








Salimi et al Clinical Nuclear Medicine e Volume 50, Number 4, April 2025

TABLE 5. Mann-Whitney P Values Comparing Task 1 and Task 2

Organ Dice Jaccard Mean Surface Distance Volume Difference
Liver 0.000 0.000 0.000 0.089
Brain 0.619 0.619 0.485 0.164
AG 0.236 0.236 0.315 0.001
Stomach 0.011 0.011 0.069 0.473
Rib cage 0.000 0.000 0.000 0.000
Colon 0.396 0.396 0.136 0.012
Erectus spinae 0.000 0.000 0.000 0.000
Sacrum 0.318 0.318 0.248 0.255
Aorta 0.003 0.003 0.003 0.024
Clavicle 0.385 0.385 0.887 0.633
Esophagus 0.000 0.000 0.000 0.068
Vertebrae 0.001 0.001 0.006 0.092
Eyeballs 0.000 0.000 0.000 0.000
FH 0.000 0.000 0.004 0.342
GB 0.034 0.034 0.261 0.061
Spleen 0.000 0.000 0.000 0.458
Kidneys 0.162 0.162 0.296 0.263
Lungs 0.000 0.000 0.000 0.000
Hips 0.421 0.421 0.763 0.855
Pancreas 0.175 0.175 0.350 0.022
UB 0.741 0.741 0.362 0.463
Heart 0.000 0.000 0.000 0.907

P < 0.05 reflects statistically significant difference.

Evaluation Strategy In summary, the proposed methodology includes:

_Common segmentation evaluation metrics, including Dice 1 Generating segmentations on CT images.
coefficient, Jaccard index, precision, sensitivity, Specificity, accu-. vjsual assessment and excluding cases presenting with PET ar
racy, mean surface distance, and segment volume difference, were cT mjsalignment.
used to compare the predicted segmentation with the referencg Resampling and converting the segmentation outputs to PE
ones. The Mann-Whitnely test was employed to compare the  gyy jmages.
models performance on NC and ASC images. In other words, weg. Training the modified nnU-Net segmentation models for each
compared performance between tasks 1 and 2 as well as between iagk for 2 tracers, namelfF-FDG andFéGa-PSMA.
tasks 3 and 4, seeking statistically significant differences using a ' '
2-tailedP value of 0.05 as the threshold. Finally, the modelgperformance was evaluated for each task.

FIGURE 4. Coronal (top), axial (middle), and 3D (bottom) visualizations of the segmentations for tasks 1 and 2. Each color
presents 1 organ; the internal organs, such as kidneys, are not visible in 3D-rendered images. The face is masked for privacy.

294 | www.nuclearmed.com © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.





http://links.lww.com/CNM/A531

Salimi et al

Clinical Nuclear Medicine e Volume 50, Number 4, April 2025

TABLE 6. Average Segmentation Metrics From 5-Fold Cross-Validation for Task 3 for All Included Organs

Mean Surface Volume

Task  Segment Dice Jaccard Sensitivity Specificity Precision Accuracy  Distance (mm) Difference (mL)
Task 3 AG 0421 +0.154 0.279+0.13 0.391+0.154 1.0+00 0482+0.179 1.0+0.0 4.085+4.086104 + 3.93
Aorta  0.809 + 0.076 0.685+0.092 0.806 + 0.091 1.0+£00 0.819+0.074 0.999 0.0 2.264 + 4.588.15 + 41.849
Brain  0.928 + 0.046 0.868 + 0.072 0.924 + 0.057 10+£00 0.934+0.051 0.999+0.001 5.735+ 10.6®78 + 83.016
Eyeballs 0.67 £0.163 0.524 +0.169 0.678 + 0.169 10+£00 0.669 +0.168 1.0+£0.0 4.195 + 23.087 0.403 + 4.94.
Heart 0.869+0.065 0.774+0.09 0.871+0.081 1.0+£00 0.872+0.073 0.999+0.0 6.668 + 17.6249 + 86.089
Hips  0.804 £0.069 0.677 +0.084 0.804+0.079 0.999+0.0 0.806+0.072 0.999 + 0.0 2.324 + 5.68756 + 68.178
Kidneys 0.824+£0.109 0.712+0.129 0.83+0.119 1.0+0.0 0.827+0.104 0.999 +0.0 2.837+4.473 1.095 + 79.2:
Liver 0.867 £0.075 0.772+0.103 0.874+0.088 0.999 +0.001 0.866 + 0.081 0.998 + 0.001 4.052 * 3.702 5.234 + 241.
Lungs 0.899+0.071 0.821+0.081 0.899+ 0.083 0.999 + 0.001 0.906 + 0.048 0.997 £ 0.001 2.578 + 2.85367 + 344.082
Pancreas 0.596 +0.159 0.441+0.152 0.575+0.175 10+£00 0.645+0.171 1.0+0.0 5.236 + 61485614 + 30.184
Rib cage 0.555+0.085 0.389+0.078 0.575+0.091 0.999+0.0 0.542+0.095 0.997 +0.001 2.791 + 1.588 47.523 £ 118
Sacrum 0.802 +0.072 0.675+0.086 0.817 +0.083 1.0+£00 0.792+0.077 1.0+0.0 2.492 +1.386 8.747 + 30.3
Spleen 0.794£0.119 0.671+0.14 0.792+0.125 1.0+00 0.808+0.135 1.0+0.0 3.542 + 410387 + 39.075
uB 0.822+0.126 0.713+0.147 0.818 + 0.147 10+£00 0.848+0.136 1.0+£0.0 3.83 £ 9.019085 + 49.223
Vertebrae 0.818 + 0.036 0.694 + 0.049 0.826+0.043 0.999+0.0 0.812+0.046 0.998 + 0.0 1.527 +0.483 18.014 + 83.1
Tasks 3 and 4 demonstrating the mismatch between PET and CT images. Thi

The averages of the Dice scores over 15 organs from 5-fofg2Se shows the unreliable CT generated masks and the excelle
cross-validation were 0.766 + 0.171 and 0.788 + 0.163 for tasks Rerformance of our model in delineating organs.
and 4, respectively. The performance metrics for tasks 3 and 4 are
summarized in Tables 6 and 7. The detailed performance metrics DISCUSSION
are reported separately for each fold in Supplementary Table 1,  Automatic, fast, and accurate segmentation of medical im-
http://links.ww.com/CNM/A531. The Dice values for task 4 wereages has become 1 of the hottest topics in precision medicine fo
significantly higher than those for task 3 wihvalues below personalized dosimetry and image quantificatiof. In nuclear
0.05 for most organs, except for larger organs with a clear objectivaedicine, where PET/CT and SPECT/CT are commonly performec
contrast orfGa-NC images, such as the hips, sacrum, vertebragyr diagnostic and therapeutic purposes, automated organ segment
kidneys, and UB. The values are reported in Table 8. The lowesttion is crucial. Recent studies showed the importance of organomic:
Dice value was observed for AG, whereas the highest was achievadd organ information in overall survival predicto? as well as
for the brain. Figure 6 displays the box plot of Dice scores for thenisalignment detection on PET/CT imadfeas well as pretherapy
included organs in tasks 3 and 4. dose prediction in PSMA theragnostic procediftéhe common
Figure 7 illustrates an example with strong alignment bemethod used for automated organ delineation in hybrid PET/CT
tween CT and PET within the 5-fold cross-validation data split foand SPECT/CT relies on the coregistered CT images. However, thi
tasks 3 and 4. Figure 8 depicts an image from the excluded studigsproach is subject to limitations, such as the highly prevalent

TABLE 7. Performance Metrics From 5-Fold Cross-Validation for Task 4

Mean Surface Volume

Task  Segment Dice Jaccard Sensitivity Specificity Precision Accuracy  Distance (mm) Difference (mL)
Task 4 AG 0.437 £0.155 0.293+0.133 0.414 +0.154 1.0£0.0 0.485 +0.179 1.0£0.0 3.355 + 2.9608 + 3.422
Aorta  0.825+0.075 0.708 + 0.096 0.824 + 0.081 1.0+£0.0 0.832 £ 0.085 1.0+0.0 1,913+ 2.27939 + 69.773
Brain  0.942 £ 0.042 0.893+0.064 0.942 + 0.053 1.0+£0.0 0.945 +0.044 0.999 % 0.0 5.559 + 119784 + 84.242
Eyeballs 0.753+0.134 0.62+0.151 0.747 £ 0.132 1.0+£0.0 0.774 +0.14 1.0+0.0 6.797 £ 37.747  0.379 = 15.8!
Heart 0.897 £ 0.057 0.818+0.081 0.898 + 0.073 1.0+x0.0 0.9+0.061 0.999 0.0 6.186 =+ 17513& + 73.578
Hips  0.812+0.068 0.688+0.082 0.803+0.08 0.999+0.0 0.824 + 0.067 0.999 + 0.0 2.189 + 6.281 + 70.011
Kidneys 0.819+0.12 0.707£0.136 0.824 +0.118 1.0£0.0 0.826 +0.126 0.999 + 0.001 3.641 +8.759 5.333 £ 132.]
Liver  0.904 £ 0.062 0.829+ 0.087 0.906 + 0.082 0.999 + 0.0 0.906 £ 0.055 0.999 + 0.001 2.599 + 2.9684 + 222.004
Lungs 0.926 +0.035 0.864 £ 0.054 0.926 + 0.047 0.999 + 0.001 0.927 +0.037 0.998 £ 0.001 1.744 + 1.3963 + 226.443
Pancreas 0.63+0.151 0.476 +0.148 0.617 + 0.164 1.0+0.0 0.665 + 0.17 1.0+ 0.0 4.417 + 5RB62 + 28.548
Rib cage 0.585+ 0.077 0.417 £0.072 0.607 +£0.081 0.999 + 0.0 0.571+£0.092 0.997+0.001 2.391+1.414 49.412+ 122
Sacrum 0.793 +0.086 0.664 + 0.101 0.804 + 0.095 1.0+0.0 0.786 + 0.091 1.0+£0.0 3.595+10.435 6.662+ 33.1
Spleen  0.839+0.097 0.732+0.123 0.838 + 0.107 1.0£0.0 0.847 = 0.106 1.0+0.0 2.752 + 52885 + 31.768
uB 0.834+0.11 0.728+0.135 0.828 +0.138 1.0+0.0 0.861 + 0.125 1.0+0.0 2.628 + 2.19@62 + 46.993
Vertebrae 0.819 £ 0.039 0.696 + 0.053 0.831+0.05 0.999 +0.0 0.81+£0.048 0.998+0.001 1.54+0.598 29.778 + 96.(
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