Diagnostic and prognostic performance of CSF α-synuclein in prion disease in the context of rapidly progressive dementia
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Inclusion criteria and case classification
[bookmark: _Hlk67231127]The classification of probable sCJD subtypes was determined by the consensus of two consultant neurologists (SB and PP) after reviewing typical clinical features, disease duration at death or at last follow-up, the results of codon 129 genotype (MM, MV and VV), CSF biomarkers, and brain magnetic resonance imaging as described.[1] 
Probable sCJD VV2 (n=22) were all homozygotes VV at codon 129, showed prominent rapidly progressive early ataxia and a disease duration < 12 months, were positive at prion RT-QuIC and had at least 2 of the following: positive 14-3-3 and/or t-tau levels > 1250 pg/ml, prominent striatum and/or thalamic involvement at brain MRI in the early phase of the disease.[2-6] Indeed in this group median values of CSF 14-3-3 and t-tau were respectively 92550 AU/ml and 8713 pg/ml. Patients with the following clinical features, highly suggestive for the VV1 subtype, were excluded: age at onset ≤36 years, disease duration ≥17 months and predominant cortical symptoms/signs without ataxia.[5]
Probable sCJD MV2K (n=27) were all heterozygotes MV at codon 129, had prominent ataxia and/or cognitive decline at onset and a disease duration > 8 months,[2,4] and were positive at prion RT-QuIC[6] and brain MRI (DWI/FLAIR sequences).[3] In our probable sCJD MV2K group the mean disease duration was 18.5 months (minimum 8 months), slightly shorter than that of the definite MV2K cases (21.5 months) included in the present study (n=24). Moreover, probable MV2K patients showed relatively low CSF 14-3-3 protein (median 23100 AU/ml) and t-tau levels (median 1521 pg/ml) as previously described.[6-8] 
Since in our previously published neuropathological series of sCJD MV1 (n=13)[9] the mean disease duration was 3.6 months and the longer disease duration was 7 months (Parchi et al., unpublished data), patients (129MV) with disease duration < 8 months and presenting with a multisystemic neurological syndrome were classified MV1 (n=2) accordingly. 
Probable sCJD MM2C (n=6) were all homozygotes at codon 129, had prominent cognitive decline at onset, a disease duration > 8 months,[2,4] and were positive at prion RT-QuIC[6] and at brain MRI (DWI/FLAIR sequences).[3] In our probable sCJD MM2C group the mean disease duration was 23.9 months, slightly longer than that of the definite MM2C cases included in the present study (18.6 months) (n=9). Moreover, probable MM2C showed low levels of CSF 14-3-3 (median 20900 AU/ml) and t-tau (mean 1773 pg/ml) as described.[6-8]
Patients (129 MM) with disease duration or reaching akinetic mutism < 6 months and presenting with a multisystemic neurological syndrome were classified as MM1 (n=11).
Finally, we cannot reach a subtype classification in 2 patients because of the scanty clinical information and/or the impossibility to trace back the clinical course of disease. As for the np-RPD group, we included patients with an alternative diagnosis to prion disease. In 45 subjects, a prion disease was excluded through an autopsy and an alternative diagnosis was made. The remaining 85 cases tested negative at the prion RT-QuIC assay and in all of them an alternative highly probable clinical diagnosis was strongly supported by neuroradiological and/or laboratory findings (e.g. positivity for autoantibodies targeting CNS antigens, positive α-synuclein RT-QuIC assay, CSF biomarker profile suggestive of Alzheimer’s disease). Details regarding the etiologies of all np-RPD cases are presented in Supplementary Table 1. 

Supplementary Table 1. Etiologies of non-prion RPD cases

	Diagnostic categories of non-prion RPD patients
(n = 130)
	Definite diagnosis

	
	Pathological
(n = 45)
	Clinical/
Biochemical
(n = 85)

	Immuno-mediated and infectious encephalitis
	10
	25

	Alzheimer’s disease
	10
	21

	Dementia with Lewy bodies
	7
	5

	Frontotemporal dementia
	0
	4

	Vascular/mixed dementia and stroke
	4
	6

	Central nervous system malignancy
	7
	3

	Toxic/metabolic encephalopathies
	3
	9

	Epilepsy
	0
	6

	Other diseases*
	1
	5

	Cause unknown/Improved
	3
	1


*Include: psychiatric diseases (2), neuronal ceroid lipofuscinosis (1), corticobasal syndrome (1), progressive sopranuclear palsy (1) and normal pressure hydrocephalus (1).
RPD, rapidly progressive dementias

As for the control group, we selected patients lacking any evidence of a neurodegenerative disease, such as patients with probable alternative neurological diagnoses or heathy controls. In all cases, the diagnosis was reached after a clinical and/or laboratory/instrumental evaluation. No patients in this group had a neuropathological confirmation. Details regarding all included patients in the control group are provided in Supplementary Table 2.

Supplementary Table 2. Etiologies of control cases

	Diagnostic categories of control patients
(n = 64)
	N

	Headache
	18

	Sleep disorders
	9

	Peripheral neuropathy
	5

	Epilepsy
	4

	Spinal cord disorders
	3

	Drugs/substances abuse disorders
	2

	Others
	5

	Healthy controls
	18



SUPPLEMENTARY RESULTS 
Diagnostic value of CSF biomarkers in the differential diagnosis of prion disease

Supplementary Table 3. CSF biomarkers in prion disease subtypes
	Subtype
	N
	CSF t-tau
(pg/ml)
Median (IQR)
	CSF NfL
(pg/ml)
Median (IQR)
	CSF 14-3-3
(pg/ml)
Median (IQR)

	sCJD MM(V)1*
	113
	7807 (3205-16190)
	6200 (3636-9787)
	112000 (50700-182500)

	sCJD VV2*
	54
	9506 (5676-13281)
	12400 (9097-17088)
	120500 (77775-171750)

	sCJD MV2K*
	51
	1653 (1245-2595)
	7600 (3805-10300)
	24700 (16700-34700)

	sCJD MM(V)2C*
	15
	1578 (1057-2940)
	4187 (1860-10100)
	25200 (13400-49600)

	sCJD MM2T*
	3
	633; 1377; 2787
	5900; 6050; 28550
	13300; 16800; 58600

	sCJD VV1*
	2
	3620; 3790
	15900; 45700
	37900; 53900

	VPSPr
	1
	1273
	1606
	25000

	gCJD E200K-129M
	19
	2623 (1344-4644)
	5200 (3290-6200)
	52500 (24800-89800)

	gCJD V210I-129M
	25
	6655 (3574-14300)
	5250 (3264-7308)
	92000 (56050-117000

	gCJD D178N-129V
	1
	1816
	1717
	39200

	gCJD 4-OPRI-129M
	1
	6750
	5270
	103000

	gCJD E219K-129M
	1
	1952
	1983
	39200

	FFI (D178N-129M)
	3
	120; 271; 288
	1881; 2618; 5150
	2680; 4545; 6048


*Both patients with a definite diagnosis of a specific subtype and patients with a probable diagnosis and a high level of certainty for a given subtype are included.
T-tau, total tau protein; NfL, neurofilament light chain; IQR, interquartile range; sCJD, sporadic Creutzfeldt-Jakob disease; VPSPr, variably protease-sensitive prionopathy; gCJD, genetic Creutzfeldt-Jakob disease; 4-O, 4-octarepeat insertion; FFI, fatal familiar insomnia. 
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