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PET Imaging of Prostate Cancer with 11C-Acetate

Prostate cancer is second only to
lung cancer as the leading cause of
cancer deaths in American men. In
1997, approximately 209,900 new
cases of prostate cancer were diag-
nosed, and more than 41,800 deaths
were attributed to this malignancy (1).
Primary or recurrent prostate cancer
can be curatively treated when it is
confined to the gland. The therapy of
choice is radical prostatectomy. There-
fore, curative treatment for localized
tumors may be the best hope for low-
ering the mortality rate of prostate can-
cer (2). If the tumor has spread beyond
the gland, chemotherapy, immunother-
apy, or hormonal therapy are at present
used. However, metastatic prostate
cancer cannot be cured with these mo-
dalities. According to this viewpoint, it
is clear that the primary focus of pros-
tate cancer management should be the
detection and aggressive treatment of
tumors while they are still confined to
the prostate.

A great step forward was the discov-
ery of prostate-specific antigen (PSA),
which has made possible the detection
of tumors before they become palpable
on rectal examination. In general, di-
agnosis of primary or recurrent pros-
tate tumors is based on clinical exam-
ination, PSA level, and radiologic
imaging modalities such as ultrasound,
CT, and MRI. When PSA testing is
used alone, it can detect up to 80% of
prostate cancers. However, the PSA
test lacks specificity, since only one
third of men with an abnormal serum
PSA level actually have cancer (3).
The task of nuclear medicine is to en-

hance the sensitivity and specificity of
the diagnostic procedures.

18F-FDG PET has been shown to be
helpful for the diagnosis of primary,
recurrent, and metastatic lesions in a
variety of tumors. However, problems
exist in the diagnosis of tumors with
low metabolism, such as prostate tu-
mors, low-grade sarcomas, low-grade
lymphomas, and well-differentiated
hepatocellular carcinomas. 18F-FDG
PET for the diagnosis of primary pros-
tate cancer is not highly effective, at
least for wide clinical use. Effert et al.
found a low 18F-FDG uptake in 81% of
primary, untreated prostate tumors and
no correlation with increasing tumor
grade or stage (4). The authors noted a
significant overlap of 18F-FDG uptake
values in prostate tumors and benign
prostate hyperplasia and concluded
that 18F-FDG PET could not differen-
tiate prostate cancer from benign pros-
tate hyperplasia. Hofer et al. showed
that 18F-FDG cannot differentiate be-
tween benign prostate hyperplasia,
prostate carcinoma, postoperative scar-
ring, or local recurrence after radical
prostatectomy (5). The authors ob-
served a low 18F-FDG uptake in histo-
logically confirmed prostate carcino-
mas. Interestingly, Oyama et al. found
a low sensitivity of 64% for the de-
tection of primary, histologically
confirmed prostate tumors, but they
noticed a relationship with the stage:
18F-FDG uptake was higher in patients
with metastatic prostate tumors (6).
Concerning the detection of metastatic
sites with 18F-FDG, Shreve et al. re-
ported a low sensitivity of 65% but a
positive predictive value of 98% for
untreated bone metastases (7). The au-
thors emphasized the problems in the
detection of pelvic lymph node metas-
tases and concluded that 18F-FDG PET
can help identify osseous or soft-tissue
metastases but is less sensitive than
bone scintigraphy. In contrast, Morris

et al. examined patients with progres-
sive metastatic prostate cancer and
found that 18F-FDG PET can distin-
guish active osseous disease from scin-
tigraphically quiescent lesions (8).

Because of the limited sensitivity of
18F-FDG, other tracers were evaluated
in a limited number of patients. Nunez
et al. reported about double-tracer
studies with 11C-methionine and 18F-
FDG in 12 patients with newly pro-
gressive metastatic cancer and increas-
ing PSA levels (9). The authors found
a sensitivity of 48% for 18F-FDG and
of 72.1% for 11C-methionine. Twenty-
six percent of the lesions had no de-
tectable 18F-FDG or 11C-methionine
uptake. The findings reflected the bio-
logic features of the prostate tumors
and suggested that a time-dependent
metabolic cascade may occur, consist-
ing of an enhanced initial uptake of
11C-methionine followed by an in-
crease in 18F-FDG-uptake during pro-
gression of disease.

More recently, a new radiopharma-
ceutical, 11C-acetate, a tracer used
originally for heart studies, has been
evaluated in patients with prostate can-
cer. Shreve at al. examined for the first
time 18 patients with renal diseases
using 11C-acetate (10) and found a dif-
ference in clearance of the radiophar-
maceutical for neoplastic and nonneo-
plastic renal tissue.

Oyama et al. presented the results of
a double-tracer study on 22 patients
with primary, histologically confirmed
adenocarcinoma of the prostate (11).
The authors used 11C-acetate in 22 pa-
tients, as well as 18F-FDG in 18 of 22
patients, and found a positive accumu-
lation of 11C-acetate in all primary tu-
mors (standardized uptake values
[SUVs] ranging from 3.27 to 9.87), in
comparison with 15 of 18 positive 18F-
FDG findings (SUVs from 1.97 to
6.34). Furthermore, 11C-acetate was
superior for the detection of lymph
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node metastases and demonstrated an
enhanced intrapelvic uptake in 5 pa-
tients, whereas 18F-FDG showed posi-
tive findings in only 2 of 5 patients. Of
7 patients found to have bone metasta-
ses on bone scintigraphy, 6 showed
positive 11C-acetate findings and 4
showed positive 18F-FDG findings at
the sites of the scintigraphically dem-
onstrated bone metastases. Therefore,
bone scintigraphy was superior to
PET. The authors noted a correlation
between clinical stage and 18F-FDG
uptake but no correlation between clin-
ical stage and 11C-acetate uptake. Al-
though the results were encouraging,
the study was limited by having no
histologic reference for the metastatic
sites, only for the primary tumors. Fur-
thermore, the authors did not include
patients with benign prostate disease,
such as hyperplasia, for comparison.

Kato et al. recently presented results
with 11C-acetate not only in prostate
tumors but also in normal prostate
glands and benign prostate hyperplasia
(12). Interestingly, the authors empha-
sized that normal accumulation oc-
curred in the normal prostate gland of
patients aged �50 y (mean SUV, 3.4;
SD, 0.7). Furthermore, they found a
large overlap for prostate hyperplasia,
with a mean SUV of 2.1 (SD, 0.6), and
prostate tumors, with a mean SUV of
1.9 (SD, 0.6). The authors noted that,
in their study, tracer accumulated in
the bladder but did not cause problems
for the differentiation. The absolute
SUVs were lower in comparison with
those found by Oyama et al. (11), per-
haps because of the different acquisi-
tion protocols used in the studies. Kato
et al. performed dynamic studies up to
20 min after tracer application, with 25
frames (10 frames of 30 s and 15
frames of 60 s), and used the SUV at
16–20 min after injection for evalua-
tion. Oyama et al. did a static measure-
ment covering 10–20 min after injec-
tion. A possible explanation for the
data of Oyama et al. is the higher up-
take of 11C-acetate in the early phase,
which influenced the results of just 1
static measurement over 10 min. The
results demonstrated that there is a
need for dynamic studies with longer

acquisition times to examine the phar-
macodynamics of 11C-acetate in nor-
mal as well as in pathologic prostate
tissue. The results reported until now
are not consistent because of the dif-
ferent acquisition protocols (dynamic
vs. static) used and because of the use
or lack of attenuation correction of the
images and the lack of the standard use
of iterative reconstruction, which is su-
perior to filtered backprojection, in
particular for the evaluation of lesions
beneath the bladder. The data of Kato
et al. show, however, that in compari-
son with normal or hyperplastic tissue,
prostate cancer has a higher early-to-
late activity ratio of the SUVs for 11C-
acetate.

Kotzerke et al. examined the use of
11C-acetate for the detection of local
recurrence of prostate cancer in 31 pa-
tients (13). The reference was trans-
rectal ultrasound with biopsy for the
tumors. The authors found uptake of
11C-acetate in 15 of 18 tumors, no
uptake in 13 patients without recurrent
disease, and 3 false-negative results in
tumors with a volume varying between
0.1 and 1.5 cm3. The study was per-
formed using a whole-body protocol
without transmission correction, start-
ing 5 min after tracer injection. The
results were promising, but whether
they will be confirmed by other groups
is an open question. A limitation of the
study was that the authors did not use
a control group, such as a group with
scar tissue or benign hyperplastic tis-
sue, for comparison.

The diagnosis of recurrent prostate
cancer is the topic of the study pre-
sented by Oyama et al. in this issue of
The Journal of Nuclear Medicine (14).
The authors examined 46 patients us-
ing both 18F-FDG PET and 11C-acetate
PET. The study included 2 groups with
an enhanced serum PSA level. Accord-
ing to the literature, approximately
30% of these patients have local recur-
rence, whereas the remainder are an-
ticipated to have distant metastases
alone or combined with local disease.
Thirty patients had a radical prostatec-
tomy (group A), whereas 16 patients
received radiation therapy as a primary
treatment (group B). 11C-Acetate PET

revealed 27 of 46 positive findings, in
comparison with the 8 of 48 18F-FDG
scans that showed positive findings. A
limitation of the presented study was
the lack of histologic data for refer-
ence. The interpretation of positive
11C-acetate PET findings was therefore
difficult. Only 3 prostate lesions (1 in
group A and 2 in group B) were con-
firmed by histology. There was no ref-
erence for any other evaluated lesions.
The authors compared the PET data
with CT or bone scintigraphy data,
when available. But neither CT nor
bone scintigraphy was performed on
all patients included in the study. Fur-
thermore, the authors did not use a
semiquantitative evaluation of tracer
uptake, such as SUV, although they
performed static measurements with
transmission correction. Instead, they
preferred visual analysis using a
3-group classification, namely high
probability, intermediate probability,
and negative for tumor. In particular,
the term intermediate probability
sounds problematic. However, despite
the limitations of the presented study,
it is likely that 11C-acetate PET is more
sensitive than 18F-FDG PET for the
diagnosis of prostate cancer. If one fo-
cuses only on the high-probability
scans, the results of this study show
30% (14/46) 11C-acetate scans with
positive findings, in comparison with
9% (4/46) 18F-FDG scans with positive
findings. Although the likelihood of
positive 11C-acetate findings may be
high for tumor tissue, we believe that it
is not the appropriate approach for val-
idation of a new tracer. In contrast to
Kotzerke et al. (13), who used biopsy
for reference, Oyama et al. did not
provide a reliable reference by histol-
ogy. A validation of the tracer on this
basis is not possible.

As noted previously, the task of nu-
clear medicine is to enhance both sen-
sitivity and specificity. On the basis of
the current literature data, 18F-FDG has
a low sensitivity but is specific for
progredient malignant disease. In con-
trast, 11C-acetate has a superior sensi-
tivity but a low specificity because of
accumulation in hyperplastic tissue.
Therefore, examination of the pharma-
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codynamics of 11C-acetate as a tracer
for oncologic studies is mandatory for
explaining positive findings. Because
of the lack of quantitative dynamic
data, there is controversy about the uri-
nary excretion of 11C-acetate. This pro-
cess seems to be time dependent. Al-
though in the early phase, up to 15 min
after injection, no urinary excretion oc-
curs, Kato et al. noted tracer accumu-
lation in the bladder using a dynamic
acquisition for 20 min after injection
(12). In our opinion, quantitative, dy-
namic studies for 30 min after injection
are needed to assess the pharmacody-
namics of 11C-acetate in tumors gener-
ally. Such studies are a prerequisite to
obtain quantitative data about tracer
accumulation in normal prostate tissue,
as well as in benign prostate disease
and in normal tissue such as kidneys
and bladder.

The exact uptake mechanism of 11C-
acetate is not known, but studies sug-
gest that it is incorporated into the lipid
pool in cancer tissue with low oxida-
tive metabolism and high lipid synthe-
sis. An in vivo study of rats found that
14C-acetate was incorporated into free
and esterified cholesterol in the ventral
prostate. Yoshimoto et al. examined
14C-acetate accumulation in 4 different
tumor cell lines and a fibroblast cell
line and found a higher acetate accu-
mulation in all tumor cell lines than in
the fibroblast cell line (15). Tumor
cells incorporated 14C activity into the
lipid-soluble fraction, mostly of phos-
phatidylcholine and neutral lipids,
more prominently than fibroblasts did.
The data suggest that the acetate accu-
mulation was caused by enhanced lipid
synthesis. Acetate is not only a meta-
bolic substrate of �-oxidation but also
a precursor of amino acids, fatty acids,
and sterol. Liu reported on the use of
11C-acetate in 513 patients with differ-
ent malignancies (16). He found that
11C-acetate was taken up by meningi-
omas, gliomas, nasopharyngeal carci-
nomas, lymphomas, non–small cell
cancers, colon cancers, renal cell can-
cers, and ovarian cancers. He also re-

ported an increased uptake in salivary
glands, pancreas, and bowel. These
data imply that 11C-acetate may be
helpful in detecting other tumor enti-
ties besides prostate cancer. Further-
more, the uptake of 11C-acetate was
not specific for prostate cancer.

Moreover, other tracers, such as
positron-labeled choline analogues,
have been introduced and used for im-
aging prostate cancer. 11C-Choline has
been used in a limited number of pa-
tients with prostate cancer, and the
results have been encouraging (17).
Choline is a component of phosphati-
dylcholine, an essential element of
phospholipids in the cell membranes.
Malignant tumors show a high prolif-
eration and increased metabolism of
cell membrane components, leading to
increased uptake of choline. DeGrado
et al. and Hara et al. introduced 18F-
choline analogues and reported their
characteristics (18,19). The preliminary
results in patients were promising, in
particular for the detection of prostate
cancer. From the current viewpoint, it is
difficult to decide which tracer is more
useful for wide clinical application in the
diagnosis of prostate cancer. 18F tracers
are generally more convenient for PET
centers without an on-site cyclotron. On
the other hand, 11C-labeled radiophar-
maceuticals provide a unique chance to
perform dynamic, multitracer studies.
Multitracer studies, using, for example,
11C-acetate and 18F-choline, may help us
gain more information about the bio-
chemical pathways of each tracer. Using
this approach, we may succeed in en-
hancing both sensitivity and specificity
for the diagnosis of prostate cancer.

Antonia Dimitrakopoulou-Strauss, MD
Ludwig G. Strauss, MD

German Cancer Research Center
Heidelberg, Germany
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