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Abstract

Objective—We determined the glucose metabolism and computed tomographic (CT) density of
the normal prostate gland in relation to age and prostate size on [F-18] fluorodeoxyglucose positron
emission tomography (PET)-CT.

Methods—We determined the CT density (Hounsfield Units, HU) and glucose metabolism
(standardized uptake value, SUV) of the normal prostate in 145 men (age range 22-97 years) on
PET-CT scans which were performed for indications unrelated to prostate pathology. Correlations
among SUV, HU, prostate size, and age were calculated using Pearson’s correlation coefficients,
scatter plots, and linear regression trend lines. The SUV and HU values were also compared among
different primary cancer types using the Kruskal-Wallis test.

Results—The population average and range of the normal prostate size were 4.3 £ 0.5 cm (mean
+ SD) and 2.9- 5.5 cm, respectively. The population average of mean and maximum CT densities
was 36.0 + 5.1 HU (range 23-57) and 91.7 + 20.1 HU (range 62-211), respectively. The population
average of mean and maximum SUV was 1.3 £ 0.4 (range 0.1-2.7) and 1.6 + 0.4 (range 1.1- 3.7),
respectively. Mean SUV tended to decrease as the prostate size increased (r = —0.16, P = 0.058).
Higher mean HU was correlated with higher mean SUV (r = 0.18, P = 0.033). The strongest
association was observed between age and prostate size. The prostate gets larger as age increases
(r=0.32, P <0.001). Prostate mean SUV, max SUV, mean HU, and max HU were not significantly
different among different types of primary cancers.

Conclusions—Although the normal prostate size increases with age, it does not significantly affect
the gland’s metabolism and CT density, and therefore age—correction of these parameters may be
unnecessary.
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Introduction

Positron emission tomography (PET), and more recently hybrid PET—computed tomography
(CT), with [F-18] fluorodeoxyglucose (FDG) have become important diagnostic imaging tools
for the identification, localization, and characterization of a diverse group of malignancies
[1,2]. The clinical utility of FDG-PET and PET-CT includes staging and restaging of cancer,
evaluation of response to treatment, differentiation of posttherapy alterations from residual or
recurrent tumor, and assessment of prognosis [3].

Prostate cancer is the most common cancer affecting men in the United States. As life
expectancy increases, so will the incidence of this disease, creating what may become an
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epidemic health problem. Prostate cancer is a heterogeneous disease in the sense that although
in some patients the disease may be generally dormant, in others it can progress rapidly [4—
6]. This biological heterogeneity is reflected in the current perceived mixed experience with
FDG-PET in prostate cancer. Animal and preliminary clinical studies have demonstrated that
FDG-PET may be useful in the evaluation of patients with high Gleason score primary tumors
and serum prostate specific antigen (PSA) levels, in the assessment of the extent of advanced
androgen-independent disease, in the detection of metabolically active osseous and soft tissue
metastases, and in the assessment of response after androgen ablation and treatment with the
novel chemotherapies [7—22]. Studies have shown that FDG accumulation in both the primary
tumor and the metastatic sites decreases in as early as 1-5 months after androgen ablation,
which is concordant with the decline in serum PSA level and lesion size on CT [9,23].
Moreover, men with primary prostate lesions that demonstrate high FDG accumulation have
poorer prognosis in comparison with those patients with prostate tumors that display low
metabolic activity [24].

As our experience evolves in recognizing the exact clinical situations in which FDG-PET and
PET-CT may become useful in the imaging evaluation of prostate cancer, it is important to
characterize the physiological accumulation of FDG in the normal prostate gland in relation
to age. Therefore, the objective of this study was to determine the range and mean glucose
metabolic activity and CT density of the normal prostate gland in relation to age.

Materials and methods

The study was approved by our Institutional Review Board, and signed informed consent forms
were obtained from all subjects. The patient group included 145 adult men (age range 22-97
years, mean 63.6 years) who were referred to our PET Imaging Clinic over a 6-month period
and had no historical, clinical, laboratory, and radiographic evidence of prostate pathology.
Serum PSA levels were available in about one-third of men and were all within normal limits.
We determined the CT density (mean and maximum in Hounsfield Units, HU) and glucose
metabolism (mean and maximum standardized uptake value, SUV) on the basis of lean body
mass [25] of the prostate gland on PET-CT scans that were performed for oncological
indications unrelated to prostate disease, most frequently for the evaluation of treatment
response to an unrelated malignancy (37 lymphoma, 51 gastrointestinal cancer, 22 lung cancer,
12 head and neck cancer, and 23 other cancer). All prostate glands that had calcification on
CT were excluded. The semi-quantitative CT density and glucose metabolism of the gland
were recorded using a system software image tool utility with circular or oval prostate regions
of interest on a single transaxial CT image that showed the largest dimension of the gland
(denoted as prostate size) selected by two independent observers in consensus who also agreed
on no artifactual contamination from the urinary bladder. PET-CT was performed using a dual-
slice CT Siemens Biograph PET-CT imaging system. A non-enhanced CT transmission scan
(120 kVp, 220 mAs at 15 mm/rot, each data set consisted of 47 contiguous, 3.375-mm-thick,
tomographic sections, for a total field of view of 16.2 cm) was obtained for attenuation
correction after administration of oral contrast material. PET emission images were obtained
60 min after an intravenous administration of 15 mCi (555 MBq) FDG (4 min per bed position)
in a caudo-cranial direction from upper thighs to skull base after voiding. Images were
reconstructed using an iterative procedure with an ordered subset expectation maximization
algorithm. All patients had plasma glucose levels less than 120 mg/dl and fasted for at least 6
h prior to FDG administration. The patients were instructed to breath normally during the PET—
CT scan. Co-registered images in transaxial, sagittal, and coronal planes were presented on a
dedicated color monitor. The degree of PET and concordant CT image fusion could be varied
on a continuous scale. Correlations among SUV, HU, prostate size, and age were calculated
using Pearson’s correlation coefficients, scatter plots, and linear regression trend lines. The
SUV and HU values were also compared among different primary cancer types using the
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Kruskal-Wallis test. A probability of less than 0.05 was considered to be statistically
significant.

The population average and range of normal prostate size were 4.3 + 0.5 cm (mean £ SD) and
2.9-5.5 cm, respectively. The population average of mean and maximum CT densities of the
normal prostate gland was 36.0 + 5.1 HU (range 23-57) and 91.7 = 20.1 HU (range 62-211),
respectively. The population average of mean and maximum SUV of the normal prostate gland
was 1.3 £ 0.4 (range 0.1-2.7) and 1.6 + 0.4 (range 1.1-3.7), respectively. Table 1 summarizes
the correlation among SUV, HU, prostate size, and age. Mean SUV tended to decrease as the
prostate size increased (r = —0.16, P = 0.058; Fig. 1). Higher mean HU was correlated with
higher mean SUV (r =0.18, P =0.033; Fig. 2). However, these correlations were all very weak
with the absolute values of correlation coefficients being less than 0.20. The strongest
association was observed between prostate size and age. The prostate gets larger as age
increases (r = 0.32, P < 0.001; Fig. 3). There was no statistically significant linear relationship
between the maximum HU and the maximum SUV of the normal prostate gland (r = 0.024,
P =0.77; Fig. 4). Prostate mean SUV, max SUV, mean HU, and max HU were not significantly
different among different types of primary cancers (P > 0.76).

Discussion

It has generally been assumed that PET with FDG may not be useful in prostate cancer [26].
This assumption is probably made on the basis of the observed heterogeneity of tumor
metabolic activity that can overlap with normal tissue and with benign prostatic hyperplasia.
Although the exact etiology for the observed variability of glucose metabolism in prostate
cancer remains unclear, this observation probably reflects the biological range of the disease.
Several animal-based translational and human-based clinical studies have now demonstrated
that FDG-PET can be useful in certain clinical circumstances in prostate cancer such as in the
imaging evaluation of patients with high Gleason score primary tumors, in patients with
elevated serum PSA levels (biochemical relapse) after initial primary treatment (e.g., radical
prostatectomy), in the assessment of the extent of disease in men with advanced androgen-
independent disease, for the detection of metabolically active osseous and soft tissue
metastases, in the assessment of response to treatment, and in prognostication [7-24]. FDG-
PET may also be useful in the prediction of the time to androgen refractory state that may allow
earlier therapeutic modification to be made for the purpose of averting or delaying this clinical
state to improve overall outcome [11,27].

Biological variability may only partially explain the observed heterogeneity of FDG
accumulation in prostate cancer. Technical and image-processing factors may also play
important roles. For example, significantly lower tissue SUV may be obtained, with ensuing
false-negative results, when filtered-back projection is employed instead of iterative
reconstruction with segmented attenuation irrespective of the biological heterogeneity [28,
29]. In fact, it has been demonstrated that in selected patients, iterative reconstruction can
contribute significantly in the detection of prostate cancer with FDG-PET [29]. In our study,
PET images were iteratively reconstructed with segmented attenuation map obtained from the
CT transmission data.

With the current availability of PET-CT, it is now possible to precisely localize metabolic
abnormalities and characterize the metabolic activity of normal and abnormal structures,
thereby increasing diagnostic confidence and reducing equivocal image interpretations. It is
therefore important to determine the physiological range of the structural and metabolic
parameters of interest for various organ systems and their potential relations to age to accurately
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differentiate abnormalities from the normal pattern. In this investigation, we mapped the
physiological metabolic pattern of the normal prostate gland using PET-CT with FDG.
Recently, there have been a few reports on the physiological biodistribution FDG in various
tissues using PET-CT [30,31]. An investigation of the normal prostate glands of 24 men
showed a range of 1.6-3.4 for the maximum SUV and a mean SUV of 1.9 £ 0.35 [31]. These
results are similar to our results that showed a maximum SUV range 1.1-3.7 and a population
average mean SUV of 1.3 + 0.4 that were obtained in an approximately sixfold larger group
of men with normal prostate glands. Moreover, we determined the range and the expected mean
for the CT density of the normal prostate gland and showed that age has a statistically significant
weak positive linear relationship with prostate size. We also noted a statistically significant
very weak positive correlation between mean HU and mean SUV (r =0.18, P =0.033), possibly
reflecting effects of higher cellular density and/or effects of attenuation correction.

An understanding of the age-related structural and metabolic changes of the prostate gland can
be important to differentiate accurately age-related physiological changes from pathological
alterations. Well et al. [32] showed that there are significant age-related structural and
metabolic changes of various normal tissues. For example, the volume of the prostate gland
increased from 23.5 + 6.2 cmS during the second decade of life to 47.5 + 41.6 cm? by the late
eighth decade of life, with the central gland increasing from 9.9 + 3.9 cm3 to 29.5 + 28.9
cm? during the same age range. However, no information was provided on the age-related
metabolic changes of the normal prostate gland. We have shown that despite some increase in
prostate size with age, there is no statistically significant change in the normal gland metabolic
activity (see Table 1).

Our study may be limited with respect to the definition of the normal prostate gland which was
based on no clinical and radiological evidence of prostate pathology. Normal prostate tissue,
benign prostatic hyperplasia, and small deposits of prostate cancer can coexist in asymptomatic
men. The tissue localization of FDG in prostate cancer may also be dependent on the level of
tumor hypoxia (not cellular proliferation and blood flow) that can vary depending upon tumor
size, extent, and grade [33]. Nevertheless, although our definition of normal is not equivalent
to the standard histological definition of normal, for practical and ethical reasons such
information cannot be typically available in patients with no clinically evident or suspected
prostate pathology. It is of note that during a follow-up of at least 1 year, we were unaware of
development of any prostate pathology in our group of men who were scanned with PET-CT
for other indications. An additional limitation may be related to potential activity contamination
in the prostate bed from the adjacent bladder urine activity. However, we minimized the amount
of residual activity in the urinary bladder by having the patient void completely followed
immediately by PET imaging of the pelvis.

Conclusions

In summary, our study adds to the very limited current literature on the physiological map of
the normal prostate gland glucose metabolism forming the basis for comparison as the exact
diagnostic utility of FDG-PET-CT in prostate cancer evolves in the near future. Over a wide
range of patient ages, we demonstrated that although age may be a relevant parameter in
prostate size, it does not significantly affect the normal prostate gland metabolism and structure
(CT density) and therefore age-correction for these values may be unnecessary.
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Fig. 1.

The scatter plot and least-squares linear relationship between mean standardized uptake value
(SUV) and normal prostate size (cm)
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Fig. 2.
The scatter plot and least-squares linear relationship between mean Hounsfield Units (HU) and
mean SUV of the normal prostate gland (cm)
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The scatter plot and least-squares linear relationship between normal prostate size (cm) and

age (years)
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The scatter plot and least-squares linear relationship between maximum HU and maximum
SUV of the normal prostate gland
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