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Abstract

Purpose To evaluate the therapeutic impact of '*F-fluorocholine
(FCH) PET/CT in biochemical recurrent prostate cancer (PC)
and to investigate the value of quantitative FCH PET/CT param-
eters in predicting progression-free survival (PFS).

Methods This retrospective study included 172 consecutive
patients with PC who underwent FCH PET/CT for biochem-
ical recurrence. Mean rising PSA was 10.7 + 35.0 ng/ml.
Patients with positive FCH PET were classified into three
groups: those with uptake only in the prostatic bed, those with
locoregional disease, and those with distant metastases.
Referring physicians were asked to indicate the hypothetical
therapeutic strategy with and without the FCH PET/CT re-
sults. Clinical variables and PET parameters including
SUVmax, SUVpeak, SUVmean, total lesion choline kinase
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activity (TLCKA) and standardized added metabolic activity
(SAM) were recorded and a multivariate analysis was per-
formed to determine the factors independently predicting PFS.
Results In 137 of the 172 patients, the FCH PET/CT scan was
positive, and of these, 29.9 % (41/137) had prostatic recur-
rence, 42.3 % (58/137) had pelvic lymph node recurrence with
or without prostatic recurrence, and 27.7 % (38/137) had dis-
tant metastases. The FCH PET/CT result led to a change in
treatment plan in 43.6 % (75/172) of the 172 patients.
Treatment was changed in 49.6 % (68/137) of those with a
positive FCH PET/CT scan and in 20 % (7/35) of those with
a negative FCH PET/CT scan. After a median follow-up of
29.3 months (95 % CI 18.9 —45.9 months), according to mul-
tivariate analysis age <70 years, SAM >23 and SUVmean >3
were parameters independently predicting PFS. A nomogram
constructed using the three parameters showed 49 months of
PFS in patients with the best scores (0 or 1) and only 11 months
in patients with a poor score (score 3).

Conclusion This study indicates that a positive FCH PET re-
sult in PC patients with biochemical recurrence predicts a
shorter PFS and confirms the major impact of the FCH PET
result on the management of biochemical recurrent PC.

Keywords Prostate cancer - '*F-Choline - PET/CT -
Biochemical recurrence - Metabolic parameters

Introduction

Prostate cancer (PC) is the most common malignancy in men in
Europe and North America [1]. It is the third leading cause of
cancer in Europe in men over 50 years [2]. Following initial
curative treatment for PC, biochemical recurrence occurs in
20 % to 50 % of patients [3, 4], and this represents a considerable
management challenge. Whilst PSA is a sensitive and specific
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biomarker for early diagnosis of recurrence, it does not assist in
determining disease localization. Management depends on the
site and spread of the disease: in patients with local recurrence,
curative treatment would be proposed, whilst in patients with
distant metastases, palliative treatment with hormone therapy or
chemotherapy would be more appropriate [5]. Furthermore, new
focal salvage treatments are being evaluated including high-
intensity focused ultrasound (HIFU), cryotherapy, external beam
radiation therapy and surgery, all of which require precise local-
ization of the recurrent disease [6]. The reported sensitivity and
specificity of current imaging methods such as bone scan, CT,
and ultrasonography vary widely, especially in patients with a
low PSA level [7]. In recent years, there has been an improve-
ment in imaging techniques, including MRI with spectroscopic
imaging and dynamic contrast-enhanced imaging [8].

PET/CT using "C-choline or '®F-choline (FCH) has
emerged as a promising tool for early detection of PC recur-
rence in patients with biochemical failure [9—11]. In biochem-
ical recurrent PC, several studies have shown that the predic-
tive factors for positive PET are trigger PSA, PSA velocity,
PSA doubling time, age, initial lymph node (LN) status and
initial disease stage [10-16]. FCH PET/CT seems to play a
key role in the management of biochemical recurrence, even
when PSA levels are low [17, 18].

The aim of this retrospective study was to investigate the
value of FCH semiquantification in predicting progression-free
survival (PFS) and to determine the impact of FCH PET/CT on
the therapeutic strategy in biochemical recurrent PC.

Materials and methods
Patients

From 2008 to 2013, we retrospectively studied 172 consecu-
tive patients with a median age of 64 years (ranging 45 to
81 years). We obtained informed consent from all patients to
allow the use of their clinical data for research purposes under
a protocol approved in our institution. Patients were referred
because of PC biochemical recurrence after negative or equiv-
ocal conventional imaging including bone scan, CT and/or
MRI. In all patients, PSA values were recorded and PSA dou-
bling time and velocity calculated [19]. Table 1 summarizes
the patient characteristics.

The median time to biochemical recurrence after initial
diagnosis was 3.49 years (range 0.1 — 16.25 years). Initial
treatments included radiotherapy (35 %), radical prostatecto-
my (24 %), both modalities (29 %), androgen deprivation
therapy alone (9 %), active surveillance (2 %), HIFU
(0.5 %), and brachytherapy (0.5 %). Of the 172 patients, 77
(44.8 %) had a pelvic lymphadenectomy at initial staging,
with positive results in 32.5 %. In 44 patients (25.6 %), the
FCH PET/CT scan was performed during androgen

Table 1 Patient characteristics

Characteristic FCH PET/CT for restaging

No. of patients 172
Age (years)
Mean + SD 64.4+7.7
Median 64
Range 45 - 81
PSA at PET/CT (ng/ml)
Mean = SD 10.7 +£35.0
Median 4.1
Range 0.1 —421.0

PSA velocity (ng/ml/year), mean+SD 8.4 +20.8
PSA doubling time (months), mean + SD 20.5 + 86.3
Clinical stage, n (%)

T1 33(19.2)

T2 87 (50.6)

T3 52(30.2)
Gleason score, n

3+3 33

3+4 62

4+3 53

4+4 20

4+5 3

5+4 1
D’Amico risk group, n (%)

1 8(4.7)

2 76 (44.2)

3 88 (51.1)
Initial treatment, n

Surgery = ADT 41

Surgery + EBRT + ADT 50

EBRT + ADT 60

ADT + systemic treatment 15

Other curative strategy 2

Active surveillance

ADT during PET/CT, n
Yes 44
No 128

PSA prostate-specific antigen, ADT androgen deprivation therapy, EBRT
external beam radiation therapy

deprivation therapy. The median rising PSA was 4.1 ng/ml
(range 0.1 — 421 ng/ml). The median PSA doubling time
and velocity were 6.8 months (range 0.3 — 1,049 months)
and 2.7 ng/ml/year (range 0.1 — 193 ng/ml/year), respectively.
PET/CT imaging

"8F_FCH was synthesized in Austria (IASOcholine; IASON
GmbH) as described by Vassiliev et al. [20]. Two different
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PET/CT instruments were used for FCH PET/CT acquisitions.
In 89 patients an integrated four-slice Discovery LS PET/CT
system (GE Medical System, Waukesha, WI) was used
consisting of a full-ring PET scanner with a 14.6-cm trans-
verse field of view and an in-plane resolution of 4.8 mm at
full-width at half-maximum. PET scans were acquired in two-
dimensional mode and were reconstructed with a standard
ordered-subsets expectation maximization iterative algorithm
(two iterative steps). In 120 patients a Siemens Biograph
mCT40 system (Siemens, Knoxville, TN) was used fitted with
a 20-cm axial field of view, time-of-flight (TOF) feature and
an in-plane resolution of 4.4 mm at full-width at half-maxi-
mum. Images were reconstructed with Ultra HD and TOF
(three iterations, 21 subsets). All patients refrained from eating
for at least 6 h before the FCH PET/CT scan. Acquisition was
started 1 min after intravenous injection of '*F-FCH (3 MBg/
kg) with dynamic PET images of the pelvis over 10 min
(1 min/frame) to overcome the effect of bladder repletion. A
whole-body PET/CT scan was performed 1 h after injection
(six or seven bed positions) with an acquisition time of 3 min/
bed position. A low-dose unenhanced CT scan was performed
for localization and attenuation correction. Reformatted trans-
verse, coronal and sagittal views were used for interpretation.

Image interpretation

FCH PET/CT images were scored as positive when focal trac-
er accumulation was greater than background activity (BG) or
tracer physiological distribution. The diagnosis of malignant
LNs following PET analysis was based on visual assessment
of increased focal FCH uptake corresponding to LNs on the
CT image, even if they were smaller than 10 mm. FCH uptake
in the inguinal region was interpreted as reactive and was
excluded from consideration as previously discussed in the
literature [21, 22]. For bone lesions, any focus of
nonphysiological uptake was considered as pathological.
Patients with a positive FCH PET/CT scan were classified into
three groups according to disease location: those with local
recurrence with FCH uptake only in the prostatic bed, those
with locoregional disease with FCH uptake in the pelvic LN
only or also in the prostate area, and those with distant metas-
tases with FCH uptake in bone, lung nodules or extrapelvic
LN.

Tumour uptake and volumetric parameters
On the whole-body PET/CT scans, six indices were deter-
mined for the most intense tumour uptake considered as a

positive target. These indices were:

1. SUVmax: a volume of interest (VOI) covering the entire
abnormal lesion was drawn.
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2. SUVpeak: a spherical region of interest of diameter 1 cm®
was defined. The region of interest location yielding the
highest average SUV (SUVpeak) within the tumour was
selected.

3. SUVmean and metabolic volume derived by segmenting
the tumour with a threshold of 40 %.

4. Total lesion choline kinase activity (TLCKA): a parameter
equivalent to total lesion glycolysis (TLG) for FDG, and
calculated from the equation: TLCKA=
SUVmean40% x volume40%.

5. Standardized added metabolic activity (SAM) [23]. This
figure-of-merit was defined as follows: a first VOI
(VOI1) was drawn around the lesion and a second VOI
(VOI2) was delineated. The borders of VOI1 were set at a
reasonable distance from the tumour lesion in order to
avoid the partial volume effect (PVE) and to ensure that
no spill-over from the lesion to VOI2 occurred.
Subsequently, the mean BG was calculated using the ex-
pression: mean BG=(SUV VOI2—-SUV VOIl)/(volume
VOI2—volume VOI1) where SUV is the product of the
mean SUV and the respective volume. SAM was then cal-
culated using the expression: SAM=SUV VOI1—(mean
BGxvolume VOII1)

Follow-up

In most of the patients, the follow-up was the only method to
validate the FCH PET/CT findings. The referring physicians
were asked to indicate the hypothetical patient therapeutic
strategy if no FCH PET/CT had been available, according to
European Guidelines [5]. The final strategy was chosen by the
referring physician based on the FCH PET/CT results in asso-
ciation with prognostic factors. A change in therapeutic strat-
egy based on the FCH PET/CT results was defined as a dif-
ferent strategy, adaptation of the treatment plan, or the addi-
tion of a new strategy. Palliative treatment included chemo-
therapy and androgen deprivation therapy. Curative treatment
included all local or locoregional treatments: surgery, external
beam radiation therapy, HIFU or cryotherapy. Follow-up was
performed by clinical examination and PSA measurements
every 3 — 12 months until the date the patient was last known
to be alive or had died.

PFS was considered as the interval between the PET/
CT study and a new biochemical recurrence, or the last
disease-free documented follow-up. Recurrence was de-
fined as clinical evidence of recurrence or rising PSA.
The clinical parameters recorded were: age, Gleason score,
initial PSA, PSA doubling time, PSA velocity, androgen
deprivation therapy during PET, and PET/CT parameters
(nmumber of hotspots, SUVmax, SUVpeak, SAM, TLCKA,
and SUVmean40%).
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Statistical analysis

The relationships among the qualitative and quantitative pa-
rameters and PFS were analysed using the log-rank test and
univariate Cox regression analysis, respectively. The estimat-
ed hazard ratio (HR) of each parameter at the definite thresh-
old was assessed using univariate Cox proportional hazards
analysis. For each clinical or PET/CT parameter, different cut-
off values were systematically studied and the most significant
value was chosen. A p value <0.05 was considered statistical-
ly significant. From the results of the multivariate analysis a
nomogram was constructed using the independent variables,
and this score gave a measure of risk.

Results
FCH PET/CT results

Of'the 172 FCH PET/CT scans, 137 (79.7 %) were analysed as
positive. Median rising PSA was 4.1 ng/ml (range
0.1 — 421 ng/ml). One patient with low PSA (0.1 ng/ml) was
referred because of bone pain and equivocal conventional im-
aging, before eventually undergoing radiation treatment. For
the patient with the highest PSA (421 ng/ml), extensive con-
ventional imaging was negative. He refused androgen depriva-
tion therapy because of potential side effects. FCH PET/CT was
proposed to target an eventual limited lesion and administer a
new focal salvage treatment. Of the 44 PET/CT scans per-
formed in patients on androgen deprivation therapy, 40 were
positive (90.9 %). The median rising PSA and PSA velocity
were, respectively, 5 ng/ml (range 0.1 — 421 ng/ml) and
3.5 ng/ml/year (range 0.2 — 193 ng/ml/year) in patients with a
positive PET/CT scan, and 2.6 ng/ml (range 0.4 — 31.9 ng/ml)
and 1.3 ng/ml/year (0.1 — 15.4 ng/ml/year) in those with a
negative PET PET/CT scan (p<0.001). The median PSA dou-
bling time tended to be shorter in patients with a positive PET
scan than in those with a negative PET scan (p=0.061). No
significant differences were found between the two groups re-
garding age at diagnosis, clinical stage, initial PSA, Gleason
score, D’ Amico risk group, or time of recurrence. Differences
between the two groups are summarized in Table 2.

Among the patients with a positive FCH PET/CT scan,
29.9 % (41/137) had prostatic bed recurrence (Fig. 1),
42.3 % (58/137) had pelvic LN recurrence with or without
prostatic bed recurrence and 27.7 % (38/137) had distant met-
astatic recurrence (bone, lung, extrapelvic LN). However,
none of the patients had isolated abdominal LN metastases.
Initial PSA was higher in patients with distant metastatic re-
currence (median 17 ng/ml) than in those with local recur-
rence (median 14 ng/ml), or locoregional disease (median
9.2 ng/ml; p=0.04). No significant differences in age were
observed among the three groups of patients (p=0.54).

Time to recurrence was significantly shorter in patients
with metastatic recurrence (mean 44.4 months) than in
those with local recurrence (mean 64.6 months; p=0.01).
PSA at the time of PET/CT examination was not signifi-
cantly different among the three groups. PSA velocity was
significantly higher (»p=0.007), and PSA doubling time
shorter (p=0.001) in patients with metastatic disease than
in patients with local disease.

Therapeutic strategies

The FCH PET/CT results led to a change in the treatment plan
in 43.6 % of patients (75/172). The PET/CT results led to a
change in treatment in 20 % of patients (7/35) with a negative
PET/CT scan and in 49.6 % of patients (68/137) with a positive
PET/CT scan. Among these 68 patients, treatment was changed
from curative to palliative in 5.9 % (4/68), from palliative to a
different treatment in 41.2 % (28/68), and (due to limited dis-
ecase) from palliative (androgen deprivation therapy or chemo-
therapy) to curative in 51.5 % (35/68), as shown in Fig. 2.
Details of the different changes are presented in Table 3.

Follow-up and PFS

The median follow-up was 29.3 months (95 % CI
18.9 — 45.9 months). Of the 172 patients, 49 (28.5 %) devel-
oped recurrence, and 123 (71.5 %) remained in remission
following treatment guided by the FCH PET/CT findings.
Two-year PFS was significantly higher in patients with pros-
tate recurrence (66 %, 95 % CI 36 — 84 %) than in those with
metastatic recurrence (42 %, 95 % CI 19 — 64 %; p<0037;
Fig. 3).

In the univariate analysis factors significantly associated
with PFS were: age <70 years (HR 2.06, p=0.035), rising
PSA >9 ng/ml (HR 2.04, p=0.041), PSA velocity
>15 ng/ml/year (HR 3.31, p=0.011), number of hotspots on
FCH PET/CT three or more (HR 2.1, p=0.019), SUVmax >5
(HR 3.09, p=0.012), SUVpeak >6 (HR 2.11, p=0.02),
SUVmean40% >3 (HR 4.26, p=0.003), and SAM >23 (HR
2.83, p=0.003). In the multivariate analysis independent prog-
nostic factors were: age <70 years (HR 2.12, p=0.045), SAM
>23 (HR 2.1, p=0.039) and SUVmean >3 (HR 3.35, p=0.02).
The results regarding the prognostic and predictive values of
all variables considered are presented in Table 4.

From the results of the multivariate analysis, a PC nomogram
was constructed using the independent negative prognostic var-
iables (1 point for each of age <70 years, SUVmean >3 and
SAM >23). PFS was shorter in patients with a score of 2 (p=
0.036) and score of 3 (p<<0.001) compared to patients with a
score of 0. Patients with a score of 0 or 1 in the nomogram
had a median PFS of 49 months, those with a score of 2 a median
PFS of 23 months and those with a score of 3 a median PFS of
11 months. According to the nomogram scores, the probabilities
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Table 2 Characteristics of

patients who underwent '*F-FCH Variable Whole population Positive FCH Negative FCH p value
PET/CT for restaging after PET/CT PET/CT
biochemical recurrence
No. of patients, n (%) 172 (100.0) 137 (79.7) 35(20.3)
Age (years), median (range) 64 (45 - 81) 64 (45 - 81) 62 (48 — 77) 0.983
Clinical stage, n (%)
Tl 34 (19.8) 26 (19.0) 8(22.9)
T2 86 (50.0) 68 (49.6) 18 (51.4)
T3 52(30.2) 43 (31.1) 9(25.7) 0.768
Gleason score, n (%)
<7 34 (19.8) 27 (19.7) 7 (20.0)
7 115 (66.8) 90 (65.7) 25(71.4)
>7 23 (13.4) 20 (14.6) 3 (8.6) 0.639
D’ Amico risk group, n (%)
1 8 (4.6) 5(3.6) 3 (8.6)
2 76 (44.2) 62 (45.3) 14 (40.0)
3 88 (51.2) 70 (51.1) 18 (51.4) 0.448
Initial PSA (ng/ml), median 12 (1.6 — 863) 12.0 (1.6 — 863) 10.7 (4.3 — 63) 0.423
(range)
PSA at time of PET/CT (ng/ml), 4.1 (0.1 —421) 5.0 (0.1 — 421) 2.6 (04 —31.9) 0.0003
median (range)
PSA doubling time (months), 6.8 (0.3 — 1,049) 6.5 (0.3 — 1,049) 84 (2.1 -51.2) 0.061
median (range)
PSA velocity (ng/ml/year), 2.7(0.1 —193) 3.5(0.2 - 193) 1.3(0.1 —15.4) 0.0006

median (range)

of a PFS of 3 years were 65.2 % (95 % CI 41.9 — 81.0 %),
45.1 % (95 % CI 13.8 — 70.1 %) and 13.9 % (95 % CI
0.9 — 43.4 %) for scores 0 or 1, 2 and 3, respectively (Fig. 4).

PFS was significantly different between the patients with a
negative PET/CT scan and those with a positive PET/CT scan
with a score of 3 (p=0.031). To understand the fate of all
patients, a survival analysis of patients with a positive PET/
CT scan and different scores and patients with a negative PET/
CT scan is shown in Fig. 5.

Discussion

In recent years, many teams have evaluated PET/CT using
choline radiolabelled with ''C (CCH) or '*F (FCH) in PC as

=

Fig.1 Axial PET (a), CT (b), and PET/CT (c) images show a single site
of uptake in the prostate bed after initial external beam radiation therapy.
Before FCH PET/CT, androgen deprivation therapy was planned in this

@ Springer

attested by the growing number of studies and currently 116
listed publications [24]. Furthermore, CCH has been approved
by the FDA, and FCH has been approved in Europe for the
detection of bone metastases in PC [25, 26] which has led to a
limited role assigned by oncological or urological societies [5].
However, choosing between local or locoregional salvage treat-
ment or a systemic therapy in patients with biochemical recur-
rence of PC is one of the most difficult problems for urologists.
This current limited recommendation can be explained by a
lack of a common approach to histological confirmation in
various studies in the literature, and this led Brogsitter at al.
not to give FCH pooled specificity due to insufficient data [24].

Several studies with relevant results have focused on the
impact of choline PET/CT on therapeutic decision making [3,
27]. Two retrospective studies investigated the prognostic

patient. After FCH PET/CT this patient received salvage cryotherapy to
the prostatic area. At the time of this report, PSA was below the limit of
detection with 17 months since treatment recurrence
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Fig. 2 A 71-year-old patient had a PSA increase to 2.1 ng/ml 5 years
after initial radical prostatectomy. FCH PET/CT imaging shows lymph
node uptake in the pelvic area. Before FCH PET/CT, androgen
deprivation therapy was planned. The PET/CT findings led to a change

implications of this imaging method on overall and disease-
free survival, one using CCH in 195 patients with castrate-
resistant PC [28] and the other using CCH in 302 hormone-
naive patients with PC [29]. Breeuwsma et al. studied the
correlation between the results of PET with CCH and
disease-free survival in hormone-naive patients with recurrent
PC after radical prostatectomy [30]. This retrospective study
in 172 patients with biochemical recurrence of PC is the first
study to our knowledge to look for prognostic factors corre-
sponding to semiquantitative parameters derived from this
imaging method. It is also the only study that has used semi-
quantitative data from FCH PET/CT to generate a nomogram
to help clinicians in their treatment choice.

In PC recurrence after initial treatment or at the stage of
castrate-resistance, overall survival and/or recurrence-free sur-
vival are relevant patient outcome data, and may be useful to
guide and optimize treatment decisions. These data can be
described by nomograms using clinical and biological param-
eters. Due to the disease heterogeneity in terms of prognosis,
creating a prognostic model for overall or disease-free survival
based on specific imaging data has a significant clinical value.
In patients with castrate-resistant cancer, Giovacchini et al.

Table 3  Changes in treatment following FCH PET/CT

in therapeutic strategy to salvage radiation therapy extended to include
the pelvic lymph nodes. After treatment, PSA decreased to 0.3 ng/ml, and
at the time of this report he was still progression-free

using CCH PET found three independent prognostic factors:
PET positivity, PSA level and Gleason score >7 [28]. In
hormone-naive patients with biochemical failure after radical
prostatectomy, the same team confirmed PET positivity as an
independent prognostic factor associated with different clini-
cal factors [29]. They constructed a nomogram that included
CCH PET positivity and the decision to change treatment
based on the PET results.

In this study, the multivariate analysis identified three in-
dependent prognostic factors, two of which are semiquantita-
tive parameters of FCH PET: SAM index >23, SUVmean >3
and age <70 years. This is the first time to our knowledge that
FCH semiquantitative parameters have been found to predict
disease-free survival. In general, the SUVmean is rarely used
because it requires precision and robustness to delineate the
functional tumour volume and is influenced by the PVE [31].
This is most critical in therapeutic monitoring where the PVE
may have a variable influence [32], but this was not the case in
our study.

With FDG, easily applicable and straightforward method-
ologies for assessing TLG while avoiding PVE and assessing
tumour volume by thresholding, and with less count

FCH PET/CT result ~ Patients with Treatment before PET/CT Treatment after PET/CT

treatment change

Treatment intent ~ Treatment Treatment intent ~ Treatment (% pf patients)

Negative 7/35 (20 %) ADT Active surveillance (57.1 %), EBRT (42.9 %)
Positive 68/137 (49.6 %)

4/68 (5.9 %) Curative EBRT Palliative ADT (100.0)

28/68 (41.2 %) Palliative ADTor CTE  Palliative Change in ADT or CTE (17.9), addition of

EBRT (60.7)
1/68 (1.4 %) Curative EBRT Curative EBRT (100.0)
35/68 (51.5 %) Palliative ADT Curative Surgery (31.4), HIFU (8.6), EBRT (42.9),

cryotherapy (17.1)

EBRT external beam radiation therapy, ADT androgen deprivation therapy, CTE chemotherapy, HIFU high-intensity focused ultrasound
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Fig. 3 Comparison of
progression-free survival
probabilities based on the loca-
tions of uptake on FCH PET/CT
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PFS according to type of Choline PET uptake
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prostate
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metastases

dependence, are of major interest [33]. SAM with FDG is a
marker derived from TLG which takes into account metabolic
activity as well as lesion volume [34]. In contrast to TLG, the
calculation of SAM includes background subtraction, assum-
ing that tumour tissue develops on top of normal tissue. As
such, the SAM method also avoids the problems of lesion
segmentation. Moreover, when the necessary VOIs are placed
at a sufficient distance from the actual tumour border, PVE are
also avoided, which makes accurate response assessment pos-
sible in small lesions [23]. In the literature, this parameter is
described as being superior to the widely used SUV, as it is
related to the total specific activity in the object rather than the
concentration of activity. This means that it is independent of
image resolution [35]. Therefore, the SAM index has the ad-
vantages of potential independence from the determination of
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the active metabolic tumour volume and being less influenced
by background noise than SUVmax [23].

The combination of our three independent prognostic fac-
tors allowed construction of a prognostic nomogram for
predicting PFS. Patients had very different PFS depending
on their score: 49 months in patients with the best scores
(score 0 or 1), and only 11 months in patients with a poor
score (score 3). This system allows the clinician to adopt the
best therapeutic approach for the patient. As stated by the
speaker in the SNMMI Highlights lecture: “This study is an
example of the ways in which we are acquiring similar tools in
molecular imaging and therapy that are helpful in patient guid-
ance in oncology” [36].

This score is relevant in hormone-naive patients with
castrate-resistant PC with positive PET/CT results, and is a

Table 4 Univariate and

multivariate analyses of

selected semiquantitative
parameters

Variable Univariate analysis Stepwise multivariate analysis
HR (95 % CI) p value HR (95 % CI) p value
Number of hotspots, >3 vs. <3 2.10 (1.13 - 3.91) 0.019 - -
SUVmax, >5 vs. <5 3.09 (1.28 — 7.47) 0.012 - -
SUVpeak, >6 vs. <6 211 (1.12 - 3.95) 0.02 - -
SAM, >23 vs. <23 2.83(1.44 - 5.57) 0.003 2.10 (1.04 — 4.25) 0.039
Age, <70 vs. >70 years 2.06 (1.02 — 4.44) 0.035 2.12 (1.02 — 4.44) 0.045
Rising PSA, >9 vs. <9 ng/ml 2.04 (1.05 — 4.05) 0.041 - -
PSA velocity, >15 vs. <15 ng/ml/year 331(1.31-8.31) 0.011 - -
Gleason score, >7 vs. <7 1.15 (0.63 — 2.10) 0.64 - -
Androgen deprivation therapy 1.46 (0.78 — 2.71) 0.23 - -
PSA doubling time, >2.4 vs. <2.4 months 0.46 (0.20 — 1.05) 0.06 - -
TLCKA, >6 vs. <6 0.60 (0.33 — 1.11) 0.10 - -
Initial PSA >20 vs. <20 ng/ml 1.89 (0.99 — 3.91) 0.057 - -
SUVmean40% >3 vs. <3 426 (1.61 - 11.19) 0.003 3.35(1.21 - 9.26) 0.020
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PFS according to prognostic score
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Fig. 4 Analysis of survival in patients in relation to the nomogram score
in each patient obtained as the cumulative number of independent
negative prognostic factors: age <70 years, SUVmean >3 and SAM >23

new tool that is more informative than qualitative visual anal-
ysis. An interesting finding was that the estimated PFS in
patients with a negative PET/CT result was not better than
the estimated PFS in patients with positive PET results. This
finding is contrary to that of Giovacchini et al. in hormone-
naive patients with PC [29]. In this study, the outcome in
patients with a negative PET choline scan was not different
from that in patients with a positive choline PET scan with a
score of 0 or 1 or 2, but was less unfavourable than in patients
with a positive choline PET scan and a score of 3. This could
be explained by the fact that clinicians were seemingly more
likely to adopt a “wait-and see” approach when no focus was
identified before choosing between a systemic or a
locoregional treatment. Nevertheless, in this situation of bio-
chemical recurrence, the natural history seems to be progres-
sion, which ultimately leads to an event in the course of the
patient’s disease. Our population was heterogeneous (hor-
mone-naive and castrate-resistant disease) including patients
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Fig.5 Analysis of survival in patients with a negative PET/CT scan (neg)
in comparison to survival in patients in relation to the nomogram score in
each patient obtained as the cumulative number of independent negative
prognostic factors: age <70 years, SUVmean >3 and SAM >23

with different stages of disease (early recurrence or more ad-
vanced disease), in contrast to the study by Giovacchini et al.
that included patients with first recurrence, i.e. less advanced
disease.

The impact of choline PET/CT on the choice of therapy in
patients with biochemical recurrence of PC has been studied
by several groups [3, 27]. In a retrospective series of 156
patients, Soyka et al. found that FCH PET/CT led to a change
in treatment offered in 48 % of patients [3]. Ceci et al. found
that CCH PET/CT led to a treatment change in 46.7 % of
patients [27]. In our study, FCH PET/CT led to a treatment
change in 43.6 % of patients. Whilst slightly lower than in the
previous studies, this value would have been in accordance
with those in the previous studies if we had included PET-
positive patients (49.6 %). In our study, a treatment change
was also observed in patients who had negative FCH PET
(20 %). In the majority of these patients, urologists chose
surveillance (57 %) or carried forward the planned treatment
or preferred a localized radiation therapy (43 %), which is in
agreement with previous reports [3, 27]. In 51.5 % of patients
with a positive FCH PET scan treatment was switched be-
tween palliative treatment and focused curative therapy (pel-
vic lymphadenectomy, stereotaxic radiotherapy, cryotherapy
or HIFU), which is similar to previously reported findings [3].

Patients with positive CCH or FCH PET scans often ben-
efit from recently developed focused treatments. These imag-
ing studies are of particular interest given that these treat-
ments, that delay the use of systemic therapy, are now avail-
able. Finally, the impact of these treatment changes on pro-
gression of the disease needs to be considered. Ceci et al.
described this aspect in some patients, in whom a major clin-
ical impact was observed, with a complete or partial response
in 71.4 % [27]. Soyka et al. observed a complete or partial
response in 69.2 % of patients who underwent a therapeutic
change [3]. In our study, 71.5 % of patients were in remission
without further recurrence. In these three studies, the outcome
of treatment changes dictated by the choline PET results ap-
pears promising with a high rate of complete or partial
responses.

A possible limitation of our study was its retrospective and
single-centre design and the new use by urologists of FCH
PET data for the care of their patients which could have led
to bias. Favourable results of the therapeutic changes evaluat-
ed in this study must be compared with those of a prospective
multicentre study. In addition, follow-up was short in some of
our patients. However, we do not think there was significant
bias in this study: patient management complied with guide-
lines recommended in patients with PC with biochemical re-
currence. The fact that only a few lesions detected by FCH
PET were analysed pathologically may be another limitation
of the study data. However, it would not have been ethical or
practical to perform several biopsies in the same patient to
verify the nature of the abnormalities revealed by PET
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imaging. Studies using radiolabelled choline PET/CT in pa-
tients with biochemical recurrence have also encountered this
problem with pathological confirmation in only 4.5 % to
10 — 15 % of patients [14, 28]. The problem was addressed
in these studies by monitoring patients as in our study.
Because of the absence of deaths during follow-up, evaluation
of the impact of imaging on overall patient survival was not
possible in this study. FCH PET was requested most often in
patients with very moderate biochemical recurrence and mon-
itoring was probably not long enough compare to the low
frequency of deaths at this stage of the disease.

Conclusion

This study indicated that not only positive qualitative FCH
PET/CT results predict a short PFS in PC patients with bio-
chemical recurrence, but a semiquantitative approach also al-
lows individualizing different patient subpopulations and en-
ables clinicians to tailor available salvage treatments for per-
sonalized medicine. Further research is warranted to confirm
these findings in a larger population, as well as to explore how
FCH PET imaging might guide treatment in PC patients with
biochemical recurrence.
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