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ABSTRACT

Aim: PSMA expression has been observed in increased levels in patients with high Gleason scores. Current information on
Ga-68 PSMA PET/CT shows that primary staging with PET/CT is important in patients with high-risk PC. Ga-68 PSMA PET/
CT may also have a place in patients with intermediate risk PC, but only a few data are available at present. In this study, we
aimed to elucidate the relationship between PSMA expression value in the prostate gland, total PSA levels and GS in patients
diagnosed with prostate cancer.

Material and Method: A total of 98 patients who were pathologically diagnosed with prostate cancer that did not receive
any treatment and underwent Ga-68 PSMA PET/CT imaging for staging were included in the study. Findings detected in
Ga-68 PSMA PET/CT imaging were categorized as prostate, lymph node, bone, and visceral organ. The focal increased PSMA
expression values observed in the prostate gland were recorded as SUVmax. The patients were divided into two separate groups
according to their GS score (GS>7 and GS<7). Correlations between prostate PSMA SUVmax, GS score and total PSA scores
were investigated.

Results: PSMA SUVmax levels of the group with a Gleason score of >7 were found to be significantly higher than the group
with a Gleason score of <7 (p=0.03). The rates of lymph node metastasis, bone metastasis and visceral organ metastases were
found to be significantly higher in the group with a Gleason score >7 compared to the group with a Gleason score <7. A positive
correlation was observed between PSMA SUVmax and Total PSA (r=0.260, p=0.01). A positive correlation was observed
between PSMA SUVmax and Gleason score (r=0.260, p=0.01). A positive correlation was observed between total PSA and
Gleason score (r=0.320, p=0.001).

Conclusion: In conclusion, PSMA SUVmax and Total PSA levels were higher in the group with high Gleason score. There is
a positive correlation between PSMA SUVmax and total PSA. Clinicians should be careful in this regard, as the possibility of
metastasis will be high in groups with high Gleason scores.
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INTRODUCTION

Prostate cancer (PC) is the second most common type of
cancer seen in men all over the world and ranks fourth

PSMA has been an ideal molecular target for both the
diagnosis and treatment (theranostic) of prostate cancer

among all cancers (1). While the 5-year survival rate is
approximately 100% in patients with localized PC, this
rate drops to 31% in patients with distant metastases (2).
Despite all the advances in early diagnosis and treatment,
including prostate-specific antigen (PSA) screening as well
as imaging methods and genetic analysis, prostate cancer
is the second leading cause of cancer-related death in men
after lung cancer. A significant proportion of prostate
cancer patients are metastatic at the time of diagnosis.
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in nuclear medicine. The intense expression of PSMA
in prostate cancer cells is up to 1000 times compared to
normal prostate cells, which is not released freely into
the circulation. This constitutes an important molecular
target in the diagnosis and treatment of metastatic
castration resistant prostate cancers (mCRPC) (3).

In general, increased PSMA expression is observed
in poorly differentiated, metastatic and hormone-
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refractory PC. PSMA expression has been observed in
increased levels in patients with high Gleason scores.
Involvement is directly proportional to aggressiveness,
metastasis and hormone therapy resistance and is
an important indicator for prognosis (4). Current
information on Ga-68 PSMA PET/CT shows that
primary staging with PET/CT is important in patients
with high-risk PC.

It was previously stated that Ga-68 PSMA PET/CT is a
more appropriate technique for detecting the focus or foci
of recurrence, especially at low PSA levels (0.2-2.0 ng/
mL) after primary treatment, compared to conventional
imaging techniques. The sensitivity of Ga-68 PSMA PET/
CT increases in relation to GS and PSA kinetics (PSA
doubling time) (5).

The most important advantage of Ga-68 PSMA is that it has
been shown to be superior to F-18 choline and other currently
FDA-approved agents (C-11 choline, F-18 Flucyclovin) in
PET imaging at low PSA values in detecting PC recurrence
(mean sensitivity 76%- 86, specificity 86-100%) (6). Although
there is no FDA approval for the recommendation of Ga-68
PSMA PET/CT imaging for PC, in the current version of
the National Comprehensive Cancer Network (NCCN), it
can be performed in clinical trials and controlled studies (6).
According to the EAU guideline, it is recommended after
radical prostatectomy (RP), and in biochemical recurrence
(BR) in radiotherapy (RT).

Finally, in terms of “optimal imaging in advanced PC” in
ASCO guideline, there are recommendations under the
definition of new generation imaging (NGI) as PSMA
PET imaging in addition to conventional imaging under
the conditions specified in advanced PC (7).

Study Hypothesis

In this study, we aimed to elucidate the relationship
between PSMA expression value in the prostate gland,
total PSA levels and GS in patients diagnosed with
prostate cancer.

MATERIAL AND METHOD

The study was carried out with the permission of Dicle
University Faculty of Medicine Non-interventional
Clinical Research Ethics Committee (Date: 2021,
Decision No: 359). All procedures were carried out in
accordance with the ethical rules and the principles of
the Declaration of Helsinki.

A total of 98 patients who were pathologically
diagnosed with prostate cancer and applied to Dicle
University Faculty of Medicine, Department of Nuclear
Medicine between April 2019 and May 2021 has been
retrospectively analyzed. Informed consent has been
obtained from all participants.
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Individuals that did not receive any treatment and
underwent Ga-68 PSMA PET/CT imaging for staging
were included in the study. Findings detected in Ga-68
PSMA PET/CT imaging were categorized as prostate,
lymph node, bone, and visceral organ. The focal increased
PSMA expression values observed in the prostate gland
(with or without corresponding lesions on CT) were
recorded as SUVmax. The maximum standardized uptake
value (maximum standardized uptake value-SUVmax)
values of all lesions that were considered positive were
measured and recorded. In addition, lymph nodes, bones
and visceral organs were evaluated whether there was
metastasis according to PSMA involvement. Imaging
with any pathological finding was considered positive,
and imaging without any pathological finding was
considered negative. Except for the areas of physiological
involvement, the involvement above the ground activity
was considered significant.

Areas with involvement were anatomically localized
with nondiagnostic CT images. The pathology reports
of the patients were evaluated, and the Gleason score
(GS) values were recorded. Prostate Specific Antigen
(PSA) data measured in the last 1 month according to
the imaging date of the patients were obtained.

In addition, the patients were divided into two separate
groups according to their GS score (GS>7 and GS<7).
We investigated whether there were differences in total
PSA, Prostate PSMA SUVmax values between these two
groups. In addition, correlations between prostate PSMA
SUVmax, GS score and total PSA scores were investigated.

Ga-68 PSMA PET/CT images of the patients were
evaluated by two Nuclear Medicine specialists.

Statistical Analysis

IBM SPSS 21.0 for Windows statistical package program
was used for the statistical evaluation of the data.
Measurable variables were presented as meantstandard
deviation, and categorical variables as numbers and
percentages (%). The chi-square (x2) test was used
for comparing categorical variables. Independent-t
test was used for comparing measurable variables. In
addition, Spearman correlation test was utilized for the
correlation between Gleason score and PSMA SUVmax
and total PSA. Pearson correlation test was performed
to examine the correlation between PSMA SUVmax
and total PSA. A P value <0.05 indicated statistically
significant difference.

RESULTS

The mean ages were not different between the group with
a Gleason score of < 7 and the group with a Gleason score
of >7.



Anatolian Curr Med ] 2021; 3(4); 327-332

Altun Tuzcu et al. 68Ga-PSMA uptake and Gleason Score and PSA levels in prostate cancer

Total PSA level was found to be significantly higher in
the group with Gleason score >7 than in the group with
Gleason level <7 (p=0.001).

PSMA SUVmax levels of the group with a Gleason score
of >7 were found to be significantly higher than the group
with a Gleason score of <7 (p=0.03) (Table 1).

Table 1. Gleason Scores according to age, total PSA and PSMA
SUVmax

Tablo 3. Correlation between Gleason score PSMA SUVmax and

Total PSA

Gleason score

Total PSA

Gleason score <7 Gleason score >7 P value
(n=50) (n=48)
Age (years) 65.40+7.1 65.3+7.6 >0.05
Total PSA 28.5+33.6 52.6+39.7 0.001
PSMA SUVmax 11.8+7.6 15.2+7.89 0.03

The rates of lymph node metastasis, bone metastasis and
visceral organ metastases were found to be significantly
higher in the group with a Gleason score >7 compared to
the group with a Gleason score <7 (Table 2).

Table 2. Gleason Scores according to lymph node metastasis, bone

metastasis and visceral organ metastasis

Gleason score  Gleason score P value
<7 (n=50) >7 (n=48)
Lymph node 16 (32%)/ 32 (66.7%)/ 0.001
metastasis (yes/no) 34 (68%) 16 (33.3%) :
Bone metastasis 12 (24%)/ 27 (56.3%)/ 0.002
(yes/no) 38 (76%) 21 (43.8%) :
Visceral organ 1(2%)/ 8 (16.7%)/ 0.01
metastasis (yes/no) 49 (98%) 40 (93.7%) :

A positive correlation was observed between PSMA
SUVmax and Total PSA (r=0.260, p=0.01) (Figure 1).
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Figure 1. Scatter graph showing the correlation between Total PSA

and PSMA SUV max

A positive correlation was observed between PSMA
SUVmax and Gleason score (r=0.260, p=0.01). A positive
correlation was observed between total PSA and Gleason
score (r=0.320, p=0.001)(Table 3)(Figure 2).
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Figure 2. Correlation between PSMA SUVmax and Gleason score

DISCUSSION

Ga-68 PSMA PET/CT is being used more and more
frequently in the staging of prostate cancer, determining
the treatment plan, and detecting the recurrent lesion
and its localization even at low PSA levels in patients
with biochemical recurrence. Studies evaluating the
relationship between the findings in Ga-68 PSMA PET/
CT, pathology and laboratory parameters are increasing
day by day. These studies also derive a significant
relationship was between PSMA involvement and GS
(8,9).

The rates of lymph node metastasis, bone metastasis and
visceral organ metastases were found to be significantly
higher in the group with a Gleason score >7 compared
to the group with a Gleason score <7. In a study, it was
reported that distal metastases such aslymph nodes, bones
and liver were observed more frequently in patients with
a Gleason score above 7. These findings are consistent
with the results of our study (10). In a retrospective
series, the sensitivity and specificity of Ga-68 PSMA was
reported as 98-100% and 88-100%, respectively, for the
detection of skeletal metastases at the initial staging of
PC, while it was reported as 86-89% and 60-96% in bone
scintigraphy (11) . Similarly, Thomas et al (12). showed
that Ga-68 PSMA was superior to bone scintigraphy in
detecting skeletal metastases in PC, and Ga-68 PSMA
detected approximately twice as many lesions. In a recent
study, Ga-68 PSMA PET/CT had significantly higher
sensitivity and accuracy than bone scintigraphy (96.2%
vs. 73.1% and 99.1% vs. 84%). 1) has been reported to
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show. Therefore, current guidelines recommend the use
of PSMA PET/CT to enable early detection of recurrences
and salvage treatment options (4,13).

In this study we have found that the total PSA level was
significantly higher in the group with Gleason score >7
than in the group with Gleason level <7 (p=0.001). PSMA
SUVmax levels of the group with a Gleason score of >7
were found to be significantly higher than the group with
a Gleason score of <7 (p=0.03). In previous literature,
Ga-68 PSMA PET/CT imaging is recommended for
patients diagnosed with prostate cancer and those in the
medium-high risk group (14,15). In this study, according
to the D’Amico risk classification, 33 staging patients were
in the high risk group and 7 were in the intermediate risk
group (TRUS-Bx was performed 3 times in one patient
and adenocarcinoma was diagnosed in the last biopsy,
Gleason score was not given in the report). Uprimny et
al. (16), in their study with 90 patients diagnosed with
prostate cancer, found that SUVmax values measured
from the prostates of patients with GS 7 and below (GG3
and below) and patients with a GS above 7 (GG3 and
above) differed significantly. In the study of Uprimny
et al. (16), a significant difference was found between
patients with a PSA value of 10 ng/ml and below and
patients with a PSA value above 10 ng/ml in terms of
prostate SUVmax values.

We have also found relation of PSA and other variables.
In this study a positive correlation was observed between
PSMA SUVmax and Total PSA (r=0.260, p=0.01).
A positive correlation was observed between PSMA
SUVmax and Gleason score (r=0.260, p=0.01). A positive
correlation was observed between total PSA and Gleason
score (r=0.320, p=0.001). In a study by Klingenberg et al.
(17) a significant positive correlation was found between
prostate PSMA SUVmax values and International Society
of Urological Pathology (ISUP) grade. In the same study,
a positive correlation between PSA levels and prostate
PSMA SUVmax was shown, which is consistent with
the findings of our study. PSMA SUVmax and Total
PSA levels were higher in the group with high Gleason
score. There is a positive correlation between PSMA
SUV max and total PSA. Eiber et al. (18) retrospectively
evaluated 248 patients with prostate cancer diagnosed
with biochemical recurrence after radical prostatectomy.
In this study, pathological findings were detected in Ga-
68 PSMA PET/CT imaging in 89.5% of the patients. They
found that PSA values differed significantly between
patients with negative imaging and patients with positive
imaging. In this study, a significant difference was found
between PSA values. Eiber et al. (18) also found that the
Ga-68 PSMA PET/CT positivity rates of patients with
GS 7 and below and patients with 8 and above differed
significantly (18).
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In a study by Chun et al. (19), the results of transrectal
US-guided prostate biopsy (TRUS-Bx) and radical
prostatectomy results of 2982 prostate cancer patients
were compared and GS upgrade hasbeen detected in 29%
of the patients and downgrade in 14% of the patients. It
was thought that this might be one of the reasons why
there was no correlation between SUVmax values and
GS/GG values. In fact, this finding suggests that the
prognosis and treatment of the patient may change due
to the lower reporting of GS/GG in patients diagnosed
with TRUS-Bx, and SUVmax value can be used as a more
valuable prognostic factor than GS/GG (19). Ceci et al.
(20) retrospectively analyzed 70 patients with prostate
cancer who had undergone radical prostatectomy or
received radical RT for primary malignancy and had
biochemical recurrence or persistent PSA elevation
and therefore had Ga-68 PSMA PET/CT imaging. They
accepted the imaging as positive Ga-68 PSMA PET/
CT in which they detected any pathological finding.
Accordingly, 74% of the patients are positive for Ga-68
PSMA PET/CT (20).

Obek et al. (20) found the sensitivity, specificity, and
accuracy in the subgroup with >15 lymph nodes removed
with histopathological correlation (n=37) were 67%, %,
respectively. 88 and 81%, morphological imaging (MR,
CT) found 20%, 99% and 72% in primary lymph node
staging of Ga-68 PSMA PET/CT in 51 newly diagnosed
high-risk PC patients. The authors stated that Ga-68
PSMA PET/CT is superior to morphological imaging
in detecting lymph node metastasis, while surgical
dissection remains the gold standard for lymph node
staging. Therefore, Ga-68 PSMA PET/CT can replace
conventional abdominal-pelvic CT in staging lymph
node metastasis in PC (21).

In the ASCO guideline, although the role of new
generation imaging including Ga-68 PSMA PET/CT in
non-metastatic CRPC is not clear due to limited data, it
is superior to conventional techniques in demonstrating
metastatic, non-metastatic disease and will contribute
to patient management with local treatment strategies
(22,23). In addition, the role of Ga-68 PSMA PET/
CT is not yet known when there is PSA progression
in metastatic CRPC and if conventional imaging is
negative, and although it is not routinely recommended
when there is radiological progression, it is stated that it
may have a role in evaluating the extent of progression
and monitoring the findings (7,22). In prospective and
retrospective studies, it has been reported that Ga-68
PSMA PET/CT, with its high positive predictive value
and recurrence detection rate at low PSA levels, causes
up to 50% change in patient management in general
(24,25).
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Limitations of the Study

The main limitation of the study could be attributed
to its retrospective nature. The other limitation was
elaborated as single-center patient enrollment but
this might be rationalized by the retrospective data
collection.

The strength of this study lies beneath the fact that
staging patients who have not received any treatment
were included in the analysis. The other upside could
be emphasized as it is an emerging era.

CONCLUSION

In conclusion, PSMA SUVmax and Total PSA levels
were higher in the group with high Gleason score.
There is a positive correlation between PSMA SUV
max and total PSA. Clinicians should be careful in this
regard, as the possibility of metastasis will be high in
groups with high Gleason scores. According to the
results of this study one can say that Ga-68 PSMA PET/
CT imaging for staging suggests that it should be put
into routine use in medium-high risk patients during
staging purposes. Regarding the association between
Ga-68 PSMA PET/CT findings and SUVmax values,
histopathological findings and laboratory findings,
SUVmax values are also can be used as a prognostic
factor.
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