was

23.3 (SD, 4.8; 49 patients evaluated). Six individuals were

underweight (BMI, <18.5), and 4 had gastrostomy feeding

because of dysphagia and/or poor appetite. Two patients

had type 2 diabetes. None had type 1 diabetes.

CONJUNCTIVAL TELANGIECTASIA. Conjunctival telangi-

ectasia was observed in 35 of 56 individuals with docu-

mented assessment (63%).

RESPIRATORY FUNCTION. No patient had severe lung

disease. CT thorax was performed in 39 patients. Thirty

showed normal results, 6 showed mild bronchiectasis,
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1 showed mild emphysema (ex-smoker), 1 showed patchy

air trapping, and 1 showed two left upper lobe nodules

(likely intrapulmonary lymph nodes).

Arterial blood gases showed mean PaO2 12.4 kPa

(SD, 1.34) and PaCO2 5.17 kPa (SD, 0.52). Of 39 results,

only one was abnormal with mild hypoxemia. Overnight

oximetry in 37 subjects did not show hypoventilation,

with mean oxygen saturations of 96.4% (SD, 1.35) and

mean 4% desaturation index of 3.8 (SD 3.26). Pulmonary

function data from 42 individuals showed mean FEV1

80.2% (SD, 18.7), FVC 79.7% (SD, 21.6), and KCO

95.5% (SD, 19.3%). Twenty spirometries were restrictive;

however, patients struggled with spirometric technique.

IMMUNOLOGICAL FUNCTION. Infection history was

assessed in all patients and showed episodes of severe

chickenpox (2), sinusitis (1), recurrent boils (1), frequent

urinary tract infections (1), and sore throats 12 times per

FIGURE 2: (A) MRI scans showing examples of mild, moderate and severe cerebellar atrophy. The top row shows midline images
to assess vermian atrophy and the bottom row shows parasagittal images for assessing hemispheric atrophy. (B) MRI scans
showing examples of white matter lesions. (C) MRI scans showing microbleeds. MRI = magnetic resonance imaging.

February 2019 175

Schon et al.: Variant Ataxia-Telangiectasia



year (1). Two individuals were taking azithromycin pro-

phylaxis for lower respiratory tract infections. No individ-

uals were receiving immunoglobulin therapy.

Subtle signs of immune dysregulation and possible

immune deficiency were observed in a number of patients.

Immunoglobulin results were available in 52 patients. Poly-

clonal increases were observed in IgG (1), IgA (7), and IgM

(12). One further patient had increased IgG and IgA. Four

patients had a monoclonal gammopathy of unknown signifi-

cance. One individual had mild panhypogammaglobulinemia.

A slight reduction in total IgG was observed in 1 and IgA in

5 individuals. One had IgA deficiency (<0.07 μg/ml). IgE

was below level of detection in 8 patients.

Lymphocyte subpopulation results were available

in 44 patients. Slight reductions in CD4 and CD8

counts were found in 2 and 12 patients, respectively,

and 16 patients had CD19 counts just below the normal

range.

AFP LEVELS. Mean serum AFP was 176 μg/l (range,

2–600; SD, 146) in 45 individuals with a result available.

Three (6.6%) had levels in the normal range

LIVER ULTRASOUND, LFTS. Liver ultrasound was per-

formed in 36 patients. Seven showed fatty liver and three

detected liver lesions (hemangioma, neuroendocrine tumour,

and metastatic prostate cancer). Fifteen of 44 patients with

LFT results available had mildly abnormal results.

Malignancy
Fourteen patients have been diagnosed with a malignancy.

Solid tumours included five female unilateral estrogen-

receptor positive breast cancers (age, 28–44 years), one der-

matofibrosarcoma protuberans of the breast (age 29), one

neuroendocrine tumor (age 48), one pancreatic cancer (died

age 48), one pelvic mass (possible germ-cell tumor at age

11), and one prostate cancer (age 52). Lymphoid malignan-

cies included T-cell non-Hodgkin’s lymphoma (age 2),

acute lymphoblastic leukemia (age 9), chronic myeloid leu-

kemia (age 39), and chronic lymphoblastic leukemia (patient

also had breast cancer and died aged 47 years). One patient

died of acute lymphoblastic leukemia aged 51.

Genetics
FAMILY HISTORY. Nineteen individuals had a family his-

tory of ataxia-telangiectasia in a sibling, and 4 had affected

siblings who died from malignancies (primary hepatoma,

ectopic pituitary tumor, and 2 with lymphomas). There

was parental consanguinity in two families. Twenty of

114 parents had been diagnosed with a cancer (18%).

Mothers of 10 patients developed breast cancer (aged

39–64 years).

CYTOGENETIC FEATURES. Chromosomal radiosensitivity

was normal in 15 of 48 individuals tested (31%) and

raised in 33 of 48 (69%). Two had a high level, the same

as expected in classic ataxia-telangiectasia.

MUTATION ANALYSIS. Mutation analysis (Supplementary

Table 1) revealed mutations in 111 of 114 alleles. Patients

were classified based on the mutation present causing the

retained kinase activity.

Individuals in Genetic Group 1 all have a leaky

splice site mutation, which allows some normal ATM pro-

tein to be expressed with kinase activity. Fourteen patients

in this group have the c.5763-1050A > G mutation.

Individuals in Genetic Group 2 all have a missense

mutation, which results in the presence of a mutant pro-

tein with some ATM kinase activity.

Individuals in Genetic Group 3 have mutations

affecting the initiator methionine codon. These mutations

allow expression of a very low level of truncated protein.31

Patients with these mutations have been noted to have a

milder clinical course,24 and there is some uncertainty of

ATM activity associated with these mutations.

Individuals in Genetic Group 4 have one confirmed

mutation and one mutation which has not been identified or

not been completely characterized. Patient 50 has a missense

mutation Val2716Ala which is associated with retained ATM

activity. The other 6 patients showed a low level of ATM pro-

tein and low level of ATM kinase activity. Complementary

DNA (cDNA) was examined in these cases. Two have alter-

ations found at the cDNA level, but no potentially causative

mutations found in genomic DNA. The mutations giving pro-

tein with activity are likely to be intronic splice site mutations.

Twelve patients (1, 2, 18a,b, 26, 31, 33, 35 and

37a-c, 41) had two “milder” mutations, which are both

known to be associated with retained ATM kinase activity.

GENOTYPE-PHENOTYPE CORRELATION. Cell lines from

51 of 51 patients tested showed retained expression of

some ATM protein. This ranged from just detectable

(~5%) to near normal.

ATM kinase activity was tested in cell lines from

45 patients. Cells derived from patients 34 and 42 showed

possibly a low level of ATM kinase activity.

The 4 patients (34, 42, 43, and 44) with absent or

possibly just detectable ATM kinase activity had more

severe disease. Onset of symptoms was between 1 and

2.5 years, with first wheelchair use at 8 years in 2 patients

and 11 and 13 years in the other 2. Two have percutane-

ous endoscopic gastrostomy feeding tubes.

There are two major subgroups of variant patients:

those with a missense mutation producing some ATM pro-

tein with retained activity (Group 2, and 1 in Group 4) and
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those with a leaky splice site mutation allowing expression

of a low level of normal ATM with some activity (Group

1, and most likely 6 in Group 4).

Individuals with at least one missense mutation which

produces a mutant protein with residual kinase activity had

milder neurological disease compared to the rest of the

cohort who have leaky splice site mutations or mutations in

the initiator methionine codon. There were statistically sig-

nificant differences in overall severity (p = 0.0256; odds ratio

[OR] confidence interval [CI] = [0.0265, 0.7901]) and age

at first wheelchair use (p = 0.0012; CI = [0.2694, 1.0926]),

and they were more likely to have normal eye movements

(p = 0.0011; OR CI = [0.0333, 0.4315]). These individuals

were also more likely to have a malignancy (p = 0.0389),

with an odds ratio of 4.94 (OR CI = [1.0849, 22.5292])

compared with the rest of the cohort (see Fig 3;

Supplementary Table 3 and Supplementary Table 2).

Although there were no statistically significant differ-

ences in neurological group, it is striking that predomi-

nant extrapyramidal signs were only observed in patients

with missense mutations (Group 2 and patient 50).

Individuals with a high ATM protein level had lower

AFP levels (p = 0.0235; CI = [–1.7628, –0.1270]), and slightly

higher A-T NEST scores (p = 0.0319; CI = [0.0713, 1.5825]).

FIGURE 3: (A) Graph shows number of individuals in each neurological phenotypic group in patients with retained ATM kinase activity
attributed to a missense mutation or a leaky splice-site mutation. (B) Graph shows numbers of individuals who use a wheelchair or are
still ambulant in patients with retained ATM kinase activity due to a missense mutation or a leaky splice-site mutation. (C) Graphs
shows cross-sectional clinical neurological disease severity in patients with retained ATM kinase activity attributed to a missense
mutation or a leaky splice-site mutation. (D) Graph shows number of malignancies diagnosed in patients with retained ATM kinase
activity attributed to a missense mutation or a leaky splice-site mutation. ATM = ataxia telangiectasia-mutated.
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There were no statistically significant associations

between chromosomal radiosensitivity or number of mild

mutations with neurological or other clinical features.

Discussion

This study describes the largest published cohort of individ-

uals with variant ataxia-telangiectasia who have undergone

detailed genetic and clinical evaluation. We show that all

individuals included in this survey have neurological

involvement, while systemic features are mild or absent,

apart from an increased risk of malignancy.

Our study confirms that disease severity in variant

ataxia-telangiectasia is milder compared to the classic

form. Our cohort includes 31 patients aged > = 40 years,

26% were still ambulant, 6 had children, and 11 were in

paid or voluntary employment. Consistent with other

reports,13 the majority of individuals included in this

study had their symptom onset in early childhood. How-

ever, disease progression is then much slower than in the

classic form.

We formally graded disease severity according to a

combination of neurological rating scales (A-T NEST,

SARA) and assessment of mobility and self-care. Accord-

ing to this grading, 32% of patients had mild disease and

only 19% severe disease. Similar to multiple sclerosis,

another multisystem neurological disease, we have chosen

to grade disease severity mainly according to functional

impairment and mobility.34 Further studies will be

required to validate our severity rating.

All individuals in our cohort showed neurological

abnormalities on clinical examination. A range of neuro-

logical systems were affected (cerebellum, peripheral

nerves, eye movements, and extrapyramidal system), but

none universally. For example, 10 individuals had no sig-

nificant cerebellar features, 11 had normal eye movements,

and 8 had no evidence of peripheral nerve involvement. A

large proportion had extrapyramidal symptoms, and in

some, extrapyramidal presentation was the predominant

or only clinical feature. The most common extrapyramidal

symptoms were dystonia and dystonic tremor. Chorea and

parkinsonism were rare. Presence of exclusive extrapyrami-

dal symptoms has not been reported in classic A-T. This

suggests possible differences in neuronal vulnerability and

pathways between the classic and variant form of the dis-

ease and could be further explored with imaging studies.

With the limitation of small sample size, our study

suggests that disease severity is milder in individuals with

a purely extrapyramidal presentation compared to those

who have ataxia. This finding could partly reflect effective

treatments (botulinum toxin, medication, and deep brain

stimulation) for extrapyramidal symptoms. Longitudinal

studies will be important in order to evaluate whether

individuals with exclusive extrapyramidal or cerebellar

symptoms eventually progress to develop a more mixed

presentation.

Our study is the first to report on neurological

investigations in a large number of patients with variant

ataxia-telangiectasia. We found that cerebellar and vermian

atrophy was the most common imaging abnormality,

although 5 individuals had a normal cerebellar appearance.

Cerebral microhemorrhages were shown in 2 of 19 patients

whose scan included gradient echo and SWI and white mat-

ter abnormalities occurred in 7 of 23 patients. Reported

radiological findings in classic ataxia-telangiectasia include

cerebellar atrophy and multiple punctate hemosiderin

deposits, but in some individuals also very extensive white

matter abnormalities,35 which were speculated to represent

“edema from vascular leakage.”36 It is possible that that the

extracerebellar abnormalities we observed could represent an

earlier stage of a process that progresses more floridly in some

individuals with classic ataxia-telangiectasia.

Neurophysiology studies showed that most patients

tested had an axonal sensorimotor polyneuropathy (18 of

34); 3 had predominant anterior horn involvement, and

9 had a combination of both. Interestingly, neurophysiol-

ogy was normal in 4 included individuals, all of whom

had mild disease progression but otherwise a mixture of

associated neurological symptoms.

Our study confirms that the risk of malignancy is

significantly increased in variant ataxia-telangiectasia. The

cancers in our cohort were predominantly female preme-

nopausal breast cancer and hematological malignancies.

There were only two childhood tumors, which is consis-

tent with Reiman’s study24 which showed a protective

effect of retained ATM kinase activity against childhood

tumors.

Individuals with a missense mutation which causes

production of a mutant ATM protein with retained kinase

activity were approximately 5 times more likely to have a

malignancy than individuals in the other genetic groups.

It has been previously reported that a specific missense

mutation, c. 7271T > G, p.(Val2424Gly), causes a high

risk of breast cancer.16 Canadian Mennonites who were

homozygous for the c.6200 C > A (p. Ala2067Asp) mis-

sense mutation also showed a high risk of malignancy.14

This is consistent with the idea that specific missense

mutations cause a high risk of malignancy, which suggests

a possible gain of function mechanism.

We found that individuals with a missense mutation

have milder neurological features, as measured by overall

severity and A-T NEST score. These patients are more

likely to remain ambulant and more likely to have normal

eye movements.
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The 4 individuals (34, 42, 43, and 44) who have

borderline low/absent ATM kinase activity had more

severe neurological features, and 2 required gastrostomy

feeding. Patients with a mutation in the initiator methio-

nine were included because of the evidence of longevity in

some of these patients and that their cells express a low

level of N-terminally truncated ATM protein, although, as

it turns out, without measurable activity using the assay

described. A more sensitive assay would be helpful in

detecting differential low levels of ATM activity/signaling

associated with different ATM proteins. This may also be

true of some ATM missense mutations (eg, c.5228C > T;

p.(Thr1743Ile) where current assays do not detect any

activity associated with the expressed protein. It is possible

that there may be sufficient activity retained to have some

positive clinical effect. Individuals (3, 4, 5, 16, 20, 22,

23a, 23b, 27, 31, and 32) with a high ATM level (around

50% or more) showed higher A-T NEST scores (less

severe disease) and lower AFP levels. Taken together, these

results indicate that the reduced severity of the neurologi-

cal features may reflect the level of ATM kinase activity,

which is consistent with the fact that classic ataxia-

telangiectasia (where ATM kinase is absent) generally

presents with a more severe phenotype than variant ataxia-

telangiectasia.

Each of the five sets of siblings included here showed

similar neurological features. For example, 3 affected sis-

ters all have ataxia together with peripheral neuropathy,

dystonic tremor, and essentially normal eye movements.

Three Dutch siblings all presented with resting tremor

and distal muscle weakness attributed to anterior horn cell

involvement.18 This similarity between siblings is consis-

tent with the fact that the neurological phenotype is partly

determined by shared “genetic background.” However, we

did not find significant genotype-phenotype association

with regard to neurological group in the cohort overall,

indicating an additional influence of shared environmental

factors or disease modifying genes.

Systemic complications were mild or absent, apart

from the increased risk of malignancy. This is consistent

with previous reports4,13,14 and has significant implications

on surveillance and management of these patients. None of

the individuals in this study had significant respiratory dis-

ease. Functional testing with arterial blood gases and over-

night oximetry was essentially normal. Even though 42 of

53 tested individuals had a detectable abnormality on

immunological testing, in general this was subtle and of

doubtful clinical significance. No individual required treat-

ment with immunoglobulin replacement, and only 2 used

prophylactic antibiotics for recurrent pulmonary infections.

Our cohort includes only 2 patients with diabetes mellitus,

which suggests a similar prevalence to in the general

population. However, more than one quarter of included

individuals had abnormalities in their liver function tests,

the relevance of which needs to be further investigated in

future studies.

Our results suggest that variant ataxia-telangiectasia

is likely to be under- or misdiagnosed. The time from first

symptoms to diagnosis was over 10 years in more than

half of our cohort, and we included individuals with only

very mild neurological symptoms. Clinicians may not be

familiar with the wide range of clinical presentations of

variant ataxia-telangiectasia, where eye movements can be

normal, conjunctival telangiectasia absent, neurological

presentation mainly extrapyramidal, and AFP levels within

normal range.

Individuals with variant ataxia-telangiectasia require

surveillance for malignancy and management guidance—

including breast screening in women, minimising exposure

to ionising radiation and facilitating specialist assessments.

Missense mutations are associated with milder neurological

presentations, but have a particularly high malignancy risk,

and it is important for clinicians to be aware of these

phenotypes.

Acknowledgment

A.M.R.T. and P.J.B. thank Cancer Research UK and the

A-T Society of the UK for their continued support.

K.S. thanks the NIHR for funding her Academic Clinical

Fellowship. L.B. is supported by The Alan Turing Insti-

tute under the Engineering and Physical Sciences Research

Council grant EP/N510129/1.

Author Contributions

K.S., N.O., H.B., M.W., M.T., A.M.R.T., and

A.H. contributed to the conception and design of the

study. All authors contributed to the acquisition and anal-

ysis of data. K.S., N.v.O., N.O., H.B., D.S., J.R., L.B.,

M.T., A.M.R.T., and A.H. contributed to drafting the

text and preparing the figures.

Potential Conflicts of Interest

Nothing to report.

References
1. Gatti RA, Berkel I, Boder E, et al. Localization of an ataxia-

telangiectasia gene to chromosome 11q22-23. Nature 1988;336:
577–580.

2. McKinnon PJ. ATM and the molecular pathogenesis of ataxia telan-
giectasia. Annu Rev Pathol 2012;7:303–321.

3. Woods CG, Bundey SE, Taylor AM. Unusual features in the inheri-
tance of ataxia telangiectasia. Hum Genet 1990;84:555–562.

February 2019 179

Schon et al.: Variant Ataxia-Telangiectasia



4. Verhagen MM, Last JI, Hogervorst FB, et al. Presence of ATM pro-
tein and residual kinase activity correlates with the phenotype in
ataxia-telangiectasia: a genotype-phenotype study. Hum Mutat
2012;33:561–571.

5. Sedgwick RP, Boder E. Ataxia telangiectasia. In: Vinken PJ,
Bruyn SW, eds. Handbook of Clinical Neurology, Hereditary Neurop-
athies and Spino-cerebellar Atrophies. New York, NY: Elsevier Sci-
ence; 1991:347–393.

6. Woods CG, Taylor AM. Ataxia telangiectasia in the British Isles: the
clinical and laboratory features of 70 affected individuals. Q J Med
1992;82:169–179.

7. Verhagen MM, Abdo WF, Willemsen MA, et al. Clinical spectrum of
ataxia-telangiectasia in adulthood. Neurology 2009;73:430–437.

8. Crawford TO, Skolasky RL, Fernandez R, et al. Survival probability in
ataxia telangiectasia. Arch Dis Child 2006;91:610–611.

9. van Os NJ, Jansen AF, van Deuren M, et al. Ataxia-telangiectasia:
immunodeficiency and survival. Clin Immunol 2017;178:45–55.

10. Micol R, Ben Slama L, Suarez F, et al. Morbidity and mortality from
ataxia-telangiectasia are associated with ATM genotype. J Allergy
Clin Immunol 2011;128:382–389.e1.

11. Jackson TJ, Chow G, Suri M, et al. Longitudinal analysis of the neu-
rological features of ataxia-telangiectasia. Dev Med Child Neurol
2016;58:690–697.

12. Taylor AMR, Lam Z, Last JI, Byrd PJ. Ataxia telangiectasia: more vari-
ation at clinical and cellular levels. Clin Genet 2015;87:199–208.

13. Méneret A, Ahmar-Beaugendre Y, Rieunier G, et al. The pleiotropic
movement disorders phenotype of adult ataxia-telangiectasia. Neu-
rology 2014;83:1087–1095.

14. Saunders-Pullman R, Raymond D, Stoessl AJ, et al. Variant ataxia-
telangiectasia presenting as primary-appearing dystonia in Canadian
Mennonites. Neurology 2012;78:649–657.

15. McConville CM, Stankovic T, Byrd PJ, et al. Mutations associated
with variant phenotypes in ataxia-telangiectasia. Am J Hum Genet
1996;59:320–330.

16. Stankovic T, Kidd AM, Sutcliffe A, et al. ATM mutations and pheno-
types in ataxia-telangiectasia families in the British Isles: expression
of mutant ATM and the risk of leukemia, lymphoma, and breast can-
cer. Am J Hum Genet 1998;62:334–345.

17. Carrillo F, Schneider SA, Taylor AMR, et al. Prominent oromandibular
dystonia and pharyngeal telangiectasia in atypical ataxia telangiecta-
sia. Cerebellum 2009;8:22–27.

18. Hiel JA, van Engelen BG, Weemaes CM, et al. Distal spinal muscular
atrophy as a major feature in adult-onset ataxia telangiectasia. Neu-
rology 2006;67:346–349.

19. Charlesworth G, Mohire MD, Schneider SA, et al. Ataxia telangiecta-
sia presenting as dopa-responsive cervical dystonia. Neurology
2013;81:1148–1151.

20. Claes K, Depuydt J, Taylor AM, et al. Variant ataxia telangiectasia:
clinical and molecular findings and evaluation of radiosensitive phe-
notypes in a patient and relatives. Neuromolecular Med 2013;15:
447–457.

21. Sutton IJ, Last JIK, Ritchie SJ, et al. Adult-onset ataxia telangiectasia
due to ATM 5762ins137 mutation homozygosity. Ann Neurol 2004;
55:891–895.

22. Ataxia Telangiectasia Society. Ataxia Telangiectasia in children.
Guidance on diagnosis and clinical care. 2014. Available at: www.
atsociety.org.uk.

23. Bhatt JM, Bush A, van Gerven M, et al. ERS statement on the multi-
disciplinary respiratory management of ataxia telangiectasia. Eur
Respir Rev Off J Eur Respir Soc 2015;24:565–581.

24. Reiman A, Srinivasan V, Barone G, et al. Lymphoid tumours and
breast cancer in ataxia telangiectasia; substantial protective effect of
residual ATM kinase activity against childhood tumours. Br J Cancer
2011;105:586–591.

25. Schmitz-Hübsch T, du Montcel ST, Baliko L, et al. Scale for the
assessment and rating of ataxia: development of a new clinical scale.
Neurology 2006;66:1717–1720.

26. Fazekas F, Chawluk JB, Alavi A, et al. MR signal abnormalities at 1.5
T in Alzheimer’s dementia and normal aging. AJR Am J Roentgenol
1987;149:351–356.

27. Greenberg SM, Vernooij MW, Cordonnier C, et al. Cerebral micro-
bleeds: a guide to detection and interpretation. Lancet Neurol 2009;
8:165–174.

28. Bates, D, Maechler, M, Bolker, B, Walker, S. Fitting Linear Mixed-
Effects Models Using lme4. J Stat Softw [Internet]. 2015;67. Available
at: https://www.jstatsoft.org/article/view/v067i01.

29. Venables WN., Ripley B.D. Modern Applied Statistics with S [Inter-
net]. Fourth. New York: Springer; [cited 2017 Aug 29]. Available at:
http://www.springer.com/gb/book/9780387954578.

30. Christensen RHB. ordinal: Regression Models for Ordinal Data [Inter-
net]. 2015 [cited 2017 Aug 29]. Available at: https://cran.r-project.
org/web/packages/ordinal/index.html.

31. Byrd PJ, Srinivasan V, Last JI, et al. Severe reaction to radiotherapy
for breast cancer as the presenting feature of ataxia telangiectasia.
Br J Cancer 2012;106:262–268.

32. Cummins G, Jawad T, Taylor M, Lynch T. Myoclonic head jerks and
extensor axial dystonia in the variant form of ataxia telangiectasia.
Parkinsonism Relat Disord 2013;19:1173–1174.

33. Georgiev, D, Mehta, D, Zacharia, A, et al. Bilateral deep brain stimu-
lation of the globus pallidus pars interna in a patient with variant
ataxia-telangiectasia. Mov Disord Clin Pract 2016 Jan 21. https://doi.
org/10.1002/mdc3.12287. [Epub ahead of print]

34. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology 1983;33:
1444–1452.

35. Sahama I, Sinclair K, Pannek K, et al. Radiological imaging in ataxia
telangiectasia: a review. Cerebellum 2014;13:521–530.

36. Lin DD, Barker PB, Lederman HM, Crawford TO. Cerebral abnormali-
ties in adults with ataxia-telangiectasia. AJNR Am J Neuroradiol
2014;35:119–123.

180 Volume 85, No. 2

ANNALS of Neurology

http://www.atsociety.org.uk
http://www.atsociety.org.uk
https://www.jstatsoft.org/article/view/v067i01
http://www.springer.com/gb/book/9780387954578
https://cran.r-project.org/web/packages/ordinal/index.html
https://cran.r-project.org/web/packages/ordinal/index.html
https://doi.org/10.1002/mdc3.12287
https://doi.org/10.1002/mdc3.12287

	 Genotype, Extrapyramidal Features, and Severity of Variant Ataxia-Telangiectasia
	Patients and Methods
	Probands
	Molecular Genetics Studies
	Neurological Assessment
	Neurological Phenotype
	Cross-sectional Clinical Neurological Disease Severity
	Neurological Investigations
	Respiratory Assessment
	Immunological Assessment

	General Assessment
	Ethical Considerations
	Statistical Analysis

	Results
	Demographic Features and Employment
	Neurological Features
	Onset, Duration, Mobility, and Severity
	Neurological Phenotype
	Group A (Predominant Cerebellar Ataxia and/or Peripheral Neuropathy With Minimal or no Extrapyramidal Involvement)
	Group B (Disability Determined by a Mixture of Ataxia and/or Peripheral Neuropathy Plus Additional Extrapyramidal Features)
	Group C (predominantly extrapyramidal signs)

	Neurological Investigations
	Neurophysiology
	Radiology


	Other Clinical Features
	Endocrine function
	Conjunctival Telangiectasia
	Respiratory Function
	Immunological Function
	AFP Levels
	Liver Ultrasound, LFTs

	Malignancy
	Genetics
	Family History
	Cytogenetic Features
	Mutation Analysis
	Genotype-Phenotype Correlation


	Discussion
	Acknowledgment
	Author Contributions
	Potential Conflicts of Interest
	References


