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Highlights:

 ● A novel AI-based method for detecting and quantify-
ing suspected prostate tumor or local recurrence, lymph 
node metastases, and bone metastases in 18F-PSMA 
PET/CT.

 ● A comprehensive validation process, comparing the AI 
method with manual segmentations performed by sev-
eral nuclear medicine physicians, achieving sensitivities 
on par with human experts.

 ● The developed AI tool is freely available for researchers 
and offers potential in standardizing interpretation, act-
ing as a second opinion, and quantifying PSMA-positive 
tumor burden.

Prostate cancer is one of the most common causes of cancer-
related deaths among men worldwide. Accurate staging and 
discovery of recurrence sites are vital for treatment deci-
sions. PSMA PET/CT is an emerging method for this pur-
pose, but it is subject to inter- and intra-observer variability. 
The paper aims to address the deficit of nuclear medicine 
physicians and radiologists able to interpret the studies by 
developing an AI-based method for detection and quantifi-
cation of prostate cancer.

Prostate cancer is one of the most common and life-
threatening male cancers worldwide. Early and accurate 
diagnosis, followed by targeted treatment, is crucial to 
improving patient survival and quality of life. While 
traditional diagnostic and treatment methodologies are 
effective to a certain extent, they often face challenges in 
terms of consistency, objectivity, and efficiency.

Nuclear medicine, with its innovative tracers such as 
prostate membrane specific antigen (PSMA), is address-
ing key challenges in the diagnosis and treatment of 
prostate cancer. In line with these advances, the field of 
artificial intelligence (AI) is making significant strides in 
enhancing PET/CT imaging for prostate cancer, as well 
as for other areas of nuclear medicine [1, 2]. The synergy 
of AI with medical imaging is transforming the detec-
tion, assessment, and management of prostate cancer, 
enhancing precision and spurring research into AI-based 
imaging biomarkers. This minireview examines three 
pioneering studies that signify a new AI era in the diag-
nosis and treatment of prostate cancer, illuminating the 
path towards more personalized, effective, and stream-
lined healthcare solutions.
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The study included 660 patients who were referred 
for 18F-PSMA PET/CT at Skåne University Hospital in 
Sweden from December 2019 to December 2020. The 
images were acquired using a PET/CT, and a diagnos-
tic CT with oral and intravenous contrast was performed 
for attenuation correction and anatomic correlation. The 
AI model consists of a Unet3D convolutional neural net-
work (CNN) trained to classify each pixel as either pros-
tate tumor or recurrence, lymph node metastases, bone 
metastases, or background. The model was trained using 
image patches, subsets of the full image, and evaluated 
on a lesion-based level using three sets of expert read-
ers. The study also assessed tumor burden by measuring 
the total lesion volume (TLV) and the total lesion uptake 
(TLU).

Sensitivity of the AI method was 79% for detecting 
prostate tumor/recurrence, 79% for lymph node metas-
tases, and 62% for bone metastases. Nuclear medicine 
physicians’ corresponding sensitivities were 78%, 78%, 
and 59%, respectively. Correlations of TLV and TLU 
between AI and nuclear medicine physicians were sta-
tistically significant, with Spearman’s coefficients of 
r = 0.53 for TLV and r = 0.83 for TLU, respectively. The 
AI-based method was found to be effective in detecting 
and quantifying suspected prostate tumor or local recur-
rence, lymph node metastases, and bone metastases, with 
performance comparable to human experts.

Reviewer’s Comments

The study introduces a significant innovation in the field of 
prostate cancer detection by developing an AI-based method 
with sensitivity levels  comparable to human experts. This 
freely available tool  represents a substantial advancement, 
demonstrating  effectiveness in detecting prostate tumor/
recurrence and lymph node metastases, although there is 
room for improvement in detecting bone metastases. The 
decision to make the AI tool freely available enhances its 
accessibility and potential impact.

While further validation using more diverse datas-
ets and improving the sensitivity of detecting low bone 
metastases remains to be done, this study offers poten-
tial applications in treatment evaluation and response 
assessment through the development of novel AI mod-
els, providing a valuable resource for standardization and 
pointing the way to addressing the lack of experts in the 
field.

Automated Quantification of PET/CT 
Skeletal Tumor Burden in Prostate cancer 
Using Artificial Intelligence: The PET Index

Sarah Lindgren Belal, Måns Larsson, Jorun Holm, Karen 
Middelbo Buch-Olsen, Jens Sörensen, Anders Bjartell, Lars 
Edenbrandt, Elin Trägårdh.

Malmö, Uppsala, Gothenburg, and Lund, in Sweden; 
Odense, in Denmark.
European Journal of Nuclear Medicine and Molecular 
Imaging 50 (2023):1510–1520. https://doi.org/10.1007/
s00259-023-06108-4

Highlights:

 ● A novel AI-based model for automated assessment of 
PET/CT skeletal tumor burden in prostate cancer, using 
a CNN.

 ● A comprehensive dataset of 168 patients from three cen-
ters, and the model’s performance was found to be supe-
rior to using a threshold, correlating moderately strong 
to physician PET index.

 ● The developed model offers a consistent and objective 
evaluation of bone metastases in prostate cancer, poten-
tially paving the way for a new imaging biomarker for 
skeletal metastases in prostate cancer.

The consistent assessment of bone metastases is vital for 
patient management and clinical trials in prostate cancer. 
Previous studies have used various semi-automated meth-
ods for quantification, often based on fixed SUV thresholds. 
These methods are labor-intensive and subject to individual 
interpretation. This study aims to overcome these limita-
tions by developing a fully automated CNN-based model 
for calculating PET/CT skeletal tumor burden in prostate 
cancer patients.

The authors employed manual annotation of skeletal 
lesions in 18F-fluoride PET/CT scans from 168 patients 
across three centers to train a CNN for the automated seg-
mentation of lesions. This CNN-based segmentation model 
is composed of two distinct networks: an organ CNN, which 
acquires organ masks from CT, and a lesion CNN, which 
works in conjunction with PET, CT, and organ masks to 
segment lesions. A quantitative measure of tumor burden 
is performed by calculating a PET index, which represents 
the ratio of the resulting segmented lesions to the skeletal 
volume observed in the images. The training phase utilized 
116 patients, while a separate validation set comprised 26 
patients. The AI model was then evaluated on an additional 
26 patients, and its performance was compared against phy-
sician segmentation and an SUV 15 threshold.
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The AI model’s performance was evaluated through both 
patient-level and lesion-level analyses. The PET index, repre-
senting the percentage of skeletal volume taken up by lesions, 
was estimated using the AI model, and it correlated moder-
ately strong with the physician PET index (mean Spearman’s 
coefficient r = 0.69), while the threshold PET index correlated 
fairly (mean Spearman’s coefficient r = 0.49). Sensitivity for 
lesion detection ranged from 65 to 76% for AI, 68–91% for 
physicians, and 44–51% for the threshold.

At the patient-level, the AI model’s sensitivity was com-
parable to the readers, but the median PPV was only 52.9%. 
The AI model did not rule out metastatic uptake in any 
patient where the readers agreed on prevalence, but it had 
a higher false positive rate. At the lesion-level, the average 
number of false positives per patient was higher for the AI 
model (2.6) compared to the readers (1.5). The AI model’s 
propensity to segment individual lesions as larger volumes 
and/or due to the higher number of false positives resulted 
in a generally higher PET index compared to the readers.

Reviewer’s Comments

The paper introduces an AI-based model to automate the 
assessment of PET/CT skeletal tumor burden in prostate can-
cer. Utilizing CNNs, the study offers a more consistent and 
objective evaluation, demonstrating moderate to strong corre-
lation with physician PET index and superior sensitivity com-
pared to traditional threshold methods. However, the study’s 
limitations include the need for a more diverse dataset and 
a broader comparison with different segmentation methods.

Development of an automated AI model for imaging 
biomarkers heralds a new era in medical diagnostics and 
treatment. Its potential applicability to different radio-
tracers and various imaging modalities could open doors 
for the diagnosis, prognosis, and management of diverse 
diseases. While the study’s limitations call for further 
refinement and validation in larger, multi-center studies, 
presenting a developing AI tool that may initiate a trans-
formative era in the utilization of automated biomarkers 
for a wide range of medical conditions.

Artificial intelligence-based Measurements 
of PET/CT Imaging Biomarkers are 
Associated with disease-specific Survival of 
high-risk Prostate cancer Patients

Eirini Polymeri, Henrik Kjölhede, Olof Enqvist, Johannes 
Ulén, Mads H. Poulsen, Jane A. Simonsen, Pablo Borrelli, 
Elin Trägårdh, Åse A. Johnsson, Poul Flemming Høilund–
Carlsen, Lars Edenbrandt.

Gothenburg, Malmö, in Sweden; Odense, in Denmark.
Scandinavian Journal of Urology 55 (2021): 427–433. 
https://doi.org/10.1080/21681805.2021.1977845.

Highlights:

 ● A novel AI-based approach to measure prostate tumor 
content in PET/CT scans.

 ● The AI-based measurements of total tumor volume and 
lesion uptake were significantly associated with disease-
specific survival in high-risk prostate cancer patients.

 ● This approach could offer a more objective and clinical-
ly relevant patient stratification and monitoring method 
compared to conventional measurements.

The study aims to address the limitations of conventional 
imaging techniques in assessing prostate cancer. Traditional 
methods depend on subjective visual analysis and readily 
available metrics such as SUVmax, which might not pro-
vide an accurate representation of the disease’s activity. The 
authors hypothesized that AI-based measurements of total 
volume and lesion uptake of the entire tumor would provide 
better prognostic significance.

The study utilized an AI-based algorithm trained on 145 
patients and tested retrospectively on 285 high-risk prostate 
cancer patients. The algorithm automatically measured the 
prostate and its tumor content in PET/CT scans, obtaining 
data on prostate tumor volume, tumor fraction of the gland, 
lesion uptake of the entire tumor, and SUVmax. The asso-
ciations between these measurements, age, PSA, Gleason 
score, and prostate cancer-specific survival were studied 
using a Cox proportional-hazards regression model.

To handle multifocal disease, all prostate lesions were 
considered, including those that were far apart from each 
other. To avoid false readings due to leakage of uptake from 
surrounding tissue, Meyer’s flooding algorithm was uti-
lized. This method assigns each high abnormal voxel to a 
local maximum in the PET image, and if this local maxi-
mum is found outside the area identified as the prostate, it 
is classified as leakage and the classification is adjusted to 
normal.

Out of the 285 high-risk prostate cancer patients who 
were part of the retrospective study, 23 died of prostate 
cancer during the follow-up period. The findings revealed 
that specific factors, including the total tumor volume of 
the prostate (p = 0.008), the tumor fraction within the gland 
(p = 0.005), the total lesion uptake of the prostate (p = 0.02), 
and age (p = 0.01), were significantly linked to disease-spe-
cific survival. On the other hand, traditional measurements 
like SUVmax (p = 0.2), PSA (p = 0.2), and Gleason score 
(p = 0.8) did not show a significant association. The study 
concluded that the AI-based evaluations were aptly suited 

1 3

99

https://doi.org/10.1080/21681805.2021.1977845


Nuclear Medicine and Molecular Imaging (2024) 58:97–100

era in prostate cancer management. Future research should 
focus on further refining these tools to fully realize their 
revolutionary potential in healthcare.
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for meaningful patient stratification and monitoring in a 
clinical setting, offering a more precise understanding of 
individual therapy needs.

Reviewer’s Comments

The study unveils an AI-based innovation in prostate can-
cer diagnosis and prognosis, poised to reshape the way 
clinicians assess disease-specific survival. This method’s 
effectiveness and sensitivity offer a more intricate under-
standing of the disease, opening doors to individualized 
treatment plans. A notable strength of this approach is its 
ability to handle multifocal disease and the uptake leak-
age from surrounding tissue. To prevent false readings 
from uptake leakage from surrounding tissue, Meyer’s 
flooding algorithm was employed, enhancing the accu-
racy of the measurements.

This research presents a forward-looking perspec-
tive on the integration of AI in medical practice. In the 
past, the interpretation of countless recorded videos was 
oftern governed by subjective reader judgment. With AI 
now providing objective imaging biomarkers, medical 
professionals and researchers can make more informed 
decisions regarding diagnosis, staging, and treatment 
procedures. This study serves as a compelling demon-
stration of AI’s potential, paving the way for the develop-
ment and exploration of more advanced AI-based tools 
in the future.

Conclusion

The integration of AI into prostate cancer diagnosis and 
treatment marks a significant advancement. The studies 
highlighted here demonstrate the potential of AI in detect-
ing and quantifying prostate tumors and metastases with 
remarkable efficiency and precision. By outperforming tra-
ditional methods and offering personalized treatment strate-
gies, these AI-based tools are setting the stage for a new 
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