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Background
[PubMed]

Choline is an important component of phospholipids in cell membranes. Increased 
metabolism in tissues will lead to an increased uptake of choline. Choline is 
phosphorylated by choline kinases (CHK) to phosphorylcholine within cells and, after 
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several biosynthetic processes, is finally integrated into phospholipids (1). Because tumor 
cells have a high metabolic rate, choline uptake is high in order to keep up with the 
demands of the synthesis of phospholipids in their cellular membranes (2).

Positron emission tomography (PET) with [11C]choline has been reported to be useful for 
the detection and differential diagnosis of brain tumors, prostate cancer, lung cancer, and 
esophageal cancer (3). However, [11C]choline has a high uptake in the liver, kidney, and 
spleen. An 18F-labeled choline analog was initially synthesized as [18F]fluoroethylcholine 
([18F]FECh) to replace [11C]choline as a PET tracer due to the short physical half-life of 
11C (20 min) (4). Although 18F has a longer half-life (110 min), [18F]FECh exhibited 
rapid accumulation in the urinary bladder, rendering it less desirable for imaging prostate 
cancer and pelvic lymph nodes. Therefore, [18F]fluorocholine (FCH) was conceived to be 
a better biological analog than [18F]FECh (5). PET studies with FCH showed high uptake 
in malignancies in patients with prostate cancer, breast carcinoma, and brain tumors (6, 
7). Choline is also metabolized by choline oxidase in competition with CHK to choline 
betaine (8), which cannot be phosphorylated by CHK.

Related Resource Links:
• Chapters in MICAD (Choline)
• Gene information in NCBI (Choline kinase)
• Articles in Online Mendelian Inheritance in Man (OMIM) (Choline kinase)
• Clinical trials (Fluorocholine)
• Drug information in FDA (Fluorocholine)

Synthesis
[PubMed]

An automated method of [18F]FECh synthesis was achieved with two-step reactions (9). 
2-[18F]fluoroethyl tosylate was first prepared by reaction of [18F]fluoride with 1,2-
bis(tosyloxy)ethane in the presence of tetrabutylammonium carbonate for 8 min at 100°C. 
2-[18F]Fluoroethyl tosylate was reacted with dimethylethanolamine for 10 min at 100°C. 
[18F]FECh was eluted from a sterile cation-exchange cartridge with saline. The total time 
required for obtaining the finished chemical was 65 min from the end of bombardment. 
The radiochemical yield (decay-corrected) was ~40%, with a radiochemical purity of 
>98%. The specific activity of [18F]FECh chloride was 74 MBq/nmol (2 mCi/nmol).

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

[18F]FECh was rapidly consumed by yeast choline kinase and bacterial choline oxidase in 
vitro to form phosphoryl-[18F]FECh and [18F]FECh betaine (9), respectively. Ehrlich 
ascites tumor cells converted ~18% of [18F]FECh to phosphoryl-[18F]FECh with no 
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detectable [18F]FECh betaine for 30 min at 37°C. Phosphatidyl-[18F]FECh was identified 
in the tumor cellular membrane homogenates.

Animal Studies

Rodent Studies
[PubMed]

[11C]Choline and [18F]FECh PET scans were compared in an animal model of 
hepatocellular carcinoma (HCC) in woodchucks (n = 6) (10). The size of HCC foci in the 
liver was 1.0–1.6 cm, with mean tumor/background contrast values of 1.3 ± 0.2 with 
[18F]FECh and 1.5 ± 0.2 with [11C]choline at 50 min after injection. The tracers show 
similar patterns of accumulation immediately after injection, and both radioactivities 
plateaued at 10 min after injection.

Other Non-Primate Mammal Studies
[PubMed]

No publication is currently available.

Non-Human Primate Studies
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

Hara et al. (9) performed a preliminary PET study in one prostate cancer patient after 
injection of 370 MBq (10 mCi) [18F]FECh. [18F]FECh was cleared from blood within 5 
min after administration. The highest radioactivity was found in the urinary bladder, 
followed by the kidney and liver. Little radioactivity was found in the bones. The standard 
uptake values (SUV) were 2.87 at 1.5 min and 4.43 at 55 min after injection. In another 
study, PET static scans with [18F]FECh and [11C]choline were performed in 16 patients 
with untreated primary prostate cancer. The tumor SUV was 3.84 ± 1.25 at 30 min and 
4.02 ± 1.46 at 60 min after injection of [18F]FECh. For [11C]choline, the tumor SUV was 
4.03 ± 1.38 at 5 min and 4.50 ± 1.56 at 20 min after injection. PET with [18F]FECh 
showed sharper images of the tumors than did PET with [11C]choline. However, a urinary 
catheter was used to remove urine during the time of PET scanning with [18F]FECh.

Steuber et al. (11) performed PET/CT scans with [18F]FECh for the detection of lymph 
node metastasis in 20 high-risk prostate cancer patients prior to radical prostatectomy. 
Overall, 31 lymph nodes (0.8–12 mm) were identified as positive out of 285 lymph nodes 
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examined after dissection. However, PET/CT scans with [18F]FECh did not detect a single 
positive lymph node before radical prostatectomy.

NIH Support
R01 CA095307
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