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uclear Medicine Studies of
he Prostate, Testes, and Bladder
uman Jana, MD, and M. Donald Blaufox, MD, PhD

During the last decade, there has been a significant advancement in imaging of urologic
diseases. Transrectal ultrasound (TRUS), computerized tomography (CT), magnetic resonance
imaging (MRI), magnetic resonance spectroscopy (MRS), and positron emission tomography
(PET) are still experiencing new developments in urology. Despite these many technological
advances, the initial diagnostic procedure for a patient with suspected prostate cancer (PC) is
multiple site blind prostate biopsies. There is a need for a noninvasive metabolic imaging
modality to direct the site of biopsy to decrease the sampling error. MRS seems promising but
as it is a costly and more time-consuming test, further studies are needed to evaluate its clinical
utility. Currently, PET does not play any role to direct biopsy. Acetate and choline appear to be
better tracers than FDG for the detection of a prostate lesion, however, further well-organized
studies are needed before any of these agents can be used clinically. Incidental detection of
intense focal uptake in the prostate during whole body PET scanning should be evaluated with
prostate-specific antigen (PSA) and TRUS-guided biopsy. Although FDG is inferior to other
tracers for primary staging, it may be useful in selected patients with suspected high-grade
cancer. The role of ProstaScint scan is still controversial for detection of recurrent PC. This
study may be helpful for evaluating nodal metastases when PSA is elevated and bone scan is
negative. Bone scan remains the study of choice when bone metastases are suspected
(PSA > 15-20 ng/mL � bone pain). Acetate and choline provide better accuracy than FDG in
the detection of local soft tissue disease, nodal involvement, and distant metastases. High FDG
uptake may be indicative of more aggressive and possibly androgen-independent disease.
PET/CT with any of the above PET tracers will most likely be preferred to the PET scan alone
due to better localization of a hot lesion in PET/CT. Nuclear medicine studies also have been
used to evaluate acute scrotum and testicular neoplasms. Scrotal scintigraphy has lost its
popularity to Doppler ultrasound in the evaluation of the acute scrotum. In testicular tumors,
FDG-PET appears to be superior to conventional imaging modalities in initial staging, detection
of residual/recurrence, and monitoring treatment response. Tumor markers after treatment
occasionally are elevated and cannot locate the site of recurrence, FDG-PET can play a very
important role in this regard. Nuclear medicine studies also have been used to evaluate
diseases of the urinary bladder. Radionuclide cystography is more sensitive and has less than
1/20 the radiation exposure of the conventional contrast enhanced micturating cystourethro-
gram (MCU). However, the utility of FDG-PET in the evaluation of bladder cancer seems to be
limited to the evaluation of distant metastases. 11C-Methionine and choline may be a better
option for local and nodal disease due to their negligible excretion in the urine.
Semin Nucl Med 36:51-72 © 2006 Elsevier Inc. All rights reserved.
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maging of the prostate is important because of its involve-
ment in many diseases of men. However, a number of

roblems have prevented success in this area. The size and
ocation of the prostate contribute significantly to this prob-

ontefiore Medical Center and Albert Einstein College of Medicine, Bronx, NY.
ddress reprint requests to M. Donald Blaufox, MD, PhD, Montefiore Med-

ical Center, Department of Nuclear Medicine, Albert Einstein College of
Medicine at Yeshiva University, 1695A Eastchester Road, Bronx, NY
o10461. E-mail: blaufox@aecom.yu.edu

001-2998/06/$-see front matter © 2006 Elsevier Inc. All rights reserved.
oi:10.1053/j.semnuclmed.2005.09.001
em. It is the size and shape of a large chestnut surrounding
he first 1.25 inch of the male urethra proximal to the sphinc-
er of the bladder.1 The normal prostate weighs about 18 g.2

ts composition is one-half glandular, one-fourth involuntary
uscle, and one-fourth fibrous tissue.1 Most of the clinically

mportant prostate diseases, including prostatitis, benign
rostatic hyperplasia (BPH), and prostate cancer (PC), orig-

nate from the glandular component. Its small size and loca-
ion deep in the pelvis interferes with the accurate detection

f diseases with noninvasive imaging at an early stage. The
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52 S. Jana and M.D. Blaufox
ther problem for nuclear imaging of the prostate is the prox-
mity of the urinary bladder. Most radiopharmaceuticals are
ignificantly excreted by the kidneys, resulting in bladder
ctivity that significantly obscures the prostate.

Prostatitis syndrome is the most common urologic prob-
em in men less than 50 years of age and about half of all men
uffer from this syndrome at some time in their lives.3 The
rostate is also the site of two of the most common clinical
roblems faced by the elderly men: BPH and prostate cancer.
PH develops in virtually every male if he lives long enough,
nd, although few suffer significant morbidity, the majority
f men over 60 will have some symptoms of BPH. Similarly,
C is now the most commonly diagnosed cancer in the
nited States, accounting for approximately one-third of all
ancers diagnosed and it is the second most common cancer
ausing death from malignancy in American men.4

Prostatitis encompasses a heterogenous group of infectious
nd noninfectious disorders.5,6 The prostatitis syndrome has
een classified into acute bacterial prostatitis, chronic bacte-
ial prostatitis, and chronic pelvic pain syndrome.7 Patients
ith chronic prostatitis symptoms are more likely to have
rostatic inflammation compared with asymptomatic con-
rols, but in bacteriologic tests both groups may show similar
esults.8 Moreover, at physical examination and in response
o antimicrobial agents, patients with chronic bacterial pros-
atitis and chronic pelvic pain syndrome may have similar
ndings.9 A culture for prostatic secretion frequently reveals
false-positive result due to microbial contamination or a

alse-negative one as the prostatic infection is a focal process
nd sampling errors are inevitable. Clinicians frequently use
ntibiotics empirically without definite evidence of infec-
ion7,9,10 in suspected prostatitis. Chronic bacterial prostatitis
equires prolonged antibiotic treatment, whereas nonbacte-
ial prostatitis will not respond to antibiotic therapy. Consid-
ring the potential adverse effects of prolonged antibiotic
reatment, accurate diagnosis of bacterial prostatitis is a ma-
or challenge for clinicians and microbiology laboratories.
onventional imaging such as ultrasound cannot differenti-
te bacterial from nonbacterial prostatitis.

111Indium-labeled leukocyte scintigraphy is a well-estab-
ished nuclear medicine imaging technique to evaluate acute
nfectious processes. This agent also has been used to assess
he infected tissue of acute prostatitis and response to treat-
ent.11 However, as any inflammation can stimulate in-

reased uptake of this agent, this study is not useful to differ-
ntiate bacterial versus nonbacterial chronic prostatitis.
9mTc-Ciprofloxacin imaging has been reported to be of value
o differentiate bacterial infection from inflammation in var-
ous infectious conditions, such as osteomyelitis, soft tissue
nfection, lung abscess, pelvic inflammatory disease, and re-
al infection.12-15 It has been shown that 99mTc-ciprofloxacin

s taken up only by bacterial but not sterile abscesses and
BCs exhibit either no or negligible uptake.12 Ryu and co-
orkers16 conducted a study to investigate the value of 99mTc-

iprofloxacin imaging in the differential diagnosis of chronic
acterial prostatitis. This study included 4 normal subjects as
he negative controls, 2 patients with acute prostatitis or cys-

ourethritis as the positive controls, and 59 patients diag- b
osed as chronic bacterial prostatitis or chronic pelvic pain
yndrome by traditional laboratory tests. SPECT images were
btained 3 hours after intravenous injection of 99mTc-cipro-
oxacin. The results of the imaging were compared with

aboratory tests. No uptake was observed in any normal sub-
ects, while significant uptake, in the whole prostate of acute
rostatitis patients and in the whole urethra of acute cys-
ourethritis patients, was noted. In 13 (68%) of 19 patients
ategorized as chronic bacterial prostatitis by standard labo-
atory tests, increased uptake with less intensity than that of
cute prostatitis was observed in the prostate area around the
rostatic urethra. No uptake in the prostate was observed in
of 19 patients (32%) categorized as chronic bacterial pros-

atitis. Interestingly, uptake in the prostate was exhibited in
8 (70%) of the 40 patients categorized as chronic pelvic pain
yndrome. This study also reported a significant excretion of
he radioactivity via the urinary bladder. The investigators
oncluded that 99mTc-ciprofloxacin imaging is helpful in the
ifferential diagnosis of prostatitis syndrome. However, its diag-
ostic accuracy, sensitivity, and specificity are not known. Fur-
her study is needed to validate this imaging method.

As mentioned previously prostate cancer is a significant
ealth problem in elderly men. Nuclear medicine studies as
ell as other imaging modalities have been used for noninva-

ive detection of the primary lesion as well as evaluation of the
xtent of disease at different stages of the management of PC.

iagnosis of Localized Primary
here are more than 200,000 new cases of PC diagnosed
ach year.17,18 Apart from aging of the general population,
n increased general awareness and improved diagnostic
ools have raised the detection rate. Early diagnosis pro-
ides the best chance for cure and long-term survival.
rostate specific antigen (PSA) and direct rectal examina-
ion (DRE) provide the most cost-effective screening tests
hen used appropriately (American Cancer Society rec-
mmendations).19 Suspicion of prostate cancer can be the
onsequence of a high PSA level or an abnormal DRE. The
ext step is histopathologic evaluation of tissue specimens
btained from prostate biopsy. Imaging modalities can
lay an important role in directing the site of biopsy to
void sampling errors.

Transrectal ultrasound (TRUS) is the most commonly used
maging modality to evaluate the prostate gland. TRUS uses a
igh-frequency (5-7.5 MHz) endorectal transducer in close
roximity to the prostate and produces high-resolution im-
ges (gray-scale imaging).20 Prostate cancer most commonly
ppears hypoechoic (60-70%) compared with the normal
eripheral zone, but up to 40% of lesions are isoechoic and
re not detected.20-22 Benign processes like prostatitis also
requently appear hypoechoic, therefore, hypoechogenicity
s not specific for cancer. The positive predictive value of
ray-scale is low (18-52%) and is not appropriate to make
iagnosis of prostate cancer. Use of color Doppler, power
oppler, and contrast agents may increase the sensitivity and

pecificity. A positive predictive value as high as 77% has

een reported.20,22 Sonoelasticity imaging is another way to



i
g
i
g
u
t
c
n
6
b

t
a

p
e
m
l
t
i
s
d
i
d
o
s
s
p
d
fi
p
a

v
v
m
N
c
T
o
c
T
t
T
a

o
(
t
F
t
fl

t
F
t
c
r

c
c
n
c
m
v
b
c
fi
l
i
c
w
w
t
v
h
m
l
F
p
o
r
s
s
b
o

t
c
b
f
f
c
c
a
t
l
M
t
t

i

i
w
o
p
v
r
a
o
p
b
w
s
d

Nuclear medicine and the prostate, testes, and bladder 53
ncrease the accuracy of the TRUS.20 With the exception of
ray-scale imaging, all other forms of TRUS are at an exper-
mental stage. Currently, TRUS is not used during biopsy to
uide the needle to any specific abnormal site; rather it is
sed to localize the usual sites for biopsy. Therefore, al-
hough it is called TRUS-guided prostate biopsy, it is basi-
ally blind, ie, irrespective of the presence of ultrasound ab-
ormalities.20,22 The yield from standard TRUS-mediated
- to 12-zone prostate biopsy is found to be higher than
iopsy only of lesions detected by TRUS.20

X-ray computed tomography (CT) lacks soft tissue con-
rast resolution for the detection of cancer within the prostate
nd offers no advantages over TRUS in biopsy guidance.20

Magnetic resonance imaging (MRI) using a combination of
elvic phased array and an endorectal coil provides the high-
st resolution images of the prostate and it is the best imaging
odality for demonstrating normal zonal anatomy but it is of

imited value in detecting primary prostate cancer.20,22 Pros-
ate cancer usually appears as abnormal areas of low signal
ntensity within the normal homogeneous high signal inten-
ity background in T2-weighted images.20 Cancer may not be
etected if it does not demonstrate low signal intensity in T2,

f it is located primarily within the central gland (does not
emonstrate uniform high intensity like the peripheral zone),
r if the peripheral zone does not possess a uniform high
ignal intensity. Low intensity in the peripheral zone is sen-
itive but not specific for cancer. Benign conditions including
rostatitis, hemorrhage, or dystrophic changes related to ra-
iation or androgen-deprivation therapy produce similar
ndings.20,22 High cost and lack of a sufficiently high positive
redictive value for cancer detection make MRI inappropri-
te for routine clinical detection of primary tumor.

Magnetic resonance spectroscopic (MRS) imaging pro-
ides metabolic information about the prostate gland in
ivo.20,22,23 Currently, it is possible to obtain a 3D metabolic
ap of the entire prostate with a resolution of 0.24 cm.23,24

ormal prostate tissue is rich in citrate, and prostate cancer
ontains high levels of choline and often diminished citrate.
his is due to conversion from citrate-producing to citrate-
xidating metabolism (low citrate) and a high phospholipid
ell membrane turnover (high choline) in the cancer.25,26

herefore, prostate cancer is distinguished from the normal
issue by an increased (choline � creatine)/citrate ratio.23

hough promising, the major limitations of MRS are cost,
vailability, and lack of supporting clinical data.

Among the currently available nuclear medicine studies
nly positron emission tomography (PET) has some potential
if any) to detect primary tumor in prostate cancer. The PET
racers used for clinical studies of prostate cancer are 18F-
DG (fluorodeoxyglucose), 11C-acetate, 18F-acetate, 11C-me-
hionine, 11C-choline, 18F-choline, and 18F-FDHT (16�-18F-
uoro-5�-dihydrotestosterone).

18F-FDG uptake in the cell is related to several glucose
ransporters in the cell membrane, which allow active 18F-
DG passage across the membrane to the cytoplasm and
rapping without further metabolization.27 One of the bio-
hemical characteristics of malignant cells is an enhanced

ate of glucose metabolism due to increased numbers of these t
ell surface glucose transporter proteins and increased intra-
ellular enzyme levels of hexokinase and phosphofructoki-
ase, which promote glycolysis.27-29 The most common glu-
ose transport protein overexpressed on the tumor cell
embranes is Glut-1, which is insulin independent.30 In

itro studies have shown that FDG uptake is also determined
y the number of viable tumor cells within a lesion (tumor-
ell density).29,30 Nontumoral tissue such as necrotic and
brotic tissue may reduce tracer uptake.29 Increased cell pro-

iferation in tumors (assessed by the mitotic rate) results in
ncreased glucose utilization.30 Tumor hypoxia will also in-
rease FDG uptake through hypoxia-inducible factor-1�,
hich upregulates Glut-1 receptors.30 FDG accumulation
ithin a tumor is likely related to a complex interaction be-

ween the cellular energy demand and the tumoral microen-
ironment.31 Once inside the cell, FDG is phosphorylated by
exokinase into FDG-6-phosphate. FDG-6-phosphate is not
etabolized and accumulates intracellularly.28 Decreased

evels of glucose-6-phosphatase (an enzyme that metabolizes
DG-6-phosphate back to FDG) within tumor cells com-
ared with normal cells permits longer intracellular retention
f FDG-6-phosphate.32 The signal derived from tumors rep-
esents an average of the FDG uptake throughout the le-
ion.29 Unfortunately, a large fraction of prostate cancer pos-
ess a relatively slow metabolic rate and express fewer Glut-1
inding sites, leading to lower FDG uptake compared with
ther cancers.
Acetate uptake in tumor cells is proportional to lipid syn-

hesis.33 Acetate is metabolized and incorporated into the
ellular lipid pool, mostly phosphatidylecholine (a building
lock of cell membrane) and neutral lipids.34 An increase in
atty acid synthesis and an overexpression of the key enzyme
atty acid synthase have been demonstrated in prostate can-
er.35 Acetate labeled with 11C has been used in prostate
ancer imaging. 11C has a very short half-life of 20 minutes
nd an on-site cyclotrone is necessary at this time to use this
racer for clinical studies. Labeling of acetate with a longer-
ived positron emitter such as 18F has been investigated.33

ethods for safe and efficient synthesis are still under inves-
igation. Preliminary data from animal studies suggest that
his agent might be useful for prostate cancer imaging.33,36

Table 1 provides a summary of agents used for prostate
maging and their potential role.

11C-Choline (11C-CHOL) is an agent that is incorporated
nto tumor cells by conversion into 11C-phosphorlycholine,
hich is trapped inside the cell. This is followed by synthesis
f 11C-phosphatidylcholine, which constitutes a main com-
onent of cell membranes.37 Because tumor cells duplicate
ery quickly, the biosynthesis of cell membranes also is very
apid and this is associated with increased uptake of choline
nd upregulation of the enzyme choline kinase.37 The uptake
f 11C-CHOL in tumors represents the rate of tumor cell
roliferation.38 11C-CHOL is cleared very rapidly from the
lood, and optimal tumor-to-background contrast is reached
ithin 5 to 7 minutes.37,39 18F-labeled choline compounds

uch as 18F-fluoroethylecholine (FEC) and 18F- fluoromethyl-
imethyl-2-hydroxyethylammonium (FCH) have been syn-

hesized.33,40,41
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54 S. Jana and M.D. Blaufox
11C-Methionine is proportional to the amino acid trans-
ort and to some extent protein synthesis.33,42,43 In cancer,
ethionine uptake has been correlated with the amount of

iable tumor tissue.44

Dihydrotestosterone (DHT) is the primary ligand of the
ndrogen receptor and 18F-FDHT is a radiolabeled analog of
HT. The androgen receptor plays an important role in the
rowth and proliferation of prostate cancer as well as modu-
ation of androgen status. Anti-androgen is one of the most
ffective treatments in prostate cancer.11 18F- FDHT may be
seful in monitoring treatment response.
Several studies have been conducted using 18F-FDG-PET

n localized prostate cancer. Most of the results were disap-
ointing.33,45,46 Effert and coworkers46 studied 48 prostate
ancer patients and 16 patients with benign prostatic hyper-
lasia. They reported a low grade FDG uptake in 81% of
hese tumors and there was a significant overlap between
enign prostatic hyperplasia and prostate cancer in uptake
alues. Hoffer and coworkers45 reported similar findings.

In a study of 24 patients Liu and coworkers47 found a
ensitivity of 4% for FDG-PET in the diagnosis of primary PC.
elchior and coworkers 48 reported higher FDG accumula-

ion in poorly differentiated PC than in low grade PC. Oyama
nd coworkers 49 examined 44 consecutive patients with his-
ologically proven adenocarcinoma of the prostate. In visual
nalysis, 5 patients with BPH (control group) showed low
DG uptake. On the other hand, 28 of 44 (sensitivity 64%)
atients with cancer were visually positive, showing interme-
iate and high FDG uptake. There was a trend for FDG up-
ake in PC to correlate Gleason scores.

The possible explanations for disappointing results as sug-
ested by Schöder and Larson33 include: (1) a relatively lower

able 1 Radiopharmaceuticals Used in Prostate Cancer20,22,23

Radiopharmaceuticals
9mTc-Colloid lymphoscintigraphy90 To assess the lat

prostatectomy
9mTc-MDP bone scan Evaluation of bon

phosphatase);
11In-Prostascint To evaluate noda
8F-FDG So far, not very u

androgen insen
from “flare phe

1C-Acetate Better than FDG
metastases due
short half-life o

8F-Acetate Limited data
1C-Choline Similar to acetate

study with ace
8F-Choline Better than FDG,

11C; can be use
1C-Methionine Limited data, use

limiting factor
8F-Fluoride bone scan Slightly more acc

CT scanner; ho
8F-Fluoro-dihydrotestosterone34,116 Limited data; can

to evaluate the
etabolic rate in the majority of prostate cancers with lower u
DG uptake, (2) older image reconstruction techniques (ie,
se of filtered back projection instead of iterative reconstruc-
ion), (3) location of the prostate adjacent to the urinary
ladder, and (4) the lack of appropriate patient selection
FDG may be more useful in patients with clinical suspicion
f a high-grade cancer).
Shreve and coworkers50,51 suggested that the lack of uri-

ary excretion and good tumor to background ratio makes
1C-acetate a more suitable tracer for imaging prostate cancer.
n in vitro study by Yoshimoto and coworkers34 showed that

umor cell to nontumor cell ratios were higher for acetate
han deoxyglucose. During the last several years this tracer
as been used in prostate cancer.52-54 Oyama and cowork-
rs55 studied 22 patients, among whom 18 also had an FDG
can. They reported 11C-acetate uptake in all primary tumors
ith standard uptake values (SUVs) from 3.27 to 9.8,
hereas FDG was positive only in 15/18 with SUVs from
.97 to 6.34. In another study Kato and coworkers56 found
hat there was an overlap of SUVs for patients with benign
rostatic hyperplasia and those with cancer. They also noted
hat SUVs in normal subjects of below 50 years of age were
ignificantly higher than that of above 50. Except for case
eports57 no significant data are available to evaluate the role
f 18F-acetate in prostate cancer.

11C-Choline, 18F-FEC, and 18F-FCH have a rapid clearance
rom the blood pool and rapid uptake in prostate tis-
ue.40,41,58 Both 18F-labeled compounds have some urinary
xcretion 3 to 5 min after injection. In contrast, 11C-choline
hows very little urinary excretion and the activity in the
ladder is always lower than prostate cancer.58 FEC concen-
ration in the prostate reaches its highest activity at 55 min
fter injection (SUV 4.4 versus 2.8 at 5 min),40 whereas FCH

3,109,158

Potential Use

of lymphatic drainage of the prostate, before total
elvic node dissection (requires further study)
astases (PSA > 15-20 ng/mL � bone pain � high alkaline
od for monitoring response due to “flare phenomenon”
rrence (rising PSA) when bone scan is negative
possibly can be used to evaluate aggressiveness and

y; another use could be to identify progression of disease
non” in bone scan
luate local disease, nodal metastases and distant
w urinary excretion; the major obstacle for routine use is

clear if it is better than acetate; requires head to head

urinary excretion and longer half-life of 18F compared to
valuate local disease, nodal and distant metastases
evaluating recurrent disease; half-life of 11C is major

than 99mTc-MDP bone scan particularly with CT in a PET/
, not cost effective
ed to monitor treatment response and possibly with FDG
gen insensitivity
,33,73,10

erality
with p
e met

not go
l recu
seful;
sitivit
nome
to eva
to lo

f 11C

; not
tate

less
d to e
ful for

urate
wever
be us
ptake shows a peak at approximately 3 min after injection
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Nuclear medicine and the prostate, testes, and bladder 55
ollowed by a plateau.41 Therefore, urinary excretion may
nterfere with FEC imaging. In vitro (cultured PC-3 human
rostate cells) studies revealed that cellular uptake and phos-
horylation by choline kinase is very similar for FCH and
atural choline but is lower for FEC.59 It seems that FCH may
e a better tracer than FEC for prostate cancer imaging.
Tumor uptake of 11C-methionine occurs rapidly (a peak at

round 10 min followed by a plateau).33,60 11C-Methionine
ndergoes rapid clearance from the blood pool and is primar-

ly metabolized in liver and pancreas with no significant renal
xcretion, making it a better tracer than FDG.60 Most of the
eported studies have evaluated its role in metastatic prostate
ancer and in recurrent disease. Insufficient data are available
n primary prostate cancer.

Most of the primary prostate cancers express androgen
eceptors like normal prostate cells. Therefore, the main role
f 18F-FDHT may be to monitor response rather than in pri-
ary diagnosis.
Similar to FDG, methionine, acetate, and choline are not

pecific agents. Benign prostatic hyperplasia shows tracer up-
ake higher than normal but lower than that found in cancer;
owever, there are no discriminating SUVs to differentiate
ancer from hyperplasia.33,58 At this time, PET does not play
significant role in the primary diagnosis of prostate cancer.
he reasons include a lack of appropriate image acquisition

echniques such as zoom mode acquisition (the prostate is a
mall organ, therefore, zoom mode acquisition may provide
etter visualization of a small lesion), image fusion (com-
ined PET/CT may provide more confidence to identify a hot
rea as abnormal in the prostate gland rather than in the
rostatic urethra), longer acquisition time to increase sensi-
ivity and possible dual time imaging (proven to be useful in
ung lesions to discriminate cancer from an inflammatory
esion; this may help differentiate cancer from benign pros-
atic hyperplasia) (Fig. 1).

Despite technological advances, the initial diagnostic pro-
edure for a patient with suspected prostate cancer is multi-
le site blind prostate biopsies (6 to 12 core biopsies) using
RUS to locate the zones of prostate gland. To diagnose one
C, 6 to 10 patients must undergo prostate biopsy. Unfortu-
ately prostate biopsy suffers from a sampling error that is
videnced by the fact that a negative biopsy does not com-
letely exclude PC. As many as 13 to 31% of patients with an

nitial negative biopsy will have PC on subsequent biopsy.17,61

SA, the most widely used blood test to screen PC, may be high
n benign diseases like prostatitis and benign prostatic hyperpla-
ia (BPH), which also are very common in the same age group as
C. In the early stage of PC there usually is no significant change

n anatomy. Therefore it is difficult for conventional anatomical
maging modalities to be useful to direct the biopsy site. There is
need for a noninvasive metabolic imaging modality to direct

he site of biopsy to decrease the sampling error. MRS seems
romising but further studies are needed to evaluate its clinical
tility. Currently, PET does not play a significant role in direct-

ng biopsy. Acetate and choline seem to be better tracers than
DG, however, further studies are needed to decide whether
ET can have a significant role in the diagnosis of primary pros-

ate cancer. d
During routine whole body PET imaging, occasionally,
ocal intense uptake of tracer in the prostate has been re-
orted during FDG (Fig. 2) and 11C- choline imaging.33 Fur-
her evaluation of these lesions in terms of PSA measurement
nd TRUS guided biopsy is important. Particularly, intense
DG uptake may indicate presence of a high-grade cancer.

nitial Staging
nd Predicting Grade

taging of prostate cancer requires staging of tumor (T-stage),
ymph nodes (N-stage), and distant metastases (M-stage).
-staging involves evaluation of the percentage of prostate
ccupied by the cancer (as well as unilateral versus bilateral),
xtracapsular extension (ECE), and seminal vesicle involve-
ent (SVI). N-staging is based on detection of the groups of

ymph nodes involved as well as laterally. In prostate cancer
he most common and important organ for distant metastases
s bone. Therefore, imaging is used primarily to evaluate local
isease, nodal, and bone metastases.

redicting Grade
C is a remarkably heterogeneous disease.17 Autopsy studies
ave shown that 30 to 46% of men older than age 50 have
icroscopic PC, yet less than 20% of men develop clinically

ignificant PC during their lifetime.17,61-63 It is evident that
ome of the PCs are small, well differentiated, and unlikely to
ause clinically significant disease, whereas others are large,
oorly differentiated, likely to metastasize, causing death.61,63

he first group of patients may be pursued with watchful
aiting or more conservative therapy compared with the sec-
nd group of patients, who require urgent and more radical
herapy. Radical treatment often is associated with a loss of
rinary control, abnormal sexual function, and lesser quality of

ife, which are not acceptable to many young patients.17,63,64 For
hese reasons, after the initial diagnosis it is very important to
istinguish patients with aggressive cancer who need inten-
ive therapy from those who can be pursued with watchful
aiting. There are limitations of currently available tumor
rognostic factors in differentiating indolent from aggressive
isease.61 There are several biologic markers under study for
his purpose.17,63,65,66 There is intense debate about the ability
f any single currently available tumor prognostic marker to
ccurately assign patients to an appropriate risk stratum and
reatment category.17,61,63,65-67 Any imaging modality capable
f identifying these groups of patients noninvasively will im-
ensely help the treatment planning for PC patients.

mportance of Imaging for Staging
ccurate staging before treatment permits the appropriate
election of therapy and increases the likelihood of a favor-
ble treatment outcome. Long-term cancer-free survival is
etermined both by the clinical extent of disease at the time of
reatment and the type of treatment delivered.22 Understag-
ng can occur in 30 to 60% of patients who undergo surgery
or clinically localized disease.68 DRE alone is insufficient for

etecting the presence or extent of cancer.69 DRE has very



Figure 1 A 60-year-old African–American man underwent prostate biopsy in September 2001 due to a nodular prostate on
rectal examination and an elevated PSA of 11.6. The biopsy showed focal glandula hyperplasia, basal cell hyperplasia, focal
inflammation, and no evidence of cancer. In May 2004 the PSA increased to 14.2. Before repeat biopsy the patient underwent
FDG-PET scan. A normally acquired PET scan displayed with magnification (A) showed mild asymmetric uptake (arrows)
in the prostate, which was thought to be abnormal. The scan of the prostate was also acquired in zoomed mode at 60 min (B)
and 120 min (C) after the FDG injection. There were discrete areas of FDG uptake in both images (B and C), which were
clearly abnormal. These scans were performed on a PET/CT scanner. The SUV max of the prostate lesion was 1.9 from
60-min images (B) and was 2.2 from 120-min images (C). When PET images (D) were displayed with CT images (E) the focal
uptakes were found to be located adjacent to the prostatic calcifications. The prostate biopsy was performed in the next week
and the biopsy specimens were obtained from the calcified regions as suggested by PET/CT scan. The pathology was positive

for adenocarcinoma (Gleason score 6/10 with minor foci of grade 5 adenocarcinoma).
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Nuclear medicine and the prostate, testes, and bladder 57
ow specificity due to the fact that about 50% of the palpable
rostate nodules are benign.70 More than 60% of prostate
ancers staged by DRE alone are understaged.71 Similarly,
SA alone also has poor sensitivity and specificity in predict-

ng tumor stage when it is less than 20 ng/mL.22 The accuracy
f pretreatment staging does not improve significantly when
RE and PSA are combined.72 In individual patients nomo-
rams are used to predict the likely pathological stage of
isease and probability of recurrence and metastases after
urative treatment.33 These nomograms combine informa-
ion from PSA, Gleason score at biopsy, and clinical stage at
resentation.73

The incidence of patients who present with organ-con-
ned disease is more than 70%33 due to increased awareness
nd more frequent use of PSA. PC is a remarkably heteroge-
eous disease and controversies result from the lack of firm
ata regarding the definitive treatment with either radical
rostatectomy or radiation therapy. To resolve these contro-
ersies, many trials are under way comparing different

Figure 2 A 75-year-old man with history of metastatic lu
prostate in the PET/CT scan (A and B). Prostate biopsy re
� 3).
creening and treatment methods.74-76 However, the results s
f these trials will not be available earlier than a decade from
ow.
The most important goal of imaging is to identify patients

ith either organ-confined disease or limited extarcapsular
xtension (ECE) (who will receive radical prostatectomy,
rachytherapy, or external beam radiation with curative in-
ent) from those with more advanced disease, who will re-
uire palliative systemic therapy (antiadrogen alone or com-
ined with chemotherapy).

ole of Conventional Imaging Studies
RUS. The use of TRUS for local staging of prostate cancer
emains controversial. TRUS alone has a relatively poor abil-
ty to detect palpable and nonpalpable prostate cancer and to
redict disease outcome.22,21,77 TRUS is operator dependent.
n a multiinstitutional, prospective trial of 230 patients,78

RUS had a sensitivity of 66%, a specificity of 46%, a PPV of
3%, a NPV of 49% in predicting ECE, and sensitivities of 22
nd 88% in predicting SVI. Bates and coworkers79 found

cer found to have intense uptake of FDG (arrow) in the
adenocarcinoma of the prostate; Gleason score 8/10 (5
ng can
vealed
ensitivities of 23 and 33% in predicting ECE and SVI, re-
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58 S. Jana and M.D. Blaufox
pectively. In another prospective, multiinstitutional study
unded by the National Institutes of Health in 263 patients
ho had radical prostatectomy,80 preoperative clinical stag-

ng by TRUS and DRE was compared with pathologic staging.
RUS was not significantly better than DRE in predicting
CE. Modifications to TRUS have been introduced in an
ttempt to increase its utility, including color Doppler, power
oppler, 3D Doppler, and new contrast agents.22 Unfortu-
ately, there are few data on the ability of these new modifi-
ations to stage localized disease. Preliminary data indicate
hat some of these modifications can potentially increase the
ensitivity of TRUS.22 Since neovascularization is a marker of
more aggressive cancer and Doppler can determine vascu-

arity, Doppler studies could potentially predict prognosis.
here are only limited data available at the present time in

his regard.20,22 TRUS is not useful for N or M staging.

bdominopelvic CT scans. Abdominopelvic CT scans were
ound to be of little value in low-risk and intermediate-risk
atients. Poor soft tissue contrast diminishes the ability to
isualize the prostatic capsule and hinders accurate distinction
f cancer from benign hypertropic nodules.22 Studies81-83 have
ound sensitivities ranging from 2.5 to 75% and specificities
anging from 60 to 92% in predicting ECE and sensitivities
anging from 5.8 to 33% and specificities ranging from 60 to
0% in predicting the presence of SVI. Even in higher risk
atients, CT may have limited clinical utility in predicting
odal involvement.83 Lervan and coworkers84 showed that
nly 1.5% of 861 patients with a PSA of more than 20 ng/mL
ere noted to have suspicious lymph nodes on CT. CT scans
ay have little utility for preoperative staging in low-risk
atients, but CT is used for pretreatment radiation dose plan-
ing84 and CT-guided brachytherapy.85

RI/MRS. MRI has been used to improve staging in low-
rade to intermediate-grade tumors. The data on the ability of
RI alone to predict stage are variable.78,86-88 Presti and co-
orkers87 reported endorectal MRI to be 91 and 50% sensi-

ive and 49 and 94% specific in predicting ECE and SVI,
espectively. Rifkin and coworkers78 presented similar data.
artolozzi and coworkers86 evaluated 73 patients who under-
ent endorectal MRI and radical prostatectomy. They found
sensitivity of 95% and a specificity of 82% for ECE. The

ombined anatomic and metabolic information provided by
RI and MRS may allow for a more accurate assessment of

ancer location and stage than does MRI alone. Yu and co-
orkers89 examined 53 patients who had undergone com-
ined MRI/MRS before prostatectomy; combined MRI/MRS
ad a sensitivity of 46 to 54% and a specificity of 93 to 96%

n predicting the ECE between observers. They also reported
hat MRS reduced the intraobserver variability. As experience
mong radiologists grows, it is likely that MRI will be used
ore often, but at this time there are limited data to suggest

hat it should be used routinely to assess prostate cancer.
here is some evidence that early enhancement may signal
ore aggressive tumors, with poorly differentiated tumors

howing the earliest and most rapid enhancement in MRI/

RS.22 Abdominopelvic MRI does not have any significant l
dvantage over CT in the evaluation of nodal staging follow-
ng the size criteria and, although it is very sensitive in de-
ecting early bone marrow metastases, it is not as cost effec-
ive or convenient as the bone scan.

ole of Nuclear Medicine Studies
ymphoscintigraphy, ProstaScint scans, and PET have po-
ential roles in prostate cancer. It is worth mentioning that
uclear medicine imaging modalities are useful for N and M
taging mainly. At this time nuclear medicine studies do not
lay any significant role in T staging. The role of PET/CT for
staging is not clear.

ymphoscintigraphy
ymphoscintigraphy is a powerful tool for mapping the route
f lymphatic drainage of a tumor. This technique currently
lays a very important role in the nodal staging of breast
ancer and melanoma. As mentioned above, current nonin-
asive methods of examination (US, CT, MRI) are limited in
ensitivity and specificity; the definitive method of pelvic
ymph node evaluation is bilateral pelvic lymphadenectomy,
n extensive procedure with associated morbidity.90 Unilat-
ral in place of bilateral dissection could reduce operative
omplications.91 Gardiner and coworkers92,93 compared four
outes of intraprostatic injection in human subjects and dem-
nstrated superiority of transrectal injections over the trans-
eritoneal, transurethral, and transabdominal approaches.
uckier and coworkers90 demonstrated contralateral lym-
hatic drainage after direct transrectal prostatic injection and
hereby the possibility of contralateral lymph node metasta-
es in patients with unilateral prostate cancer. However, fur-
her studies are needed to evaluate the full potential of this
echnique.

rostaScint Scan
rostaScint is a murine monoclonal antibody to an intracel-

ular component of the prostate specific membrane antigen
PSMA) that is conjugated to 111Indium.22 This tracer has
een approved by the Food and Drug Administration (FDA,
SA) for use in the evaluation of patients before undergoing

reatment for their primary disease and for detecting the site
f recurrent disease in patients who have biochemical relapse
fter radical prostatectomy.22 Three possible clinical uses
ave been summarized in an editorial by Lange:94 the detec-
ion of lymph node metastases, the detection of the site of
elapse in those with a detectable PSA after prostatectomy,
nd the detection of occult metastases before primary ther-
py. The sensitivity and specificity to predict nodal disease
rom studies before 2001 summarized in this editorial were
0 and 70%, respectively. The major drawback of ProstaScint

s nonspecific binding and high blood pool activity causing a
ow target to background ratio; therefore, it requires a signif-
cant amount of expertise to interpret these scans. At this time,
rostaScint does not appear to be an important part of the initial
ssessment of most patients during primary staging.

one Scan
he bone scan is a very sensitive method to detect metastatic
esions in bone.95 Previously bone scans were used routinely
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Nuclear medicine and the prostate, testes, and bladder 59
or all patients with prostate cancer.22 An analysis of patients
n the Cancer of the Prostate Strategic Urologic Research
ndeavor (CaPSURE) registry—a longitudinal database of
en with various stages of cancer—revealed high utilization

ates even among men at low (18.6%) and intermediate risk
50.9%).96 Oesterling97 found that less than 1% of men with
PSA level less than or equal to 20 ng/mL have positive bone

cans. In a multivariate analysis of 631 men who had a bone
can and prostate biopsy, Lee and coworkers98 found that
one scans were not useful as an initial staging tool but could
ssist in the determination of the existence of metastatic dis-
ase in men with a Gleason grade greater than 7, a PSA level
f greater than 50 ng/mL, or clinical stage greater than T3
tumor extends through prostate capsule) disease. Currently,
one scans are not recommended when the PSA is below 15
o 20 ng/mL unless there is unexplained high serum alkaline
hosphatase or bone pain.

ET Scan
DG. FDG was found to have a low accuracy in primary
taging of prostate cancer. FDG is slightly better in detecting
etastatic PC than that in primary lymph nodes.99 Heicap-

ell and coworkers100 used FDG-PET for preoperative imag-
ng of pelvic lymph nodes in 17 newly diagnosed prostate
ancer patients and then compared the findings with postop-
rative histopathology. FDG was able to diagnose metastatic
ymph nodes accurately in 4 of 6 affected patients. The 2
alse-negative results were attributed to the small size of the
esions (less than 5 mm). There was no false-positive result in
his study. Other small studies101,102 report sensitivities rang-
ng from 0 to 50% and specificities ranging from 72 to 90%
or detection of nodal metastases. FDG uptake was noted in
elvic lymph nodes in patients with PET negative pri-
ary.46,49 FDG-PET is variable in the detection of bone mar-

ow metastases; however, the general belief is that it is more
ensitive for the detection of bone metastases than local dis-
ase.103 Shreve and coworkers51 reported a sensitivity of 65%
nd PPV of 98% in 202 bone metastases. Yeh and cowork-
rs104 found that only 18% of bone lesions on the bone scan
howed FDG uptake. Kao and coworkers105 reported a high
pecificity of FDG-PET in detection of bone marrow metas-
ases. Nunez and coworkers60 found better detection of cer-
ical spine metastases by FDG-PET than by bone scan. In
nother study Morris and coworkers106 evaluated 154 bone
esions in 17 patients. Both FDG and the bone scan were
ositive in 71% lesions, 23% were seen only on bone scan,
nd 6% were seen only on PET scan. Schöder and Larson33

uggested that FDG may selectively detect more aggressive
umors, which depend on higher glucose metabolism. In
itro studies in prostate cancer xenografts showed higher
DG uptake in tumors with higher Gleason scores,107 and in
linical studies FDG uptake correlates with PSA level and
SA velocity as measure of tumor size and progres-
ion.52,108,109 It seems that high FDG uptake most likely sug-
ests a relatively high-grade tumor.

cetate. 11C-Acetate has been reported to be more sensitive

han FDG-PET in the detection of regional lymph node me-
astases. Oyama and coworkers55 found 11C-acetate detected
odal metastases in five patients compared with FDG used in
wo patients. In the same study Oyama and coworkers55 also
ound that six of seven bone metastases showed 11C-acetate
ccumulation, whereas FDG was positive in only four pa-
ients. Fricke and coworkers110 showed that FDG was supe-
ior to acetate for detection of bone metastases. Kotzerke and
oworkers111 compared 11C- acetate and 11C-choline in 12
atients for detection of metastases from prostate cancer. The
elationship between intensity of acetate uptake in prostate
ancer and PSA is unclear. At this time it is not clear whether
cetate can predict the grade or aggressiveness of the cancer.

holine. There is a small number of studies using choline
vailable in the literature. Intense bowel uptake can be ob-
erved with all choline compounds and can pose a problem
or accurate evaluation of pelvic and abdominal lymph
odes. Preliminary data suggest that choline can detect more
etastatic lymph nodes and also bony metastatic lesions

rom prostate cancer than FDG59,112 and that it has more
ntense uptake than FDG. Kotzerke and coworkers101 and de
ong and coworkers113 reported uptake in primary cancer,
ymph nodes, and bone lesions. In another study de Jong and
oworkers114 reported sensitivity, specificity, and accuracy of
0, 96, and 93%, respectively, for staging lymph node dis-
ase. Although choline had higher SUVs than FDG on a le-
ion to lesion basis, there was no correlation between SUV of
1C-choline and tumor grade or Gleason score.58

ethonine. Only limited number of studies report methio-
ine use during primary staging of prostate cancer. Macap-

nlac and coworkers115 and Nunez and coworkers60 com-
ared 11C-methionine with FDG and demonstrated that
ethionine PET is superior to FDG in detecting primary and
etastatic lesions in prostate cancer. These two studies also

ompared the biodistribution of methionine and FDG. Me-
hionine is primarily metabolized in the liver and pancreas
ith no significant renal excretion and, therefore, provides
etter visualization of pelvic organs. Methionine uptake in
ancer is correlated with the amount of viable tumor tissue,44

owever, data are lacking to correlate the SUV with tumor
rade or Gleason score in prostate cancer.

DHT. FDHT is a relatively new tracer and there are not
nough data available at this time. No FDHT uptake with
DG uptake of a lesion could suggest androgen resistance (or
ndrogen independence) of the lesion. Therefore, lack of up-
ake may be a bad prognostic factor. Its biodistribution and
inding characteristics are currently under study.33,116

8F-Fluoride. The 18F-fluoride bone scan seems extremely
romising for early detection of both sclerotic and lytic le-
ions, especially in combination with CT.33,117,118 However, it
hould be used when a bone scan is indicated, ie, PSA is more
han 15 to 20 ng/mL and suspicious for bone metastases. It is
ot likely to provide any more information than a conven-
ional bone scan. A contrary view is presented in the article
n bone scans in this issue.

Acetate, choline,119 or methionine seem to be superior
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60 S. Jana and M.D. Blaufox
racers to FDG during primary staging due to their better
iodistribution pattern (ie, low urinary excretion at the time
f peak uptake in the lesions). Most of the studies have com-
ared one of these tracers with FDG. Only one study com-
ared choline and acetate head to head and found that they
re similar. However, further comparative studies are needed
o determine which of these tracers will provide the best
esult. Although FDG is inferior to other tracers for primary
taging, it may be useful in selected patients with suspected
igh-grade cancer.

ecurrent Disease
he earliest and most common indication of recurrent pros-

ate cancer after initial treatment with a curative intent is a
ising serum PSA level.23 There is no need for any imaging
tudies when the PSA is undetectable and there are no new
linical findings or symptoms. Once the PSA is elevated, the
ey clinical consideration is the differentiation between local
nd metastatic relapse.

ole of Imaging in Recurrent Disease
linical nomograms based on tumor stage and grade of tu-
or at the time of diagnosis and PSA doubling time are used

o statistically predict whether a recurrence is local or meta-
tatic.73,120,121 According to this nomogram a distant recur-
ence is suggested by a short PSA doubling time (less than 10
onths), in a patient with a high-grade cancer (Gleason score
to 10) or high pathologic stage (seminal vesicle invasion or
odal metastases). The reported incidence of PSA relapse
ollowing radical retropubic prostatectomy or radiation ther-
py with curative intent ranges from 15 to 53%.23,73,122,123 In
atients with a positive surgical margin, 60% will eventually
ecur, but recurrence is not always local.123 The treatment of
ocal recurrence is either surgery or radiotherapy, whereas
istant recurrence is managed with systemic treatment.23

hile DRE is a useful screening tool for primary prostate
ancer, it is unreliable after surgery or radiotherapy to detect
ocal recurrence due to altered anatomy and consistency of
he prostate bed.23 Therefore, a noninvasive imaging modal-
ty is required to locate the source of the rising PSA so that
ppropriate treatment can be instituted.

onventional Imaging Studies
ocal recurrence appears as a hypoechoic mass in the surgical
ed23 with TRUS. However, up to 30% of recurrent tumors
ay be isoechoic and difficult to detect by TRUS.124 The
brosis after radiation distorts normal tissue planes and also
akes it difficult to detect recurrence in this altered tissue.23

he overall sensitivity of TRUS alone following radiation or
urgery is less than 50%.23,124,125 In these conditions sam-
ling error is the major cause of false-negative results.23,125

RUS is not useful for detection of distant metastases.
CT has been used to assess metastastic disease in the pros-

ate bed, nodes, bone, and visceral organs.23 The role of CT in
he detection of local recurrence is very limited particularly if
he size of the recurrent tumor is smaller than 2 cm. CT
etection rate of local recurrence was only 36% even in pa-

ients with the tumors larger than 2 cm in a study by Kramer m
nd coworkers.126 CT currently is the most frequently used
maging modality in the evaluation of nodal metastases. CT
elies on the nodal size of �1 cm to discriminate metastases,
herefore, the specificity is low; however, due to its easy ac-
essibility and fast scanning, it is used most frequently. CT
cans may be normal when the bone scan is positive for
etastatic disease, therefore, the role of CT in the evaluation

f bone metastases is limited and its routine use is not rec-
mmended.23 However, CT can be used to characterize a
ocal uptake in a bone scan as benign or malignant.127

RI/MRS
ndorectal MRI has been proven capable of detecting local
ecurrence in many patients with rising PSA particularly in
atients with no palpable tumor in the prostatic fossa. Silver-
an and Krebs128 reported both sensitivity and specificity as

00%. A high efficacy (95% sensitivity and 100% specificity)
lso has been reported by Sella and coworkers.129 Although
he most common site of local recurrence is the perianasto-
otic site, 30% can occur elsewhere in the pelvis. All of these

ites of recurrence also can be seen and detected by MRI.129

ndorectal MRI is still not in routine clinical use; however, it
eems very promising. MRI has the potential to direct a trans-
ectal biopsy to these sites and, when used in conjunction
ith pelvic phase array coil, it can evaluate pelvic lymph
odes and osseous structures, thus detecting all sites of pelvic
elapse in a single examination. MRI is very good at evaluat-
ng bone marrow metastases; however, it is expensive, time
onsuming, and susceptible to motion artifacts, therefore, it
s rarely used for evaluation of distant bone metastases.

uclear Medicine Studies
uclear medicine studies including ProstaScint, bone, and
ET scans have been used to detect recurrence.

rostaScint
heoretically, ProstaScint should bind to prostate cancer
ells with very high specificity; therefore, the scan should
ffer high specificity. However, nonspecific binding of the
ntibody to other structures and significant uptake in the
one marrow provide a very low target to back ground
atio. In the literature the sensitivity varies from 44 to 92%
nd the specificity varies from 36 to 86% for detection of
ocal recurrence.130 Smith-Jones and coworkers,131 using
iopsy as the gold standard, reported 10 to 20% false-
egative cases of ProstaScint scans. The prevailing opinion

s that ProstaScint imaging is not useful for the detection of
ocal recurrence as a first test. However, it may have a role
n identifying nodal metastases in patients with rising PSA
ut negative bone scan who might otherwise be a candi-
ates for local salvage therapy.23 There is a possibility that
he ProstaScint scan in conjunction with CT in a
PECT/CT scanner will increase the accuracy of this
racer.23

one Scan
urrently PSA is used as a marker to assess the likelihood for
sseous metastases from prostate cancer.132 Bone involve-

ent is unlikely when the PSA is below 2 ng/mL after pros-
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Nuclear medicine and the prostate, testes, and bladder 61
atectomy. A bone scan generally is not recommended fol-
owing treatment unless there is a rising PSA and specific
eproducible bone pain.133 Bone scans play an important role
n the management of patients with rising PSA. A negative
one scan in the face of a rising PSA may suggest local recur-
ence, which may be treated locally. On the other hand, a
ositive bone scan most likely requires systemic therapy. The
ther advantages associated with the bone scan are its easy
vailability, relatively low cost, and virtually no contraindi-
ation. Hence, in patients with rising PSA, bone scans are
requently used as the initial study. If the bone scan is posi-
ive, imaging assessment is essentially complete. However,
one scans are rarely positive before the PSA is 30 ng/mL or
bove.134 Palmer and coworkers135 suggested that bone scans
ould be more reliable to detect metastases than symptoms
lone. In this study they found 34% asymptomatic bone me-
astases. They also found, among 1403 patients with prostate
ancer, the bone scan was 28% more sensitive than plain
adiographs.134 SPECT imaging of the spine not only in-
reases the sensitivity of the bone scan but also increases the
pecificity by locating the hot area in the parts of vertebra (ie,
ocation in the facet joints is suggestive of degenerative dis-
ases, whereas focal uptake inside the body or pedicle is
ighly suggestive of metastases).136,137

ole of PET Scan in Recurrent Prostate Cancer
DG. Overall the results of imaging recurrent prostate can-
er were not very successful with FDG.23,33,103 Seltzer and
oworkers108 found a similar detection rate of 50% with
DG-PET and CT when the PSA was �4 ng/mL. Herrmann
nd coworkers109 found a detection rate of 35% in recurrent
rostate cancer. They concluded, due to the low yield of
rue-positive findings, FDG-PET is not useful in patients with
SA less than 2.4 ng/mL after prostatectomy. Other PET trac-
rs, in particular acetate and choline, appear more promising
n the detection of recurrent prostate cancer. Interestingly,
ricke and coworkers110 reported that FDG was superior in
he detection of distant metastases, whereas acetate was su-
erior for detection of local disease recurrence and nodal
etastases.

cetate. 11C-Acetate has been evaluated for the detection of
ecurrent prostate cancer in patients with elevated PSA. 18F-
cetate has not been studied in an acceptable number of
rostate cancer patients. Kotzerke and coworkers54 studied
he usefulness of this tracer in the detection of local recur-
ence at the prostate bed and adjacent tissues. The PSA value
anged from 0.9 to 151 ng/mL (mean � SD � 15 � 30) in
otal 31 patients. They reported a sensitivity of 83% in de-
ecting local recurrence. In this study there were three false
egatives but no false positive. All false-negative lesions were

ess than 1.5 cm in volume. In this study they also noted
cetate uptake in distant metastastatic lesions (lymph node
nd bone) in five patients. In another study on 46 patients of
ising PSA primary prostatectomy or radiotherapy, Oyama
nd coworkers,53 compared 11C-acetate and FDG (furo-
emide and catheter were used to decrease urinary bladder

ctivity) to detect recurrent disease. Abnormal uptake was c
een in 59% of acetate studies but in only 17% of FDG stud-
es. In a similar study Fricke and coworkers110 compared
cetate with FDG in patients with rising PSA levels (0.4-400
g/mL). In this study an SUV � 2 was used to identify dis-
ase. Overall, acetate detected 80% of the local recurrences or
istant metastases and FDG detected only 66%. When the

ntensity of uptake in the detected lesions was compared,
cetate also showed a higher SUV compared with FDG (me-
ian SUV 3.2 versus 1.4). FDG detected more of distant bony
etastases compared with acetate (75 versus 50%). They

oncluded that acetate is a better tracer for detecting local and
ymph node metastases, whereas FDG is superior for detect-
ng bone metastases, suggesting that complete evaluation of
rostate cancer may require more than one tracer.

holine. Both 11C-choline and 18F-choline (FCH) have been
sed in human prostate cancer for detection of recurrence.
icchio and coworkers138 compared 11C-choline with FDG
or detection of recurrent prostate cancer in 100 patients with
ising PSA (0.14 to 171, mean � 6.5 ng/mL). They reported
hat more lesions suspicious for metastases were detected
ith choline than with FDG (47 versus 27%). They con-

luded that choline is more accurate than FDG for detecting
ll types of recurrence (local, nodal as well as distant). They
lso found that 80% of patients with a negative choline scan
ad a stable PSA after 1 year follow-up, therefore, a negative
holine scan indicated a good prognosis. In a smaller group
f 22 patients de Jong and coworkers139 also reported a good
egative predictive value of 11C-choline. On the other hand,
rice and coworkers,112 studied 18F-FCH (fluoro-choline)
nd 18F-FDG in cell culture as well as in patients with andro-
en-dependent and androgen-independent prostate cancer.
CH uptake was 80 and 60% greater than FDG uptake in
ndrogen-dependent and androgen-independent cell lines.
n patient studies FCH detected more local as well as nodal
ecurrences than FDG. In the same study, the primary pros-
ate cancer had a 2.8-fold greater uptake with FCH–PET than
DG.

ethionine. Only a very limited number of reports are avail-
ble for the use of methionine. Nilsson and coworkers140

eported 11C-methionine uptake in most of the lesions in
atients with androgen-independent prostate cancer. In an-
ther study Nunez and coworkers60 compared the diagnostic
ield of methionine and FDG in patients with rising PSA.
hey reported methionine not only detected more lesions

han FDG but also the intensity of methionine uptake in these
esions was significantly higher than FDG. The sensitivity for
etection of soft tissue and bony metastases was 70% for each
ith methionine compared with 48 and 34%, respectively,
ith FDG.

8F-Fluoride PET. The bone scan with 18F is reported to be
ore sensitive and specific than the conventional bone scan33

o detect bony metastases, particularly if used in conjunction
ith CT in a PET/CT scanner. The indications to use this scan

re the same as for a conventional bone scan. The major
imitation of this test at this time seems to be the cost. A

ost-effective study in comparison with conventional bone is
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62 S. Jana and M.D. Blaufox
eeded before this study can be used routinely for detection
f bone metastases in prostate cancer.

ET/CT. This modality is slowly but steadily gaining popu-
arity in oncology. Any of the above-mentioned tracers can be
maged in this device. This can increase the confidence of the
nterpreter in identifying a hot spot as physiological versus
athological compared with any of the above PET tracers
sed alone. Preliminary data suggest that this modality may
e helpful in the detection of recurrence in the local soft
issue, nodal, or even bone metastases.33,57,117,119

onitoring Treatment Response
DG-PET has been shown to play a significant role monitor-

ng treatment response in oncology (Fig. 3).141 Due to its
verall low sensitivity in imaging prostate cancer only a few
tudies have been conducted using FDG in monitoring treat-
ent response in prostate cancer. Oyama and coworkers142

Figure 3 A 66-year-old man with a history of metastatic
therapy. Pretherapy whole body FDG-PET scans showe
no response with further progression to the current trea
eported a decrease in FDG uptake in all FDG-positive le- S
ions at the primary and metastatic sites in 10 patients. Sim-
larly, Morris and coworkers106 reported a parallel change in

ean SUV and PSA after treatment in 75% of (9/12) patients
tudies. In another study, Kurdziel and coworkers143 re-
orted a parallel decrease in SUV and PSA during antiangio-
enic therapy in patients with androgen-independent pros-
ate cancer. FDG-PET so far has been shown to detect fewer
ony metastases from prostate cancer than either the bone
can or CT.33,104,144 However, bone scans are not useful for
onitoring treatment response and may show more intense
ptake after treatment due to the “flare phenomenon.”141

DG-PET may reflect the response to therapy more accu-
ately in this group of patients.33,145 The only tracer other
han FDG studied in this regard is 18F-choline. DeGrado and
oworkers41 found, although the lesions were still visualized
n the follow-up scans after the androgen withdrawal in met-
static prostate cancer patients, there was a 60% decline in

te cancer undergoing systemic hormonal and chemo-
sive metastatic disease. The posttherapy scans showed
prosta
d exten
UV from baseline.
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Nuclear medicine and the prostate, testes, and bladder 63
estes
ach hemiscrotum contains a testicle measuring approxi-
ately 4 to 5 cm in length and 2 to 3 cm in thickness, covered

y a dense white fibrous capsule, the tunica albuginea.146

uclear medicine studies have been used to evaluate the
cute scrotum (testicular torsion versus epididymoorchitis)
nd testicular tumors.

valuation of Acute Painful Scrotum
he role of scintigraphy in patients with a painful scrotum
enters on excluding torsion of the testicle, a condition re-
uiring immediate surgical exploration if testicular viability

s to be preserved.146 Nadel and coworkers147 introduced
crotal scintigraphy in 1973 as a means to differentiate acute
esticular torsion from epididymoorchitis. Both dynamic
ow images and static blood pool images are evaluated. Ef-
ective use of scrotal scintigraphy is dependent on adequate
istory and physical examination, accurate positioning and
arking of the patient, reliable acquisition of data, and
roper interpretation.146 In this scan interpretation depends
n the relative amount of radioactivity present in the affected
ide compared with the other side. Therefore, it is prudent to
etermine and record the symptomatic side unequivocally by
linical history and physical examination.148 Most authors
dvocate the use of 550 to 750 MBq of 99mTc-perecthne-
ate.146 99mTc-Sestamibi has been used in an experimental
odel to detect changes in testicular blood flow; however,

here are not enough clinical data to suggest any significant
dvantage over 99mTc-pertachnetate.146,149,150 Immediate
tatic (blood pool) images comprise the core of the examina-
ion and consist of a relatively high-count (0.3-1 � 106/cps)
nterior view of the scrotum.146,148 Either hot or cold linear
arkers should be placed along the median raphe of the

crotum to delineate the position of the left and right testicles.
his is invaluable when asymmetric swelling of the scrotum

s present.146 Blood pool images clearly display a decrease on
he affected side in testicular torsion whereas there is an
ncrease in epididymoorchitis.146,148 A metaanalysis of ap-
roximately 1200 patients included in several large series
erformed before 1990 suggested that the sensitivity of the
xamination is 96%.146,151 However, due to easy availability
f color Doppler and power Doppler ultrasound in the emer-
ency department, there currently is a trend toward a lesser
se of scrotal scintigraphy. At our institution, this has de-
lined to almost zero.

onography
uplex and color Doppler ultrasound have been developed
s successful methods for evaluating testicular perfusion in
uspected cases of torsion.146 Power Doppler, a newer tech-
ique that encodes the integrated energy of the reflected
oppler signal, has improved the sensitivity in the evaluation
f intratesticular blood flow.146,152,153 The additional benefit
f ultrasound is the detection of incidental findings such as
ydroceles, varicoceles, cysts, and abscesses.146,154 The major
isadvantage of ultrasound is its intraobserver variability and

ignificantly lower sensitivity in the hands of an inexperi- a
nced interpreter.146,155 However, easy availability, rapid di-
gnosis, and identification of incidental findings make it the
rst choice for evaluating acute painful scrotum in the emer-
ency room.

esticular Cancer
esticular cancer is the most common cancer of men in the
ge group between 15 and 35 years except in African–Ameri-
ans.156 Primary testicular cancer, or germ cell tumor, occurs
n approximately 7000 men and causes 300 deaths per year
n the United States.156 The most common presentation is a
ainless, hard, testicular lump. Histologically, the testicular
umor can be of germ cell origin or nongerm cell origin. Germ
ell tumors include seminoma, embryonal cell carcinoma,
eratoma, and choriocarcinoma. About 40% are mixed, ie,
ontain more than one cell type. Choriocarcinoma is the most
ggressive testicular cancer, with a propensity for rapid
rowth and early hematogenous spread. On the other hand
ongerm cell tumors are rare and usually benign. Nongerm
ell tumors include interstitial cell (Lydig’s cell) tumors and
ertoli’s cell tumors. This discussion is restricted to the ma-
ignant tumors. Although there are several types of germ cell
umors histologically (as mentioned above), for treatment
urposes these are divided into two major groups, seminoma
nd nonseminoa.156 Seminomas, which represent approxi-
ately 50% of all germ cell tumors, are very radiosensitive.
he cure rate for patients with seminoma (all stages com-
ined) exceeds 90%. Nonseminomas tend to metastasize
arly to the retroperitoneal lymph nodes and lung paren-
hyma. Tumors with histologic mixtures of seminoma and
onseminoma components are treated as nonseminomas. In-
reased levels of �-fetoprotein (AFP) in the blood are sugges-
ive of nonseminoma and the tumor should be treated as
onseminoma irrespective of the histology. On the other
and the �-subunit of human chorionic gonadotropin (�-
CG) may be elevated in both and is used routinely as serum

umor marker in conjunction with AFP and lactate dehydro-
enase.157 Testicular cancer spreads via the peritoneal lym-
hatic system. The scrotal skin drains into the inguinal
odes.156 Transscrotal needle biopsy or orchiectomy is con-
raindicated because these procedures can potentially lead to
onperitoneal lymphatic dissemination of the tumor cells.
herefore, imaging plays a very important role in the man-
gement of testicular tumors.

Scrotal ultrasound is an excellent imaging modality for the
ssessment of testicular masses.156 Testicular microcalcifica-
ions are associated with a high propensity for developing
eminomas, and patients should be screened by ultra-
ound.156 Suspected testicular tumors should be explored via
n inguinal incision with early control of the spermatic cord
o prevent vascular or lymphatic dissemination of tumor
ells.156 TNM staging is conventionally used for testicular
ancer. Accurate staging in the early phases of disease is very
mportant to classify patients into low- or high-risk groups
ecause management differs between the two.156 In stages II
nd III, the prognosis depends on the extent of the disease

nd tumor markers. Currently, initial staging is based on
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linical examination, tumor markers, and CT scan.103,156

taging of testicular cancer using conventional imaging mo-
alities has limited accuracy.158 False-negative rates of 30 to
9% and false-positive rates as high as 25% have been re-
orted using CT for evaluating early stages of testicular can-
er.159,160 After treatment there could be a residual mass on
T. CT is unable to differentiate between residual tumor,
brosis, necrosis, and teratoma, which diminishes its role in
uiding therapy. Ultrasound is even less accurate for initial
taging as well as evaluating treatment response. False-nega-
ive rates may be as high as 70% with ultrasound.158,159 To
vercome the limitations of conventional imaging modalities,
DG-PET has been investigated as an alternative.
Among nuclear medicine studies FDG-PET and gallium

ave been used in the evaluation of testicular cancer. FDG-
ET in particular has shown promising results for initial stag-

ng, detection of recurrent/residual disease, and monitoring
reatment response in testicular cancers.

allium
everal studies161 support the utility of gallium scintigraphy in
he staging of lymph node metastases from seminoma and em-
ryonal cell carcinoma, while it has poor sensitivity in the eval-
ation of metastases from teratoma or teratocarcinoma.162-165

xtraabdominal sites of uptake, such as pleura, bone, lung,
nd mediastinum, also have been accurately identified.166

lthough residual masses remain on CT, gallium scans often
evert to normal after effective radiotherapy or chemo-
herapy.165 There has been some initial interest in using gal-
ium to evaluate response to tumor therapy;165 however,
hile a positive gallium scan remains highly suggestive of

ecurrence, a negative scan does not seem to conclusively
ule it out.163,167 The failure of gallium uptake to predict
hich posttherapy patients will recur167 severely limits utility
f this potential application. The major limitations of gallium
re (1) excretion of gallium in the gut limits its ability to
valuate metastases in the abdomen and pelvic lymph nodes,
2) most of the patients undergo surgery as a treatment for
esticular cancer, and prior surgery may limit the value of
allium scan, and (3) any inflammatory process such as in-
ection, epididymoorchitis, or sarcoidosis can cause false-
ositive results. Similar to lymphoma, FDG-PET has now
eplaced gallium in the evaluation of testicular cancer141 due
o the better quality of scan, better resolution, and superior
bility to evaluate abdominal and pelvic lymph nodes. How-
ver, gallium may be used when FDG-PET is not available.

ET
nitial Staging. Albers and coworkers168 in 37 patients with
tage I and II found FDG-PET is 70% sensitive and 100%
pecific, whereas similar values for CT were 40 and 78%,
espectively. In this study the 3 false-negative PET results
ere in 2 small (�0.5 cm) nodal metastases and a mature

eratoma. High sensitivity, specificity, PPV, and NPV of 87,
4, 94, and 94% were reported by Cremerius and cowork-
rs.169 Hain and coworkers170 found similar results in the
nitial staging of seminoma and nonseminoma. PET also
dentified additional unsuspected visceral and bone metasta-

es. Most of the studies suggested that PET is superior to a
T.103 However, in a small number (12 patients) of patients
ith stage I and II nonseminoma, Spermon and coworkers171

eported equivalent results for PET and CT.

esidual/Recurrent Disease
ost patients with bulky nodal disease have residual mass

fter treatment. In this situation viable tumor cells inside
he mass require further treatment, whereas fibrosis or
ecrosis requires watchful follow-up. Unnecessary radio-
herapy or chemotherapy can potentially increase the
hort-term as well as long-term toxicities. Considering the
act that these individuals are young and most of them will
ive more than 15 to 20 years when cured, they are more
ikely to experience the long-term toxicities. Although tu-

or markers are very useful in this regard, occasionally
hey may be misleading and not helpful to locate the site of
ecurrence/residual.156 Imaging plays a significant role in
ocating the residual/recurrent disease noninvasively.
onventional imaging modalities including CT cannot
onfirm the presence of viable tumor cells in a residual
ass. FDG being a metabolic imaging modality has better

esults.103 Stephen and coworkers172 and Sugawara and
oworkers173 reported that FDG-PET was able to differen-
iate viable tumor from fibrosis in the posttreatment resid-
al masses. However, the major limitation of PET is ma-
ure teratoma, which is usually negative in the FDG-PET
can but can cause a false-positive result if there are any
nflammatory changes associated with it. In a series of 70
atients, Hain and coworkers174 reported sensitivity, spec-

ficity, PPV, and NPV of 88, 95, 96, and 90%, respectively,
or FDG in differentiating viable tumor from fibrosis or
ecrosis or mature teratoma. Sanchez and coworkers175 found
hat FDG-PET can detect relapse earlier than CT. Several other
tudies.103,171,172,174,176-178 conducted in patients with semino-
as or nonseminomas have shown that FDG-PET is superior

o CT in this regard.

onitoring Treatment Response
DG-PET has been shown to predict response to chemother-
py, similar to high-grade lymphomas (Fig. 4). Bokemeyer
nd coworkers179 reported that FDG-PET accurately predicts
he outcome of high-dose chemotherapy in 91%; in compar-
son CT accurately predicted outcome in 59% cases and tu-

or markers predicted the correct response in only 48% of
ases.

rinary Bladder
he clinically important disorders of urinary bladder are cys-

itis, vesicoureteral reflux disease, disorders related to void-
ng,180 and carcinoma of the urinary bladder.

ystitis
nflammation of urinary bladder may be infectious or non-
nfections in etiology. The most common cause of infec-
ious cystitis is Escherichia coli bacteria. Symptoms, signs,

nd urinanalysis are sufficient for diagnosis. Imaging mo-
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Nuclear medicine and the prostate, testes, and bladder 65
alities do not play any significant role. However, a more
erious infection involving the kidneys requires more ag-
ressive management and occasionally presents with sim-
lar findings in the history, physical examination, and uri-
analysis. In this case imaging is indicated. The gallium
can has been shown to differentiate pyelonephritis from
ystitis. Janson and Robert181 found unique patterns to
ifferentiate cystitis, ureteritis, pyelonephritis, and renal
r perirenal abscesses. In this study they used a combina-
ion of antibody-coated urinary bacteria by measured im-
unofluorescence, 131I-hippuran, and 67Ga-citrate. Hur-
itz and coworkers182 reported that gallium is 86%

ccurate in differentiating pyelonephritis from cystitis.
raisman and coworkers183 used 99mTc-labeled glucohep-

onate and compared it with gallium to localize urinary
ract infection. They found gallium and glucoheptonate
an detect 86% of cases accurately, whereas renal ultra-
ound or intravenous pyelogram were able to detect only
4%. All of these studies localized the disease by identify-

ng the pyelonephritis not cystitis. More recently Lin and
oworkers184 reported 67Ga uptake in the bladder wall in
upus cystitis and Palestro and coworkers185 used 111In-

Figure 4 A 24-year-old man with a history of testicular ca
postsurgical resection and chemotherapy. PET/CT was p
a large paraaortic mass; however, FDG-PET showed a ph
lesion. Subsequent excision biopsy of the lesion showed
cells were found in the specimen.
abeled WBC to image chemical cystitis. Renal imaging in p
nfection is reviewed in more detail in the article on pedi-
tric renal studies.

esicoureteric Reflux
ntreated vesicoureteric reflux (VUR) and urinary tract

nfection are associated with subsequent renal damage,
ypertension, and chronic renal failure. Gleeson and Gor-
on186 found, in children over 1 year of age, the group
ith a renal scar had a higher frequency of VUR than those
ithout scars. VUR by itself is not harmful. Sterile reflux
oes not appear to cause renal damage unless it is severe.
eflux of infected urine is responsible for the subsequent
enal damage. The goal of therapy is to prevent infection of
he kidney until reflux resolves spontaneously. VUR is a
ommon disease in children. Normally, as a child grows,
he ureter grows in length more than diameter, resulting in
ecreased incidence of reflux and eventually resolution of
UR in 80% of cases. If the high-grade VUR does not
esolve with age or is present in adults with recurrent
rinary tract infection, a surgical correction of the vesi-
oureteral junction is required. After diagnosis, these chil-
ren need serial follow-up imaging to evaluate the

ixture of teratoma (80%) and germ cell tumor], status
ed 4 weeks after chemotherapy; CT continues to show

nic lesion with very mild uptake at the periphery of the
crotic tissue with surrounding inflammation; no tumor
ncer [m
erform
otope

only ne
rogress of the VUR. Therefore, it is important that an
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maging modality not only should be sensitive but also
hould provide the least amount of radiation. The two
maging modalities that provide adequate diagnostic abil-
ty to be used are the conventional contrast-enhanced mic-
urating cystourethrogram (MCU) and radionuclide cys-
ography. The radionuclide method is reported to be more
ensitive than conventional MCU for detection of VUR and
he overall radiation dose is approximately 1/20 that used
or MCU.187,188 There is 1/50 to 1/200 the radiation to the
onads with the radionuclide method compared with the
CU.189 99mTc-sulfurcolloid is the most commonly used

adiotracer for this purpose; however, 99mTc-MAG3 and
TPA also have been used. The test was first described
ith pertechnetate.189 Any radioactivity above the bladder

ctivity is considered abnormal. Generally, reflux is con-
idered minimal when confined to the ureter, mild to
oderate when it reaches the pelvicocalyceal system, and

evere when a distended collecting system and /or redun-
ant ureters are noted. One of the advantages of nuclear
edicine studies is the ability to quantify the amount of

eflux, which is not possible with MCU.190 The radionu-
lide technique permits detection of reflux volumes on the
rder of 1.0 mL. Two forms of commonly used radionu-
lide cystography are direct and indirect. The indirect
ethod is performed as part of routine dynamic renal scan
ith DTPA or MAG3. The child is asked not to void until

he bladder is maximally filled and at that time a prevoid
mage of the urinary bladder is obtained. Dynamic images
re then acquired continuously during voiding and subse-
uently a postvoid image is also obtained. Although this is

noninvasive procedure compared with the direct
ethod, the disadvantages associated with this method are
pper urinary track stasis that often poses a problem for

nterpretation. Good renal function is necessary, and this
ethod can miss up to 20% of VUR, which occurs during
lling phase only. The sensitivity and specificity of the

ndirect method using DTPA were reported to be 74 and
0%, respectively.191-193 The direct method requires cath-
terization of the urinary bladder. It usually is performed
s a three-phase procedure, with continuous monitoring
uring filling of the bladder, during voiding, and after
oiding. One of the greatest advantages of this method is
he possibility of combining with pressure measurements
o that a full urodynamic assessment of the bladder can be
ade.194

isorders of Voiding
torage of urine and voiding has to be accomplished
ithin a pressure limit to protect the upper urinary tract

nd kidneys. Any disease involving either the bladder or
he urethra can affect voiding, leading to change in intra-
esical pressure, flow rate, or both. The common diseases,
hich involve the voiding function of the urinary bladder,

re incontinence, neurogenic bladder, sphincter– detrusor
issynergy, and urethral stricture or posterior urethral
alve. Proper diagnosis of these disorders requires the

tudy of voiding function. The study of true voiding func- t
ion involves concurrent recording of pressure and flow.
hen flow rate is low, it is difficult to distinguish between

utflow tract obstruction and inadequate detrusor con-
raction unless the intravesical pressure is measured. Sim-
larly, normal flow can be achieved despite increased
phincter activity or lack of complete relaxation if detrusor
ontraction is increased to overcome the outlet resistance.
onventionally, a urodynamic study deals with all of the

unctions of the lower urinary tract. It constitutes urine
ow studies (uroflowmetry), cystometry, urethrometry,
nd electromyography of the sphincter. Nuclear medicine
tudies have attempted to derive the parameters of uro-
owmetry and cystometry. During radionuclide cystogra-
hy (described above), if the voided urine volume and
ctivity are measured and correction factors are applied for
ecay and attenuation, then full and residual bladder vol-
mes, and maximum urine flow rate, can be quantified.190

he other parameters usually obtained from a conven-
ional uroflowmetric study, ie, delay time, voided volume,
oiding time, average flow rate, and time to maximum flow
ate, can be obtained also from a radionuclide cystro-
raphic study. In comparison to conventional cystometry,
adionuclide cystography normally does not provide any
ntravesical pressure calculation, one of the most impor-
ant parameters. However, there have been attempts to
stimate the pressure–flow relationship through mathe-
atical modeling. Backman and coworkers195 proposed a

elationship between pressure and flow considering the
rethra as a round, straight, uniform, rigid tube. In prac-
ice, the urethra is not a round, straight, rigid tube. Sub-
equently, Jana and coworkers180,196 attempted a mathe-
atical model to derive intravesical pressure from
roflowmertic parameters obtained from radionuclide
ystography. In this model, the urethra was considered as
n elastic, nonuniform tube and the flow of urine inside
he urethra was considered as turbulent in nature. How-
ver, the full potential of these models has never been
alidated by any well-defined clinical studies. Therefore,
onventional cystometry/urodynamic study is still the mo-
ality of choice to evaluate a pressure–flow relationship of
he urinary bladder.

ladder Cancer
n the United States, bladder cancer is the fourth most
ommon malignancy in men.197 Most of the newly diag-
osed bladder cancers are low grade and noninvasive.33

here is a high grade cancer also, which is characterized by
apid progression with local invasion, extension to the
djacent organs, and development of regional and distant
etastases.33 The invasive disease confined to the pelvis is

reated with radical cystectomy and pelvic lymphadenec-
omy. The cure rate of organ-confined bladder cancer is
ore than 70%.198-200 On the other hand the presence of

ymph node metastases increases the chance of recurrence
nd distant disease, and this group has a 5-year survival of
nly 20 to 25%.198-201 Preoperative diagnosis of local ex-

ension would help to select appropriate bladder-sparing
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Nuclear medicine and the prostate, testes, and bladder 67
urgery, nerve- or vaginal-sparing operations, or pelvic
xenteration. Historically, the staging of bladder cancer
ith various imaging modalities has been limited. CT

canning can detect only gross tumor extension beyond
he bladder wall with an accuracy of 64 to 92%.202 The
ccuracy of CT in detecting lymph node metastases ranges
rom 70 to 90% with false-negative rates as high as 40%.203

imilarly, MRI has been disappointing with regard to stag-
ng, with accuracies ranging from 60 to 75%.204 The major
imitation of these imaging modalities is the dependence
n nodal size and anatomical changes to make a diagnosis
f cancer. Given the ability of PET to detect differential
etabolic activity, investigators have begun exploring the
se of PET to stage bladder cancer.
The role of FDG-PET in the detection of localized blad-

er cancer is limited because of the difficulty in differen-
iating radiotracer activity excreted into the urine from
umor activity in the bladder or adjacent lymph nodes.

Figure 5 (A) A 70-year-old man with a history of bladde
recent CT scan showed liver lesions. FDG-PET scan sho
of liver metastases. (B) A 74-year-old man with a history
have lung nodule in CT. FDG-PET showed intense F
metastases.
owever, FDG-PET has demonstrated some utility in e
dentifying distant lymph node involvement and distant
isease (Fig. 5). Kosuda and coworkers205 reported that
ET imaging identified 17 of 17 patients with metastatic
isease (lung, bone, and remote lymph nodes) as well as 2
f 3 patients (67%) with localized lymph node involve-
ent. Similarly, Heicappell and coworkers reported a 67%
etection rate for local nodal disease.100 Investigators have
ttempted to improve the sensitivity of PET by using trac-
rs that are not excreted in the urine. Ahlstrom and co-
orkers206 found 11C-methionine is superior to FDG,
owever, tumor was identified with a sensitivity of 78%
18/23) only with methionine PET. They also reported
hat tracer uptake was proportional to tumor stage. 11C-
holine, another tracer minimally excreted in the urine,
as studied by de Jong and coworkers207 in 18 patients
ith bladder cancer before cystectomy and 5 volunteers.
ormal bladder showed little uptake. The primary tumor
as visualized in 10 patients with residual invasive dis-

er, status post surgical resection of the bladder cancer;
ultiple areas of intense focal uptake (arrows) suggestive
der cancer, status post radical cystectomy and found to

ptake in the right lung nodule (arrow) suggestive of
r canc
wed m
of blad
DG u
ases in the cystectomy specimen (mean SUV, 4.7 � 3.6,
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68 S. Jana and M.D. Blaufox
ange, 1.5-13.0). Utility of FDG-PET in the evaluation of
ladder cancer seems to be limited to the evolution of
istant metastases. Table 2 summaries the role of PET
cans in prostate, bladder, and testicular cancer.
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