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Abstract: The value of FDG-positron emission tomography/computed tomography (PET/CT) for detecting prostate 
cancer is unknown. We aimed to investigate the clinical value of incidental prostate FDG uptake on PET/CT scans. 
We reviewed 6128 male patients who underwent FDG-PET/CT scans and selected cases that reported hypermeta-
bolic lesion in the prostate. The patients who have prior history of prostate carcinoma or prostate surgery were 
excluded from the study. We have analyzed the correlation between PET/CT findings and serum prostate-specific 
antigen (PSA) levels, imaging (USG), urological examinations and biopsy. Incidental 18F-FDG uptake of the prostate 
gland was observed in 79 patients (1.3%). While sixteen of them were excluded due to inadequate clinical data, 
the remaining 63 patients were included for further analysis. The patients were divided into two groups; 8 patients 
(12.7%) in the malignant group and 55 patients (87.3%) in the benign group. The SUVmax values were not signifi-
cantly different between the two groups. In 6 (75%) patients with prostate cancer, FDG uptake was observed focally 
in the peripheral zone of the prostate glands. There was no significant correlation between the SUVmax and the 
PSA levels. Incidental 18F-FDG uptake in the prostate gland is a rare condition, but a substantial portion of it is 
associated with the cancer. Benign and malignant lesions of the prostate gland in FDG-PET/CT imaging could not 
be reliably distinguished. The peripheral focally FDG uptake of prostate glands should be further examined with the 
clinical and labaratory evaluations.
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Introduction

Prostate cancer is the most common cancer  
of men in the United States and worldwide  
[1]. Positron emission tomography/computed 
tomography (PET/CT) with 18F-fluorodeoxy- 
glucose (FDG) is widely used in the imaging 
work-up of various malignancies for diagnos-
ing, staging, restaging and surveillance [2]. As 
noted in the few previous studies, prostate 
tumors are characterized by slow glycolysis and 
low FDG-avidity on PET images and it is not 
possible to distinguish benign and malignant 
lesions of the prostate glands by the amount of 
FDG uptake. Also, urinary excretion of FDG is an 
important additional problem. For these rea-
sons, FDG-PET/CT is generally not preferred in 
prostate cancers [3-5].

In daily practice, focal hypermetabolic lesions 
in sites that are not associated with clinical 

diagnoses are often observed on whole-body 
FDG-PET/CT images. Although many of these 
incidental lesions were associated with a physi-
ologic or benign process, some of them may be 
associated with a secondary cancer, unexpect-
ed metastasis or other pathological lesions 
with further evaluation. Physiological or benign 
incidental focal uptake is often found in the thy-
roid, bowel, uterus, ovary, and other organs [6]. 
Due to the patient management and particular-
ly early cancers that require radical treatment, 
the detection of second primary cancer is an 
important prognostic factor [7]. In previous PET 
studies, second primary cancers were detected 
in 1.2-4.8% of patients with known cancer and 
they were found in varied locations such as thy-
roid, lung, colon, oesophagus, breast, parotid 
gland and other organs [8-10].

Incidental uptake of FDG is occasionally 
observed in the prostate gland, but benign and 
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malignant lesions could not be reliably distin-
guished based on the SUV alone. The aim of  
our study was to examine the frequency and 
clinical significance of incidental hypermeta-
bolic lesions in prostate gland on FDG-PET/CT 
scans. Also, the availability of this imaging tech-
nique will be investigated for the differential 
diagnosis of malignant and benign lesions in 
prostate gland.

Material and methods

Patients

The database of 6128 male patients with 
known or suspected malignancy, who under-
went FDG-PET/CT whole-body scan during the 
period January 2007 to December 2014 in our 
department, were retrospectively reviewed. 
Among these, 143 patients who have a previ-
ous history of prostate carcinoma or prostate 
surgery were excluded from analysis. Therefore, 
5985 patients were included in this study. 
Seventy-nine (1.3%) of patients with FDG-PET/
CT whole-body scan reports mentioning inci-
dental focal hypermetabolic lesions of the pros-
tate gland were selected, and further assess-
ment was recommended for these lesions. 
While sixteen of them were excluded due to 
inadequate clinical data, the remaining 63 
patients (age range 41-83, mean age 60.1±8.0 
years) demonstrating incidental focal FDG 
uptake of prostate with further diagnostic work-
up were selected and included in study. The 
indications of these patients for FDG-PET/CT 
are listed in Table 1.

Patient preparation and PET/CT imaging pro-
tocol

All patients fasted, except for glucose-free oral 
hydration, for at least 6 h before the iv injection 
of 370-555 MBq (10-15 mCi) of FDG. At the 
time of the tracer injection, blood glucose lev-
els were checked and confirmed to be less than 
150 mg/dl in all patients.

All patients were examined using a PET/CT sys-
tem (Siemens Biograph 2 dual slice PET/CT) 
combining a dedicated, full-ring PET scanner 
with lutetium oxyorthosilicate (LSO) crystals.

As related to the indications, PET imaging was 
performed 60 minutes after injection, extend-
ing from the vertex to the pelvis or feet, with 
5-8 bed positions of 3 min each. CT images 
were used for attenuation correction and 
fusion; no iv contrast medium was used.

PET, CT, and fused whole-body images dis-
played in axial, coronal, and sagittal planes 
were available for review. A semiquantitative 
analysis of FDG activity was measured as the 
maximal standardized value uptake of FDG 
(SUVmax) using the software programe.

Image analysis

The PET/CT images were carefully searched for 
the hypermetabolic lesions of the prostate 
gland by two nuclear medicine physicians. The 
image review was performed without informa-
tion about other assessments of the prostate 
gland. According to the FDG uptake pattern of 
the prostate gland, lesions were classified as 
diffuse or focal hypermetabolic lesions. The 
focal hypermetabolic lesion was defined as 
showing well-circumscribed areas of prostate 
glands which were more intense than adjacent 
prostatic parenchyma uptake of 18F-FDG. Also, 
focal hypermetabolic lesions were classified as 
central or peripheral based on the distance of 
central prostatic urethra.

The maximum standardised uptake value 
(SUVmax) in prostate was measured from 
transaxial views.

Data and statistical analysis

The final clinical diagnoses of the hypermeta-
bolic lesions were determined based on the 
serum prostate-specific antigen (PSA) levels, 

Table 1. PET/CT indications for the 63 patients with incidental hypermetabolism in prostate gland
Indication for PET/CT Number of patients
Lung cancer 15
Head and neck cancer 11
Colorectal cancer 9
Lymphoma 8
Gastric cancer 6
Other (Carcinoma of unknown primary, Melanoma, Pancreas, Oesophagus) 14
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imaging studies for prostate (USG), urological 
examinations, and biopsy. There was a period 
of 1 month between these further evaluations 
and PET/CT imaging. The biopsy was performed 
for 12 patients who had elevated PSA levels (> 
4.0 ng/ml) or an abnormal nodule with palpa-
tion or USG results. The patients were catego-
rized into benign or malignant groups. In this 
classification for the patients without biopsy, 
patients with the PSA levels within the normal 
range and the ones with no abnormality on 
imaging or physical examination were consid-
ered to be in the benign group. Statistical anal-
yses were performed using the SPSS version 
13. According to the obtained results, the fre-
quency of abnormal prostate hypermetabolism 
and prostate cancer were evaluated simply. 
Clinical characteristics, age, serum PSA levels 
and SUVmax were compared using indepen-
dent t-test for the two groups. Fisher’s exact 
test was used to assess whether FDG uptake 
pattern and location differed between the 
groups. The correlations among SUVmax, 
serum PSA, and Gleason score were evaluated 
using Pearson correlation coefficient. A P-value 
of < 0.05 was considered statistically signifi- 
cant.

Results

Among 5985 patients who underwent FDG-
PET/CT scans, 79 cases (1.3%) demonstrated 
incidental abnormal hypermetabolism of the 
prostate gland. Sixteen of them were excluded 
due to inadequate clinical data. Therefeore, 63 
patients (age range 41-83, mean age 60.1±8.0 
years) with further diagnostic work-up were 

selected and included in the study. In 9 of the 
63 patients, PSA levels were measured within 1 
month before the PET imaging. The remaining 
54 patients underwent further evaluation with 
PSA level within 1 month after the PET imaging. 
Based on the PSA level results, other assess-
ments such as USG and urological examination 
were performed. In accordance with these 
assessments, the biopsy was performed for 12 
patients who had elevated PSA levels (> 4.0 
ng/ml) or an abnormal nodule with palpation or 
USG results. While prostate cancer was con-
firmed in 8 patients, BPH was confirmed in the 
remaining four patients by biopsy.

The fifty-one patients were not pathologically 
confirmed due to normal serum PSA levels, and 
they were considered to have no malignancy in 
the prostate gland.

In accordance with the PSA levels and biopsy 
results, these 63 patients who were included in 
the study were divided into 2 groups as malig-
nant and benign. Consequently, there were 8 
patients (12.7%) in the malignant group and 55 
patients (87.3%) in the benign group.

Malignant group

Among the 63 patients, 8 (12.7%) patients (age 
range 58-71, mean age 62.6±4.1 years) were 
diagnosed prostate cancer by biopsy. All of 
them were reported to have prostate-origin 
adenocarcinoma and there were no cases of 
metastasis from other malignancies to pros-
tate gland. Gleason score of the 7 (87.5%) 
patients was greater than 6, and one patient 

Figure 1. FDG-PET/CT images of a 76-year-old male with a history colon cancer. Axial PET, CT and PET/CT fusion 
images at the prostate gland level are shown. There is a focal hypermetabolic activity (SUVmax = 6.1) in the periph-
eral portion of the left prostate lobe. The PSA level was increased (48 ng/mL) and this lesion was confirmed to be 
prostate cancer with biopsy.
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had Gleason score 6. The mean PSA level for 
the malignant group was 47.6±24.4 ng/ml 
(range 10.3-89.6 ng/ml). The mean SUVmax 
value of the patient with prostate cancer was 
4.7±2.3 (range 3.1-10.2). While FDG uptake in 
the prostate gland showed focal feature in 7 
patients (6 of them were located peripherally, 
one of them was located both centrally and 
peripherally), only one patient had diffuse 
uptake. Figure 1 shows a hypermetabolic lesion 
in the peripheral portion of the left prostate 
lobe in 76 years old male with a history colon 
cancer.

Benign group

Among the 63 patients, 55 (87.3%) patients 
(age range 41-83, mean age 59.8±8.4 years) 
have constituted the benign group. While 4 of 
these patients were diagnosed by biopsy, the 
other 51 patients were considered benign 
based on their PSA levels within the normal 
range and having no abnormality on imaging or 
physical examination. The PSA levels for the 4 
patients who were diagnosed benign by biopsy 

were 4.7, 6.0, 7.1 and 9.4 ng/ml, respectively. 
In 3 of these patients the FDG uptake in the 
prostate gland showed focal feature (2 of them 
were located centrally, one of them was located 
peripherally) and one patient had diffuse 
uptake.

The mean PSA level for all patients in the benign 
group was 2.3±1.6 ng/ml (range 0.3-9.4 ng/
ml). The mean SUVmax for the benign group 
was 4.0±1.0 (range 2.9-8.2).

While FDG uptake in the prostate gland had 
focal feature in 46 patients (63% of them were 
centrally located) and was diffused in 9 patients 
in the benign groups.

The mean SUVmax for the benign group with 
diffuse FDG uptake was 3.7±1.1 (range 2.9-
6.1). Figure 2 shows diffuse FDG uptake in the 
prostate gland in 59 years old male with a his-
tory lung cancer.

The some outcomes in the malignant and 
benign groups are summarized Table 2.

Figure 2. FDG-PET/CT images of a 59-year-old male with a history lung cancer. Axial PET, CT and PET/CT fusion 
images at the prostate gland level are shown. There is a diffuse FDG uptake (SUVmax = 3.4) in the prostate gland. 
The PSA level was increased (13 ng/mL) and this lesion was confirmed to be benign prostat hyperplasia with biopsy.

Table 2. Comparison of the some outcomes between the malignant and benign group
Malignant group 

(n = 8)
Benign group 

(n = 55) P value All  
(n = 89)

Age (mean-SD), years 62.6±4.1 59.8±8.4 *P > 0.05 60.1±8.0
SUVmax (mean-SD) 4.7±2.3 4.0±1.0 *P > 0.05 4.1±1.2
PSA level (mean-SD) ng/mL 47.6±24.4 2.3±1.6 *P < 0.05 8.1±17.3
Gleason score (6/7/≥ 8) 1/4/3 - - 1/4/3
FDG uptake pattern (focal/diffuse) 7/1 46/9 **P > 0.05 53/10
FDG uptake location (peripheral/other (central-both)) 6/0-1 12/28-6 **P < 0.05 18/28-7
FDG, fluorodeoxyglucose; PSA, prostate-specific antigen; SUVmax, maximum standardised uptake value; SD, 
standart deviation; *P, according to independent t-test; **P, according to the fisher’s exact test.
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The statistical comparison of the benign and 
malignant groups

The mean age of the patients in the malignant 
group was found slightly higher than the benign 
group, but this difference was not statistically 
significant (The T value is 0.927 and the P-Value 
is 0.178).

We compared the PSA levels and SUVmax 
between two groups. The patients with pros-
tate cancer had significantly higher PSA levels 
than the benign group (P < 0.01). The SUVmax 
values were not significantly different between 
the two groups (The T value = 1.5 and the 
P-Value = 0.069).

PSA level was not statistically correlated with 
SUVmax in the malignant groups (R2 = 0.045, r 
= 0.214, P = 0.610) (Figure 3), but statistically 
significant weak correlation was found in the 
benign group (R2 = 0.236, r = 0.48, P = 0.0002) 
(Figure 4).

Gleason score was not statistically correlated 
with SUVmax in the prostate cancers (R2 =  
0.280, r = 0.53, P = 0.176) (Figure 5).

In patients with prostate cancer there was no 
statistical difference between patients with 
focal and diffuse uptake (P-Value = 1, Table 2); 

however, prostat cancer was significantly high-
er in the hypermetabolic lesions showing peri- 
pheral focal feature (P-Value = 0.004422, Table 
2).

Discussion

FDG-PET/CT scans have been used for the 
staging and restaging of various primary and 
metastatic cancers, but it has not been pre-
ferred in prostate cancer because of the previ-
ously mentioned reasons. Also, due to the vari-
ability of FDG uptake in the prostate gland, 
there is no cut off values of SUV for distinguish-
ing malignant and benign lesions. In some 
studies [11, 12], SUVmax values for normal 
prostate gland have been reported as 2.7±1.2 
(range 1.4-6.2) and 1.6±0.4 (range 1.1-3.7). As 
can be seen, there are different results for the 
SUVmax values of prostate gland in the stud-
ies. In addition, some common benign prostate 
diseases, such as benign prostatic hypertrophy 
(BPH) and prostatitis, can show focal or diffuse 
FDG uptake which can be confused with malig-
nancy [13]. 

As noted in previous studies, incidental hyper-
metabolic lesions in the prostate gland are 
rarely seen on FDG-PET/CT imaging, but a sig-
nificant portion of them are associated with 
malignancy [14-16]. In present study, the inci-

Figure 3. The correletions of 
SUVmax and PSA levels in the 
malignant group according to 
the Pearson Correlation.
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dence of hypermetabolic lesions in the pros-
tate gland was 1.3%, and 12.7% of them were 
diagnosed prostate cancer with further assess-
ment. Although the incidence of hypermetabol-
ic lesion in the prostate gland was similar to the 
ones reported in other studies that have been 

mentioned in the previous paragraph, the inci-
dence of prostate cancer was found to be dif-
ferent in our study. These diffrences were con-
sidered to be due to the use of different confir-
mation methods and the absence of histopath-
ological evaluation for all cases.

Figure 4. The correle-
tions of SUVmax and 
PSA levels in the benign 
group according to the 
Pearson Correlation.

Figure 5. The correlations of 
SUVmax and Gleason Score in 
the malignant group according 
to the Pearson Correlation.
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As noted in previous studies, the incidence of 
cancer in the prostate gland and the degree of 
FDG uptake can vary related to age [12, 17]. 
The mean age of the patients in the malignant 
group was found slightly higher in our study, but 
this difference was not statistically significant.

Because of the variability of FDG uptake in the 
normal prostate gland and the detecting of FDG 
uptake in the benign postate diseases such as 
benign prostatic hyperplasia and prostatitis, 
SUVmax is insufficient to distinguish between 
benign and malignant processes in prostate 
gland. Reinicke et al. [18] reported that carcino-
genesis in prostate tissue is not associated 
with GLUT-1 expression, and glucose might not 
play an important role in prostate cancer cell 
metabolism. Accordingly, the FDG uptake in the 
prostate gland is not very informative.

We compared the PSA levels and SUVmax 
between malignant and benign groups and our 
results revealed that while there was signifi-
cantly higher PSA levels in the patients with 
prostate cancer, there was no significant differ-
ence between groups’ for the SUVmax values. 
These results are consistent with the findings 
of previous studies. 

The measurement of serum PSA level is a use-
ful and easy accessible labaratory test for the 
assesment of malign and benign disease in the 
prostat gland. The existence of a correlation 
between PSA levels and SUVmax values was 
evaluated in several studies but it is still a con-
troversial issue. According to our results, there 
was no significant correlation in the malignant 
group but a weak correlation was found in the 
benign group for the SUVmax and PSA levels. 
Similar to our findings, some studies [15, 19] 
reported that there was no correlation between 
the SUVmax and PSA level. 

Gleason score is one of the most important 
prognostic factors for both localized and 
advanced prostate cancer [20]. In our study, 
87.5% of the patients with prostate cancer 
diagnosed by biopsy had Gleason score greater 
than 6, and therefore they were intermediate  
or high risk of recurrence after definitive thera-
py according to the National Comprehensive 
Cancer Network Guideline Panel [21]. The pres-
ence of a significant correlation between the 
PSA levels and Gleason scores has been 

reported in the studies [15, 22], especially in 
cases that has Gleason score > 6. We have not 
evaluated the relationship between the PSA 
levels and Gleason scores because it is not the 
purpose of our study. On the other hand, we 
found that there was no statistically significant 
correlation between SUVmax and Gleason’s 
scores for the prostat cancers, and these 
results are similar to the findings of other stud-
ies [15, 23].

Prostate cancer is characterized as a multifo-
cal disease, and most of them are peripherally 
located in the prostate gland [24]. In our sudy, 
FDG uptake in the prostate gland showed focal 
feature in malignant and benign groups, 87.5% 
and 83.6% respectively. The localization of 
focal hypermetabolic lesions in the prostate 
gland were 85.7% periferally in the malignant 
group, and 63% centrally in the benign group. 
Compared with the benign group, the hyper-
metabolic lesions in the prostate gland were 
significantly more peripherally located in the 
malignant group, and these findings were con-
sistent with the results of other studies [14, 
25]. 

Our present study has several limitations which 
can be listed as follows: i) the study uses retro-
spective analysis and this is the main limita-
tion, ii) the number of patients is small, espe-
cially in the malignant group, iii) histological 
confirmation is not performed in all patients iv) 
there is possibility of the false negative results 
in the further evaluation such as PSA, USG and 
examination, because the biopsy was per-
formed according to the these evalutions, v) 
and, also there is a possibility of false negative 
biopsy results.

Because of these limitations, the incidence of 
prostate cancer could not be obtained accu-
rately in the current study. Despite this, we con-
sidered that this study will contribute to the 
evaluation of hypermetabolic lesions in the 
prostate gland.

Conclusions

This study shows that incidental hypermetabol-
ic lesions in the prostate gland on FDG-PET/CT 
scan is a rare condition (1.3%), but a substan-
tial portion (12.7%) of them is associated with 
prostate cancer.
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Although, FDG-PET/CT is not a reliable imaging 
method to distinguish benign and malignant 
lesions of the prostate gland, we recommend 
that further evaluation would be appropriate to 
peripheral focal hypermetabolic lesions on 
FDG-PET/CT for malignancy.

We think that there is a need for further pro-
spective studies with a larger number of histo-
pathologically confirmed patients to better 
clarify the issue.
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