
ONCOLOGY LETTERS  11:  316-322,  2016316

Abstract. The present study aimed to retrospectively review 
the contribution of 18F-fluorodeoxygluose‑positron emis-
sion tomography/computed tomography (18F-FDG PET/CT) 
in the assessment of biochemical recurrence in patients 
with a diagnosis of local‑stage prostate cancer (PCa) who 
underwent radical prostatectomy (RP) or received external 
beam radiation therapy (EBRT). A total of 28 patients who 
underwent RP or received EBRT for PCa between July 2007 
and April 2013, and who underwent 18F‑FDG PET/CT scan-
ning for re‑staging due to biochemical recurrence were 
included in the present study. The mean age of the patients 
was 65.07 years and the standard deviation was 7.51 years 
(range, 51‑82 years). Of the 28 patients, 23 (82.1%) underwent 
RP and 5 (17.9%) received definitive EBRT. Prior to scanning, 
all patients were required to fast for 6 h, and ~1 h after the 
intravenous injection of 555 MBq 18F‑FDG, whole‑body PET 
scans were performed from the skull base to the upper thighs. 
Whole‑body CT scans were performed in the craniocaudal 
direction. 18F‑FDG PET images were reconstructed using CT 
data for attenuation correction. Histopathology examination 
or clinical follow‑up was used to confirm any suspicious 
recurrent or metastatic lesions. The sensitivity, specificity, 
positive predictive value, negative predictive value and 
accuracy of 18F‑FDG PET/CT were 61.6, 75.0, 61.6, 75.0 and 
71.4%, respectively. 18F‑FDG PET/CT can detect local and 
distant metastases with a high accuracy in the assessment 
of biochemical recurrence, thus detecting occult metastases 
and allowing the re‑staging of PCa in the patients receiving 
definitive treatment. It is considered that 18F‑FDG PET/CT 
may be useful in re‑assessing the patients with PCa receiving 
definitive treatment.

Introduction

Prostatic cancer (PCa) is currently being viewed as one of 
the most significant health problems experienced by the 
male population. PCa is the most frequently occurring 
solid neoplasm in men in Europe. With an incidence rate of 
214 cases per 1,000 individuals, PCa cases outnumber lung 
and colorectal cancer cases. PCa accounts for 11% of all male 
cancers and 9% of cancer‑associated mortalities, meaning 
that it ranks second in the cause of cancer‑associated mortali-
ties (1,2). The standard reference for the detection of PCa is 
the digital rectal examination (DRE). The common histology 
for PCa is adenocarcinoma. In 2005, the International Society 
of Urological Pathology (ISUP) determined applicable criteria 
for the Gleason score in the classification of PCa through core 
biopsy and surgical specimens for diagnosis of PCa. Ranging 
between 2 and 10, with a score of 2 being the least aggres-
sive and 10 being the most aggressive, the Gleason score is 
calculated as the sum of the two most typical patterns (grades 
1‑5) of tumor growth observed. Furthermore, any pattern 
forming the score should be present at a rate of at least 5% in 
order to score the tumor specimen (3). The factors determining 
the risk of the development of clinical PCa are not known 
exactly. The clearest risk factor appears to be inheritance (4). 
The rate of autopsy‑detected PCa is almost the same all over 
the world (4). Besides genetic risk factor, it is believed that 
external factors are also effective in the progression of latent 
PCa to clinical PCa and that they may be among the risk 
factors. These external factors are considered to include foods, 
sexual behavior patterns, consumption of alcohol, ultraviolet 
light exposure and chronic inflammation, and are believed to 
be significant in the disease etiology (5). The mortality trends 
of PCa differ widely between countries in the industrialized 
World (6). There is no evidence to suggest that prostate‑specific 
antigen (PSA) screening reduces disease‑specific mortality, 
although the disease‑specific mortality rate has decreased (7). 
The age limit recommended for the first PSA screening is 
40 years old. Re‑screening is not recommended for 8 years 
if the PSA value detected in the first screening is <1 ng/ml. 
Furthermore, PSA screening is not recommended after the age 
of 75, as it has no clinical efficiency after that age (8). PSA 
is a serine protease of the kallikrein group, and is produced 
only by prostatic epithelial cells. PSA is organ‑specific, but 
not disease‑specific. A diagnosis of PCa is made in 34% of 
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patients with PSA values ranging between 3 and 6 ng/ml in 
their 7‑year cumulative follow‑up, while this value has been 
found to be 44 and 71% for those individuals with PSA values 
of 6‑10 ng/ml and >10 ng/ml, respectively. The disease is 
diagnosed by transrectal ultrasound (US)‑guided biopsy and 
staged by DRE, PSA and bone scanning. The role of magnetic 
resonance imaging (MRI) and computed tomography (CT) in 
staging is controversial. The diagnostic tool of choice for the 
locally advanced stage of PCa is MRI (9). Men with local-
ized PCa are treated with curative intent, however, a number 
will eventually develop biochemical recurrence and disease 
metastasis (10).

There is axial bone metastases in 85% of patients who 
succumb to PCa. Bone scanning is used for detection of patients 
with bone metastases, but its false‑positive rate is high. Bone 
metastases are very common in PCa, with th majority being 
sclerotic in nature. Lytic bone metastases are extremely rare 
in PCa. 18F‑fluorodeoxyglucose (18F‑FDG) positron emission 
tomography (PET)/CT has low sensitivity in the detection of 
the sclerotic metastatic lesions of PCa. However, in the detec-
tion of lytic PCa metastasis, 18F‑FDG PET/CT is useful (11). 

18F‑ or 11C‑choline, 18F‑ or 11C‑acetate, the synthetic L‑leucine 
analog anti‑1‑amino‑3‑18F‑fluorocyclobutane‑1‑carboxylic acid, 
16β‑18F‑fluoro‑5α‑dihydrotestosterone targeted to the androgen 
receptor, and prostate‑specific membrane antigen‑based PET 
radiotracers are used for detecting PSA elevations following 
definitive treatment of metastatic PCa and hormone‑refractory 
disease (12,13). An accumulation of evidence currently strongly 
suggests that 18F‑FDG PET/CT may aid in the evaluation of 
imaging for men with metastatic PCa (14).

The main objective of the present study was to determine 
the role of 18F‑FDG PET/CT in the re‑staging of patients who 
received external beam radiation therapy (EBRT) or under-
went radical prostatectomy (RP) for local‑stage PCa (T1c, 
T2a‑b or T3) with PSA relapse. Conventional methods are 
insufficient, as bone scanning has a high false‑positivity rate in 
detecting the location of the metastases and bone metastases. 
18F‑FDG PET/CT may be useful due to the high sensitivity 
in the lytic bone lesions, the association of the biochemical 
recurrence with clinical disease and the possibility of early 
diagnosis. This increases the importance of 18F‑FDG PET/CT 
in the verification of PSA relapse. Histology of the lesions (if 
available), or the clinical, laboratory and radiological inves-
tigations (PSA, bone scanning and MRI) were all used as 
reference standards.

Patients and methods

Patients. A total of 7,938 patients were assessed in the Depart-
ment of Nuclear Medicine, School of Medicine, Sifa University 
(Izmir, Turkey) between July 2007 and April 2013, and a total 
of 10,553 18F‑FDG PET/CT investigations were performed. 
From these patients, 28 who received RP or EBRT as definitive 
treatment for the diagnosis of local‑stage prostatic adenocar-
cinoma were included in the present study. In this group of 
patients, 18F‑FDG  PET/CT was performed for re‑staging 
upon development of PSA relapse following RP in 23 (82.1%) 
patients and following definitive EBRT in 5 (17.9%).

The mean age of the patients was 65.07 years and the 
standard deviation was 7.51 years (range, 51‑82 years). The 

patients were in stages T1c, T2 and T3, defined as local stages 
according to the European Association of Urology's prostate 
cancer classification system (15). Based on Gleason's prostatic 
adenocarcinoma scoring system of the European Association 
of Urology and the ISUP (3), the Gleason score was <7 in 
17 (60.7%) patients and ≥7 in 11 patients (39.3%). All patients 
underwent 18F‑FDG PET/CT scanning for re‑staging due to 
the suspicion of disease recurrence or biochemical recurrence 
during routine follow‑ups. These patients were reviewed retro-
spectively and their pathology and 18F‑FDG PET/CT results 
were recorded. Exclusion criteria included a history of any 
cancer other than PCa, active infection, active inflammatory 
conditions, poorly controlled diabetes mellitus, a recent or 
complicated non‑healing fracture, and hip or knee arthroplasty.

Definition of PSA relapse. Treatment‑specific definitions of 
PSA relapse by the American Urological Association and the 
American Society for Therapeutic Radiology and Oncology 
consensus were applied in those patients who had undergone 
either RP or EBRT, respectively. The definition by the Amer-
ican Urological Association classifies biochemical failure as 
an initial serum PSA level of ≥0.2 ng/ml, followed by a second 
confirmed rise in PSA (16). The definition by the American 
Society for Therapeutic Radiology and Oncology classifies 
biochemical failure as a rise in PSA level by ≥2 ng/ml above 
the nadir.

Imaging and interpretation of data. 18F‑FDG PET/CT scans 
were obtained after at least 6 h of fasting and when the blood 
glucose level was <150 mg/dl. Combined FDG PET/CT was 
performed using a Siemens HI‑REZ biograph 6 (Siemens AG, 
Munich, Germany), which provides an in‑plane spatial 
resolution of 4.8 mm, an axial field view of 16.2  cm and 
three‑dimensional image acquisition. Prior to scanning, 6 h of 
fasting was required. At ~1 h after the intravenous injection 
of 555 MBq 18F‑FDG, a whole‑body PET scan from the skull 
base to the upper thighs was performed. The whole‑body CT 
scan was performed in the craniocaudal direction, without 
intravenous contrast. Immediately after this, PET data were 
collected in the craniocaudal direction with the arms down. 
FDG PET images were reconstructed using CT data for 
attenuation correction.

A visual analysis of the PET scans and a semi‑quantitative 
analysis using the maximum standard uptake value (SUVmax) 
were performed. The SUV was expressed in terms of body 
weight (g/ml). All recorded parameters, including the 
patient's weight (kg), height (cm), radioactivity during injec-
tion (MBq), injection start time, residual radioactivity (MBq) 
post‑injection and radioisotope half‑life (used as the standard 
109.8 min for 18F‑FDG), were automatically calculated by the 
software.

Two physicians who were experienced in nuclear medicine 
and were blinded to the study independently reviewed the 
hybrid 18F‑FDG PET/CT scans and decided upon a positive 
or negative result for a primary tumor site. Each area of 
focal tracer uptake deviating from the normal physiological 
distribution was indicative of the disease. Background devia-
tions and activity differences in the tissues surrounding the 
suspicious lesion were used to discriminate the benign lesions 
from the malignant lesions. For the patients receiving EBRT, 
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an SUV value of 5.8 in the prostate was taken as the refer-
ence. The patients with an SUV value of >5.8 were considered 
as positive. No specific SUV value was used for the patients 
undergoing RP.

Statistical analysis. All statistical data analyses were calcu-
lated using SPSS statistics software (version 16.0; SPSS, Inc., 
Chicago, IL, USA). All statistical data analyses were calculated 
using Fisher's Exact test. P<0.05 was considered to indicate a 
statistically significant difference.

Ethics. All procedures followed were in accordance with the 
ethical standards of the responsible Committee on Human 
Experimentation and with the Helsinki Declaration of 1975, 
as revised in 2000.

Results

18F‑FDG PET/CT imaging was negative in 16 (57.1%) patients 
and positive in 12 (42.9%). Local recurrence and bone metas-
tases were found in 2 (7.1%) patients, bone metastases only in 
7 (25.0%) patients (mean SUVmax, 9.8), local recurrence only 
in 1 (3.6%) patient, local recurrence and bone or lymph node 
metastasis in 1 (3.6%) patient, and recurrence in the prostate in 
1 (3.6%) patient. The last patient had received definitive EBRT 
and the SUVmax value was 21.8. The patients were divided in 
two groups based on their Gleason scores of <7 or ≥7. The 
18F‑FDG PET/CT results of the patients with Gleason scores of 
<7 and ≥7 are shown in Table I. Patients with Gleason scores 
of >7 on PET/CT exhibit increased visualization. Increased 
visualization may be a result of increased glucose metabolism, 
which is associated with cancer tissues. A total of 4 (14.3%) 
and 7  (28.6%) patients with Gleason scores of <7 and ≥7, 
respectively, were positive on PET/CT.

18F‑FDG  PET/CT results correlated with histological 
subtype in probability charts (P=0.0189). The sensitivity, 
specificity, positive predictive value, negative predictive value 
and accuracy of 18F‑FDG PET/CT were 61.6%, 75.0%, 61.6%, 
75.0% and 71.4%, respectively.

Discussion

Definitive therapeutic modalities of local‑stage PCa have been 
standardized as RP and EBRT, and the strategy to follow 
patients treated with RP or EBRT is based on PSA relapse. 
PSA relapse does not always mean clinical recurrence, as 
the condition may occasionally be diagnosed as biochemical 
relapse and the disease will not manifest. Thus, correctly 

diagnosing patients and monitoring their response to the treat-
ment is of vital importance (16).

Re‑staging of the disease, minimizing the false‑positive 
and false‑negative results, and diagnosing the local recur-
rences and metastatic disease are the most important and most 
realistic focuses of the entire therapeutic strategy (16). For the 
patients with PSA relapse, it is not always possible to know 
the anatomical location and volume of the disease, further 
increasing the importance of anatomical and functional 
imaging. PET is an ideal non‑invasive tool for imaging of the 
underlying tumor biology. 18F‑FDG PET/CT is one of the most 
important diagnostic tools in which particularly anatomical 
and functional images are processed. PSA relapse, transrectal 
US‑guided re‑biopsy, contrast‑enhanced CT, MRI, bone scan-
ning and 18F‑FDG PET/CT may be used to detect metastatic 
disease following RP or EBRT, and to monitor the response to 
treatment (16).

PSA is an independent prognostic factor in the early diag-
nosis of PCa, and in determining recurrences and metastases. 
Locally recurrent cancer is ultimately detected in 25‑35% of 
men with biochemical failure, while metastatic disease is only 
found in 20‑25%, and local recurrence and metastatic disease 
together is detected in 45‑55% (17). When 18F‑ and 11C‑choline 
were used in patients with PCa with biochemical recurrences 
in the screening series of patients of European and Japanese 
origin, a sensitivity ranging between 38 and 98% was found in 
the detection of local recurrences and metastatic disease.

One of the most significant features of cancer is that 
the metabolic utilization of glucose in higher in the cancer 
compared to the normal tissues (Warburg's effect) (18). PET 
imaging with 18F‑FDG, an analog of glucose, tracks the 
glucose metabolism of tissues. The use of 18F‑FDG PET is 
therefore fundamental to oncology studies  (19). Elevated 
glucose metabolism in malignant tissues due to increased 
of cellular membrane glucose transporter (GLUT) expres-
sion, mainly GLUT‑1, and enhanced hexokinase (HK‑II) 
enzymatic activity in tumors, is the basis of cancer detec-
tion by 18F‑FDG PET (20). The uptake of 18F‑FDG in PCa is 
dependent on the differentiation of the tumor, with low uptake 
found in well‑differentiated tumors and high uptake found 
in aggressive poorly‑differentiated tumors (14). Patients with 
advanced disease may be evaluated by 18F‑FDG  PET/CT 
through the detection of active osseous and soft‑tissue metas-
tases. The technique may also be useful for evaluating the 
hormonal treatment response  (16). In an evaluation of the 
mRNA expression of GLUT1 in hormone‑dependent and 
hormone‑independent tissues of PCa, Effert et al found that the 
hormone‑resistant cells with poor prognosis exhibited a much 
higher level of GLUT1 compared with the well‑differentiated 
hormone‑sensitive cells (21). Considering these findings as 
the basic principle for the use of 18F‑FDG PET in PCa, there 
are other studies in the literature supporting these results. The 
most important factor in commenting on the activity of FDG 
in PCa is that the tissue of benign prostatic hyperplasia (BPH) 
has also measurable FDG activity. Stewart et al (22), however, 
found that the gene expression of GLUT1 was higher in PCa 
than in BPH. Kukuk et al (23) demonstrated that there was a 
large amount of FDG accumulation in the xenograft mouse 
models of hormone‑resistant PCa, and that this FDG activity 
decreased following androgen ablation. Primarily staging PCa 

Table I. PET/CT results by Gleason score of the primary tumor.

Gleason	 Positive on	 Negative on
score	 PET/CT, n (%)	 PET/CT, n (%)

<7	 4 (14.3)	 13 (46.4)
≥7	 8 (28.6)	   3 (10.7)

PET/CT, positron emission tomography/computed tomography.
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with 18F‑FDG PET is quite difficult due to the physiological 
urinary activity of FDG. False‑positive FDG activity in the 
residual urine, and in the bladder and urethra due to the 
anatomical neighborhood of these anatomical structures limits 
the value of this method. Additionally, the false‑positive FDG 
activity of the normal prostatic tissues and BPH also limits the 
procedure; it also fails in distinguishing low‑volume foci of 
PCa. Thus, 18F‑FDG PET/CT has a limited role in the primary 
staging of PCa. Nonetheless, FDG‑PET application has not yet 
been full developed for PCa (24).

A recent study from Japan used a time‑of‑flight PET/CT 
scanner to assess for the visual identification of primary PCa 
with FDG (25). For the differentiation between biopsy speci-
mens with a summed Gleason score of ≤5 and those specimens 
with a summed Gleason score of ≤6, the cut‑off SUVmax, 
sensitivity and specificity were 2.8, 61.7 and 80%, respectively. 
In a study by Minamimoto et al (26), patients with Gleason 
scores of ≥7 exhibited sensitivity and positive predictive values 
of 80 and 87%, respectively (26). 18F‑FDG PET/CT may be 
useful in the imaging evaluation of men with biochemical 
failure following definitive therapy for primary PCa. The main 
objective of the present study was to assess the efficiency of 
18F‑FDG PET/CT in re‑staging following definitive treatment.

The present study showed that this method was able to 
detect biochemical recurrence and recurrence at the prostatic 
location despite its anatomical and physiological disadvan-
tages (Fig. 1). However, we believe that this was due to the high 
SUVmax value (21.8). The fact that the Gleason score was >7 
and the PSA value was 28 ng/ml may have increased the visu-
alization due to the high activity of glucose metabolism. The 
detection of recurrence in the prostate remains a big problem 
for 18F‑FDG PET/CT in cases of low‑volume disease, relapses 
with low PSA levels and Gleason scores of <6.

In a study by Schöder et al  (27) on 91 men with PSA 
relapse following prostatectomy, the mean PSA levels were 
higher in the FDG PET‑positive patients than in the FDG 
PET‑negative patients (9.5±2.2 ng/ml vs. 2.1±3.3 ng/ml). In 
the study, either local recurrence or systemic metastases were 
found in 31% of the patients undergoing FDG‑PET due to PSA 
recurrence. In another study on 24 patients with verification of 
the pelvic lymph nodes, Chang et al (28) found a sensitivity, 
specificity, positive predictive value and negative predictive 
value of 75, 100, 100 and 67.7%, respectively. In the study, 
it was demonstrated that FDG‑PET could detect metastatic 

disease in ~31% of the patients with PSA recurrence following 
RP. It was stated that the technique would be more useful 
when it was used in patients with a PSA level of >2.4 ng/ml 
or a PSA doubling time of >1.3 ng/ml/year, but that this had 
to be supported by prospective studies. Jadvar et al found 
that the method gave usable data in a study which evaluated 
18F‑NaF and 18F‑FDG PET/CT for the detection of occult 
metastases in patients with the biochemical recurrence of 
PCa (14). The study consisted of 37 patients (26 undergoing 
RP and 11 receiving EBRT). A sensitivity, specificity, positive 
predictive value, negative predictive value and accuracy rate 
of 50, 82, 64, 73 and 70%, respectively, were found. Combined 
imaging using simultaneous 18F‑FDG and 18F‑NaF injection 
has also been reported. However, there is currently a lack of 
evidence to support its use in routine clinical practice.

In the current study, a sensitivity and positive predictive 
value of 61%, a specificity and negative predictive value of 
75%, and an accuracy of 71% were found, all being consistent 
with the values reported in the literature. Within the limita-
tions of the present observational study, these data indicate 
that PET/CT may be useful for the process of making clinical 
decisions. PET and PET/CT studies from the literature are 
summarized in the Table II.

18F‑FDG  PET/CT may be particularly useful in the 
treatment response evaluation of metastatic PCa. FDG 
accumulation at metastatic sites tends to decrease with 
successful chemohormonal therapy (29). There may be differ-
ences in imaging‑based assessment using various response 
criteria [e.g., Response Evaluation Criteria in Solid Tumors 
(RECIST)  (30), European Organization for Research and 
Treatment of Cancer, PET Response Criteria in Solid Tumors 
and National Oncology PET Registry (31)] and the PSA‑based 
response criteria (32). Hwang et al (33) performed an analysis 
of 18F‑FDG PET/CT images in 12,037 subjects who showed 
abnormal hypermetabolism in the prostate. While 120 patients 
exhibited abnormal 18F‑FDG PET/CT signaling, 38 of these 
subsequently underwent investigation by prostate biopsy 
as a result of an abnormal total PSA serum level and/or the 
clinical suspicion of cancer upon DRE. Minamimoto et al (34) 
found positive results indicating the possibility of cancer in 
16,955  cases (10.9%). Although only 1,912 cancers were 
actually detected, PCa was found in 165  patients, with a 
FDG‑PET sensitivity of 37.0%. From this it may be concluded 
that altered PSA levels may be exhibited in approximately 

Table II. Diagnostic performance of PET and PET/CT studies in the literature.

First author (ref.)	 Modality	 n	 Sensitivity, %	 Specifity, %	 PPV, %	 NPV, %	 Accurary, %

Chang et al (28)	 FDG‑PET	 24	 75	 100	 100	 68	‑
Schöder et al (27)	 FDG‑PET	 91					   
	 PSA>2.4a		  80	 73	‑	‑	‑  
	 PSA‑DT>1.3b		  71	 77	‑	‑	‑  
Jadvar et al (29)	 FDG‑PET/CT	 37	 50	 82	 64	 73	 70
Present study	 FDG‑PET/CT	 28	 61	 75	 61	 75	 71

ang/ml; bng/ml/year. PET, positron emission tomography; CT, computed tomography; FDG, fluorodeoxyglucose; PPV, positive predictive 
value; NPV, negative predictive value; PSA‑DT, prostate‑specific antigen doubling time.
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one‑third of PCa patients with positive FDG‑PET findings. 
Confounding factors for a decreased PSA level in patients with 
PCa may include the concomitant use of medical therapies, 
such as statins, non‑steroidal anti‑inflammatory drugs and 
hormones, and/or a higher body mass index (BMI). In the 
current study, the BMIs of the patients were not known. So, 
no comparison was made with the literature on this basis. In 
the study by Wright et al (35), obese males exhibited lower 
age‑adjusted PSA levels compared with those of normal 
weight. Koochekpour et al (36) also recently demonstrated 
a possible characterization of PCa cells in association with 
their metabolism. Glutamate receptor 1 antagonists may alter 
the metabolism of aggressive cancers, with the subsequent 

development of the Warburg effect in cases where hypoxia is 
induced by the tumor. In the study, a significant difference was 
found in the serum levels of glutamate between the patients 
with a Gleason score of <7 and those with a score of >8. In the 
future, an increased and altered glutamate metabolism is being 
considered as a biological marker for patients with a Gleason 
score >8, i.e., for those with aggressive PCa. In aggressive PCa, 
increased glutamate metabolism increases the rate of positive 
subjects and also affects sensitivity due to increased FDG‑PET 
activity (36). A strong correlation exists between the Warburg 
effect and the mitochondrial metabolism of the tumor cells, 
even in the patients with normal PSA values, suggesting that 
18F‑FDG PET/CT may be used in such patients (37).

Figure 1. Images of a 59‑year‑old male with biochemically recurrent prostate cancer post‑external beam radiation therapy (prostate‑specific antigen, 28.0 ng/ml; 
Gleason score, 4+4). (A) The coronal 18F‑FDG PET/CT scans show an ill‑defined recurrent mass (blue arrow) 4x3 cm in size compressing the adjacent tissues 
in the right half of the prostate (SUVmax, 21.8). (B) MIP images of a patient with  local recurrence (arrow). (C) The coronal 18F‑FDG PET/CT scans show local 
recurrence (blue arrow; SUVmax, 21.8) and metastasis on the right pubic bone (red arrow; SUVmax, 20.6). (D) MIP images of a patient with local recurrence 
(blue arrow) and metastasis of the pubic bone (red arrow).18F‑FDG PET/CT, 18F‑fluorodeoxygluose‑positron emission tomography/computed tomography; MIP, 
maximum intensity projection.

Figure 2. Images of a 66‑year‑old male with biochemically recurrent prostate cancer post‑radical prostatectomy (prostate‑specific antigen, 35.0 ng/ml; Gleason 
score, 4+5). (A) The coronal 18F‑FDG PET/CT scans show osteoblastic sacral metastasis (arrow; SUVmax, 14.4). (B) Maximum intensity projection images of a 
patient with sacral metastasis (arrow). (C and D) The axial 18F‑FDG PET/CT scans show osteoblastic sacral metastasis (arrow; SUVmax, 14.4). 18F‑FDG PET/CT, 
18F‑fluorodeoxygluose‑positron emission tomography/computed tomography.

  A   B   C   D

  A   B   C

  D



OZTÜRK  and  KARAPOLAT:  PET/CT IN PCa PATIENTS WITH POST‑TREATMENT PSA RELAPSE 321

Bone metastasis is a potential consequence of progres-
sive PCa. Accurate detection of the bone metastases through 
imaging‑based analysis is absolutely required for effective 
treatment. Moreover, even though novel bone‑targeted 
therapies are being developed, the current standard diagnostic 
imaging techniques, including 99mTc‑based bone scintigraphy 
and CT, are not adequate for the accurate measurement 
of tumor burden. One study has reported an attempt to 
semi‑quantitatively measure bone metastases on 99mTc‑based 
bone scintigraphy (bone scan index). However, the fundamental 
limitations of bone scintigraphy, including indirect imaging of 
tumor presence, low specificity (false‑positives with benign 
conditions), and low sensitivity (gross underestimation of the 
true prevalence of bone metastases), are restrictive, and this 
technique has not been widely used (38). When considering 
the inclination of PCa to metastasize to the bones and the 
limitations of current imaging tools for assessing these bone 
metastases, the quantitative evaluation a response has proved 
difficult. Obstacles include the inability to use response 
criteria, such as RECIST, for bone metastasis assessment 
by CT, the confounding effect of the flare phenomenon on 
standard bone scintigraphy, and the ambiguity associated with 
the clinical significance of serum PSA level changes (39,40). 
18F‑FDG PET/CT will be particularly useful in PCa patients 
with lytic skeletal metastasis (11). Although bone metastases 
are extremely common in PCa, lytic metastases are rare. This 
type of metastasis probably results from the overproduction of 
parathyroid hormone‑related peptide by PCa cells in vivo (41). 
18F‑FDG PET is less sensitive than bone scanning for defining 
sclerotic bone metastases. By contrast, 18F‑FDG PET‑CT is 
superior to bone scintigraphy for the detection of lytic PCa 
metastases. In the present study, osteoblastic bone metastases 
could be detected by 18F‑FDG  PET‑CT. We believe that 
this apparent activity could be detected due to an increased 
Warburg's effect as a result of a high level of PSA, a high 
tumor volume and a high Gleason score creating a high SUV 
on the detector (Fig. 2).

Other studies have also shown a potential prognostic utility 
for FDG PET, with generally higher tumor SUVs indicating 
a poorer prognosis than lower SUVs, which is similar to the 
general experience with other cancer types (42). The prognostic 
utility of bone scintigraphy and 18F‑FDG PET was analyzed in 
a study by Meirelles et al (43), which evaluated 39 patients with 
castration‑resistant disease and 12 patients that did not require 
medical or surgical castration. These patients were followed 
up for a minimum of 5 years or until they succumbed. The 
SUVmax of the most active bone lesion was used as the outcome 
measure for the 18F‑FDG PET studies. An inverse association 
was determined between bone scan index and SUVmax. The 
median survival time of 32.8 months for an SUVmax of <6.10 
was significantly longer than the 14.4 months for an SUVmax 
of >6.10. Moreover, upon multivariate analysis, the SUVmax 
was found to be an independent prognostic factor (41). In the 
present study, bone metastases were found in 25.0% (n=7) of 
the patients. The mean SUVmax of these metastases was 9.8, but 
no statistical correlation was made as the survival data were 
inadequate. The 18F‑FDG uptake in PCa cells is modulated by 
androgens (44). The benefits of 18F‑FDG PET/CT in monitoring 
the response to anti‑androgen treatment remains controversial. 
The technique is, however, usually useful in distinguishing 

the healed lesions from the active metastases  (45). It has 
been demonstrated that PET/CT with 18F‑FDG may aid in the 
direct imaging of metastatic PCa (13). Recently, a study by 
Jadvar et al indicated the utilization of 18F‑FDG PET/CT in 
castration‑resistant metastatic PCa. In the series of 87 patients, 
a negative correlation was found between the SUV value and 
disease‑specific survival. 18F‑FDG PET/CT is a useful imaging 
biomarker for the prediction of overall survival in men with 
castration‑resistant metastatic PCa (46).

The metabolic rate of PCa with a low Gleason score 
is similar to that of normal tissues. The increased glucose 
metabolism in PCa patients with a high PSA level and a high 
Gleason score allows visualization of the lesions due to an 
increase in FDG uptake.

False‑positive or false‑negative FDG uptake results cannot 
be explained solely by the glucose metabolism of tumor tissue. 
Studies have demonstrated that 18F‑FDG PET/CT scans can 
provide information only in the presence of a certain increased 
number of tumor cells with abnormal glucose metabo-
lism (104‑107 cells). Such diagnostic failures are particularly 
significant in metastases of solid organs, such as the lungs 
and liver. Generally, 18F‑FDG PET/CT is unable to accurately 
evaluate metastases that are <5 mm in diameter. It is not 
known why high SUVs are not produced in lung lesions below 
this threshold. Inaccurate evaluation can be caused by motion 
artifacts and the low metabolic activity of metastatic lesions. 
Certain techniques can result in a reduction of motion arti-
facts, which achieves better spatial resolution and determines 
higher cut‑off SUV values for such lesions, thus increasing the 
accuracy of the diagnostic process (47).

It is essential that the PET/CT findings be verified by 
histopathological work‑up so that disease recurrence can be 
confirmed. Theoretically, this technique remains the gold 
standard. Unfortunately, in daily practice, clinical reasons, 
procedure feasibility and the effective advantages of this 
approach in the absence of radical surgical intent mean that 
this is seldom possible. In the present study, confirmation by 
histological examination was possible in 9 patients, while all 
others were compared using clinical plus radiological findings.

The main limitation of the present study is its retrospec-
tive nature. A certain amount of selection bias may have been 
present, as it is likely that only those PCa patients with meta-
static disease in biochemical recurrence who were suspected 
to have recurrence were referred for PET/CT.

In the current study, the contribution of 18F‑FDG PET/CT 
in detecting local recurrences and metastases in the patients 
with biochemical recurrence following RP or EBRT treatment 
for the diagnosis of local‑stage PCa was reviewed retrospec-
tively and found to be consistent with the literature findings. 
A possible limitation of the study was the lack of histological 
verification for the lesions in view of constraints imposed by 
practical, economic and ethical issues. It may be indicated that 
18F‑FDG PET/CT would be useful in diagnosing biochemical 
recurrence with a high accuracy (70%) in patients with PCa.
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