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PSP and 221 healthy control (HC) subjects from Huashan Hospital, 
Fudan University, Shanghai, China. All subjects had FDG PET scans, 
and part of those with available florzolotau PET scan and good 
qualified structural magnetic resonance imaging (PSP: n = 93; HC: n 
= 17). Globally normalized glucose activity from FDG PET was used 
to estimate metabolic connectivity in a region of interest (ROI) based 
manner, using prespecified 98 ROIs as network nodes. Metabolic 
connectivity was estimated for each group using the group-wise 
Fisher-Z transformed Pearson’s correlations between pairwise ROIs. 
We also assessed the regional tau accumulation by extracting 
average values of 98 brain parcellation ROIs from florzolotau PET. 
For a specific seed region, we used the general linear regression 
to evaluate the association between the florzolotau bindings 
of other all regions and the metabolic connectivity values with 
controlling for the Euclidean distance pairwise ROIs, separately 
in each diagnostic group and repeated all regions. Results: In 
PSP, evaluated florzolotau bindings were mainly in the midbrain, 
pallidum, subthalamic nucleus, substantia nigra, and red nucleus 
(all P < 0.001). There were significant positive correlations between 
florzolotau binding in the seed ROI and the association strength 
between seed-to-target glucose metabolic connectivity in the 
target region (linear regression derived β value) in PSP (r = 0.745, 
95% CI: [0.641, 0.822], P < 0.001). Higher metabolic connectivity of 
tau hotspot seed was associated with higher levels of florzolotau 
binding in the targeted ROI in PSP (β = 0.515, P < 0.001). Conclusion: 
These above findings support the notion that florzolotau binding 
pattern is predominantly determined by connectivity, and the 
seed ROI with high florzolotau binding tends to closely connect 
the target ROIs with similar higher florzolotau binding through 
metabolic connectivity in PSP. 
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Aim/Introduction: 6-[18F]FDOPA PET is used to identify nigrostriatal 
dopaminergic denervation for the diagnosis of degenerative 
parkinsonian syndromes, such as Parkinson’s disease (PD). Visual 
analysis relies essentially on assessing the integrity of the “comma” 
shape of the striatum but cannot objectively gauge the homogeneity 
or heterogeneity of uptake within the striatum. The computation 
of radiomic textural features can quantify this heterogeneity. This 
technique has shown promising results for DAT SPECT but has not 
yet been applied to FDOPA imaging. Our aim was to identify relevant 
textural features for the diagnosis of dopaminergic denervation on 
FDOPA PET. Materials and Methods: We analysed scans from 543 
patients referred for striatal FDOPA PET/CT to our department. A 
first set of 443 scans acquired on a Siemens Biograph Vision 600 
system was used for feature selection and model selection; and 
a second set of 100 scans acquired on a Siemens Biograph mCT 
40 system was used for the final validation of the model.Ground 
truth was the interpretation of a nuclear medicine specialist with 
extensive experience in FDOPA imaging. The label was binary, 
according to whether the scan showed evidence of dopaminergic 

denervation or not. Both datasets had 40% of scans labelled as 
positive and 60% as negative. Forty-three features including 31 
texture descriptors were computed for each patient using LIFEx 
version 6.3. LASSO penalised logistic regression was used to perform 
feature selection. Results: A model built with only non-textural 
features (e.g. ROI volume, SUVmax) reached a mean area under the 
receiver operating characteristics (AUROC) of 93.47 with standard 
deviation (SD) 2.17. Adding textural radiomic features significantly 
improved the score to an AUROC (SD) of 95.73 (1.93) (p < 0.001). 
The most informative features were GLCM_Correlation, Skewness, 
and Compacity. Restricting the model to these three features did 
not decrease the score significantly. Finally, we tested this 3-feature 
model on the second dataset, which yielded an AUROC of 98.21 
with a balanced accuracy of 95.83%, a sensitivity of 95.00% and a 
specificity of 96.67%. Conclusion: A simple model based on three 
radiomic features can identify pathological FDOPA PET scans, as 
identified by an expert nuclear physician, with excellent sensitivity 
and specificity. Our model performed equally well when applied to 
scans acquired on a different PET/CT system. Textural features show 
promise for the diagnosis of parkinsonian syndromes. 
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Aim/Introduction: Montreal-Cognitive-Assessment (MoCA) in 
Parkinson’s-disease (PD) is a rapid nonmotor screening test that 
assesses different aspects of cognitive-dysfunction. Early prediction 
of these symptoms may facilitate better temporal therapy, 
disease control, and identification of disease mechanisms. This 
study investigates the prediction of MoCA in year 4 using deep-
features (DF), handcraft radiomics-features(RF) and clinical-features 
followed by machine-learning-methods. Furthermore, prediction 
of outcome is performed using a deep-learning algorithm and 
preprocessed raw DAT-SPECT images. Materials and Methods: 
We selected 612 PD subjects who had DAT-SPECT images and 
clinical-data in year-0 (baseline) from the Parkinson’s-Progressive-
Marker-Initiative database. First, DAT-SPECT images were enhanced, 
normalized, and cropped. Subsequently, we extracted DFs from 
the original-images using a 3D-autoencoder algorithm. We also 
generated handcraft RFs from DAT-SPECT images in the segmented 
region of interest (left&right Striatum) using the standardized 
SERA-software. In addition, we removed high correlation as well 
as low variance features. We also generated a new dataset using a 
mixture of DFs, handcraft RFs and clinical-information. The MoCA 
scores over 26 were considered normal-cognitive and under 26 
as abnormal. First, DFs and/or handcraft-RFs (in addition to clinical 
features) were applied to machine-learning-methods, including 2 
dimension-reduction-algorithms, including principal-component-
analysis and ANOVA, linked with 4 classifiers including Gradient-
Boosting-Classifier, Multi-Layer-Perceptron(MLP), K-Neighbors-
Classifier (KNN), and Extra-Trees-Classifier optimized by Grid-search 
to enhance prediction performance. Moreover, we applied 



Eur J Nucl Med Mol Imaging (2022) 49 (Suppl 1): S1–S751  S196

original DAT-SPECT images directly to a 3D-convolutional-neural-
network (CNN) optimized by grid-search (end-to-end framework). 
Meanwhile, we employed 80% of patients to train the predictor 
algorithms as 5-fold cross-validation for model selection and the 
remaining 20% for external testing in each fold. External-testing 
was performed via ensemble-voting from the 5-fold models. 
Results: For the mixed dataset (RFs+DFs+clinical features), the 
highest mean 5-fold validation accuracy of 77%±6% resulted from 
ANOVA followed by Extra-Trees-Classifier. Ensemble-external-
performance of 78% confirmed our finding. For the handcraft-
RF-only-framework, ANOVA followed by MLP resulted in 5-fold 
validation of 60%±4%, with ensemble-performance of 60% 
confirming this finding. For the DF-only-framework, validation 
performance of 64%±4% was obtained from ANOVA followed by 
KNN. Ensemble-performance of 60% was obtained. Furthermore, 
employing the original DAT-images directly linked with a CNN 
enable a five-fold validation of 69%±6%. Ensemble testing of 67% 
confirmed our findings. Conclusion: This study shows that utilizing 
(i) end-to-end deep learning, or (ii) additional use of deep features 
combined by machine learning, has significantly added value for 
prediction of cognitive decline in PD patients, compared to usage 
of handcrafted RF-only-based algorithms. References: Salmanpour 
MR, Shamsaei M, Saberi A, Setayeshi S, Klyuzhin IS, Sossi V, Rahmim 
A. Optimized machine learning methods for prediction of cognitive 
outcome in Parkinson’’s disease. Computers in biology and medicine. 
2019 Aug 1;111:103347. Salmanpour MR, Shamsaei M, Hajianfar G, 
Soltanian-Zadeh H, Rahmim A. Longitudinal clustering analysis and 
prediction of Parkinson’s disease progression using radiomics and 
hybrid machine learning. Quantitative Imaging in Medicine and 
Surgery. 2022 Feb;12(2):906. Salmanpour MR, Hajianfar G, Lv W, Lu 
L, Rahmim A. Multitask Outcome Prediction using Hybrid Machine 
Learning and PET-CT Fusion Radiomics.
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Aim/Introduction: Rapid eye movement (REM) sleep behavior 
disorder (RBD) is considered a prodromal stage of synucleinopathies 
such as Parkinson’s Disease (PD), Lewy Body Dementia (LBD) and 
Multiple System Atrophy (MSA). Despite the clinical significance in 
early phenotype conversion, there is no adequate method available 
at the moment. The limited availability of longitudinal data with 
conversion follow-up hampers the development of sophisticated 
data analysis strategies such as artificial intelligence (AI). The goal 
of this study was to investigate the feasibility of deep learning in 
the prediction of disease conversion in RBD patients. Materials and 
Methods: The study was a pilot study conducted in 35 RBD patients 
with longitudinal clinical and FDG PET follow-up for 2-11 years. 
Twelve of these patients converted to PD, 4 to LBD and 1 to MSA. 
In contrast to development from scratch, a convolutional neural 
network developed on 820 parkinsonian and 714 non-parkinsonian 
patients for early parkinsonism differential diagnosis was adapted 
to derive deep metabolic imaging (DMI) indices, which were used 

to determine predictive scores of longitudinal RBD data. Differences 
between PD network probabilities of scans more than 6 years and 
up to 6 years before conversion of RBD patients were assessed by 
Mann-Whitney independent samples test. Results: The PD DMI 
indices increased with disease progression until conversion in 10 of 
12 of PD converted patients. In the LBD and MSA converted patients, 
the PD and MSA DMI indices also increased, respectively. The PD 
network probabilities of scans up to 6 years before conversion 
were higher than of scans acquired more than 6 years before 
conversion (p=0.010). Conclusion: Despite limited RBD sample size 
in this pilot study, the preliminary results confirmed the feasibility 
of the development of AI technologies for early RBD phenotype 
conversion. The potential of deep learning in extrapolation to 
the prodromal stage may accelerate the development of early 
diagnosis methods for PD. Further network improvements must be 
attempted with a larger RBD database. 
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Aim/Introduction: [18F]FP-CIT PET imaging is one of the most useful 
imaging methods for the differential diagnosis of parkinsonism. 
However, in order to acquire an optimal dopamine transporter 
binding images, it requires an uptake time of about 3 hours after 
injection, which causes inconvenience to patients and increases 
medical costs. In this study, we developed GAN-based delay 
image generation model using early dynamic [18F]FP-CIT PET 
imaging. Materials and Methods: Both early dynamic [18F]FP-
CIT PET imaging acquired at 30 minutes after injection and delay 
imaging at 3 hours after injection were performed on 476 patients 
with suspected parkinsonism. We implemented model training 
with conditional GAN algorithm and augmentation function 
provided by keras was used. In detail, deep convolutional neural 
network was trained using individual-space brain PET images as 
the input and corresponding inverse spatial normalization-based 
VOI template as the label. [18F]FP-CIT PET imaging of 320 patients 
were used as the training set with 3-fold cross-validation and 156 
patients as the test set. We evaluated performances of the model 
using quantitative and qualitative methods, respectively. Pearson’s 
correlation coefficients were calculated for the striatal subregions 
specific to non-specific binding ratio (SNBR) based on real and 
generated images using the occipital lobe as a reference with the 
deep learning-based automated VOI generation method. Visual 
analysis was done independently for both real and generated 
images and the concordance rates using cohen’s kappa were 
estimated. Results: Whole striatal SNBR measured on the generated 
and real imaging of the test set revealed high correlation of 0.94. 
Striatal subregional SNBR calculated from the generated imaging 
and the actual delay imaging also showed high correlation of 
ranged from 0.90 of ventral striatum to 0.96 of posterior putamen. 
In the sub-analyses for PD (n=101) and normal (n=55) groups, 
striatal SNBR measured on the generated and real imaging showed 
high correlation of 0.90 and 0.89, respectively. Subregional SNBR 
of PD and normal groups also revealed high correlation 0.92 and 
0.88 in the posterior putamen. Concordance rate measured by 
cohen’s kappa value revealed good agreement of 0.74 between 
real and generated imaging. Conclusion: The generated imaging 
using early dynamic imaging as input for the model using the GAN 


