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▪ Multiple System Atrophy (MSA) is a progressive neurodegenerative 

disorder characterized by selective regional brain atrophy.

▪ Clinical subtypes include MSA-P and MSA-C, but neuropathology 

often reveals mixed striatonigral (SND) and olivopontocerebellar 

(OPCA) degeneration.

▪ Existing diagnostic criteria can lead to patient misclassification, 

especially in early stages.

▪ There is a critical need for sensitive and reliable biomarkers to 

improve diagnosis, staging, and monitoring of disease progression.

B A C K G R O U N D

Participants:

▪ Patients with clinically probable MSA (<4 years motor symptoms) 

enrolled in the bioMUSE natural history study, with longitudinal 

follow-up over 12 months

▪ Diagnosis supported by multimodal approach: clinical exam and 

biofluids (CSF α-synuclein & NfL)

▪ Additional cross-sectional cohort of MSA patients enrolled from 

clinic and clinical trial registries who underwent baseline imaging and 

clinical assessments only

▪ Additional cross-sectional cohorts for comparison:

• Parkinson’s disease (PD)

• Dementia with Lewy bodies (DLB) 

• Pure autonomic failure (PAF) 

• Healthy controls (HC)

Imaging Processing:

▪ Deep learning automatic segmentation (AssemblyNet). 

▪ Regions of Interest (ROIs): lentiform nucleus (LN), cerebellum (CB), 

brainstem (BS)

▪ Volumes normalized to total intracranial volume (%TICV)

▪ Z-scores computed relative to Human Connectome Project (HCP) 

reference cohort (n=489) accounting for age and sex

▪ MSA-AI = mean of LN, CB, and BS z-scores

Analysis:

▪ Group comparisons (adjusted for age/sex)

▪ Longitudinal changes (mixed-effects modeling)

▪ Correlation with UMSARS and NfL (Spearman’s ρ)

M E T H O D S

To develop an MRI-based atrophy score (MSA-AI) that:

▪ Differentiates MSA from other neurodegenerative disorders

▪ Tracks longitudinal disease progression

▪ Correlates with clinical severity and biomarkers

O B J E C T I V E

R E S U L T S
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Diagnosis HC HC PAF DLB PD MSA PD/DLB MSA

N 491 23 23 8 56 26 5 10

Sex (M/F) 218/273 11/12 17/6 6/2 37/19 12/14 4/1 4/6

Age (years) 63 ± 10 65 ± 7 68 ± 6 74 ± 6 62 ± 7.9 64 ± 7 67 ± 7 60 ± 8

Disease duration 7.7 ± 3.5 5.4 ± 3.2 5.0 ± 3.0 3.3 ± 1.8 2.2 ± 0.8 2.1 ± 0.9

UPDRS-III (Off) 9.9 ± 8.7 31.7 ± 18.6 32.2 ± 15.2

UMSARS I+II 45.6 ± 12.8 25.0 ± 8.5 33.7 ± 10.8

PPS Total score 90.5 ± 27.7 50.0 ± 27.1 58.8 ± 20.4

CSF NfL 1093 ± 267 4614 ± 1896

Plasma NfL 15 ± 4 34 ± 13

Table 1. Demographic and Clinical Data at baseline

Fig. 2. Group comparisons of 

regional brain atrophy and the 

MSA-AI. Boxplots show 

z-scores for the LN, cerebellum, 

brainstem, and the composite 

MSA-AI across HC, PAF, DLB, 

PD, bioMUSE PD/DLB, and two 

MSA cohorts (MSA1: early MSA 

from bioMUSE; MSA2: cross-

sectional MSA at various disease 

stages). MSA patients exhibited 

consistently lower volumes 

across all regions. The MSA-AI 

showed greater sensitivity and 

lower variability than individual 

regions, highlighting its utility as 

a robust biomarker. Dashed lines 

indicate median and 95% 

confidence intervals of the 

normative HCP reference group. 

▪ 17 participants were enrolled in the bioMUSE study.

▪ Longitudinal clinical assessments and fluid biomarker data were used 

to classify patients as having MSA (n=10; 6 MSA-P, 4 MSA-C) or PD 

(n=3) /DLB (n=2).

▪ Two participants who tested negative for aggregated alpha-synuclein 

were excluded from the analyses.

▪ The cross-sectional MSA, with longer disease duration and greater 

severity, was included to represent a broader range of MSA spectrum.

Z-scores: LN = -2.3 , Brainstem = -1.1, Cerebellum = 1.2 
MSA-AI = -1.2 

Z-scores: LN = -0.5 , Brainstem = -3.3, Cerebellum = -3.4 
MSA-AI = -1.9 

Fig. 1. Segmented brain regions in two early MSA patients, one with the parkinsonian 

subtype (MSA-P, left) and one with the cerebellar subtype (MSA-C, right). The MSA-P patient 

shows greater LN atrophy (magenta), while the MSA-C patient shows more pronounced 

cerebellar (cyan) and brainstem (yellow) atrophy. The MSA-AI captures global atrophy across 

these regions, while regional z-scores help distinguish phenotype-specific patterns.

▪ MSA-AI showed greater sensitivity and lower variability than 

individual regions, making it a robust tool for diagnosis and monitoring.

▪ Standardized for age and sex, MSA-AI enables consistent cross-

group comparisons and reduces confounding.

▪ Regional z-scores complement the global MSA-AI by capturing 

phenotype-specific atrophy patterns supporting in vivo staging.

▪ Longitudinal analyses showed that only MSA patients exhibited 

significant atrophy over 12 months, and MSA-AI changes 

correlated strongly with clinical progression.

▪ These findings support the use of MSA-AI as a clinically meaningful 

imaging biomarker for early detection, disease tracking, and improving 

patient selection and outcome assessment in clinical trials.

C O N C L U S I O N S

R E S U L T S

Fig. 3. Associations between regional brain atrophy and clinical severity in MSA. Correlations 

between baseline z-scores for the LN, cerebellum, brainstem, and the MSA-AI with total UMSARS 

scores. The MSA-AI demonstrated the strongest association with clinical severity.
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Fig. 5. Correlations between longitudinal changes in brain atrophy and clinical progression 

in MSA. Associations between changes in regional z-scores and the composite MSA-AI with 

changes in total UMSARS scores over 12 months. Greater atrophy (more negative Δ z-scores) 

was associated with greater clinical worsening. The MSA-AI and LN showed the strongest 

correlations, supporting their utility as progression markers. 

Fig. 4. Longitudinal changes in regional brain atrophy and MSA-AI over 12 months. Changes 

in z-scores (Δ) for the LN, cerebellum, brainstem, and MSA-AI in patients with MSA versus 

PD/DLB. Only MSA patients exhibited significant volume loss over time. The MSA-AI 

demonstrated the largest effect size, highlighting its superior sensitivity to disease progression.
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