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Introduction

Dr Mohnish Suri, Consultant Clinical Geneticist

This document provides guidance to professionals on the diagnosis and management of
ataxia telangiectasia (AT), which is a rare, progressive, multi-system disorder, caused by
inherited mutations in a single gene called ATM. Its most visible manifestations are likely
to be progressive ataxia (difficulty in co-ordinating movements), frequent infections of the
throat, chest, and sinuses (caused by immune deficiency) and the development of

telangiectasias (red ‘spider veins’) in or around the eyes from the age of three or four
years. The condition also carries a greatly increased risk of developing cancer, particularly
leukaemia and lymphoma, which nearly one in four people with the condition is likely to
develop. There is also a likelihood of developing serious lung disease because of the
neurological and immunological deficits. Other problems that can be seen in affected
individuals include scoliosis (spinal curvature), hepatic steatosis (fatty liver), vitamin D
deficiency, and an increased risk of developing diabetes mellitus.

Because AT is so rare, most paediatric
departments are likely to see relatively small
numbers of affected children over the years, and
other professionals no more than a single child
or family. They are therefore unlikely to have any
first-hand experience of managing the condition
and no chance to compare findings between
affected individuals.

At the same time, AT is 3
complex, multi-system condition

requiring multi-disciplinary
input.

If the child is to receive appropriate and co-
ordinated care, it is important that each
specialist understands the range of issues that
can be seen in an affected individual.

The UK Strategy for Rare Diseases, published by
the Department of Health in November 2013
underlined the necessity for documents such as
this.

It stated: Although specialist clinical centres may
provide all the essential expertise, in almost all
cases most of the care is provided locally - by
local hospitals, primary care teams, social care
and education teams, and in the patient’'s home.
Therefore, centres must have protocols in place
to share their expertise with local services.

This will require the development of shared
protocols for effective communication and
information sharing between the centre, local
teams, and the patient. [1]

The UK Rare Disease Framework published in
January 2021 identified 4 key priorities to ensure
that rare disease patients receive the best
possible care, building on the commitments in
the UK Strategy for Rare Diseases.

These priorities were: helping
patients get a final diagnosis
faster, increasing awareness of
rare diseases among healthcare

professionals, better co-
ordination of care, and improved
access to specialist care,
treatments, and drugs.

These priorities will be supported by 5
underpinning themes including patient voice,
national and international collaboration,
pioneering research, digital, data and
technology, and wider policy alignment. [2]
Significant progress has been made in the field of
AT since the publication of the UK Rare Disease
Framework, for 3 of the 4 key priorities.
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The diagnosis of AT is now being made earlier
because of the availability of genetic testing as a
routine test through the National Genomic Test
Directory in England. This has both a specific R
code to request targeted genetic testing for AT
and an R code for genetic testing of a panel of
genes that can cause hereditary ataxia with
onset in childhood, where the clinical
presentation may be less specific to raise
concerns about a diagnosis of AT. We are also
starting to see children diagnosed with AT in
infancy after being investigated for severe
combined immunodeficiency (SCID) based on the
result of the newborn screening test for this
condition. There is much more awareness of AT
amongst healthcare professionals because of the
earlier diagnosis of this condition and the
increasing number of research studies for AT,
including potential treatment trials. More needs
to be done to co-ordinate care of children with
AT but children now diagnosed with AT in the
UK are usually referred to the National
Paediatric AT Clinic to oversee their care in close
co-ordination with the local paediatric teams.

AT is a condition about which we are continuing
to learn. Our understanding about this
condition is changing all the time, as is our
scientific and medical knowledge and the range
of medical and therapeutic interventions that are
becoming available to us. This guidance offers
suggestions for the care for children with AT
based on the practical clinical experience and
knowledge of specialists and therapists who
have been working in the field of AT for many
years in the UK and from around the world.
Adherence to the guidance in this document will
not ensure a successful outcome in every case. It
should not be construed as including all proper
methods of care or excluding other acceptable
methods of care aimed at the same results. The
ultimate judgement must be made by the
appropriate healthcare professional(s)
responsible for clinical decisions regarding a
particular clinical procedure or treatment plan.
This judgement should only be arrived at
following discussion of the options with the child
or their carer(s), covering the diagnostic and
management choices available.

This guidance has been developed to meet this
need by specialists and therapists at the National
Paediatric AT Clinic at Nottingham City Hospital
Campus, in collaboration with the patient support
organisation, the AT Society. Whilst primarily
aimed at clinicians and other health professionals
who may not have first-hand experience of AT,
we also expect it to be used by people with AT
and their families to help ensure that the local
care that is provided to them is effective in
meeting their needs. There are currently no
published evidence based clinical guidelines on
the management of children with AT. However,
this is not such a document and is not to be
construed as such or as a standard of care. What
this document does aim to do is to provide
suggestions for care based on the experience and
current state of knowledge of doctors and
therapists with considerable experience of seeing
patients with AT at what is the world’s longest-
established multidisciplinary AT clinic.

Established in 1993, the Nottingham AT Centre,
which is the paediatric centre of expertise of the
NHS AT Service, has seen and treated well over
300 children with AT, with multiple follow up
visits every two years for most of them until the
transition of their care to the Adult AT Clinic
based at the Royal Papworth Hospital in
Cambridge. The Nottingham service currently
provides sessions with a paediatric immunologist,
paediatric neurologist, clinical geneticist,
respiratory paediatrician and physiotherapist,
paediatric physiotherapist, dietician, paediatric
occupational therapist, speech and language
therapist, and psychologist. For further
information, or to contact the UK Paediatric AT
Clinic, please contact the AT Society, see page
27.
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What is Ataxia Telangiectasia?

Dr Mohnish Suri, Consultant Clinical Geneticist

The condition

Ataxia Telangiectasia (AT), is a complex, multi-system, autosomal recessive disorder caused by
mutations in the ATM (ataxia telangiectasia mutated) gene on chromosome 11g22.3. The gene codes for

a protein kinase, ATM, which has been found to have a critical role in cellular responses to damaging
influences and stress, particularly those resulting in double-strand DNA breaks.

AT is characterised by a number of clinical
features. Common features include:

. Progressive neurological manifestations,
including ataxia, tremors, chorea,
athetosis, dystonia, dysarthria, oculomotor
apraxia, and dysphagia which worsen
through childhood into adult life

. Oculocutaneous telangiectasias, which

usually appear at about 3 or 4 years of age.

Telangiectasias are occasionally found in
the bladder or other internal organs

. Recurrent infections, usually affecting the
chest, ears and sinuses, can lead to chronic
lung damage and chronic otitis with
hearing impairment

. A wide range of immunological
abnormalities, including deficiencies of
immunoglobulin (particularly classes A and
E), poor responsiveness to pneumococcal
polysaccharide vaccine, reduced
lymphocyte numbers particularly affecting
T and B cells and thymic hypoplasia

« An increased risk of developing
malignancies (22%), particularly T and B
cell leukaemias and lymphomas, but also
endocrine malignancies and, for women,
breast cancer

. Increased radiosensitivity to therapeutic
doses of ionizing radiation

. Slurred speech, drooling, and dysphagia
leading to low body weight

. Slow growth and/or progeric changes

. Delayed or incomplete pubertal
development

Less common clinical manifestations include:

. Vomiting and choking, particularly in the
morning

. Granulomatous skin disease

. Deformities of the feet and lower limbs and
scoliosis

. Incontinence of bladder and bowel

. Diabetes mellitus, which tends to develop
during adolescence or adulthood

. Irregular menstrual cycles

Forms of AT

AT in its classic form is caused by the presence
of two truncating mutations, which result in
either the complete absence of ATM protein, or
of a mutant form with no kinase activity. In some
cases, however, the presence of particular
mutations, normally leaky splice site or missense
mutations, does allow the production of either a
reduced quantity of active ATM protein or a
mutant protein that shows some kinase activity.
In these cases, patients are likely to have a
milder phenotype, with symptoms developing
more slowly and/or with later onset.

One particular variant is the leaky splice site
mutation (c.5763- 1050A>G) which allows the
expression of a low level of normal ATM with
kinase activity; it is particularly seen in the UK
and Ireland. Other AT patients with a missense
mutation (c.7271T>G), that allows expression of
some mutant ATM protein, but also with activity,
are also seen particularly in UK and Ireland.
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Variation from the typical course of the
condition, combined with heterogeneity in
presentation, particularly of the neurological
features of AT, results in variant AT being
sometimes under-diagnosed or misdiagnosed. It
is certainly the case that in recent years, there
has been an increase in the number of confirmed
diagnoses of AT being made in adults in the UK.

There are also a number of even rarer conditions
closely related to AT, caused by mutations in
genes which code for proteins which interact
closely with ATM. These give rise to symptoms
and signs which overlap with AT in different
ways. However, given the small numbers of
patients known with these conditions, and in the
light of the phenotypic heterogeneity of AT, it is
not possible to be certain that the physical
characteristics of these conditions

have yet been accurately defined and so a
diagnosis of AT can only be confirmed by
laboratory tests.

These conditions include:

. ATLD (AT like disorder) is caused by
mutations in the MRE11 gene and produces
symptoms very similar to those of AT,
especially neurological symptoms.
Progression of symptoms seems to be
somewhat slower than in classic AT. A similar
disorder is caused by homozygosity for a
specific PCNA variant

. AOA1 (ataxia-oculomotor apraxia type 1) is
caused by mutations in the APTX gene which
produces Aprataxin

. AOA2 (ataxia-oculomotor apraxia type 2) has
a range of symptoms like those of AOA1,
however it tends to develop later, typically in
late adolescence, or early teens. It is the
result of mutations in yet another gene, the
SETX gene

Prevalence

Our estimate is that in the UK and Ireland there
are currently 220 families with approximately 250
cases of AT and AT-Like conditions. The
prevalence estimate around the world is
estimated to be between 1 in 40,000 and 1 in
100,000 live births [1]. The carrier frequency is
estimated to be in the order of 0.3% or
approximately 1 in 300.

Survival

While the rarity of the condition makes it difficult
to evaluate, the most recent and authoritative
paper [2] suggests a median survival age of
around 25 years. However, this was calculated in
a patient cohort dominated by cases of classic AT
and in the case of variant AT median survival is
clearly much longer than this. While there is no
published evidence, many patients with variant
AT are known to be living into their 40s and 50s
and some even into their 60s in the UK.

Around 22% of people with AT die of cancer. The
majority of other deaths are likely to be due to
lung disease. [3]

Our estimate is that in the UK
and Ireland there are currently
220 families with approximately

250 cases of AT & AT-Like
conditions.
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Diagnosis

Dr Mohnish Suri, Consultant Clinical Geneticist & Malcolm Taylor, Emeritus Professor, Cancer &

Genomic Sciences

In children

An initial diagnosis of ataxia telangiectasia is
normally made on the basis of clinical evidence.
The most important features are:

. Neurological symptoms, particularly
progressive cerebellar ataxia. This is
normally apparent from an early age, often
when children first start to sit or stand and
is often manifested in a wobbly gait or
swaying while sitting or standing. Although
the age when they start to walk is normal,
they remain unsteady, as if they had only
just achieved this milestone. Unlike ataxia
due to cerebral palsy, the problems will
worsen over time with chorea, dystonia,
and tremor

. Abnormalities of eye movements.
Movements normally become restricted and
following objects becomes difficult

. Telangiectasia in the whites of the eyes or
other areas of the face and ears, though
this may not occur until 3 to 4 years of age

. Recurrent sino-pulmonary infections,
although these only affect around 50% of
children with AT

Laboratory tests may also show an elevated
alpha-fetoprotein level and immunological
deficiencies, particularly low levels of T cells and
B cells and of one or more classes of
immunoglobulin, most commonly IgA.

Differential diagnosis

In early childhood AT can mimic cerebral palsy,
especially dyskinetic types, cerebellar ataxia
from a number of other causes, and
developmental co-ordination disorder or
developmental dyspraxia. Some cases first come
to medical attention because of lung disease or
because of malignancy.

Investigations

Most children in whom there is a suspicion of
cerebellar ataxia, dystonia, or chorea will have an
MRI brain scan, and this will be grossly normal
early on in AT.

Further investigations that will point towards a
diagnosis of AT include plasma alpha fetoprotein,
IgA deficiency and other immunological
abnormalities. In the past chromosomal
radiosensitivity was used as a screening test for
AT prior to arranging genetic testing. However,
increased chromosomal radiosensitivity is not
specific for AT and can be difficult to arrange.

Laboratory confirmation

When a clinical diagnosis of AT has been made or
there is a reasonable clinical suspicion of AT,
genetic confirmation should be obtained by
identifying the ATM variants present.

Genetic testing for AT is now
widely available in England*

through the National Genomic
Test Directory (see page12 for
detalils).

If the clinician strongly suspects the diagnosis of
AT in a child, the R295 test can be requested to
look specifically for variants in ATM.
Alternatively, children with ataxia or movement
disorder can be tested for variants in a large
panel of genes using the R84 or R57 test
directory codes. These panels include the ATM
gene and most diagnoses of AT in the last couple
of years have been made by whole genome
sequencing (WGS) followed by application of
these panels.

The gold standard for the confirmation of a
clinical diagnosis of AT is:

« The identification of two pathogenic or likely
pathogenic ATM variants in the affected
individual. The variant may be in the
homozygous state or there may be two
different variants present, one in each copy of
the ATM gene (compound heterozygosity)

o Most ATM variants are truncating resulting in
loss of expression of ATM protein from that
allele

* For Scotland, Wales and Northern Ireland see page 11.
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. The presence of two such variants will result
in absence of expression of any full-length
ATM protein and the development of
‘classical” AT

« Occasionally, a missense or leaky splice site
variant may be present in the compound
heterozygous state (associated with a
truncating ATM variant as the first variant)
and the analysis of its pathogenicity using
different algorithms may fail to confirm this
as a pathogenic or likely pathogenic variant.
In some of these individuals ATM protein
expression studies in blood lymphocytes may
help to confirm the pathogenicity of the
variants (see below). This is presently only
available on a research basis. In the absence
of any other additional evidence, any
diagnosis of AT would then be made on
clinical grounds alone

. The identification of two pathogenic or likely
pathogenic ATM variants in the affected
individual is applicable to children newly
diagnosed with AT and the more unusual
situation of an adult being newly diagnosed
with this condition

. There is an additional test that can be carried
out to confirm a diagnosis of AT. This test
can take about 12-20 weeks to complete.
This involves creation of a lymphoblastoid
cell line derived from the B lymphocytes in
the patient’'s blood sample. Western blot
analysis on the lymphoblastoid cell line using
an ATM antibody will reveal the level of
expression, if any, of ATM protein. Currently
additional Western blot analysis to determine
the level of ATM signalling/kinase activity of
any ATM present is no longer available

Ataxia telangiectasia is a well-
known radiosensitivity disorder.
Patients are radiosensitive and

should not, normally, receive
any therapeutic doses of
tonizing radiation.

Ataxia telangiectasia is a well-known
radiosensitivity disorder. Patients are
radiosensitive and should not, normally, receive
any therapeutic doses of ionizing radiation. A
further test, therefore, for AT is the appearance
of increased chromosomal radiosensitivity in
their cells in culture. This is not unique to AT;
there are other radiosensitivity disorders.

« A chromosomal radiosensitivity test can be
performed on peripheral blood lymphocytes
from the patient. Classical AT patients show a
large increase in chromosomal damage
following exposure of their blood to two
grays of ionizing radiation

. The large increased level of chromosomal
radiosensitivity is a measure of the loss of
function of the ATM protein to repair
damage

Children and adults

These tests can be carried out as part of the
diagnostic procedure on both children and
adults being newly diagnosed.

Whole genome sequencing (WGS) followed by
application of either the R84 or R55 panels can
also identify patients with disorders that share
clinical findings (ataxia or movement disorder)
with AT. These include AT-Like disorder (ATLD)
caused by mutation of MRE11 or PCNA, ataxia
with oculomotor apraxia type 1 (AOA1) caused
by mutation of APTX, ataxia with oculomotor
apraxia type 2, and much rarer disorders.
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Testing for ataxia telangiectasia (AT) in Scotland, Wales and Northern Ireland

Scotland

Testing for AT is provided by Genetics and Molecular Pathology Laboratory Services.
Address: Polwarth Building, Foresterhill, Aberdeen, AB25 2ZD
Telephone: 01224 553893 / 01224 553820 Email: gram.molgen@nhs.scot

Testing provided:

- ATM gene testing (SNVs and CNVs) specifically for AT

- Chromosome analysis for chromosomes 7 and 14

- Chromosomal radiosensitivity testing can be arranged and is sent to Guy’'s Hospital, London, if
requested

Wales

Wales follows the same National Genomic Test Directory as England and provides the same or
equivalent testing.

All Wales Medical Genomics Service Gwasanaeth Genomeg Feddygol Cymru Gyfan
Wales Genomic Health Centre Canolfan lechyd Genomig Cymru
Address: Cardiff Edge Business Park / Parc Busnes Ymyl Caerdydd Longwood Drive Whitchurch /

Eglwys Newydd Cardiff, Wales, CF14 7YU Caerdydd, Cymru, CF14 7YU
Telephone / Ffén: +44 (0)29 2183 4000 Email / E-bost: Alex.Murray@wales.nhs.uk

Northern Ireland
Testing is sent to Aberdeen, using test codes R294 and R295.

Telephone: 028 9504 7353 Email: GeneticsLabs@belfasttrust.hscni.net
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Clinical Genetics

Dr Mohnish Suri, Consultant Clinical Geneticist

A diagnosis of AT is normally confirmed by
genetic testing, to look for pathogenic or likely
pathogenic variants in both copies of the ATM
gene.

Genetic testing for AT is available in England
through the National Genomic Test Directory
(NGTD) under the following test codes:

R295 Ataxia telangiectasia — variant testing

R15 Primary immunodeficiency or monogenic
inflammatory bowel disease

R29 Intellectual disability
R54 Hereditary ataxia with onset in adulthood

R55 Hereditary ataxia and cerebellar anomalies
- childhood onset

R56 Adult-onset dystonia, chorea, or related
movement disorder

R57 Childhood onset dystonia, chorea or
related movement disorder

R84 Cerebellar anomalies
R326 Vascular skin disorders

R359 Childhood solid tumors

Clinicians are directed to the NGTD
(https://www.england.nhs.uk/wp-
content/uploads/2025/01/rare-and-inherited-
disease-eligibility-criteria-V7.1-OFFICIAL-2.pdf)
for details of the testing criteria, requesting
specialties, and test methodology (whole
genome sequencing, whole exome sequencing,
medium panel, or ATM single gene sequencing).
Please note that some of these panels can only
be requested by specific specialties such as
clinical genetics, immunology, oncology,
neurology, etc.).

Chromosomal radiosensitivity testing is also
available through the NGTD under test code
R294 Ataxia Telangiectasia — DNA repair testing.
However, this test is not a diagnostic test for AT
as increased chromosomal radiosensitivity can
also be seen in other genetic disorders. Further
information about this test is available from the
NGTD (see details in the previous paragraph).

Western blot analysis on lymphoblastoid cell line
to look at ATM protein expression and ATM
kinase activity is no longer available on a routine
basis. It may be available in some instances on a
research basis since these tests are no longer
available routinely.

It is imperative for both parents
to be tested for the ATM variants
that have been identified in the
affected child, to confirm that
one ATM variant has been

offected from each parent
confirming that the variants are
in trans (affect both copies of the
ATM gene).

Please note that the AT-Like disorder, which is
caused by variants in both copies of the MRE11
gene can be identified by genetic testing via the
R54, 55, 57, and 84 panels. Similarly, ataxia with
oculomotor apraxia type 1 (AOA1), which is
caused by variants in both copies of APTX can be
identified by the R29. 54, 55, 56, 57, and 84
panels.

The results of these tests should be discussed
with patients and/or their families and, in
particular, what the implications may be for the
severity of the AT. However, it should be made
plain that at the current state of knowledge, and
given the known variation between individuals,
even with the same mutations, no detailed
prognostic advice can be given.

It is advisable to ask about parental
consanguinity and details of any other relatives
with neurological problems or cancer. This should
be done by drawing up a three-generation family
tree.

Parents should be given information about the
autosomal recessive inheritance pattern of AT
and offered genetic counselling.
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