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Abstract

Ataxia-Telangiectasia(A-T) is an autosomal recessive neurodegenerative disease associated with cerebellar ataxia and extrapy-
ramidal features. A-T has a complex and diverse phenotype with varying rates of disease progression. The development of
robust natural history studies and therapeutic trials relies on the accurate recording of phenotype using relevant and validated
severity of illness indexes. We compared the commonly used Scale for the Assessment and Rating of Ataxia (SARA) and
the disease-specific A-T Neurological Examination Scale Toolkit (A-T NEST), in our adult A-T cohort. We found a strong
correlation between A-T NEST and the established SARA score, validating the use of A-T NEST and SARA in capturing

the natural history of A-T patients.
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Introduction
Ataxia-Telangiectasia

Ataxia-Telangiectasia (A-T) is a rare autosomal recessive
neurodegenerative disease characterised by a constellation
of neurological symptoms including cerebellar ataxia and
extrapyramidal features. A-T is also associated with immu-
nodeficiency, malignancy and other systemic complications
[1]. The disease arises due to mutations in the Ataxia Tel-
angiectasia Mutated (ATM) gene, which encodes a serine-
threonine protein kinase that is heavily implicated in the
cellular response to double-stranded DNA damage [2].
The complex nature of A-T and the significant phenotypic
variation between individuals can be in part explained by
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the classification of two distinct forms of the disease. Clas-
sic (typical) A-T is considered clinically more severe and
is associated with a complete loss of ATM kinase function.
Meanwhile, variant (atypical) A-T causes a milder pheno-
type, consisting of neurological symptoms and cancer sus-
ceptibility, often without systemic illness, owed to residual
ATM kinase function [3].

The heterogeneity of A-T phenotypes, alongside the vary-
ing rates of disease progression, limits the development of
robust natural history studies and therapeutic trials to effec-
tively assess treatment response. Whilst established ataxia
disease scoring systems, such as the Scale for the Assess-
ment and Rating of Ataxia (SARA), are used in clinical prac-
tice, patients with A-T often have additional extrapyramidal
symptoms which are not captured by this scoring system.
In recent years, disease-specific severity of illness indexes,
such as the A-T Neurological Examination Scale Toolkit
(A-T NEST), have been developed to address the clinical
heterogeneity of A-T and stratify disease severity in clinical
trials and epidemiological studies.

SARA

The SARA score was first proposed as a measure of ataxia
symptom severity in patients with spinocerebellar ataxia
(SCA) [4]. It assesses 8 domains: gait, stance, sitting abil-
ity, speech disturbance, finger chase, nose-finger test, fast
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alternating hand movements and heel-shin slide. It carries
a maximum score of 40 with higher scores indicating more
severe ataxia symptoms [4]. SARA was initially validated
in SCA patients in two clinical trials where it was found to
correlate with the Barthel Index and part IV of the Unified
Huntington’s Disease Rating Scale [4]. Test—retest and inter-
rater reliability, as well as internal consistency, have been
demonstrated to be high [4] and the time taken to assess
patients using the SARA score is considered less than other
ataxia scoring systems [5].

However, the SARA score remains unvalidated specifically
for use in A-T and is not without its limitations. The initial
studies noted that the score did not consider symptoms that
manifest alongside the ataxia in patients with SCA [4]. A-T
patients often have extrapyramidal symptoms which can cause
significant morbidity. We have previously demonstrated that
some variant A-T patients have predominant extrapyramidal
symptoms or peripheral neuropathy rather than ataxia [6].

To date, there have been few clinical trials utilising SARA
in patients with A-T [7, 8] and none directly validating its
use in this disease. The weighting of the total score is also
disproportionately influenced by the gait domain. Many clas-
sical A-T patients lose ambulation by their teenage years,
and it is unclear how this influences the assessment of dis-
ease progression in non-ambulant patients who continue to
report clinical deterioration [9]. Finally, although the origi-
nal paper reported no significant score ceiling effect amongst
the patient cohort, there have since been accounts of this
affecting both the total score and particular domains [10].

A-T NEST

The A-T NEST was developed from the A-T Index (Craw-
ford Score) first proposed in 2000 [11] and, in its current
form, assesses 53 items across 6 core neurological domains.
The domains assessed include communication ability, eye
movements, ataxia, movement disorder, muscle power and
the presence of neuropathy. The inclusion of domains assess-
ing extrapyramidal dysfunction and eye movement involve-
ment is particularly pertinent given that A-T can present
with these as the predominant or only clinical features. An
additional 11 items assessed over 4 domains focussing on
growth, nutrition, cognition and mental state make up the
neurological-related component of the A-T NEST. These

additional domains are also not assessed by the SARA score.
The core neurological domains summate to generate a pure
neurological A-T NEST score out of a total of 100 with indi-
viduals scoring lower the more severe their A-T symptoms.

Linear regression analysis showed that the A-T NEST score
correlated strongly with age which, with the assumption of the
progressive nature of A-T, suggests that the score is useful for
longitudinal tracking of A-T symptoms. In addition, interrater
variation was low suggesting minimal subjective influence
[11]. One longitudinal study involving children and young
people with A-T demonstrated a positive correlation between
the revised A-T NEST score and the original A-T Index [12].
However, neither the A-T NEST nor the original A-T Index
have been appropriately validated for use in A-T patients by
means of comparing against well-established and validated
scoring systems. Despite this, the A-T NEST has continued
to be used as a means of tracking the longitudinal progres-
sion of patient symptoms [13]. A-T NEST provides valuable
information about extrapyramidal symptoms and oculomotor
issues, frequently encountered in A-T patients. In practice, the
A-T NEST score takes significantly longer to assess compared
to the SARA score. The SARA score has also been used in
previous interventional studies in A-T [14, 15] but does not
evaluate extrapyramidal and eye movements.

This retrospective longitudinal study assesses the applica-
tion of the A-T NEST score in an adult A-T patient cohort
and investigates the longitudinal relationship between the
A-T NEST and SARA scores.

Materials and Methods

The medical records of 55 individuals (males =27,
females = 28) with genetically confirmed diagnoses of
A-T who attended the National Adult A-T Clinic at Royal
Papworth Hospital over a 7-year period were retrospec-
tively reviewed in a longitudinal manner. Of these, 28
patients had classic A-T and the remaining 27 patients had
variant A-T (Table 1). The duration of time over which
the patients were assessed ranged from O to 5 years on an
annual or biannual basis. SARA and A-T NEST scores
were extracted from these records generating a total of
74 instances where both the SARA and A-T NEST scores
were recorded during the same clinical encounter.

Table 1 Demographics of Characteristic

Classic A-T (n=28) Variant A-T (n=27)

patients assessed, including
the type of A-T diagnosed
(classic vs variant), the sex of
the patient as well as the age at
which they were first assessed

Sex—number (%)
Male
Female

Age in years—mean + SD (range)

At first assessment

16 (57%)
12 (43%)

11 (41%)
16 (59%)

21.2+7.1 (16-42) 35.9+12.7 (16-55)
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Simple linear regression modelling was then used to
assess if SARA scores accurately predicted the A-T NEST
scores obtained during the same clinical encounter. This
was conducted in both the classic and variant A-T patient
groups in isolation as well as in the pooled cohort con-
sisting of both groups. Spearman’s rank correlation was
then used to assess the relationship between SARA and
A-T NEST scores in these groups to determine if any such
correlation was evident longitudinally. A cross-sectional
analysis was also performed for all patient visits in a single
year. Statistical and graphical analysis was conducted in
GraphPad Prism version 9.

Results

The linear models produced by regression analysis
showed that SARA scores accurately predicted A-T
NEST scores. This was evident in the whole A-T patient
cohort (Fig. 1A) and in the classic (Fig. 1B) and variant
(Fig. 1C) sub-cohorts. The regressions were all statisti-
cally significant.

Spearman rank correlation showed a significant cor-
relation between AT-NEST and SARA scores in the whole
A-T patient cohort (r(n) =-0.86,95% CI[-0.78,—0.91],
p <0.0001) as well as in the classical (r3g,= —0.79,
95% CI [-0.89,—-0.60], p<0.0001) and variant A-T
sub-groups (ran= —-0.87, 95% CI [-0.93,-0.77],
p<0.0001).

Fig.1 Correlation between A-T A
NEST and SARA. Scatter plots
comparing total A-T NEST and
SARA scores calculated during
the same clinical encounter for
A the whole A-T patient cohort
(R*=0.80, F; 7,,=292.8,
p<0.0001), B the classic

A-T patient cohort (R*=0.61,
F(30y=46.5, p<0.0001) and C

AT-NEST

Discussion

This study aims to validate the A-T NEST by comparing
it with a well-established severity of illness index used in
patients with A-T. A strong correlation between both scores
has been found at the single time point and longitudinal
assessment level both in patients with classic and variant
A-T. This work has shown the A-T NEST to be a valid means
of measuring disease progression in adult patients with A-T.

The main limitations of this study include the reliance on
paper clinical notes and the retrospective analysis. Some data
points were missing but our large cohort has enabled a com-
prehensive assessment of the validity of A-T NEST and SARA
scores in recording the natural history of A-T. A further limita-
tion is evaluating the appropriateness of only two examination
tools. The strength of our study is the diverse clinical phenotype
of our cohort, including patients with predominant extrapyrami-
dal phenotypes. Our study confirms that SARA and A-T NEST
remain useful tools in capturing disease progression. Future
studies would benefit from a prospective analysis of the effect
of disease duration and age in various A-T phenotypes using a
diverse range of clinical evaluation tools.

Conclusion

The A-T NEST is a valid severity of illness index for use in
adult patients with classic and variant A-T. The A-T NEST
correlates strongly with the SARA score at the single time-
point level and changes proportionally with the SARA score
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longitudinally which demonstrates its ability to track the
severity of the disease over time.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12311-023-01528-2.

Acknowledgements The authors would like to thank the patients for
their kind cooperation in this study.

Author Contribution T.M. was responsible for data collection, data
interpretation, statistical analysis and the drafting of the manuscript.
M.Y.T. was responsible for the data collection, interpretation of find-
ings and jointly contributed to the drafting of the manuscript. R.H. and
A.E.H were jointly involved in the design of the study protocol and in
the reviewing of the manuscript.

Funding M.Y.T. is supported by the Addenbrookes Charitable Trust
(G103290) and jointly by Action for AT, BrAshAT and AT society
(grant TREAT-AT). The funders have no role in the study design, data
collection and decision to submit this manuscript. R.H. is a Wellcome
Trust Investigator (109915/Z/15/Z), who receives support from the
Medical Research Council (UK) (MR/N025431/1 and MR/V009346/1),
the European Research Council (309548), the Newton Fund (UK/Tur-
key, MR/N027302/1), the Addenbrookes Charitable Trust (G100142),
the Evelyn Trust, the Stoneygate Trust, the Lily Foundation, Action for
AT and an MRC strategic award to establish an International Centre
for Genomic Medicine in Neuromuscular Diseases ICGNMD) MR/
S005021/1. This research was supported by the NIHR Cambridge Bio-
medical Research Centre (BRC-1215-20014). The views expressed
are those of the authors and not necessarily those of the NIHR or the
Department of Health and Social Care. RH is part of the PROSPAX
consortium under the frame of EJP RD, the European Joint Programme
on Rare Diseases, under the EJP RD COFUND-EJP N°825575.

Data Availability The data collected forms part of the Genotype and
Phenotype study. Interested persons may contact the corresponding
author, Dr Anke Hensiek, for further details about the study data.

Declarations

Ethics Approval The data presented in this study was ethically
approved and collected as part of the Genotype and Phenotype study
REC 13/YH/0310.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Petley E, Yule A, Alexander S, Ojha S, Whitehouse WP. The
natural history of ataxia-telangiectasia (A-T): A systematic review.

GRO @ Springer

PLoS ONE. 2022;17(3):e0264177. https://doi.org/10.1371/journ
al.pone.0264177.

2. Alvarez-Quilén A, Serrano-Benitez A, Ariel Lieberman J, et al.
ATM specifically mediates repair of double-strand breaks with
blocked DNA ends. Nat Commun. 2014;5(1):3347. https://doi.
org/10.1038/ncomms4347.

3. Verhagen MMM, Last JI, Hogervorst FBL, et al. Presence of ATM
protein and residual kinase activity correlates with the phenotype
in ataxia-telangiectasia: a genotype-phenotype study. Hum Mutat.
2012;33(3):561-71. https://doi.org/10.1002/humu.22016.

4. Schmitz-Hiibsch 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(11):1717-20. https://doi.org/10.1212/
01.wnl.0000219042.60538.92.

5. Yabe I, Matsushima M, Soma H, Basri R, Sasaki H. Usefulness of the
Scale for Assessment and Rating of Ataxia (SARA). J Neurol Sci.
2008;266(1-2):164-6. https://doi.org/10.1016/j.jns.2007.09.021.

6. Schon K, van Os NJH, Oscroft N, et al. Genotype, extrapyramidal
features, and severity of variant ataxia-telangiectasia. Ann Neurol.
2019;85(2):170-80. https://doi.org/10.1002/ana.25394.

7. Saberi-Karimian M, Beyraghi-Tousi M, Jamialahmadi T, Saheb-
kar A. The positive short-term effect of dexamethasone on ataxia
symptoms in a patient with ataxia-telangiectasia: A case report.
Clinical Case Reports. 2022;10(5):05895. https://doi.org/10.1002/
ccr3.5895.

8. Saberi-Karimian M, Beyraghi-Tousi M, Mirzadeh M, Gumpricht
E, Sahebkar A. The effect of N-acetyl-DL-leucine on neurological
symptoms in a patient with ataxia-telangiectasia: a case study. The
Cerebellum. Published online February 7, 2022. https://doi.org/
10.1007/s12311-022-01371-x.

9. Tiet MY, Horvath R, Hensiek AE. Ataxia telangiectasia: what
the neurologist needs to know. Pract Neurol. 2020;20(5):404—14.
https://doi.org/10.1136/practneurol-2019-002253.

10. Perez-Lloret S, van de Warrenburg B, Rossi M, et al. Assessment
of ataxia rating scales and cerebellar functional tests: critique and
recommendations. Mov Disord. 2021;36(2):283-97. https://doi.
org/10.1002/mds.28313.

11. Crawford TO, Mandir AS, Lefton-Greif MA, et al. Quantita-
tive neurologic assessment of ataxia-telangiectasia. Neurology.
2000;54(7):1505-9. https://doi.org/10.1212/WNL.54.7.1505.

12. Jackson TJ, Chow G, Suri M, Byrd P, Taylor MR, Whitehouse
WP. Longitudinal analysis of the neurological features of ataxia-
telangiectasia. Dev Med Child Neurol. 2016;58(7):690-7. https://
doi.org/10.1111/dmen.13052.

13. McGlashan HL, Blanchard CV, Luscombe C, et al. Quality of
life and neurological disability in children and young people with
ataxia telangiectasia. European J Paediatr Neurol. 2022;40:34-9.
https://doi.org/10.1016/j.ejpn.2022.07.004.

14. Veenhuis SJG, van Os NJH, Janssen AJWM, van Gerven MHJC,
Coene KLM, Engelke UFH, Wevers RA, Tinnevelt GH, Ter Heine
R, van de Warrenburg BPC, Weemaes CMR, Roeleveld N, Wil-
lemsen MAAP. Nicotinamide riboside improves ataxia scores
and immunoglobulin levels in ataxia telangiectasia. Mov Disord.
2021;36(12):2951-7. https://doi.org/10.1002/mds.28788.

15. Quarantelli M, Giardino G, Prinster A, Aloj G, Carotenuto B,
Cirillo E, Marsili A, Salvatore E, Del Giudice E, Pignata C.
Steroid treatment in ataxia-telangiectasia induces alterations of
functional magnetic resonance imaging during prono-supination
task. Eur J Paediatr Neurol. 2013;17(2):135-40. https://doi.org/
10.1016/j.ejpn.2012.06.002.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s12311-023-01528-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0264177
https://doi.org/10.1371/journal.pone.0264177
https://doi.org/10.1038/ncomms4347
https://doi.org/10.1038/ncomms4347
https://doi.org/10.1002/humu.22016
https://doi.org/10.1212/01.wnl.0000219042.60538.92
https://doi.org/10.1212/01.wnl.0000219042.60538.92
https://doi.org/10.1016/j.jns.2007.09.021
https://doi.org/10.1002/ana.25394
https://doi.org/10.1002/ccr3.5895
https://doi.org/10.1002/ccr3.5895
https://doi.org/10.1007/s12311-022-01371-x
https://doi.org/10.1007/s12311-022-01371-x
https://doi.org/10.1136/practneurol-2019-002253
https://doi.org/10.1002/mds.28313
https://doi.org/10.1002/mds.28313
https://doi.org/10.1212/WNL.54.7.1505
https://doi.org/10.1111/dmcn.13052
https://doi.org/10.1111/dmcn.13052
https://doi.org/10.1016/j.ejpn.2022.07.004
https://doi.org/10.1002/mds.28788
https://doi.org/10.1016/j.ejpn.2012.06.002
https://doi.org/10.1016/j.ejpn.2012.06.002

	Correlation Between the SARA and A-T NEST Clinical Severity Scores in Adults with Ataxia-Telangiectasia
	Abstract
	Introduction
	Ataxia-Telangiectasia
	SARA​
	A-T NEST

	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


