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Abstract

Purpose: Identification of osseous metastatic prostate adenocarcinoma (PCa) is traditionally based on bone
scan and computerized tomography (CT) imaging. Positron emission tomography (PET) has been investigated to
improve detection of metastatic disease. Given the high number of false positive and false negative results with
18-fluorodeoxyglucose (18F-FDG) PET, novel tracers including 11C-Choline have been investigated for earlier
identification metastatic disease. We present a prospective pilot study comparing 11C-Choline PET/CT against
traditional bone scan in detecting osseous metastases in newly diagnosed high risk PCa.

Methods: High-risk PCa patients underwent a standard initial workup: H&P, transrectal US-guided biopsy, PSA
evaluation, CT scan, and bone scan. An experimental 11C-Choline PET/CT scan served to evaluate the extent of
disease and predict for occult metastases. Pre-treatment bone scan and 11C-Choline PET/CT interpretations were
compared with follow-up imaging, PSA, and clinical assessments to determine the predictive value of pre-treatment
11C-Choline imaging and overall outcomes.

Results: Nine patients were successfully enrolled with 11C-Choline PET imaging during the initial workup. Three
patients had evidence of osseous metastases on both CT and bone scans. Two of three patients had clinical findings
consistent with their imaging, with all three patients exhibiting baseline PSA levels >50. Of the three patients deemed
metastatic by conventional radiography, only two of the three corresponding 11C-Choline PET/CT images were
in agreement with conventional imaging. The final patient had a negative 11C-Choline study with a T10 sclerotic
focus on conventional imaging that was unchanged in follow-up scans despite post-treatment biochemical failure.
A fourth patient without evidence of osseous metastatic disease on conventional scans demonstrated a positive
11C-Choline PET/CT scan on initial workup. In follow-up, the patient had evidence of diffuse osseous metastatic
disease visualized on conventional imaging.

Conclusion: In this limited prospective series, our results suggest an increased sensitivity of 11C-Choline PET/

CT in identifying active lytic lesions and true bony metastasis.
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Introduction

Prostate cancer is the most common cancer among men and the
second most common cause of cancer death among men in the United
States [1]. In 2013, estimates project over 238,000 men will be diagnosed
with adenocarcinoma of the prostate (PCa) and approximately 30,000
will die of their disease. Patients with high risk prostate cancer are at
increased risk for metastatic disease. Traditionally, identification of
metastatic disease is based on findings on bone scan and a computerized
tomography (CT) scan of the pelvis, both of which are insensitive
studies for detection of metastatic prostate cancer [2].

Adenocarcinoma of the prostate continues to be a significant health
problem in the United States. Treatment of localized prostate cancer
includes surgery, radiation therapy, hormonal therapy or a combination
of these modalities with the intent of cure [2]. Metastatic prostate
cancer is typically treated with hormonal therapy and radiation only
for symptom palliation. Despite advances in freedom from prostate
specific antigen (PSA) failure [3-6], little progress has been made in
improving survival among high risk prostate cancer patients [7]. One
hindrance to the development of effective therapies is insensitive and
inaccurate staging studies [8]. A significant portion of patients may be
treated with curative intent when micrometastatic disease is present
and not detected on current imaging studies, including bone scan and
CT scan. Patients with micrometastatic disease may undergo aggressive
local therapy when systemic therapy would be more appropriate.

Molecular imaging approaches including positron emission
tomography (PET) have been investigated to improve the detection of
metastatic disease in patients presenting with prostate cancer [9]. Initial
results with 18-fluorodeoxyglucose (18F-FDG) PET demonstrated
discouraging outcomes including a high number of false positives and
false negatives with failure to distinguish between cancer and benign
hyperplasia, and high urinary excretion and bladder concentration
limiting its application in imaging of the prostate and pelvic lymph
nodes [10,11]. The results of the 18-FDG PET studies have led to the
evaluation of other tracers including 11C-Choline.

Choline is a critical molecule in phospholipid metabolism,
transmembrane signaling, and lipid transport and metabolism [12].
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Intracellular choline is phosphorylated to phosphoryl choline by the
enzyme choline kinase. Phosphoryl choline is then trapped within
the cell. Prior investigations have demonstrated increased phosphoryl
choline as well as increased choline kinase activity in prostate cancer
cells relative to normal prostatic tissue [13]. Thus, the integration of
radiolabeled choline into prostate cancer cell membranes serves as an
attractive imaging possibility. The advantages of 11C-Choline over 18-
FDG include a shorter half life and minimal urinary excretion [14].

The primary goal of this pilot study was to evaluate the sensitivity
and specificity of PET/CT with 11C-Choline compared to bone scan
in detecting osseous metastases in newly diagnosed high risk prostate
cancer patients. The PET/CT findings were correlated with standard
imaging findings including CT of the abdomen and pelvis and bone
scan. Positive findings on PET/CT were then biopsied when feasible.
Ultimately, we aimed to determine whether the presence of 11C-Choline
PET/CT positivity in a population at high risk for metastatic disease
was accurate for determining occult metastatic disease not discerned
on conventional imaging.

Materials and Methods
Patient eligibility

Eligible patients were 30 years of age or older with histologically
confirmed adenocarcinoma of the prostate. Only patients with high risk
disease defined as PSA > 20 or Gleason > 8 or digital rectal examination
revealing > T2c (tumor involving more than one half of one lobe of the
prostate), were included. Patients were not allowed to have received
prior radiation therapy, hormonal therapy, surgery or cryotherapy for
their prostate cancer. Patients with any prior treatment (other than
biopsy) were excluded from the study. Furthermore, patients with a
prior diagnosis of any cancer in the last 5 years except non-melanoma
skin cancer were excluded, and patients with poorly controlled diabetes
were also excluded. Eligible patients were able to tolerate IV and oral
contrast in addition to 11C-PET, CT, and bone scan imaging. Patients
agreed to undergo biopsy in the case of positive findings on 11C-PET/
CT, CT, or bone scan. All patients were consented and the study was
IRB approved.

Patient evaluation

Within 6 weeks prior to registration, eligible patients underwent a
workup that included a history/physical examination including digital
rectal examination, transrectal ultrasound guided biopsy, and PSA
evaluation. As normal standard of care, patients underwent evaluation
including a CT scan with IV contrast and a bone scan. These scans were
performed pre- or post-enrollment. Any abnormality suspicious for
metastatic disease underwent biopsy.

Pathologic specimen

All pathology specimens were reviewed by board certified
pathologists and evaluated for Gleason score, prostatic intraepithelial
neoplasia, perineural invasion and lymphovascular space invasion.
Biopsies performed outside of the sponsoring institution were reviewed
by our institutional pathologists.

Participant preparation

Participants fasted for a minimum of 4 hours prior to injection of
11C-Choline. 11C-Choline was synthesized and prepared in accordance
with Wake Forest PET Center’s standard procedures. Briefly,
11C-Choline was synthesized from N-N’-dimethylethanolamine and
11C-methyl triflate at the molecular imaging and ligand development

laboratory of Wake Forest Baptist Medical Center PET research
laboratory as described previously by Hara et al. [15].

11C-choline PET-CT scan

All 11C-Choline CT PET/CT scanning was performed on a GE
Health care ST-8-PET/CT simulator located in the Department of
Radiation Oncology, Outpatient Comprehensive Cancer Center. This
PET/CT scanner has 8 slice helical CT scanning, flat carbon-fiber table
with indexing, CT-based attenuation correction, 10,080 BGO PET
crystal detectors, 2D and 3D PET acquisition, and a laser positioning
system. PET scanning in the PET Research Center was performed on a
GE Healthcare NXi PET Scanner. No PET scans were performed at an
outside institution.

After acquiring the transmission scan, 15 mCi 11C-choline was
administered intravenously as a bolus. The emission scans were
acquired 5 min after the tracer injection starting over the prostate
region and continued over the lower abdominal region and the whole
body with 7 min per bed position and for 30 min of total acquisition
time. The imaging field of view of the scanner is 55 cm in diameter and
15.2 cm in axial length.

CT-Attenuation corrected images from PET/CT scan were
obtained using an iterative reconstruction algorithm (OSEM) with
two iteration and 28 subsets, loop filter 4.30 mm full width at half max
(FWHM) and post reconstruction filter 6.0 mm FWHM.

Imaging interpretation

Interpretation of the CT of the Abdomen and Pelvis was performed
by a board certified radiologist. Bone scan and 11C-Choline PET/
CT interpretation were also performed by a board certified nuclear
medicine physician blinded to the results of the other studies.

Visual assessments were used to interpret the PET/CT findings as
positive or negative at baseline. Abnormal (positive) choline tumor
uptake using visual assessment were defined as any focal or diffuse
choline uptake above background that is incompatible with normal
anatomy. To objectively assess the degree of 11C-Choline uptake, a
semi-quantitative approach using the SUV (standard uptake value)
was employed.

SUV is the ratio of activity in a tissue (in pCi/ml) divided by
the decay corrected activity injected into the patient (in pCi/g). The
resultant number is almost unitless (actually g/ml) and is a crude
measure of degree of uptake of choline into the tissue. The decision
to utilize the SUV method is based on a number of factors-most
importantly this method does not require blood sampling and has
been found to be highly reproducible (mean difference between two
measurements performed within 1-week intervals was 10%), further
supporting its use in serial semiquantitative analysis in 11C- choline
PET/CT [16]. Injected activity was measured in a dose calibrator,
corrected for residual activity in the syringe after injection, and decay
corrected to time of injection. The SUV’s obtained were not corrected
for body-surface area or other measure of patient size/shape.

The primary reasons for determining the SUV’s on the baseline
11C-choline PET/CT is to establish the area of uptake is choline-avid
by visual interpretation and that the tumor-to-background SUV max
is 2 1.5. For the purpose of this calculation, a tight background ROI
with a width of about 2.0 cm was drawn surrounding the lesion except
for areas of increased physiologic activity (bowel, liver, spleen, heart)-
in which the background ROI will include this normal organ activity.
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For the purposes of this study, the relevant SUVs for calculation
and reporting were the “peak SUV” and “max SUV” within the tumor
volume. These were determined by the nuclear medicine physician
visually identifying the region or regions on the PET images that
qualitatively appear to have the most intense 11C-Choline uptake and
correspond to known tumor based on other data (such as a CT scan).
Both the peak SUV and the max SUV were calculated and reported
because they each have advantages and disadvantages. Specifically,
the peak SUV is less prone to “noise bias” then the max SUV [17].
However, peak SUV is more difficult to measure, especially for some
PET software systems, and thus the max SUV may have a better inter-
observer reliability.

For peak SUV determination, a circular region of interest (ROI)
0.75-1.5 cm in diameter centered on the maximum-value pixel will
be drawn, and the manufacturer’s algorithm was used to calculate the
mean SUV within this ROJ; this value was reported as the peak SUV.

Treatment

No treatment decisions were made on the results of the 11C-choline
PET/CT scan alone. If an abnormality was only seen on 11C-Choline
PET/CT and the biopsy was negative for metastatic disease, the patient
was treated definitively with radiation and hormonal therapy. If a
biopsy was positive for metastatic disease in a draining lymph node
region, the patient was treated definitively with radiation therapy and
hormonal therapy. If a biopsy was positive for metastatic disease in any
other site, the patient received hormonal therapy alone.

Draining lymph node regions that were positive by CT or PET/CT
were included in the radiotherapy portals unless in the judgment of the
radiation oncologist, this made the portals excessively large and unsafe.
Local regional areas that were equivocal by PET/CT may or may not
be included in the radiotherapy portals. The clinical judgment of the
radiation oncologist was used in evaluating these areas.

Results

Nine patients with high risk disease underwent 11C-Choline PET/
CT imaging along with their initial imaging workup. Of the nine
patients imaged, three had radiographic evidence of osseous metastatic
disease on both CT scan and corresponding nuclear medicine bone
scan. Two of the three patients presented with complaints of back
pain with all three patients with baseline PSA levels >50. Of the three
patients deemed metastatic by conventional radiographic methods,
only two of the three corresponding 11C-Choline PET/CT images
were compatible with conventional methods. The one patient who did
not have complementary CT/Bone Scan and 11C-Choline PET/CT
scans, had a negative C-11 image with a T10 focus identified on CT
and bone scan at presentation. On follow-up imaging, that patient had
stable appearance of his T10 sclerotic focus despite laboratory values
consistent with post-treatment biochemical failure. Patient outcomes
are depicted in Figure 1.

An additional patient was deemed to be without evidence of
osseous metastatic disease by conventional methods, with a positive
11C-Choline PET/CT scan identifying 6 separate osseous metastatic
sites, including involvement of the skull, spine, upper and lower
extremities, left pubic symphysis and right ischium (Figures 2a and
2b). The patient was found to have PSA levels >50 and pathologically
confirmed pelvic LN disease on initial workup. His follow-up imaging
5 months after initial diagnosis was then remarkable for a bone scan
demonstrating new regions of increased bony uptake involving the
right hemipelvis (including the right iliac crest, right sacroiliac joint
and right sacrum). A Cervical and Thoracic Spine MRI performed
9 months after his initial presentation ultimately identified diffuse
osseous metastasis within the spine.

Discussion and Conclusion

The extent of osseous metastatic disease is an independent
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Figure 2: Computed Tomography vs. 11C-Choline

Osseous metastases in the pubic symphysis in 11C-Choline study, but absent
on conventional imaging (CT scan shown, bone scan image unavailable).
Follow-up bone scan demonstrated new areas of osseous involvement (image
unavailable).

prognostic factor in evaluating newly diagnosed advanced prostate
cancer [18,19]. The accuracy of FDG-PET in the diagnosis of metastatic
prostate cancer has been put into question for several reasons. Aside
from the known limitations of visualizing localized prostate cancer
[inability to distinguish between benign hypertrophy and tumor and
difficulty visualizing due to artifact from the bladder], prostate cancer
may have low FDG uptake due to its slower metabolic rate as compared
to other malignancies. Given the natural history of prostate cancer and
its known low FDG avidity on PET scan, there has been a movement to
identify new technologies that can better delineate metastatic lesions,
which has culminated in several publications investigating the role of
C-11 labeled imaging in prostate cancer diagnosis and staging [20-25].
There is also a growing collection of reported data supporting the use
of 11C Choline PET/CT imaging in assessing androgen suppression
therapy response in prostate cancer patients [20,24].

In a study with 26 patients with pathologically proven PCa, Reske
et al. reported that 11C-Choline PET/CT demonstrated a sensitivity,
specificity, and accuracy of 81%, 87%, and 84%, respectively [26].
Investigators have also reported the utility of radiolabeled choline in
the evaluation of patients with rising PSA after prostatectomy [27]. The
data on 11C-Choline in the evaluation of bony metastatic disease is
less robust but encouraging [9,28]. In one reported series by Scher et
al., 11C-Choline identified osseous metastases in 5 out of 6 patients
with metastatic lesions confirmed by bone scintigraphy [29]. A more
recent study of 45 patients by Tuncel et al. demonstrated the use of
11C-Choline PET/CT in the identification of 44 malignant bone lesions
from a total of 61 consensus osseous lesions [30].

In 2005, Farsad et al. reviewed the results of 11C-choline PET/
CT scans in 36 patients with prostate cancer and of 5 control subjects
with bladder cancer. Results suggested that 11C-Choline PET could be
used to detect cancer foci within the prostate, however, with a high
false-negative rate and no clear way to delineate between uptake from
malignancy versus benign prostatic disorders that also accumulated
the tracer [31,32]. In 2008, an Italian prospective study involving 19
patients failed to show significant correlations between SUV max and
PSA levels, Gleason score or pathologic stage. However, it did suggest
a negative correlation between SUV and anti-androgenic therapy in
both univariate and multivariate analysis [20]. Data in the biochemical
recurrence setting has suggested a possible correlate between PSA
levels and PSA kinetics following initial therapy [33,34]. There was
also a recent 2012 prospective study investigating 11C-Choline PET/
CT and bone scan in 78 patients with biochemical progression [35].
The data from Picchio et al. suggested a higher specificity, although
lower sensitivity of 11C-Choline PET/CT imaging when compared
to bone scan [35]. The authors hypothesized that due to its high
positive predictive value, 11C-Choline could potentially predict for
the presence of bone metastases at even lower-end PSA values. More
recently, Beheshti et al. has shown promising results with F-18 Fluoro
Choline PET/CT, suggesting a sensitivity, specificity, and accuracy in
detecting bone metastases from prostate cancer of 79%, 97%, and 84%,
respectively [36].

In this current study investigating 11C-Choline PET imaging,
we have prospectively followed patients with sufficient follow-up
to validate observed changes seen on imaging. We observed similar
radiographic results to Beheshti et al. when compared to conventional
methods in two of the four patients with positive findings on imaging
[36]. There was one patient who had a negative 11C-Choline study with
positive bone scan for a sclerotic T10 lesion that remained unchanged
on subsequent imaging. Another patient was found to have a positive
11C-Choline PET study with no findings on conventional imaging.
In follow-up, the patient was found to be metastatic with diffuse
osseous metastasis on bone scan and MRI>5 months after his initial
11C-Choline PET/CT scan. These observations suggest an increased
sensitivity of C-11 Choline PET/CT, although limited because of the
size of our patient series. Nevertheless, while no definitive conclusions
can be made from the limited number of observations in this series, we
find our results to be encouraging regarding the utility of C-11 PET/CT
in the early detection of osseous metastases in prostate cancer patients.

When reviewing our limited prospective institutional data with
the growing retrospective and prospective literature, these findings
add support to the recent FDA approval for 11C-Choline PET for
the detection of potential sites of prostate recurrence for subsequent
histologic confirmation. Early detection of metastatic disease may
allow intervention with more aggressive systemic treatments that could
improve outcomes for individual patients while sparing some patients
from potentially morbid local therapy when systemic therapy is more
appropriate. This series provides clinicians with additional evidence
to support the use of C-11 Choline PET/CT for the detection of early
osseous metastatic disease in newly diagnosed prostate cancer patients.
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