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 Purpose: To prospectively evaluate the potential value of fl uorocho-
line (FCH) positron emission tomography (PET)/computed 
tomography (CT) in the preoperative staging of patients 
with prostate cancer who had intermediate or high risk of 
extracapsular disease.

 Materials and 
Methods: 

Institutional review board approval and written informed 
consent were obtained. Overall, 132 patients with pros-
tate cancer (mean age, 63 years  6  7 [standard deviation]) 
were enrolled between October 2003 and June 2008. Two 
patients were subsequently excluded. In 111 patients, radi-
cal prostatectomy with extended pelvic lymph node (LN) 
dissection was performed. Patients were categorized into 
groups with intermediate ( n  = 47) or high ( n  = 83) risk of 
extracapsular extension on the basis of their Gleason scores 
and prostate specifi c antigen levels. Imaging was performed 
with an integrated PET/CT system after injection of 4.07 
MBq FCH per kilogram of body weight with acquisition 
of dynamic images in the pelvis and whole-body images. 
Statistical analysis was performed on a per-patient basis.

 Results: Signifi cant correlation was found between sections with 
the highest FCH uptake and sextants with maximal tumor 
infi ltration ( r  = 0.68;  P  = .0001). Overall, 912 LNs were his-
topathologically examined. A per-patient analysis revealed 
the sensitivity, specifi city, and positive and negative predic-
tive values of FCH PET/CT in the detection of malignant 
LNs were 45%, 96%, 82%, and 83%, respectively. For LN 
metastases greater than or equal to 5 mm in diameter, 
sensitivity, specifi city, and positive and negative predictive 
values were 66%, 96%, 82%, and 92%, respectively. In 13 
patients, 43 bone metastases were detected. Early bone 
marrow infi ltration was detected with only FCH PET in two 
patients. FCH PET/CT led to a change in therapy in 15% of 
all patients and 20% of high-risk patients.

 Conclusion: FCH PET/CT could be useful in the evaluation of patients 
with prostate cancer who are at high risk for extracapsu-
lar disease, and it could be used to preoperatively exclude 
distant metastases.
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with prostatitis were subsequently ex-
cluded from the study because there 
was a discrepancy between the pre-
operative biopsy fi ndings and the fi nal 
histopathologic results; this was simi-
lar to the fi ndings in a previous study 
that were reported as “vanishing cancer 
phenomenon” ( 20 ). All patients under-
went  18 F FCH PET/CT at least 14 days 
after US-guided biopsies to avoid any 
biopsy effect. Free PSA serum concen-
tration was determined on the day of 
FCH PET/CT (mean, 27 ng/mL  6  49 
[27  m g/L  6  49]; range, 0.25–462 ng/mL 
[0.25–462  m g/L]). The mean Gleason 
summed score defi ned at biopsy was 
7.4 (range, four to 10). 

 Patients were categorized into two 
groups: those with intermediate risk of 
extracapsular tumor ( n  = 47) (PSA level, 
10–20 ng/mL [10–20  m g/L]; Gleason 
score, seven) and those with high risk 
of extracapsular tumor ( n  = 83) (PSA 
level  . 20 ng/mL [ . 20 g/ m L], Gleason 
score of at least eight). 

 Only patients with clinical organ-
confi ned tumor stages and a life expec-
tancy of at least 10 years underwent 
open retropubic radical prostatectomy 
with extended pelvic LN dissection (re-
moval of obturator, external iliac, and 
internal iliac LNs with or without pre-
sacral and common iliac LNs). 

ent tumor types. However, the results 
in patients with prostate cancer have 
been somewhat disappointing and in-
consistent ( 5–10 ). Low FDG avidity of 
most prostate cancer cells and urinary 
activity are suggested as the main limi-
tations of  18 F FDG PET in the evaluation 
of patients with prostate cancer ( 5 ). 

 Relatively recently, carbon 11 ( 11 C)- 
or  18 F-labeled choline PET has been 
used in the assessment of patients 
with prostate cancer ( 11–16 ). However, 
the value of PET with radiolabeled 
choline in the staging of prostate can-
cer has been a subject of controversy, 
and varying results have been reported 
( 4,11,16–19 ). 

 The purpose of this study was to 
prospectively evaluate the potential 
value of fl uorocholine (FCH) PET/CT 
in the preoperative staging of patients 
with prostate cancer who had inter-
mediate or high risk of extracapsular 
disease. 

 Materials and Methods 

 Patients 
 This study was approved by the ethi-
cal committee of St Vincent’s Hospital  , 
and written informed consent was ob-
tained from all patients. A total of 132 
consecutive men (mean age, 63 years  6  
7 [standard deviation]) with biopsy-
proved prostate cancer who were 
scheduled to undergo surgery were en-
rolled in this prospective study between 
October 1, 2003, and June 1, 2008. 
Only patients with a Gleason summed 
score of at least seven and/or a prostate 
specifi c antigen (PSA) level greater than 
10 ng/mL (10  m g/L  ) were included. The 
exclusion criteria were a second cancer 
and neoadjuvant hormonal or radiation 
therapy prior to surgery. Two patients 

             Prostate, lung, and colorectal can-
cers account for more than 56% 
of all newly diagnosed cancers in 

men ( 1 ). In Western Europe and North 
America, prostate cancer is the most 
common malignancy in men, and it ac-
counts for about 33% ( n  = 232 090) 
of incident cases in the United States 
( 1,2 ). 

 The accurate detection of disease 
confi ned to the prostate gland versus 
extraglandular spread to the lymph 
nodes (LNs) or skeleton is of key im-
portance when defi ning the therapeutic 
approach. Imaging modalities play an 
important role in the staging of pros-
tate cancer. However, the optimal use 
of imaging modalities in the staging of 
prostate cancer is still under debate, as 
the reported sensitivity and specifi city 
of current imaging methods—such as 
bone scintigraphy, computed tomog-
raphy (CT), magnetic resonance (MR) 
imaging, and ultrasonography (US)—
vary considerably ( 3,4 ). 

 Positron emission tomography (PET) 
is a promising modality for use in meta-
bolic tumor imaging. Fluorine 18 ( 18 F) 
fl uorodeoxyglucose (FDG) PET is effec-
tive in the detection of primary lesions 
and metastases in a number of differ-

 Implication for Patient Care 

    FCH    PET/CT led to changes in  n

the therapeutic care of 20% of 
patients with prostate cancer 
who were at high risk for extra-
capsular disease, suggesting that 
this modality will be helpful in 
the triage of this cohort. 

 Advances in Knowledge 

 Fluorocholine (FCH) PET/CT  n

enabled the detection of 43 met-
astatic bone lesions in one inter-
mediate-risk and 12 high-risk 
patients with prostate cancer; 
only FCH PET was able to depict 
bone metastases, probably 
because of early marrow-based 
bony involvement in two of 13 
patients. 

 FCH PET/CT has limited value in  n

the detection of malignant lymph 
nodes, especially lymph nodes 
smaller than 5 mm in diameter. 

 A signifi cant correlation (  n r  = 
0.68,  P  = .0001) was found 
between regions with maximal 
FCH uptake on PET/CT images 
and sextants with maximum 
tumor involvement at histopatho-
logic analysis. 
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their short-axis diameter was less than 
10 mm. LNs without abnormal tracer 
uptake were considered benign on PET 
images, even if their short-axis diameter 
was larger than 10 mm. 

 The CT data were interpreted by a 
radiologist (P.W., 15 years experience) 
who was aware of only the referral di-
agnosis. LNs were categorized   as malig-
nant on CT images because the short-
axis diameter was larger than 10 mm, 
contrast enhancement was visible, and 
there was neither fatty hilus nor round 
confi guration. Whether bone lesions 
were considered malignant depended 
on their anatomic location (poste-
rior aspect of the vertebral body and 
pedicle), characteristic morphologic 
changes (cortical destruction), or both. 
Discrete FCH uptake in only inguinal 
LNs was interpreted as possible reac-
tive uptake ( 12,15 ); therefore, it was 
excluded from data analysis. The fi nal 
interpretations were made by two nu-
clear medicine specialists (M.B., W.L.) 
and a board-certifi ed radiologist (P.W.) 
working in consensus. 

 Histopathologic Correlation and 
Assessment of Additional Findings 
 Patients who had no evidence of LNs or 
bone metastases at FCH PET/CT ( n  = 
111) underwent radical prostatectomy 
and extended pelvic LN dissection 24.2 
days  6  7.5 (median, 22 days; range, 
2–38 days) after FCH PET/CT. Visualized 
prostate volume on PET images was cut 
by means of the aforementioned com-
mercially available software program. 
On the basis of a sextant biopsy tem-
plate, the extrapolated prostate volume 
was divided equally into basal, middle, 
and apical thirds on each side. The seg-
ment with the highest tracer intensity 
was identifi ed and visually compared 
with the sextant with maximum tumor 
involvement at histopathologic examina-
tion. The surgically resected specimens 
were fi xed in formalin. After fi xation, 
the prostate specimens were then step-
sectioned at 0.5-cm intervals perpen-
dicular to the long axis from the apex to 
the base. Histologic samples were ob-
tained from at least two slices of tissue. 
The paraffi n-embedded samples were 
routinely stained with hematoxylin-eosin. 

reconstructed section thickness; 0.5-mm 
overlap; 512  3  512 matrix; pitch index, 
1.5) based on the angular modulation 
technique (SmartScan; GE Medical 
Systems, Waukesha, Wis), which au-
tomatically adjusts the tube current for 
each projection angle to the attenuation 
of the patient to minimize x-rays in pro-
jection angles that are less important 
with regard to reducing the overall noise 
content. The reformatted, transverse, 
coronal, and sagittal views were used for 
interpretation. 

 Image Interpretation and Data Analysis 
 PET images were interpreted by two nu-
clear medicine specialists (M.B., W.L.; 
5 and 10 years of experience, respec-
tively) who were aware of the referral 
diagnosis and risk assessment of extra-
capsular disease. They had access to the 
CT and PET/CT images for morphologic 
correlation and localization of abnormal 
PET lesions. Images were read sequen-
tially within a maximum of 3 days after 
the performance of each study by us-
ing advanced PET/CT review software 
(Advantage for Windows, versions 4.2 
through 7; GE Medical Systems), which 
allows simultaneous scrolling through 
the corresponding PET, CT, and fusion 
images in transverse, coronal and sagit-
tal planes. 

 A lesion was considered abnormal 
when focal tracer accumulation was 
greater than background activity. Semi-
quantitative analysis of the abnormal 
radiotracer uptake was performed by 
using the maximum standardized up-
take value (SUV max ). To determine the 
SUV max , a volume of interest covering 
the entire abnormal lesion was drawn 
(M.B., W.L.). The average value of the 
fi ve voxels with the highest activity was 
calculated to minimize overestimation 
of the SUV max  caused by a single high-
activity voxel. SUV max  was also mea-
sured in the fi rst and last frames of dy-
namic PET images. 

 The diagnosis of malignant LNs on 
PET images was based on the visual 
assessment of focal increased FCH up-
take corresponding to LN chains on CT 
images. At PET imaging, LNs with in-
creased tracer uptake were considered 
positive for metastatic spread, even if 

 PET/CT Imaging 
  18 F FCH (fluoromethyl-dimethyl-2-
hydroxyethyl-ammonium) was synthesized 
on site (Iasocholine  ), as described by 
Vassiliev et al ( 21 ). Imaging was per-
formed with an integrated PET/CT 
system (Discovery LS; GE Medical Sys-
tems, Milwaukee, Wis) that consisted of 
a full-ring PET scanner with a 14.6-cm 
transverse fi eld of view and an in-plane 
resolution of 4.8 mm full width at half 
maximum at the center of the fi eld of 
view and a four-section CT scanner. All 
PET images were acquired with the two-
dimensional mode (4 minutes emission 
per bed position) and were reconstructed 
with standard reconstruction ordered-
subset expectation maximization iterative 
algorithm (two iterative steps) and were 
reformatted into transverse, coronal, and 
sagittal views. As a routine protocol, im-
aging started 1 minute after intravenous 
injection of FCH (4.07 MBq per kilogram 
of body weight), with acquisition of dy-
namic PET images at one constant bed 
position of the pelvic region (covering 
the pelvic fl oor and urinary bladder) for 
8 minutes (1 minute per frame) to over-
come the effect of urinary activity in the 
bladder. 

 Six- or seven-bed-position whole-
body images were acquired with an 
acquisition time of 4 minutes per bed 
position from the thigh to the base of 
the skull 10 minutes after injection. 
The number of images acquired de-
pended on the size of the patient. In 
case of abnormal FCH accumulation in 
the whole-body images, a delayed static 
acquisition was performed over the ab-
normal tracer uptake 90–120 minutes 
after injection. 

 Unenhanced CT was performed for 
localization and attenuation correction 
(140 kV, 0.5 second per rotation, 5.0-mm 
reconstructed section thickness, 0.5-mm 
overlap) with a low-beam current mod-
ulation (80–120 mA). In patients with 
positive FCH lesions, an additional con-
trast material–enhanced (100 mL of 
iodixanol, 270 mg of iodine per milliliter, 
Visipaque; GE Healthcare, Cork, Ire-
land) CT study of the pelvis, abdomen, 
or both was performed with high-beam 
tube current modulation (120–330 
mA; 0.5 second per rotation; 5.0-mm 
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highest FCH uptake at PET and sex-
tants with maximal tumoral infi ltration 
at histopathologic analysis ( r  = 0.68,  P  = 
.0001;  Fig 1  ). 

 The mean SUV max  in the prostate 
was 5.5 (range, 1.6–22.3) in the dy-
namic images, 6.7 (range, 2.3–26.0) in 
the whole-body images, and 6.1 (range, 
1.7–13.5) in the late images. There 
was no signifi cant correlation between 
SUV max  in the prostate and PSA levels 
or Gleason scores ( P  = .10 and  P  = .28, 
respectively). 

 LN Staging 
 Overall, 912 sampled LNs were histo-
pathologically examined (mean number 
of LNs per patient, eight; median, nine; 
range, two to 24). Forty (31%) of the 
130 patients had 85 malignant LNs that 
were validated either with histopatho-
logic analysis (25 patients) or follow-up 
studies (15 patients) (Table E1 [on-
line]). Six of 40 patients belonged to 
the intermediate-risk group, while 34 
belonged to the high-risk group. 

 In 18 of the 130 patients, FCH PET 
fi ndings were positive for 47 malignant 
LNs (true-positive fi ndings). This fi nd-
ing was confi rmed at histopathologic 
analysis in three patients and at follow-up 
studies in 15 patients. In 22 patients 
with 38 malignant LNs, FCH PET fi nd-
ings were negative (false-negative fi nd-
ings): Ten of these patients had micro-
metastases ( � 2 mm in diameter), three 
patients had a tumor diameter of more 
than 2 mm but less than 5 mm, and 
nine patients with malignant LNs with 
a diameter of at least 5 mm. Sixteen 
of 22 patients with false-negative FCH 
PET fi ndings had only malignant LNs no 
larger than 5 mm in diameter. 

 The average maximum diameter of the 
malignant LNs detected with FCH PET/
CT was 15.6 mm (range, 5.0–30.0 mm; 
median, 15.0 mm). The mean diameter 
of the true-positive LNs was signifi cantly 
larger than that of the false-negative 
LNs (15.6 mm vs 4.0 mm,  P  = .0001). 
The mean SUV max  of malignant LNs 
was 9.1 (range, 2.1–33.8; median, 7.0), 
which generally decreased in the im-
ages obtained later in the examination 
(mean SUV max , 7.7; range, 1.0–19.4; 
median, 7.2). 

tions for at least 6 months (range, 6–24 
months). Lesions with increased FCH 
uptake on the follow-up PET images 
with corresponding malignant morpho-
logic changes on CT images and clinical 
evidence of disease progression were 
considered malignant. 

 Statistical Analysis 
 The sensitivity, specifi city, and positive 
and negative predictive values were cal-
culated by using data collected during 
PET studies on a per-patient basis. Each 
patient with at least one PET-positive 
LN that was fi nally confi rmed to be ma-
lignant at histopathology, follow-up im-
aging, or both was considered to have 
a true-positive fi nding. Patients with 
negative FCH PET fi ndings but positive 
histopathologic results were considered 
to have a false-negative fi nding. Patients 
with positive FCH accumulation in the 
pelvic and/or abdominal LNs but nega-
tive histopathologic results were con-
sidered to have a false-positive fi nding. 
Patients with both negative FCH PET 
and histopathologic results were con-
sidered to have a true-negative fi nding. 
The Pearson correlation test was used 
to assess correlations between PSA lev-
els and Gleason scores with the SUV max  
in the prostate, as well as the correla-
tion between sections with the highest 
FCH uptake on PET images and sex-
tants with maximal tumoral infi ltration 
at histopathologic analysis. The paired  
t  test was used to compare mean SUV max  
in malignant LNs with that in benign 
LNs and bone lesions. Statistical soft-
ware   (SPSS, Chicago, Ill) was used for 
the calculations.  P   ,  .05 was indicative 
of a signifi cant difference. 

 Results 

 A total of 111 patients underwent radi-
cal prostatectomy with extended pelvic 
LN dissection, while 19 were upstaged 
because LNs, bone metastases, or both 
were detected at PET/CT. 

 Primary Staging 
 All patients had abnormal increased 
tracer uptake in the prostate. A signifi -
cant correlation was found in the whole 
study group between sections with 

The exact location and extension of 
carcinomatous tissue were determined 
independently by a pathologist (G.B., 
6 years experience). Visual comparison of 
FCH PET/CT fi ndings with histopatho-
logic fi ndings was performed in consen-
sus (M.B., W.L., G.B.). 

 In patients who underwent lymph-
adenectomy, PET/CT fi ndings were 
correlated with histopathologic results. 
Postoperative histopathologic evaluation 
of LNs consisted of a standard protocol 
of step sections in 250-µm sequences 
(conventional hematoxylin-eosin staining) 
and immunohistochemistry of each step, 
respectively. The malignant LNs were 
categorized into three groups on the 
basis of tumor diameter: those 2 mm or 
smaller (micrometastases), those larger 
than 2 mm but smaller than 5 mm, and 
those 5 mm or larger. 

 Patients with evidence of LNs, bone 
metastases, or both at FCH PET/CT were 
not considered for surgery and therefore 
underwent nonoperative therapeutic 
procedures (neoadjuvant hormonal or 
radiation therapy). Follow-up FCH PET/
CT was performed in these patients after 
6 months (range, 6–24 months). 

 Final Diagnosis 
 LN staging.—  The fi nal diagnosis of pos-
itive LNs on PET images was based on 
histopathologic fi ndings in 25 patients 
and on the results of follow-up imaging 
studies (FCH PET/CT) in 15 patients, 
none of whom underwent surgery. Le-
sions with increased FCH uptake were 
considered malignant at follow-up stud-
ies if they showed persistent or in-
creased FCH uptake with correspond-
ing pathologic morphologic changes on 
CT images or if decreased FCH activity 
with clinically regressive fi ndings was 
seen after treatment. 

 Bone metastases staging.—  The bone 
lesions were considered malignant if 
they were positive at both FCH PET and 
CT, with corresponding positive uptake as 
assessed with a bone-seeking modality 
( 18 F PET/CT or bone scanning) or posi-
tive MR imaging fi ndings. 

 If there was a discrepancy between 
FCH PET and CT fi ndings, it had to be 
proved to be a metastasis at clinical 
and FCH PET/CT follow-up examina-
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are often used to evaluate local tumor 
stage (T stage), and CT and bone scan-
ning are performed to assess LNs (N 
stage) and distant metastases (M stage), 
respectively. However, despite their 
relatively high sensitivity, conventional 
morphologic imaging modalities suffer 
from inadequate specifi city  , particularly 
in the detection of LN metastases ( 3   ). 
With the use of lymphotropic super-
paramagnetic nanoparticles in MR im-
aging, detection of LN metastases might 
be improved. In a lesion-based study in 
which 71.4% of metastatic LNs in pa-
tients with prostate cancer were within 
the normal size range, Harisinghani et al 
( 23 ) found a sensitivity and specifi c-
ity of 35.4% and 90.4%, respectively, 
for conventional MR imaging versus a 
sensitivity and specifi city of 90.5% and 
97.8%, respectively, for MR imaging 
with lymphotropic superparamagnetic 
nanopaticles. 

 Reports have emphasized the po-
tential advantages of PET performed 
with radiotracers such as  11 C acetate, 
 11 C- and  18 F-labeled fl uoroethylcholine, 
and  18 F FCH in the assessment of pa-
tients with prostate cancer ( 10,12–14 ). 

 Two possible mechanisms have been 
suggested to explain the increased cho-
line uptake in prostate cancer cells 
( 5,24 ). The fi rst is increased cell prolif-
eration in tumors. Choline is a precur-
sor for the biosynthesis of phosphati-
dylcholine and other phospholipids 
that are the major components of cell 
membrane. It seems that choline up-
take is a marker of cell proliferation in 

result of early bone marrow infi ltration 
in two of these 13 patients, only FCH 
PET fi ndings were positive, without any 
substantial morphologic changes on CT 
images ( Fig 3  ). 

 Clinical Staging and Therapy Management 
 FCH PET/CT results prompted us to 
switch from operative therapy to non-
operative therapy in 19 (15%) of 130 
patients: We detected retroperitoneal 
LNs in six patients, metastatic bone dis-
ease in four patients, and both LN and 
bone metastases in nine patients ( Fig 4  ). 
All but two of these patients were in the 
high-risk group. When considering the 
entire high risk group, 17 (20%) of 83 
cases were upstaged on the basis of the 
PET/CT fi ndings. All detected lesions in 
these patients were proved to be malig-
nant at FCH PET/CT follow-up exami-
nations for at least 6 months (range, 
6–24 months). 

 Discussion 

 The goal of current cancer care is to 
administer risk-adjusted patient-specifi c 
treatment planned to maximize can-
cer control while minimizing the risk of 
complications ( 4 ). Therefore, accurate 
characterization of the tumor and stag-
ing of disease is of great importance in 
choosing the appropriate therapeutic 
management from a wide array of al-
ternatives, including deferred therapy 
(watchful waiting), androgen ablation, 
radical surgery, and external radiation 
( 22 ). MR imaging and transrectal US 

 In four patients, FCH PET/CT fi nd-
ings were false-positive (one sinus his-
tiocytosis, three reactive LNs). All four 
LNs showed FCH hyperperfusion on the 
images obtained early in the examina-
tion (1–3 minutes; mean SUV max , 4.85  6  
1.24), followed by rapid washout on the 
dynamic (8 minutes; SUV max , 2.47  6  
0.73) and delayed (SUV max , 2.09  6  0.65) 
semi-whole-body images ( Fig 2  ). In 
contrast, malignant LNs showed a con-
stant or an increasing pattern of FCH 
uptake during acquisition of dynamic 
images with a mean SUV max  of 5.90  6  
2.53 (1 minute after injection) and 
7.85  6  3.20 (8 minutes after injection), 
respectively. 

 A per-patient analysis showed the 
sensitivity, specifi city, and positive and 
negative predictive values of FCH PET/
CT were 45%, 96%, 82%, and 83%, 
respectively, in the detection of ma-
lignant LNs and 66%, 96%, 82%, and 
92%, respectively, in the detection of LN 
metastases at least 5 mm in diameter 
( Table 1  ). 

 Bone Metastases Staging 
 A total of 43 metastatic bone lesions 
were detected in 13 of 130 patients 
(one intermediate-risk patient and 12 
high-risk patients) with FCH PET/CT. 
The mean SUV max  in malignant bone le-
sions was 9.0  6  4.0 (range, 3.6–18.3; 
median, 7.7) on whole-body images 
and showed signifi cantly increased 
uptake ( P   ,  .001) in the delayed im-
ages (mean SUV max , 12.2  6  6.0; range, 
3.7–27.0; median, 13.2). Probably as a 

 Figure 1 

  
  Figure 1:  Images obtained in a 66-year-old man with biopsy-proved prostate cancer (Gleason score, seven; PSA level, 7.8 ng/mL [7.8  m g/L]).  (a)  Transaxial FCH 
PET image with increased tracer uptake in the prostate (arrow).  (b)  Fusion FCH PET/CT image shows the localization of increased tracer uptake in the right apical part 
of the prostate (arrow).  (c)  Apical slice of histopathologic sextants of the prostate. The marked region (blue) is the maximum tumor infi ltration clearly correlated with 
abnormal FCH uptake.   
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possible due to the limited spatial reso-
lution   of PET. 

 In prior studies, the value of PET 
imaging with radiolabeled choline in 
the primary assessment of LN metasta-
ses (N stage) ranged from encouraging 
( 26 ) to limited ( 16,18,27 ) usefulness. 
De Jong et al ( 26 ) obtained promising 
results with  11 C choline PET in the pre-
operative LN staging of 67 patients with 
newly diagnosed prostate cancer, with 
a sensitivity of 80% in patient-based 
analysis. However, it should be men-
tioned that a mean PSA level of 123 ng/mL 

within the prostate, our results showed 
good agreement (81%) between regions 
with maximum FCH uptake on PET/CT 
images and sextants with maximum tu-
moral involvement at histopathologic 
analysis. However, the limitations ob-
served by Schmid et al ( 15 ) in a similar 
study for initial tumor staging were also 
apparent in our study. Differentiation 
between prostate cancer and  prostatitis 
was not possible, as intensive FCH accu-
mulation was also seen in two patients 
with prostatitis. In addition, an assess-
ment of capsular infi ltration was not 

patients with prostate cancer, as ma-
lignancies are commonly characterized 
by increased proliferative activity. The 
second explanation is upregulation of 
choline kinase in cancer cells. Over-
expression of choline kinase has been 
found in cancer cell lines, including hu-
man-derived prostate cancer ( 25 ). 

 In our study, we assessed the value 
of FCH PET/CT imaging in the pre-
operative staging of intermediate- and 
high-risk patients with prostate can-
cer. In the evaluation of the local tu-
mor stage and localization of the tumor 

 Figure 2 

  

  

 Performance of FCH PET/CT in the Detection of Malignant LNs 

LN Diameter
Total No. of 
Findings

No. of True-
Positive Findings

No. of True-Negative 
Findings

No. of False-
Negative Findings

No. of False-
Positive Findings Sensitivity (%) Specifi city (%)

Positive Predictive 
Value (%)

Negative Predictive 
Value (%)

 � 5.0 mm 130 18 99 9 4 66 96 82 92
Overall 130 18 86 22 4 45 96 82 83

Note. —Overall refers to all malignant LNs, including micrometastases.

  Figure 2:  Images obtained in a 59-year-old patient 
with prostate cancer (Gleason score, eight; PSA level, 
5.6 ng/mL [5.6  m g/L]) show early hyperperfusion and 
rapid washout in a pelvic LN, which was confi rmed to 
be a reactive LN by means of histopathologic analysis. 
 (a)  Dynamic FCH PET maximum intensity projection 
images obtained 1 minute (top) through 8 minutes 
(bottom) after injection  .  (b)  Transaxial FCH PET image 
obtained 1 minute after tracer injection shows early 
hyperperfusion in a left external iliac LN (arrow).  (c)  
Transaxial FCH PET image obtained 8 minutes after 
tracer injection shows early washout in the left external 
iliac LN (arrow).  (d)  Transaxial FCH PET image obtained 
15 minutes after tracer injection shows substantial 
washout in the left external iliac LN (arrow).   
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have been caused by the limited spatial 
resolution   of the current generation of 
PET scanners, which is about 4.8 mm 
( 27,28 ). Although our results seem un-
satisfactory for the primary node stag-
ing of patients with prostate cancer, 
it is important to mention that other 
modalities (CT, MR imaging, US) and 
clinical-staging nomography have lim-
ited diagnostic performance for node 
staging ( 3,4,16,29–33 ). 

 In the assessment of bone metas-
tases, our results enabled us to con-
fi rm our previous fi ndings ( 34–36 ) and 
showed that FCH PET/CT is able to 
depict bone metastases and has the po-
tential to enable detection of early bone 
marrow infi ltration. 

 In clinical staging, FCH PET/CT led 
to a change in the therapeutic care of 
15% of the patient population (19 of 
130 patients). When considering the 
entire high-risk group, 20% of the pa-
tient population (17 of 83 patients) had 
fi ndings that were upstaged after FCH 
PET/CT, which suggests a useful clinical 
indication for referring patients with 
prostate cancer to undergo metabolic 
PET/CT imaging procedures. 

 In addition, we assessed whether 
dynamic (1–8 minutes after injection) 
or late (90 minutes after injection) im-
aging affect the specifi city of FCH PET. 
One of the important fi ndings in this 
study was the early FCH washout of the 
false-positive LNs during dynamic imag-
ing, which might be of great concern 
in the differentiation of malignant ver-
sus benign LNs. Nevertheless, further 
research is warranted due to a small 
number of false-positive LNs in our 
study. 

 The limitation of this study was the 
lack of histologic verifi cation for detected 
LNs with FCH PET/CT in 19 (15%) pa-
tients and for metastatic bone lesions in 
13 (10%) patients. 

 In conclusion, our results suggest 
that FCH PET/CT can be useful as a 
one-stop diagnostic procedure, es-
pecially in the evaluation of high-risk 
patients with prostate cancer to ex-
clude distant metastases when surgical 
treatment is scheduled. This modality 
changed the therapeutic care of 20% 
of high-risk patients, which suggests an 

 In our study, FCH PET/CT showed 
overall sensitivity of 45%, specifi city of 
96%, positive predictive value of 82%, 
and negative predictive value of 83% 
in the detection of LN metastases. In 
LNs 5 mm in diameter or larger, the 
sensitivity, specifi city, and positive and 
negative predictive values were 66%, 
96%, 82%, and 92%, respectively. As 
expected, FCH PET/CT showed limited 
value in the detection of micrometas-
tases and LN metastases smaller than 
5 mm in diameter. The failure to de-
tect small metastases in the LNs could 

(123  m g/L) may constitute a referral 
bias in this study. Hacker et al ( 18 ) re-
ported that FCH PET/CT had a lower 
sensitivity (10%) than did sentinel node 
dissection (80%) in 20 patients with 
intermediate- or high-risk of extraglan-
dular disease, and they concluded that 
FCH PET/CT was not useful in the de-
tection of occult LN metastases. It must 
be noted that the mean diameter of 
metastatic LNs in the aforementioned 
study was 3.8 mm, which was less 
than the spatial resolution of the PET 
scanner   ( 18 ). 

 Figure 3 

  
  Figure 3:  Images obtained in a 73-year-old patient with prostate cancer (Gleason score, seven; PSA level, 
5.6 ng/mL [5.6  m g/L]) with clinical evidence of disease progression 4 months after radiation therapy and 
with an increase in PSA level from 0.25 ng/mL [0.25  m g/L] to 3.8 ng/mL [3.8  m g/L].  (a)  The CT portion of 
an FCH PET/CT image obtained at the L4   vertebra level shows no substantial morphologic change concern-
ing bone metastasis.  (b)  FCH PET image shows abnormal focal increased tracer uptake (long arrow  ) at the 
L4 vertebra level, probably because of bone marrow metastasis, as well as nonspecifi c bowel tracer uptake 
(short arrow).  (c)  The CT portion of an FCH PET/CT image obtained at 6-month follow-up enabled us to con-
fi rm the bone metastasis at the L4 vertebra level (arrow).  (d)  FCH PET image obtained at 6-month follow-up 
shows hyperactive metastatic bone lesions (arrow  ) at the L4 vertebra level.   
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appropriate clinical indication for refer-
ring patients with prostate cancer to 
metabolic PET/CT procedures. Further 
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effectiveness and relative radiation dose 
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