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Abstract

Purpose To highlight a new imaging acquisition protocol
during '®F-fluorocholine PET/CT in patients with biochem-
ical recurrence after RP.

Methods A total of 146 patients with PSA levels between
0.2 and 1 ng/ml with negative conventional imaging who
did not receive salvage treatment were prospectively
enrolled. Imaging acquisition protocol included an early
dynamic phase (1-8 min), a conventional whole body (10-
20 min), and a late phase (30—40 min). Sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive
value (NPV) were measured. Univariable and multivariable
analyses were performed to identify independent predictors
of positive PET/CT.

Results The median trigger PSA was 0.6 ng/ml (IQR
0.43-0.76). Median PSA doubling time (PSA DT) was
791 months (IQR 4.42-11.3); median PSA velocity
(PSAV) was 0.02 ng/ml per month (IQR 0.02-0.04). Over-
all, '8F-fluorocholine PET/CT was positive in 111 of 146

G. Simone (D<) - R. Papalia - M. Ferriero - S. Guaglianone -
M. Gallucci

Department of Urology, “Regina Elena” National Cancer
Institute, Via Elio Chianesi 53, 00144 Rome, Italy

e-mail: puldet@gmail.com

G. Simone
Department of Urology, “San Giovanni Bosco” Hospital,
Turin, Italy

G. B. Di Pierro
Department of Obstetrics, Gynecology and Urology,
‘Sapienza’ University, Rome, Italy

R. Sciuto - S. Rea - C. L. Maini
Department of Nuclear Medicine, “Regina Elena” National
Cancer Institute, Rome, Italy

patients (76 %). Out of 111 positive examinations, 80
(72.1 %) were positive only in the early dynamic phase.
Sensitivity, specificity, PPV, NPV, and accuracy were 78.9,
76.9, 97.2, 26.3, and 78.7 %, respectively. At multivariable
logistic regression, trigger PSA > 0.6 ng/ml [odds ratio
(OR) 3.13; p = 0.001] and PSAV > 0.04 ng/ml per month
(OR 4.95; p = 0.004) were independent predictors of posi-
tive PET/CT. The low NPV remains the main limitation of
PET/CT in this setting of patients.

Conclusions The increased sensitivity, thanks to the early
imaging acquisition protocol, makes 'SF-fluorocholine
PET/CT an attractive tool to detect prostate cancer recur-
rences in patients with a PSA level <1 ng/ml.

Keywords Biochemical recurrence - Choline - Positron
emission tomography (PET)/computed tomography (CT) -
Prostate cancer - PSA - Radical prostatectomy

Introduction

Radical prostatectomy (RP) is an established treatment
option for patients with clinically localised prostate cancer
(PCa) [1].

In a large series of 11,521 patients, RP provided dura-
ble cancer control with a 15-year cancer-specific survival
of 93 % [2]. More recently, Mullins et al. [3] reported long-
term oncologic outcomes of a single centre, single sur-
geon series of RP with a 25-year cancer-specific survival
rate of 86 % and confirmed RP as the gold standard in the
surgical management of clinically localised PCa. However,
despite the standardisation of surgical steps, the incidence
of biochemical recurrence after RP ranges from 30 to 50 %,
and up to 35 % of patients receive a second-line treatment
within the first 10 year [4, 5].
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Prostate-specific antigen (PSA) is the most sensitive and
commonly used tool for assessing disease recurrence after
RP. Biochemical recurrence has been defined as serum PSA
values >0.2 ng/ml confirmed by two consecutive measure-
ments [6]. However, PSA levels do not assess the site of
recurrence [7], and bone scintigraphy or conventional com-
puted tomography has low sensitivity. Both provide reliable
results only with PSA levels >20 ng/ml [6].

Digital rectal examination (DRE), transrectal ultrasound
(TRUS), magnetic resonance imaging (MRI), and biopsies
of urethrovesical anastomosis or of prostatic fossa have
shown limited sensitivity, especially with low PSA values
[6, 8, 9]. The European Association of Urology guidelines
recommend treating recurrences after RP at PSA levels
<0.5 ng/ml to achieve better cancer control [6].

Consequently, the goal of imaging techniques should
be the early diagnosis of local recurrences at PSA values
<1 ng/ml when recurrence volume is low and the efficacy
of salvage radiotherapy (SRT) is greater [6]. Several studies
recently reported on the successful use of choline positron
emission tomography/computed tomography (PET/CT)
that allows a simultaneous assessment of both local and
systemic recurrences [9].

However, according to available evidence, its role in
patients with PSA values <1 ng/ml remains controversial
[9].

The aim of this study was to investigate prospectively
the role of '*F-fluorocholine PET/CT in the early restaging
(PSA < 1 ng/ml) of patients with biochemical failure after
RP who never received any SRT and with a 1-year mini-
mum androgen deprivation treatment (ADT)-free interval
at PET/CT.

Methods

From March 2009 to December 2012, 568 patients were
referred to '®F-fluorocholine PET/CT for the restaging of
disease after RP. The institutional review board approved
this prospective study in March 2009. We obtained written
informed consent for '8F-fluorocholine PET/CT from all
patients.

A total of 146 patients met the inclusion criteria: bio-
chemical failure (defined as two PSA measurements
>0.2 ng/ml), PSA levels <1 ng/ml, negative DRE, and con-
ventional imaging, having not received any radiotherapy
and having >1 year ADT-free interval at the time of the
scan.

Data collection

At "®F-fluorocholine PET/CT, collected variables included
age, pathologic T and N stages, pathologic Gleason score,
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trigger PSA, PSA velocity (PSAV), and PSA doubling time
(PSA DT). Following PET/CT, collected data included his-
tology findings when available (urethrovesical anastomosis
biopsy or histology of removed lymph nodes), PSA levels
at 3-month intervals, PSAV, and PSA DT. At the treating
physician’s discretion, conventional imaging or PET/CT
was performed during follow-up.

PET/CT protocol and imaging acquisition

The studies were performed using a high-resolution PET/
CT scanner (Biograph Hi-Rez 16; Siemens, Munich, Ger-
many). The acquisition protocol included an early dynamic
study of the pelvis starting immediately after the intrave-
nous injection of 4 MBq/kg of '8F-fluoromethyl-dimethyl-
2-hydroxyethyl-ammonium (fluorocholine) and a standard
whole-body study starting 10-20 min after the injection
(3 min on the bed per position). Late images of the pelvis
were repeated 30 min following the injection.

The early dynamic phase was an 8-min study of the pel-
vis with the bladder filled with non-radioactive urine (60 s
per frame collected in list mode). Time-activity curves
were obtained on the dynamic study by regions of interest
on vessels, ureters, bladder, prostate site, and pelvic nodes
to discriminate different tracer kinetics. CT data were used
for attenuation correction and anatomic localisation. The
criteria of PET/CT image interpretation were focal '8F-flu-
orocholine uptake in the prostatic bed observed on the
dynamic study and confirmed by time-increasing kinetics,
as shown by the time-activity curve, considered a marker
for local recurrence. Focal uptake on pelvic nodes evi-
denced on the dynamic study and confirmed on the whole
body was considered a marker of pelvic node metastasis;
any non-physiological uptake on skeleton was considered
to be a bone metastasis.

Work-up

TRUS biopsy and salvage lymph-node dissection were per-
formed in the case of urethrovesical or nodal tracer uptake,
respectively. Patients with prostate fossa fluorocholine
uptake did not undergo biopsy and received SRT. Bone
recurrences were confirmed with histology and treated with
ADT.

All patients with negative PET/CT findings underwent
SRT, except those with a trigger PSA < 0.5 ng/ml and
PSAV < 0.1 ng/ml per month.

Interpretation of findings
Positive findings were considered true positives when one

of the following criteria was met: (1) positive histology
of vesicourethral anastomosis biopsy, (2) positive nodes
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Table 1 Patients characteristics

Age, year, median (IQR) 68 (63.1-72.3)

Pathologic tumour stage [n (%)]

pT2 97 (66.4)

pT3 49 (33.6)
Pathologic nodal status [r (%)]

pNO-x 141 (96.7 %)

pNI1 5(.4)
Pathologic Gleason score [1 (%)]

6 40 (27.4)

7 87 (59.6)

>8 19 (13)

0.6 (0.43-0.76)
7.91 (4.42-11.3)
0.02 (0.02-0.04)

Trigger PSA serum levels (ng/ml), median (IQR)
PSA DT, months, median (IQR)
PSAYV, ng/ml/month, median (IQR)

PSA DT PSA doubling time, PSAV PSA velocity

at salvage lymph-node dissection, (3) disease progression
confirmed by increasing PSA values and imaging, and (4) a
nadir PSA value <0.1 ng/ml after SRT without ADT. Nega-
tive findings were considered false-negatives in all cases
but those with PSAV < 0.01 ng/ml per month at 1-year
follow-up.

Statistical analysis

A preliminary univariable analysis was performed for
each variable to assess the optimal cutoff point by max-
imising the likelihood ratio. Univariable and multivariable
logistic regressions were performed to identify variables
independently predictive of positive 'F-choline PET/CT.
The odd ratios (ORs) computed by logistic regression,
together with their 95 % confidence intervals (CIs), were
reported.

All tests were two-sided, and statistical significance was
set at p < 0.05. Statistical analysis was performed using
SPSS v.19.0 (IBM Corp., Armonk, NY, USA).

Results

Table 1 reports the patient characteristics.

18E_fluorocholine PET/CT was positive in 111 of 146
patients (76 %). A pathologic uptake was observed at the
surgical bed site (Fig. 1), at pelvic nodes (Fig. 2), and in
the skeleton only (Fig. 3) in 99 patients (89.2 %), 5 patients
(4.5 %), and 1 patient (0.9 %), respectively. Multiple-site
uptake was observed in five patients at the surgical bed and
pelvic nodes (4.5 %) and in one patient (0.9 %) at the pel-
vic nodes and bone, respectively (Table 2). True positive
findings were confirmed in 108/111 patients. Among the

35 negative PET/CT scans, true negativity was confirmed
in seven cases.

Out of 111 positive examinations, 83 (74.8 %) were pos-
itive only in the early dynamic phase (Table 3).

Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of PET/
CT were 78.9, 76.9, 97.2, 26.3, and 78.7 %, respectively;
a phase-specific analysis of findings demonstrated the key
role of the early dynamic phase in providing a dramatic
increase in diagnostic accuracy (Table 4).

Univariable binomial logistic regression was performed
to identify independent predictors of '8F-fluorocholine
PET/CT positivity (Table 5). At multivariable logistic
regression, trigger PSA > 0.6 ng/ml and PSAV > 0.04 ng/
ml per month were independent predictors of 'SF-fluoro-
choline PET/CT positivity (OR 3.13; 95 % CI, 1.55-6.31;
p = 0.001 and OR 4.95; 95 % CI, 1.65-14.83; p = 0.004,
respectively) (Table 6).

Once patients were stratified into three groups accord-
ing to these two variables (PSA > 0.6 ng/ml and
PSAV > 0.04 ng/ml per month), in patients with both
PSA > 0.6 and PSAV > 0.04, in those with one of these
two variables over the cutoff point, and in those with both
variables under the cutoff point, the positive detection rates
were 93.3, 78.4, and 64.1 %, respectively (Chi square,
p =0.014).

Discussion

Persistently elevated or increasing PSA levels following
RP can be due to a local relapse as well as to a metastatic
spread to nodes, bone, or viscera. CT scan, MRI, and bone
scan are not recommended to follow-up patients after RP
at PSA levels <20 ng/ml; TRUS biopsy of vesicourethral
anastomosis is only indicated when affecting the treatment
plan; measurement of PSA levels remains the cornerstone
in the follow-up of patients who underwent RP [6].

In the absence of effective imaging techniques, a rapidly
increasing PSA level (high PSAV, short PSA DT) suggests
distant metastases, whereas later and slowly increasing
PSA levels most likely indicate local recurrence [6]. How-
ever, biochemical failure usually precedes clinically evi-
dent disease by 648 months [10]. Over the years, promis-
ing data have been published on the diagnostic efficacy of
PET/CT following RP [9, 11, 12]. PET/CT also provides
metabolic and anatomic information about recurrences with
the advantage of distinguishing among local, regional, or
distant relapses to target the treatment accordingly [6].

Several authors have investigated the role of PET/
CT with either ''C-choline or '|F-fluorocholine PET/
CT in restaging patients with biochemical failure follow-
ing RP and highlighted a correlation between trigger PSA
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Fig. 1 Axial, sagittal, and coronal views of a pathologic choline uptake suggesting a local recurrence

values and imaging accuracy. As expected, PET/CT sensi-
tivity increased linearly with trigger PSA values, from 19
to 36 % with PSA < 1 ng/ml to 63-83 % when PSA levels
are >3 ng/ml [13-17].

In a series of 63 consecutive patients with a mean PSA
value of 5.9 ng/ml, Krause et al. reported a 56 % over-
all 'C-choline PET/CT detection rate. In patients with a
PSA < 1 ng/ml, in those with PSA values between 1 and
2 ng/ml, between 2 and 3 ng/ml, and >3 ng/ml, the detec-
tion rates were 36, 43, 62, and 73 %, respectively [14].

Castellucci et al. [17] investigated the role of C-cho-
line PET/CT in 190 patients with PSA relapse (mean 4.2;
median 2.1; range 0.2-25.4 ng/ml) following RP. The PET/
CT detection rate was 19 % in patients with PSA < 1 ng/
ml, 25 % with PSA between 1 and 2 ng/ml, 41 % with
PSA between 2 and 5 ng/ml, and 67 % in patients with
PSA > 5 ng/ml. Because the trigger PSA value was sig-
nificantly different (p = 0.0001) between PET-positive
(median PSA 4.0 ng/ml) and PET-negative patients
(median PSA 1.4 ng/ml), the authors set the optimal trigger
PSA cutoff point at 2.43 ng/ml [17].

@ Springer

The low sensitivity rates of PET/CT raised a question
about its role in patients with PSA levels <1 ng/ml fol-
lowing RP. As claimed in a 2011 review by Picchio et al.
[9], given that the trigger PSA values predictive of PET/
CT positivity are significantly higher than 1 ng/ml, no final
evidence is available on the role of this imaging modality,
so its routine use cannot be commonly recommended in
patients with PSA levels <1 ng/ml. However, because the
sensitivity of PET/CT increases linearly with a trigger PSA
value, including patients with PSA values >5 ng/ml pro-
vided a cutoff point significantly higher than 1 ng/ml [17].

In a recent paper [18], the authors compared the diag-
nostic accuracy of the combined techniques of proton
magnetic resonance spectroscopic imaging and dynamic
contrast-enhanced MRI on a 3-T magnet with '"*F-fluoro-
choline PET/CT performed in other “undefined” centres in
men with biochemical failure following RP. The MRI tech-
nique showed 94 % accuracy with 100 % PPV in a sub-
group of 56 patients with mean PSA values of 1.9 ng/ml
and a biopsy-proven recurrence in 93 % of cases. Despite
the interestingly high accuracy of MRI in detecting local



World J Urol (2015) 33:1511-1518 1515

Fig. 2 Axial, sagittal, and
coronal views of a pathologic
choline uptake at left hypogas-
tric area, suggesting a nodal
recurrence

Fig. 3 Axial and coronal views of a pathologic choline uptake at left pubic bone suggesting a bone metastasis
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Table 2 Site of recurrences at '*F-fluorocholine PET/CT based on the imaging acquisition phases

Whole study

Early phase (1-8 min)

Whole body (10-20 min) Late phase (30—60 min)

Positive PET/CT [n (%)] 111 (76.0) 107 (73.2)
Local [n (%)] 99/111 (89.2) 97/107 (90.6)
Pelvic nodes [n (%)] 5/111 (4.5) 4/107 (3.7)
Skeleton [n (%)] 1/111 (0.9) -
Multiple sites [ (%)] 6/111 (5.4) 6/107 (5.7)
Local and node 5 5
Node and bone 1 1

26 (17.8) 20 (13.7)
16/26 (61.6) 16/20 (80.0)
5/26 (19.2) 1/20 (5.0)
1/26 (3.8) 1/20 (5.0)
4126 (15.4) 2/20 (10.0)
3 1

1 1

Table 3 Phase-specific positivity of '®F-fluorocholine PET/CT

Early dynamic phase (1-8 min)

Whole body (10-20 min) Late phase (30—60 min)

Overall [n (%)]
Local recurrences [n (%)]

83/111 (74.8)
81/101 (80.2)

Pelvic nodal recurrences [n (%)] 0/4 (0)
Bone metastases [n (%)] -
Multiple sites of recurrence [n (%)] 2/6 (33.3)

1/26 (3.8) 0/20 (0)
0/16 (0) 0/16 (0)
0/5 (0) 0(0)
1/1 (100) 0/1 (0)
0/4 (0) 0/2 (0)

Table 4 Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of '*F-fluorocholine PET/CT according to the

study phases
Whole study (%) Early phase (1-8 min) (%) Whole body (10-20 min) (%) Late phase (30—60 min) (%)
Sensitivity 78.9 78.2 18.4 8.8
Specificity 76.9 76.9 100 100
Positive predictive value 97.2 97.1 100 100
Negative predictive value 26.3 25.6 8.3 7.5
Accuracy 78.7 78.1 24 15.1

Table S Univariable binomial logistic regression

HR 95 % CI p value
Trigger PSA > 0.6 ng/mL 4.69 2.58-8.54 <0.001
PSAV > 0.04 ng/mL/months 9.75 3.48-27.28 <0.001
PSA DT < 5 months 7.2 2.82-18.35 <0.001
pT stage >3a 3.36 1.72-6.6 <0.001
pN stage = 1 1.5 0.25-8.98 0.66
Pathologic Gleason score >8 5.0 1.15-17.27 0.011

PSAV PSA velocity, PSA DT PSA doubling time, pT pathologic
Tumour, pN pathologic Nodal

recurrences, MRI does not provide a whole-body staging
and in this study failed to play a role in patients with PSA
levels <1 ng/ml. The key point of this debate is the need
for a relatively early treatment of local relapses following
RP, which makes PET/CT a less attractive diagnostic tool
due to its low sensitivity rate in patients with PSA levels
<1 ng/ml.

@ Springer

In another study, including patients with PSA levels
<1 ng/ml after RP, although '$F-fluorocholine and !'C-ace-
tate PET/CT studies succeeded in detecting recurrent dis-
ease in about 50 % of cases (11 of 20), the authors did not
recommend PET/CT as a standard diagnostic tool for early
relapse or the suspicion of subclinical minimally persistent
disease after surgery [19].

Giovacchini et al. [20] have investigated the role of
1C_choline PET/CT in 75 patients with biochemical recur-
rence following RP, restricting the cohort of patients to
those with PSA levels <1.5 ng/ml who received neither
ADT nor SRT. This setting of patients is the one that can
really benefit from an early diagnosis and a tailored treat-
ment in the case of positive findings. Patients with evidence
of distant metastases and negative local pathologic tracer
uptake would also benefit from avoiding unnecessary SRT.

Despite a PET/CT positivity of only 21 %, the authors
highlighted that 'C-choline PET/CT may reduce by 50 %
the number in whom salvage therapy is initiated empiri-
cally without knowing the disease location [20].
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Table 6 Multivariable binomial logistic regression

HR 95 % CI p value
Trigger PSA > 0.6 ng/mL 3.14 1.56-6.32 0.001
PSAV > 0.04 ng/mL/months 4.95 1.65-14.8 0.004
PSA DT < 5 months 1.12 0.23-6.21 0.83
pT stage >3a 1.05 0.45-2.47 091
Pathologic Gleason score >8 1.66 0.4-6.81 0.48

PSAV PSA velocity, PSA DT PSA doubling time, pT pathologic
Tumour

As demonstrated by Stephenson et al. in a cohort of
1,603 men with PSA progression after RP treated by SRT,
the therapeutic benefit is more evident in the presence of
minimal PSA serum levels. The 6-year PSA-free survival
was 48 % in men with PSA < 0.5 ng/ml, whereas it was
only 40, 28, and 18 % in men with PSA levels of 0.51-1,
1.01-1.5, and >1.5 ng/ml, respectively [21].

However, when recommending SRT in patients with
PSA levels <0.5 ng/ml, the EAU guidelines highlight how
men with slowly progressing disease, although at risk for
progression, may not benefit from SRT because of a low
risk for developing fatal PCa [6].

In this context, PET/CT could be a useful tool to select
patients who could safely avoid receiving SRT.

In the present series of 146 patients with biochemical
failure after RP and PSA values <1 ng/ml, BE_fluorocho-
line PET/CT showed a recurrence in 111 of 146 patients
(76.0 %), with a sensitivity of 79.4 %.

We first reported such a high sensitivity rate in a setting
of patients with low PSA threshold (<1 ng/mL). However,
the PET/CT positivity rate (17.8 %) in the conventional
“whole-body” acquisition phase was comparable to that
reported by Giovacchini et al. [20] (21 %).

If such a difference could be partially explained by phys-
ical differences in positron emitter radiotracers (i.e., longer
mean range in tissue of BE_fluorocholine vs. 11C-choline),
our findings supported the early dynamic imaging acqui-
sition provided by the PET/CT tomography used (Bio-
graph Hi-Rez 16; Siemens) as the real cornerstone of the
increased sensitivity in these “early” recurrences (small
lesions with low PSA values).

In fact, the phase-specific findings reported in Table 4
demonstrate the dramatic increase in sensitivity rate pro-
vided by the early dynamic acquisition [from 18.4 %
(whole-body phase) to 78.2 %].

Conversely, despite a high sensitivity, our findings high-
lighted a very low NPV of PET/CT (26.3 %) in this setting
of patients. We find it reasonable to consider this result as a
consequence of “low-volume” disease with low metabolic
activity that does not turn in a detectable tracer uptake.
However, we believe that our findings shed new light on the

role of this imaging technique in a clinical setting where
conventional imaging fails to support physicians.

Keeping in mind that the earlier the SRT the better
the oncologic outcome, we identified two cutoff points
(>0.6 and >0.04 ng/ml per month) for trigger PSA lev-
els and PSAV, respectively, that can be used to max-
imise PET/CT positivity in patients with PSA < 1 ng/
ml from 64.1 % in patients with trigger PSA < 0.6 and
PSAV < 0.04 to 93 % in patients with trigger PSA > 0.6
and PSAV > 0.04.

Limitations of this study include the need for larger
cohorts and a further prospective validation of findings.
The lack of histologic confirmation of positive PET/CT
findings, in cases of pathologic uptake at prostatic fossa,
should be considered an intrinsic limitation of all imaging
techniques currently available in clinical practice. The main
drawback of 'F-fluorocholine PET/CT in this setting of
patients remains the low NPV.

The high accuracy (78.7 %) of '3F-fluorocholine PET/
CT in patients with PSA levels <1 ng/ml supports this
imaging technique as a valid option to overcome the defi-
nition of “biochemical recurrence,” to detect early recur-
rences after RP, and to perform imaging-guided salvage
treatments. Trigger PSA > 0.6 ng/ml and PSAV > 0.04 ng/
ml per month proved to be useful predictive tools of PET/
CT-positive findings.
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