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11C-Acetate can act as a probe of tissue metabolism through
entry into catabolic or anabolic metabolic pathways as medi-
ated by acetyl–coenzyme A. The uptake of 11C-acetate in pros-
tate cancer was investigated to determine whether this tracer
has potential in tumor identification. Methods: Twenty-two pa-
tients with prostate cancer underwent PET after intravenous
administration of 740 MBq 11C-acetate. Eighteen of the 22
patients were also investigated with 18F-FDG PET. Standardized
uptake values (SUVs) for each tumor were investigated for
tracer activity at 10–20 min after 11C-acetate and 40–60 min
after 18F-FDG administration. Results: Adenocarcinoma of the
prostate showed variable uptake of 11C-acetate, with SUVs
ranging from 3.27 to 9.87. In contrast, SUVs for 18F-FDG ranged
from 1.97 to 6.34. By visual inspection, 11C-acetate accumula-
tion in primary prostate tumors was positive in all patients,
whereas 18F-FDG accumulation was positive in only 15 of 18
patients. 11C-Acetate PET in a patient with lymph node metas-
tasis showed high intrapelvic accumulation corresponding to
metastatic sites. Similarly, 2 patients with bone metastases
were 11C-acetate avid. Conclusion: 11C-Acetate shows marked
uptake in prostate cancer and is more sensitive in detection of
prostate cancer than is 18F-FDG PET. 11C-Acetate represents a
new tracer for detection of prostate cancer with PET, measuring
radiopharmaceutical uptake pathways that are different from
those measured by 18F-FDG.
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In tumor imaging using 18F-FDG PET, 18F-FDG is avidly
taken up by tumor cells because cancer tissue consumes a
large amount of glucose as an energy source (1). In general,
tumors exhibit increased expression of glucose transporters
(gluts), especially glut1 (2), and increased activity of hexo-
kinase (HK), especially HK2 (3). Gluts transport glucose
into cells, where it is phosphorylated by HK; 18F-FDG
enters tumor cells by the same transport route (4). 18F-FDG
PET has significantly changed the ability to diagnose ma-

lignant tumors. Because of the high glucose use of tumors,
18F-FDG PET has been shown to be useful for the detection
of many kinds of neoplasms, including those of the brain,
head and neck, lung, and pancreas (5–8). 18F-FDG PET is
now widely being accepted as a highly effective means for
imaging a wide variety of cancers (9).

The success of 18F-FDG PET in many cancers has led to
the evaluation of this radiopharmaceutical for use with
prostate cancer. Prostate cancer is the most commonly di-
agnosed cancer in men and is the second leading cause of
cancer death in men older than 40 y in the United States.
Unfortunately, the primary disease within the prostate gland
cannot be reliably imaged using 18F-FDG (10,11). The poor
performance of PET using 18F-FDG is likely related to the
low glucose metabolic rate that results from the relatively
slow growth of most prostate cancers, as well as to other
factors, including significant excretion of the tracer into the
adjacent urinary bladder. In some cases, 18F-FDG has been
shown to have a relatively high sensitivity for detecting
prostate cancer lesions, but only when there is high tumor
viability, such as a high histologic grade, a high clinical
stage, or a tumor in a patient with a high serum prostate-
specific antigen (PSA) value (11). Although 18F-FDG PET
still has some value for staging prostate cancer when tumor
viability is high, the limitations of 18F-FDG require devel-
opment of better imaging radiopharmaceuticals.

A second imaging technique for prostate cancer, scintig-
raphy using the radiolabeled monoclonal antibody 111In-
capromab pendetide (ProstaScint; Cytogen Corp., Prince-
ton, NJ), has been introduced to aid in the diagnosis of
prostate cancer. Although imaging with this radiopharma-
ceutical may be of value, the sensitivity and specificity still
remain far from ideal, with most reports showing a range of
50%–70% for both measures (12–14).

Recently, PET using 11C-acetate has been introduced in
diagnosing cancer disease. Shreve et al. (15,16) reported
that different histologic types of renal cell carcinomas
showed high uptake of 11C-acetate but differed markedly in
the clearance of tissue tracer activity, which allows for the
clear differentiation of the neoplasm from normal tissue on
image frames beyond 10 min after tracer administration.

We have investigated the potential of 11C-acetate to im-
age prostate cancer. The purpose of this study was to
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determine the feasibility of this tracer for detecting primary
or metastatic prostate cancer lesions.

MATERIALS AND METHODS

Twenty-two patients (age range, 52–85 y; median age, 72.0 y)
were enrolled in this study. Adenocarcinoma of the prostate was
histologically diagnosed in these patients at Fukui Medical Uni-
versity between July 1997 and September 1999. Histologic diag-
nosis was through specimens obtained by a transrectal systematic
sextant prostate biopsy. Clinical staging was according to the fifth
edition of the TNM Classification of Malignant Tumors (17), and
histologic grade was evaluated using the Gleason grading system
(18). The serum PSA value was determined with a double mono-
clonal antibody radioimmunoassay (Tandem-R; Hybritech, Inc.,
San Diego, CA). PET studies were performed before the start of
any type of treatment. In 8 patients, clinical stage T1/T2 was
diagnosed; in 4, stage T3/T4; and in the remaining 10, stage
N(�)/M(�). Five of the 22 patients ultimately underwent a radical
prostatectomy, including 1 patient who received endocrine therapy
as neoadjuvant therapy. The other 17 did not require surgery and
received only endocrine therapy with luteinizing hormone-releas-
ing hormone agonist (3.6 mg goserelin) over a 28-d period. The
protocol was approved by the Ethics Committee of Fukui Medical
University. All patients were informed of the purpose of this study,
the method of scanning, the time required, and the necessary
pretreatment. Each consented to participate.

Patient Preparation
All patients underwent 11C-acetate PET, and 19 patients also

underwent 18F-FDG PET within 1 wk. Each patient underwent
18F-FDG PET after fasting for at least 4 h. During scanning, the
bladder was irrigated continuously with 10 L physiologic saline
through a 20 French 3-way balloon catheter, indwelt to prevent
retention of 18F-FDG in the bladder, enabling accurate evaluation
of 18F-FDG accumulation in the prostate.

PET Imaging Procedure
11C-Acetate was produced from carbon dioxide by Grignard’s

reaction (19). 18F-FDG was produced with the method of Hama-
cher et al. (20), using an automated 18F-FDG synthesis system

(NKK Corp., Tokyo, Japan) with a small cyclotron (OSCAR3;
Oxford Instruments, Witney, U.K.). PET scanning was performed
with an Advance system (General Electric Medical Systems, Mil-
waukee, WI). The physical characteristics of this scanner have
been described in detail by DeGrado et al. (21). Two transmission
scans covering the prostate and adjacent lower abdominal regions
were obtained for 10 min each. A standard pin source of 68Ge/68Ga
was used for attenuation corrections of the emission images.

A 740-MBq dose of 11C-acetate was administered through the
cubital vein over 10 s. Static images covering the prostate gland
were obtained by scanning at 10–20 min after injection. A 350-
MBq dose of 18F-FDG was administered through the cubital vein
over 10 s. Static scans covering the prostate were obtained at
40–60 min after injection.

Data Analysis
A circular region of interest (ROI) was placed on transaxial PET

images at the location corresponding to the anatomic location of
the prostate as shown on CT or MRI. The ROI location was
determined in the area of highest accumulated radioactivity. As an
index of 18F-FDG uptake, the standardized uptake value (SUV)
was calculated for each patient according to the following formula:
SUV � radioactivity in ROI (Bq/cm3)/injected dose (Bq)/body
weight (g). We used the mean value of SUV within an ROI to
represent 11C-acetate and 18F-FDG uptake in that particular region.

The PET images obtained were compared with images from
other conventional modalities. The relationships between the ac-
cumulation of 11C-acetate or 18F-FDG and histologic grade, clin-
ical stage, and serum PSA value were evaluated.

Statistical Evaluation
ANOVA was used to compare tracer uptake with the parameters

of the prostate cancer. The correlation between SUV and serum
PSA value was determined using Pearson’s correlation coefficient.

RESULTS

Cancer Detection
Figure 1 shows images of a 71-y-old patient (patient 5)

with an increased serum PSA value of 8.4 ng/mL. A trans-

FIGURE 1. PET images of prostate ob-
tained using 18F-FDG and 11C-acetate
compared with CT image from 71-y-old
man with well-differentiated (Gleason sum
2) adenocarcinoma of prostate. (A) CT
shows only minimal enlargement of pros-
tate. (B) 18F-FDG PET shows low uptake in
prostate, with SUV of 1.97. (C) 11C-Acetate
PET shows high uptake in primary prostate
cancer lesion, with SUV of 6.41. pr � pros-
tate
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rectal needle biopsy of the prostate revealed well-differen-
tiated adenocarcinoma with a Gleason sum of 2. CT showed
mild prostate swelling without apparent capsular or seminal
invasion. Bone scintigraphy did not show any high uptake
within the bone. Both 11C-acetate and 18F-FDG PET were
performed on this patient. 18F-FDG PET showed only low
uptake of the radiopharmaceutical in the prostate, with an
SUV of 1.97, whereas 11C-acetate PET showed higher up-
take within the prostate, with an SUV of 6.41. A clinical
stage of T2a N0 M0 was diagnosed, and a radical prosta-
tectomy was performed. Surgically resected specimens re-
vealed no capsular invasion, and no lymph node metastasis
was seen.

Figure 2 shows the PET images of a 73-y-old patient
(patient 6) with an increased serum PSA value of 92.8
ng/mL. A transrectal needle biopsy of the prostate revealed
poorly differentiated adenocarcinoma with a Gleason sum
of 7. Bone scintigraphy showed high uptake at the right
pubic bone. MRI revealed a mass (2.5 cm in diameter) to the
left of the urinary bladder. 11C-Acetate PET and 18F-FDG
PET were performed on this patient. 18F-FDG PET showed
mild uptake of 18F-FDG in the prostate, with an SUV of
2.87, whereas 11C-acetate PET showed high uptake having
an SUV of 5.45. 11C-Acetate PET also showed high uptake
in the right pubic bone, as well as left pelvic mass lesions
that were also detected by 18F-FDG PET. Both extraprostate
lesions were considered to be bone and lymph node metas-
tases. A clinical stage of T3c N2 M1 was diagnosed, and
androgen ablation therapy was prescribed.

In all 22 patients, 11C-acetate PET showed primary pros-
tate cancer lesions and no 11C-acetate accumulation in the
urine (sensitivity, 100%). Of the 19 patients who were
imaged with 18F-FDG, primary lesions were seen in 15 of 18
(sensitivity, 83%). The remaining patient could not be eval-
uated because of high 18F-FDG retention in the bladder. Of
the 5 patients who had lymph node metastases, 11C-acetate

PET showed all to have high intrapelvic accumulations
corresponding to metastatic sites. These intrapelvic accu-
mulations were seen in only 2 of the 5 patients when
18F-FDG was used for imaging. Seven of the patients in the
test group were found to have bone metastases, which were
detected with 99mTc-hydroxymethylene diphosphonate bone
scintigraphy (Table 1). Of these 7, 6 showed high 11C-
acetate accumulation at the site of the bone metastases,
compared with 4 in whom high accumulation was seen
when 18F-FDG was used as the tracer compound (Table 2).

Evaluation of Tumor Viability
The relationship between the accumulation of 11C-acetate

or 18F-FDG and clinical parameters was evaluated (Fig. 3).
No correlations existed between the Gleason sum and 11C-
acetate or 18F-FDG uptake. Patients with an advanced clin-
ical stage of primary prostate cancer showed higher 18F-
FDG uptake than did patients with earlier stages (P � 0.03).
No correlation was seen between clinical stage and 11C-
acetate uptake. A weak correlation was found between
18F-FDG uptake and the serum PSA value (r � 0.71).

DISCUSSION

Conventional imaging modalities such as sonography,
CT, and MRI are used for the anatomic evaluation of
prostate cancer. However, visible anatomic changes are not
always present in early stages, making use of these imaging
modalities difficult in early detection of prostate cancer
sites.

18F-FDG PET for cancer diagnosis has been introduced as
a metabolic imaging technique on the basis of the large
amount of glucose that cancer tissue, in general, consumes
as an energy source. However, for the diagnosis of prostate
cancer, 18F-FDG PET has no value in comparison with
conventional diagnostic modalities such as PSA, CT, or
MRI. The 60%–70% sensitivity previously shown for can-

FIGURE 2. PET images of prostate,
lymph node, and bone metastases ob-
tained using 18F-FDG and 11C-acetate from
73-y-old man with poorly differentiated
(Gleason sum 7) adenocarcinoma of pros-
tate. (A) 18F-FDG PET shows low uptake in
prostate, with SUV of 2.87. (B and C) 18F-
FDG uptake was shown in left iliac lymph
node metastatic lesion (B) and right pubic
bone metastatic lesion (C). (D–F) 11C-Ace-
tate PET shows high uptake in prostate (D),
with SUV of 5.45; in left iliac lymph node
metastatic lesion (E); and in right pubic
bone metastatic lesion (F). bn � bone; ly �
lymph node; pr � prostate.
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cer detection is not high enough to justify the clinical
application of 18F-FDG PET for the detection of prostate
cancer, given the expense of 18F-FDG PET over conven-
tional methods (10,11).

11C-Acetate has been known as a positron-emitting tracer
for measuring oxidative metabolism in the myocardium. As

soon as the myocardium takes in 11C-acetate, it is converted
to acetyl–coenzyme A in the mitochondria, followed by
rapid clearance as carbon dioxide through the citric acid
cycle. Recently, 11C-acetate has been reported to show high
uptake in tumor tissue (15,16). The mechanism of high 11C
accumulation in tumor cells, although yet unknown, is
thought to be different from that of myocardium uptake.
Yoshimoto et al. (22) studied uptake of 14C-acetate in 4
different tumor cell lines and a fibroblast cell line to inves-
tigate the metabolic pathway of 11C-acetate in tumor cells.
14C accumulation in each of the 4 tumor lines was higher
than that in the fibroblast cells, and this accumulation in
tumor cells was shown to be caused by enhanced lipid
synthesis. Given the highly active basal lipid metabolism
associated with the cell membrane because of tumor growth,
11C-acetate may be an important probe of this anabolic
pathway of metabolism in cancer tissue.

TABLE 1
Patient Details and Uptake of 11C-Acetate and 18F-FDG

Patient
no.

Age
(y)

PSA
(ng/mL) Gleason sum Clinical stage

11C-Acetate 18F-FDG

SUV Uptake SUV Uptake

1 68 170.0 9 T4a N0 M1 6.09 Positive 5.34 Positive
Bone-positive Bone-positive

2 67 16.0 9 T2b N0 M0 5.64 Positive 3.02 Positive
3 73 57.1 6 T3b N0 M0 4.24 Positive 4.46 Positive
4 69 69.5 6 T3c N0 M0 7.81 Positive NA
5 71 8.4 2 T2a N0 M0 6.41 Positive 1.97 Negative
6 73 92.8 7 T3c N2 M1 5.45 Positive 2.87 Negative

Lymph node–positive Lymph node–positive
Bone-positive Bone-positive

7 74 24.0 8 T4a N0 M1 5.69 Positive 4.47 Positive
Bone-negative Bone-negative

8 75 6.8 2 T1a N0 M0 3.27 Positive 2.52 Negative
9 52 36.8 5 T2b N0 M0 7.22 Positive 3.09 Positive

10 72 42.1 7 T3a N0 M0 4.31 Positive 3.93 Positive
11 72 13.6 5 T1c N0 M0 3.83 Positive 2.57 Positive
12 73 91.2 3 T3c N0 M0 7.34 Positive 4.37 Positive
13 80 8.0 5 T2b N0 M0 5.02 Positive 3.19 Positive
14 62 207.0 Unknown T3c N1 M1 5.39 Positive 3.06 Positive

Lymph node–positive Lymph node–negative
Bone-positive Bone-negative

15 70 203.0 7 T3c N1 M1 7.11 Positive 6.34 Positive
Lymph node–positive Lymph node–positive
Bone-positive Bone-positive

16 85 59.2 6 T3c N0 M1 5.75 Positive 3.57 Positive
Bone-positive Bone-negative

17 67 29.5 6 T3c N1 M0 3.41 Positive 3.10 Positive
Lymph node–positive Lymph node–negative

18 77 8.5 3 T2b N0 M0 5.65 Positive NA
19 60 296.0 7 T3c N0 M1 9.60 Positive 5.90 Positive

Bone-positive Bone-positive
20 78 77.7 7 T4a N0 M0 9.87 Positive NA
21 67 1.9 3 T2a N0 M0 3.42 Positive NA
22 81 49.7 6 T4a N1 M0 8.55 Positive 3.24 Positive

Lymph node–positive Lymph node–negative

NA � not available.
Positive stands for positive tracer uptake for primary prostate cancer site.

TABLE 2
Detection of Prostate Cancer Lesions by PET

Cancer sites

11C-Acetate 18F-FDG

No. of
lesions

detected %

No. of
lesions

detected %

Primary lesions 22/22 100 15/18 83
Lymph node metastases 5/5 100 2/5 40
Bone metastases 6/7 86 4/7 57
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The University of Michigan group (23), using 18F-FDG
and 11C-acetate PET imaging, studied 18 prostate cancer
patients who had rising PSA levels and bone scan or CT
evidence of locally recurrent or regional metastatic disease.
11C-Acetate PET showed high sensitivity for detecting both
primary and nodal metastatic prostate cancer lesions. Tumor
uptake of 11C-acetate, as compared with 18F-FDG, was
found to be moderately high, and 11C-acetate had higher
sensitivity for tumor detection, without the confounding
bladder activity of 18F-FDG PET.

11C-Acetate PET has been introduced as a new modality
for imaging prostate cancer and its metastases (23,24). We
found primary prostate cancer to be positive for 11C-acetate
accumulation in all patients imaged. In the meantime, the
83% sensitivity for detection of primary prostate cancer
using 18F-FDG was higher than previously reported (10,11).
The high sensitivity found for 18F-FDG PET may be the
result of the relatively high proportion of patients with
advanced-stage disease studied. 18F-FDG PET has been
reported to show higher sensitivity for detecting prostate
cancer lesions of higher clinical stages (11). Indeed, in our
19 patients who underwent 18F-FDG PET, the sensitivity
was lower for localized disease than for advanced-stage
disease (67% vs. 92%).

11C-Acetate PET also showed high sensitivity for meta-
static prostate cancer lesions. We investigated patients with
confirmed metastases from prostate cancer; 11C-acetate PET
detected all known lymph node metastases and all bone
metastases except 1. The high sensitivity of 11C-acetate in
prostate imaging will greatly help in detecting prostate
cancer and extended metastases or sites of local recurrence,
which are difficult to detect by conventional imaging mo-
dalities.

We also confirmed a previously reported (11) positive
correlation between clinical stage and 18F-FDG uptake in
prostate cancer. This finding indicates that glucose use,
shown by 18F-FDG PET, is associated with progression of
prostate cancer. On the contrary, this study found no rela-
tionship between the accumulation of 11C-acetate and clin-
ical parameters such as Gleason sum, clinical stage, and
serum PSA value. This result cannot be explained by only
the enhanced lipid metabolism that is associated with the
cell membrane because of tumor growth. A further clinical
study with a larger number of patients, as well as basic
studies, is needed to clarify the mechanism of 11C-acetate
uptake in prostate cancer.

CONCLUSION

We evaluated 11C-acetate as a potential PET tracer for
imaging prostate cancer and found a marked uptake of
11C-acetate into primary prostate cancer and metastatic sites,
with higher sensitivity than that of 18F-FDG PET. 11C-
Acetate is a promising tracer for imaging prostate cancer
and its metastases. Further studies using 11C-acetate PET
with a larger number of patients are needed to determine its
ultimate clinical utility.
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