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Abstract

Corticobasal syndrome (CBS) is a clinical syndrome determined by various underlying neurodegenerative disorders
requiring a pathological assessment for a definitive diagnosis. A literature review was performed following the meth-
odology described in the Cochrane Handbook for Systematic Reviews to investigate the additional value of traditional
and cutting-edge cerebrospinal fluid (CSF) and serum/plasma biomarkers in profiling CBS. Four databases were
screened applying predefined inclusion criteria: (1) recruiting patients with CBS; (2) analyzing CSF/plasma biomark-
ers in CBS. The review highlights the potential role of the association of fluid biomarkers in diagnostic workup of CBS,
since they may contribute to a more accurate diagnosis and patient selection for future disease-modifying agent;

for example, future trial designs should consider baseline CSF Neurofilament Light Chains (NfL) or progranulin dosage
to stratify treatment arms according to neuropathological substrates, and serum NfL. dosage might be used to moni-
tor the evolution of CBS. In this scenario, prospective cohort studies, starting with neurological examination and neu-
ropsychological tests, should be considered to assess the correlations of clinical profiles and various biomarkers.
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Introduction

The term corticobasal syndrome (CBS) describes a rare

neurodegenerative disorder characterized by the vari-

able combination of specific cortical and subcortical
Giulia. Remoli and Edoardo Dalmato Schilke have contributed equally to this clinical features (i'e" ideomotor apraXiar sensory negleCtr
work. alien limb phenomenon, akinetic-rigid parkinsonism,
typically with an asymmetric presentation of limb rigid-
ity, myoclonus, dystonia, or akinesia) and it represents
the phenotypic expression of several different underly-
ing pathological processes [1]. Therefore, the term CBS
is currently used to describe a clinical syndrome regard-
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less of the underlying pathological process. Corticobasal
degeneration (CBD) and Progressive Supranuclear Palsy
(PSP) are the two most common neuropathological sub-
strates of CBS, each accounting for about one third of all
cases.
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CBD is macroscopically characterized by cortical
degeneration, often asymmetric, and variable basal
ganglia and nigral degeneration, microscopically cor-
responding to neuronal loss and gliosis, associated
with the presence of ballooned achromatic neurons
and neuronal and astrocytic thread-like tau inclusions
with a cortical distribution. PSP is characterized by
tau-enriched tufted astrocytes and neurofibrillary tan-
gles (NFTs) in subcortical nuclei. The third more com-
mon neuropathological substrate is Alzheimer Disease
(AD) which accounts for—20% of cases, whereas
the remaining cases have been variably attributed to
Pick’s Disease, Globular Glial Tauopathy (GGT), Anti-
IgLON5 disease, Frontotemporal Lobar Degeneration
(FTLD) with TDP-43 inclusions (FTLD-TDP) and with
fused-in-sarcoma pathology (FTLD-FUS), Lewy Body
Disease (DLB), and even Creutzfeldt-Jacob Disease
(CJD) [2, 3].

Sporadic presentations represent most CBS cases, but
familial cases have been described as well: progranu-
lin gene (GRN) mutation is the most common cause of
familial CBS. GRN frontotemporal dementia (GRN-FTD)
generally affects the frontal and temporal cortex leading
to behavioural changes, executive disfunction, and lan-
guage disturbances; however, in some cases the parietal
cortex and basal ganglia may be affected as well, result-
ing in parkinsonism and corticobasal syndrome [4], as
such, GRN mutation might represent a possible underin-
vestigated cause of CBS associated with TDP-43 neuro-
pathology. Benussi et al. [5] and Le Ber et al. [6] found a
GRN mutation in 11% (1 out of 9 patients) and 3.3% (1
out of 30) of sporadic cases, respectively. Arienti et al. [7]
described that GRN may be mutated in almost half of the
cases (48%) in genetically determined CBS. Antemortem
diagnosis relies on clinical criteria (e.g., Amstrong et al.
[8], University of Toronto [9], Mayo Clinic criteria [10],
MDS [11], and Cambridge [12]/modified Cambridge
criteria [13]) supported, to a limited extent, by ancillary
investigations. For instance, asymmetric atrophy and
cerebral glucose hypometabolism in the frontoparietal
cortex and basal ganglia are typical MRI and FDG-PET
findings in CBS patients and a CSF AD profile has been
reported in CBS-AD cases. In addition, several stud-
ies have reported a significant increase in neurofilament
light-chains (NfL) in CBS compared to Parkinson’s dis-
ease (PD), PSP, AD and healthy controls [14, 15]. How-
ever, studies have yet to investigate the CSF profile of
many CBS cases systematically.

Consequently, this biological heterogeneity collects
several implications and repercussions: first, in the pres-
ence of an atypical clinical presentation, the differential
diagnosis with other neurodegenerative disorders based
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on CSF findings and imaging biomarkers remains chal-
lenging, non-specific, and unreliable, raising consider-
able concerns on optimal patients’ management and
counselling.

To now, the clinical complexity of CBS justifies an
unstandardised and patient-tailored diagnostic work-up
with recurrent identification of “unexpected” radiological
or biological features.

Additionally, eventual clinical trials would require diag-
nostic accuracy for the underlying neurodegenerative
processes of CBS to deliver the most suitable disease-
modifying agents and patient- tailored interventions.
These aspects make CBS a modern challenge for clini-
cians and a complex pathway for patients and caregivers
to walk along.

The present systematic review aimed to investigate the
additional value of traditional and cutting-edge CSF and
serum/plasma biomarkers in profiling neurodegenerative
disorders manifesting with CBS and determine which
biomarkers core might be specific and distinctive of CBS.

Methods

The present systematic literature review was performed
following the methodology described in the Cochrane
Handbook for Systematic Reviews and was reported
based on the PRISMA statement for reporting systematic
reviews and meta-analyses [16, 17]. A systematic litera-
ture search was conducted in four biomedical databases:
(1) PubMed, (2) Cochrane, (3) Scopus, (4) ApaPsycInfo
and Academic Search Index. The search was updated to
November 7th, 2022.

The following search terms and their combinations
were used: (“Corticobasal syndrome” OR “corticobasal
degeneration” OR corticobasal OR cortico-basal OR CBS
OR CBD) AND (“Cerebrospinal Fluid” OR cerebrospinal
OR cerebro-spinal OR CSF OR liquor OR “fluid biomark-
ers” OR “serum biomarkers” OR “plasma biomarkers”).
No limitations in the search strategy were applied to the
publication date, study design, or language. References of
considered studies were also explored to identify any fur-
ther relevant data.

The records identified by the search were uploaded on
“Rayyan” [18]. The titles and abstracts of the identified
records were independently screened and selected by two
authors (GR, EDS). Conflicts and disagreements were
resolved by consensus.

The following set of predefined inclusion criteria was
then individually applied to the selected full-text articles:

(i) recruiting patients with CBS,
(ii) analysed CSF values of biomarkers in CBS,
(iii) analysed plasma or serum biomarkers in CBS.



Remoli et al. Neurological Research and Practice (2024) 6:1

Preclinical studies, case reports, conference papers,
abstracts, posters, letters, editorials, reviews and non-
English papers were excluded.

A modified PRISMA Flow Diagram was used to report
the flow process for study selection. Then, the New-
castle—Ottawa Scale (NOS) was applied to published
trial studies for methodological and quality assessment
[19]. Data extraction was performed by three reviewers
(GR+EDS+AM).

The following information was abstracted from the
retrieved papers: (1) demographic and clinical informa-
tion (e.g., age, sex, disease duration, MMSE, UPDRS), (2)
information about CSF and plasma biomarkers by divid-
ing them into two groups: traditional or “novel” biomark-
ers. In our study we considered biomarkers as traditional
when widely discussed in literature and used in clini-
cal scenario, and “novel” when present only in a recent
research context.

Descriptive statistic metrics extracted from the stud-
ies were used to report distributions of the parameters
of interest. Data were reported as number (n), mean,
standard deviations (SD), interquartile range (IQR) and
95% confidential interval (95% CI). Since biomarkers val-
ues were non-normally distributed in all selected stud-
ies, they adopted nonparametric Kruskal-Wallis test and
pairwise Mann—Whitney test to assess fluid biomarkers
differences between groups. Pearson coefficient index (r)
and Kendall Tau coefficient (b) were used for correlation
studies. Lastly, the ability of biomarkers to correctly cat-
egorize individuals into diagnostic groups was assessed
using the receiver operator characteristic curves and
corresponding area under the curve (AUC). The small
sample size may be considered a limitation of included
studies. Since CBS is a rare disease, the number of par-
ticipants in the selected studies was tendentially small,
decreasing the statistical power of the performed analy-
ses. Therefore, the reported findings need to be inter-
preted with caution.

Results
Bibliographic searches on literature databases yielded
654 records. After a first screening, 36 papers were
selected. Of these, 15 were further excluded, as they did
not meet the inclusion criteria. Overall, 21 studies were
included (Fig. 1). All studies were retrospective studies,
and no randomized clinical trials (RCTs) were identified.
A high consensus (>90%) regarding the inclusion of
the records was reported by the reviewers involved in
the study selection process (GR+EDS) and conflicts in
the screening process were resolved by consensus. The
resume of the characteristics of the included studies is
reported in Fig. 1.
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Quality assessment of the studies

The quality of the included studies was assessed through
the Newcastle—Ottawa Scale (NOS) [19] and reported
in Table 1. The assessment showed a high quality (7/9,
8/9) in all included studies. All the studies showed an
adequate definition of cases and controls, satisfactory
representativeness, and an adequate selection of con-
trols. On the other hand, the principal reason associated
with poorer quality was represented by comparability.
Finally, high quality was also documented on exposure.
In most studies, as reported in Table 2, CBS patients were
selected according to Amstrong et al. criteria [8] and all
studies evaluated small cohorts of patients: mean number
19 (range 5-45).

Demographics characteristics

Of 315 patients with available information on sex, 54%
(173) were women. Mean age of CBS cohorts, where
reported, was 68.4 years (range 61.3—-72.6), with a mean
age at onset of 63 years (range 58.9-65.9) and a mean
disease duration of 3.2 years (range 1.73-4.6). Where
reported, mean MMSE, UPDRS-III, and H&Y scores
resulted in 23.13 (range 16.9-28.3), 20.75 (range 8.8—
38.4), and 3.2 (range 1.73-4.6) respectively. The above
data does not consider studies where mixed cohorts of
CBS/PSP patients were evaluated [20-23]. Almost all
studies were conducted in Europe, with only one study
performed in the US.

Value of traditional CSF biomarkers in CBS patients: Ab42,
T-tau and P-tau

Findings on traditional CSF biomarkers, including NfL,
are reported in Table 3.

CSF Ab42 levels resulted lower in CBS [patients num-
ber (n)=42 and 26] when compared with healthy con-
trols (n=92 and 108 respectively) (p<0.001) [24, 25];
although in one study, Ab42 levels of 32 CBS patients
resulted within normal range, due to a significant rep-
resentation of CBD (n=26) rather than CBS-AD (n=4)
patients [26]. In 12 CBS patients CSF Ab42 levels
showed an inverse correlation with MMSE (r=0.481,
p<0.05) [15]; also blood NfL levels showed a correlation
with MMSE in 2 distinct cohorts (b=—2.01, p=0.001;
b=-0.182, p=0.034) composed by, respectively, 12 and
5 patients [27].

CSF T-Tau and P-Tau levels resulted increase in
CBS (n=12 and 16) patients compared to healthy con-
trols (n=49 and 108; p<0.001) [15, 25]. In other stud-
ies, 12 CBS patients showed higher levels of T-Tau and
P-Tau compared to 21 PSP, and 28 PD patients [15], 42
CBS patients showed higher levels of T-Tau and P-Tau
compared to 64 PSP patients, but the difference was



Remoli et al. Neurological Research and Practice (2024) 6:1 Page 4 of 15
[ Identification of studies via databases
Records identified from*:
c Pubmed (n = 241)
= Scopus (n = 40) Records removed before
S Gnha (n = 54) ~ sareening:
= APAPsychinfo (n = 80) Duplicate records removed (n
g AcademicSearchindex (n = 224) =203)
T Cochrane (=15)
——/ ‘
Records screened ‘ Records excluded**
(n=451) (n=415)
o
(=]
‘T
o
©
n S Reports excluded:
Reports assessed for eligibility - Not full text in English (n = 1)
(n=36) Not CSB patients (n =14)
—/
M
°
@
]
% Sudies included in review (n =21)
[

Fig. 1 A PRISMA flow diagram of the study selection process

not significant [24]. T-Tau levels also resulted higher in
CBS (n=6) than in DLB (n=11; T-Tau: p<0.001; P-Tau:
p<0.05) [28]. On the other hand, CSF T-Tau and P-Tau
levels resulted reduced when comparing 21 CBS patients
to 72 AD patients (p < 0.001) [29].

Schultz et al. attributed a good accuracy to T-Tau when
differentiating 16 CBS patients versus 20 healthy controls,
151 PD, and 38 PSP patients (AUC 0.722, 0.722, 0.741
respectively) [30]. A linear but weak correlation was also
described in CBS (n=17) between CSF T-Tau and blood
NfL (b=0.151, p=0.020) [27], although not confirmed
in another study in 16 CBS patients [31]. In a mixed

cohort of 11 CBS and PSP patients, T-Tau levels showed
a correlation with progranulin (r=0.192, p=0.001) [21];
furthermore, in a cohort of 11 CBS patients, T-Tau lev-
els correlated with 24- S-Hydroxycholesterol, 24- OHC
(r=0.98, p<0.001), whilst no significant association was
found with 27- S-Hydroxycholesterol (27-OHC) levels,
suggesting a direct interaction between the neuronal pro-
duction of 24-OHC and T-Tau [32].

Previous studies also described a linear correlation
between P-Tau and progranulin levels (r=0.201, p < 0.001
[21], P-Thr181Tau and 24-OHC (r=0.98, p<0.001),
thus furtherly supporting the above-mentioned
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Table 3 Studies, in which classical cerebrospinal fluid (CSF) biomarkers were evaluated, are enlisted; if reported, values of Beta-
Amyloid 42 (Ab42), Alpha-Synuclein (a-syn), Total-Tau (T-Tau), Phospho-Tau (P-Tau), Neurofilament Light Chains (NfL) and the detection
method are described

References Subgroups CSFAb42pg/ CSFa-synpg/ CSFT-Taupg/ CSFP-Taupg/ CSFNfLpg/ml Methods
ml mean (¥) ml mean (¥) ml mean (¥) ml mean (¥) mean (¥)
Olssonn et al. 255[166-293] N 71[62-108] 21[16-28] 1281 [828- Luminex:
[31] 2713] Ab42+T-Tau+P-Tau
ELISA: NfL
Magdalinou 715 (553-878) 1497 (1183- 286 [234-381] 38 [30-45] 1937 [1465— Fujirebio:
et al. [36] 1811) 3434] Ab42 +T-Tau + P-Tau
ELISA: NfL +a-syn
Hansson et al. Lund cohort 538 (288) N 358 (93) 58.3(18.4) 2.498 (848) Fujirebio:
(27] London cohort 745 (295) N 425 (289) 473 (21) 2845(2269) ~ AP42+TTau+P-Tau
ELISA: CSF NfL
Hall et al. [28] 380 [234.5— N 4208 [219.8— 399[248-548] N ELISA:
611.1] 661.4] Ab42 +T-Tau+ P-Tau
Aerts et al. [15] 730 (316) N 402 (199) 48 [38-59] N ELISA:
Ab42 +T-Tau+P-Tau
Benvenutto CBS-A+ 361[307-397] N 593 [348-809] 83 [65-123] N ELISA:
etal. [33] CBS-A- 843[521.25- N 2795019375~  455[335-615] N Ab42:+T-Tau +P-Tau
1140.75] 3479.25]
Meeter et al. 810 [607-999] N 336 [246-446] 47 [38-57] 2664 [1715- Fujirebio:
[24] 4158] Ab42 +T-Tau+ P-Tau
ELISA: NfL
Alcolea et al. 4801 (1653) N 279.5 (108) 434(133) 22643 (12165) ELISA:
[29] Ab42 +T-Tau+P-Tau + NfL
Borroni et al. CBS 7482 (431.5) N 409.1 (285.3) N N ELISA: Ab42 +T-Tau
[26] CBSNAD-lke 8652 (4025 N 33772425 N N
CBS AD-like 280.2 (77.3) N 694.7 (281.7) N N
SPECT- nAD-like 8889 (412.5) N 308.1 (223.1) N N
SPECT- AD-like  266.1 (77.2) N 726.5 (302.7) N N
Boman et al. CBS+PSP N N N N N Western blot
[22] patients
Delaby et al. 696 [479-911] N 302 [209-424] 51 [40-64] 1637 [923- Fujirebio:
[25] 2797] Ab42 +T-Tau + P-Tau
ELISA: NfL
Quadalti et al. CBS+PSP 655 [476.3— N 195 [157.3- 291[22.3-37.8] 1569 [1120- Fujirebio:
[20] patients 877.0] 282.3] 2128] Ab42+T-Tau+ P-Tau
Quanterix: NfL
Rodriguezetal. CBS+PSP 524.6 (1934) N 2448 (112.6) 412(015) N Fujirebio:
[52] patients Ab42 +T-Tau+P-Tau
Schulz et al. [30] N 71487 (17991)  70.58 (39.06) N 459531 ELISA: a-syn
(3635.94) Quanterix:
T-Tau+P-Tau+ NfL
Di Stefano F CBS N N N N N Fujirebio:
etal. [51] CBS AD+ 288 (97) N 655 (324) 113 (63) N Ab42 +T-Tau +P-Tau
CBS AD - 573(212) N 317 (157) 46 (19) N

All biomarkers enlisted were evaluated in cerebrospinal fluid (CSF)

(¥) data reported as: (x) =standard deviation (SD); [x-y] =Interquartile Range (IQR); (x-y) =95% Confidence Interval (95% Cl)

N data not available, CBS-A+ CBS with underlying amyloid pathology, CBS-A— CBS not associated with amyloid pathology, CBS AD-like CBS with fluid biomarkers
profile suggestive of AD pathology, CBS nAD-like CBS with fluid biomarkers profile not suggestive of AD pathology, SPECT AD-like CBS with Single Photon Emission
Computed Tomography (SPECT) profile suggestive of AD pathology, SPECT nAD-like CBS with Single Photon Emission Computed Tomography (SPECT) profile not
suggestive of AD pathology
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hypothesis [32]. An inverse correlation with MMSE was
also reported for P-Tau (r=—0.642, p=0.001) in 12 CBS
patients [15].

Value of NfL in CBS patients

CSF NfL levels resulted higher in CBS (n=26) when
compared to healthy controls (n=118; p<0.01) [25], and
in CBS (n=21I) compared with PD (n=29, p<0.01), PD-
MCI (n=19, p<0.01) [31], but lower when comparing
CBS (n=26) to ALS (n=68, p<0.01) [25]. Furthermore,
NfL levels in 16 CBS non-patients resulted higher than in
14 CBS-AD patients (p < 0.01) [33].

According to Hansson et al. [27], CSF NfL resulted
highly discriminative of 171 PD from 5 CBS patients
(AUC 0.96). Quadalti et al. [20] proposed a CSF NfL
cut-off of 1057 pg/ml for differentiating 116 PD from 58
CBS/PSP patients with a sensitivity of 97.4% and a speci-
ficity of 80.8% (p<0.001). Accordingly, Schulz et al. [30]
showed that CSF NfL levels discriminate with good accu-
racy 16 CBS patients from 38 PSP (AUC 0.93) and 45
DLB (AUC 0.806) patients.

Several studies documented a strong correlation
between CSF and blood NfL in CBS [20, 27, 30]. Blood
NfL levels resulted higher in a mixed cohort of 58 CBS
and PSP patients and a cohort of 12 CBS patients when
compared to, respectively, 72 and 26 healthy controls
(p<0.001), 116 and 20 PD patients (p<0.001) [20, 27];
furthermore, blood NfL levels resulted higher in 40
CBS patients than in 101 PSP patients (p<0.001) [34].
As reported by Hansson et al. [27] blood NfL differenti-
ated PD (n=20) and healthy controls (n=26) from CBS
(n=12) with a sensitivity of 82% and a specificity of 92%
(AUC 0.92; 95%CI 0.88-0.95) in one cohort, and PD
(n=171) and healthy controls (n=>53) from CBS (n=5)
with a sensitivity of 93% and a specificity of 83% (AUC
0.9; 95% CI 0.85-0.98) in a second cohort. A blood NfL
cut-off of 16.6 pg/ml allowed to discriminate 20 PD
patients from 58 CBS/PSP patients with a sensitivity of
88.7% and a specificity of 87.8% (AUC 0.936) [20].

Value of emerging CSF and blood biomarkers in CBS
patients

Finding on emerging CSF and blood biomarkers, includ-
ing blood NfL, are enlisted in Table 4.

In terms of additional biomarkers, Hall et al. [28] showed
decreased CSF levels of neurogranin in all atypical parkin-
sonism (APS), except for CBS (p<0.05) and DLB, com-
pared to healthy controls and AD. Pairwise comparisons
showed significantly higher levels of 24-OHC in 11 CBS
patients compared with 19 controls (p<0.01) [32], while
a significant difference in 4R-Tau CSF levels between con-
trols, CBS, PSP, and AD was not identified [35].
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According to Luk et al. [35], 4R-Tau mean levels
resulted lower in CBS (n=8 and 5) than in healthy con-
trols (n=12 and 9), but higher in CBS than in PSP (n=9
and 12) and AD (n=11I) in two cohorts. Two further
cohorts confirmed the trends, but no statistically signifi-
cant differences were observed. Mean 3R-Tau CSF levels
were also evaluated, and no differences were observed
between different diagnostic groups. Therefore, Tau iso-
forms in the brain may not be reflected in CSF levels.

According to Schulz et al. [30], five biomarkers
showed an elevated accuracy in differentiating 16 CBS
patients from 38 PSP patients and 20 healthy controls,
namely CSF NfH (AUC 0.9), S100B (AUC 0.9), CSF
ubiquitin C-terminal hydrolase-1 UCHL-1 (AUC 0.84),
CSF Glial Fibrillary Acid Protein (GFAP) (AUC 0.8),
CSF soluble triggering receptor expressed on myeloid
cells (sSTREM2) (AUC 0.96), and serum S100 calcium-
binding protein B (S100B) (AUC 0.84). Furthermore,
CSF Neurofilament Heavy Chains (NfH) showed a
good accuracy in differentiating CBS from 45 DLB
patients (AUC 0.9), and CSF S100B in differentiating
CBS from 17 MSA patients (0.8).

The combination of 9 different CSF biomarkers [36]
[namely soluble amyloid precursor protein a (sAPPa),
soluble amyloid precursor protein b (SAPPb), Mamma-
lian Chitinase-Like Protein-40 (YKL), Monocyte Che-
moattractant Protein-1 (MCP-1), NfL, P-Tau, T-Tau,
a-synuclein (a-syn), and Ab42] differentiates with a
good accuracy 14 CBS patients from 31 PD patients
(AUC 0.98, 95%CI 0.97-0.99), from 26 AD and 16 FTD
patients (AUC 0.93, 95%CI 0.85-0.99).

The ratio between the 33KDa and the extended
55 KDa truncated Tau forms (Tau Ratio, 33 KDa/55
KDa) resulted lower in 18 PSP than 16 CBS patients
with excellent accuracy (AUC 0.91) in differentiating
these disorders [37]. A significant difference was found
in Ab42/T-Tau ratio comparing 12 CBS and 21 PSP
patients (0.86, 95% CI 0.74—0.98) [15] In addition, Lyso-
somal network proteins LC3, EEA1 and lysozyme levels
resulted higher in 10 CBS patients compared to healthy
controls [22]; however, the difference resulted statisti-
cally significant only for LC3 (92% higher in CBS than
controls; p<0.001). Antibodies Anti-NMDA Receptors
(NMDAR) (IgA, IgM, IgG) percentage and mean titre
were evaluated in several neurodegenerative disorders,
including CBS [23].

Finally, CSF a-syn levels were evaluated in two stud-
ies [30, 36], in which they showed a low sensitivity and
specificity in differentiating CBS from AD, PD, other
APS, ALS, and healthy controls. Shultz et al. [30] found
no significant correlation between CSF and serum
a-syn levels; similarly, to CSF a-syn, serum a-syn levels
did not help to discriminate CBS patients from healthy
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Table 4 Studies, in which emerging cerebrospinal fluid (CSF) and blood biomarkers were evaluated, are enlisted. The detection
methods of the different biomarkers are also described

References Subgroups

Other biomarkers, mean (¥)

Methods

Borroni et al. [37]

Magdalinou et al. [36]

Hall et al. [28]

Aerts et al. [29]

Benvenutto et al. [33] CBS-A+

CBS-A-

Meeter et al. [24]
Alcolea et al. [29]

Borroni et al. [26] CBS

CBS nAD-like
CBS AD-like
SPECT- nAD-like
SPECT- AD-like
Cohort A

Luk et al. [35]
Cohort B
Cohort C
Cohort D
All cohorts

Cohort A+D

Doss et al. [23]

Quadalti et al. [20]

Rodriguez et al. [52]

CBS+ PSP patients

CBS+ PSP patients

CBS+ PSP patients

CSF Tau Form Ratio (33 kDa/55 kDa) 0.997 (0.34);
(0.815-1.180)

CSF sAPPb 238 ng/ml (167-309)

CSF YKL-40 21.5 ng/Lx 1014 (17.3-25.8)
CSF MCP-1 531 ng/L (406-655)

CSF sAPPa 394 ng/ml (217-516)

CSF Neurogranin-EL 370.2 pg/ml [167.4-525.2]
CSF Neurogranin-UGOT 174 pg/ml [107.5- 285]
CSF BACE-1 1693 pg/ml [1052-2722.4]

CSF NfH 0.799 pg/ml [0.649-1.083]

CSF Lactate 1666 micromol/L [1437-1808]
CSF Total Proteins 438 mg/L (126)

CSF Ab42/T-Tau 2.28 [0.64-3.69]

CSF Ab42/P-Tau 12.9 (7.1)

CSF P-Tau/T-Tau 0.18 [0.13-0.2]

CSF Ab42/Ab40 0.06 [0.04-0.07]
CSF P-Tau/Ab42 0.26 [0.19-0.38]
CSF T-Tau/Ab42 1.7 [1.16-2.49]
CSF Ab42/P-Tau 3.89 [2.67-5.21]
CSF Ab42/Ab40 0.14 [0.10-0.16]
CSF P-Tau/Ab42 0.05 [0.04-0.07]
CSF T-Tau/Ab42 0.33 [0.22-0.51]
CSF Ab42/P-Tau 21.12 [14.62-26.68]

CSF P-Tau/T-Tau ratio 0.13 [0.11-0.16]

CSF sAPPb 556.4 ng/ml (226.9)
CSF YKL-40 280.6 ng/ml (60.4)
CSF sAPPb/YKL-40 2.0 (0.8)
CSF NfL/sAPPb 4.3 (2.6)

CSF T-Tau/Ab42 0.36 (1.03)
CSF T-Tau/Ab42 0.43 (0.29)
CSF T-Tau/Ab42 2.60 (1.20)
CSF T-Tau/Ab42 0.44 (0.46)
CSF T-Tau/Ab42 2.83 (1.10)

CSF 3R-Tau 25 pg/ml "5-27"
CSF 4R-Tau 30 pg/ml "20-60"

CSF 3R-Tau 2 pg/ml "1-3"
CSF 4R-Tau 10 pg/ml "5-15"

CSF 3R-Tau 25 pg/ml "10-50"
CSF 4R-Tau 5 pg/ml "4-8"

CSF 3R-Tau 5 pg/ml "4-10"
CSF 4R-Tau 0 pg/ml "0"

CSF 3R-Tau 20 pg/ml "0-50"
CSF 4R-Tau 10 pg/ml "20-60"

CSF 4RTau/T-Tau 0.037 (0.011)
CSF 4R-Tau/P-Tau 0.168 (0,092)

CSF NMDAR Ab (IgA, IgM or IgG) positivity per-
centage 54.5%
CSF NMDAR mean titre 1:10

blood NfL 26.6 pg/ml [19.4-40.8]
CSF Ab40 8304 pg/ml [5761-10664]
CSF Ab42/Ab40 0.86 [0.77-0.94]
a-syn RT-QuIC: no seeding activity
CSF YKL-40 273.8 ng/ml (57.5)

CSF Progranulin 5.2 ng/ml (1.3)

Western Blot

MesoScale Discovery: sSAPPb + MCP-1+ sAPPa
ELISA: YKL-40

ELISA: Nerugranin-El +Neurogranin-
UGOT +BACE-1 +NfH

ELISA: Ab42 +T-Tau + P-Tau

ELISA: Ab42 +Ab40 +T-Tau +P-Tau

Fujirebio: P-Tau+T-Tau
ELISA: sSAPPb + YKL-40 + NfL

Fujirebio: T-Tau + Ab42

RD3 and RD4 monoclonal antibodies +immuno-PCR:
3R-Tau, 4R-Tau

Recombinant Immunofluorescence Assays

Quanterix: blood NfL
Fujirebio: Ab40 + Ab42
RT-QuIC: a-syn seeding activity

Fujirebio: YKL-40
ELISA: Progranulin
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References Subgroups

Other biomarkers, mean (¥) Methods

Schulz et al. [30]

DiStefanoetal. [51]  CBS
CBS AD+

CBS AD—

blood aSyn 6548.94 pg/ml (2623.41)
CSF pS129 aSyn 2.07 pg/ml (0.83)
blood NfL 51.59 pg/ml (33.80)

CSF NfH 1.14 ng/ml (0.82)

CSF UCHL-1 2063.21 pg/ml (517.12)
CSF GFAP 19687.24 pg/ml (5320.02)
blood GFAP 290.42 pg/ml (165.23)

CSF S100B 3.78 pg/ml (1.08)

blood S100B 0.09 pg/ml (0.05)

CSF sTREM2 7170.38 pg/ml (3313.50)
blood sTREM2 5837.98 pg/ml (4072.41)
CSF YKL-40 177,413.75 pg/ml (64,746)
blood YKL-40 46,912.94 pg/ml (23,763)

N Fujirebio: Ab42 +T-Tau + P-Tau

CSF T-Tau/Ab42 2.49 (1.33)
CSF P-Tau181/Ab42 0.43 (0.25)

CSF T-Tau/Ab42 0.59 (0.3)
CSF P-Tau181/Ab42 0.09 (0.04)

ELISA: aSyn+blood aSyn +NfH

Quanterix: blood NfL

ELISA: UCHL-1 +GFAP +blood GFAP
ELISA: S100 B+ sTREM2 +YKL-40 + blood YKL-40

CSF biomarkers were detected in cerebrospinal fluid, blood biomarkers were detected

(¥) data reported as: (x) = standard deviation (SD); [x-y] = Interquartile Range (IQR); (x-y) =95% Confidence Interval (95% Cl)

CBS-A+ CBS with underlying amyloid pathology, CBS-A— CBS not associated with amyloid pathology

SAPPb soluble Amyloid Precursor Protein b, YKL-40 Mammalian Chitinase-Like Protein-40, MCP-1 Monocyte Chemoattractant Protein-1, sAPPa soluble Amyloid
Precursor Protein a, BACE-1 Beta-Secretase-1, NfH Neurofilament Heavy chains, 3R Tau 3 Repeats Tau, 4R Tau 4 Repeats Tau, NMDAR Ab Antibodies Anti-NMDA
Receptors, RT-QuIC Real-Time Quacking Induced Conversion, UCHL-1 ubiquitin C-terminal hydrolase L1, GFAP Glial Fibrillary Acid Protein, S700B S100 calcium-binding
protein B, STREM2 triggering receptor expressed on myeloid cells 2, Ab42 Beta-Amyloid 42, T-Tau Total-Tau, P-Tau Phospho-Tau, NfL Neurofilament Light Chains, aSyn

alpha-Synuclein

controls and patients with a diagnosis of other neuro-
degenerative diseases. In a mixed group of 58 CBS/PSP
patients, Real-Time Quaking Induced Conversion (RT-
QulC) analyses documented no seeding activity for
a-syn and the combination of a-syn RT-QulC with CSF
NfL levels discriminated 116 PD patients from PSP/
CBS with an accuracy of 99% (p < 0.01).

Discussion

CBS is a rare neurodegenerative disorder presenting a
progressive, asymmetrical, akinetic rigid syndrome and
early cortical signs. However, its clinical and pathologi-
cal heterogeneity combined with its rarity and the lack of
substantial autopsy studies complicate the understanding
of this syndrome.

Among the several pathological substrates underlying
CBS, CBD accounts for less than half of CBS antemortem
diagnosis, and PSP and AD come as close second and
third most common cause, respectively [2]. An exam-
ple of the non-specificity of the CBS clinical phenotype
in predicting the definitive neuropathological diagnosis
is the report by Koga et al.: within 21 cases with clinical
CBS diagnosis, only 5 had pathologically confirmed CBD
[2]. Indeed, the sensitivity of clinical findings for predict-
ing underlying CBS pathology ranges from 26.3 to 56%:
patients with CBS-AD were averagely younger than CBS-
CBD at onset, myoclonus and tremor were more frequent

in CBS-AD and CBS-CBD, respectively [38]. However,
these findings were not widely replicated in other stud-
ies and other elements did not allow an “in vivo” differen-
tiation of these conditions (e. i: family history tends to be
negative in CBS presentations of AD and CBS-CBD).

Imaging findings help in the diagnosis of CBS. Benv-
enutto et al. [33] described two different phenotypes of
CBS: one ‘parietal’ or posterior profile associated with
the presence of amyloid biomarkers, and the other ‘pre-
motor’ or anterior profile without amyloidosis. This
finding is consistent with the hypothesis of an anteropos-
terior gradient of CBD [39, 40]. Interestingly, both CBS-
CBD and CBS-AD demonstrated relative sparing of the
hippocampal cortex, which may be expected in CBD but
is atypical in AD pathology, raising several diagnostic
doubts [41].

Amyloid-PET positivity, while being a candidate for the
diagnosis of CBS-AD, might not reflect an exclusive AD
neuropathological substratum, owing to possibly over-
lapping neurodegenerative conditions (i.e, AD-CBD,
AD-PSP); additionally, false positives can occur due
to age-related amyloid deposition that may occur in
some healthy elderly patients. Recently, Tau protein also
became a target for in vivo molecular diagnosis. Sev-
eral Tau PET tracers have been developed. Tau PET may
help distinguish tauopathy-CBS from non-tauopathy-
CBS, and AD-CBS from non-AD tauopathies; however,
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it remains challenging to differentiate between non-AD
tauopathies, particularly CBD and PSP [2].

Against this background, identifying fluid biomark-
ers to rely upon for the in vivo pathological diagnosis
becomes paramount.

As expected, in our results, Ab42 is reduced in CBS-
AD cases versus CBS non-AD-like, and CBS-AD seems
to be associated with a more severe amyloid pathology
than the classical AD-pattern. Whereas low AP42 has
a high predictive value for AD pathology [42], CSF bio-
markers may be helpful as amyloid-labelled imaging in
predicting AD in patients presenting with CBS.

According to our findings, because a-synucleinopathy
is not involved in the pathogenesis of CBS, the evidence
of a-synucleopathy should question a diagnosis of CBS
[30].

Considering CBS populations independently from
hypothetical pathogenesis, T-Tau and P-Tau levels
were higher than PSP, PD and DLB, and inferior to AD.
Elevated Tau levels in CBS may be attributed to a high
percentage of CBS-AD patients, with non-AD-like CBS
being the reason for lower levels compared to AD. An
interesting hint emerges from Bjorkhem et al. [32]: they
found a strong correlation between T-Tau, P-Tau and
24-OHC levels, a sidechain oxidised metabolite of choles-
terol, which is released in CSF by necrotising cells, sug-
gesting a direct interaction in the neuronal production
of the three factors, likely owing to abnormal CYP46A1
activity. Additionally, the correlation was more evident in
CBS than in PD, suggesting more severe neurodegenera-
tion in CBS patients.

Longitudinal analysis in Alzheimer Disease Neuroim-
aging Initiative (ADNI) [43] showed a significant asso-
ciation between Tau levels and worse cognition, greater
atrophy and lower hypometabolism during follow-up.
While elevated P-Tau levels seem to be restricted to AD
pathology, T-Tau levels are altered in a disease-specific
pattern in several neurodegenerative conditions, includ-
ing non-primary tauopathies. In all these conditions
T-Tau levels have shown a significant prognostic value
[44].

NfL levels in CBS were higher than in other neurode-
generative diseases, except for ALS [31]. The absence of
correlation with MMSE seemingly suggests that NfL ele-
vation in CSF is an epiphenomenon of neurodegenerative
events related to motor impairment rather than cogni-
tive decline, as suggested by the correlations evidenced in
CBS patients between blood NfL. and UPDRS and H&Y
scores. Moreover, higher levels of CSF NfL were associ-
ated with poorer survival (p=0.001) [24]. Therefore, NfL
might be a candidate biomarker for detecting a neurode-
generative process presenting with a CBS phenotype.
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Jabbari et al. [34] evidenced significantly higher levels
of NfL in CBS cases with confirmed 4RT pathology when
compared to CBS cases with AD pathology, suggesting
NfLs potential clinical usefulness in discriminating CBS-
AD and CBD.

The potential usefulness of NfL levels in predict-
ing CBS severity and progression may be derived from
evidence regarding other neurodegenerative demen-
tias[41]; indeed, high CSF and plasma NfL levels have
been associated with MCI secondary to AD [45, 46] and
with more severe disease in AD patients [47]. Blood
NfL were also correlated with blood and CSF T-Tau and
P-Tau levels in AD patients [43, 48].

Given the widespread axonal degeneration char-
acteristic of APS, CSF and blood NfL may indirectly
gauge the effectiveness of treatment, especially in CBS
where a marked elevation of CSF and blood levels has
been observed. NfL has already served as an endpoint
in clinical trials; for example, in multiple sclerosis, a
dynamical decrease of CSF NfL was observed in clini-
cal trials with Fingolimod [49] and a reduction of blood
NfL has been documented in clinical trials with Tofer-
sen in ALS patients [50]. Thus, NfL may become a sur-
rogate endpoint for future therapeutic trials in CBS.

Budding evidence for other CBS biomarkers was
provided by the study by Schulz et al. [30] where CBS
and AD could be differentiated through fluid biomark-
ers solely via a combination of nine different proteins:
sAPPb, sAPPa, YKL, MCP-1, NfL, P-Tau, T-Tau, a-syn,
and Ab42. Furthermore, Magdalinou et al. [36] results
suggested that APPa metabolism is altered differently
in CBS and AD. Unexpectedly, despite the 4RT altera-
tion of CBS-CBD and the mixed 4RT-3RT accumula-
tion in AD, no significant increase of 4RT and 3RT
CSF levels was found in CBS patients compared to the
controls. Given this, Tau isoforms accumulating in the
brain might not reflect CSF levels. Therefore, gauging
neuropathologically specific Tau isoforms might be
fruitless in clinical practice as they do not discriminate
the underlying pathogenesis of CBS patients.

No study considering progranulin as a neuropathologi-
cal biomarker was found, despite CBS may be a mani-
festation of the GRN-FTD spectrum associated with an
underlying TDP43 pathology. Accordingly, genetic analy-
sis would be appropriate to categorize certain types of
patients, especially those between the ages of 50 to 60.
In such cases of CBS an early involvement of frontal and
temporal cortex is to be expected [4]. Therefore, neu-
ropsychological testing may demonstrate early impair-
ment in frontal lobe tasks or specific language dysfunction
before the onset of frank dementia. Additionally, behav-
ioural disturbances represent a common early feature.
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In conclusion, integrating fluid biomarkers, genetic test-
ing, and imaging findings may enhance diagnostic accuracy
in routine clinical practice by identifying in vivo the underly-
ing pathological processes, and the neuronal functions more
likely to be impaired during disease evolution. Biomarkers
might provide clinical benefits in terms of an earlier access
to classical and potential disease-modifying therapies (i.e., it
may be reasonable to avoid potential amyloid-targeted ther-
apies in the absence of amyloid pathology).

Given their informative capacity, future trial designs
should consider baseline CSF NfL dosage to stratify treat-
ment arms according to neuropathological substrates, and
serum NfL dosage might be used to monitor the evolution
of CBS. In this sense, more prospective cohort studies are
needed to define the reference cut-offs. Within these bio-
markers-centred trials, however, neuropsychological tests
(i.e., quantification of apraxia and aphasia, assessment of
eye movements) would remain essential, given the possible
co-morbidity between CBS patient groups and the com-
mon occurrence of amyloid pathology in ageing popula-
tions as well as other pathological conditions (i.e., DLB). In
this sense, it would also be helpful to define standardized
clinical criteria to define CBS; however, we do not consider
that the current heterogeneity of criteria may have influ-
enced our results since Armstrong’s criteria were adopted
in almost all assessed studies. Even if 3 studies adopted
different criteria, respectively Mayo Clinic, University of
Toronto and Modified Cambridge Criteria, all these share
with Amstrong’s paradigm the same categorisation of clini-
cal motor features defining CBS. However, cognitive and
language impairment were accounted differently.

Despite a systematic approach, our review and the
studies included bear their own biases. Most studies
investigated very heterogeneous and limited cohorts of
patients: only 3 studies, were limited to CBS patients, and
a limited proportion of studies reported a post-mortem
autoptic confirmation of any possible or probable neuro-
degenerative disorder according to clinical and biologi-
cal features [26, 33, 34]. Four studies evaluated cohorts
including CBS and PSP patients [20-23]. Additionally,
AD-confirmed and non-AD CBSs were not clearly dif-
ferentiated within the studies. The relative distributions
and correlations of biomarkers levels are hard to define in
such groups. All included studies are retrospective, and
direct causative relations cannot be determined. Further
prospective studies are necessary to collect reliable evi-
dence to characterise the CBS clinical phenotype.

Conclusions and future perspectives

CBS is a clinical syndrome caused by various underlying
disorders, with the most recurring pathologies at autopsy
being CBD and PSP.
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In the future, it may be possible to deduce the under-
lying neurodegenerative disorder during life (with-
out anatomopathological confirmation) through a
combination of clinical symptoms, signs, and neuropsy-
chological tests, with supporting information from vari-
ous biochemical and imaging biomarkers.

For this purpose, it is necessary to conduct prospective
cohort studies, starting with neurological examination
and neuropsychological tests, to assess the correlations
of clinical profiles and various biomarkers. This integra-
tion into disease classification may be the key to an accu-
rate diagnosis and appropriate patient selection for future
clinical trials.
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