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Abstract

The utility of positron emission tomography (PET) with 18F-fluorodeoxyglucose (FDG) in
prostate cancer depends on the phase of the disease along the natural history of this prevalent
malignancy in men. Incidental high FDG uptake in the prostate gland, while rare, should prompt
further investigation with at least a measurement of serum prostate specific antigen (PSA) level.
While in general FDG uptake level may significantly overlap among normal, benign, and
malignant tissues, aggressive primary tumors with Gleason score greater than 7 tend to display
high FDG uptake. PET with FDG may be useful in staging of those patients with aggressive
primary tumors and can localize the site of disease in a small fraction of men with biochemical
failure and negative conventional imaging studies. FDG PET may be quite useful in treatment
response assessment and prognostication of patients with castrate-resistant metastatic prostate
cancer.
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Positron emission tomography (PET) with 18F-fluorodeoxyglucose (FDG) has
revolutionized the imaging evaluation of a wide variety of disorders and, in particular,
cancer. Almost all PET scans are now perfumed in combination with computed tomography
(CT). PET-CT with FDG is now a common procedure for guided biopsy, diagnosis, initial
staging, therapy response assessment, radiation treatment planning, restaging, and
prognostication for many cancers (1). The Society of Nuclear Medicine and Molecular
Imaging (SNMMI) celebrated the 40t anniversary of the first human images with FDG
during its annual meeting in San Diego, California, in June 2016. Recently hybrid PET and
magnetic resonance imaging (MRI) imaging systems have also become commercially
available. While the exact clinical indications, clinic workflow, and reimbursement issues
will need to be worked out, PET-MRI will likely play an important role in those conditions
where the excellent soft tissue contrast and multiparametric capability of MRI will be
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advantageous. These clinical settings may include neoplasms of the brain, head and neck,
liver, female pelvis, prostate, and those in the pediatric and young adult patients (2, 3).

While the utility of FDG PET-CT in many cancers is relatively well established, its role in
prostate cancer has been somewhat misunderstood. There appears to be a general
misconception that FDG PET-CT is not useful in prostate cancer. This was probably due to
few initial studies that reported less than favorable results compared to those from other
cancers (4-6). However, further experience demonstrated that FDG PET-CT might indeed be
useful in specific phases of the disease along the timeline of the natural history of prostate
cancer. This article reviews briefly the literature on the utility and limitations of FDG PET-
CT in prostate cancer.

Detection of Primary Prostate Tumor

In order to localize a potential primary tumor, one needs to know what the range of
physiologic or benign FDG uptake level may be in the prostate gland. The normal prostate
gland generally demonstrates relatively low and homogeneous FDG uptake. One study
attempted to quantify the uptake level in the presumed normal prostate gland of 145 men
with no documented signs or symptoms of prostate gland disease, normal serum prostate
specific antigen (PSA) level, and no visible prostatic calcifications on CT or prostatic
urethral urine activity on PET (7). The mean and maximum standardized uptake values
(SUVmax) for the prostate gland were 1.3+0.4 (range 0.1-2.7) and 1.6+0.4 (range 1.1-3.7).
While this study showed overall low grade FDG uptake in the “normal” prostate gland, but it
was recognized that small pockets of cancer or foci of benign prostate hyperplasia (BPH)
might have existed. Overall the level of FDG accumulation can overlap in normal prostate,
BPH and prostate cancer tissues, which often coexist altogether in a heterogeneous pattern
(8,9).

Occasionally, incidental high FDG uptake may be seen in the prostate gland of patients who
undergo FDG PET-CT for a condition unrelated to known prostate pathology. In a study of
6,128 men who had undergone FDG PET scans, the incidental prostatic FDG uptake was
noted in 1.3% of patients (10). No significant correlation was found between the SUVmax
and serum PSA levels. Another investigation reported that focal incidental prostate uptake
with SUVmax greater than 6 should be further evaluated with multiparametric magnetic
resonance imaging (mpMRI) (11). A systematic review and meta-analysis of 47,935 patients
reported a pooled prevalence of 1.8% for incidental high FDG uptake in the prostate gland
(12). The pooled risk of malignancy with biopsy verification was 62% (95% Confidence
Interval [CI]: 54-71%). It has been suggested that incidental prostate uptake on FDG PET
scans should not be ignored and at least a serum PSA measurement should be considered
(13, 14).

Minamimoto et al assessed the utility of FDG PET/CT for detecting primary prostate cancer
in 50 men with elevated serum PSA levels who underwent confirmatory prostate biopsy
(15). The sensitivity and specificity were 51.9 % and 75.7 % for the entire prostate gland,
73 % and 64 % for the peripheral zone, and 22.7 % and 85.9 % for the central zone,
respectively. A relatively low sensitivity of 37% has been reported in larger cohorts (16).
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However, higher FDG uptake levels in lesions that turned out to represent cancer on biopsy
were associated with more aggressive cancers (Gleason score >7) (17).

Initial Staging of Prostate Cancer

There is a paucity of data on the utility of FDG PET-CT in the initial staging of primary
prostate cancer since this modality is not generally advocated in the imaging evaluation of
men suspected of harboring prostate cancer. Liu reported on a retrospective study of 9
patients (mean serum PSA level of 291+363 ng/ml with range of 6.1-980 ng/ml) who
underwent FDG PET-CT at the time of initial staging of known primary prostate cancer (18).
Standard of reference for the PET observations was by biopsy, regional diagnostic CT and/or
whole-body bone scintigraphy. The sensitivity of FDG PET-CT in identifying untreated
primary lesions was only 33%. However, FDG PET-CT detected metastatic disease in lymph
nodes and/or bone in six of the nine (67%) patients. The authors suggested that while FDG
PET-CT may not in general be useful for detection of primary cancer but in certain subgroup
of high serum PSA level, it may be useful for initial staging. The challenge for detection of
primary tumors may be related to the remarkable heterogeneity of the lesion that can be
intermixed with normal and benign tissues, the small size of some tumors, the possible
interference from the high activity level in the nearby urinary bladder, and the underlying
biology of prostate cancer which in general may display low rate of glycolysis and prefer
other pathways such fatty acid metabolism for growth (19-21). It is interesting, however, to
note that In the early analysis of the National Oncologic PET Registry (NOPR) data in the
US involving 2,042 scans for initial staging of prostate cancer, FDG PET-CT had an impact
on clinical management in 32% (95% confidence interval (Cl): 30.0-34.1%) of the patients
(nopr). This suggests that in certain subgroups of patients with known aggressive prostate
cancer (Gleason score > 7), FDG PET-CT may be useful in initial staging with diagnostic
information that may impact clinical management (23). However, the exclusive knowledge
that FDG PET-CT may provide in this particular clinical setting in comparison to
conventional imaging remains to be investigated.

Localization of Disease in Biochemical Recurrence

Biochemical recurrence (aka. PSA relapse, biochemical failure) is defined differently
depending upon the initial treatment for primary prostate cancer. In prostatectomized
patients, biochemical recurrence is declared when there is an initial serum PSA of 0.2 ng/mL
or higher with a second confirmatory PSA rise (24). In patients who had undergone external
beam radiation therapy, this clinical condition is asserted when there is a serum PSA rise by
2 ng/mL or more above the nadir PSA level (25). Typically these patients undergo imaging
(contrast-enhanced abdomen and pelvic CT, whole body bone scintigraphy, and often pelvis
MRI) to localize disease sites whether in the treated prostate bed (local recurrence) or at
distant sites (metastatic disease) (Fig. 1). Note that if conventional imaging detects the
suspicious sites of disease that may explain the PSA rise after definitive primary treatment,
then there would be no need for additional nonstandard imaging. However, in many cases,
especially in those patients with low PSA levels, conventional imaging may be unrevealing.
It is in this group of patients that there has been major recent work on deciphering the
potential utility of PET with a number of non-FDG radiotracers (e.g. 11C-acetate, 11C-
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choline, 18F-fluorocholine, 18F-anti-1-amino-3-18F-fluorocyclobutane-1-carboxylic acid,
or tracers targeting prostate specific membrane antigen or gastrin-releasing peptide receptor)
(26).

FDG PET is advantageous over the FDA approved 111In-capromab pendetide (Prostascint)
scintigraphy in this clinical setting (29). In a recent investigation of 28 men with
biochemical failure after definitive primary therapy (82.1% radical prostatectomy, 17.9%
external beam radiation therapy), the sensitivity and specificity of FDG PET-CT were 61.6%
and 75%, respectively (28). In one retrospective study of 91 men with biochemical
recurrence following prostatectomy and validation of PET findings by biopsy or clinical and
imaging follow-up, mean serum 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) with an overall
PET detection rate of 31% (29). However, the reported detection rate was probably
overestimated since some patients had disease already evident on conventional imaging. A
prospective investigation of FDG PET-CT and 18F-NaF PET-CT in detection of occult
metastases in 37 men with PSA relapse (range, 0.5-40.2 ng/mL) and negative standard
imaging studies demonstrated a detection rate of only 8.1% for FDG PET-CT (30). Overall,
the current evidence suggests that FDG PET may be useful in detecting disease in only a
relatively small proportion of all patients with biochemical failure.

Therapy Response Assessment

A major utility of FDG PET in oncology has been to assess objectively the response to a
variety of treatments at various periods in the clinical management of the disease such as at
neoadjuvant, adjuvant, primary or salvage settings. Overall there is little data available for
FDG PET-CT in the imaging evaluation of response to treatment in patients with metastatic
prostate cancer. FDG uptake in metastatic lesions tends to decrease with androgen
deprivation therapy or chemotherapy, but there may be mixed changes in individual lesions,
the overall changes may be discordant with changes in the level of serum PSA or circulating
tumor cells, and more importantly depend on the response criteria that is employed (e.g.
Response Evaluation Criteria In Solid Tumors - RECIST 1.0 and RECIST 1.1, European
Organization for Research and Treatment of Cancer - EORTC, or PET Response Criteria in
Solid Tumors — PERCIST 1.0)(31, 32) (Fig. 2). A major issue in assessing therapy response
in metastatic prostate cancer is that lesions in the bone (the most common site for metastases
from prostate cancer) are considered non-target lesions for the structurally-based response
criteria such as RECIST, and therefore metabolically-based criteria such as PERCIST may
best serve such task. Since castrate-resistant metastatic prostate cancer is FDG avid and
there are a growing number of novel drug regimens for therapy (e.g. enzalutamide,
abiratierone, cabazitaxel, 223Ra dichloride), it seems prudent that FDG PET-CT may
deserve further investigations in this clinical space.

Prognosis Assessment

The ability to assess outcome in patients with cancer using non-invasive imaging is powerful
and of major utility in clinical decision-making and individual patient management. Relevant
outcome measures in prostate cancer may include, but are not limited to, time to biochemical
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recurrence (time to PSA progression), time to first metastasis, time to symptomatic
progression, time to initiation of cytotoxic chemotherapy, time to radiographic progression,
time to castrate resistance state, progression-free survival (PFS), metastasis-free survival,
disease-specific survival, and overall survival (33). One study of 42 men with primary
prostate cancer showed that patients with higher primary tumor FDG uptake had
significantly poorer prognosis compared to those patients with tumors that showed lower
FDG uptake (34). In another investigation of 43 men with metastatic castrate-resistant
prostate, the FDG uptake in most active lesion was positively correlated with overall survival
(35). A prospective study of 87 men with metastatic castrate-resistant prostate cancer
showed, in a multivariate analysis controlling for confounding factors, that sum of the
SUVmax of up to 25 metabolically active lesions (lymph nodes, bone, and soft tissue
metastases) was statistically significant with a hazard ratio of 1.01 (95% CI 1.001-1.020;
P=0.053) in predicting overall survival (36). The moving hazards of death in relation to sum
of SUVmax (chance of death per person per month), showed a marked increase in chance of
death for sum of SUVmax greater than 20. In another retrospective investigation, the
association of CT patterns and glycolytic activity of prostate cancer bone metastases to
overall survival was investigated in 38 patients (37). The number of lesions on CT or FDG
PET, but not the intensity of FDG uptake, was associated with overall survival. These studies
together suggested that the number of lesions and the highest intensity of FDG uptake might
be independent prognostic variables for overall survival in this clinical setting (38). Finally,
FDG PET-CT may be useful in predicting the transition from the castrate-sensitive state to
the castrate-resistant state, which may potentially have important clinical management
ramifications (39, 40) (Fig. 3).

Conclusion

FDG PET-CT may be useful in diagnosis and staging of aggressive primary prostate tumors
(Gleason score >7) and as such incidental findings of high FDG uptake in the prostate gland
should be further investigated. FDG PET-CT may also be useful in the detection of
metastatic disease in a small fraction of men with biochemical failure with scan sensitivity
that increases with increasing serum PSA level, in the assessment of extent of metabolically
active castrate resistant metastatic disease, in monitoring response to androgen deprivation
therapy and other treatments, and in prognostication.
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Fig. 1.

A man with biochemical failure (serum PSA of 22.5 ng/ml) after radical prostatectomy.
Axial abdomen CT (A), and fused FDG PET-CT image (B) demonstrate an enlarged (short
axis = 2.3 cm) hypermetabolic (SUVmax = 8) left paraaortic metastatic lymph node.
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Fig. 2.

Maximum intensity projection FDG PET images show baseline castrate-sensitive state with
hypermetabolic metastatic lesions (A), which responded favorably to androgen deprivation
therapy with decline in metabolic activity of metastatic lesions (B).
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Fig. 3.
Prediction of time to hormonal treatment failure with FDG PET-CT performed 4 months

after the start of androgen deprivation therapy in 32 men with castrate-sensitive metastatic
prostate cancer. The Kaplan-Meir survival curves show statistically significant difference in
time to hormonal treatment failure when patients were dichotomized based on the median
value of the most metabolically active lesion on scans (MAX = highest SUVmax of all
active lesions).
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