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projections, 30P (every 4:th projection). A deep neural network, 
CUSIP, was designed and trained to compile 90 SIPs from the 
acquired 30P composing a CUSIP set of 30 acquired + 90 synthetic 
projections. The CUSIP set, 30P and 120P were reconstructed with 
Monte Carlo based OSEM reconstruction resulting in CUSIP_rec, 
30_rec and 120_rec. Evaluations were made for the CUSIP set 
compared to 120P and for CUSIP_rec and 30P_rec compared to 
120P_rec. The noise levels for each imaging time point were visually 
compared between the reconstructions sets, quantitative measures 
of normalized root mean square error (NRMSE), normalized mean 
absolute error (NMAE), peak signal to noise ratio (PSNR) and 
structural similarity (SSIM) were evaluated for both projections 
and reconstructions and, kidney mean absorbed doses for each 
reconstruction set were estimated. Results: A clear improvement of 
the noise levels, especially for day 7 with its low count rate, was seen 
visually for the CUSIP_rec compared to 30P_rec and even 120P_
rec. All quantitative measures showed minimal errors and high 
similarity between the CUSIP sets and 120P and between CUSIP_
rec and 120P_rec. CUSIP_rec demonstrated consistently improved 
measures compared to 30P_rec for all measures and days, and all 
differences were significant. Regarding the kidney mean absorbed 
doses, linear regression fits showed a nearly perfect concordance 
of the absorbed doses for CUSIP_rec and 30P_rec compared to 
the doses of 120P_rec with R2 values over 0.99. The mean relative 
difference compared to 120P_rec was 1.34% (±0.98%) for 30P_
rec and 0.77% (±3.02%) for CUSIP_rec. Conclusion: Using SIPs 
generated by a deep neural network in SPECT/CT reconstruction 
can substantially reduce acquisition durations in SPECT/CT imaging 
enabling acquisition of multiple FOVs of high image quality. The use 
of SIPs in the reconstruction did not alter the mean absorbed dose 
estimate to the kidneys. 
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Aim/Introduction: Voxel-based dosimetry using deep learning 
has been proposed for patient-specific dosimetry. In this study, a 
U-net-based network for voxel-based dosimetry was proposed. In 
particular, dose maps acquired using the multiple Voxel S-value 
(VSV) approach were used for residual learning. Materials 
and Methods: 22 SPECT/CT datasets from seven patients who 
underwent 177Lu-DOTATATE treatment at Seoul National University 
Hospital were used in this study. The dose maps generated from 
Monte Carlo (MC) simulations were used as the reference approach 
and target images for network training. The multiple VSV approach 
was used for residual learning and comparison with dose maps 
generated from deep learning. The conventional 3D U-Net network 
is modified for residual learning. The absorbed doses in the organs 
were calculated as the mass-weighted average of the volume of 

interest (VOI). Results: DL-based dosimetry provided a slightly more 
accurate estimation than the multiple-VSV approach, but the results 
were not statistically significant. The MAEs of multiple VSV were 1.56, 
1.21, 2.79, 2.28, and 4.66% for kidneys, bone marrow, liver, spleen, 
and tumors, respectively. The MAEs of DL were 1.04, 0.81, 0.54, 1.34, 
and 3.18, respectively. The MAEs of the single-VSV approach were 
5.45, 11.84, 6.82, 9.30, and 13.62 in the same order. However, this 
difference is prominent in the error maps. The errors at the voxel 
level were minimum at the lung-liver interface regions, kidneys, 
spleen, and tumors in the liver when the DL-based approach 
was used. The multiple VSV and DL-based approaches showed a 
similar voxel-wise correlation. However, the multiple VSV approach 
underestimated doses in the low-dose range, but it accounted for 
the underestimation when the DL-based approach was applied. 
The voxel-wise correlations were 0.9809, 0.9939, and 0.9954 over the 
entire dose range for the single VSV-, multiple VSV-, and DL-based 
approaches, respectively, and 0.9641, 0.9891, and 0.9911 over the 
low-dose range, respectively. Conclusion: Dose estimation using 
the deep learning-based approach was approximately equal to 
that in the MC simulation. Accordingly, the proposed deep learning 
network is useful for accurate and fast dosimetry after radiation 
therapy using 177Lu labeled radiopharmaceuticals. References: Lee 
MS, Kim JH, Paeng JC, Kang KW, Jeong JM, Lee DS, et al. Whole-Body 
Voxel-Based Personalized Dosimetry: The Multiple Voxel S-Value 
Approach for Heterogeneous Media with Nonuniform Activity 
Distributions. J Nucl Med. 2018;59(7):1133-9. Lee MS, Hwang D, Kim 
JH, Lee JS. Deep-dose: a voxel dose estimation method using deep 
convolutional neural network for personalized internal dosimetry. 
Sci Rep. 2019;9(1):10308.
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Aim/Introduction: Considering ongoing advances in 
radiopharmaceutical therapies (RPTs), the need for robust models 
to simulate the kinetics of radioligands in the body is increasing. 
Such models can help optimize the injected activity and specific 
activity to achieve higher tumor-control-probability, while 
sparing normal organs. Physiologically-based-pharmacokinetic 
(PBPK) models, which have been utilized to study the kinetics of 
chemical pharmaceuticals, can also be used to assess the kinetics 
of radiopharmaceuticals in the body. This could allow us to perform 
dosimetry calculations and personalize the injection even before 
the first therapy cycle. However, some fundamental changes to the 
existing models are required. The aim of this work is to develop and 
fine-tune PBPK modeling for radiopharmaceuticals, and develop 
modular, sustainable, scalable models, enabling investigation of 
optimal injected radioactivities as well as single-/multi-bolus-
injection and infusion techniques. Materials and Methods: Our 
model includes 16 physiological components: arteries, bone 
marrow, bone, GI, liver, spleen, muscles, kidneys, heart, brain, 
adipose tissue, skin, reproductive organs, adrenal glands, lungs, and 
veins, while tumors were modeled as a separate component. Each 
organ consists of vascular, interstitial, ligand-receptor complex, and 
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internalized compartments. To take radiolabeled and unlabeled 
ligands into account, a parallel compartment is associated with 
every compartment. Our model was developed in a modular way 
using python 3.8 and its object-oriented-programming features. 
Organs can be easily removed or added with different structures 
without altering other model components. To solve the system 
of coupled differential-equations (ODEs), we have developed two 
numerical solvers: the fourth order Runge-Kutta, and Runge-Kutta-
Fehlberg (adaptive time step). In addition, we convert the ODEs 
into matrix equations. Solving the differential equations is reduced 
to simple matrix-vector multiplication at each time step that can 
be accelerated using GPUs. Results: The model can be used to 
simulate the kinetics of radiopharmaceuticals in the body. In our 
most recent study using this model, for low specific-activity, we 
observe significant non-linearities; i.e. to double the delivered dose, 
the injected radioactivity has to be more than doubled, or delivered 
using a different scheme than conventional single-bolus. In fact, 
our model has the flexibility to define the injection-profile (single- 
or multi-bolus, constant-infusion, etc.), investigating the effect of 
the injection-profile on delivered doses, which will be presented 
at the conference. Conclusion: We have designed an open-
source, modular PBPK model for RPTs with high-computational-
throughput, to simulate the kinetics of radiopharmaceuticals in the 
body. The results enable us to perform dosimetry calculations and 
personalize the therapy.
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Aim/Introduction: 177Lu-PSMA-based radioligand therapy (PRLT) is 
an effective option in inducing response and prolonging survival of 
metastasized castration-resistant prostate cancer (mCRPC) patients. 
However, some patients don’t respond to PRLT. Moreover, duration 
of response and survival may vary significantly across patients. We 
hypothesized that the rate of tracer washout from the metastases 
might affect PRLT effectiveness; we tested this hypothesis by 
analyzing the uptake parameters on two consecutive post-therapy 
SPECT/CTs. Materials and Methods: We included PSMA-positive 
mCRPC subjects treated with PRLT and with two consecutive 
whole-body SPECT/CT acquisition (24 and 48 hours after the first 
177Lu-PSMA administration). Volumes of interest were drawn on 
lymph node (LNM) and bone (BM) metastases, on both SPECT/
CTs. The relative reduction of the percentage of injected activity 
(ID%red, with negative values indicating increase) between the 

two SPECT/CTs was computed within each volume and compared 
between responders (PSA reduction >50% after two PRLT) and 
non-responders. Moreover, we tested the association of ID%red 
with progression-free survival (PFS) and overall survival (OS) using 
a univariate Kaplan-Meyer (KM) estimator and a multivariate 
Cox regression model (including ID%red, age, disease duration, 
previous chemotherapy, number of mCRPC therapy lines, and 
pre-therapy PSA). Results: Fifty-six patients (median age: 73 years, 
range: 54-87 years) were included. ID%red in LNM and BM was 
greater in non-responder than in responders (40±22% vs 20±20% 
with p=0.003 and 39±18% vs 21±15% with p=0.002, respectively). 
At KM analysis of PFS, a greater ID%red in LNM (p=0.008) and BM 
(p=0.001) was associated with shorter survival; at the multivariate 
analysis, ID%red in LNM was the only independent PFS predictor 
(p=0.03). At univariate KM analysis of OS, greater ID%red in BM was 
associated with shorter survival (p=0.002), while ID%red in LNM 
showed no association (p=0.264). At the multivariate OS analysis, 
pre-therapy PSA levels (p=0.041) and ID%red in BM (p=0.002) were 
retained as independent predictors. Conclusion: The rate of 177Lu-
PSMA washout from the mCRPC metastases appears to be the most 
relevant factor in determining response induction and duration. 
Particularly, a greater radiopharmaceutical washout was associated 
with a lack of response and shorter survival. This pattern might be 
consistent with a shorter 177Lu-PSMA residence time within the 
lesions and thus with a smaller absorbed dose. Washout rate of 
both LNM and BM is linked with PRLT response and PFS, while only 
BM kinetics is associated with OS; this finding is consistent with the 
preponderant pathogenic role of bone metastases in mCRPC. 

EPS-223
The Therapeutic Efficacy and Safety of 177Lu-Prostate‐
Specific Membrane Antigen Radionuclide Therapy for 
Elderly Patients with Metastatic Castration Resistant 
Prostate Cancer
E. Sahin, U. Elboga, Y. B. Çayırlı, U. Çimen, V. Mumcu, M. Okuyan, E. 
Ekinci, Y. Z. Çelen;  
Gaziantep University Faculty of Medicine, Gaziantep, TÜRKIYE.

Aim/Introduction: The aim of this study was retrospectively 
analyzed therapeutic efficacy and safety of 177Lu-Prostate‐Specific 
Membrane Antigen (177Lu-PSMA) Radionuclide Therapy in metastatic 
castration-resistant prostate cancer (mCRPC) patients aged older 
than 75 years. Materials and Methods: Thirty-four mCRPC patients 
aged older than 75 years treated with 177Lu-PSMA were enrolled 
to the study. Pre and 6-8 weeks post therapy; hemoglobin, total 
leukocyte counts, platelets, liver functions tests, serum creatinine, 
prostate specific antigen (PSA) and Eastern Cooperative Oncology 
Group (ECOG) performance status were checked to evaluate the 
toxicity profile and therapeutic efficacy. The Common Terminology 
Criteria for Adverse Events was used for grading adverse events 
caused by 177Lu-PSMA therapy. Results: The median age at 177Lu-
PSMA therapy initiation was 80.1  years old (range 76-92). The 
number of 177Lu-PSMA therapy cycles ranged from two to four 
and the mean administered radioactivity dose was 5.9 GBq per 
cycle.Partial response (PR) was seen in 8 (23.5 %) patients treated 
with 177Lu-PSMA based on PSA levels. Although we observed 
improvement in ECOG scores after treatment, it was not statistically 
significant. Grade 2 haemoglobin toxicity in nine patients, Grade 2 
leukocytopenia in five patients , Grade1 thrombocytopenia in six 
patients, Grade 2 serum creatinine toxicity in three patient were 


