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biological observation that substitutes for and ideally pre-
dicts a clinically relevant endpoint or intermediate outcome 

1]. Although basically 
-

sizes the advantage of biomarkers of being simpler and eas-

1].
Spinocerebellar ataxia (SCAs) are autosomal dominantly 

two major groups: those caused by dynamic repeat expan-
sion mutations (repeat expansion SCAs) and those caused 

4–6]. While biomarkers 

actual value for SCAs lies in their application for clinical 
7].

-
markers is their relation to certain pathophysiological 

Although there is a broad consensus in what a biomarker 
1]. Accord-

-

-

-
2 3
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4

-

-
-

markers are further subdivided into pharmacodynamic and 
2 3

are given in Table 1. These categories overlap and are not 

used in a clinical trial of an intervention that is hypothesized 

but simultaneously as a safety biomarker in the case that the 
-

1 2].

are used in clinical trials. Validation requires to establish 
that the respective biomarker measures what is intended to 

-
ity to predict or measure the relevant clinical concept (clini-

2
-

-

and safety biomarkers interventional studies (Fig. 1). To 

-

-
markers for SCAs with special emphasis on polyglutamine 

polyglutamine SCAs with other SCAs. As cross-sectional 
studies are of limited use to assess the clinical relevance 

-
gitudinal studies. We have structured the article according 

Table 1 2]

Diagnostic
with a subtype of the disease

Predictive

Prognostic
have the disease or medical condition of interest

individual who has been exposed to a medical product or an environmental agent

environmental agent
-

Safety

does not currently have clinically apparent disease or the medical condition

Fig. 1 Clinical validation of bio-

shown in the top row. Clinical stud-
ies are needed for their validation. 

serve to obtain the clinical valida-

row. The bottom row gives the 

studies are needed for the clinical 
validation of the various markers
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-
-

Search Strategy

-

research articles.

Genetic Biomarkers

highly reliable information on the presence or absence of 
the disease-causing mutation. They are thus to be regarded 

-
-

lished and routinely used. For more details of molecular 

8 9].

repeat is associated to varying degrees with the age of onset 
and the rate of disease progression and may thus be con-

-

repeat length explained 44.3 to 74.9% of the variance in age 

take into account the actual age and– depending on the SCA 
11

using repeat length and actual age as inputs provided the 
12]. The authors of a 

meta-analysis of genetic risk factors for modulation of 
age at onset in SCA3 reported earlier age of onset in non-

13
FGF14 

].

-
14

16 17–19
repeat length on the rate of progression is generally weak.

Biochemical Biomarkers

encoded by the mutated genes are considered to be the 

silencing is pursued as a promising therapeutic approach. 

measure the concentration of the corresponding proteins are 
required as pharmacodynamic biomarkers. While two assay 

21
-

22].
-

23

14 24–33
-
-

tion carriers were in an intermediate range between healthy 
24 27 29–31 -

26].

14 -

22
-

14 22]. Other lon-

28 29 33]. There are only 

28 -
29
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Imaging Biomarkers

SCAs are characterized by progressive brain and spinal 
cord tissue loss that can be studied by structural magnetic 

cord cross-sectional areas. Several studies in polyglutamine 

14 22 43–46 -

46]. Pons volume had the 
14 43 44

22 44
22

44 47
47 -

-
14 22].

-

-
48

-
sures of the middle cerebellar peduncle and corona radiata 

46 -
bellar peduncle and right medial lemniscus increased within 

49
longitudinal study of pre-ataxic and ataxic SCA3 mutation 

cerebellar peduncles indicated progressive microstructural 

22].

14 22]. 
2.

There are numerous cross-sectional studies reporting 
abnormalities of biochemical markers in SCAs. Some of 
the markers were shown to be abnormal already in the pre-

and clinical scores were shown. Although some of them 

taken the necessary validation steps to be seriously consid-
1 2]. 

of these markers.

14 26 27]. Plasma ubiquitin carboxy-

27]. Total tau was increased in a subgroup of 
27

26]. Serum 
cytokine levels were not altered in a group 79 SCA3 muta-

34 -
–37

neutrophil-to-lymphocyte ratio and the platelet-to-lympho-
38

39

]. A cross-sectional study of SCA3 

41
42].

Study Subtype Ataxic Pre-ataxic Prognostic value
32] SCA3 increased not studied not studied not studied

] SCA3 increased increased not studied not studied
31] SCA3 increased increased not studied not studied

29] SCA1 increased increased no increase prediction of 
volume loss

29]
SCA7

increased not studied no increase not studied

28] SCA1 increased increased no increase conversion
27] SCA3 increased increased not studied not studied
] increased increased not studied not studied

26]
SCA8

increased increased not studied not studied

24] SCA3 increased increased not studied not studied
14] SCA1 increased increased modest 

increase
no prediction of 
progression

33] increased increased no increase not studied
22] SCA3 increased increased modest 

increase
no prediction of 
progression

Table 2
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that measures functional ability is considered as one type 

location and time delays between taps represent digital 
]. As there are only few longitudinal stud-

sectional studies.
Digital measures of the temporal and spatial variability 

of gait parameters are considered as potential biomarkers 
that indicate the pathogenic processes underlying ataxic 
gait. Available recording techniques include pose estima-

-

SCA mutation carriers and healthy individuals. For an over-

increased gait variability was shown to be associated with 

patients’ retrospective fall status was the strongest predictor 
-
-

-

ratio decreased suggesting progressive neuronal loss with 
14 -

-
46

14]. An 

Table 3.

Digital Biomarkers

that is measured as an indicator of normal biological pro-

-
tal biomarkers need to be delineated from COAs using 

Table 3

Study Subtype Volume measure
Sensitivity Prediction Sensitivity Prediction Sensitivity Prediction

43] SCA1 Pons not studied not studied not studied not studied not studied
SCA3 Caudate not studied not studied not studied not studied not studied
SCA6 Caudate not studied not studied not studied not studied not studied

44]
SCA1 Pons not studied not studied not studied not studied not studied
SCA2 Cerebellum not studied not studied not studied not studied not studied
SCA3 Pons not studied not studied not studied not studied not studied
SCA7 Pons not studied not studied not studied not studied not studied

]
SCA3 Cerebellum not studied not studied not studied not studied

47] SCA2 not studied not studied not studied not studied not studied
SCA3 
(pre-ataxic)

no progression not studied not studied not studied not studied

46]
SCA1 no progression not studied not studied not studied not studied

SCA3 Cerebellum not studied not studied no change no change

14]
SCA1 Pons Cerebellum not studied not studied

(Pons)
glutamate 

22] SCA3 Pons
oblongata

not studied not studied

49] SCA3 not studied not studied not studied not studied not studied
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there are only few longitudinal studies that allow a rigorous 
assessment of the potential of individual electrophysiologi-
cal measures as biomarkers. For an overview we refer to 

67–69].

suggest that it is rather a sensory ganglionopathy or a mix-
-

–72

approached the onset of ataxia. The amplitudes declined at 
73]. 

74]. The 
Cuban study also reported a progressive increase in the 

73].

stimulation provide measures of integrity of the cortico-

76]. 

77].
Saccadic slowing due to pontine brainstem degeneration 

is a highly characteristic feature of SCA2. Saccadic velocity 

78 79]. 

saccadic velocity continuously decreased with progression 

].

Potential for Application in Clinical Trials

molecular genetic tests are perfect diagnostic biomarkers. 

validation of alternative markers that discriminate between 
SCA mutation carriers and healthy individuals.

]. Digital 

-

-

].

inertial sensors and video systems. Cross-sectional studies 

]. As 

].

technical systems have been developed and studied in ataxia 

61
62]. The 

latter measure has been studied in a longitudinal study of 

and was shown to capture disease progression with a sen-
63]. Although these 

-

using digital technology.
Digital measures derived from acoustic speech record-

ings are potential biomarkers that indicate the pathological 
processes underlying ataxic speech. The potential of digital 
speech assessment was demonstrated in a study that devel-

64]. 
-

ity and speech rate correlated with disease severity and time 

severity and to capture progression even in absence of mea-
66].

Electrophysiological Biomarkers

There are extensive electrophysiological studies of SCA 
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-

concentrations of the proteins encoded by the mutated genes 
serve as pharmacodynamic (or alternatively target engage-

21]. There is an urgent need to develop assays 

genes associated with polyglutamine SCA subtypes other 
than SCA3.

While the concentrations of the proteins encoded by the 

serve as a pharmacodynamic biomarker across all SCA sub-

concentrations are assumed to indicate ongoing neurode-
23 -

cal trials in neurodegenerative disease is underlined by the 
results of the tofersen phase 3 trial in amyotrophic lateral 

81

many years before ataxia onset and remain at these levels 
with only minor further increase throughout the disease 

28]. 
Such an assumption would be strongly supported by data 

-
-

biomarkers for SCAs to monitor the safety of an inter-

adverse events of intrathecally applied antisense oligonucle-
82

this hypothesis are still lacking.

for developing a disease or a medical condition are of minor 

the gene mutation. Conversion to manifest ataxia can be 

potential to predict the risk and time of conversion have been 
discussed above in the context of prognostic biomarkers.

are needed in clinical trials that aim at slowing disease pro-
gression. The key feature of monitoring biomarkers is their 

sensitivity than COAs. There is no good candidate among 
the biochemical biomarkers. The largest amount of data is 

measures have been shown to decrease over time in poly-
-

able to capture progression in pre-ataxic SCA3 mutation 
22

monitor progression.
Predictive biomarkers that are able to identify individu-

als who are likely to experience a favorable or unfavorable 
-

tive biomarkers are important for enrichment strategies that 
aim at enhancing the prospect of success of clinical trials 
3 -

ing its progression rate may allow to select a group of rapid 
-

tion can be demonstrated more easily. Due to the lack of 

of an intervention.
-

28
73] might be useful to estimate the time to 

number of mutation carriers. Another example for potential 
prognostic biomarkers are digital measures of gait variabil-

which limits the value of repeat length as predictor of pro-

-
14 22]. To make further 

patients and pre-ataxic mutation carriers.
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-

.

.

-
ing polyglycine causes spinocerebellar ataxia type 4 and impairs 

.
-

.

.

 h t t p  
.

spinocerebellar ataxias: a study in a Dutch-French cohort. Ann 

of the age at onset of spinocerebellar Ataxia type 3 with machine 

m d  s . 2 8 3 1 1.

-

-

.

et al. The natural history of degenerative ataxia: a retrospective 

progression of spinocerebellar ataxias between Caucasians and 

.
-

gression rate of spinocerebellar ataxia type 3 varies with disease 

.

Conclusions

Development and validation of biomarkers for SCAs are 

-
-

validated prognostic and response biomarkers for SCAs. 

studies are needed.
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