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The objective of this study was to explore the ability of the initial
Gleason score (GS) to predict the rate of detection of recurrent prostate
cancer (PCa) with '8F-choline PET/CT in a large cohort of patients.
Methods: Data from 1,000 patients who had undergone '8F-choline
PET/CT because of biochemical evidence of relapse of PCa between
2004 and 2013 were retrieved from databases at 4 centers. Continuous
data were compared by the Student t test or ANOVA, and categoric
variables were compared by the X2 test. Univariable and multivariable
analyses were performed by logistic regression. Results: The GS at
diagnosis was less than or equal to 6 in 257 patients, 7 in 347 patients,
and greater than 7 in 396 patients. The results of 645 PET/CT scans
were positive for PCa recurrence. Eighty-one percent of the positive
PET/CT results were found in patients with a PSA level of greater than
or equal to 2 ng/mL, 43% were found in patients with a PSA level of 1-2
ng/mL, and 31% were found in patients with a PSA level of less than or
equal to 1 ng/mL; 78.8% of patients with positive PET/CT results had
a GS of greater than 7. The results of '8F-choline PET/CT scans were
negative in 300 patients; 44% had a GS of less than or equal to 6, 35%
had a GS of 7, and 17% had a GS of greater than 7. PET/CT results were
rated as doubtful in only 5.5% of patients (median PSA, 1.8 ng/mL).
When the GS was greater than 7, the rates of detection of 8F-choline
PET/CT were 51%, 65%, and 91% for a PSA level of less than 1 ng/mL,
1-2 ng/mL, and greater than 2 ng/mL, respectively. In univariable
and multivariable analyses, both a GS of 7 and a GS of greater than 7
were independent predictors for positive 18F-choline PET/CT results
(odds ratios, 0.226 and 0.330, respectively; P values for both, <0.001).
Conclusion: A high GS at diagnosis is a strong predictive factor for
positive 8F-choline PET/CT scan results for recurrent PCa, even when
the PSA level is low (i.e., =1 ng/mL).
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Prostate cancer (PCa) remains the leading cancer in North
American and European men, with annual age-adjusted incidence
rates of 85.6 and 59.3 per 100,000, respectively (7). Despite highly
successful surgery and radiotherapy treatments, PCa relapses in up to
20%—40% of patients within 10 y of potentially curative local therapy
(2—4). This observation suggests that PCa metastasizes relatively
early in the course of the disease, probably as a result of genetic
instability, including loss of metastasis suppressor genes (5—7).
PET/CT with ''C- or '8F-choline has emerged as a powerful
tool for detecting recurrent disease in PCa patients, with a pooled
sensitivity of 85.6% (95% confidence interval, 82.9%-88.1%) (8,9).
The diagnostic performance of radiolabeled choline PET increases
with increasing prostate-specific antigen (PSA) levels, reaching
greater than 80% sensitivity in patients with a PSA level of greater
than 2-3 ng/mL (9). Moreover, the sensitivity of radiolabeled cho-
line PET is higher in patients with a higher PSA velocity (the rate at
which PSA level increases from year to year) or a shorter PSA
doubling time (9,10). However, the role of variables other than
the PSA level, such as the Gleason score (GS) at diagnosis, in
predicting positive radiolabeled choline imaging results remains
unclear. In this regard, GS is a well-established predictive risk
factor for recurrence (/7), but its value in predicting positive radio-
labeled choline PET/CT results has been reported to be less robust
than that of the trigger PSA (the PSA level before '3F/!'C-choline
PET/CT) (12,13). However, most patients evaluated in previous
reports, such as those by Giovacchini et al. (/2) and Castellucci
et al. (I3), had a low GS (6 or lower). This limitation is important
from a clinical point of view. The purpose of the present study was to
assess the ability of the initial GS to predict the rate of detection of
recurrent PCa with '3F-choline PET/CT in a large cohort of patients.

MATERIALS AND METHODS

Patients

This was a retrospective study based on patients’ files from 4 nuclear
medicine centers. Between October 2004 and June 2013, 1,359 men
underwent '8F-choline PET/CT scans because of biochemical evidence
of recurrence of PCa after potentially curative treatment (a PSA level of
=0.2 ng/mL in cases of radical prostatectomy and a PSA level above the
previous PSA nadir measured at 3 mo after external-beam radiotherapy).
Patients were included in this retrospective review if they met predefined
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inclusion criteria, including the availability of clinical information, such
as GS (for the biopsy in cases of no surgery or for the surgical speci-
men), records of current and past therapies (surgery, radiotherapy, or
systemic therapy), and serum PSA level at the time of the PET/CT scan.
Moreover, if available, PSA velocity was calculated with the formula
(PSA2 — PSA1)/A time, where PSA2 corresponds to the PSA level at
the time of PET imaging and PSA1 corresponds to the PSA level before
a A time from PSA2.

According to institutional policies, all patients had given their
informed consent for undergoing an '8F-choline PET/CT scan and for
subsequent analysis of data in an anonymized manner.

18F.Choline PET/CT Imaging

The integrated PET/CT systems used at the 4 centers were a
Discovery LS scanner (GE Healthcare) in Aviano, Italy; a Biograph 16
HT PET/CT scanner (Siemens Medical Solutions) in Padua, Italy;
a Biograph mCT PET/CT scanner (Siemens Medical Solutions) in
Ljubljana, Slovenia; and a Discovery ST8 scanner (GE Healthcare) in
Pisa, Italy. '8F-choline PET/CT included a delayed whole-body PET
scan (6-8 bed positions; 2-3 min per bed position) performed 45-60 min
after the intravenous administration of '8F-choline (IASOcholine; IASON
GmbH) at 3.0-3.5 MBg/kg and a coregistered low-dose CT whole-body
scan (140 kV; 80-120 mA) without contrast enhancement.

At each institution, 2 specialists in nuclear medicine independently
reviewed the scans by visual assessment. In particular, local relapse (LR)
was recorded in the presence of clear focal '8F-choline uptake in the pros-
tate bed; lymph nodes were considered to have positive results (N+) in the
presence of focal '8F-choline uptake corresponding to that in abdominal—
pelvic lymph nodes (including lymph nodes of <1 cm). However, weak
18F_choline uptake at the inguinal and mediastinal lymph nodes was not
considered a pathologic finding but rather was related to prevailing reactive
lymphadenitis (/4,15). Focal '8F-choline uptake in the skeleton or in soft
tissue other than lymph nodes indicated distant metastases (M+).

Doubtful recurrent disease was defined as the presence of mild '8F-
choline uptake in the skeleton without structural changes in the cor-
responding coregistered CT images; similarly, local disease was rated
as doubtful when '8F-choline uptake in the prostate bed was weak and
irregular. Doubtful interpretations were resolved by consensus between
the 2 interpreters.

18F.Choline PET/CT Diagnostic Performance

Positive '8F-choline PET/CT findings were compared with the
results of biopsy, surgery performed after PET/CT, and conventional
imaging studies (such as CT, MR imaging, or follow-up '8F-choline
PET/CT). Follow-up duration ranged from 1 to 12 mo. Positive '8F-
choline PET/CT findings were considered true-positive when any of
the following 5 criteria were met: confirmation on histology or con-
firmation on periurethral anastomosis biopsy; increase in number of
pathologic '8F-choline uptake sites or increase in uptake intensity on
follow-up PET/CT studies; confirmation on conventional imaging ei-
ther at baseline or during follow-up; disappearance or considerable
reduction of '8F-choline uptake on follow-up PET/CT scans after local
or systemic treatment; or a decrease in the PSA level after local or
systemic treatment. Negative '8F-choline PET/CT findings were con-
sidered true-negative in the absence of evidence of disease on peri-
urethral anastomosis biopsy, conventional imaging, or PET/CT during
follow-up. Sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy were calculated.

Statistical Analysis

Continuous data are presented as median and interquartile range
(IQR), and categoric data are presented as numbers and percentages.
Associations for paired samples were assessed with the 7 test or the
Mann—Whitney test for nonnormal data variables, as verified with the
Shapiro—Wilk test. An ANOVA was used for comparing 3 or more
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variables. Comparisons of dichotomized variables were performed
with the x? test or the Fisher exact test. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy were calcu-
lated by standard methods. Univariate and multivariate logistic regres-
sion analyses were performed to identify independent predictors of the
rate of detection of '8F-choline PET/CT. Variables were selected with
entry and retention set at a significance level of 0.1. Receiver operat-
ing characteristic (ROC) analysis was performed by evaluating the
area under the ROC curve to assess PSA level and GS as predictors
of positive PET/CT findings. Two-tailed P values of less than 0.05
were considered statistically significant. Statistical analysis was per-
formed with SPSS software for Windows (SPSS).

RESULTS

On the basis of the criteria described earlier, a total of 1,000
patients were included in the study (Table 1). In accordance with
National Comprehensive Cancer Network guidelines (version
2.2014; www.ncen.org/professionals/physician_gls/f_guidelines.asp),
we classified patients as being at low risk (T1 or T2; GS of =6; PSA
level of <10 ng/mL), intermediate risk (T2b or T2c; GS of 7; PSA
level of 10-20 ng/mL), high risk (T3a; GS of 8-10; PSA level of
>20 ng/mL), or very high risk (T3b or T4) or as having metastatic
disease (any T and N1; any T, any N, and M1). On the basis of these
classifications, 29 patients (2.9%) were at low risk, 59 (5.9%) were at
intermediate risk, 55 (5.5%) were at high risk, 91 (9.1%) were at very
high risk, and 73 (7.3%) had metastatic disease. Histologic data
(TNM) were available for 307 patients. At the time of PET/CT,
the median PSA level was 3.30 ng/mL (IQR, 1.15-11.0). Concerning
the GS at diagnosis, 257 patients (25.7%) had a GS of less than or
equal to 6, 347 (34.7%) had a GS of 7, and 396 (39.6%) had a GS of
greater than 7. Patients with a GS of less than or equal to 6 were at
low to intermediate risk (n = 44; 59.5%). Conversely, 41% of this
subset of patients was at high risk or had metastatic disease. As
expected, patients with a GS of greater than 7 were at high to very
high risk. Most patients with a GS of greater than 7 had received
more aggressive treatments (such as a combination of surgery and
hormonal therapy, a combination of radiotherapy and hormonal ther-
apy, or combinations of both) than patients with a GS of less than or
equal to 7. At the time of PET/CT scanning, 257 patients were receiving
hormonal therapy; 21% had a GS of less than or equal to 6, 26% had
a GS of 7, and 53% had a GS of greater than 7.

18F-Choline PET/CT Results

!8F-choline PET/CT detected PCa recurrence in 645 of the
1,000 patients, with the following distribution: LR in 275 patients,
N+ in 303, and M+ in 335. Moreover, 85 patients had both LR
and N+ findings, 136 had both N+ and M+ findings, and 44 had
LR and N+ and M+ findings.

Data were available to assess the diagnostic performance of 18F-
choline PET/CT in 731 of the 1,000 patients. '8F-choline PET/CT
findings were validated with histologic criteria in 26 patients
(35.6%) and with imaging and clinical or biochemical criteria in
the remaining 705 patients. Accordingly, there were 367 true-positive
findings, 307 true-negative findings, 78 false-positive findings, and 9
false-negative findings. Thus, the sensitivity was 97.6%, the specific-
ity was 79.7%, the positive predictive value was 82.5%, the negative
predictive value was 97.2%, and the accuracy was 88.6%.

The median PSA level was significantly higher in patients with
positive scan results than in those with negative scan results (6.65
vs. 1.20 ng/mL; P = 0.035). Conversely, the statistical signifi-
cance was lost when the doubtful cases were included in the
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TABLE 1
Main Characteristics of the Patients

Characteristic Value
Age (y)* 69.68 + 7.67
Center
CRO 626 (62.6)
Medical Center Ljubljana 79 (7.9)
[0)Y) 227 (22.7)
University of Pisa 68 (6.8)
GS
=6 257 (25.7)
7 347 (34.7)
>7 396 (39.6)
Actual GS
2 2 (0.2
3 4 (0.4)
4 9 (0.9)
5 43 (4.3)
6 199 (19.9)
7 347 (34.7)
8 223 (22.3)
9 155 (15.5)
10 18 (1.8)
Primary treatment
Surgery alone 353 (35.3)
Surgery and adjuvant EBRT 167 (16.7)
(with or without HT)
EBRT (with or without HT) 152 (15.2)
HT alone 121 (12.1)
NA 207 (20.7)
PSA level, in ng/mLt 3.30 (1.15-11.0)

*Reported as mean + SD.

TReported as median (IQR).

CRO = IRCCS National Cancer Institute; IOV = Veneto Institute
of Oncology; EBRT = external beam radiotherapy; HT = hormone
therapy; NA = not available.

Values are reported as number of patients followed by
percentage in parentheses unless otherwise indicated.

statistical analysis (median PSA level, 1.8 ng/mL; P = 0.0.73)
(Table 2). The median PSA level was significantly higher in
patients with N+ disease (2.47 ng/mL [IQR, 0.98-6.87]) than in
those who did not have N+ disease (8.04 ng/mL [IQR, 2.55-
21.7]) and significantly higher in patients with M+ disease
(2.27 ng/mL [IQR, 1-6.07]) than in those who did not have M+
disease (8.11 ng/mL [IQR, 2.96-25]).

As expected, increasing PSA levels were associated with
increasing PET/CT positivity rates: 31% of patients with a serum
PSA level of less than or equal to 1 ng/mL had positive scan
results, 43% of patients with a serum PSA level between 1 and 2
ng/mL had positive scan results, and 78.8% of patients with
a serum PSA level of greater than or equal to 2 ng/mL had positive
scan results. Similarly, when the '8F-choline PET/CT results were
stratified according to the GS at diagnosis, the scan results were

GLEASON ScORE AND !'8F-CHoLINE PET/CT o

positive in 49.2% of patients with a GS of less than or equal to 6,
59.4% of patients with a GS of 7, and 79% of patients with a GS of
greater than 7. A PSA level of less than or equal to 1 ng/mL was
associated with positive ®F-choline PET/CT results at local sites,
at lymph nodes, and at distant metastases in 14.1%, 22.4%, and
28.2% of patients with a GS of greater than 7, respectively. On the
contrary, a PSA level of greater than 2 ng/mL was associated with
distant metastases in 51.7% of the same group of patients. Both of
these findings can be useful in clinical practice for determining
the best choice of treatment. Table 3 shows the correlations of the
clinical characteristics of the study population and PET/CT find-
ings. Moreover, the median value for PSA velocity, available in
505 patients, was significantly higher in patients with positive
PET/CT scan results than in those with negative PET/CT scan
results (7.04 vs. 1.16 ng/mL/y; P < 0.001) and was significantly
higher in patients with a GS of greater than 7 than in those with
a GS of less than or equal to 7 (4.86 vs. 2.20 ng/mL/y; P <
0.001).

18F-Choline Detection Rate Based on GS Combined with
PSA Levels

The combination of the GS at diagnosis with the serum PSA
level at the time of '8F-choline PET/CT scanning had better dis-
criminating power for positive scan results than either variable
alone. In particular, when the serum PSA level at the time of
the scan was less than 1 ng/mL, PCa recurrence was detected by
18F-choline PET/CT in 51%, 27%, and 10% of patients with a GS
of greater than 7, a GS of 7, and a GS of less than or equal to 6,
respectively. When the serum PSA level was between 1 and 2 ng/mL,
18F-choline PET/CT detected PCa recurrence in 65%, 36%, and
29% of patients with a GS of greater than 7, a GS of 7, and a GS of
less than or equal to 6, respectively. Finally, when the serum PSA
level was greater than 2 ng/mL, PCa recurrence was detected by
I18F_choline PET/CT in 91%, 75%, and 72% of patients with a GS
of greater than 7, a GS of 7, and a GS of less than or equal to 6,
respectively (Fig. 1). For patients undergoing hormonal therapy at
the time of the !8F-choline PET/CT scan, recurrent disease was
detected in 64%, 74%, and 87.5% of patients with a GS of less
than or equal to 6, a GS of 7, and a GS of greater than 7, re-
spectively (Supplemental Table 1) (supplemental materials are
available at http://jnm.snmjournals.org).

ROC Analysis

ROC analysis revealed that a GS of 7 was correlated with
positive '8F-choline PET/CT results at a sensitivity and a specificity
of 80.3% and 62.3%, respectively; the corresponding values for the
correlation of a PSA level of 2 ng/mL with positive '®F-choline
PET/CT results were 79.5% and 67.0%, respectively. The corre-
sponding area under the curve values were 0.826 for the serum
PSA level and 0.655 for the GS, respectively (both with P values
of <0.001) (Fig. 2).

Univariate and Multivariate Analyses

Univariate analysis (Table 3) revealed that clinical and demo-
graphic data as well as therapy-related variables were significantly
correlated with positive PET/CT scan results (all P values were
<0.005). However, multivariate analysis revealed that only older
age, a GS of greater than or equal to 7, systemic chemotherapy,
and a serum PSA level of greater than or equal to 1 ng/mL were
identified as independent predictors of positive '8F-choline PET/
CT results in patients with biochemical evidence of recurrence.
Similarly, a GS of greater than or equal to 7 and a serum PSA level
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TABLE 2
Correlations Between Clinical Characteristics of Patients and PET/CT Findings

Characteristic Negative PET/CT Positive PET/CT Doubtful PET/CT P
n 300 645 55
PSA level, in ng/mL* 1.20 (0.58-2.35) 6.65 (2.56-17.47) 1.8 (0.85-3.9) 0.073t
PSA range
<1 ng/mL 127 (42.3) 66 (10.2) 18 (32.7) <0.001%
=1 but <2 ng/mL 74 (24.7) 66 (10.2) 13 (23.6)
=2 ng/mL 99 (33) 513 (79.5) 24 (43.6)
GS
=6 113 (37.7) 127 (19.7) 17 (30.9) <0.001#
7 120 (40) 206 (31.9) 21 (38.2)
>7 67 (22.3) 312 (48.4) 17 (30.9)
Type of therapy
RP alone 161 (53.7) 162 (25.1) 30 (54.5) <0.001%
RP and adjuvant EBRT (with or without HT) 50 (16.7) 107 (16.6) 10 (18.2)
EBRT (with or without HT) 35 (11.7) 113 (17.5) 4(7.3)
HT alone 10 (3.3) 109 (16.9) 2 (3.6)
NA 44 (14.7) 154 (23.9) 9 (16.4)

*Reported as median (IQR).
TANOVA.
%2 test.

RP = radical prostatectomy; EBRT = external-beam radiotherapy; HT = hormone therapy; NA = not available.
Values are reported as number of patients followed by percentage in parentheses unless otherwise indicated.

of greater than or equal to 1 ng/mL were identified as independent
predictive variables for the detection of lymph node and distant

metastases by '8F-choline PET/CT (all P values were <0.001).
Conversely, no logistic relationship was found between the GS
and LR detection (P = 0.645 and P = 0.231 for a GS of 7 and
a GS of >7, respectively).

DISCUSSION

Imaging of PCa recurrence in patients with biochemical
evidence of relapse of the disease remains challenging. Pre-
dominantly morphologic imaging modalities, such as CT and MR
imaging, have low to moderate sensitivities for the early detection
of lymph node metastases (widely ranging at 30%—-80%) (16,17)

TABLE 3
Univariate and Multivariate Analyses
Univariable Multivariable
Parameter OR 95% ClI P OR 95% ClI P
Age 1.035 1.016-1.054 <0.001 1.025 1.003-1.048 <0.05
GS=6
GS=7 0.241 0.167-0.348 <0.001 0.226 0.145-0.3351 <0.001
GS>7 0.369 0.261-0.521 <0.001 0.330 0.216-0.503 <0.001
Surgery (yes vs. no) 1.463 0.885-2.416 0.138
EBRT (yes vs. no) 0.466 0.303-0.717 <0.05 2.221 0.342-14.41 0.403
HT (yes vs. no) 0.357 0.225-0.567 <0.001 1.00
Ongoing HT (yes vs. no) 0.490 0.313-0.978 <0.005 1.00
Chemotherapy (yes vs. no) 0.488 0.321-0.742 <0.05 0.203 0.074-0.560 <0.05
PSA of <1
PSA =1 but <2 0.100 0.069-0.145 <0.001 0.092 0.060-0.141 <0.001
PSA of =2 0.172 0.116-0.256 <0.001 0.206 0.134-0.316 <0.001

OR = odds ratio; Cl = confidence interval; EBRT = external-beam radiotherapy; HT = hormonal therapy.
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FIGURE 1. Distributions of Gleason scores and PSA cutoff values.

doubt = doubtful; neg = negative; pos = positive.

and local cancer recurrence (25%—54%) (18,19). With regard to
radionuclide imaging, bone scintigraphy is recommended for
assessing patients at a high risk of PCa because of a PSA level
of greater than 20 ng/mL or symptomatic patients (i.e., with bone
pain or pathologic fracture) because metastatic disease may occur
even when PSA is undetectable (20,21). On the other hand, PET
with '8F-FDG is generally not recommended for detecting meta-
static lesions, likely because of the low glucose metabolic rates
(resulting in low tracer uptake) that often characterize PCa; this
pattern is linked to the frequently low level of expression of glucose
transporters on cell membranes in this type of cancer (22-24).
Nevertheless, the sensitivity of '8F-FDG PET for the detection of
PCa metastases is higher in patients with a GS of greater than 7,
a high serum PSA level, and high PSA velocity (4,25).

The introduction of radiolabeled choline for clinical use has
heralded a turning point in the role of PET imaging for patients
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with PCa, with overall higher sensitivity than '8F-FDG PET im-
aging (26). After the initial experience with 'C-choline (which
requires the availability of an in-house cyclotron and radiochem-
istry or radiopharmacy facility), most centers have now shifted to
the use of the more widely available '8F-choline. In fact, '3F-
choline is characterized by a high diagnostic accuracy similar to
that of ''C-choline, particularly for patients with a higher serum
PSA level, higher PSA velocity, or shorter PSA doubling times (9).
As recently reported by Evangelista et al. (9), the pooled sensitiv-
ity of '8F-choline PET/CT was 91.8% (range, 64.3%—100%). The
sensitivity observed in the present study (97.6%) is at the upper
end of this range. Nevertheless, as in most investigations published
on this topic, clinical follow-up and conventional instrument
examinations were used to confirm the '8F/!'C-choline PET find-
ings, making these studies primarily observational.

At variance with the established role of serum PSA in
estimating the probability of '8F-choline PET/CT detection of
recurrences of PCa, the role of the GS in predicting positive scan
results at the time of biochemical relapse (i.e., at diagnosis)
remains questionable. Several reports (27-29) confirmed the high
value of the GS, which is the most commonly used grading system
for PCa and which provides highly meaningful prognostic infor-
mation (/2,13), for predicting the clinical outcomes of PCa
patients after no treatment, treatment with radical prostatectomy
(with or without pelvic lymph node dissection), or treatment with
radiation therapy. For patients receiving neoadjuvant or adjuvant
hormonal therapy, the GS was an independent predictor of bio-
chemical failure (30). In a study of 100 consecutive cases, it was

GS: AUC = 0.655; P < 0.001
1.0 PSA: AUC = 0.826; P < 0.001
0.84
2064
=
.*&"
5
w
0.44
0.24
0 T T T
o 02 04 06 08 1.0
1 - specificity
Value Sensitivity Specificity
6 95.2% 42.2%
Gleason Score 7 80.3% 62.3%
8 68.4% 87.6%
1.00 ng/mL 89.8% 43.3%
PSA 1.50 ng/mL 84.2% 59.7%
2.00 ng/mL 79.5% 67.0%
5.00 ng/mL 58.4% 92.7%

FIGURE 2. ROC analysis. Values of 1.5 ng/mL for serum PSA and 7 for
Gleason score (GS) were defined as best cutoff values for predicting
positive 18F-choline PET/CT scan. AUC = area under the curve.
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found that when the serum PSA level was less than 4 ng/mL, '8F-
choline PET/CT was positive in 54% of patients with a GS of
greater than 7 but only 8% of those with a GS of less than or
equal to 7 (31); these findings are consistent with those of a prior
similar report (9). Castellucci et al. (13) explored the role of ''C-
choline PET/CT in detecting recurrent disease in 102 patients with
a lower trigger PSA level (1.5 ng/mL). Using both univariate and
multivariate analyses, they found that only the PSA doubling time
and lymph node status, not the initial GS, were significant and
independent predictors of positive scan results; however, most of
their patients (91/102, or 89%) had a GS of less than or equal to 7.
Similarly, for 358 patients who had biochemical evidence of recur-
rence of PCa and underwent !'C-choline PET/CT, Giovacchini et al.
(12) found that the GS was a less robust predictor of positive scan
results than the trigger PSA; however, most of the patients (257/358,
or 72%) in this series also had a GS of less than or equal to 7.

In the present study, we investigated the role of the GS at
diagnosis in predicting positive '8F-choline PET/CT results in
a large population that we stratified at different levels of PSA: less
than 1 ng/mL, 1-2 ng/mL, and greater than 2 ng/mL. All of the scans
were performed with a delayed PET protocol acquisition, and strict
interpretation criteria for positive results were adopted. This compre-
hensive analysis showed that most patients with a serum PSA level of
greater than or equal to 1 ng/mL (n = 579) had positive '8F-choline
PET/CT scan results. Moreover, the rates of detection of recurrent
PCa were especially high in patients with more aggressive tumors at
diagnosis, that is, 59.4% and 79% in patients with a GS of 7 and a GS
of greater than 7, respectively. Multivariate analysis revealed that
both a GS of 7 and a GS of greater than 7 appeared to be independent
predictors of positive '8F-choline PET/CT results in patients with
biochemical failure of PCa (odds ratios, 0.226 and 0.330, respec-
tively; P values for both, <0.001).

In contrast to prior studies, the present analysis involved
stratification of patients into subgroups with low risk, intermediate
risk, and high risk of recurrence according to the GS at diagnosis,
that is, a GS of less than or equal to 6, a GS of 7, and a GS of
greater than 7, respectively. In prior studies (9,12,13), patients
were generally grouped together regardless of the GS-based risk
of recurrence and almost exclusively on the basis of PSA-related
parameters. In particular, regardless of the GS, the rates of de-
tection of PCa recurrence with '8F/!1'C-choline PET/CT were
reported to range widely, from 7.6% to 36% for a PSA level of
less than 1 ng/mL (9,72) and from 43% to 100% for a PSA level of
less than or equal to 2 ng/mL (9-11,16). In the present study, the
rate of detection of '8F-choline PET/CT when the PSA level was
less than 2 ng/mL was 13.2% in the overall patient population;
however, it exhibited a rising trend when it was associated with the
GS, that is, 13.6% for a GS of less than or equal to 6, 30.3% for
a GS of 7, and 56.1% for a GS of greater than 7. As a consequence
of this trend, most patients with a GS of greater than 7 and a PSA
level of greater than or equal to 2 ng/mL had positive '8F-choline
PET/CT scan results (n = 238, or 91.8%); nevertheless, 56.1% of
patients with a GS of greater than 7 and a PSA level of less than 2
ng/mL also had positive '8F-choline PET/CT scan results. There-
fore, the probability of positive '8F-choline PET/CT scan results is
greater than 50% in patients with a GS of greater than or equal to
7, even with a relatively low PSA level (<1 ng/mL). Conversely,
a similar rate of positive '8F-choline PET/CT scan results can be
found in patients with a GS of less than or equal to 6 only when
the PSA level is greater than 1 ng/mL. ROC analysis confirmed
that a GS of 7 was the optimal cutoff, with a high sensitivity (80.3%)
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for predicting the detection of PCa recurrence with !8F-choline
PET/CT; this sensitivity was similar to that in patients with a PSA
level of greater than 2 ng/mL (79.5%). Taken together, these obser-
vations can serve as the basis for selecting patients for '8F-choline
PET/CT scans because of suspected PCa recurrence.

As extensively reported in the literature (9), a PSA level of
greater than 1 ng/mL is one of the strongest predictors of positive
radiolabeled choline PET or PET/CT in patients with suspected
disease relapse. We found that PSA thresholds at 1 ng/mL and 1.5
ng/mL had good sensitivity (89.8% and 84.2%, respectively) in the
ROC analysis but low specificity (Fig. 2). Nevertheless, this type
of analysis is somewhat problematic if the standard of reference is
not histopathology in all patients. Therefore, the results of the
present study emphasize the notion that the selection of patients
for '8F-choline PET/CT scans should not be limited to the PSA
level because a high initial GS can be associated with positive
PET/CT scans even when the serum PSA level is less than 1 ng/mL.

A potential limitation of this study is that for most patients, the
kinetic pattern of serum PSA was not available for analysis. In this
regard, Partin et al. demonstrated that the combination of PSA
velocity, GS, and lymph node status was helpful for distinguishing
local recurrence from distant metastases in patients who had un-
dergone radical prostatectomy (3/). Also, a more recent reappraisal
indicated that PSA alone is not an accurate indicator of tumor
recurrence and that multiple diagnostic tests are necessary to stage
disease recurrence (9). Finally, although the retrospective nature of
the present study in principle could have introduced some bias, to our
knowledge, this was the first analysis of the role of '8F-choline PET/
CT in a large population of patients with suspected recurrent PCa.

CONCLUSION

For suspected PCa recurrence, a high GS at diagnosis can be
associated with positive '8F-choline PET/CT scan results, regard-
less of the serum PSA level at the time of imaging. Therefore, the
GS can be considered a robust predictive factor for positive 18F-
choline PET/CT results, even at a very early stage of biochemical
failure of PCa, that is, when the PSA level is less than 1 ng/mL.

DISCLOSURE

The costs of publication of this article were defrayed in part by
the payment of page charges. Therefore, and solely to indicate this
fact, this article is hereby marked “advertisement” in accordance
with 18 USC section 1734. No potential conflict of interest rele-
vant to this article was reported.

REFERENCES

1. Center MM, Jemal A, Lortet-Tieulent J, et al. International variation in prostate
cancer incidence and mortality rates. Eur Urol. 2012;61:1079-1092.

2. Kattan MW, Eastham JA, Stapleton AM, et al. A preoperative nomogram for
disease recurrence following radical prostatectomy for prostate cancer. J Natl
Cancer Inst. 1998;90:766-771.

3. Han M, Partin AW, Pound CR, et al. Long-term biochemical disease-free and
cancer-specific survival following anatomic radical retropubic prostatectomy:
the 15-year Johns Hopkins experience. Urol Clin North Am. 2001;28:555-565.

4. Ward JF, Moul JW. Rising prostate-specific antigen after primary prostate cancer
therapy. Nat Clin Pract Urol. 2005;2:174-182.

5. Freedland SJ, Presti JC Jr, Amling CL, et al. Time trends in biochemical re-
currence after radical prostatectomy: results of the SEARCH database. Urology.
2003;61:736-741.

6. Han M, Partin AW, Zahurak M, et al. Biochemical (prostate specific antigen)
recurrence probability following radical prostatectomy for clinically localized
prostate cancer. J Urol. 2003;169:517-523.

2 e« February 2015



. Chism DB, Hanlon AL, Horwitz EM, et al. A comparison of the single and

double factor high-risk models for risk assignment of prostate cancer treated
with 3D conformal radiotherapy. Int J Radiat Oncol Biol Phys. 2004;59:380-385.

. Hodoli¢ M, Maffione AM, Fettich J, et al. Metastatic prostate cancer proven by

I8SF-FCH PET/CT staging scan in patient with normal PSA but high PSA dou-
bling time. Clin Nucl Med. 2013;38:739-740.

. Evangelista L, Zattoni F, Guttilla A, et al. Choline PET or PET/CT and bio-

chemical relapse of prostate cancer: a systemic review and meta-analysis. Clin
Nucl Med. 2013;38:305-314.

. Treglia G, Ceriani L, Sadeghi R, Giovacchini G, Giovanella L. Relationship

between prostate-specific antigen kinetics and detection rate of radiolabelled
choline PET/CT in restaging prostate cancer patients: a meta-analysis. Clin
Chem Lab Med. 2014;52:725-733.

. Shah RB. Current perspectives on the Gleason grading of prostate cancer. Arch

Pathol Lab Med. 2009;133:1810-1816.

. Giovacchini G, Picchio M, Coradeschi E, et al. Predictive factors of [''C]choline

PET/CT in patients with biochemical failure after radical prostatectomy. Eur J
Nucl Med Mol Imaging. 2010;37:301-309.

. Castellucci P, Fuccio C, Rubello D, et al. Is there a role for ''C-choline PET/CT

in the early detection of metastatic disease in surgically treated prostate cancer
patients with a mild PSA increase <1.5 ng/ml? Eur J Nucl Med Mol Imaging.
2011;38:55-63.

. Schillaci O, Calabria F, Tavolozza M, et al. '8F-choline PET/CT physiological

distribution and pitfalls in image interpretation: experience in 80 patients with
prostate cancer. Nucl Med Commun. 2010;31:39-45.

. Rietbergen DD, van der Hiel B, Vogel W, Stokkel MP. Mediastinal lymph node

uptake in patients with prostate carcinoma on F18-choline PET/CT. Nucl Med
Commun. 2011;32:1143-1147.

. Jager GJ, Barentsz JO, Oosterhof GO, Witjes JA, Ruijs SJ. Pelvic adenopathy in

prostatic and urinary bladder carcinoma: MR imaging with a three-dimensional
TI-weighted magnetization-prepared—rapid gradient-echo sequence. AJR. 1996;167:
1503-1507.

. Oyen RH, Van Poppel HP, Ameye FE, et al. Lymph node staging of localized

prostatic carcinoma with CT and CT-guided fine-needle aspiration biopsy: pro-
spective study of 285 patients. Radiology. 1994;190:315-322.

. Krimer S, Gorich J, Gottfried HW, et al. Sensitivity of computed tomography in

detecting local recurrence of prostatic carcinoma following radical prostatec-
tomy. Br J Radiol. 1997;70:995-999.

. Coakley FV, Teh HS, Qayyum A, et al. Endorectal MR imaging and MR

spectroscopic imaging for locally recurrent prostate cancer after external

GLEASON ScORE AND !'8F-CHoLINE PET/CT o

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

beam radiation therapy: preliminary experience. Radiology. 2004;233:441—
448.

Heidenreich A, Bastian PJ, Bellmunt J, et al. EAU guidelines on prostate cancer,
part I: screening, diagnosis, and local treatment with curative intent—update
2013. Eur Urol. 2014;65:124-137.

Heidenreich A, Bastian PJ, Bellmunt J, et al. EAU guidelines on prostate cancer,
part II: treatment of advanced, relapsing, and castration-resistant prostate cancer.
Eur Urol. 2014;65:467-479.

Effert P, Beniers AJ, Tamimi Y, et al. Expression of glucose transporter 1 (Glut-1)
in cell lines and clinical specimens from human prostate adenocarcinoma. Anti-
cancer Res. 2004;24:3057-3063.

Stewart GD, Gray K, Pennington CJ, et al. Analysis of hypoxia-associated gene
expression in prostate cancer: lysyl oxidase and glucose transporter-1 expression
correlate with Gleason score. Oncol Rep. 2008;20:1561-1567.

Reinicke K, Sotomayor P, Cisterna P, et al. Cellular distribution of Glut-1 and
Glut-5 in benign and malignant human prostate tissue. J Cell Biochem. 2012;113:
553-562.

Apolo AB, Pandit-Taskar N, Morris MJ. Novel tracers and their development
for the imaging of metastatic prostate cancer. J Nucl Med. 2008;49:2031—
2041.

Jadvar H. Molecular imaging of prostate cancer: PET radiotracers. AJR.
2012;199:278-291.

Roehl KA, Han M, Ramos CG, et al. Cancer progression and survival rates
following anatomical radical retropubic prostatectomy in 3,478 consecutive pa-
tients: long-term results. J Urol. 2004;172:910-914.

Schwartz E, Albertsen P. Nomograms for clinically localized disease, part III:
watchful waiting. Semin Urol Oncol. 2002;20:140-145.

Zagars GK, Pollack A, von Eschenbach AC. Prognostic factors for clinically
localized prostate carcinoma: analysis of 938 patients irradiated in the prostate
specific antigen era. Cancer. 1997;79:1370-1380.

Bentley G, Dey J, Sakr WA, Wood DP Jr, Pontes JE, Grignon DJ. Significance of
the Gleason scoring system after neoadjuvant hormonal therapy. Mol Urol.
2000;4:125-131.

Cimitan M, Bortolus R, Marassut S, et al. '8fluorocholine PET/CT imaging
for the detection of recurrent prostate cancer at PSA relapse: experience in
100 consecutive patients. Eur J Nucl Med Mol Imaging. 2006;33:1387—
1398.

Partin AW, Pearson JD, Landis PK, et al. Evaluation of serum prostate-specific
antigen velocity after radical prostatectomy to distinguish local recurrence from
distant metastases. Urology. 1994;43:649-659.

Cimitan et al. 215



