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Abstract

Purpose The extent and intensity of 'F-FDG uptake in
prostate cancer patients are known to be variable, and the
clinical significance of focal '®F-fluorodeoxyglucose (*°F-
FDG) uptake that is incidentally found on positron emission
tomography (PET) has not been established. We investigated
the clinical significance of incidental focal prostate uptake of
'"F-FDG on PET/computed tomography (CT) and analyzed
differential findings on PET/CT between malignant and
benign uptake.

Methods A total of 14,854 whole-body '*F-FDG PET/CT
scans (4,806 that were conducted during cancer screening
and 10,048 that were conducted to evaluate suspected or
alleged cancer outside of the prostate) were retrospectively
reviewed to determine the presence, location, multiplicity
and maximum standardized uptake value (SUVmax) of
focal prostate uptake and combined calcification. The final
diagnosis determined by serum prostate-specific antigen
(PSA) level and biopsy was compared with PET findings.

Results Incidental focal prostate uptake was observed in
148 of 14,854 scans (1.0 %). Sixty-seven of these 148
subjects who had diagnostic confirmation were selected for
further analysis. Prostate cancer was diagnosed in nine of
67 subjects (13.4%). The remaining 58 subjects had no
malignancy in the prostate based on normal serum PSA
level (n=53), or elevated serum PSA level with a negative
biopsy result (n=5). While 84.6% (11/13) of malignant
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uptake was peripherally located in the prostate glands, 60.2%
(50/83) of benign uptake was centrally located (p<0.05). The
positive predictive value of peripheral focal uptake for
malignancy was 25%. The SUVmax, multiplicity
and combined calcification were not significantly different
between the two groups.

Conclusion Although incidental focal '®F-FDG uptake in
the prostate is not common, the incidence of cancer with
focal uptake is not low. Therefore, these findings deserve
further evaluation. The location of the focal prostate uptake
may help with the selection of high-risk prostate cancer
patients.

Keywords '*F-fluorodeoxyglucose - PET/CT- Prostate
gland - Prostate cancer

Introduction

Positron emission tomography (PET)/computed tomography
(CT) using '®F-fluorodeoxyglucose ('*F-FDG) is a useful
whole-body imaging modality that is widely used for
diagnosis, initial staging, restaging, post-therapy and
follow-up for many kinds of cancers [1, 2]. Due to its
advantages of whole-body coverage and exact anatomical
localization, '®*F-FDG PET/CT often shows focal hypermet-
abolic lesions in clinically unexpected sites [3]. Previous
studies have suggested that these incidental lesions are
associated with a second primary cancer, unexpected
metastasis or other pathological lesions deserving further
evaluation [3]. Detection of secondary primary cancer is one
of important prognostic factors in cancer patients. For
example, in patients with early-stage head and neck
squamous cell carcinomas, a second primary cancer is the
leading cause of treatment failure and death in patients [4—6]
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However, it is controversial whether further diagnostic
work-ups are necessary for all incidental focal hypermeta-
bolic lesions. Incidental focal hypermetabolic lesions on
E_FDG PET/CT are not rare, but the cancer risk of such
lesions is not high [3, 7]. Physiological or benign incidental
focal uptake is often found in the thyroid, bowel, uterus,
ovary, and other organs. [3]. Further evaluation of all
incidental focal hypermetabolic lesions raises problems in
terms of cost and time. Therefore, it is important and
necessary to recognize the differential findings that are most
associated with the risk of cancer and thus deserve further
diagnostic work-up. For example, one study reported that it
is possible to screen focal hypermetabolic thyroid lesions
incidentally found on '®F-FDG PET/CT and warranting
further diagnostic work-up due to a high risk of cancer
using combined PET/CT diagnostic criteria including
SUVmax and CT attenuation [3].

There are only a few case reports showing incidental
focal uptake lesions in the prostate on '*F-FDG PET/CT,
and these were pathologically proven to be prostate cancer
or granulomatous prostatitis [8—10]. As is the case with
most other cancers, early detection of prostate cancer may
reduce the risk of dying from prostate cancer [11]. The
purpose of this study was to investigate the incidence and
clinical significance of incidental focal prostate uptake on
""E_.FDG PET/CT. Differential findings between malignant
and benign uptake were also analyzed.

Materials and Methods
Subjects

From March 2005 to September 2008, 15,301 male subjects
underwent '*F-FDG PET/CT scans for cancer screening, or
evaluation of known or suspected malignancies. Among
these patients, we excluded 447 subjects known to have
prostate cancer or a previous history of prostate surgery.
Therefore, 14,854 subjects were included in this study, and
among these, we retrospectively reviewed the medical
records of 148 with focal hypermetabolic foci in the prostate
gland. When a focal hypermetabolic prostate lesion was
incidentally found on PET/CT, we usually recommended a
test for serum levels of prostate-specific antigen (PSA),
irrespective of the degree of uptake on the initial official
interpretation of PET/CT images. We investigated the clinical
courses of the 148 subjects with focal hypermetabolic lesions
of the prostate glands. Finally, 67 subjects who underwent
further diagnostic work-up for prostate lesions were selected
and included in further analyses.

Our institutional review board approved the study
protocol of this retrospective study, which was exempt
from the requirement for informed consent.

¥F_FDG PET/CT

All patients underwent '*F-FDG PET/CT imaging after at least
6 h of fasting with liberal water intake. 'SF-FDG was
produced using a commercially available cyclotron (PET
Trace, GE Healthcare, Milwaukee, WI, USA). The PET/CT
scan was performed using a dedicated PET/CT scanner
(Discovery LS, GE Healthcare). A whole-body CT from the
basal skull to the mid-thigh was performed by a continuous
spiral technique using an eight-slice helical CT with a gantry
rotation speed of 0.8 s 45 min after an intravenous injection of
~370 MBq "*F-FDG. The CT scan data were collected with
40-120 mAs adjusted to the patient’s body weight, 140 KeV, a
section width of 5 mm, and a table feed of 5 mm per rotation.
No intravenous or oral contrast material was used. After the
CT scan, a corresponding emission scan was obtained with
4 min per frame. Attenuation-corrected PET images using CT
data were reconstructed by an ordered-subsets expectation
maximization algorithm (28 subsets, 2 iterations). The
standardized uptake values (SUVs) were acquired using the
attenuation-corrected images, the amount of injected '*F-
FDG, the body weight of each patient and the cross-
calibration factors between the PET and the dose calibrator.
Commercial software (Xeleris, GE Healthcare) was used to
accurately coregister the separate CT and PET scan data.

Image Analysis

PET/CT image analysis focused on the focal hypermetabolic
lesions of the prostate. Retrospective visual analysis was
performed by the consensus of two nuclear medicine
physicians. First, we reviewed the medical records for PET/
CT images with focal uptake in the prostate. In this study, a
focal prostate lesion was defined as focally increased '°F-
FDG uptake within the prostate glands compared with the
uptake of surrounding prostatic parenchyma, excluding the
focal physiological uptake in the prostatic urethra which was
discernible by fused PET/CT images. If focal hypermetabolic
lesions were found, the maximum SUV (SUVmax) of each
lesion was measured. The location of each focal hypermet-
abolic lesion was classified as either central or peripheral
according to the distance from the central prostatic urethra. A
point halfway between the central prostatic urethra and the
margin of the prostate was determined to demarcate the
border between the central and peripheral portions. In
addition, the presence of combined calcification within a
focal hypermetabolic lesion was determined. Multiplicity of
hypermetabolic lesions was also evaluated.

Data Analysis

Final diagnosis was determined based on the histology of
each hypermetabolic lesion or serum PSA level in cases for
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which the histological results were not available. Age,
SUVmax, location, multiplicity and calcification were
compared between benign and malignant focal hypermet-
abolic prostatic lesions by independent #-test or chi-square
test. A p value of less than 0.05 was considered to indicate
a statistically significant difference.

Results

In the study sample of 14,854 male subjects, clinically
unexpected focal '®F-FDG uptake in prostate glands was
identified in a total of 148 subjects (1.0%). The serum PSA
level was checked in 67 of the 148 subjects. Our results
were based on 96 focal hypermetabolic foci from these 67
subjects (age, 59.2+10.5 years; range, 38—83 years). For 53
subjects, the focal hypermetabolic lesions in the prostate
glands were not pathologically confirmed, because the
serum PSA levels were normal. The remaining 14 subjects,
including 12 with high serum PSA level, had histopatho-
logic confirmation via multiple prostate biopsy (number of
sites, 8.9 + 2.7; range, 3—12), and nine subjects (13.4%)
were confirmed to have prostate cancer. Due to multiple
prostate biopsies, where we knew the location of each
biopsy site, it was possible to perform a lesion-based
correlation analysis between focal hypermetabolic lesions
and pathological results. The 67 subjects were divided into
two groups. The malignant group was composed of subjects
who were pathologically proven to have prostate cancer.
The remaining subjects, who showed normal serum PSA
level or had pathologically proven benign prostate uptake,
were classified as the benign group. There were nine men
with an age range of 57-80 years (mean, 69.5+8.2 years) in
the malignant group and 58 men with an age range of 38—
83 (mean, 57.6+10.0 years) in the benign group. Although

Fig. 2 PET/CT images of a 52-
year-old male. There are two
focal hypermetabolic lesions in
the central portion of the pros-
tate gland (SUVmax=3.5, 3.3)
that were proven to be benign
based on normal serum

PSA level
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Fig. 1 Comparison of SUVmax between patients with benign and
malignant prostate lesions. There was no significant difference in
SUVmax between the two groups

the mean age of the subjects in the malignant group was
slightly higher than that of the subjects in the benign group,
this difference was not statistically significant. On the basis
of pathology and serum PSA level, the incidence of prostate
cancer was 13.4% (9/67). On the basis of focal uptake
number, the incidence of cancer was 13.5% (13/96) because
the malignant group had a total of 13 focal hypermetabolic
lesions and the benign group had 83.

We compared the PSA levels and SUVmax of each
group. The PSA levels were significantly higher in the
malignant group. The SUVmax, however, was not signif-
icantly different between the two groups (Fig. 1). The

=
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Fig. 3 PET/CT images of a 77-
year-old male. There is a focal
hypermetabolic lesion in the
peripheral portion of the left
prostate gland (SUVmax=6.1).
The serum PSA level was elevat-
ed (7.06 ng/ml) and the lesion was
pathologically proven to be pros-
tate cancer

cancer incidence was significantly higher when the hyper-
metabolic foci were peripheral (odds ratio=8.3) (Figs. 2, 3).
The positive predictive value of peripheral focal uptake for
malignancy was 25.0%. The multiplicity of each hyper-
metabolic focal lesion and combined calcification were not
correlated with cancer incidence in either group (Table 1).

Discussion

Our results suggest that although incidental focal hyper-
metabolic lesions on the prostate glands are not common
(1.0%), the cancer incidence of such lesions (13.4%) may
suggest the need for further diagnostic evaluation, such as
serum PSA level or prostate biopsy. There was a significant
difference in '*F-FDG PET/CT between benign and
malignant lesions according to the location of the hyper-
metabolic foci. In other words, peripherally located focal
hypermetabolic foci in the prostate glands were more likely
to be malignant than centrally located foci (odds ratio=8.3).
This finding may assist in the screening of focal hypermet-
abolic lesions, and justify further diagnostic work-up due to
high risk of malignancy. These results are in agreement with
the results of previous studies that demonstrated that the
incidence of prostate cancer differs according to anatomical
zone [12]. Most prostate cancers originate from the
peripheral zone, while only 15% of cancers originate from
the transitional zone, and very few cases originate from the
central zone.

The SUVmax of the hypermetabolic lesions was not
helpful for differentiating benign from malignant prostate
lesions. This result may be explained by several facts as

follows. First, prostate cancer cells are usually well
differentiated, having lower glucose utilization than tumor
cells of other types [10, 13—15]. Second, the intense urine
radioactivity of the bladder and prostatic urethra, which are
close to the prostate gland, may have affected difficult
differential diagnoses [16]. Finally, benign prostate disease,
such as benign prostatic hypertrophy (BPH) and prostatitis,
is relatively common, and can show focal "*F-FDG uptake
that mimics malignancy [17].

Calcification is considered to be a diagnostic criterion
suggesting benign lesions in several clinical situations, such
as single pulmonary nodule or mediastinal lymph node in
lung cancer [18]. In this study, however, the presence of
calcification on the focal prostate lesion was not helpful for
differential diagnosis. First, prostatic calcification is one of
the common findings in the aging process [19]. Second,
prostatic calcification is known to be generated by the stasis
of prostatic fluid due to obstruction within the prostatic
ducts. Although prostatitis is the leading cause of calcifi-
cation, this finding cannot guarantee the absence of
malignancy [20]. Multiplicity of focal hypermetabolic
lesions is not a significant differential diagnostic criterion.
Both prostate cancer and benign disease, such as BPH or
prostatitis, may show multifocal uptake.

In this study, the only significant difference between
benign and malignant prostate lesions was the location of
the hypermetabolic lesions within the prostate gland. In
other words, peripheral location of prostate uptake was
significantly associated with malignancy. Recently, Hans et
al. [21] reported that all three cases of pathologically
confirmed prostate cancer in their sample had focal '“F-
FDG uptake in the peripheral portion of the prostate gland.

Table 1 Comparisons between

the malignant group and the Malignant group Benign group p value
benign group
Age (years)® 69.5+8.2 57.6+10.0 NS
PSA (ng/ml) 33.4+379 1.5+2.7 <0.001
SUVmax 5.5+3.1 5.5£2.6 NS
Location (peripheral/central) 11/2 33/50 <0.001
NS not significant Multiplicity 3/9 2/58 NS
* Patient-based. The remaining  Calcification 313 25/83 NS

results are lesion-based
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However, they could not find a statistical difference between
benign and malignant hypermetabolic foci, because of the
small number of cases. Minamimoto et al. [22] reported that
"F-FDG PET/CT is appropriate for detecting peripheral
zone prostate cancer in patients with more than an
intermediate risk. In their study, they enrolled 50 subjects
who had serum PSA levels that were already elevated prior
to the '®F-FDG PET/CT scan. However, in contrast to the
present study, the hypermetabolic lesions on the prostate
glands in their study were not incidental [22]. Another
different finding was that the positive predictive value of
elevated PSA in our study was 75.0%, which was higher
than the 42.9% of a previous study [22]. This may result
from higher PSA levels of our study population than that of
the previous study (33.4£37.9 ng/ml vs 15.9+14.9 ng/ml).

This study had several limitations. Firstly, this was a
retrospective study in design. Not all subjects with focal
hypermetabolic lesions in the prostate gland underwent
further diagnostic work-ups due to underlying advanced
primary cancers, poor general condition or follow-up loss.
The use of random biopsies was another potential limita-
tion. It is possible that the tissue specimens happened to
lack cells showing focal hypermetabolism by chance. There
may have been false-negative results for prostate biopsies.
In addition, as we used CT images for the localization
within the prostate glands by the distance from central
prostatic urethra, the terms, central/peripheral uptake,
cannot completely reflect the anatomical zones of prostate.

In conclusion, although incidental focal hypermetabolic
lesions in the prostate glands are not common, the cancer
incidence of such lesions is not low. Therefore, further
diagnostic work-ups for those lesions are warranted,
especially when the hypermetabolic lesions are located
peripherally. The SUVmax, combined calcification, and
multiplicity of incidental focal prostate uptake are not
associated with the risk of malignancy.

Conflicts of Interest None.
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