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Abstract

Background: The aim of this study is to investigate the role of PET/CT imaging with the 68Ga-labeled PSMA-ligand
in the follow up assessment of post-operative and post-therapeutic cases of prostate cancer. All data were collected
and analyzed retrospectively, enrolling 30 patients (their age range from 53 to 80 years with a mean age 67.8). The

patients had been referred to a private imaging center for their assessment by 68Ga-labeled PSMA-ligand PET/CT.

and 96.6%) respectively.

and survival of the patients.
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Results: By 68Ga-labeled PSMA-ligand PET/CT, prostatic recurrent/residual neoplastic lesion was depicted in 23
(76.6%) patients, nodal metastases was present in 7 (23.3%) patients, and distant metastasis was present in 11
(36.6%) patients. The clinical and/or PSA level and/or radiological follow-up and/or the histopathological assessment
for the patients served as a reference in the present study.The 68Ga-labeled PSMA-ligand PET/CT had sensitivity,
specificity, positive predictive value, negative predictive value, and an overall accuracy (96.5%, 100%, 100%, 50%,

Conclusion: 68Ga-labeled PSMA-ligand PET/CT is a very helpful tool for detection of prostatic cancer residual/
recurrent lesions and restaging which can help in performing treatment plans and improve the clinical outcome

Background

Prostate cancer is the most common neoplasm in men
worldwide and an increasing number of cases has been
noted in recent years [1]. Tumor recurrence/residual
after prostatectomy, radiotherapy, or other local treat-
ment modalities represents a great obstacle in the man-
agement of prostatic cancer. Usually, post-therapeutic
recurrence, after prostatectomy or external beam radi-
ation therapy, can be diagnosed by prostate-specific anti-
gen (PSA) values of 20.2 ng/mL in two succesive tests
and this is called biochemical recurrence [2].
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Early diagnosis of recurrent prostatic neoplastic lesions
gives better chance for early treatment and better prog-
nosis. Also, if the recurrent tumor is localized, it can be
managed by surgery or external radiation therapy and
systemic therapy and its side effects can be avoided or
delayed. So, an accurate diagnostic modality with high
sensitivity and specificity is needed to be able to do this
approach [3].

Morphologic imaging methods, like transrectal ultra-
sound or CT, show limitations and their sensitivity
ranges between 25 and 54% for the detection of local re-
currence, and these parameters are moderately improved
using functional MR imaging techniques [4, 5].Also, the
CT or MR shows sensitivity about 30-80% for diagnosis
of lymph node metastases [6].
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Most prostate cancers use non-glucose metabolic
pathways such as fatty acid metabolism or fructose
metabolism.So FDG, which is the most widely used PET
tracer in oncologic imaging, is of limited use in prostate
cancer [7, 8].

Various PET tracers have been used to improve the
detection of recurrent prostate cancer and mainly 11C-
and 11F-labeled choline tracers have been used in the
past [7-9]. However, the detection rate of these tracers
is only 40-60%, especially in patients with PSA values
below 3 ng/mL [5, 9, 10].

Therefore, PET/CT imaging with the 68Ga-labeled
PSMA-ligand, as new and improved imaging method for
prostate cancer, has recently received increased attention
[11-15]. PSMA is a cell surface protein that is signifi-
cantly overexpressed in prostatic cells. Other tissues, like
salivary gland, proximal small intestine, and kidney, ex-
press PSMA but to a lesser extent compared to prostatic
cells [16, 17]. It therefore provides a promising target for
prostate cancer specific imaging and therapy [18-25].

Methods

All data were collected and analyzed in a retrospective
pattern; enrolling 30 patients who had 68Ga-labeled
PSMA-ligand PET-CT examination in the period from
September 2018 till February 2020; they were cases of
treated prostatic malignancy. All patients were referred
to a private imaging center for their assessment by
68Ga-labeled PSMA-ligand PET/CT and for the evalu-
ation of their treatment response. Patients gave informed
consent prior to the PET/CT scan. The study was ap-
proved by the local research ethical committee.

Inclusion criteria

Cases of prostatic cancer who had curative surgical re-
section (prostatectomy), chemotherapy, radiotherapy,
hormonal therapy, or any combination of them.

Exclusion criteria
The patients who had prostatic malignancy but had not
received any treatment were excluded.

Physical and biological background of PSMA

PSMA is a large transmembrane glycoprotein with a
small intracellular and transmembrane component and a
large extracellular component. PSMA expression is 100—
1000 times more in prostate cancer than other tissues,
even benign prostate cells, and PSMA expression in-
creases with increasing tumor stage and grade and in
castration-resistant prostate cancers. The name PSMA is
conflicting, because PSMA expression is not specific to
prostate cells or prostate cancer. PSMA expression has
been reported in unrelated benign and malignant condi-
tions in a number of case reports [26].
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68Ga-labeled PSMA-ligand targets the extracellular
domain of PSMA with strong binding affinity and is in-
ternalized into the endosomal recycling system, with
rapid blood clearance and low background activity, char-
acteristics that lead to high-quality images with high
tumor-to-background ratios. Yet, 5% of prostatic cancers
do not show significant 68Ga-labeled PSMA-ligand up-
take [27].

Physiologic uptake of 68Ga-labeled PSMA-ligand is
seen in:

(a) The lacrimal and salivary glands, liver, spleen,
kidneys, and intestine [21].

(b) Celiac ganglia, which are located in front of the
crura in a para-aortic location and should not be
misinterpreted as metastatic lymph nodes [28].

(c) Cervicothoracic ganglion, which lies anterior to the
transverse process of the seventh cervical vertebra,
inferior to the subclavian artery and superior to the
neck of the first rib [29].

(d) Bone marrow 68Ga-PSMA activity is less than 18F-
EDGQ activity, a finding that potentially allows better
detection of bone metastases with 68Ga-PSMA
ligands [27].

(e) Unbound 68Ga-PSMA tracer is excreted by the
kidneys into the ureters and urinary bladder [27].

e Focal physiologic ureteric activity can limit the
assessment of small adjacent pelvic or
retroperitoneal nodes [27].

e Physiologic urinary bladder activity may mask the
prostate bed, particularly if the SUV threshold has
not been adequately adjusted [27].

e Physiologic urethral activity of 68Ga-
PSMA—especially after treatment with high-
intensity focused ultrasound or transurethral
resection of the prostate—can mask or mimic
disease recurrence [27].

Imaging technique
e No preparation is required before 68Ga-labeled

PSMA-legand injection.
e 68Ga has a half-life of 68 min.

Table 1 Demonstrating the range of age in years

Age

Mean 67.8
Minimum 53
Maximum 80
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e A dose of 2 MBq/kg of 68Ga-PSMA was injected
intravenously and then the patients were relaxed for
1 h that was considered as the uptake period.

e The PET/CT system using a multi-detector (sixteen
detectors) CT machine (GE, Discovery IQ, USA)
was used for the patients’ examination.

e For the sake of attenuation correction and image
fusion, non-contrast enhanced CT images were
taken.

e Then PET scan was done and the examination levels
were extending from the vertex to the knee levels.

e The total acquisition time for the integrated PET/
CT scan was 20—-30 min.

Data analysis and interpretation
A special workstation using special software (Advantage
Windows VS4; GE Healthcare, Wisconsin, USA) was
used for the reconstruction of PET image data sets using
the CT data for attenuation correction and image fusion
to obtain co-registered multiplanar PET-CT images.

Two conjoint radiologists (5 years of experience in the
PET/CT imaging) revised the CT, PET, and the fused
PET/CT images using visual assessment (considering the
background activity as a standard reference for the same
patient) and semi-quantitative assessment (by measuring
the standardized uptake value (SUV) which was auto-
matically calculated by special software).

The clinical and/or PSA level and/or radiological
follow-up and/or the histopathological assessment for
the patients served as a reference in the present study.

Interpretation of the PET/CT findings

The prostatic operative bed soft tissue masses or irregu-
lar soft tissue thickening were considered as positive for
residual/recurrent neoplastic lesions if their tracer up-
take was higher than the background activity.
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Table 2 Treatment methods for the patients in the study with
demonstration of their number (No.) and percent (%)

Treatment method(s) No. of patients % of patients

Operative intervention 2 6.6%
Chemotherapy 18 60%
Radiotherapy 22 73.3%
Hormonal therapy 15 50%

N.B Most of patients recieved more than one method of treatment

If the patient did not have operation, the prostatic
tracer uptake was considered as positive for residual/re-
current neoplastic lesions if its tracer uptake was higher
than the background activity. A quantitative SUV cut-off
value for prostatic cancer lesions does not exist [30].

Any lymph node with tracer activity more than the
background activity was considered metastatic even if it
was subcentemetric.

The pulmonary nodules that had a size of 5 mm or
more were considered as positive for malignancy if their
tracer uptake was exceeding the background activity;
nevertheless, a metastatic disease could not be com-
pletely ruled out if the pulmonary nodules were less than
5 mm in their size.

If the bone marrow exhibited an obvious focal tracer
avidity, we looked in CT to exclude benign bony lesions
that may show increased 68Ga-PSMA uptake like Paget
disease or healing fractures; otherwise, it was considered
as positive for infiltration.

Statistical methods

Data management and analysis were performed using
the Statistical Package for Social Sciences (SPSS) vs. 23.
Numerical data were summarized using means, standard
deviations, and ranges, as appropriate. Categorical data
were summarized as numbers and percentages. The data

Table 3 Patterns of tumor recurrence/residual including lymph nodes and distant metastases by 68Ga-labelled PSMA-ligand PET/CT

study with their number (No.) and percent (%)

Patterns

No. of patients % of patients

) Operative bed/ prostatic residual or recurrence
1) Lymph nodes

a) Pelvi-abdominal

b) Mediastinal

¢) Cervical

1) Distant metastasis

)
e) Others(adrenal)

23 76.6%
7 23.3%
5 16.6%
5 16.6%
0 0%

1 36.6%
0 0%

3 10%
10 33.3%
0 0%

1 3.3%
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study) with SUVmax = 9.6 (green arrows)

Fig. 1 Axial non-contrast CT and PET-CT images for a 62-year-old male patient with history of prostate cancer for which he had chemotherapy
and radiotherapy. Images a and b (baseline study) showed focal prostatic 68Ga-PSMA activity with SUVmax = 9.2 denoting residual neoplastic
lesion that showed activity regression in images ¢ and d (follow up study) showing SUVmax = 3.4 (red arrows). Images e and f (baseline study)
showed metastatic low-grade 68Ga-PSMA activity by subcentimetric right external iliac lymph node with SUVmax = 3.5 and showed activity
regression in images g and h (follow up study) with SUVmax = 1.7 (blue arrows). Images i and j (baseline study) showed small right femoral neck
sclerotic lesion with minimal 68Ga-PSMA activity that was considered insignificant, yet it showed activity progression in images k and I (follow up

Baseline

Follow up

Baseline

Follow up

Baseline

Follow up

were collected, analyzed, and tabulated. The sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and the accuracy of the PET/CT in
the diagnosis of recurrent prostatic cancer were calcu-
lated using the standard definitions [31].

Results
This study included 30 patients; age ranged from 53 to
80 years (mean 67.86) (Table 1).

All patients were treated by one or more of the follow-
ing treatment methods: operative intervention, chemo-
therapy, radiotherapy, and hormonal therapy (Table 2).

Residual/recurrent malignancy was categorized as
operative bed/prostatic recurrence/residual lesions,
metastatic lymph nodes, and distant metastatic lesions
(Table 3 and Figs. 1, 2, 3, 4, and 5).

Using the clinical and/or PSA level and/or radio-
logical follow-up and/or the histopathological assess-
ment for the patients as a reference, the 68Ga-labeled
PSMA-ligand PET/CT (for the tumor recurrence/re-
sidual) had sensitivity, specificity, positive predictive
value, negative predictive value, and an overall accur-
acy (96.5%, 100%, 100%, 50%, and 96.6%) respectively
(Tables 4 and 5).
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= 7.3 (blue arrows)

Fig. 2 Axial non-contrast CT and PET-CT images for a 72-year-old male patient with history of prostate cancer for which he had operation,
chemotherapy, and hormonal therapy. Images a and b (baseline study) showed no 68Ga-PSMA activity at the operative bed with no significant
changes in images ¢ and d (follow up study) (red arrows). Images e and f (baseline study) showed 68Ga-PSMA activity by enlarged metastatic
right hilar lymph node measuring 14 mm with SUVmax = 11.7 and showed activity regression in images g and h (follow up study) with SUVmax

Baseline

Follow up

Baseline

Follow up

Discussion

The highly promising method (68Ga-labeled PSMA-
ligand PET/CT) proved to have a significant step
forward in the diagnosis of recurrent prostatic cancer
[20-22, 32]. This imaging modality is based on the ob-
servation that most adenocarcinomas of the prostate
gland express PSMA to which 68Ga-labeled PSMA-
ligand is able to bind with very high affinity [33, 34].

In our study, 68Ga-labeled PSMA-ligand PET/CT was
positive for tumor recurrence (either operative bed,
nodal, or distant metastases) in 28 (96.5%) of patients
and negative in 2 (3.5%) of patients; however, Afshar-
Oromieh et al. [30] who studied 319 patients with pros-
tatic cancer and underwent treatment found that 68Ga-
labeled PSMA-ligand PET/CT imaging showed a posi-
tive diagnosis in 264 (82.8%) patients and a negative
diagnosis in 55 (17.2%) patients. Also, Matthias et al.
[35] who studied 248 patients with prostatic cancer and
underwent radical prostatectomy noticed that 68Ga-
labeled PSMA-ligand PET/CT imaging was negative in 26
(10.5%) patients and positive in 222 (89.5%) patients, while
Mattiolli et al. [36] who studied 125 patients with prostatic

cancer and underwent treatment showed that 68Ga-
labeled PSMA-ligand PET/CT resulted in a positive diag-
nosis in 80 (64%) patients and a negative diagnosis in 25
(36%) patients (these differences in the results may be due
to small sample size in the present study).

In the current work, 68Ga-labeled PSMA-ligand PET/
CT detected the operative bed/prostatic neoplastic re-
sidual or recurrence in 23 (76.6%) patients, abdomino-
pelvic nodal metastases in 5 (16.6%) patients, mediastinal
nodal metastases in 5 (16.6%) patients, lung metastases
in 3 (10%) patients, bone metastases in 10 (33.3%) pa-
tients, and adrenal metastases in 1 (3.3%) patient denot-
ing that pelvi-abdominal lymph node and bone
metastases are the more frequent metastases in prostate
cancer. These results agreed with Matthias et al. [35]
who noticed that 68Ga-labeled PSMA-ligand PET/CT
imaging detected operative bed local recurrence after
radical prostatectomy in 87 (35.1%) patients, abdomino-
pelvic nodal metastases in 130 (52.4) patients, supra-
diaphragmatic nodal metastases in 13 (5.2%) patients,
bone metastases in 89 (35.9%) patients, and liver/lung
metastases in 13 (5.2%) patients. Also, in a multicentric
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denoting inactive metastatic lesions

Fig. 3 Axial non-contrast CT and PET-CT images for a 79-year-old male patient with history of prostate cancer for which he had radiotherapy and
hormonal therapy. Images a and b showed 68Ga-PSMA activity by small prostatic lesion with SUVmax = 2.5 (red arrows) suggesting small
residual neoplastic lesion. Images c¢—f showed 68Ga-PSMA activity by multiple small bilateral external and common iliac LNs; the most active
shows SUVmax = 154 (blue arrows). The PET-CT revealed metastatic deposits in the iliac lymph nodes despite their subcentimetric size in CT.
Images g and h showed multiple sclerotic osseous lesions involving the right iliac bone and sacrum with no 68Ga-PSMA activity (green arrows)

study done by Mattiolli et al. [36], 68Ga-labeled PSMA -
ligand PET/CT detected local recurrence in 38 (30.9%)
patients, loco-regional lymph node metastases in 55
(44.4%) patients, extra-pelvic abdominal lymph node
metastases in 15 (12.5%) patients, thoracic lymph node
metastases in 22 (17.5%) patients, visceral metastases in
17 (13.6%) patients, and bone metastases in 37 (29.6%)
patients, and these results are close to our study results.

In our study, our results demonstrated that 68Ga-
labeled PSMA-ligand PET/CT had sensitivity, specificity,
PPV, NPV, and accuracy of 96%, 100%, 100%, 50%, and
96.6 % respectively. These results were close to the re-
sults reached by Afshar-Oromieh et al. [30] who studied
319 patients with prostatic cancer and underwent treat-
ment and had 68Ga-labeled PSMA-ligand PET/CT
examination and the PET-CT results were correlated
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Fig. 4 Axial non-contrast CT and PET-CT images for a 60-year-old male patient with history of prostate cancer for which he had chemotherapy
and radiotherapy. Images a and b showed prostatic lesion with 68Ga-PSMA activity with SUVmax = 17.5 with posterior extra-prostatic extension
and obliteration of the recto-prostatic space (red arrows), denoting residual neoplastic lesion. Images ¢ and d showed 68Ga-PSMA activity by
metastatic left external iliac lymph node with SUVmax = 10.6 (blue arrows). Images a—d showed 68Ga-PSMA activity by metastatic sclerotic
osseous lesions involving the pelvic bones (green arrows)

Fig. 5 Axial non-contrast CT and PET-CT images for a 61-year-old male patient with history of prostate cancer for which he had radiotherapy and
hormonal therapy. Images a and b showed focal prostatic 68Ga-PSMA activity with SUVmax = 4.7 (red arrows) denoting residual neoplastic
lesion. Images a-d showed marked 68Ga-PSMA activity by metastatic left iliac nodal mass lesion encroaching on the left obturator and sacro-
sciatic foramina with SUVmax = 50.1 (blue arrows). Images e and f showed marked 68Ga-PSMA activity by metastatic osseous lesions involving
the right inferior pubic ramus and both proximal femora, the most active shows SUVmax = 454 (green arrows) with no gross corresponding

CT findings
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Table 4 Tumor recurrence/residual detected by 68Ga-labelled
PSMA-ligand PET/CT in reference to the clinical and/or PSA level
and/or radiological follow-up and/or the histopathological
assessment for the patients, with the number (No.), percent (%)
of the patients

Negative by the
reference methods
(n=1)

0 patient (FP) 0%
1 patient (TN)  100%

Tumoural residual/ Positive by the reference
recurrence by PET/CT  methods (n = 29)

Positive (n = 28) 28 patients (TP)

1 patient (FN)

96.5%
3.5%

Negative (n = 2)

TN true negative, TP true positive, FN false negative, FP false positive

with the histopathological examination in 42 patients and
found patient-based sensitivity about 88.1% and lesion-
based sensitivity, specificity, PPV, and NPV about 76.6%,
100%, 100%, and 91.4% in detecting recurrent disease in
these patients. Also, Fitzpatrick et al. [37] did survey for 24
studies investigating the accuracy of 68Ga-labeled PSMA-
ligand PET/CT in detecting recurrent prostate cancer le-
sions and found that PET/CT was associated with sensitiv-
ity and specificity values of 33—93% and > 99% respectively
and these results agreed with our study. Also, our results
agreed with Fourquet et al. [38] who studied the impact of
68Ga-labeled PSMA-ligand PET/CT in restaging 30 pa-
tients with castration-resistant non-metastatic prostate can-
cer and found that the overall sensitivity and specificity of
68Ga-labeled PSMA-ligand PET/CT in detecting residual
disease were 87% and 100% respectively.

This study had some limitations like the retrospective
nature, small number of patients due to limited availabil-
ity of the 68Ga PSMA radiotracer, and expensive cost of
the scan. Further studies with larger sample of patients
will give us more information about the role of this
tracer in detecting recurrent prostate cancer. Also, we
recommend comparative studies between 68Ga-labeled
PSMA-ligand PET/CT and 99Tc bone scan for skeletal
imaging in prostate cancer.

Conclusion

Our study showed 68Ga-PSMA PET/CT is a very help-
ful tool for detection of prostatic cancer recurrence and
restaging which can help in performing treatment plans
and improve the clinical outcome and survival of the
patients.

Table 5 Accuracy measures for tumoural residual\recurrence as
detected by 68Ga-labelled PSMA-ligand PET/CT

Statistical parameter Value
Sensitivity 96.5%
Specificity 100%
Positive predictive value 100%
Negative predictive value 50%

Accuracy 96.6%
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