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Abstract
Purpose To determine the diagnostic efficacy of 11C-choline
PET/CT in patients with prostate cancer (PC) after radical
prostatectomy who presented with increasing PSA levels dur-
ing follow-up in spite of being on hormone treatment (HT),
and therefore showing HT resistance.
Methods We evaluated a large series of 157 consecutive PC
patients previously treated by radical prostatectomy who

presented with biochemical recurrence with increasing PSA
levels in spite of ongoing HT (HT-resistant patients). At the time
of 11C-choline PET/CT, themean value of trigger PSA level was
8.3 (range 0.2 – 60.6 ng/mL), the mean PSA doubling time
(PSAdt) was 5.3 (range 0.4 – 35 months), and the mean PSA
velocity (PSAvel) was 22.1 ng/mL/year (range 0.12 – 82 ng/mL/
year). 11C-Choline PET/CTwas performed following a standard
procedure at our centre to investigate increasing PSA levels,
either as the first imaging procedure or in patients with negative
conventional imaging. At the time of 11C-choline PET/CT
all patients were receiving HT (61 were receiving
monotherapy and 96 multidrug therapy). PET-positive
findings were validated by: (a) transrectal US-guided
biopsy in patients with recurrence in the prostatic bed,
(b) surgical pelvic lymphadenectomy, (c) other imaging
modalities, including repeated 11C-choline PET/CT, per-
formed during a minimum follow-up of 12-months.
Results 11C-Choline PET/CTshowed positive findings in 104
of the 157 patients (66 %). 11C-choline PET/CT detected: a
single lesion in 40 patients (7 in the prostate bed, 10 in lymph
nodes, 22 in bone, 1 at another site); two lesions in 18 patients
(7 in lymph nodes, 7 in bone, 4 in both lymph nodes and
bone); three or four lesions in 7 patients (4 in lymph nodes, 2
in bone, 1 at another site); and more than four lesions in the
remaining 39 patients (2 in the prostate bed, 12 in lymph
nodes, 12 in bone, 11 in both lymph nodes and bone, 2 at
other sites). In 11C-choline PET-negative patients, the mean
values of trigger PSA, PSAdt and PSAvel were 3.8 ng/mL
(range 0.2 – 11.9 ng/mL) 7.0 months (range 1.21 – 35months)
and 5.8 ng/mL/year (range 0.12 – 30.1) respectively, while in
11C-Choline-PET-positive patients they were 10.5 ng/mL
(range 0.2 – 60.6), 4.4 months (range 0.4 – 19.7) and
15.9 ng/mL/year (range 0.5 – 82.0) respectively. The
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differences between PET-negative and PET-positive patients
were statistically significant for all these parameters: trigger
PSA, p<0.01; PSAdt, p<0.01; PSAvel, p00.03.
Conclusion In our patient population, 11C-choline PET/CT
was able to detect relapsed disease in a large proportion of
HT-resistant PC patients during HT. These data, obtained in
a large series, suggest that HTwithdrawal before performing
a 11C-choline PET/CT scan may not be necessary for the
detection of recurrent disease if PSA levels are increasing
and PSA kinetics are rapid.
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Introduction

The incidence of prostate cancer (PC) has greatly increased
over recent years and it is now the second leading cause of
cancer death in men over the age of 50 years. In the European
Union the incidence rate of PC is 78.9 per 100,000 men per
year, and themortality rate is 30.6 per 100,000men per year [1].

Recurrence following radical prostatectomy (RP) is a rela-
tively common finding, occurring in 20 – 30 % of patients
during a 10-year follow-up [2–4]. The monitoring of prostate-
specific antigen (PSA) serum levels and its kinetic parameters
PSA doubling time (PSAdt) and PSA velocity (PSAvel) is the
most easy and cost-effective way to follow up PC patients after
RP. Trigger PSA has been proven to be a highly sensitive
marker for the early recognition of relapsing disease [5].
When biochemical relapse occurs after RP (trigger PSA
>0.2 ng/mL), it is crucial to discriminate between the presence
of local and distant metastatic spread in order to choose the
most appropriate therapeutic approach [1, 2]. The sensitivity
and accuracy of available imaging methods have greatly in-
creased in the last few years. In particular, magnetic resonance
(MR) imaging with spectroscopy or diffusion-weighted imag-
ing has been reported to be the optimal modality for the
detection of local relapse and as a guide for transrectal
ultrasound-guided (TRUS-guided) biopsy [6, 7]. However, in
the detection of distant metastases, different imaging modalities
such as bone scan and contrast-enhanced CT, fail to detect
tumoral deposits in most patients, in particular those with low
trigger PSA values [8, 9].

This lack of sensitivity led the board of the European
Urology Association to discourage the use of any imaging
modality for PC restaging in patients who are asymptomatic
and with trigger PSA values lower than 20 ng/mL [10]. As a
consequence, in many centres, biochemically relapsed patients
are either treated with radiotherapy to the prostatic fossa with
or without confirmation of local recurrence by biopsy and with
or without knowledge of the presence of distant metastases.

However, it is reasonable to think that in the era of “personal-
ized medicine and tailored therapy” this therapeutic strategy
should be improved. This is particularly advisable considering
that in recent years PET/CTwith 11C-choline (or 18F-choline)
has emerged as a promising molecular imaging tool for early
detection of PC recurrence in patients with biochemical re-
lapse [11–15]. However, the appropriate use of 11C-choline
PET/CT during biochemical recurrence does not seem to be
completely established. There are several open questions that
need clarification. One of these concerns the necessity or not
to withdraw hormone treatment (HT) before the performance
of a 11C-choline PET/CT examination.

In this view, the main aim of our study was to determine the
diagnostic value of whole-body 11C-choline PET/CT in PC
patients previously treated with RP, who presented HT resis-
tance during follow-up seen as an increase in trigger PSA
levels in spite of ongoing HT. In particular, we wanted to
determine if HT withdrawal before 11C-choline PET/CT is
necessary to obtain a clinically useful PET/CT examination.

Materials and methods

Patient population

The study was performed in accordance with the principles
of the Declaration of Helsinki and with national regulations.
All patients provided informed consent for participation and
publication of anonymized data.

We retrospectively analysed the clinical records of 3,721
consecutive patients referred to our centre for 11C-choline
PET/CT examination from January 2007 to August 2011. Of
these patients, 157 met the inclusion criteria for enrolment in
the present study: (a) patients with previous RP, (b) patients
receiving HT either with monotherapy or multidrug therapy,
(c) patients with at least two consecutive PSA measurements
showing increasing values in spite of ongoing HT (HT resis-
tance), and (d) patients in whom 11C-choline PET/CTwas the
first imaging modality performed at diagnosis of biochemical
relapse or in whom conventional imaging work-up did not
reveal the presence of recurrent disease. The characteristics of
the patient population are summarized in Table 1.

Radiopharmaceutical

11C-Choline was synthesized using a solid-phase method as
described by Pascali et al. [14, 16], using a commercial synthe-
sis module (TracerLab, GE Medical Systems, Waukesha, WI).

Imaging protocol

11C-Choline PET/CT was performed following a standard
procedure in our centre. Briefly, all examinations were
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performed with a hybrid PET/CT tomograph (Discovery LS
and Discovery STE; GE Medical Systems, Waukesha, WI).
The patients fasted for at least 6 h before PET scanning and
received an intravenous injection of 370 – 555 MBq of 11C-
choline. The PET/CT scan started 3 – 5 min after radiotracer
injection. Emission data were acquired with five or six bed
positions from the mid-thigh to the base of the skull, taking
3 – 4 min for each bed position (in relation to body weight
and volume). The low-dose CT parameters were 120 kVp,
60 mA, 0.8 s per tube rotation, slice thickness 5 mm, pitch
1.5, and table speed 30 mm per rotation. Low-dose CT
images were used both for attenuation correction of the
emission data and for image fusion.

Image analysis and validation criteria

All 11C-choline PET/CT images were analysed with dedi-
cated software (eNTEGRA; GE Medical Systems,
Waukesha, WI) which allowed PET, CT and fused imaging
data to be reviewed. First, transaxial, sagittal and coronal
PET images were assessed visually in consensus by two
experienced nuclear medicine physicians aware of the clin-
ical data. Maximum standardized uptake values (SUVmax)
were also measured but not used to reach a final diagnosis.
Patient in whom there was disagreement between the read-
ers (15 out of 157) were re-examined and a consensus was
reached. Criteria for validation of a positive PET/CT finding
were: (a) TRUS-guided biopsy in patients with local recur-
rence in the prostatic bed, (b) histological findings obtained
on re-operation to remove pelvic lymph node metastasis, (c)
positive distant tumoral deposits on 11C-choline PET/CT
that were confirmed by at least two targeted contrast-
enhanced CT and/or MR and/or bone scan examinations,
(d) prolonged (>12 months) clinical and imaging follow-up,
including contrast-enhanced CT, MR, bone scan and repeat-
ed 11C-choline PET/CT that demonstrated the appearance of
further metastatic lesions or, alternatively, the disappearance
of metastatic deposits associated with normalization of PSA
values (<0.2 ng/mL) under specific therapies.

Hormone treatment

At the time of PET/CT examination all patients had been
taking HT from at least 6 months: 61 patients were receiving
monotherapy and 96 were receiving multidrug therapy.
Detailed data are presented in Table 2.

Statistical analysis

Continuous variables were compared between two groups
using the t test. The chi-squared test was used for categorical
variables. In the univariate analysis and multivariate binary
regression analysis, age, PSA, PSAdt and PSAvel were
coded as continuous variables; Gleason score (grouped as
≤7 vs. >7), initial T (T2 vs. T3/4), and any TN0 vs. any T,
N1 and time to relapse, (≤24 vs. >24 months) as well as the
type of ongoing HT (monotherapy vs. multidrug therapy) at
the time of 11C-choline PET/CT scan were coded as cate-
gorical variables.

The relationship between clinical and pathological fea-
tures and 11C-choline PET/CT findings was assessed using
univariate and multivariate binary logistic analysis.
Statistical significance was assumed at p<0.05. All statisti-
cal analyses were performed using the SPSS v16 statistical
software package (SPSS, Chicago, IL). As in our previous
studies, PSAdt and PSAvel were calculated according to as
described by Khan et al. [17].

Table 1 Patient popu-
lation characteristics Characteristic Value

No. of patients 157

Age (years)

Mean 70

Range 50 – 85

Gleason score (n)

3+3 4

3+4 68

4+3 35

4+4 44

4+5 1

5+3 2

5+4 3

Gleason score (median) 7 (3+4)

TNM staging (n)

T2aN0 18

T2bN0 14

T2cN0 31

T2cN1 1

T3aN0 51

T3aN1 15

T3bN0 25

T4N1 2

TNM stage (median) T3aN0

Trigger PSA (ng/mL)

Mean 8.3

Median 4.4

Doubling time (months)

Mean 5.3

Median 3

Therapy (n)

Combined 61

Single 96

Time to relapse (months)

<24 33

>24 124
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Results

Overall, 11C-choline PET/CTshowed positive findings in 104 of
the 157 patients resistant to HT (66 %). In detail, 11C-Choline
PET/CT detected a single lesion in 40 patients. two lesions in 18
patients, three or four lesions in 7 patients, and multiple lesions
(more than four) in the remaining 39 patients. 11C-Choline PET/
CT-positive findings are shown in detail in Table 3.

In PET-negative patients, the mean values of trigger PSA,
PSAdt and PSAvel were 3.8 ng/mL (range 0.2 – 11.9 ng/mL),
7.0 months (range 1.21 – 35 months), and 5.8 ng/mL/year
(range 0.12 – 30.1 ng/mL/year), respectively, while in PET-
positive patients the mean values were 10.5 ng/mL (range
0,2 – 60.6 ng/mL), 4.4 months (range 0.4 – 19.7 months), and
15.9 ng/mL/year (range 0.5 – 82.0 ng/mL/year), respectively.
These three parameters were significantly different between the
PET-negative and PET-positive patients (trigger PSA p<0.01,
PSAdt p<0.01, PSAvel p00.03). In contrast, age, TNM stage,
Gleason score, time to relapse, previous radiotherapy, type of
HT (monotherapy vs. multidrug therapy) were not significantly
different in either the univariate or the multivariate analysis.

In the patients with a trigger PSA value <5 ng/mL (includ-
ing 89 patients with a mean PSAvalue of 2.5 ng/mL), the rate
of lesion detection by 11C-choline PET/CTwas 52% (46 of 89
patients). In 21 of these 46 patients, PET/CT showed a single
lesion, in 11 two lesions, and in 14 multiple lesions. In the
patients with a trigger PSA <2 ng/mL (including 32 patients
with a mean PSA mean value of 0.97 ng/mL), the rate of
lesion detection by 11C-choline PET/CT was 31 % (10 of 32
patients). In 7 of these 10 patients, PET/CT showed a single
lesion, in 2 two lesions, and in 1 multiple lesions. The rela-
tionship between the PSA values and the number of positive
findings detected by 11C-choline PET/CT is shown in Fig. 1.

Validation of findings

Positive findings were validated by TRUS-guided biop-
sy in 10 patients, surgery in 23 patients, other imaging-
targeted modalities in 19 patients, and clinical and imaging
follow-up of >12 months in 105 patients. According to these
criteria, 11C-choline PET/CT did not show any false-positive
findings.

Table 2 HT regimens used in
our patient population Therapy Drug Dose (mg) No. of patients

Single drug Dutasteride 0.5 1

Ciproterone 50 4

Bicalutamide 150 30

Triptorelin 11.25 3

Leuprorelin 22.5 2

Leuprorelin 375 17

Multiple drugs Bicalutamide + ciproterone 50+50 1

Bicalutamide + triptorelin 50+11.25 7

Bicalutamide + leuprorelin 50+22.5 1

Bicalutamide + tamoxifen 50+40 1

Triptorelin + ciproterone 11.25+50 2

Triptorelin + estramustine 11.25+140 1

Leuprorelin + estramustine 22.5+140 1

Leuprorelin + ciproterone 375+50 3

Leuprorelin + bicalutamide 375+50 18

Leuprorelin + triptorelin 375+11.25 1

Leuprorelin + flutamide 375+250 3

Table 3 Sites and number
of 11C-choline PET/CT-positive
findings

No. of
lesions

Bone Lymph
nodes

Bone + lymph nodes Prostatic
fossa

Other

1 22 10 – 7 1 (lung)

2 7 7 4 – –

3 2 3 – – 1 (bone + lymph nodes + liver)

4 – 1 – – –

Multiple 12 12 11 1 + lymph nodes;
1 + bone

2 (bone + lung)
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Discussion

In recent years PET/CT with 11C-choline (or 18F-choline)
has emerged as a promising molecular imaging tool for
detection of PC recurrence in patients with biochemical
relapse after RP [2, 3]. Even though the rate of lesion

detection by 11C-choline PET/CT seems to be relatively
poor in patients with low trigger PSA levels, it performs
better than the other conventional imaging modalities [11,
15, 18, 19]. In a very recent study, Soyka et al. [20] inves-
tigated the clinical value of 18F-choline PET/CT in treatment
decision making in 156 patients with recurrent PC, and
confirmed the positive impact of this examination on plan-
ning of the optimal therapeutic strategy. Despite this, the use
of 11C/18F-choline PET/CT in this field has not yet been
completely established. In particular, the criteria to appro-
priately select the patients with PC to be scanned by
11C/18F-choline PET/CT, the best time to perform 11C/18F-
choline PET/CT during the natural history of the disease,
and whether or not HT should be withdrawn before
performing 11C/18F-choline PET/CT, are issues still debated
in the literature. In this work we focused on the relationship
between HT administration and 11C-choline PET/CT. HT is
largely used as adjuvant treatment in patients with biochem-
ical recurrence after RP either using a continuous or inter-
mittent administration scheme. Since 2001, it has been
known that the administration of HT may cause a reduction
in 18F-choline uptake by PC cells. [21]. Other studies have
shown a significant influence of HT on 11C-choline uptake
by PC [22, 23], and also in a recently study in our centre
[24], we found an influence of HT on 11C-choline PET/CT
sensitivity in a small population of 14 patients followed with

Fig. 1 Relationship between the rate of lesion detection by PET and
PSA values in patients divided on the basis of trigger PSA level at the
time of the PET scan: PSA ≤2 ng/mL (32 patients); PSA 2 – 5 ng/mL
(57 patients); PSA >5 ng/mL (68 patients). The relationship between
the detection rate in each patient group and the number of lesions
(multiple lesions vs. 1 or 2 lesions) is also shown

Fig. 2 A 74-year-old man with
PC treated by RP in June 2008.
Biochemical recurrence was
treated with HT (leuprorelin
375 mg + bicalutamide 50 mg
daily) from September 2009. At
the time of the 11C-choline
PET/CT scan, the trigger PSA
level was 1.6 ng/mL, the PSA
doubling time was 4.1 months,
and the PSA velocity was
16.2 ng/mL/year. a 11C-Choline
PET/CT axial fused image
shows a single sternal lesion
that was treated with intensity
modulated radiation therapy. b
Maximum intensity projection
anterior whole-body view
shows the solitary sternal le-
sion. c 11C-Choline PET/CT
fused image 8 months after
treatment shows a complete re-
sponse to the radiosurgery. The
trigger PSA level had dropped
to below the limit of detection
(0.05 ng/mL). d Maximum in-
tensity projection anterior
whole-body view shows the
absence of tumoral lesions
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sequential PET scans before and after HT administration.
The above reported studies were performed in HT-sensitive
patients or in mixed HT-sensitive and HT-resistant patients.

To the best of our knowledge, this is the first study specif-
ically to include a large group of 157 HT-resistant patients
only, that is patients who showed an increase in PSA levels
during ongoing HT treatment. These patients were taken from
large series of 3,721 consecutive PC patients referred to our
centre for a 11C-choline PET/CTexamination. In our study the
rate of lesion detection by PET is similar (66 %) to that found
in other studies performed in patient series with similar values
of trigger PSA [12–14, 19, 25, 26] in which patients were not
receiving HTor in which the patients investigated were mixed
populations (patients receiving and not receiving HT). This
finding confirms the observation that was first made by
Giovacchini et al. [25] in a population of 358 patients. These
authors found that the rate of lesion detection by11C-choline
PET/CT in patients receiving HT at the time of the scan (155
patients) was even higher than in patients who were not receiv-
ing any therapy (203 patients): 56 % vs. 44 %, respectively.
These findings were later confirmed, but in a very limited
population of HT-resistant patients (14 patients) in a study
conducted in our centre [24] with 11C-choline and in another
study by Marzola et al. who recruited a large series of 233
patients with PC recurrence evaluated by 18F-choline PET/CT
(MarzolaMC et al, accepted for publication). In the latter study,
at the time of PET investigation 103 patients were receiving HT
and 163 were not. The detection rate of recurrent disease was
67% and 44%, respectively; the difference was significant (p<
0.001). These findings are very similar to the findings of
Giovacchini et al. obtained using 11C-choline PET/CT [25].

The good detection rate with 11C-choline PET/CT ob-
served in the present study suggests that 11C-choline PET/
CT does not lose its sensitivity in detecting recurrent disease
in PC patients, even in those receiving HT. Yet 11C-choline
PET/CT may be able to detect tumour recurrence which has
become HT-resistant. Targeted and aggressive therapy could
be considered in HT-resistant patients as soon as the PSA
level starts to increase. Moreover, if 11C-choline PET/CT is
performed as soon as possible after the PSA level starts to
increase, there is a higher possibility that only a few meta-
static lesions will be present (Fig. 1).

As in previous studies, a limitation of the present study is
its retrospective nature. Prospective studies performed in PC
patients with recurrent disease and based on sequential PET/
CT examinations performed before and during HT are
desirable.

However, the administration of HT in PC patients who
have developed hormone resistance and who show an in-
crease in PSA levels does not seem to significantly influence
the detection of recurrent disease by 11C-choline PET/CT.
Moreover, the present study also showed that in patients
receiving HT at the time of 11C-choline PET/CT there is also

a significant relationship between PSA kinetics and 11C-
choline PET/CT. Therefore, fast PSA kinetics appears to
be the most relevant factor together with trigger PSA level
in predicting a positive 11C-choline PET/CT independent of
HT sensitivity or HT resistance. Furthermore, in a signifi-
cant proportion of our patients a limited number of tumoral
deposits were detected by 11C-choline PET/CT, in particular
when PSA levels were low. The early diagnosis of limited
disease relapse may be important from a therapeutic point of
view. An example of early PET detection of a solitary
recurrence in a PC patient receiving HT and completely
cured by radiosurgery is shown in Fig. 2.

Finally, the problem of validation of positive findings is the
main limitation of our study. Our validation, in the majority of
our patients (105 of 157) was based on a longitudinal follow-
up of each lesion. Histology would have been preferable, but it
was not feasible for practical and ethical reasons.

Conclusion

In the present study, 11C-choline PET/CT detected recurrent
disease in 66 % of a large series of PC patients in whom a
progressive trigger PSA increase was observed in spite of
ongoing HT (HT resistance). Moreover, the rate of lesion
detection was higher in patients with faster PSA kinetics. On
the basis of these findings, it is reasonable to state that HT
withdrawal is not necessary before performing a 11C-choline
PET/CT scan in HT-resistant PC patients. Furthermore,
11C-choline PET/CT may show the site of HT-resistant
tissue that can be treated with a targeted therapy.

Conflicts of interest None.
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