
Manal Halim Wahba/ Afr.J.Bio.Sc. 6(2) (2024)                                                                                          ISSN: 2663-2187 
  

https://doi.org/10.48047/AFJBS.6.2.2024.1472-1481 
 
 

  

ResearchPaper OpenAccess 

African Journal of Biological 
Sciences 

 

 
Diagnostic value of 68Ga-Labeled Prostate Specific Membrane Antigen 
ligand PET/CT in assessment and post therapeutic follow up in 
prostatic cancer 
 
Manal Halim Wahba1, Tamer Wahid Mahmoud Kassem2, Alaa El-Din Wafik Meshref3, 

Asmaa Sayed Eissa Farrag4 

 

1 Professor of Radiodiagnosis, Faculty of Medicine, Cairo University.Email:manal_halim2002@yahoo.com 

2 Professor of Radiodiagnosis, Faculty of Medicine, Cairo University. Email:tamerwahid@hotmail.com 

3 Professor of Urology, Faculty of Medicine, Cairo University.Email:alaa.meshref@gmail.com 

4 Radiodiagnosis specialist, Ministry of Health, Egypt.Email:asmaeissa87@gmail.com 

Corresponding author: Asmaa Sayed Eissa Farragasmaeissa87@gmail.com 

Mailing address: Hadaeq Al Qubbah, Cairo. Egypt. 

 
 

Article History 

 

Volume 6, Issue 2, April 2024 

Received:3June 2024 

Accepted: 2 July 2024 

Published: 2 July 2024 

doi: 

 10.48047/AFJBS.6.2.2024.1472-1481 

 

 

 

 

 

Abstract:Background: The most widely studied type of PSMA based PET/CT is 68Ga-labeled on the 
small molecular inhibitor PSMA-11 (also known as PSMAHBED-CC).Objectives: To assess the 
diagnostic value of 68Ga-PSMAPET/CT in prostatic cancer patients referred for initial assessment and 
post therapeutic follow–up after prostatectomy+/- receiving adjuvant therapy. Results: 38 patients 
with PC performed 68Ga-PSMA PET/CT scan for initial assessment of the disease; all of them (100%) 
showed prostatic activity, 26 (68.4%) showed nodal activity, 18 (47.4%) showed active osseous 
lesions and 7 (18.4%) showed active pulmonary nodules. In conventional CT,8(21%)showed 
prostatic disease, 18 (47.4%) showed metastatic lymphadenopathy, 24(63.2%) showed osseous 
lesionsand28 showed (73.7%) pulmonary nodules. Post-prostatectomy 24patients (+/-adjuvant 
therapy) presented by elevated serum PSA (ranging levels: 1-2ng/ml in 8patients &>2ng/ml in 16 
patients. Operative bed recurrence was detected in 16 (100%) of patients with PSA 
level>2ng/mlandin62.5%(5)of patients with PSA level 1-2ng/ml. 18 patients performed 
complementary MRI for detection of prostatic lesions and that was compatible with the 68Ga-PSMA 
PET/CT scan findings.Conclusions:68Ga-PSMAPET/CT has higher sensitivity than CT conventional 
imaging for evaluation of the primary and metastatic disease. It gets near compatible findings with 
mpMRI in disease localization in the prostate. It can detect tiny metastatic lymph nodes beyond the 
resolution of CT scans. It can detect osseous metastasis with no underlying abnormality on 
conventional CT scans. The likelihood of a pathogenic68Ga-PSMA PET/CT appears to be high in 
detection of disease recurrence with high PSA levels>2ng/ml and less at PSA levels<2ng/ml 
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Introduction 
The prostate specific membrane anti gene (PSMA) is a transmembrane protein with significantly elevated 

expression in PCcells compared to benign prostatic tissue (1). The large transmembrane glycoprotein PSMA 

is composed of a significant extracellular component, a small intracellular component, and a transmembrane 

component (2). 

PSMA overexpression has been discovered to be much higher in prostate cancer than in normal prostatic 

tissue, and it also increases with tumor grade and castrate resistance, making it one of the most attractive 

targets for PET imaging (3). 

So far, several, mainly retrospective studies describe the value of 68Ga-PSMA ligand PET/CT in different 

clinical scenarios (1).All of them demonstrate a higher diagnostic efficacy of 68Ga-PSMA ligand PET/CT 

compared to conventional imaging including PET with other tracers(e.g.,18F-Choline,11C-Choline) (4). 

Inparticular,68Ga-PSMAligandPET/CTpromisesaccuratestagingofprimaryPCandre-stagingafterbiochemical 

recurrence. In a large study in primary intermediate to high-riskPC,68Ga-PSMA-

ligandimaginghasbeenreportedtoclearlyimprovedetection of lymph node metastases compared to 

morphological imaging thus potentially allowing for a more tailored therapeutic concept(5). Similar 

encouraging results were obtained for patients with biochemical recurrence after radical prostatectomy (4). 

Here, 68Ga-PSMA ligand PET imaging has been shown to increase detection of metastatic sites even at low 

PSA-values in comparison to conventional imaging or PET examination with different tracers(6). 

The vast majority of PSMA-targeted PET radiotracers currently used in clinical practice 68Ga-labeled imaging 

agents (7). 

Researchers found that 68Ga-PSMA PET/CT enabled the identification of one or more lesions in 83% of 

patients overall in a sizable study involving 319 individuals with biochemical recurrence, that even in 

patients with low PSA levels has great detection rates: 50% of cases were detected for individuals in the study 

with a serum PSA level of less than 0.5 ng/ml (8). 

The aim of our study is to assess the diagnostic value of 68Ga-PSMAPET/CT in prostatic cancer patients 

referred for initial assessment and post therapeutic follow–up after prostatectomy+/- receiving adjuvant 

therapy. 

Patients and methods 

The local ethical committee authorized the design of the study as prospective comparative study. Total 62 

patients were studied. 38 individuals are pathologically proven to have prostate cancer (through TRUS-

guided biopsies), were referred for initial assessment and metastatic work up. Other 24 individuals are post 

prostatectomy state presented by elevated serum PSA levels, were referred for follow-up to assess for the 

likelihood of recurrent illness. Their ages ranged 55:88 years (mean age 68.3years). 

This study was carried out from January2019 to December2021. 

The inclusion criteria include any patient with prostatic cancer detected by a TRUS guided biopsy for initial 

assessment. Also, patients who undergone prostatectomy +/- adjuvant therapy with a elevated serum PSA 

level for follow up. 

Patients with impaired renal functions were excluded from receiving an iodinated IV contrast injection. 

Imaging protocol: All exams were performed using Siemens BiographmCT20 Excel PET/CT. 18 individuals 

out of total 62 consented patients agreed to perform a complementary MRI for detection of prostatic lesions 

(to compare with the 68Ga-PSMA PET/CT scan findings and for better anatomical details). 

Patient preparation: Prior to the assessment, patients are requested to void and observe a 6-hour fast. All 

patients are asked to be well-hydrated before the study and during the uptake time (oral intake of 500mL of 

water during a 2-h period prior to acquisition). 

Dosage administration: Intravenous bolus injection of 1.8–2.2 MBq/kg bodyweight (0.6 mCiper10 kilogram 

bodyweight) of 68 Ga. A 20-30 minutes interval before examination (Uptake time). Examination time: Low 
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dose non-contrast CT scan done first, then attenuation correction of the whole body by 68Ga-PSMA PET scan 

followed by a complete body enhanced CT scan. The entire study took approximately 20-35 minutes. 

CT Technique: The contrast enhanced helical CT was performed following injection of 1- 2 ml/Kg of a low-

osmolarity iodinated contrast medium at a rate of 4 ml/sec by using a power injector. For a typical whole 

body PET -CT study (neck, chest, abdomen, and pelvis), scanning began at the level of the skull base and 

extended caudally to the level of the mid thighs. Typical scanning parameters would be a collimator width of 

5.0 mm, pitch of 1.5, gantry rotation time of 0.8 second, and field of view of 50cm. The helical data are 

retrospectively reconstructed at 1 mm intervals. 

PET Technique: PET was performed following the CT study without moving the patient. Approximately six to 

seven bed positions are planned in the three- dimensional acquisition mode for scanning the entire patient 

with 3-5 minutes acquisition at each bed position. 

PET/CT fusion: Hundreds of trans-axial PET and CT images were first reconstructed. These are then 

reformatted into coronal and sagittal images to facilitate image interpretation. For each of these sets of PET 

and CT images, corresponding “fusion” images, combining the two types of data, also were generated. The 

whole acquisition time for an integrated PET/ CT scan was approximately 25 min. PET image data sets were 

reconstructed using CT data for attenuation correction and co-registered images were displayed using special 

software. 

Interpretation of the CT findings: Assessment of the prostatic volume and capsule for extra prostatic 

extensions. Detection of lymph nodes enlargement, osseous deposits, lungs and other soft-tissue lesions. 

Assessment of regional and distant lymph nodes regarding their size and morphology; they were considered 

malignant when measures more than 1.0 cm (short axis). The lymph nodes considered benign if calcified (like 

in mediastinal lymph nodes).Assessment of bone was done using bone window images for lytic, sclerotic 

lesions, extra osseous soft tissue component or pathological fractures. Pulmonary nodules were considered 

benign when measuring 4mm or less, calcified nodules, stable during the follow up. Lung nodules were 

considered malignant when newly developed or increasing in size or larger than 4 mm in diameter. 

PET/CT interpretation: At multidisciplinary conference for reporting, all studies were evaluated by two 

nuclear medicine specialists and radiologists, as per institutional standards. Bone metastases and local 

recurrence were both characterized as the absence of morphological alterations. Because The CT detecting 

ability for these metastases is poor, increased localized tracer absorption in these areas was thought to be a 

sign of local recurrence or bone metastases even if there is no morphological relationship. The highest uptake 

plane for prostate lesions was used to place volumes of interest, and maximum standardized uptake values 

(SUVmax) were evaluated and reported. PSMA uptake was frequently observed but wasn't considered 

aberrant in the sacral, celiac, and stellate ganglia. 

Statistical methods 

Statistical analysis was done using IBM SPSS® Statistics version 26 (IBM® Corp., Armonk, NY, USA). 

Numerical data were expressed as mean and standard deviation or median and range as appropriate. 

Qualitative data were expressed as frequency and percentage. 

Pearson’s Chi-square test or Fisher’s exact test was used to examine the relation between qualitative 

variables. 

Evaluation of the Conventional CT and PET CT was done by calculating sensitivity, specificity, positive 

predictive values (PPV), negative predictive value (NPV). 

Kappa test was used to evaluate agreement between two diagnostic methods (Conventional CT and PET CT). 

All tests were two-tailed. A p- value < 0.05 was considered significant. 

 

Results 

Total 62 patients were studied. Their ages ranged 55:88 years (meanage68.3years).1st group 38 individuals 

are pathologically proven to have prostate cancer (through TRUS-guided biopsies), were referred for initial 

assessment and metastatic work up. The 68Ga-PSMA PET/CT findings in this group were compared with the 
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conventional CT findings. The 2nd group 24 individuals are posting prostatectomy state presented by elevated 

serum PSA levels, were referred for follow-up to assess for the likelihood of recurrent illness. 18 patients 

performed complementary MRI for detection of prostatic lesions and that was compatible with the 68Ga-

PSMA PET/CT scan findings. 

In 68Ga-PSMA PET/CT scan; all of the 1st group 38 patients (100%) showed prostatic activity, 26 (68.4%) 

showed nodal activity, 18 (47.4%) showed active osseous lesions and 7 (18.4%) showed active pulmonary 

nodules. In conventional CT, 8 (21%) showed prostatic disease, 18 (47.4%) showed metastatic 

lymphadenopathy, 24(63.2%) showed osseous lesionsand28 showed (73.7%) pulmonary nodules. 

Sensitivity of 68Ga-PSMA PET/CT in detection of cancer prostate was 100% and PPV=100%. Specificity or 

NPV could not be calculated since no negative cases by PET/CT were detected. Sensitivity of Conventional CT 

was 21%, PPV 100%. 

According to Fleiss et al. (2003) in measure of agreement evaluation by Kappa value, 68Ga-PSMA PET/CT 

study and conventional CT study showed fair agreement regarding the prostatic extra capsular extensions as 

well as nodal and osseous deposits with Kappa values=0.496, 0.587 & 0.689 respectively and p-value <0.001. 

The 2nd group post-prostatectomy 24 patients (+/-adjuvant therapy) presented by elevated serum PSA 

(ranging levels:1-2ng/ml in 8 patients &>2ng/ml in 16patients.The rate of positive scans in evaluation of 

operative bed recurrence was 87.5%. The rate of positive scans was 20.8% for PSA levels 1-2 ng/mL and 

66.6% for PSA levels >2ng/mL. It means that operative bed recurrence was detected in 16 (100%) of patients 

with PSA level>2ng/mlandin62.5%(5)of patients with PSA level 1-2ng/ml (P-value=0.028).No operative bed 

activity was detected in 3 individuals with PSA serum level 1-2ng/ml. 

 

Cases 

Figure 1: 63 years old patient presented by pathologically proven prostate cancer for 68Ga-PSMA PET/CT 

assessment and metastatic work up. (a) Axial conventional CT (b) axial fused PET/CT (c) axial MIP image (d) 

complementary axial STIR MR image (e) axial T2 MR Image with fusion show increased PSMA uptake within 

the left posterior peripheral zone (SUV max 5). Overlying left posterior capsular invasion and effaced recto-

prostatic fat. 
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Figure 2: 53 years old patient presented by pathologically proven prostate cancer for 68Ga-PSMA PET/CT 

assessment and metastatic work up. (a)&(b) axial and coronal conventional CT and fused PET/CT images of 

the prostate and pelvic bones show increased PSMA uptake by multiple confluent lesions within the gland 

(SUV max17.1) and the membranous urethra/external sphincter and sclerotic deposits within the right 

symphysis and left femur. (C) Coronal conventional CT and fused PET/CT images show PSMA active cervical, 

mediastinal and pelvi-abdominal lymphadenopathy (mot active is left external iliac (SUVmax 54). (d) Sagittal 

conventional CT bone window and fused PET/CT images show multiple spinal sclerotic deposits (SUVmax 

18.1). 
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Figure 3: 68 years old patient underwent radical prostatectomy on hormonal treatment  presented with 

elevated serum PSA level (11.5ng/ml). (a) axial conventional CT, fused PET/CT and MIP images show 

operative bed recurrence (SUVmax35.1). (b) axial conventional CT, fused PET/CT and MIP images show right 

internal iliac nodal deposits (SUVmax34.3).(C) axial conventional CT bone widow, fused PET/CT and MIP 

images show right femur osseous deposit (SUVmax22.9). (d) Coronal MIP images of whole body show the 

operative bed recurrence, nodal deposits and right femoral osseous deposit. 

 
Figure 4:(a, b, c) axial conventional CT bone window of three different cancer prostate patients show no 

osseous abnormality (d, e & f) showosseous depositsin sacrum (SUVmax 20.3), left iliac bone (SUVmax 4.9), 

right pubic bone (SUVmax 3.1).  
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DISCUSSION 

Conventional imaging techniques, such as Computed Tomography (CT) or multi-parametric magnetic 

resonance imaging (mpMRI), have been used to substantiate the diagnostic value. Given its poor sensitivity 

and specificity, anatomical diagnosis with CT of the prostate gland has been primarily used to stage the 

disease once diagnosis has been established. Computed tomography may reveal metastatic spread to pelvic 

lymph nodes, seminal vesicles, osseous metastases but is inherently based on changes in anatomy, 

particularly with regard to size. Thus, the failure to provide information pertaining to tumor metabolic 

activity limits its use to the early stage of disease (9). 

Gallium68-ligand-PSMA is a new radiotracer with great diagnostic potential in prostate cancer patients (10). 

The purpose of our study is to assess the diagnostic value of 68Ga-PSMA PET/CT in prostatic cancer patients 

referred for initial assessment and post therapeutic assessment. 

Total 62prostate cancer patients were studied.1st group 38 individuals were referred for initial assessment 

and metastatic work up. The 68Ga-PSMA PET/CT findings in this group were compared with the conventional 

CT findings. The 2nd group 24 individuals are post prostatectomy state presented by elevated serum PSA 

levels, were referred for follow-up to assess for the likelihood of recurrent illness. 18 patients performed 

complementary MRI for detection of prostatic lesions and that was compatible with the 68Ga-PSMA PET/CT 

scan findings. 

Sensitivity of 68Ga-PSMA PET/CT in detection of cancer prostate was 100% and PPV=100%. Sensitivity of 

Conventional CT was 21%, PPV 100%.68Ga-PSMA PET/CT study and conventional CT study showed fair 

agreement regarding the prostatic extra capsular extensions as well as nodal and osseous deposits with 

Kappa values=0.496, 0.587 & 0.689 respectively and p-value <0.001. 

Our results were matched with the systematic review and meta-analysis; conducted seven studies comprising 

389 patients and published by Satapathy et al., 2021 (11).in the American Journal of Roentgenology. The 

author reported that the pooled sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio 

for the initial diagnosis of PCa using 68 Ga-PSMA were 0.97 (95% CI, 0.90–0.99), 0.66 (95% CI, 0.52–0.78), 

2.86(95% CI, 1.95–4.20), and 0.05 (95% CI, 0.01–0.15), respectively. 

Our results are near compatible with Von Klot et al.,2017 (12) study that included 21 patients and found 

that sensitivity, specificity, positive predictive value and negative predictive value were, respectively, 94.7%, 

75.0%, 97.3% and 60.0% for intra prostatic tumor infiltration, 75.0%,100.0%, 100.0% and 97.4% for SVI, and 

90.0%, 90.9%, 90.0% and 90.9%for ECE. 

Our results appear compatible with Maurer et al.,2016(13) who compared68Ga-PSM-PET/CT to 

conventional imaging (CT and MRI) for the detection of LNM for patients prior to RP and pelvic LND.68Ga-

PSMA-PET/CT resulted in a sensitivity and specificity of 65.9% and 98.9% on a per-patient level compared 

with 44.9% and 85.4% for conventional imaging. 

Rauscher et al., 2016(14) also performed a comparison on 68Ga-PSMA- PET/CT with traditional 

morphological imaging in detecting LNMs prior to salvage LND. From this, 68Ga-PSMA-PET/CT had a resulting 

sensitivity and specificity of 78% and 97%. In comparison, morphological imaging [CT and magnetic 

resonance imaging (MRI)] had a sensitivity of 27% and specificity of 99%. 

In 2016 Maurer and colleagues(15) retrospectively reviewed 130 patients with intermediate-to-high-risk PC 

who had undergone initial staging with both conventional (CT or MR) and 68Ga-PSMA-11 PET imaging prior 

to radical prostatectomy (RP) with pelvic lymph node dissection (PLND). Thirty-one percent of patients had 

lymph node metastases at the time of surgery, and 68Ga-PSMA-11 PET significantly outperformed 

conventional morphologic imaging with patient-based sensitivities of 65.9% versus 43.9%, and diagnostic 

accuracies of 88.5% versus 72.3%, respectively. 

In a study performed for detection of false positive prostate cancer bone metastasis; Abubakar et al., 

2018(16)reported a patient with high-risk prostate cancer with features consistent with skeletal metastases 

on MRI but negative for skeletal metastases on bone scan and 68Ga PSMA PET CT. Histology confirmed the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/retroperitoneal-lymph-node-dissection
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absence of skeletal metastases. This can justify the conventional CT higher sensitivity in our study compared 

to PSMA PET/CT and confirms the high specificity of 68Ga-PSMA in diagnosis of bone metastasis. 

The 2nd group post-prostatectomy 24patients (+/-adjuvant therapy) presented by elevated serum PSA. The 

rate of positive scans in evaluation of operative bed recurrence was 87.5%. The rate of positive scans was 

20.8% for PSA levels 1-2 ng/mL and 66.6% for PSA levels >2ng/mL.In other words; the operative bed 

recurrence was detected in 100% of patients with PSA level>2ng/mlandin62.5%ofpatients with PSA level 1-

2ng/ml (P-value=0.028).No operative bed activity was detected in 3 individuals with PSA serum level 1-

2ng/ml.Our findings appear to be near comparable to findings from the two largest meta-analyses and a large 

prospective study (17-20)that reported the detection rate ranges from 74 to 81%, and that the pooled 

estimated rate of positive scans are correlated with the PSA level. It is also matched with study done by Bois 

et al.,2020 (21)where the rate of positive scans was 42- 57% for PSMA levels of 0.2-0.99 ng/mL, 58-84% for 

PSMA levels of 1.0-1.99 ng/mL, 76% for PSMA levels of 2.0-2.99 ng/mL, and 95% for PSMA levels above 2 

ng/mL. 

Study limitations 

First, the lack of a histopathological gold standard of the metastatic nodal and osseous lesions to calculate the 

specificity of our imaging modality. Second, NPV could not be calculated since no negative cases detected by 

PET/CT in the group of initial staging. Third, lacking of including post prostatectomy patients with serum PSA 

level <0.5ng/mL to get more clinical value in detection of biochemical recurrence. 

Conclusions 
68Ga-PSMAPET/CT is a superior modality of higher sensitivity than CT conventional imaging for evaluation of 

the primary and metastatic prostate cancer and near compatible with mpMRI in evaluation of the local 

disease. It can detect tiny metastatic lymph nodes beyond the resolution of CT scans. It can detect osseous 

metastasis with no underlying abnormality on conventional CT scans. The pathogenic likelihood of 68Ga-

PSMA PET/CT in the detection of disease recurrence appears to be higher in individuals with higher PSA 

levels. 
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