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Abstract
A rising prostate specific antigen (PSA) after definitive therapy possess a
significant problem, as it represents a large group of prostate cancer patients.
These patients with “biochemical relapse” often have the absence of
sufficiently detectable disease on standard imaging studies, thereby limiting
treatment options. C11-Acetate PET/CT is showing usefulness in these
patients by identifying the area(s) of recurrence or metastatic disease, allowing
selection of those patients potentially amenable to additional focal surgical
treatment, radiation or cryotherapy. Our experience in 618 patients imaged
with C11-Acetate PET/CT is presented. The study represents the largest single
site evaluation of C11-Acetate PET/CT imaging for prostate cancer in North
America to date. Presented here are case examples, imaging technique,
analysis of detection rates, PSA kinetics and comparison to PET/CT with
other tracers (FDG and C11-Choline).

618 patients with biochemical relapse were imaged with C11-Acetate
PET/CT. 576 patients prospectively enrolled in this evaluation had a rising
PSA for which doubling time and velocity could be calculated (mean PSA,
6.08; median, 2.69; range, 0.14 - 148). In 124 patients, the PSA was <= 1.0
ng/mL (mean, 0.62; median 0.61). Prior definitive treatment varied and
included prostatectomy [PR] (155), external beam radiation or brachytherapy
[RT] (215), RP + RT (180), ADT (14), Cryotherapy (6), HIFU (5). Chisquares, 2-sample t tests, and logistic regression analysis were used to
determine whether there was a relationship between PSA levels, PSA kinetics
and the rate of detection of the site of relapse. Correlation to biopsy,
subsequent imaging or PSA response to focal treatment with RT or
Cryotherapy was also performed.

Results

Prostate cancer is the second most common cancer in American men with
the American Cancer Society 2015 estimates for prostate cancer of about
220,800 new cases of prostate cancer diagnosed and 27,540 deaths from
prostate cancer. About 1 man in 6 will be diagnosed with prostate cancer
during his lifetime and death from prostate cancer in American men lags only
behind lung cancer

Over the past few years, novel PET tracers have been introduced to assist
with the evaluation of prostate adenocarcinoma. In addition to C11-choline
and F18-choline, C11-Acetate (AC) appears to be highly promising. Various
groups have tested the potential of AC PET imaging in prostate
adenocarcinoma 14-20 providing encouraging results. We evaluated the
performance of AC PET/CT at our institution in men with biochemical
recurrence after definitive treatment.

Methods
The study was approved by our institutional review board for all patients
undergoing C11-Acetate PET/CT imaging at our institution. Male patients
with histologically proven prostate adenocarcinoma and biochemical
recurrence (BCR) were imaged. [C-11]CO2 gas was produced from the
cyclotron (PETtrace series 800, General Electric) and reacted with
methylmagnesium bromide to produce C11-Acetate. Our typical yield of C11Acetate is 1.4 Curies with a total synthesis time of 10 minutes.
C11-Acetate PET/CT imaging was performed on an integrated PET/CT
scanner (Siemans Biograph 6 TruePoint or Biograph 16; Malvern, PA USA).
Patients were positioned on the camera and then 740-1480 MBq C11-Acetate
(half-life 20.4 minutes) was administered as a bolus intravenous injection. A
CT topogram was obtained from the vertex through the pelvis. On the basis of
the topogram, the tube current for the CT scan was adjusted utilizing a Care
doseTM application to minimize exposure. The tube voltage was 130 kVp.
After the CT scan, emission images beginning at the pelvis and proceeding
cranially were obtained (3 to 7 minutes post injection, mean 4.25). Images
were reconstructed with iterative reconstruction (2 iterations, 8 subsets, matrix
168, Gaussian filter). The administration of C11-Acetate was well tolerated by
all patients and no adverse events were encountered.

PSA velocity was not found to be a significant predictor of positivity. PSA
doubling time was only found to be significantly correlated with a positive
scan when the PSA was <1.0 ng/mL. A doubling time of <3.8 months
appeared significant (P<0.05) as an optimal cutoff point with 88% sensitivity.
True positive scan findings could be correlated (non-overlapping) in 291
studies. Positive correlation was found by biopsy in 74 of 85 studies,
subsequent imaging in 120 of 130, or significant PSA response to focal
treatment with RT or Cryotherapy in 67 of 76, yielding a combined PPV of
90%.

Introduction

Regardless of the type of primary treatment, a significant proportion of
patients will experience relapse of prostate adenocarcinoma, occurring
approximately 35% after radical prostatectomy 1,2 and up to 40% after external
beam radiotherapy. 3-5 In these patients evidence of residual or recurrent
disease is heralded by detectable or increasing serum prostate-specific antigen
(PSA) 6-11, with many of these patients demonstrating no or minimal evidence
of disease on standard imaging studies such as MRI, CT, ultrasound and
technetium bone scans - also referred to as “biochemical relapse” (BCR).
Subsequent treatment decisions rely critically on distinguishing between locoregional relapse in the prostate bed and adjacent soft tissues, loco-regional
relapse in lymph nodes, and distant metastases. Imaging with F-18
fluorodeoxyglucose (FDG) positron emission tomography (PET) is successful
in most malignant diseases, but does not appear useful for prostate
adenocarcinoma, primarily because prostate adenocarcinoma does not
routinely exhibit a glycolytic phenotype. 12, 13 Additionally, FDG tracer
excretion through the kidneys into the bladder significantly obscures
evaluation of the prostate bed.

Detected lesions were defined as moderate to intense focal areas of
increased metabolic activity over background in the prostate, prostatic bed,
nodes and bone. Equivocal studies were considered as negative in this
analysis. 87% of the 576 C11-Acetate PET/CT scans were considered
positive. There was a statistically significant difference in PSA values between
the positive and negative scans (P<0.001 for mean difference). The percentage
of positive scans and PSA value had a positive correlation. Logistic regression
and ROC analysis demonstrated that a PSA of 0.98 ng/mL was an optimal
cutoff point with a sensitivity of 87% (AUC 0.918).

Case 1: RP 11 years prior (Gs 8, PSA 4.0, T2b). Nadir <0.1ng/mL. Rising
PSA, 3.3 ng/mL, dT 10.9 Months. C11-Acetate PET/CT showed a metabolic
focus in mid/right prostate bed. No foci elsewhere. Patient underwent salvage
EBRT. PSA decreased to 1.1ng/mL at follow up.

Case 2: Gs 6, PSA 5.5. Brachytherapy and EBRT 13 years previously, nadir
0.16ng/mL. PSA was 2.17ng/mL, dT 13.5 months. Imaging showed a single 1
cm metabolic proximal left external iliac node. The patient underwent bilateral
lymph node dissection w/ 13 nodes removed. One positive was found on
histology on the left - the node seen on C11-Acetate PET. No other treatment.
PSA decreased to <0.1ng/mL on follow up.

Case 3: Gs 8, RP and subsequent prostate bed salvage RT 1 year previously.
Rising PSA. 0.33 ng/mL, dT 1.5 months. Imaging showed a single 0.5cm
metabolic node in the left internal iliac region. Patient underwent additional
EBRT just to the C11-Acetate positive region. PSA decreased to <0.1 ng/mL
at follow up.
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C11-Acetate appears superior to C11-Choline. The overall detection rate for
cancer recurrence or metastatic disease with C11-Acetate (87%) has been 13%
higher than that reported for C11-Choline (74% - as reported by Mitchell et.al
29. Lesion detection at lower PSA levels (<1.0ng/mL) are of particular clinical
interest. It is at this low range where many treatment decisions are made, such
as otherwise “blind” radiation to the prostate bed or initiation of hormone
therapy. C11-Choline performance in this range is poor, with a detection rate of
only 44%, with C11-Choline therefore generally not recommended when the
PSA is less than 1.5-2.0 ng/mL. C11-Acetate performance in this low PSA
range on the other hand is significantly higher with a detection rate of 74%.
Additionally, when performed in the context of a low doubling time (<3
months), the detection rate for C11-Acetate in this low PSA range is excellent,
at 94%.

Conclusions
C11-Acetate PET/CT appears to have a high overall detection rate for the
site of recurrence/metastasis in biochemical relapsed prostate cancer (87%
overall detection rate, PPV 90%). In this large series of patients our analysis
suggests a PSA threshold of >0.98 ng/mL or a PSA doubling time of <3.8
months when the PSA is below 1.0 as independent predictors of positive
findings. These findings can be used to improve the selection of patients for
C11-Acetate PET/CT scanning and increase the detection rates of the site of
relapse. Particularly evident in this patient population is the high detection of
locally recurrent and intra-pelvic nodal disease (58%) which may be amenable
to additional focal therapy with a curative intent. The detection rate of C11Acetate PET/CT is significantly superior to FDG PET/CT and appears to be
generally superior to C11 choline PET/CT, particularly in the low PSA ranges.
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Prior studies have demonstrated a wide range of detection rates with C11Acetate PET. When reviewed in context of technique, timing of imaging after
injection (shorter being preferred), and PSA, generally good detection rates
are seen, comparable to our study.
Comparison of C11-Acetate and FDG PET/CT imaging

In a comparison study in 18 men with biochemically recurrent prostate
adenocarcinoma and negative conventional imaging 13, the detection rate for
C11-Acetate was 78% while that for FDG was 11%. In the above example, the
patient was Gs 7, EBRT 11 years previously with a rising PSA 11.15 ng/mL.
The top images show the C11-Acetate PET with a metabolic focus in right
ilium (SUVmax 9.1) and a small right pelvic node. The lower images show the
FDG PET in the same patient performed within a week. On the FDG study the
lesion in the right ilium is minimally apparent (SUVmax 2.2) and the node in
right pelvis is negative for FDG activity above background.
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