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Aim: To examine predictive markers for high detection rates of 68Ga PSMA-PET/CT in biochemical
recurrence (BR) prostate cancer (PCa) patients with low PSA levels.
Material and Method: This trial was planned as a retrospective single center study. Patients with BR
prostat cancer were included. PSA levels of all patients were lower 2 mg/l.
Results: Totally thirty-two men patients with BR PCa were included in this study. 18 (56.3%) patients
underwent radical prostatectomy and 14 (43.7%) patients curative intense radiotherapy. The number of
patients received adjuvant maximal androgen blokage (MAB) treatment was 15 (46.9%). Median PSA
levels was calculated 1.03 mg/l 17 (53.1%) of patients had <1 mg/l PSA levels and 7 (21.8%) of patients
<0.5 mg/l. The patients number was 16 in unfavorable intermediate risk group (50.0%), 12 (37.5%) in high
group and 4 (12.5%) in very high group. The median PSA doubling time was 6.2 months. The number of
patients received adjuvant MAB treatment was 15 and in 14 (93.3%) of patients were found positive
lesion in 68Ga PSMA-PET/CT. The number of patients with at least one lesion detected on 68Ga PSMA-
PET/CT was 19 (59.4%). In univariate analysis to detect the factors affecting 68Ga PSMA-PET/CT positivity,
there was only the presence of adjuvant MAB treatment as statistically significant importance (p < 0.001)
and in multivariate analysis, the presence of adjuvant MAB treatment was found to be as statistically
significant factor in terms of affecting 68Ga PSMA-PET/CT positivity (p¼ 0.003). The cut-off value was
calculated as 1.12 mg/l in patients with no adjuvant MAB treatment (sensitivity 80% and specificity 83.3%).
Conclusion: Clinicians may perform 68Ga PSMA PET/CT in low PSA levels to detect lesions in biochemical
recurrent prostate cancer patients who had received MAB treatment and in patients with higher PSA
levels who had no received MAB treatment.

© 2019 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PCa) is the most commonmalign tumor in men
worldwide and the incidence of PCa is increasing in recent years.1

Surgical and radiotherapy techniques were improved but still,
biochemical recurrence (BR) is seen in 20%e30% of patients
following radical prostatectomy (RP) or radiotherapy. In most cases,
recurrence after initial therapy is diagnosed either by two consec-
utive PSA values of �0.2 mg/l after prostatectomy or external beam
radiation therapy. A low tumor burden especially as the pelvic
recurrence or extrapelvic oligo-metastases, were detected in
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patients with early stages of BR.2e4 Early detection of recurrent
disease is most important. If the tumor is eligible for surgery or
external radiation therapy, patients may be cured or side effects of
systemic therapy for the advanced-stage disease, can be delayed.
Despite the significant advances that have taken place especially in
the field of magnetic resonance imaging (MRI), conventional im-
aging modalities still have clear limitations in PCa recurrence
assessment, especially in early stages of BR.5

68Gallium-labelled prostate-specific membrane antigen ligand
positron emission tomography-computed tomography (68Ga
PSMA-PET/CT) has demonstrated promise as a superior imaging
technique with high sensitivity and specificity in detecting small
regional and distant metastases. But, the detection rate of 68Ga
PSMA-PET/CT is lower in patients with low PSA levels than high
levels.6,7

In low PSA levels, clinicians still have confusion as to which
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patient should be performed 68Ga PSMA PET/CT and which should
not. We aimed to examine predictive markers for high detection
rates of 68Ga PSMA-PET/CT in BR prostate cancer patients with low
PSA levels.

2. Material and methods

2.1. Study population

This trial was planned as a retrospective single-center study.
Medical informations were obtained from the archive files of pa-
tients who underwent 68Ga PSMA-PET/CT between 2017 April-
2019 May, for BR prostate cancer in Okmeydani Training and
Research Hospital. Biochemical recurrence was defined as two
consecutive PSA values of �0.2 mg/l after prostatectomy or <6
months doubling time of nadir PSA value for after radical radio-
therapy. PSA levels of all patients who were included the study
were lower 2 mg/l. Patients were grouped according to PSA
levels< or �1 mg/l and National Comprehensive Cancer Network
(NCCN) patients risk stratification scheme. Patients who started
androgen blockage treatment within one year before PSMA PET/CT
were excluded. Patients were under 18 age, with PSA higher 2 mg/l,
and with no laboratory test results were excluded. PSA data added
to analysis were obtained in ten days within before 68Ga PSMA-
PET/CT.

2.2. Imaging methods

Whole body 68Ga-PSMA PET-CT imaging performed with the
PET-CT scanner (Siemens Biograph 6, Chicago, IL, USA) consisting of
full-ring HI-REZ LSO PET and 6-section CT scan at 60.minutes
following the intravenous injection of 2MBq/kg 68Ga PSMA I&T
(Scintomics GRP, Germany) obtained from 68Ge/68Ga generator
(iThemba LABS, South Africa). Images were evaluated visually by
two nuclear medical experts who had knowledge about just the
patients’ primary diagnosis. 68Ga-PSMA I&T uptake, which is
located outside the physiological activity regions and increased
compared to background activity, was considered positive for
recurrence. The SUVmax value of all 68Ga-PSMA I&T uptake foci
was measured, but any SUVmax threshold value wasn’t used as the
criterion of positivity.

2.3. Statistical analysis

For statistical analysis, IBM Statistical Package for the Social
Sciences 15.0 for Windows was used. Descriptive statistics were
given as number and percent for categoric variables and as mean,
standard deviation, minimum and maximum for numerical vari-
ables. Student’s t-test was used when the numerical variables
provided the normal distribution condition. The determinant fac-
tors were examined by Logistic Regression Analysis. Because of the
low patients’ number, variables that were calculated as p< 0.25 in
univariate analysis were used for multivariate analysis. Statistical
significance level was accepted as p< 0.05.

3. Results

Totally thirty-two men patients with BR PCa were included in
this study. The median age at diagnosis and recurrence were
calculated as 67.3 years and 72.5 years respectively. The median
time to recurrence was calculated as 53.2 months. The number of
patients with lower than 7 Gleason score was 7 (25%). For definitive
treatment, 18 (56.3%) patients underwent radical prostatectomy
and 14 (43.7%) patients curative intense radiotherapy. The number
of patients received adjuvant maximal androgen blockage (MAB)
treatment was 15 (46.9%). Median PSA level was calculated 1.03 mg/l
17 (53.1%) of patients had <1 mg/l PSA levels and 7 (21.8%) of pa-
tients <0.5 mg/l. The patients number was 16 in unfavorable inter-
mediate risk group (50.0%),12 (37.5%) in high group and 4 (12.5%) in
very high group. The median PSA doubling time (dt) was 6.2
months. The number of patients with at least one lesion detected
on 68Ga PSMA-PET/CT was 19 (59.4%). The most common sites of
68Ga PSMA positive lesion were prostatic bed and bone, respec-
tively. Only local recurrence was detected in 11 patients (57.1% of
PSMA positive patients). These patients were underwent salvage
RT. Also, none-of PSMA positive patients required chemotherapy.
The median number of lesions was calculated 1.83, in patients with
positive 68Ga PSMA-PET/CT. Median SUVmax was calculated 19.4
(Table-1).

For detecting the factors affecting 68Ga PSMA-PET/CT positivity,
univariate analysis including age, recurrence duration, PSA, PSAdt,
Gleason score, risk group, definitive treatment modality and adju-
vant MAB treatment was done and there was only the presence of
adjuvant MAB treatment as statistically significant importance
(p< 0.001) (Table-2).

Variables that were calculated p< 0.25 in univariate analysis
such as recurrence duration, PSA, RT for definitive treatment and
adjuvant MAB treatment, were added to multivariate analysis and
only, the presence of adjuvant MAB treatment was found to be
statistically significant in terms of affecting 68Ga PSMA-PET/CT
positivity (OR 41.875 95% CI 3.612e485.5 p¼ 0.003) (Table-3).

The number of patients received adjuvant MAB treatment was
15 and in 14 (93.3%) of patients were found a positive lesion in 68Ga
PSMA-PET/CT.

There was no any cut-off PSA value to determine the PSMA PET
positivity in all patients but when patients were grouped according
to adjuvant MAB treatment status, in patients with adjuvant MAB
treatment, there was no a cut-off value but the cut-off value was
calculated as 1.12 mg/l in patients with no adjuvant MAB treatment
(sensitivity 80% and specificity 83.3%) (Fig. 1).

4. Discussion

This retrospective study was planned to determine the affecting
factors on 68Ga PSMA PET/CT positivity. In the literature, there are
some studies focused on BR prostatic cancer and 68Ga PSMA PET/CT
and most of these studies are in recent five years. The first study
was published in 2015, totally 319 patients who underwent 68Ga
PSMA-PET/CT were included and in 82.8% of patients, at least one
lesion had been detected as positive lesion. PSA level was found the
most important factor in terms of detection rate of PCa but could
not calculated any cut-off value.8 In another study including 100
patients, 72% positive lesion was determined and median PSA level
of all patients was calculated as 1.73 mg/l.9 In a study including
totally 107 Turkish patients, published in 2019, median PSA level
was 1.22 mg/l and 100% detection rate was found in patients with
PSA >3.5 mg/l but 43.8% in patients with PSA<0.2 mg/l.10 In another
study of totally 70 patients with PSA <2 mg/l, at least one positive
lesion determined 44 of 70 (62.8%) patients.11 In a meta-analysis
including 29 studies reported that detection rate of 68Ga PSMA
PET/CT in patients with PSA<2 mg/l was 63% and 94% in patients
with PSA> 2 mg/l.12 In our study, PSA levels of all patients were
under <2 mg/l and the median PSA level was calculated as 1.03 mg/l
and positive detection rate was 59.4%.

Prostate-specific antigen was found the most important factor
on 68Ga PSMA PET/CT positivity in patients with higher PSA levels.
Also, androgen deprivation treatment (ADT) was found an impor-
tant factor in some trials. In a study a total of 319 patients discussed
above, ADTwas found statistically significant in terms of 68Ga PSMA
PET/CT positivity.8 In contrast, in a study of 222 patients with



Table-1
Patients characteristics.

Age at diagnosis Med±SD (Min-Max) 67.3± 7.9 (54e86)
Age at BR Med±SD (Min-Max) 72.5± 7.4 (57e88)
Time to BR (month) Med±SD (Min-Max) 53.2± 41.6 (9e144)
Gleason score n (%) 3 þ 3 8 (25.0)

3 þ 4 12 (37.5)
4 þ 3 2 (6.3)
4 þ 4 6 (18.8)
4 þ 5 4 (12.5)

Risk groups
Unfavorable intermediate 16 (50.0)
High 12 (37.5)
Very high 4 (12.5)

Definitive treatment n (%) Radiotherapy 14 (43.8)
Surgery 18 (56.3)

Adjuvant MAB n (%) Yes 15 (46.9)
No 17 (53.1)

PSA dt (month) Med±SD (Min-Max) 6.2± 3.5 (2e13)
PSA before PSMA PET Med±SD (Min-Max) 1.03± 0.76 (0.09e3.06)

<1 mg/l 17 (53.1)
�1 mg/l 15 (46.9)

PSMA PET n (%) Lesion positive 19 (59.4)
Lesion negative 13 (40.6)

Lesion localisation n (%) Local 11 (57.9)
Bone 3 (15.8)
Intraabdominal LN 1 (5.3)
Local þ Bone 4 (21.1)

Diagnosis correction n (%) Biopsy 3 (16.7)
PSA response to therapy 15 (83.3)

Lesion number Med±SD (Min-Max) 1.83± 1.86 (1e8)
Lesion SUVmax Med±SD (Min-Max) 19.4± 14.0 (3.6e54.5)

Abbreviations: Med: Median, SD: Standart deviation, BR: Biochemical recurrence, MAB: Maximal andogen blokage, dt: Doubling time, LN: Lymph node.

Table-2
Univariate analysis to detect the factors affecting the detection rate of68Ga PSMA PET/CT.

PSMA PET p

Lesion positive Lesion negative

Med±SD Min-Max Med±SD Min-Max

Age at diagnosis 67.3± 9.0 54-86 (65) 67.5± 6.1 61-82 (66) 0.945
Age at BR 73.1± 8.2 57-88 (73) 71.7± 6.3 63-85 (72) 0.604
Time to BR (month) 60.2± 44.5 13-144 (51) 43.0± 36.2 9-114 (29) 0.198
PSA dt (month) 6.4± 3.8 2-13 (4) 5.8± 3.1 3-12 (5) 0.696
PSA before PSMA PET (mg/l) 1.13± 0.76 0.09e2.70 (1.33) 0.88± 0.75 0.09e3.06 (0.71) 0.227

<1 8 42.1 9 69.2 0.131
�1 11 57.9 4 30.8

Gleason score 3 þ 3 3 15.8 5 38.5 0.655
3 þ 4 7 36.8 5 38.5
4 þ 3 2 10.5 0 0.0
4 þ 4 4 21.1 2 15.4
4 þ 5 3 15.8 1 7.7

Risk groups Unfavorable intermediate 10 52.7 6 46.1 0.547
High 7 36.8 5 38.5
Very high 2 10.5 2 15.4

Definitive treatment Radiotherapy 10 52.6 4 30.8 0.221
Surgery 9 47.4 9 69.2

Adjuvant MAB Yes 14 73.7 1 7.7 < 0.001
No 5 26.3 12 92.3

Abbreviations: Med: Median, SD: Standart deviation, BR: Biochemical recurrence, MAB: Maximal andogen blokage, dt: Doubling time.

Table-3
Multivariate logistic regression analysis to detect the factors affecting the detection rate of68Ga PSMA PET/CT.

p OR 95% CI

Enter Method Time to BR 0.222 1.016 0.991 1.042
PSA before PSMA PET 0.390 1.835 0.459 7.326
Definitive treatment (RT) 0.651 1.697 0.172 16.765
Adjuvant MAB presence 0.003 41.875 3.612 485.5

Abbreviations: BR: Biochemical recurrence, RT: Radiotherapy, MAB: Maximal andogen blokage.
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Fig. 1. PSA level and PSMA PET positivity.
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median PSA levels 1.99 mg/l, lesions were detected in 95.7% (67/70)
of patients with ADT and 87.1% (155/178) of patients without ADT
and there was no found statistically significant importance of ADT
on 68Ga PSMA PET/CT positivity.7

Most of the studies examined PSA and ADTeffects on 68Ga PSMA
PET/CT positivity were analyzed as discussed above, in patients
with higher PSA levels. There are a few studies focused on affecting
factors on 68Ga PSMA PET/CT in patients with PSA level <2 mg/l, in
the literature. In a study included 28 patients with median PSA
0.22 mg/l, the detection rate was found 60.7% like other studies but
PSA levels were found similar between in patients with positive
68Ga PSMA PET/CT and negative.13 In our trial, PSA levels of most
patients were under 1 mg/l and the median PSA level was calculated
as 1.03 mg/l. PSA range was very narrow and we found that there
was only adjuvant MAB treatment as a factor affecting 68Ga PSMA
PET/CT positivity in patients with this narrow PSA range. Also, we
found that PSA value is important in determining which patients
should be performed a PSMA PET in patients who had no received
adjuvant MAB treatment.

There are a few limitations in this study. Firstly, we have plan-
ned this trial as a retrospective study. Secondly, we could separate
the patients into two groups as PSA<1 mg/l vs >1 mg/l levels there
were not sufficient patients for more grouping according to PSA
levels. Also, we could not obtain the data of MAB treatment dura-
tion and which criteria was used to initiate MAB but there was no
statistical difference between risk groups in terms of PSMA PET/CT
positivity. The strength of our study was that the number of pa-
tients received adjuvant MAB treatment was similar in groups and
this is the first study showed that the presence of MAB treatment
maybe guides to perform 68Ga PSMA PET/CT in patients lower PSA
levels.
5. Conclusion

Clinicians may perform 68Ga PSMA PET/CT in low PSA levels to
detect lesions in biochemical recurrent prostate cancer patients
who had received MAB treatment and in patients with higher PSA
levels who had no received MAB treatment.
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