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Abstract: Recent studies have demonstrated that 18F-FDG PET/CT might indeed be useful in specific phases of prostate cancer, especially for aggressive primary prostate tumors. Therefore, our study aimed to evaluate its diagnostic
performance in the detection of metastatic lesions in patients with high-risk prostate cancer with comparison to
conventional imaging. The study included 67 patients with newly diagnosed high risk prostate cancer, who underwent FDG PET/CT for imaging evaluation. Of these patients, 40 underwent additional MRI with diffusion-weighted
imaging (DWI-MRI) for the assessment of lymph node metastases and 46 underwent 99mTc-MDP bone scintigraphy
for the assessment of bone involvement. All lymph nodes were diagnosed based on pathological analysis, and bone
lesions were diagnosed based on comprehensive clinical examinations or clinical/imaging follow-up. Diagnostic
performances were compared between FDG PET/CT and DWI-MRI regarding lymph node metastases, between FDG
PET/CT, and BS regarding bone involvement. The sensitivity and specificity regarding identifying nodal metastases
of high risk prostate cancer were 84.6% and 96.3% for FDG PET/CT, 46.2% and 100% for DWI-MRI, respectively.
For detection of bone lesions, FDG PET/CT showed a higher specificity than BS (92.0% vs. 80.0%) despite the same
sensitivity (90.4% vs. 90.4%). Current results indicated that 18F-FDG PET/CT may be useful in imaging evaluation of
metastatic extent in high risk prostate cancer, and might help clinicians formulate the treatment plan.
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Introduction
Prostate cancer is the most common male
cancer, accounting for 21% of all estimated
new cases in men [1]. Although men with localized prostate cancer can be treated with curative intent, some patients will experience biochemical failure and then probably develop
castration-resistant metastatic prostate cancer, which is the main cause of disease-related mortality [2]. Thus, the initial staging of
prostate cancer, especially for those with
aggressive or high-risk prostate cancer, is of
prime importance, which may affect clinical
management.
Conventional imaging methods such as transrectal ultrasound, computed tomography, MRI
and 99mTc-MDP bone scintigraphy (BS) are currently used for the diagnosis of prostate can-

cer. However, they are not completely satisfactory because of this remarkably heterogeneous
disease [3]. Based on the Warburg effect, positron emission tomography/computed tomography (PET/CT) with 18F-fluorodeoxyglucose (FDG)
has become the mainstay for the imaging evaluation such as diagnosis, guided biopsy, staging, response assessment, and prognostication
for many cancers [4]. However, FDG PET/CT is
not routinely performed in prostate cancer
patients because of the following reasons: (a)
general low avidity of 18F-FDG in the majority of
prostate cancer (b) the influence of FDG excreted into the urinary bladder adjacent to the prostate gland (c) false positive FDG accumulation
in benign prostate hyperplasia. Some initial
studies assessed the role of FDG PET/CT in the
diagnosis or staging of primary tumor, and the
overall results were unsatisfactory [5, 6].
Several studies showed that FDG uptake tend-
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Table 1. Baseline characteristics of subjects included in this
study
Parameters
Age (year)
Biopsy Gleason score
6
7
8
9
10
Pretreatment PSA (ng/ml)
< 20
≥ 20
Distant metastatic sites revealed by FDG PET/CT
Bone
Lung
Cervical/mediastinal lymph node
Liver
Adrenal gland
Imaging evaluation
FDG PET/CT
DWI-MRI+FDG PET/CT
BS+FDG PET/CT
Treatment
Radical prostatectomy + PLND
Hormonal therapy/radiotherapy/chemotherapy
No treatment
PLND: pelvic lymph node dissection.

ed to increase in more aggressive prostate
cancer, either recurrent or metastatic lesions
[7, 8]. Moreover, overexpression of glucose
transporters has been revealed in prostate
cancer with high Gleason score [9, 10]. Recently, the results of Liu’s study indicated that
although FDG PET-CT is not useful for the diagnosis of primary prostate cancer with a low sensitivity of 33%, whereas it helped detect metastatic disease in six of the nine patients with
high serum PSA level [11]. Beauregard et al.
reported that for patients with a high-grade
prostate cancer (Gleason sum ≥ 8), suspicious
foci of increased FDG uptake were found in the
prostate, lymph nodes and bones in 44, 13,
and 6% of patients, respectively [12]. FDG PET/
CT also helped improve pre-treatment prognostic stratification by predicting pathological
grade [12]. Taken together, FDG PET/CT is
indeed limited in detection or diagnosis of primary prostate tumors, but it may be useful for

6906

n
68.86 (48-85)
1
16
13
36
1
17
50

evaluating the extent of metastatic
disease in patients with aggressive
prostate cancer. Our study therefore aimed to evaluate the diagnostic performance of FDG PET/CT in
detecting metastatic lesions in patients with high risk prostate cancer,
with an emphasis on the comparison
with conventional imaging procedures (DWI-MRI and BS).
Materials and methods
Patient enrollment

One hundred and fifty-four consecutive patients with newly diagnosed
prostate cancer using transrectal
ultrasound-guided prostate biopsy
were referred for imaging evaluation
using FDG PET/CT, in addition to
whole-body BS and MRI with diffusion weighted imaging (DWI-MRI)
67
between March 2013 and April
40
2014. The patients with Gleason
46
score ≥ 8 or PSA ≥ 20 ng/ml were
regarded to be at high-risk levels,
and these patients were included in
40
this study. Patients with contraindi24
cations to the imaging examinations
3
were excluded from this study.
Patients with a history of malignancy
within 5 years or previous prostatic
operation were also excluded. This retrospective study was approved by West China Hospital
of Sichuan University and all the written consent was obtained.
21
9
6
1
1

PET/CT imaging
PET/CT scans were performed with a PET/CT
modality (Gemini GXL, Philips Corp, the Netherlands). The patients were asked to fast for
6 hours, and the blood glucose level was lower
than 200 mg/dL. The PET/CT scan was performed approximately 60 minutes after the
administration of 185-370 MBq of 18F-FDG
(5.18 MBq/kg), from base of skull to upper
thigh. A low-dose CT scan was performed first
with a voltage of 120 kV, a current intensity of
40 mA, a tube rotation of 0.8 s, and a section
thickness of 4 mm, used for attenuation correction. A full-dose CT scan was then performed
at 120 kV and 140 mA. Emission data was
acquired in three dimensional mode for 2.5 min
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for FDG PET/CT images, one for
BS images, and two experienced radiologists for DWI-MRI images. For FDG PET/CT, the leFDG PET/CT (+) FDG PET/CT (-) K value
sions in the regional lymph noNodal metastases (n=40)
des and distant sites were reDWI-MRI (+)
6
0
0.58
ported based on the abnormal
DWI-MRI (-)
6
28
FDG uptake and morphologic
Bone involvement (n=46)
features. For DWI-MRI, the diagnosis was analyzed based on
BS (+)
19
5
0.70
data from the combination of
BS (-)
2
20
T2-weighted imaging, DWI and
ADC mapping, dynamic contrast
per bed position. PET images were reconstructenhanced (DCE) MRI. A lesion with high signal
ed using a 3D-line of response algorithm. The
intensity relative to muscle on T2, or high signal
PET and CT images were co-registered with
intensity on DWI and low signal intensity on
Syntegra software.
ADC map, or hyperenhancing on early phase
images with rapid washout on delayed imagMRI with DWI
es was considered a positive finding. Lymph
nodes lying in the territory of drainage of prosAll patients underwent a 3.0 T MRI with an
tatic tumors were classified as malignant if
endorectal coil for signal reception (Trio Tim,
they had a short-axis diameter > 10 mm or if
Siemens Medical System, Erlangen, Germany).
they showed restricted diffusion on the ADC
T2-weighted imaging (TR/TE, 6300/94 ms;
map [13]. Each site of abnormal uptake of
matrix size, 320×320) and diffusion weighted
99m
Tc-MDP on BS that could not be definitely
imaging (TR/TE, 5900/76 ms; matrix size,
explained by benign abnormalities such as
192×192; acquisition time, 60 sec; b=50, 800
osteophytes, degenerative change, was consids/mm2) of the entire pelvis were acquired from
ered as malignancies.
the aortic bifurcation to the pubic symphysis.
Dynamic contrast-enhanced imaging (DCEI)
Reference standard
using volumetric interpolated breath-hold examinations (VIBE) (TR/TE, 4.03/1.43; matrix
All the patients underwent a systematic 12size, 320×320; flip angle, 9° bandwidth, 350
core biopsy, and the specimens were diagHz/Px) were followed by fast intravenous injecnosed by an experienced pathologist based
tion of 0.1 mmol of gadobutrol (Gadovist; Bayer
on Gleason score and histological type. Forty
Schering Pharma AG, Germany) at a rate of 2
patients then received radical prostatectomy
ml/sec. The slice thickness/interslice gap was
with an extended bilateral pelvic lymph node
2.5 mm/0.5 mm for T2WI, 3 mm/0.5 mm for
dissection (PLND), and their lymph node lesions
DWI, and 3 mm/0.5 mm for DCEI.
were pathologically diagnosed. All the bone
lesions got a final diagnosis based on the cliBone scintigraphy
nical/imaging follow-up at least 1 year. An
increase in tumor size or a change in tumor
Three hours after administration of 740 MBq
nature including lytic or sclerotic change was
of technetium-99m methylene diphosphonate
considered to be malignant.
(99m-Tc MDP), whole-body planar imaging was
performed in the anterior and posterior posiStatistical analysis
tion using a dual head SPECT scanner (Precedence; Philips Medical Systems, Cleveland,
For patients with high risk level, comparison of
OH, USA) with a low-energy, high-resolution,
FDG PET/CT and DWI-MRI for detecting lymph
parallel-hole collimator. The images were acnode metastasis or FDG PET/CT and BS for
quired with a 128×128 pixel matrix at 10 cm/
detecting bone metastasis was performed with
min.
the McNemar test. The specificity, sensitivity,
positive and negative predictive value (PPV
Image analysis
and NPV) of individual modalities were also
obtained. A p value of less than 0.05 was conAll the images were interpreted blindly and
sidered to be statistically significant.
separately, two experienced nuclear physicians
Table 2. Comparison of FDG PET/CT, DWI-MRI and BS for identifying nodal metastases (n=40) and bone metastases (n=46) in
high-risk prostate cancer patients
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Figure 1. Concordant imaging findings of PET/CT and DWI-MRI in a 66-year-old patient with a Gleason sum 8 (4+4)
prostate cancer. Multiple lymph nodes of bilateral internal iliac artery and sacral promontory showed increasing
uptake of FDG with SUVmax of 3.5 and maximum diameter of 3.0 cm (A-C). These lesions also showed high signal
intensity on T2 or DWI images with the maximum diameter of 3.2 cm (D-F).

Results
Patient characteristics
Eventually, sixty-seven patients with high risk
prostate cancer were enrolled in the present
analysis. Their baseline characteristics are
summarized in Table 1. The mean age was
68.86 years ranging from 48 to 85 years. Of
the included patients, 40 underwent radical
prostatectomy and PLND, 14 patients received
only hormonal therapy, 6 patients received hormonal therapy and radiotherapy, 4 patients
received hormonal therapy and chemotherapy,
and 3 patients received no therapy. Forty
patients underwent FDG PET/CT and DWI for
the assessment of lymph node status, and 46
patients underwent FDG PET/CT and BS for the
assessment of bone metastases.
In addition to regional lymph node and bone
metastases, other distant metastatic sites
were also revealed by PET/CT, including lung,
liver, adrenal gland, and cervical or mediastinal
lymph node (Table 1).
FDG PET/CT for detecting metastatic extend
The comparison of FDG PET/CT and DWI-MRI
for detecting nodal lesions is presented in
Table 2. For detecting nodal metastases, there
6908

was moderate agreement between FDG PET/
CT and DWI-MRI (k=0.583). Six positive and 28
negative findings were concordant for both
methods (Figure 1). In addition, FDG PET/CT
identified metastatic lymph nodes in six patients that had negative presences on DWI-MRI
(Figure 2), and of these patients, 5 cases had
metastatic lesions while one patient did not
have metastatic disease based on the reference standard. On a patient-based analysis,
the sensitivity and specificity for detecting
lymph node metastases in high-risk prostate
cancer were 84.6% and 96.3% for FDG PET/CT,
46.2% and 100.0% for DWI-MRI, respectively
(Table 3). There were 2 false negative findings
with FDG PET/CT and 7 with DWI-MRI. One
false positive node of FDG PET/CT was confirmed to be benign during follow-up.
For the diagnosis of bone involvement, the
results of FDG PET/CT and BS were concordant
in 39 patients (Figure 3). BS overdiagnosed
distant metastases in 5 patients, of which all
lesions were finally diagnosed as old occult
fracture or focal degenerative change (Table
2). In addition, in a 67-year-old man, BS revealed some bone metastases that were not presented on PET/CT (Figure 4). Compared with
the reference standard, both FDG PET/CT and
BS failed to identify bone metastasis in two
Int J Clin Exp Med 2018;11(7):6905-6913
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Figure 2. In a 75-year old prostate cancer patient with Gleason sum of 9 (5+4), FDG PET/CT identified a metastatic
lymph node of left lateral iliac artery with SUVmax of 4.0, showing high FDG uptake (A-D) while it was diagnosed as
negative report based on the criteria of DWI-MRI, which was only 0.7 cm in diameter without hyperenhancing (E).

Table 3. Diagnostic performance of FDG PET/CT, DWI-MRI and BS for detecting metastatic extent in
high-risk prostate cancer patients
Nodal metastases (n=40)
FDG PET/CT
DWI-MRI
Bone metastases (n=46)
FDG PET/CT
BS

Sensitivity

Specificity

PPV

NPV

84.6% (11/13)
46.2% (6/13)

96.3% (26/27)
100.0% (27/27)

91.7% (11/12)
100.0% (6/6)

92.9% (26/28)
79.4% (27/34)

90.4% (19/21)
90.4% (19/21)

92.0% (23/25)
80.0% (20/25)

90.9% (19/21)
79.2% (19/24)

92.0% (23/25)
90.9% (20/22)

PPV: positive predictive value; NPV: negative predictive value.

patients, however FDG PET/CT revealed more
true negative findings than BS (23 vs. 20). FDG
PET/CT showed a higher specificity compared
with BS despite the same sensitivity (sensitivity: 90.4% vs. 90.4%; specificity: 92.0% vs.
80.0%, Table 3).
The proportions of patients for whom the imaging paradigm would have provided sufficient
clinically relevant information to assess pelvic
lymph nodes were 82.5% (33/40) for DWI-MRI
and 92.5% (37/40) for FDG PET/CT, respectively. With regard to evaluating bone involvement,
the proportions were 84.8% (39/46) for BS and
91.3% (42/46) for FDG PET/CT, respectively.
Discussion
To optimize the treatment strategy, accurate
pre-treatment disease assessment is of prime
6909

importance in prostate cancer, especially for
high risk prostate cancer. For example, if there
is lymph node or distant metastases, locoregional treatment with radical prostatectomy
or radiotherapy is rarely curative, and then
patients might receive external beam radiotherapy, androgen deprivation therapy, or chemotherapy [14]. The present study demonstrates that FDG PET/CT is useful for imaging
evaluation in this setting, especially in detecting pelvic lymph node and distant metastases. It showed better diagnostic performance
in the assessment of nodal metastasis and
bone involvement compared with conventional
methods.
Indeed, the role of FDG PET/CT in prostate
cancer has been somewhat misunderstood for
a long time because of a general misconception that FDG PET/CT is not useful in prostate
Int J Clin Exp Med 2018;11(7):6905-6913
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Figure 3. 18F-FDG PET/CT showed remarkable uptake in the fourth, fifth, and sixth vertebral body as well as the fifth
posterior rib without obvious destruction of bone (SUVmax =10.6) (A). 99mTc-MDP bone scan also revealed intense
MDP accumulation in the same region (B).

cancer. Because of low accumulation in indolent prostatic lesions [15], false positive findings with prostatitis or prostatic hyperplasia
[16], and interference of urinary radiotracer [5],
FDG PET/CT might not be useful in the diagnosis or staging of clinically organ-confined prostate cancer [17]. However, based on the initial
data of the National Oncologic PET Registry,
FDG PET/CT had an impact on clinical management of prostate cancer, with 25.3% of cases
changing from non-treatment to treatment and
9.7% of cases from treatment to non-treatment
[18]. It is reasonable that the initial staging for
certain subgroups of patients with high-risk
prostate cancer, FDG PET/CT is useful for evaluating the extent of metastatic lesions. Some
biologic studies might provide reasonable explanations for its use in advanced or aggressive prostate cancer. Stewart et al. evaluated
expression of glucose transporter-1 (Glut-1)
that is closely related to the FDG uptake within
benign prostatic hypertrophy and prostate cancer tissue, and found that Glut-1 gene expression was significantly higher in prostate cancer
compared with benign tissue and also correlated directly with Gleason score [9]. A German
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study investigated the expression of Glut-1
both in prostate cancer cell lines and clinical
specimens of patients [10]. Poorly-differentiated cell lines (DU145 and PC3) showed higher Glut-1 expression compared with hormoneresponsive cell line (LNCaP), and the same
trend was also observed in moderately-poorly
differentiated prostate cancer specimens, indicating that the level of Glut-1 expression
increased with the advancing grade of malignancy. In the study of Liu, regarding clinical
practice of FDG PET/CT in prostate cancer with
high PAS levels, FDG PET/CT detected metastatic nodal and bone disease in five cases of
the nine patients who underwent initial staging, and achieved the positive rate of 81%
(13/16) for identifying metastases in patients
with PSA relapse [11]. The consistent results of
our study show that in 67 high risk prostate
cancer patients, FDG PET/CT helped identify
28 patients with pelvic lymph node metastases
and 31 patients with distant metastases.
Conventional imaging modalities such as CT,
MRI, and BS, are commonly used to detect metastatic lesions; however, they were less sensi-
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Figure 4. 99mTc-MDP bone scan showed multiple intense uptake in the skull, multiple vertebral bodies and ribs,
bilateral humerus, and left acetabulum, which indicated extensive bone metastasis from prostate cancer (A) while
these lesions were not detected on PET/CT (B).

tive than FDG PET/CT. For detection of pelvic
lymph node metastases, a German study
reported that FDG PET detected positive findings in 4/6 prostate cancer patients [19].
Similarly, Chang et al. found that the sensitivity
and specificity of FDG PET/CT were 83.3% and
64.3% by patient-based analysis and 75% and
44.4% by lesion-based analysis, respectively
[20]. With regard to identifying bone involvement, Minamimoto et al. prospectively evaluated the use of combined 18F-NaF/18F-FDG PET/
CT in 15 patients with prostate cancer and
compared the results with those for BS and
MRI. 18F-/18F-FDG PET/CT had significantly higher sensitivity than MRI and BS in the evaluation
of skeletal lesions (100%, 65.4% and 81.3%,
respectively) [21]. Beauregard et al. compared
the performance of 18F-choline PET/CT, 18F-FDG
PET/CT and conventional imaging (CT and BS)
and assessed their impact on clinical management in patients with prostate cancer. They
found that FDG PET/CT and choline PET/CT,
nearly with the equal performance, had a higher detection rate than the combination of CT
and BS for detecting malignant lesions (perpatient: 69% vs. 13%; per-lesion: 79% vs. 14%),
in particular nodal disease and bone metastasis, and both PET/CT provided sufficient clinical
information to form an appropriate management plan in 88% of cases, as compared with
56% for conventional imaging [22]. In our study,
FDG PET/CT showed higher sensitivity than
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DWI-MRI for detecting lymph node metastasis
in high-risk prostate cancer patients (84.6% vs.
46.2%), identifying metastases in 5 patients
that had negative presences on DWI-MRI for
the reason that metastatic lymph nodes might
have metabolic changes before morphologic
change such as lesion size and shape. BS was
less specific than FDG PET/CT mainly due to
the false positive findings induced by occult
fracture or degenerative change (80.0% vs.
92.0%).
In recent years, several novel radiotracers
for PET imaging of prostate cancer have been
used in preclinical and clinical practice, such
as 18F/11C-acetate, 18F/11C-choline, 18F-FACBC,
and PSMA analogs. Although these innovative
radiotracers will not only advance imaging evaluation of prostate cancer they also provide
novel opportunities for cancer therapy since
each of them has certain limitations in clinical
application and practice [23-25]. As the only
readily available PET tracer worldwide, the role
of FDG PET/CT should not be ignored in specific phases of disease for certain subgroups of
prostate cancer patients [26]. For high-risk
prostate cancer, it is useful to evaluate the metastatic extent, especially the lymph nodes and
bone involvement. Thus, in some areas that
novel radiotracers such choline or acetate were
not obtained, FDG PET/CT can be an alternative
modality for patients with prostate cancer.
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The study was retrospectively designed and the
major limitation is enrollment bias. In our clinical practice, FDG PET/CT was not routinely performed for prostate cancer and only patients
with a high probability of having metastatic
lesions were referred for imaging evaluation
using FDG PET/CT, which might lead to the high
detection rate of metastatic lesions in our
study. In addition, the reference standard of our
study was the combination of histopathologic
confirmation and/or clinical/imaging follow up,
which might lead to a bias regarding the true
diagnostic performance of FDG PET/CT in prostate cancer.
In conclusion, 18F-FDG PET/CT might be still
useful for the detection of metastatic lesions,
especially nodal and distant metastasis in
patients with high risk prostate cancer. Compared to conventional imaging modalities including DWI-MRI and BS, FDG PET/CT has the
advantage of detecting more metastatic or unexpected lesions by one scan. A prospective
trial with larger sample size is needed to confirm the role of FDG PET/CT in high risk prostate
cancer.
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