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only PG > 1 images were included in the unhealthy database. 
Using CNN15 to analyse the segmented regions accuracy 
values ranging between 0.55 in HK (as the lowest) and 1 (as 
the highest) in H were obtained. Conclusion: This exploratory 
study of application of CNNs to clinical amyloidosis images 
showed promising results. Although results are limited 
due to the small size of the databases used, CNN15 was 
demonstrated to have good discriminatory ability when 
classifying images of the segmented heart region of 99mTc-
DPD in amyloidosis patients. CNN27 demonstrated good 
results in classification of WB images. References: none
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Aim/Introduction: Automated detection and segmentation 
of pathological uptakes in [18F]FDG PET images can be useful 
to derive clinically relevant metrics such as total tumor 
burden for diagnosis and prognosis purposes. It remains a 
challenging task given the large possible range of number, 
location, size and heterogeneity of lesions. Semi-automated 
delineation such as the use of manually adjusted thresholds 
applied to visually detected lesions by an expert, remains 
time-consuming and subjective, and a fully automated 
approach is thus desirable for improved robustness and 
reproducibility. The goal of this work was to evaluate the 
feasibility of achieving fully automated detection and 
delineation by training a deep convolutional neural network. 
Materials and Methods: A cohort of 419 patients who 
underwent pretherapeutic [18F]FDG PET and associated low-
dose CT scans was retrospectively collected for the purpose 
of developing and testing the proposed algorithm. The 
ground-truth for each PET/CT scan was determined semi-
automatically by one of four physicians following the same 
procedure, i.e. standardized uptake value (SUV) threshold of 
3, volume > 2 cc and manual correction whenever deemed 
necessary. The seminal U-Net architecture was applied 
“off the shelf” to develop the model on 397 patients and 
evaluate it on 22 test patients. In addition, the test subset 
was annotated by all experts independently to evaluate 
inter-observer variability. Dice similarity coefficient (DSC), 
Sensitivity (SE) and Positive Predictive Value (PPV) computed 
on a patient basis (i.e., all lesions considered together) were 
used for the first stage evaluation. A lesion by lesion analysis 
was then performed applying different detection criteria. 
An ablation study was carried out to identify main factors 

affecting segmentation results. Results: The model obtained 
good average accuracy for all metrics on the patient basis 
(DSC=0.84±0.16) with SE (0.84±0.21) and PPV (0.90±0.12). On 
the lesion basis, the performance varied (DSC between 0.61 
and 0.77; SE 0.60 - 0.75; PPV 0.66 - 0.83) depending on the 
chosen detection criteria. The analysis of the inter-observer 
variability demonstrated insignificant differences between 
the ground-truth annotations of all experts (e.g., the patient-
wise DSC=0.96±0.15) and ensured the reproducibility of 
the procedure for establishing the ground-truth. Visual 
inspection confirmed the relevance of the model predictions 
and revealed the limitations inherent to the evaluation 
method. Conclusion: The proposed approach achieved 
good overall results and might provide a robust and accurate 
fully automated solution for future works investigating the 
clinical prognostic and predictive value of metrics derived 
from these segmentation masks. References: none
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Aim/Introduction: Current methods for reliable organ 
segmentation from medical scans often require physician 
supervision, introducing variability and labour. In prostate 
cancer, standardization of prostate segmentation and precise 
lesion reporting would facilitate comparison between 
prostate imaging and biopsies, with the potential to improve 
targeted biopsies and thereby diagnostic accuracy. Prostate-
specific membrane antigen (PSMA) PET/CT imaging allows 
for relatively low-noise scans of the pelvis with high prostate 
lesion uptake, but suffers from urinary excretion resulting 
in high bladder uptake adjacent to the prostate gland. 
We aim to develop a fully automated method for bladder 
segmentation to potentially subtract it from PSMA PET/CT 
scans without altering local prostate cancer detection. We 
believe this first step to be paramount in developing accurate 
tools to segment prostate glands and prostate lesions for 
standardized lesion reporting. Materials and Methods: To 
this end, we proposed a fully automated deep segmentation 
model for the bladder. A labelled dataset was created from a 
cohort of 59 PET/CT PSMA scans. Images were segmented 
by a nuclear medicine physician using semi-automated 
tools available with MIM (MIM Software USA) to identify the 
prostate gland, the seminal vesicles, PSMA-positive prostate 
lesions, the bladder, and the urethra (when urine-containing). 
A training dataset (n=40) of randomly selected samples was 
used to train a 3D U-Net model in a multi-class setting with a 
per-class Dice similarity coefficient (DSC) objective to predict 
labels of tumor, bladder, or background for each pixel in a 
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PET scan. The model was then evaluated on the test data 
(n=19). The performance of the methods was quantified 
using the DSC. Results: Our model achieved a mean DSC 
score of 0.911 ± 0.096, with a median of 0.937 on the test 
data. The predicted bladder segmentations had an average 
overlap of 1.58 pixels with respect to the ground truth tumor 
segmentations. A threshold value of 40% on predicted 
bladder probabilities showed minimal impact on DCS score 
(0.900 ± 0.101 mean, 0.927 median) and reduced tumor 
overlap to 0 pixels. This demonstrates predicted bladder 
segmentations can be safely masked from PET scans without 
impacting the accuracy of subsequent tumor detection. 
Conclusion: Our automated method, based on the U-Net 
architecture, accurately segments the bladder from PET PSMA 
scans. The method, in combination with fixed threshold 
post-processing, was able to achieve zero tumor overlap. 
The proposed approach is a critical step towards automating 
prostate lesion detection and improving standardization of 
clinical reporting. References: none
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Aim/Introduction: CNNs achieve great performances thanks 
to high computational power and large publicly available 
datasets. Transfer learning, i.e. leveraging patterns learned 
on a large dataset to improve generalization for another 
task, is an effective approach for computer vision tasks on 
small datasets. However, in medical imaging we still lack of 
pretrained machine learning models that could be easily 
adapted to new tasks. In this work, we propose: 1) the 
development of feature extractor CNN models, trained using 
large publicly available datasets of labeled medical images 2) 
the classification of the image embeddings extracted from 
the pretrained CNNs using tree-based models, validated 
on an independent local dataset. We tested this proof-of-
concept approach on chest radiographs (CXRs). Materials 
and Methods: Seven CNNs (DenseNet121, DenseNet169, 
DenseNet201, InceptionResNetV2, Xception, VGG16, VGG19) 
were trained on CheXpert1, a public dataset composed 
of 223316 CXRs with 14 major-findings labels. Then, we 
applied the trained networks as a feature extractor stage to 
an independent dataset composed of 941 CXRs collected at 
IRCCS Humanitas Research Hospital. Based on radiological 

report, each image was labeled as normal/abnormal and 
abnormalities were further classified as cardiac, lung, 
pneumothorax, pleura, bone, device. To obtain semantically 
strong high-level features, we extracted the output of each 
CNN (image embeddings) before the classification layer. 
The extracted embeddings for each CNN (70% training, 
30% test) were used to train a Random Forest (RF) model, 
to perform multi-label classification. Ensembling of the 
results was performed using simple and entropy-weighted 
averaging. Model performance was assessed by using the 
area under the curve (AUC). Results: The best RF model, 
obtained with simple averaging of the predictions, achieved 
for each label the following AUC values: normal 0.86, cardiac 
0.85, lung 0.72, pneumothorax 0.92, pleura 0.94, bone 0.85, 
device 0.86 (average of 0.856). The training time was in the 
order of few minutes. Conclusion: CNNs pre-trained on a 
large public dataset of medical images can be exploited as 
feature extractor for a task of interest even if different from 
the original one. The extracted image embeddings contain 
relevant information to train an additional classifier with good 
performance on an independent dataset. This overcomes 
the need for large private datasets, high computational 
resources and long training times. Further studies on different 
image modalities, including nuclear medicine and molecular 
imaging, are planned to confirm our findings. References: [1] 
Irvin et al., “Chexpert: A large chest radiograph dataset with 
uncertainty labels and expert comparison” 2019
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Aim/Introduction: Machine learning studies require a large 
number of images often acquired at different PET/CT systems. 
When combining images from different systems, the use of 
harmonized image quality is essential, i.e. following EARL 
standards. However, for retrospective data EARL accreditation 
may not have initially been in place. An automated quality 
control gives the opportunity to retrospectively check if 
images meet certain quality standards. The aim of this study 
was to develop a convolutional neural network (CNN) that 
can identify if an image is EARL compliant. Materials and 
Methods: 106 PET images acquired on three PET/CT systems 
(Philips Gemini, GE Discovery, Siemens Biograph mCT40) 
were included in the study. All images were reconstructed 
with the locally clinical preferred, EARL1, and EARL2 compliant 
reconstruction protocols and 120s scan duration. First, an 
edge-enhanced image was generated by subtracting a PET 
image from the 6 mm Full-Width-At-Half-Maximum Gaussian 
smoothed image. These ‘edge’ images were then used to train 
two sparse CNNs: One CNN was trained to distinguish clinical 
and EARL compliant reconstructions. Images found to be EARL 
compliant were then consecutively used in a second CNN 
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