
 Prostate Cancer Basics: 
 

Background Information for Outreach Activities 

with Oncologists, Urologists and Surgeons 



Legal Disclaimer 

These materials were prepared in good faith by MITA as a service to 

the profession and are believed to be reliable based on current 

scientific literature. The materials are for educational purposes only and 

do not replace either the need for individualized patient diagnosis and 

treatment planning by qualified physicians based on existing good 

practices or the need for implementation by qualified radiologists or 

other qualified healthcare practitioners. Neither MITA nor its members 

are responsible for any diagnostic or treatment outcomes. MITA, its 

members, and contributors do not assume any responsibility for the 

user’s compliance with applicable laws and regulations. MITA does not 

endorse the proprietary products or processes of any one company. 



Purpose 

 The purpose of this self-study tutorial is to provide 

background information about prostate cancer, and the 

use of PET/CT in prostate cancer.  

 The intended audience are non-medical personnel who 

engage in marketing activities on behalf of an imaging 

center or department. 

 Upon completion of this self-study program, a person 

engaged in marketing activities will be better equipped to 

speak with referring physicians (e.g., oncologists, 

surgeons, urologists) about the role of PET/CT in 

prostate cancer. 

 

 

 



Outline 

 Definition of prostate cancer  

 Prostate cancer statistics 

 Risk factors  

 Symptoms 

 Diagnosis and staging 

 Treatment options for prostate cancer 

 What is PET/CT? 

 Role of PET/CT in prostate cancer 



Prostate Cancer: Definition 

 Cancer that forms in tissues of 

the prostate  

 Prostate cancer usually occurs 

in older men 

 A healthy prostate is about the 

size of a walnut 

 Advanced prostate cancer 

commonly spreads to lymph 

nodes and bones 

 

 
www.cancer.gov/prostate (NCI 2015) 

www.cancer.net/prostate cancer (Cancer.Net 2015) 

http://www.cancer.gov/types/prostate
http://www.cancer.net/cancer-types/prostate-cancer


Prostate Cancer: Statistics 

 An estimated 180,890 new cases will occur in the US in 

2016, with approximately 26,120 deaths 

 Most common cancer among men 

 Second leading cause of cancer death in men in the US 

 Although the number of deaths from prostate cancer 

continues to decline among all men, the death rate 

remains greater than twice as high in black men than in 

white men 

www.cancer.net (ASCO) accessed on 3/5/15 

www.cdc.gov accessed 3/5/15 

www.seer.cancer.gov (NCI) accessed 11/6/15 

http://www.cancer.net/
http://www.cdc.gov/
http://www.seer.cancer.gov/


Prostate Cancer: Statistics 

 Most prostate cancers (81%) are found when disease is 

confined to the prostate and nearby organs 

 Based on the most favorable factors (e.g., time to 

diagnosis, appropriate treatment, etc.), approximately 

 99% of men who develop prostate cancer are expected to live at 

least five years after diagnosis 

 99% are alive for 10 years after diagnosis 

 94% live for at least 15 years after diagnosis 

www.cancer.net (ASCO) accessed on 3/5/15 

www.cdc.gov accessed 3/5/15 

www.seer.cancer.gov (NCI) accessed 11/6/15 

http://www.cancer.net/
http://www.cdc.gov/
http://www.seer.cancer.gov/


Prostate Cancer: Risk Factors 

 Age: risk of prostate cancer increases with age, 

especially after age 50  

 Race: black men have a higher risk of prostate cancer 

than white men and are more likely to develop it at an 

earlier age with aggressive tumors that grow quickly 

 Family history of prostate cancer, hereditary breast and 

ovarian cancer (HBOC) syndrome or other genetic 

factors 

 Diet 

 Agent Orange exposure 

 

www.cancer.net (Cancer.Net 2014)  

http://www.cancer.net/


Prostate Cancer: Symptoms 

 Early prostate cancer usually has no symptoms 

 More advanced disease symptoms may include 

 Frequent urination 

 Weak or interrupted urine flow or the need to strain to empty the 

bladder 

 Blood in the urine 

 The urge to urinate frequently at night 

 Blood in the seminal fluid 

 Less commonly, pain or burning during urination 

 Discomfort when sitting, caused by an enlarged prostate 

 New onset of erectile dysfunction (ED) 

 

 

 

 

www.cancer.net  

http://www.cancer.net/


Cancer Diagnosis and Staging 

 Diagnosis 

 The first – and very important - step of finding out the type of 

cancer a patient may have 

 Doctors often use a variety of tests to make a diagnosis 

 Staging  

 Defines where a cancer is located, if it has spread and if it is 

affecting other areas of the body 

 Imaging is often used to determine the extent and location of the 

disease 

 

 

 

 

www.cancer.net  

http://www.cancer.net/


Cancer Diagnosis and Staging 

 One important goal of imaging is to determine if the 

cancer has spread to other parts of the body 

(metastasis or metastatic disease) 

 If a cancer is treated, but it comes back (recurrence), 

the patient may have to undergo further or repeat testing 

for restaging the cancer 

 

 

 

 

www.cancer.net  

http://www.cancer.net/


Prostate Cancer: Initial Diagnosis 

Consists of medical history, symptoms review and physical 

examination; may also include any of the below tests 

 Prostate-specific antigen (PSA) screening: PSA is a protein 

produced by the prostate that is often elevated in prostate cancer 

 Digital Rectal Exam (DRE): The doctor gently inserts a lubricated, 

gloved finger into the rectum to feel for lumps, soft or hard spots, 

and other abnormalities in the prostate gland 

 Transrectal Ultrasound (TRUS): Reflected sound waves from an  

ultrasound probe inserted into rectum provide images of the 

prostate; used to guide biopsies 

 Biopsy: Ultrasound-guided removal of tissue samples from the 

prostate gland; samples are analyzed under a microscope for the 

presence of cancer 

www.cancer.net_NCCN – patient information 

http://www.cancer.net/
http://www.cancer.net/
http://www.cancer.net/
http://www.cancer.net/


Prostate Cancer: Staging Process 

After initial evaluation or if cancer recurs after treatment, additional non-

invasive imaging tests may be requested to provide more details of the 

extent and location of the disease and/or to plan or monitor treatment.  

www.cancer.net 

CT MRI 
Tc-99m Bone 

Scan 
Lab Tests 

Aids in diagnosis, location, 

staging and restaging of 

disease. Provides detailed 

images of anatomy; also 

used in radiation therapy 

planning and to monitor 

treatment 

Provides 

detailed images 

of soft tissue 

anatomy; used 

to locate, stage 

and restage 

disease 

Used to detect 

metastatic 

spread to bone; 

usually negative 

if PSA is <10 

ng/mL 

 

PSA and 

Gleason 

scores 

 

http://www.cancer.net/


Several positron emission tomography (PET) imaging agents can be 

used to help in staging and restaging prostate cancer. 

www.cancer.net 

The specific use and order of testing is unique for each patient. Guidelines for use of 

testing in specific cancers can be found at the National Comprehensive Cancer 

Network (NCCN) website: www.NCCN.org. 

F-18 FDG 

PET/CT 

F-18 NaF 

PET/CT  

C-11 choline 

PET/CT  

F-18 fluciclovine 

PET/CT  

For prostate 

cancer, typically 

used only for 

advanced or high-

risk disease with 

suspicion of 

metastatic 

involvement 

Used to detect 

metastatic spread 

in bone, the most 

frequent site of 

prostate cancer 

metastasis 

Can be useful in 

detecting cancer 

recurrence when 

CT, MR or bone 

scan are negative; 

available only at 

limited institutions 

Indicated for PET 

imaging in men with 

suspected prostate 

cancer recurrence 

based on elevated 

blood PSA levels 

following prior 

treatment 

Prostate Cancer: Staging Process – 

PET Imaging Tools 

http://www.cancer.net/
http://www.nccn.org/


Disease Stages 

 Staging helps define cancer location, possible spread, if 

other areas in the body are affected 

 Using the TNM system 

 Tumor, T: how large is the primary tumor and where is it 

located?  

 Node, N: has the tumor spread to the lymph nodes?  

 Metastasis, M: has the cancer metastasized to other parts of the 

body?  

 Determining whether prostate cancer has spread to 

lymph nodes or other parts of the body (e.g., bone) is 

critical for making accurate decisions on whether and 

how to treat the prostate cancer  

 

 

www.cancer.net/prostate cancer stages 

http://www.cancer.net/cancer-types/prostate-cancer/stages


Tumor Grading 

 Prostate cancer tumors are 

evaluated according to the 

Gleason score, which ranks 

tumors on factors such as types 

of cells and their appearance 

 Grade is a measure of how 

quickly the tumor is likely to grow 

and spread 

 Gleason score ranges from 2–10 

(higher number is more 

aggressive) 

 

 
www.urologyhealth.org/prostate cancer grading and staging  

http://www.urologyhealth.org/urologic-conditions/prostate-cancer/grading-and-staging


Cancer Guidelines 

 Cancer specialists (urologists, radiation oncologists, 

surgeons) rely on consensus guidelines for help with 

diagnosis, staging and treatment 

 The National Comprehensive Cancer Network (NCCN) 

publishes evidence-based guidelines for all cancer 

subtypes 

 
 

www.NCCN.org/prostate cancer guidelines.   

https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site


PET/CT in Prostate Cancer: 

NCCN Guidelines  

 C-11 choline: Radioactive diagnostic agent for PET imaging of 

patients with suspected prostate cancer recurrence and non-

informative bone scintigraphy, CT or MRI. In these patients, C-11 

choline-PET/CT imaging may help identify potential sites of prostate 

cancer recurrence for subsequent histologic confirmation 

 F-18 NaF: Newer technology using F-18 NaF for PET scanning can 

be used as a diagnostic staging study; appears to have greater 

sensitivity than Tc-99m bone scan for assessing bone metastasis 

 F-18 FDG: In certain clinical settings, the use of F-18 FDG may 

provide useful information; F-18 FDG-PET/CT should not be used 

routinely since data on its utility in prostate cancer is limited 

 F-18 fluciclovine: Indicated for PET imaging with suspected 

prostate cancer recurrence based on elevated blood PSA levels 

following prior treatment.  

www.NCCN.org NCCN Guidelines Prostate Cancer, Version 1.2016 accessed 3/8/16 

(NOTE: FDA approved fluciclovine May 2016; it is 

not yet included in the NCCN guidelines.) 

http://www.nccn.org/


Cancer Guidelines: Overview for 

Prostate Cancer Evaluation 

The NCCN guidelines have specific recommendations when using PET/CT 

imaging in prostate cancer: (1) primary disease, (2) biochemical recurrence and 

(3) advanced disease. Below is a sample of information taken from these 

guidelines. Please consult the NCCN website for their complete set of 

guidelines. www.NCCN.org/prostate cancer guidelines accessed 3/8/16 

https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site


Prostate Cancer: Treatment Options 

 Treatment(s) depend on tumor location, grade and stage  

 Localized: active surveillance, radical prostatectomy, external 

beam radiation therapy (EBRT) and brachytherapy 

 Locally advanced: surgery, radiation therapy, hormone therapy 

 Metastatic: hormone therapy, immunotherapy, chemotherapy 

(including bone directed treatment) 

 Treatment Options 

 Active surveillance 

 Surgery 

 Therapies 

 Radiation therapy, Hormone therapy, 

 Immunotherapy, Chemotherapy 

 

 

 

 

www.cancer.net 

Image courtesy of Science/National Geographic 

http://www.cancer.net/
http://science.nationalgeographic.com/science/photos/cancer


PET/CT Imaging  

http://jrtassociates.com 
http://www3.gehealthcare.com 

www.diagnosticimaging.com 

SNMMI Procedure Guideline for Tumor Imaging with F-18 FDG-PET/CT 

~20-40 min 

 PET/CT: Positron Emission Tomography with Computed Tomography 

 The patient receives an intravenous injection of a small amount of 

radioactivity (the PET radiopharmaceutical); scanning starts after a 

pre-specified uptake period based upon the radiopharmaceutical 

 The scan typically takes 20-40 minutes but may take longer 

depending on the area of the body to be scanned or the specific 

PET/CT camera used 

Wait for radio-

pharmaceutical 

localization in 

the body               

(~40 min) 

http://jrtassociates.com/
http://www3.gehealthcare.com/
http://www.diagnosticimaging.com/
http://snmmi.files.cms-plus.com/docs/jnm30551_online.pdf
http://snmmi.files.cms-plus.com/docs/jnm30551_online.pdf
http://snmmi.files.cms-plus.com/docs/jnm30551_online.pdf
http://snmmi.files.cms-plus.com/docs/jnm30551_online.pdf
http://snmmi.files.cms-plus.com/docs/jnm30551_online.pdf


What is a PET Radiopharmaceutical? 

PET Radiopharmaceutical = biological molecule + radioisotope 

Example: 18F-Fluorodeoxyglucose, commonly referred to as F-18 FDG 

 

 

 

 

 

  

radioisotope 

18F-fluoride 

Enables visualization by 

the PET/CT scanner 

biological molecule 

deoxyglucose 

Targets the biological 

process 



FDA-Approved PET Radiopharmaceuticals 

for Prostate Cancer 

 Tracers that image metabolism 

 C-11 choline and F-18 fluciclovine 

 Used to localize disease recurrence in men who have rising 

PSA and inconclusive conventional imaging 

 F-18 FDG 

 Used typically in patients with late-stage recurrent prostate 

cancer and elevated PSA 

 Tracers that image bone  

 F-18 NaF (sodium fluoride) 

 Used to detect bone metastases 

 

 



PET/CT in Prostate Cancer 

PET/CT plays an important role in the evaluation of 

prostate cancer on many levels 

 Detecting metastatic disease 

 Restaging  

 Biochemical relapse post-radical therapy  

 A biochemical relapse is one where, after completing treatment 

(e.g., prostatectomy), PSA begins rising again but the cancer 

cannot (yet) be detected by CT or MRI 

 Treatment monitoring 

 Use for primary staging generally limited to only high-risk 

disease 

 Jadvar H. J Nucl Med 2013; 54(10):1685-1688 



PET/CT with F-18 FDG 

 F-18 FDG is taken up by cells in 

proportion to their rate of glucose 

metabolism 

 F-18 FDG participates in the first 

step of glucose metabolism in cells 

but cannot be further metabolized 

and is trapped inside the cell where 

it is retained 

 Normal distribution of F-18 FDG in 

humans includes the brain, kidneys, 

bladder, liver, spleen and variable 

uptake in the gastrointestinal tract, 

soft tissues and heart 
 

F-18 FDG-PET 

Brain 

Liver 

Kidneys 

Bladder 

Soft Tissue 

Spleen 

GI 

System 



FDG PET/CT in Cancer 

 Many cancer cells have a higher rate of 

glucose metabolism and therefore have a 

higher uptake of F-18 FDG compared to 

normal cells  

 Different cancer types exhibit varying rates of 

glucose metabolism 

 CASE EXAMPLE: 54-year-old male with new 

diagnosis of prostate cancer (Gleason Score 

8/10, PSA=20 ng/mL); CT and bone scan   

were unremarkable 

 The F-18 FDG-PET/CT shows focal abnormal 

hypermetabolism associated with the pelvic 

lymph nodes and an additional area showing an 

osteoblastic metastasis in the sternum 

 
For additional background information about PET/CT, refer to the 

DETAIL companion tutorial: PET/CT Basics 

Image courtesy of Zevacor Pharma Inc. 



PET/CT in Prostate Cancer Recurrence:   

Imaging with C-11 Choline 

 C-11 choline is a radiolabeled analog of choline, which is essential 

for cell membrane synthesis. Increased uptake of choline is 

associated with cell proliferation (e.g., in prostate cancer recurrence)   

 CASE EXAMPLE: 71-year-old patient with suspected prostate 

cancer recurrence underwent C-11 choline scan 

Image courtesy University of Munich  (TUM/LMU) 

 Intense tracer uptake 

seen in the right 

prostatic lobe  

corresponding to the 

lesion observed on MRI 

 Disease recurrence was 

confirmed with the C-11 

choline scan 



PET/CT in Prostate Cancer Recurrence:  

Imaging with F-18 Fluciclovine 

 Fluciclovine is an artificial amino acid labeled with F-18  

taken up by cells that overexpress amino acid 

transporters (e.g., in prostate cancer) 

 Imaging begins 4 min after injection and is complete 

within 20-30 min; bladder radioactivity is low at this time 

 Sites of recurrence in prostate bed, lymph nodes and/or 

bone metastases may be detected by PET/CT imaging 

with F-18 fluciclovine 



PET/CT in Prostate Cancer Recurrence:  

Imaging with F-18 Fluciclovine 

Emission image at 0.12h in healthy 

adult volunteer following IV 

administration of F-18 fluciclovine 
(McParland B, et al. EJNMMI 2013; 40(8):1256–1264) 

PET (A) and PET/CT (B) image of fluciclovine in 

man with biopsy-proven recurrence in the 

prostate bed (Schuster et al. J Nucl Med 2007; 48:56–63) 



PET/CT in Prostate Cancer Recurrence: 

Imaging with F-18 NaF 

 Imaging with F-18 NaF (sodium 

fluoride) helps to identify bone 

metastases in patients with 

suspected disease recurrence 

 CASE EXAMPLE: 57-year-old male 

with elevated PSA (10 ng/mL) and 

Gleason Score >8; staging CT and 

nuclear Tc-99m bone scan were 

negative 

 F-18 NaF-PET/CT showed multiple 

metastatic lesions throughout the 

skeleton 

 

Image courtesy Zevacor Pharma Inc. 



PET/CT in Prostate Cancer for 

Recurrence: Radiation Treatment 

Images courtesy of University Hospital Munster, Germany  

 A planning PET/CT is a valuable modality to use for radiotherapy 

target volume determination 

 CASE EXAMPLE: 61-year-old male with recurrent prostate cancer 

underwent C-11 choline scan to support radiotherapy treatment 

planning 

 Intense tracer uptake 

was observed in the 

right prostatic lobe 

confirming the 

locoregional relapse 



PET/CT in Prostate Cancer: 

Restaging  

CASE EXAMPLE: 77-year-old man with a history of prostate cancer; 

high Gleason score of 8, rising prostate-specific antigen (PSA) of 50 

mg/dl, displaying no other signs or symptoms; referred for PET/CT 

 F-18 NaF-PET/CT revealed a small, discrete focus of significantly increased 

tracer update in the center body of the sternum (left panel), corresponding 

to a rounded sclerotic lesion on the CT image 

 F-18 NaF-PET/CT identified an active lesion in the rib (right panel) not 

detected with the correlated CT images 

Images courtesy of Siemens Healthcare 

PET/CT           CT only          PET/CT              CT only 



PET/CT in Prostate Cancer: 

Image-Guided Radiotherapy Planning 

 PET/CT may be superior to conventional modalities (CT, MRI) for 

radiation therapy planning 

 PET/CT allows for both anatomic and functional imaging that 

improves assessment of GTV (gross tumor volume), which is very 

important for newer radiation treatments 

 Patients undergoing PET/CT for radiation therapy planning may be 

required to lay on a special flat bed and wear a mask or other 

immobilization device during the scan (image below) 

Device forms a customized mold 

of a patient’s anatomical contours 

for hip and pelvis positioning to 

enable patient comfort and ensure 

image reproducibility 

 Alongi F, et al. Clin Nucl Med 2015; 40(11):e496-500  

 von Eyben FE, et al. Curr Radiopharm 2015; 8(1):19-31 



The color scale ranges from radiotherapy dose of 0 to 77 Gy. 

A. Original radiotherapy 

(Rx) treatment plan 
B. Fluciclovine imaging 

results reveal iliac lymph 

node involvement 

C. Revised treatment plan 

now includes involved LN 

 F-18 fluciclovine imaging can be used to plan 

radiotherapy treatment 

PET/CT in Prostate Cancer: 

Image-Guided Radiotherapy Planning 

Schreibmann E, et al. Int J Rad Onco 2016 

A B C 



Key Messages 

 PET/CT is a powerful non-invasive diagnostic tool 

 Several tracers show utility in detecting local and/or 

regional and distant recurrence 

 Indications for using PET/CT in prostate cancer patients 

may include:  

 Negative CT/MRI/SPECT bone scan and rising PSA 

 Radiation therapy planning 

 Staging of aggressive tumor types 

 F-18 NaF is an important tool for evaluating bone 

metastasis 
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Important Safety Information 

 Image interpretation errors can occur with PET imaging. A negative image 

does not rule out recurrent prostate cancer and a positive image does not 

confirm its presence. Clinical correlation, which may include 

histopathological evaluation, is recommended.   

 The performance of F-18 fluciclovine and C-11 choline seem to be affected 

by PSA levels. For F-18 fluciclovine, uptake may occur with other cancers 

and benign prostatic hypertrophy in primary prostate cancer.  

 Hypersensitivity reactions, including anaphylaxis, may occur in patients who 

receive PET radiopharmaceuticals. Emergency resuscitation equipment and 

personnel should be immediately available. 

 PET/CT imaging contributes to a patient’s overall long-term cumulative 

radiation exposure, which is associated with an increased risk of cancer.  

Safe handling practices should be used to minimize radiation exposure to 

the patient and healthcare providers.  

 Adverse reactions, although uncommon, may occur when using PET 

radiopharmaceuticals. Always refer to the package insert prior to use. 

 


