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Kalle Alanen6, Eveliina Arponen3, Martti Nurmi7, Hannu J. Aronen1,4, and Heikki Minn3,8

1Department of Diagnostic Radiology, University of Turku, Turku, Finland; 22nd Department of Radiology, Comenius University and
St. Elisabeth Oncologic Institute, Bratislava, Slovakia; 3Turku PET Centre, University of Turku, Turku, Finland; 4Medical Imaging
Centre of Southwest Finland, Turku University Hospital, Turku, Finland; 5Department of Clinical Physiology and Nuclear Medicine,
Turku University Hospital, Turku, Finland; 6Department of Pathology, Turku University Hospital, Turku, Finland; 7Division of
Urology, Department of Surgery, Turku University Hospital, Turku, Finland; and 8Department of Oncology and Radiotherapy, Turku
PET Centre, Turku University Hospital, Turku, Finland

We assessed the ability of 11C-acetate PET/CT, MRI, and pro-
ton MR spectroscopy (1H-MRS) to image localized prostate
cancer and detect its aggressiveness, using qualitative and
quantitative approaches.Methods: Twenty-one patients with un-
treated localized prostate cancer, diagnosed using transrectal
ultrasound-guided biopsy, were prospectively enrolled. Can-
cer laterality was based on the percentage of cancer and the
highest Gleason score determined from biopsies. In addition to
PET/CT, 3-dimensional 1H-MRS of the entire prostate volume
using a quantitative approach was performed. The imaging and
histologic findings of 8 patients undergoing subsequent prosta-
tectomy were compared on a sextant level. For each lobe and
sextant, standardized uptake values (SUVs) and (choline 1 cre-
atine 1 polyamines)–to–citrate (CCP/C) ratios were obtained
from 11C-acetate PET/CT and 1H-MRS, respectively. The visual
and quantitative findings on PET/CT and MRI data were com-
pared with cancer laterality and aggressiveness based on the
Gleason score and with prostate-specific antigen (PSA) velocity
and international risk group classification. Results: The sensi-
tivity, specificity, and accuracy, on a lobar level using visual
analysis, of 11C-acetate PET/CT were 80%, 29%, 71%, respec-
tively, and 89%, 29%, 79%, respectively, using contrast-
enhanced MRI. The sensitivity and accuracy of 11C-acetate
PET/CT decreased to 64% and 63% and specificity increased
to 62% when sextant analysis was performed. The agreement
between prostate cancer laterality based on biopsy findings
and visual interpretation of 11C-acetate PET/CT and contrast-
enhanced MRI was similar at 71%. The mean SUV maximum
and CCP/C maximum for the dominant tumor lesion were 5.5
and 1.48, respectively, and did not differ significantly from val-
ues in the nondominant lobe. The dominant-lesion SUVs or
CCP/C values were not associated with histologically deter-
mined prostate cancer aggressiveness, nor did PSA velocity
correlate with the SUV or CCP/C values from the entire gland.

Conclusion: 11C-acetate PET/CT, MRI, and 1H-MRS enable
detection of localized prostate cancer with comparable and
limited accuracy but fail to provide information on cancer
aggressiveness.
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Prostate cancer is themost common cancer in elderlymen
and the second leading cause of cancer death in men (1).
Traditionally, the diagnosis of prostate cancer is based on
findings of random transrectal ultrasonography (TRUS)-
guided biopsies. Compared with TRUS,MRI has demonstra-
ted a much higher sensitivity for tumor detection but almost
the same specificity (2), stressing the need for additional
metabolic MRI. Proton MR spectroscopy (1H-MRS) has
the ability to depict possible cancer in all parts of the gland
volume and assist in staging (3–5). However, 1H-MRS cur-
rently still has several disadvantages such as long acquisition
times and the common use of an endorectal coil (6). Further-
more, the comparison of published 1H-MRS findings is se-
verely impaired by differences in postprocessing methods,
criteria for cancer detection, and predominantly qualitative
(visual) interpretation of the data, posing a need for quanti-
tative methods.

PET is a potentially useful tool for prostate cancer
imaging. Unfortunately, themost commonly available tracer,
18F-labeled glucose (18F-FDG), has a low sensitivity for can-
cer detection (7). Although preliminary studies have demon-
strated that 11C-acetate is a promising tracer for diagnosis of
recurrent (8–10) or metastatic (11) prostate cancer, its use in
primary diagnosis is less well established. In particular, the
clinical role of 11C-acetate in prostate cancer detection and
staging is currently unclear (12,13). In vitro studies indicate
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that 11C-acetate as a marker of enhanced lipid synthesis is
appropriate for estimating the growth activity of tumor cells
(14,15). Hence, we expect 11C-acetate uptake to be higher in
those prostate cancers likely to progress clinically than in
those that are indolent and should rather be left under active
surveillance than treated up front.
Considering that patients with metabolically active

prostate cancer are likely to need active treatment, we
correlated findings of PET and 1H-MRS with prostate-spe-
cific antigen (PSA), clinical risk classification, and patho-
logic evaluation. Moreover, 11C-acetate PET/CT, 1H-MRS,
and MRI were compared for their potential to determine
cancer laterality.

MATERIALS AND METHODS

Patients
Thiswas a prospective study of 21 patients (mean age, 63.9 y; age

range, 46–78 y) with histologically proven adenocarcinoma of the
prostate diagnosed through systematic TRUS-guided biopsies
(median, 6 samples per lobe; range, 3–9). Other inclusion criteria
were clinical stage T1c–T3aN0 based on TRUS; negative pelvic CT
and bone scintigraphy findings; and no previous surgical, radiation,
or endocrine treatment for prostate carcinoma. The interval between
biopsy and PETwas less than 6mo for 17 patients, less than 1 y (191,
289, and 238 d) for 3 patients, and 779 d for 1 patient (patient 14),
whereas the interval between PET and MRI and 1H-MRS ranged
from 1 to 21 d, with a mean of 4 d. The study protocol was approved
by the Ethics Committee of the Hospital District of Southwest Fin-
land, and each patient gave written informed consent.

Study Design
Patients were first seen by a urologist who was responsible for

performing all imaging studies needed to fulfill the inclusion
criteria. In addition, standard blood tests were performed, includ-
ing serum PSA and liver and kidney function tests. All examina-
tions were performed between February 2008 and November
2009.

Patients were divided into prognostic groups according to the
following criteria: Gleason score equal to or less than 3 1 3 and
equal to or higher than 3 1 4; PSA velocity (calculated from at
least 3 measurements of PSA during the past 18 mo) less than 0.4
ng/mL/y, between 0.4 and 1 ng/mL/y, and higher than 1 ng/mL/y;
and pretreatment risk groups according to guidelines published by
the National Comprehensive Cancer Network (www.nccn.org), as
shown in Table 1.

Histopathologic material from random biopsies in all patients
and from prostatectomy specimens in 8 patients undergoing
surgery after imaging was analyzed by 1 experienced pathologist.
The dominant lobe was determined using the combination of the
highest number of positive samples, Gleason score, and percent-

age of cancer tissue in all biopsy samples, with the percentage of
cancer given the highest weight if a discrepancy was found among
the 3 measures. In prostatectomy specimens, the presence of
cancer was defined in 6 regions of interest (ROIs), or sextants,
according to the following criteria: the base was defined as the
upper third, the mid region was defined as the central third, and the
apex was defined as the inferior third, with each third divided
between the 2 lobes.

Synthesis of 11C-Acetate
An automated synthesis apparatus was used for the production

of 11C-acetate from 11C-carbon dioxide. 11C-acetate was synthe-
sized by reaction of methylmagnesium bromide with 11C-CO2.
Purification was performed using solvent extraction (16). The
radiochemical yield of 11C-acetate was approximately 4.7 GBq
for synthesis, and the obtained radiochemical purity was greater
than 99%.

11C-Acetate PET/CT
Patients underwent PET/CT while supine after a 6-h fast and a

standard bowel preparation procedure (17). PET was performed
using a Discovery VCT (GE Healthcare) scanner, with 24 rings of
bismuth germanate detectors yielding 47 transverse slices spaced
axially by 3.27 mm combined with a helical 64-slice CT scanner.
A low-dose CT protocol (120 kV, 30–440 mAs, and 3.75-mm slice
thickness) was performed and was also used for transmission cor-
rection.

Patients were requested to void 2 h before onset of imaging and
then requested to drink 4–5 dL of water to maintain a standardized
bladder volume during the study. 11C-acetate tracer (642 6 78
MBq) was injected in the antecubital vein. A static 240-s emission
scan over the pelvic area was acquired 10 min after the tracer
injection, followed by 4–5 bed positions covering the torso.

The sinogram data were corrected for dead time, decay, and
photon attenuation and reconstructed in a 256 · 256 matrix. Image
reconstruction followed a fully 3-dimensionalmaximum-likelihood
ordered-subsets expectationmaximumalgorithm incorporating ran-
dom and scatter correctionwith 2 iterations and 28 subsets. The final
in-plane full width at half maximum of the system was 6 mm.

MRI and 1H-MRS Studies
MRI of the prostate was performed using a 1.5-T system

(Magnetom Avanto [76 · 18] Q-engine; Siemens). Patients were
examined while supine. The body coil was used for excitation, and
the appropriate elements of the body-matrix surface coil and spine
coil were used for signal reception. High-resolution (0.8 · 0.8 ·
3.0 mm) sagittal and transverse T2-weighted turbo spin-echo
images were obtained with the following parameters: repetition
time (TR)/echo time (TE), 7,430/104 ms; slice thickness, 3 mm;
field of view, 200 mm; and matrix size, 256 · 256. Coronal imag-
ing was performed using true fast imaging with steady-state free
precession, with a TR/TE of 3.79/1.62, voxel size of 2.0 · 2.0 ·

TABLE 1
Pretreatment Risk Groups Based on Accepted Criteria of National Comprehensive Cancer Network

Risk group Criteria

Low Clinical stage T1 or T2a; Gleason score #6 and PSA level lower than 10 ng/mL

Intermediate Clinical stage T2b or T2c; Gleason score of 3 1 4, PSA level of 10–20 ng/mL, or both

High Clinical stage T3 or higher; Gleason score $4 1 3 or PSA level .20 ng/mL
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5.0 mm, and matrix size of 256 · 256. T1-weighted contrast-
enhanced imaging was performed, with a TR/TE of 635/1.56
ms, flip angle of 10�, voxel size of 1.6 · 1.6 · 5.0 mm, field of
view of 300 mm, and matrix size of 192 · 192.

Three-dimensional point-resolved 1H-MRS chemical shift
imaging covering the entire prostate region was performed using
both lipid and water signal suppression. Outer volume suppression
bands were placed around the imaging volume. Automatic and
additional manual shimming of the spectroscopic imaging volume
were performed. The following chemical shift imaging parameters
were used: voxel size, 6.7 · 6.7 · 6.7 mm; TR/TE, 690/120 ms;
number of averages, 8; and acquisition time, 14:09 min.

11C-Acetate PET/CT Analysis
The prostate was divided into 2 ROIs covering the right and left

lobes. In addition, a sextant approach resulting in 6 ROIs per
patient was applied, as explained in the “Study Design” section, in
8 patients receiving prostatectomy. PET data were analyzed quan-
titatively by calculating maximum and average standardized
uptake values (SUVs).

The SUV maximum and average SUV with a 60% threshold
(SUV 60%) were measured in all ROIs. SUV maximum and SUV
60% from the dominant lobe (based on histology findings) were
correlated with the Gleason score. If pathologic findings from both
lobes were equal, then mean SUVs of both lobes were correlated
with the Gleason score. 11C-acetate uptake from the entire gland
was correlated with PSA, PSAvelocity, and the clinical risk group.
The rationale for this approach was that all prostatic cells, not just
tumor tissue, produce PSA. The laterality of the main lesion (left
vs. right) was determined as the lobe with the highest SUV. The
quantitative approach was evaluated using receiver-operating-
characteristic (ROC) curve analysis. Because of the large overlap
between cancer and hyperplasia, we did not use any fixed cutoff
value for SUV (18). Furthermore, our preliminary ROC analysis
did not support a useful cutoff value.

In addition to the quantitative approach, an experienced nuclear
medicine physician visually interpreted PET/CT images alone. In
visual evaluation, any mono- or multifocal uptake beyond that of
periprostatic soft tissue or perirectal fat within the CT-defined
prostate gland and detected in more than 1 slice was considered to
represent cancer. Diffuse intraprostatic activity or any uptake in
the rectum, even if slightly higher than that of the above-
mentioned normal tissues, was not classified as cancer.

MRI and 1H-MRS Analysis
An experienced abdominal radiologist analyzed all MR

images and was unaware of PET/CT and 1H-MRS results. The
suspected presence of cancer on T2-weighted images was
defined as a region of low signal intensity in the peripheral zone
and as a low-signal-intensity region associated with interruption of
the prostate pseudocapsule in the central and transition zones. On
dynamic contrast-enhanced T1-weighted images, an early enhanc-
ing focus was considered to be tumor tissue.

For analysis of the chemical shift imaging 1H-MRS data, the
LCModel software package (version 6.2–1 L, Linux platform)
was used (19). 1H-MRS data originating from each voxel in the
3-dimensional excited subvolume were processed. The prostate
was divided into ROIs and sextants as described in the “Study
Design” section.

The individual concentrations of choline, creatine, polyamines,
and citrate and the (choline 1 creatine 1 polyamines)–to–citrate

(CCP/C) (20) ratio were represented as numeric values and calcu-
lated using the following special spectra control parameter:
SPTYPE 5 “prostate-b.” Cramer-Rao minimum variance bounds
(%SD) for each individual metabolite and for the CCP/C ratio
were determined, in accordance with the LCModel routine output.
This numeric built-in quality control allowed us to take into
account only those voxels of sufficient quality. For further analy-
sis, only voxels with %SD for choline 1 creatine 1 polyamines
and citrate of 20% and lower were used, according to the standard
LCModel guidelines and manufacturer recommendations. We
used the CCP/C ratio because choline, creatine, and polyamines
spectral peaks are difficult to separate at 1.5 T (20). Patients with
no voxels passing our numeric built-in quality control in 1 lobe
were excluded. In the same fashion as for 11C-acetate PET/CT, the
maximum CCP/C ratio (CCP/C maximum) and average CCP/C
ratio (CCP/C average) were correlated with the Gleason score,
PSA, PSA velocity, and clinical risk group. The laterality of the
main lesion was determined and ROC analysis was performed in a
similar fashion as for the 11C-acetate PET/CT data.

Statistical Analysis
All analyses were performed with SAS version 9.1 (SAS

Institute, Inc.). SUV maximum from both lobes, SUV 60% from
the dominant lobe, and PSA values were log-transformed before
statistical analysis because of skewed distributions. The SUVs and
CCP/C ratios were compared with Gleason scores using a standard
t test. PSA velocity and risk groups were treated both as contin-
uous and as categoric variables. The correlations between PSA
velocity, risk groups, SUVs, and CCP/C ratios were examined
using the Spearman correlation coefficient. Differences between
PSAvelocity and risk groups’ mean scores for both SUVand CCP/
C variables were evaluated using 1-way ANOVA. The Pearson
correlation coefficient was used to assess the association between
log-transformed PSA values, SUVs, and CCP/C ratios. ROC curve
analysis was performed for SUVs and CCP/C ratios. A P value of
less than 0.05 was considered to be statistically significant.

RESULTS

Clinical Findings

Patient characteristics are shown in Table 2. The mean
PSA in our study population was 10.1 6 6.8 ng/mL (range,
2.9–30 ng/mL). Thirteen patients had a Gleason score of
31 3 or less, and 8 patients had a Gleason score of 31 4 or
more. The numbers of patients belonging to the low-, inter-
mediate-, and high-risk groups were 8, 8, and 5, respec-
tively. The PSA velocity was low (,0.4 ng/mL/y) in 7
patients, intermediate (0.4–1.0 ng/mL/y) in 5, and high
(.1.0 ng/mL/y) in 9. In 7 patients (patients 5, 9, 12, 13,
15, 16, and 18), biopsy results suggested unilateral cancer;
in 2 patients (patients 3 and 14), pathologic findings from
both lobes were equal; and in the remaining 12 patients, the
dominant lobe was determined as described in the “Study
Design” section. Among the 8 patients who had both biopsy
and surgical samples, no discrepancies were found in the
laterality of the disease.

Comparison Between Laterality and Imaging
11C-acetate uptake was visualized in the prostate gland in

all 21 patients. MRI and 1H-MRS examinations were sim-
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ilarly performed in all 21 patients. However, 1H-MRS data
for patients 2, 18, and 21 and analysis of 18 sextants for

patients 1, 3, 4, 5, 6, 7, 8 were excluded from the final MRS

analysis because of no voxels in 1 lobe or sextant meeting

our described quality requirements. 11C-acetate and 1H-

MRS data in the dominant lobe (based on biopsy findings)

and in the nondominant lobe are summarized in the supple-

ment table (supplemental materials are available online

only at http://jnm.snmjournals.org). The data show that

none of the quantitative indices could discriminate between

dominant and nondominant lobes, whereas visual evalua-

tion with both PET/CT and MRI was in agreement with the

cancer laterality based on biopsy findings in 71% of

patients. However, PET/CT and MRI were similarly in

agreement in only 71% of patients.

Comparison Between Metabolic Activity and
Clinical Aggressiveness

The group with a Gleason score of 3 1 3 or less had a

mean CCP/C maximum of 1.38 6 0.43 and mean CCP/C

average of 0.78 6 0.26. The group with a Gleason score of

31 4 or more had mean CCP/C maximum and mean CCP/C

average values of 1.70 6 0.56 and 0.91 6 0.25, respec-

tively. Despite the observed trend, no statistically signifi-

cant differences were observed between the mean CCP/C

maximum and mean CCP/C average for either group, with

P values of 0.20 and 0.33, respectively (Fig. 1A).
The groupwith aGleason score of 31 3 or less had amean

SUV maximum and mean SUV 60% of 5.76 2.3 and 4.06
1.7, respectively. The group with a Gleason score of 31 4 or

more had a mean SUV maximum and a mean SUV 60% of

TABLE 2
Patient Characteristics

Patient no. Age (y)

11C-acetate injected

activity (MBq) cTNM

TRUS

volume (cm3)

Gleason

score PSA (ng/mL)

PSA velocity

(ng/mL/y)

Clinical

risk group

1 61 704 T2cN0 38 4 1 3 5.8 ,0.4 High

2 67 599 T1cN0 103 3 1 2 3.9 ,0.4 Low

3 52 487 T1cN0 26 3 1 3 3.0 .1.0 Low

4 46 604 T2cN0 17 3 1 4 30.0 .1.0 High
5 67 625 T2aN0 16 2 1 2 2.9 ,0.4 Low

6 55 668 T2aN0 45 3 1 3 11.0 .1.0 Intermediate

7 61 704 T2aN0 22 3 1 3 21.0 .1.0 High
8 55 703 T2aN0 32 3 1 4 16.0 .1.0 Intermediate

9 60 736 T1cN0 32 3 1 3 6.0 .1.0 Low

10 78 556 T1cN0 43 3 1 2 9.9 0.4–1.0 Intermediate

11 69 595 T2cN0 19 3 1 3 6.8 ,0.4 Low
12 58 663 T1cN0 54 3 1 4 10.0 ,0.4 Intermediate

13 63 586 T2aN0 40 2 1 3 8.4 0.4–1.0 Low

14 63 734 T1cN0 30 3 1 3 20.0 .1.0 Intermediate

15 77 599 T1cN0 36 3 1 3 9.8 ,0.4 Low
16 64 727 T2aN0 52 2 1 3 10.0 0.4–1.0 Intermediate

17 66 699 T2cN0 21 5 1 4 8.3 .1.0 High

18 77 452 T2aN0 115 2 1 4 7.0 0.4–1.0 Low

19 63 681 T2aN0 50 3 1 2 14.0 ,0.4 Intermediate
20 66 691 T2aN0 40 3 1 4 5.9 0.4–1.0 Intermediate

21 73 687 T2cN0 29 4 1 4 3.1 .1.0 High

Mean 63.9 643 41 10.1
SD 8.27 79 25 6.8

FIGURE 1. Prostate cancer metabolic activ-
ity in dominant lobe expressed as CCP/C

maximum and CCP/C average on 1H-MRS

(A) and SUV maximum and SUV 60% on
11C-acetate PET/CT (B) shows no significant
differences between groups with higher and

lower Gleason scores. avg 5 average; max 5
maximum.
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5.56 1.1 and 3.96 0.9, respectively. No statistically signifi-
cant differences were observed between mean SUV maxi-
mum and mean SUV 60% in either the group with a lower
Gleason score or the group with a higher Gleason score, with
P values of 0.97 and 0.98, respectively (Fig. 1B).

11C-acetate uptake and mean CCP/C maximum and
mean CCP/C average in all patient groups are summarized
in Table 3. SUVs and CCP/C values in patients representing
different risk groups and PSA velocity did not differ sig-
nificantly (Figs. 2 and 3). Likewise, neither SUV nor CCP/
C correlated significantly with the baseline serum PSA
level.

Diagnostic Accuracy of PET/CT and MRI

Biopsy samples contained cancer in a total of 35 lobes
(83%), and only 7 lobes were free of cancer, suggesting, but
not confirming, unilateral disease in 7 patients. On the basis
of visual analysis of 11C-acetate PET/CT findings, 33 lobes
were considered as positive and 9 lobes as negative. Of
these, 28 were true-positive and 2 true-negative, yielding
a sensitivity, specificity, and accuracy of 80%, 29%, and
71%, respectively, for 11C-acetate PET/CT on a lobar basis.
Visual analysis of MR images revealed 36 positive and 6
negative lobes, of which 31 were true-positive and 2 true-
negative. Visual analysis resulted in a sensitivity, specific-
ity, and accuracy of 89%, 29%, and 79%, respectively.
The visual analysis of 11C-acetate PET/CT on a sextant

level was more specific but less sensitive than based on
biopsy evaluation. From a total of 48 sextants at pathologic
analysis, 22 (46%) were positive for cancer and 26 were
negative. On 11C-acetate PET/CT, 24 sextants were positive
and 24 negative, with 14 true-positive and 16 true-negative,
respectively. This resulted in sensitivity, specificity, and
accuracy of 64%, 62%, and 63%, respectively, for PET/
CT. On the basis of visual analysis of MRI data, 20 sextants
were considered positive and 28 sextants negative, of which
12 were true-positive and 18 true-negative. These numbers
resulted in a sensitivity, specificity, and accuracy of 55%,
69%, and 63%, respectively.

DISCUSSION

The current study is the first, to our knowledge, to
prospectively assess the accuracy and applicability of 11C-
acetate PET/CT for the detection of aggressiveness of local-
ized prostate cancer in patients whose diagnosis is based

mainly on biopsy after PSA screening in an asymptomatic
phase. It has been suggested that the dominant lobe (con-
taining the index lesion) determines the aggressiveness of
the disease (21). For newer radiotherapy techniques such as
high-dose-rate brachytherapy or biologically guided radio-
therapy, determining the dominant lobe would be of utmost
importance. Therefore, it is of clinical importance to study
whether imaging helps find this dominant (index) lesion.

We found that 11C-acetate PET/CT—although providing
a reasonable clinical tool for visual detection of prostate
cancer in our patient population with localized disease—
did not provide information on cancer aggressiveness. The
inability of 11C-acetate PET to detect prostate cancer
aggressiveness may be explained by increased uptake in
noncancerous tissue such as hyperplastic and inflamed tis-
sue. Kato et al. (18) were the first to report no statistical
difference in 11C-acetate SUVs between prostate cancer
and benign prostatic hyperplasia. However, their initial
study consisted only of 6 patients with histologically con-
firmed prostate cancer.

The first study suggesting the value of 11C-acetate in
prostate cancer imaging (22) showed that 11C-acetate had
higher sensitivity than 18F-FDG in primary tumor evalua-
tion. When we combined our findings with data from
Oyama et al. (22) and Kato et al. (18), we concluded that
individual measurements of SUV on 11C-acetate PET or
PET/CT, especially for a low likelihood of cancer, are not
useful for primary diagnosis. However, our finding does not
necessarily rule out metabolic imaging with 11C-acetate in
the setting of staging (17).

In the literature, there currently is no consensus about the
use of 1H-MRS for prostate cancer detection (3–5). We
quantitatively analyzed all voxels containing prostatic tis-
sue, eliminating the investigator-dependent variations. In
addition, a standardized quality control rule was used for
the fit of each individual spectrum. Three patients were
excluded from the 1H-MRS analysis because of the low
quality of the obtained spectra. In the current study, we
chose to select relevant and high-quality 1H-MRS spectra
for correlation with 11C-acetate and pathologic findings by
including only data with a %SD for choline 1 creatine 1
polyamines and citrate of 20% or lower, in contrast to other
studies that selected data on the basis of signal-to-noise
ratio alone (23). The rationale for our choice was 2-fold:
the selection based on %SD could be automated for each

TABLE 3
Relationship Between Pretreatment Prognostic Factors, 11C-Acetate PET/CT, and 1H-MRS

Prognostic factor

PSA velocity (ng/mL/y) Clinical risk group

,0.4 0.4–1.0 .1.0 1 2 3

SUV maximum 5.6 6 1.3 6.6 6 3.2 5.6 6 1.2 5.1 6 1.1 6.4 6 2.7 6.1 6 1.1

SUV 60% 3.6 6 0.8 3.9 6 1.2 3.6 6 0.7 3.3 6 0.6 4.0 6 1.0 3.9 6 0.7

CCP/C maximum 1.52 6 0.48 1.37 6 0.10 1.72 6 0.41 1.41 6 0.32 1.77 6 0.43 1.43 6 0.37

CCP/C average 0.70 6 0.09 0.76 6 0.20 0.88 6 0.27 0.73 6 0.22 0.85 6 0.22 0.78 6 0.23
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metabolite in each individual voxel using the LCModel
table output, thus avoiding human error, and we found that
in our current dataset this method best excluded outlier
values resulting in unrealistically high (23) CCP/C ratios
due to unreliably detected concentrations of citrate. How-
ever, we included only metabolites and resulting ratios with
sufficient concentration, because %SD depends on metab-
olite concentration (19); therefore, we may have potentially
excluded some voxels with low concentrations of metabo-
lites. In several sextants, we were unable to detect good-
quality voxels, significantly decreasing the reliability of
cancer detection. As previously stated, all 1H-MRS data
in our study were obtained without an endorectal coil. In
addition to dramatically increased patient comfort, the pro-
tocol we applied also allowed for the use of the obtained
anatomic MRI information in radiotherapy planning,
because deformation of local prostate anatomy caused by
endorectal coils is avoided (24).
Visual analysis of contrast-enhanced MRI and PET/CT

had the same agreement with cancer laterality based on
biopsy results: 71%. Nevertheless, some tumor lesions were
detected solely by 11C-acetate PET/CT and 1H-MRS (Fig.
4). In a similar study (25) in which laterality of the primary
prostate cancer lesion was determined by single-voxel 1H-
MRS and SUV maximum of 11C-choline PET, the agree-
ment with pathology findings was 50% on 1H-MRS and
81% on PET. However, this study by Yamaguchi et al.

(25) was limited by the lack of exact anatomic localization
of observed 11C-choline uptake, because of missing image
fusion with CT or MRI. Moreover, single-voxel 1H-MRS,
covering partly 1 lobe of the prostate gland at a time, was
performed in contrast to multivoxel 1H-MRS, which covers
the entire prostate gland in a single scan in the current
study. The major limitation of our study, in turn, is the small
number of patients (38%) with detailed histologic informa-
tion from prostatectomy specimens.

Detection of cancer and the dominant lobe based on
visual analysis alone was better than quantitative interpre-
tation (SUV) of 11C-acetate PET/CT data. The superiority
of visual interpretation may be due to the shape and pre-
sentation of 11C-acetate hot spots, which, in the case
of cancer, tend to be more distinct and to localize in
the peripheral region, as opposed to the more diffuse and
symmetric centralized uptake in the case of hyperplasia.
This difference in uptake pattern demonstrates the limita-
tions of the sole use of SUV in clinical decision making and
stresses the need for a highly experienced 11C-acetate PET
reader.

CONCLUSION

Our study indicates that quantitative analysis of prostate
cancer metabolism with 11C-acetate PET and 1H-MRS does
not correlate with prostate cancer aggressiveness. 11C-acetate
PET/CT and MRI detect prostate cancer laterality with com-

FIGURE 2. Quantitative 1H-MRS (A) and
11C acetate PET/CT (B) show no significant
difference between pretreatment risk

groups. avg 5 average; max 5 maximum.

FIGURE 3. Quantitative 1H-MRS (A) and
11C acetate PET/CT (B) show no difference

between patients with low (,0.4 ng/mL/y),
intermediate (0.4–1.0 ng/mL/y), or high

(.1.0 ng/mL/y) PSA velocity. avg 5 aver-

age; max 5 maximum.
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parable but limited accuracy. Finally, our study does not lend
support to the use of 11C-acetate PET/CT in the primary
diagnosis of prostate cancer suspected on PSA screening.
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