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Abstract

Prostate cancer is a prevalent public health problem worldwide. While imaging has played a major 

role in this disease, there still remain many challenges and opportunities. Positron emission 

tomography with various physiologically based radiotracers is fundamentally suited to interrogate 

this biologically and clinically heterogeneous disease along the course of its natural history. In this 

article, I review briefly the published evidence for the use of positron emission tomography with 

18F-fluorodeoxyglucose, 11C-acetate, and 18F- or 11C-choline in the imaging evaluation of 

prostate cancer. Although the focus of the article will be on these radiotracers given the 

accumulated experience with them, but I will also comment on the outlook for the use of other 

emerging PET radiotracers such as those targeted to the prostate-specific membrane antigen and 

the amino acid metabolism pathway. It is anticipated that PET will play major role in the 

evaluation of prostate cancer in the current evidence-based medicine environment. There will also 

be exciting novel prospects for the use of therapeutic-diagnostic (theransotic) pairs in the 

management of patients with prostate cancer.
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Imaging evaluation of prostate cancer remains challenging. This relates to the need for 

patient-specific and risk-adapted imaging strategy that optimizes diagnostic yield. The 

conventional imaging modalities include transrectal ultrasonography, multiparametric 

magnetic resonance (MR) imaging, computed tomography (CT), bone scintigraphy, and 

In-111 capromab pendetide scintigraphy. However, these imaging modalities do not fully 

meet the clinical needs of the remarkably heterogeneous biological behavior of prostate 

cancer. Positron emission tomography (PET) when used with various biologically relevant 

radiotracers is fundamentally suited to interrogate the underlying pathology in a quantitative 

manner. Over the past several years, there has been a plethora of research and development 

activity on the potential utility of PET in the imaging evaluation of prostate cancer. The aim 

of this article is to review briefly the value of PET along the various clinical phases of the 

natural history of prostate cancer.

Correspondence to: Hossein Jadvar; jadvar@med.usc.edu. 

Conflict of Interest. The author declares no conflicts of interest.

HHS Public Access
Author manuscript
Abdom Radiol (NY). Author manuscript; available in PMC 2017 May 02.

Published in final edited form as:
Abdom Radiol (NY). 2016 May ; 41(5): 889–898. doi:10.1007/s00261-015-0563-0.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Primary diagnosis and staging

Prostate cancer is typically considered as a suspect diagnosis after an abnormal digital rectal 

examination and/or high or rising serum prostate-specific antigen (PSA) level. The usual 

diagnostic approach includes transrectal ultrasonography (TRUS)-guided biopsy using 

standard 10–12 core biopsy of the gland. With this procedure, less than 1% of gland volume 

is retrieved for histologic assessment, and therefore, there is significant probability for 

missing cancer. In fact, up to 40% miss rate has been reported for TRUS-guided biopsy that 

may then lead to repeat biopsies at still higher miss rates of up to 70% [1, 2].

It is of note that TRUS is only used for guiding the biopsy needle pass to the organ 

(anatomic localization) and generally lacks the sufficient sensitivity and specificity to detect 

and localize prostate cancer. Image-guided biopsy optimizes the probability of detection of 

clinically relevant tumors (e.g., aggressive tumors) and reduces the biopsy rate of clinically 

insignificant tumors. Image-guided tumor localization and characterization will also pave the 

way for rational treatment decision-making including active surveillance for low-grade 

tumors and focal therapy (male lumpectomy) for intraglandular high-grade tumors that is 

expected to improve overall outcome and quality of life.

Multiparametric MR imaging including diffusion-weighted imaging (DWI) and dynamic 

contrast enhancement (DCE) at 3-T using pelvic-phased array and endorectal coils has 

offered an improved diagnostic performance for the imaging evaluation of the prostate gland 

[3, 4]. In some instances, image-guided biopsy may be performed by either direct MR-

guided approach or through dynamic fusion of MR and TRUS images [5]. A recent meta-

analysis of the accuracy of multiparametric MR imaging reported relatively high specificity 

but variable sensitivity for prostate cancer detection [6]. Although a similar finding was also 

reported by another systematic review and meta-analysis, interestingly, it also found that 

MRI-targeted biopsy and standard TRUS-guided biopsy did not differ significantly in the 

overall prostate cancer detection [7]. Nevertheless, MR imaging is particularly helpful for 

differentiating between organ-confined disease (stage T1 or T2) and early extracapsular 

extension or seminal vesicle invasion (stage T3). The delineation of the extent of local 

disease can have important ramification on the treatment selection and patient management.

There is an increasing interest in the potential role of PET in prostate cancer [8]. Given the 

remarkable biological and clinical heterogeneity of prostate cancer, PET would be an ideal 

imaging tool for noninvasive interrogation of the underlying tumor biology in different 

phases of this prevalent disease. The cumulative current experience with PET and the most 

studied radiotracers, namely 18F-fluorodeoxyglucose (FDG), 11C-acetate, and 18F- or 11C-

choline, suggests a generally limited role for these radiotracers in the imaging-based 

localization and characterization of primary prostate tumor due to the overlap of uptake 

among normal, benign prostatic hyperplasia, and prostate cancer tissues [9].

The tumor uptake of FDG is based on the Warburg effect that leads to complex biological 

mechanisms involved in malignancy-induced enhanced glucose metabolism [10]. Shiiba et 

al correlated the FDG uptake in primary prostate cancer with the biopsy specimen’s Gleason 

score [11]. At a cutoff SUVmax of 2.8, the sensitivity and specificity for differentiating 
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between biopsy specimens with a summed Gleason score of 5 or less and specimens with a 

summed Gleason score of 6 or greater were 62%, and 80.0%, respectively. Minamimoto et 

al. evaluated FDG PET/CT for detecting prostate cancer in 50 men with elevated serum PSA 

levels who underwent subsequent prostate biopsy [12]. 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. The authors concluded that FDG 

PET/CT may be useful for detection of peripheral zone prostate cancer in men at more than 

intermediate risk. A recent systematic review and meta-analysis of 47,935 men reported a 

pooled prevalence of 1.8% for incidental high FDG uptake in the prostate gland [13]. The 

pooled risk of malignancy with biopsy verification was 62% (95% CI 54–71%). In another 

similar investigation from South Korea that included 47,109 patients, the prevalence of 

incidental high FDG uptake in the prostate gland was 2.8% with the rate of observed 

malignancy that was related to the serum PSA level (3.8% rate of cancer with PSA less than 

2.5 ng/mL but 60% rate of cancer with PSA greater than 2.5 ng/mL) [14]. These studies 

suggest that, in some cases, FDG PET may be able to characterize prostate tumors of 

sufficient size and malignancy grade (Gleason score of 7 or higher) (Fig. 1). FDG PET/CT is 

typically not employed for initial staging of disease, although in selected cases with high 

clinical suspicion for metastatic spread, it may be useful to delineate the extent of the 

metabolically active disease.

The results for the utility of lipogenesis radiotracers, 11C-acetate, and 11C- or 18F-choline 

in the imaging evaluation of prostate cancer are generally similar [15]. Acetate is transported 

across the cellular membrane through the monocarboxylate transporter and participates in 

production of phospholipids in the cellular membranes facilitated by the fatty acid synthase 

enzymatic reaction that is up-regulated in cancer [16]. Choline enters the cell through 

choline transporters and is catalyzed by choline kinase (which is up-regulated in cancer) to 

form phosphorylcholine, followed by generation of phosphatidylcholine in the tumor cell 

membrane [17].

A systematic review and meta-analysis of 11C-acetate PET/CT reported a pooled sensitivity 

of 75.1% (95% CI 69.8–79.8%) and pooled specificity of 75.8% (95% CI 72.4–78.9%) for 

detection of primary prostate cancer [18] (Fig. 2). Similar to the case with FDG, the uptake 

level of lipogenesis tracers in benign and neoplastic prostate tissues can overlap, which is 

fundamentally related to the nonspecificity of these tracers for cancer [19].

With regards to initial staging, both acetate and choline may be useful in patients with 

intermediate to high risk for lymph node involvement. Haseebuddin and colleagues 

performed 11C-acetate PET/CT in 107 men with prostate cancer with intermediate to high 

risk (either Gleason score of 7 and serum PSA greater or equal to 10 ng/mL, or Gleason 

score greater than or equal 8, or serum PSA greater than or equal to 20 ng/mL) for 

lymphadenopathy who were scheduled to undergo radical prostatectomy [20]. The 

sensitivity and specificity for detection of pelvic lymphadenopathy were 68% and 78%, 

respectively. Patients with positive PET scans had 3.3 times higher risk for therapy failure 

after surgery. Therefore, in selected intermediate to high-risk cases, 11C-acetate may 

provide useful information that then can lead to management change at the time of initial 

staging [21].
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The detection of prostate tumor with 11C-choline may depend on tumor configuration with 

unifocal cancers detected more often than those that are multifocal or rindlike. Moreover, the 

extent of actual tumor may not completely overlap the area with abnormal uptake [22, 23]. 

Scher et al. reported a sensitivity of 87% and specificity of 62% for the detection primary 

prostate cancer with histopathological examination of the resection specimen or biopsy as 

reference standard [24]. However, another group of investigators from Italy reported a 

sensitivity of 66% and specificity of 81% for localization of primary prostate cancer on a 

sextant histopathologic analysis [25]. Martorana et al. reported a sensitivity of 83% in 

detection of primary tumor nodules of 5 mm larger although the sensitivity for assessment of 

extraprostatic extension was inferior to MR imaging (22% for choline PET vs. 63% for MR 

imaging, P < 0.001) [26]. Overall, while choline PET may be helpful in detecting primary 

prostate cancer, but the diagnostic performance may depend on several important factors 

such as tumor grade, size, and location. Eschmann et al. compared 11C-choline PET/CT 

with whole-body MRI for staging of prostate cancer with histologic analysis and follow-up 

as validation criteria [27]. The sensitivity and specificity were 97% and 77%, respectively, 

for 11C choline PET and 79% and 94% for whole-body MRI. These results suggested that 

PET and MRI might provide complementary diagnostic information in the initial staging of 

prostate cancer.

The potential use of other PET radiotracers in the setting of primary tumor detection and 

initial staging is uncertain in view of little published reports. There is one case report of the 

potential use of 68Ga-labeled ligand of prostate-specific membrane antigen (PSMA) in the 

initial diagnosis setting [28]. However, another recent case report, using this tracer, has 

indicated limitations with false-negative results in the poorly differentiated tumors with 

neuroendocrine transdifferentiation [29]. We recently reported a clinical case example of a 

patient with elevated serum PSA level of 10.5 ng/mL and a prior negative standard TRUS 

biopsy who underwent a clinical 3-T multiparametric MRI and a research protocol PET/CT 

with the cellular proliferation radiotracer 18F-FMAU (2′-deoxy-2′-[18F]fluoro-5-methyl-1-

β-D-arabi-nofuranosyluracil). The PET/CT and multiparametric MRI were fused with TRUS 

for real-time hybrid image-based targeting of the biopsy needle to an area with abnormal 

tracer localization, which on histopathology revealed early malignancy [30].

Biochemical recurrence and restaging

Localized disease is treated with curative intent (radical prostatectomy, radiation therapy). 

However, up to 35% of patients (or higher in select high-risk groups) may experience 

biochemical recurrence (PSA relapse) within a decade of primary “curative” therapy [31]. 

Localization of disease in this group of patients is pivotal as it directs appropriate 

management, which may include salvage therapy (surgery, radiation) for local recurrence 

and systemic therapy for metastatic disease, or both. Biochemical failure is defined as an 

increase in serum PSA level with negative standard imaging studies after definitive therapy 

for primary prostate cancer. The American Urologic Association (AUA) defines biochemical 

recurrence in post-prostatectomy patients as an initial serum PSA level of 0.2 ng/mL or 

higher, with a second confirmatory level higher than 0.2 ng/mL [32]. The American Society 

for Therapeutic Radiology and Oncology consensus definition for biochemical failure after 
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primary external beam radiotherapy is an increase of 2 ng/mL or more above the nadir PSA 

level, regardless of hormonal therapy [33].

In general, FDG PET appears to have a limited role in this clinical setting, although higher 

PSA levels may be associated with higher probability of detection of metabolically active 

disease. In one study, FDG PET demonstrated sensitivity and specificity of 75% and 100%, 

respectively, for the detection of pelvic lymph node metastases, with validation based on 

histopathologic examination of the surgically harvested nodes [34]. We have reported our 

findings of a prospective investigation on the potential utility 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 strictly negative standard imaging studies (as required by definition) [35]. FDG 

PET/CT only was positive in one patient, 18F-NaF PET/CT only was positive in eight 

patients and both were positive in another two patients. Overall we found a detection rate of 

8.1% for FDG PET/CT in the setting of biochemical recurrence.

Most studies with 11C- and 18F-choline in prostate cancer have been in the biochemical 

recurrence phase of the disease. Umbehr et al provided a systematic review and meta-

analysis of 11C- and 18F-choline in restaging patients with biochemical recurrence. They 

reported, on a per-patient basis (12 studies, 1055 patients), a pooled sensitivity and 

specificity of 85% (95% CI 79–89%) and 88% (95% CI 73–95%), respectively [36]. A 

similar report by von Eyben et al examined 47 articles and data from 3167 patients with 

regards to the diagnostic utility of choline PET/CT in staging and restaging of prostate 

cancer [37]. They found that there were statistically significant more positive results in the 

prostate bed of biochemically relapsed patients who had previously undergone external 

beam radiation therapy than those patients who had radical prostatectomy as the initial 

treatment strategy. Moreover, choline PET/CT led to a change in treatment in 381 (41%) of 

938 patients, leading to complete PSA response in 101 of 404 (25%) patients. Another 

systematic review and meta-analysis by Evangelista and colleagues (19 studies, including 12 

studies for all sites of disease, 3 for lymph node metastases, and 4 for local recurrence, 1555 

patients), on the use of choline PET and PET/CT in biochemical relapse of prostate cancer 

reported a pooled sensitivity of 85.6% (95% CI 82.9–88.1%) and pooled specificity of 

92.6% (95% CI 90.1–94.6%) for all sites of disease (prostatic fossa, lymph nodes, and 

bone), a pooled sensitivity of 75.4% (95% CI 66.9–82.6%) and pooled specificity of 82% 

(95% CI 68.6–91.4%) for prostatic fossa recurrence, and a pooled sensitivity of 100% (95% 

CI 90.5–100%) and pooled specificity of 81.8% (95% CI 48.2–97.7%) for lymph node 

metastases [38]. The reported 100% pooled sensitivity for detection of lymph node 

metastases may have been overestimated given the small number of publications that were 

included in the meta-analysis.

It has been noted that the diagnostic performance of choline PET/CT may depend on serum 

prostate-specific antigen (PSA) level and kinetics. Treglia et al. performed a systematic 

review of 14 articles with the specific focus on the relationship between PSA level and 

kinetics (e.g., PSA doubling time or PSAdt, and PSA velocity or PSAvel) on the lesion 

detection rate in restaging prostate cancer [39]. The overall pooled detection rate of choline 

PET/CT in restaging prostate cancer was 58% [95% CI 55–60]. The pooled detection rate 

increased to 65% (95% CI 58–71) when PSAdt was ≤6 months and to 71% (95% CI 66–76) 
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and 77% (95% CI 71–82) when PSAvel was >1 or >2 ng/(mL year), respectively. More 

recently, a retrospective multicenter study of 374 patients with biochemical relapse showed 

that a Gleason score of <5 or greater than or equal 8 could differentiate positive from 

negative PET. In this regard, the optimal threshold values for trigger PSA and PSAdt were 3 

ng/mL and 6 months, respectively. Interestingly, in patients with PSA less than 1.5 ng/mL, 

about 31% had evidence disease on choline PET, with 7% demonstrating metastases [40].

Overall, there is relatively convincing evidence for the first-line use of choline PET/CT in 

restating of patients with biochemical relapse of prostate cancer with a detection rate that is 

positively associated with increasing serum PSA level, increasing PSA velocity and 

decreasing PSA doubling time [41] (Fig. 3). It is of note that on September 12, 2012, the 

U.S. Food and Drug administration approved the production and use of 11C-choline at the 

Mayo Clinic PET Radiochemistry Facility (Rochester, MN) for “PET imaging of patients 

with suspected prostate cancer recurrence and noninformative bone scintigraphy, CT, or MR 

imaging.” While the Mayo Clinic was the first approved facility, the list of approved 

facilities is anticipated to grow since the current National Comprehensive Cancer Network 

guidelines (version 1.2015) includes 11C-choline PET as a possible imaging test to consider 

in the evaluation of men with biochemical recurrence. 11C-choline is also reimbursable by 

the Centers for Medicare and Medicaid Services through local Medicare Administrative 

Contractors who determine coverage within their respective jurisdictions for PET using 

radiopharmaceuticals for their labeled indications for oncologic imaging that are approved 

by the U.S. Food and Drug Administration.

There is limited experience with other PET radiotracers in the clinical setting of biochemical 

recurrence. Recently, our group at the University of Southern California reported on a 

comprehensive extraction and reanalysis of the PET detection data for 5 tracers ((18)F-

fluorodeoxyglucose (FDG), 11C-acetate, 11C- or 18F-choline, anti-1-amino-3-(18)F-

fluorocyclobutane-1-carboxylic acid (FACBC), and radiolabeled ligand targeted to prostate-

specific membrane antigen, PSMA) that have been explored in prostate cancer [42]. We 

found that FDG exhibited the lowest detection rate for any suspected disease. 11C-acetate 

tended to be advantageous over radiolabeled choline in detecting local recurrence and lymph 

node lesions, although the difference was not statistically significant. FACBC had greater 

likelihood of detecting local recurrence, when compared to radiolabeled choline, although 

again this difference was not statistically significant. PSMA-based tracers tended to show 

higher proportion of patients with suspected disease compared to the other four tracers [43].

Treatment response evaluation and prognostication

Literature on the potential utility of PET with various tracers in the imaging evaluation of 

treatment response in prostate cancer is relatively limited. Our preliminary results show that 

tumor FDG uptake decreases with successful treatment (using androgen deprivation or 

various chemotherapy regimens), although imaging findings may be discordant with those of 

other manifestations of disease including changes in the levels of serum PSA or circulating 

tumor cells (Fig. 4). Also, there may be differences in imaging-based assessment based on 

the response criteria that are employed in the data analysis such as Response Evaluation 

Criteria In Solid Tumors (RECIST 1.0 and RECIST 1.1) or PET Response Criteria in Solid 
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Tumors (PERCIST 1.0) [44, 45]. Another preliminary study from our group using 18F-NaF 

PET/CT showed that semiquantitative 18F-NaF PET-based analysis performs better than 

PSA-based response assessment criteria and is associated better than qualitative criteria with 

changes in therapy [46]. Clearly additional studies are needed to decipher the optimal 

combination of relevant data that can most accurately reflect the effect of various current and 

novel therapies.

Yu et al. reported in separate studies that 11C-acetate and 18F-NaF PET may be helpful in 

response assessment of bone metastases to therapy [47, 48]. Single case reports or small 

case series have been reported that suggest 18F-NaF and 11C-choline may be useful in the 

assessment response to Ra-223 dichloride therapy [49, 50]. Similar preliminary results have 

been reported for effects of neodjuvant androgen deprivation and radical prostate 

radiotherapy with concurrent androgen deprivation therapy on uptake level of 11C-choline in 

tumors [51, 52]. There is currently no experience with other PET radiotracers in the clinical 

setting of treatment response assessment in patients with prostate cancer.

Prognostication

Until recently most published articles focused on the diagnostic rather than the prognostic 

utility of PET in prostate cancer. Oyama et al. investigated the prognostic value of glucose 

metabolism of the primary tumors in 42 men with prostate cancer [53]. These authors 

showed that the FDG uptake level in the primary was positively correlated to relapse-free 

survival after radical prostatectomy. Patients with higher tumor uptake had a significantly 

poorer prognosis compared with those patients with tumors that showed lower FDG uptake. 

In another investigation of 43 patients with metastatic castrate-resistant prostate, the FDG 

uptake in most active lesion was positively correlated with overall survival [54]. Jadvar and 

colleagues reported on a cohort of 87 patients with metastatic castrate-resistant prostate 

cancer who underwent FDG PET/CT and were followed-up with prospectively for overall 

survival. In the multivariate analysis that adjusted for the potentially prognostic clinical 

parameters (age, serum PSA level, serum alkaline phosphatase level, use of pain medication, 

prior chemotherapy, and Gleason score at initial diagnosis), the sum of the maximum 

standardized uptake value (sum of up to 25 active lesions including lymph nodes, bone, and 

soft tissue metastases) was significant with a hazard ratio of 1.01 (95% CI 1.001–1.020; P = 

0.053) [55] (Fig. 5).

In a study that reported on the comparative utility of 11C-choline PET/CT over clinical 

staging nomograms for preoperative staging of lymph nodes in intermediate-risk and high-

risk prostate cancer, 11C-choline PET/CT performed better than clinical nomograms with 

equal sensitivity and better specificity [56]. Gacci and colleagues in a longitudinal study of 

103 patents with biochemical recurrence showed that an increase in serum PSA from 

baseline by greater than 5 ng/mL, decrease in PSA doubling time by less than 6 months, and 

increase in PSA velocity by greater than 6 ng/mL/month were highly associated with the 

outcome of progression on the follow-up PET/CT (6 months after baseline PET/CT) [57].

Breeuwsma and colleagues associated the findings on 11C-choline PET/CT with disease-

specific survival in 64 men with biochemical recurrence after radical prostatectomy [58]. 
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The investigators found that disease-specific survival was significantly higher in the negative 

PET/CT group than the group with positive PET/CT. In another similar study from Italy, the 

investigators evaluated retrospectively the potential utility of 11C-choline PET/CT in 

prediction of prostate cancer-specific survival in 195 patients who presented with 

biochemical failure (PSA > 0.2 mg/mL during androgen deprivation therapy) after radical 

prostatectomy. The median prostate cancer-specific survival in patients with positive and 

negative 11C-choline PET/CT was 11.2 and 16.4 years, respectively [59] (Fig. 6). Kwee et 

investigated the prognostic significance of metabolically active tumor volume (MATV) and 

activity distribution within the lesion volume, termed total lesion activity (TLA) on 18F-

fluorocholine PET/CT in 30 men with castrate-resistant prostate cancer. The authors found 

that both net MATV and net TLA were significantly associated with overall survival [60].

Other emerging PET radiotracers

This article focused on PET radiotracers for which more experience has been accumulated. 

However, there are a number of other emerging PET radiotracers that are being actively 

pursued in this clinical setting, especially not only in Europe and Japan, but also under 

investigational new drug application at some centers in the U.S. These radiotracers include 

but are not limited to those that target the PSMA, the gastrin-releasing peptide receptor, and 

the amino acid metabolic pathway [8]. The recently developed PET radiotracers that target 

the extracellular moiety of the PSMA employ labeled agents that involve antibodies, 

antibody fragments, aptamers, and PSMA inhibitors [61]. Particularly, the 68Ga-labeled 

PSMA inhibitor, Glu-NH-CO-NHLys-(Ahx)-[68Ga-HBED-CC], abbreviated as 68Ga-

PSMA, has received much attention demonstrating high-diagnostic performance in early 

human studies. The construct may also be amenable for use in targeted radionuclide therapy 

with an appropriate particle emitter [62].

Anti-1-Amino-3-(18F)-Fluorocyclobuate-1-Carboxylic (anti[18F]-FACBC or 18F-

fluciclovine) is another PET radiotracer that shows promise in the imaging evaluation of 

prostate cancer. This agent is a radiolabeled synthetic l-leucine with relatively little renal 

excretion and cellular accumulation that is based on the expression of the alanine, serine-, 

and cysteine preferring system-mediated amino acid transport system [63]. A recently 

published systematic review and meta-analysis reported a pooled sensitivity of 87% and a 

pooled specificity of 66% on a per-patient-based analysis in detecting prostate carcinoma 

recurrence [64]. Other investigations suggest that 18F-flucoclovine may be advantageous 

over 11-choline in the setting of biochemical recurrence of prostate cancer [65].

Conclusion

PET-CT and PET-MRI will have a major role in the imaging evaluation of patients with 

prostate cancer. The current published evidence is mostly on the diagnostic utility of PET-

CT with radiolabeled choline in men with biochemical recurrence. In this clinical setting, 

PET with radiolabeled choline can be useful to detect and localize local recurrence and 

distant disease sites with an accuracy that is positively related to the serum PSA level and its 

derived parameters. There is, however, much room for additional studies with well-defined 
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patient cohorts and select outcomes to decipher the exact role of PET with different 

radiotracers along the various phases of the natural history of this prevalent disease.
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Fig. 1. 
Incidental high FDG uptake (maximum SUV 7.7) in right prostate lobe in a 67-year-old man 

who presented for restaging colon cancer; further follow-up revealed a serum PSA level of 

14.6 ng/mL. A subsequent biopsy confirmed prostate cancer with Gleason score of 8. 

(Reproduced with permission from Ref. 9).
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Fig. 2. 
58-Year-old male with prostate cancer. A Axial T2-weighted MRI show low-signal intensity 

in the right mid-gland peripheral zone (white arrow), B concurrent high 11C-acetate uptake 

is seen in the axial PET image (black arrow), C fused 11C-acetate PET/MRI localizes the 

tumor (black arrow), D corresponding pathology revealed a Gleason 7 tumor. (Reproduced 

with permission from Ref. 19).
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Fig. 3. 
A 63-year-old patient who had underwent radical prostatectomy and radiotherapy of primary 

prostate followed by androgen deprivation therapy for primary prostate cancer (pT3a, N0, 

Gleason score of 9, and primary PSA level of 9.0 ng/mL). At the time of imaging he 

presented with increasing PSA level of 22.56 ng/mL. A 18F-fluorocholine PET maximum 

intensity projection image shows multiple sites of pathologic increased tracer in pelvis and 

retroperitoneum (blue arrow). B Transaxial PET/CT images (top: 18F-fluorocholine PET; 

middle: CT; bottom: PET/CT) show LN metastases with high tracer uptake in right external 

iliac (left, yellow arrow) and common iliac (right, yellow arrow) nodal basins; CT (middle) 

demonstrates only small lymph nodes (red arrows). (Reproduced with permission from Ref. 

66).
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Fig. 4. 
67-Year-old male with castrate-resistant metastatic prostate cancer. FDG PET maximum 

intensity projection images before (A, PSA of 223.3 ng/mL) and after (B, PSA of 52.5 

ng/mL) chemotherapy show marked decline in metabolic activity of multiple metastatic 

lesions in response to therapy.
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Fig. 5. 
Kaplan–Meier plot of overall survival probability in men with castrate-resistant metastatic 

prostate cancer against sum of SUVmax of FDG-avid metastatic lesions grouped into 

quartiles. Patients in fourth-quartile group (blue line) have significantly poorer survival 

probability than reference first-quartile group (green line). (Reproduced with permission 

from Ref. 55).
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Fig. 6. 
Prostate cancer-specific survival probability curves in patients with negative 11C-choline 

PET/CT (PET/CT−), in patients with 11C-choline PET/CT suggestive of local recurrence or 

lymphadenopathy (PET/CT+ LR/Lfn), and in patients with 11C-choline PET/CT suggestive 

of bone metastases (PET/CT+ bone). Patients with abnormal tracer uptake in the prostatic 

bed or in lymph nodes but no pathologic bone uptake had shorter prostate cancer-specific 

survival in comparison to patients with negative PET/CT but longer prostate cancer-specific 

survival in comparison to patients with skeletal metastatic disease. (Reproduced with 

permission from Ref. 59).
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