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Aim/Introduction: Glucose metabolism can be measured 
with dynamic positron emission tomography (PET) imaging of 
18F-fluorodeoxyglucose (FDG) using the influx, Ki, obtained from 
Patlak analysis. This requires tissue uptake curves from PET imaging 
and an arterial input-function (AIF), from blood-sampling. In small-
animal PET imaging, arterial blood-sampling is limited by the blood 
volume that can be withdrawn, the complex surgery required for 
inserting an arterial catheter, and the terminal end-point of the 
procedure. We present a non-invasive and fully automatic deep 
learning derived input-function (DLIF) model to estimate the AIF 
from dynamic FDG-PET imaging. Materials and Methods: For model 
training, 68 dynamic FDG-PET scans of 36 mice were used. As blood 
samples were not available in the training data, a reference image-
derived input-function (IDIF) was used instead. The deep learning 
models were trained with the dynamic PET images as input, and the 
reference IDIF as target, using cross-validation. After training, the IDIF 
and DLIF were compared using the area-under-curve (AUC) for peak 
and tail-regions, respectively. Patlak analysis was used to calculate 
Ki for brain and myocardium tissues, with both IDIF and DLIF as 
input-function. Cross-validation was repeated 10 times to assess 
model variability. Finally, the models were validated on a separate 
dataset consisting of five dynamic FDG PET scans of tumor-bearing 
mice, with simultaneous arterial blood-sampling. The Ki for tumor 
tissue was calculated for each mouse in this separate dataset, using 
Patlak analysis with both AIF and DLIF as input-function. Results: 
The average correlation coefficient between IDIF and DLIF for all 
models was 0.68 and 0.45, for AUCpeak and AUCtail, respectively, 
indicating a moderate agreement between IDIF and DLIF curves. 
There was a moderate to strong correlation between Ki calculated 
using IDIF and DLIF, respectively, for brain (correlation coefficient 
= 0.76) and myocardium (correlation coefficient = 0.91) tissues. 
When the trained models were applied to the separate dataset, 
there was a strong correlation (correlation coefficient = 0.98) and 
non-significant difference in Ki for tumor tissue, calculated with 
AIF and DLIF, respectively. Conclusion: We have proposed a DLIF 
approach that accurately predicts the input-function, allowing for 
future dynamic FDG-PET studies of mice without invasive arterial 
blood-sampling. 
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Aim/Introduction: In patients with non-small cell lung cancer 
(NSCLC) treated with immunotherapy, individual biological and 
PET imaging prognostic biomarkers have been recently identified. 
However, combination of biomarkers has not been studied yet. The 
purpose of this study is to combine clinical, biological and 18FDG PET/
CT parameters and use machine-learning algorithms to build more 
accurate prognostic models of NSCLC response to immunotherapy. 
Materials and Methods: Patients with metastatic NSCLC, treated 
with either pembrolizumab or nivolumab in monotherapy, were 
prospectively included in 2 different monocentric prospective trials 
(NCT03584334; ID-RCB: 2018-A00915-50). For all patient, a total 
of 28 baseline quantitative features were analyzed (12 clinical, 6 
biological and 10 PET/CT parameters), such as patient’s age, weight, 
height, ECOG performance status (PS), PD-L1 tumour expression 
level (PD-L1%), neutrophil to lymphocyte blood ratio, number 
and metabolism of lesions, metabolic tumour volume (MTV) and 
spleen to liver metabolic ratio. Patients had a clinical follow-up 
of at least 12 months, with progression-free-survival at 6 months 
(6M-PFS) and overall survival at 12 months (12M-OS) as endpoints 
To evaluate the models, we set aside 20% of the dataset as the 
final set. On the remaining 80%, we sorted the features according 
to their selection frequency by a LASSO logistic regression on an 
extensive cross-validation. The performance of the models using 
different numbers of selected features were then ed with logistic 
ridge regression. We ed the robustness of the features’ order by 
cross-validation on the train dataset and built 3 models: M1 using 
only the top 4 features; M2 using the top 8 features; M3 using all 28 
features. The final performance of models was evaluated on the set, 
using the area under the receiver operating characteristic (AUROC). 
Results: 117 patients were included. For 6M-PFS, the AUROC of M1, 
M2 and M3 on the set were respectively 84.4% (selected features: 
number of lesions, PD-L1%, age and MTV), 89.1% and 78.1%. For 
12M-OS, the AUROC of M1, M2 and M3 were respectively 74.8% 
(selected features: time between diagnostic and treatment, MTV, 
PS and number of lesions), 70.6% and 68.9%. Random forest using 
all features performed 79.3% for 6M-FPS and 70.2% for 12M-OS.  
Conclusion: Known PET/CT prognostic markers, such as MTV, can 
be combined with clinical and biological information to improve 
the prognostic performance of linear models for patients treated 
with PDL1-Inhibitors for NSCLC. Feature selection is critical to 
improve model performance.  
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Aim/Introduction: Although handcrafted-radiomics-features(RF) 
are increasingly extracted via standardized radiomics-software 
towards more reproducible research, employing deep-
features(DF) extracting from deep-learning(DL) algorithms merits 
significant investigation. We aimed to employ DFs extracted 
from DL algorithms and compare to handcrafted-RFs to predict 
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progression-free-survival. Materials and Methods: We extracted 
408 Head&Neck cancer patients from the Cancer-Imaging-Archive. 
PET images were first registered to CT, and then both images were 
enhanced, normalized, and cropped. We employed 15 image-
level-fusion-techniques, including Curvelet transform(CVT)+Sparse 
representation(SR)(CVT+SR), Laplacian pyramid(LP)+SR, etc. to 
combine PET and CT images. Subsequently, 211 RFs were extracted 
from each tumor in 17 images(flavours) including PET-only, CT-
only, and 15 fused-PET-CT images through the standardized-SERA-
radiomics-software. This results in a so-called “tensor-radiomics’’ 
paradigm where various flavours of a given feature are generated. 
Furthermore, a 3D-auto-encoder is used to extract 15680 DFs. 
We first apply DFs vs. RFs extracted from each typical image to 3 
sole classifiers, including multi-layer-perceptron(MLP), Random-
Forest(RandF), Logistic-Regression(LR) optimized through grid-
search. In DFs, we first incorporate all features with 17 flavours, 
remove low variance features, combine remaining features via 
principal-component-analysis(PCA). Subsequently, we employ 
ANOVA to select the most relevant attributes generated from 
PCA. Finally, the relevant attributes are applied to 3 classifiers to 
predict survival. For the radiomics framework, we first incorporate 
all features with 17 flavors, remove the highly-correlated-features, 
apply polynomial-transform-algorithms to the remaining features 
to combine the flavours, employ the 3 mentioned-classifiers linked 
with ANOVA to predict the outcome. In five-fold cross-validation, 
datapoints are divided 4 folds for training and 1-fold for testing. 
Moreover, 80% of training datapoints were utilized to train the 
model and the remaining 20% utilized to validate and select the 
best model. Further, the remaining fold was used for external-
nested-testing. For more consistency, each fold was trained 
with 9 same classifiers with different optimized-parameters, and 
Ensembl-Voting(EV) was performed for validation and external 
testing. Results: For the tensor-RF framework, the highest training-
validation-performance of 73.6%±2.5% was achieved from MLP. 
Nested-testing-performance of 71.8%±4.8% confirmed our 
findings. Furthermore, we applied RFs extracted from each modality 
to the 3-mentioned-classifiers. The highest training-validation of 
69.7%±5.1% resulted from LP+SR linked with RandF. Nested-testing 
of 66.6%±3.9% confirmed our finding. For the tensor-DF framework, 
the highest training-validation of 85.3%±2.4% resulted from MLP. 
Nested-testing of 87.6%±2.3% confirmed our finding. The highest 
training-validation of 69.1%±7.2% resulted from CVT+SR linked 
with RandF. Nested-testing of 64.2%±6.8% confirmed our finding. 
Conclusion: We demonstrated that tensor-DF beyond tensor-
RF, combined with appropriate machine-learning, significantly 
improved survival-prediction-performances.
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Aim/Introduction: The study aimed to report the first clinical 
experience with [177Lu]Lu-DOTAGA.(SA.FAPi)2 therapy as a salvage 
treatment option for advanced stage, low SSTR expressing 
neuroendocrine tumours. Materials and Methods: Histologically 
confirmed NET patients initially underwent [68Ga]Ga-DOTANOC, 
[18F]F-FDG, and [68Ga]Ga-DOTA.SA.FAPi PET/CT scans. Patients with 
minimal SSTR expression but avid FDG and [68Ga]Ga-DOTA.SA.FAPi 
uptake were enrolled for [177Lu]Lu-DOTAGA.(SA.FAPi)2 therapy. 
Once deemed eligible for treatment, they received intravenous 
[177Lu]Lu-DOTAGA.(SA.FAPi)2 of approximately 4 GBq/cycle at 
eight-weekly intervals. The primary endpoint included biochemical 
(plasma chromogranin A (CgA or serum(s) calcitonin) and molecular 
tumour response assessment. Secondary endpoints included safety 
assessment by the National Cancer Institute’s Common Toxicity 
Criteria v5.0. Results: Twelve patients (9 males and 3 women; mean 
age: 41.6 ± 15 years) with histologically confirmed NETs were 
prospectively recruited and treated with [177Lu]Lu-DOTAGA.(SA.
FAPi)2 therapy. Thirteen patients had five types of NETs: NET lung 
(carcinoids) in four, ovarian, appendix and colon NET one in each 
group, and medullary thyroid cancers in 5 patients, respectively. 
Between March 2021 to December 2021, in a median follow up 
of 6 months, a total of 36 cycles (median 2 cycles/patient; range 
2-5) were administered. The mean administered cumulative 
radioactivity was 11 GBq (range: 200 to 500) [100 mCi/cycle]. 
Except for one, all patients are alive and have experienced a decline 
in the CgA and calcitonin values for the baseline (baseline CgA: 
371.5 ng/mL vs. post-treatment: 201 ng/mL, p-0.0312); (baseline s. 
calcitonin:1511 pg/mL vs. post-treatment: 1046.5 pg/mL, p-0.1250). 
All four patients who underwent molecular tumour response 
assessment demonstrated stable disease. None of the patients 
experienced grade III/IV haematological, kidney or hepatotoxicity 
from [177Lu]Lu-DOTAGA(SA.FAPi)2 therapy. Conclusion: The 
preliminary data suggest that the [177Lu]Lu-DOTAGA.(SA.FAPi)2 is 
safe, effective, and most importantly, opens up a new avenue for 
the systemic treatment of aggressive NETs who cannot benefit from 
177Lu/90Y/225Ac-PRRT. 


