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Abstract

Background: To assess whether whole-body (WB) bone SPECT/CT provides additional diagnostic information over
[18F]-FCH PET/CT for the detection of bone metastases in the setting of prostate cancer biochemical recurrence
(PC-BR).

Methods: Patients referred for a PC-BR and whom benefited from a WB bone SPECT/CT and FCH PET/CT were
retrospectively included. Tests were classified as positive, equivocal, or negative for bone metastases. A best
valuable comparator (BVC) strategy including imaging and follow-up data was used to determine the metastatic
status in the absence of systematic histological evaluation.

Results: Between January 2011 and November 2017, 115 consecutive patients with a PC-BR were evaluated.
According to the BVC, 30 patients had bone metastases and 85 patients did not present with bone lesions. The
sensitivity, specificity, positive and negative predictive values were respectively 86.7% [69.3-96.2], 98.8% [93.6-100.0],
96.3% [78.7-99.5], and 95.5% [89.4-98.1] for WB bone SPECT/CT and 93.3% [77.9-99.2], 100.0% [95.8-100.0], 100.0
and 97.7% [91.8-99.4] for FCH PET/CT. There was no significant difference in diagnostic accuracy of bone
metastases between WB Bone SPECT/CT (AUC 0.824 [0.74-0.90]) and FCH PET/CT (AUC 0.829 [0.75-0.90], p = 041).

Conclusion: Despite good performances for the diagnosis of bone metastases in PC-BR, WB bone SPECT/CT does
not provide additive diagnostic information over concomitant FCH PET/CT.

Keywords: Bone SPECT/CT, 18F-FCH, PET/CT, Prostate cancer, Biochemical recurrence, Bone metastases, Molecular
imaging, Oncology

* Correspondence: ndeleiris@chu-grenoble fr

'Nuclear Medicine Department, Grenoble Alpes University Hospital, Grenoble,
France

2INSERM, U1039, Radiopharmaceutiques Biocliniques, Grenoble, France

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40644-020-00333-y&domain=pdf
http://orcid.org/0000-0002-0145-259X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ndeleiris@chu-grenoble.fr

de Leiris et al. Cancer Imaging (2020) 20:58

Introduction

Prostate cancer (PC) is the most common form of male
cancer in Europe, representing about 400,000 new cases
/ year in Europe [1, 2] and the third leading cause of
death in men over 50 years — old [3]. After initial post-
diagnostic radical treatments, follow-up is performed
through physical examination and blood prostate spe-
cific antigen (PSA) assessment [4].

However, biochemical recurrence (BR) occurs in 20—
50% of patients within 10 years following local treatment
[5]. BR can be defined by two consecutive rising PSA
values > 0.2 ng/mL after radical prostatectomy (RP) or >
2 ng/mL above the nadir after external beam radiother-
apy (EBRT) [6]. While PSA is a very sensitive tool to de-
tect relapse, it is not suitable for the characterization of
disease extension [7]. For patients presenting with bio-
chemical recurrence, determining whether the disease is
locally confined or systemically spread is of paramount
importance for the selection of the most appropriate
therapeutic strategy between local salvage treatment or
systemic treatment.

Bone represents the second most common metastatic
site of PC [8]. Bone metastasis represents an independent
prognostic factor [9, 10] and an indication for a systemic
therapy [11]. Bone scan (BS) scintigraphy and **F-Choline
(FCH) positron emission tomography (PET/CT) are cur-
rently available for routine diagnosis use in nuclear medi-
cine for patients with biochemical recurrence of PC.

99 m-Technetium (**™Tc) labeled diphosphonate BS is
a low-cost and widely available whole-body nuclear im-
aging test with good sensitivity [12]. However, planar BS
has a relatively poor specificity due to the unspecific
bone uptake related to osteoblastic activity and poten-
tially leading to false positive results. BS is now supple-
mented with a single photon emission computed
tomography fused with a low-dose CT scan (SPECT/
CT) [13, 14], thatimproves the lesion-to-background ra-
tio, allows anatomic lesion localization, removes the
superimposition of anatomical structures and provides
morphological data, thereby increasing the specificity
and positive predictive value of BS [15, 16].

FCH currently represents the most commonly used
PET tracer for the evaluation of patient with PC [17, 18].
Choline uptake is increased in PC cells due to tumoral
cell proliferation and the subsequent increase in the ac-
tivity of choline kinase [19, 20]. In addition to bone me-
tastases, FCH PET/CT also allows the detection of local
recurrence, lymph node or visceral metastases. FCH is
the only available PET tracer considered as a reference
in current clinical practice in France for the evaluation
of patients with BR of PC [21]. Indeed, prostate-specific
membrane antigen (PSMA) PET/CT, which might be
considered now as the gold-standard in the setting of PC
is still not available for routine use in France [22].
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Bone scan is still currently performed by a number of
institutions for the detection of bone metastases in BR
of PC. Many studies discourage BS in patients with PSA
<10 ng/ml, because of insufficient diagnostic perform-
ance and very low detection rate [11, 23]. Nevertheless,
these studies did not evaluate the potential of systematic
whole-body (WB) bone SPECT/CT.

The aim of this study was to assess whether whole-
body (WB) bone SPECT/CT provides additional diag-
nostic information over [18F]-FCH PET/CT for the de-
tection of bone metastases in the setting of prostate
cancer biochemical recurrence.

Materials and methods

Study design and patients

We conducted a single-center retrospective study at the
Grenoble Alpes University Hospital. From January 2011
to November 2017, a total of 386 consecutive patients
were addressed in the nuclear medicine department to
perform a FCH PET/CT in the setting of biochemical re-
currence of PC. We included patients with biochemical
recurrence of a histologically proven PC who benefited
from whole-body BS coupled to a double field of view
(FOV) SPECT/CT and a FCH PET/CT within 3 months,
and for whom data on initial tumor and follow-up were
available (Fig. 1). Such data were available since both
tests were systematically performed for patients referred
to our center for BR of PC. Data concerning the initial
tumor (PSA at the diagnosis, Gleason score, TNM
stage), the initial treatment of PC, the kinetics of PSA
(PSA nadir, at least two values of PSA before the WB
bone SPECT/CT with their date) and the follow up
(clinical evaluation, biological and imaging data) were
collected for all patients using our institution database.
Data from patients followed in other institutions were
collected through their corresponding prescribing physi-
cians and medical biology laboratories by phone or
email. The PSA doubling time was calculated using the
most recent PSA values (with a minimum of 2 and up to
6 values) and the least squares fitting-exponential meth-
odology (www.doubling-time.com). The study was ap-
proved by the local ethics committee.

Whole-body bone SPECT/CT

Three hours after the intravenous administration of 7.4
MBq/Kg (0.2mCi/Kg) (a minimum of 550 MBq) of
99mTc-methylene diphosphonate, planar whole-body
images in anterior and posterior projections were ob-
tained using a dual-head SPECT/CT camera Symbia-T2
(Siemens). A SPECT/CT of two FOV from the cervical
spine to the proximal part of the thighs and therefore
encompassing belts and the whole spine (whole-body
bone SPECT/CT), was then performed in all patients.
The camera was equipped with low-energy high-
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‘ Patients with prostate cancer initially referred for 18F-Choline PET/CT (n = 386) ‘

SPECT/CT (n = 184)

Patients without Bone Scan completed by a double field of view

18F-Choline PET/CT cancelled or postponed (n = 49)
Cancelled despite normal bone scan (n = 3)
Postponed due to logistical issues (n = 46)

Indication other than biochemical recurrence (n = 37)
Initial staging (n = 28)
Therapeutic assessment (n = 8)
Thoracic pain without biochemical recurrence (n=1)

’ Initial treatment and follow-up data not available (n = 1) ‘

EERR

‘ Patients included in analysis (n = 115) ‘

Fig. 1 Flow chart of study population

resolution (LEHR) collimators. Images were acquired on
a 128 x 128 pixel matrix using 64 projections of 25s
each with 180° rotation for each camera head. SPECT
data were reconstructed using an ordered subset expect-
ation maximization (OSEM) algorithm (5 iterations over
8 subsets). A low-dose CT scan of the same zone was
obtained for attenuation correction and anatomical
localization. Data were acquired with exposure of 130
kV, a pitch of 1.85 with rotation time of 1.5s and colli-
mation of 2 x 2.5 mm, and reconstructed to images using
3 mm-thick slices.

18F-Choline PET/CT

PET/CT images were acquired on a PETCT Discovery-
690 (GE Healthcare) after intravenous administration of
3.7 MBq/Kg (0.1 mCi/Kg) of FCH. Image acquisition
consisting of a low dose CT scan followed by dynamic
PET images of the pelvis over 10min (10 x 1min
frames) was started immediately following tracer injec-
tion in order to overcome urinary bladder activity. Sixty
minutes after injection, a whole-body PET/CT acquisi-
tion (from the skull to the proximal part of the thighs)
was performed with an acquisition time of 2 min per bed
positions. Unenhanced CT scan of the same zone was
performed for attenuation correction and localization
(120 kV, current modulation, 0.8 s/rotation, 3.75 mm re-
constructed section thickness, 512 x 512 matrix). To
limit the contribution of urinary elimination on FCH im-
ages, all patients received an intravenous injection of a

diuretic (Furosemide 20 mg) and were asked to urinate
before whole-body acquisition.

Image interpretation

All the images from WB bone SPECT/CT and FCH
PET/CT were analyzed by two blinded nuclear medicine
physicians and were reviewed on a dedicated worksta-
tion. When a lesion was differentially classified, the ex-
pertise of a third nuclear medicine physician was used to
resolve the discrepancy. Planar BS was visualized in an-
terior and posterior views whereas SPECT/CT and PET/
CT acquisitions were evaluated in transverse, coronal
and sagittal planes. The morphological data from CT
scans were also studied for anatomical localization and
detection of bone lesions. Each patient was classified as
having malignant lesion, equivocal lesion, benign finding
or a normal exam from WB bone SPECT/CT analysis.
The lesions were classified as equivocal in the event that
no consensus could be reached due to the lack of an al-
ternative test. On FCH PET/CT, each focal or diffuse ab-
normal tracer uptake was classified as positive, equivocal
or negative for bone involvement. Pathological focal up-
take of FCH from the prostatic or visceral regions and
lymph nodes was also studied.

As histological proof of bone metastases was absent in
most cases, a best valuable comparator (BVC) was used
as the gold standard, as previously described in other
comparative imaging studies [24, 25]. BVC was deter-
mined collegially (nuclear medicine physician, urologist,
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oncologist, radiotherapist) using all available imaging
data (current and follow-up) as well as the 6-month clin-
ical and biological evolution.

Statistical analysis

Continuous variables were reported as medians and
interquartile ranges (IQRs) and categorical variables as
frequencies and percentages. Baseline characteristics
were compared according to WB bone SPECT/CT re-
sults using the chi-square test (or Fisher exact test when
appropriate) for categorical variables and the nonpara-
metric Kruskal-Wallis test for continuous variables. The
comparison of WB bone SPECT/CT results was strati-
fied by PSA doubling time classes, across the trigger
PSA classes and the interaction was tested using the
Mantel-Haenszel test.

The diagnostic performance parameters of WB bone
SPECT/CT and FCH PET/CT compared to BVC (sensi-
tivity [Se], specificity [Sp], positive predictive value
[PPV], negative predictive value [NPV]) were presented
using 95% confidence intervals (Cis) based on binomial
distributions. Equivocal tests were considered negative
upon single analysis since such tests did not prevent
from performing additional investigations in order to
identify secondary bone lesions. Receiver-operating char-
acteristics (ROC) analysis were also obtained for each
test with calculation of the area under the curve (AUC)
and statistical comparison of ROC curves.

A two-sided p value <0.05 was considered statistically
significant. All analyses were performed using Stata Spe-
cial Edition version 14.0 (Stata Corp, College Station, TX).

Results

From January 2011 to November 2017, 115 patients
were evaluated by both WB bone SPECT/CT and FCH
PET/CT for a biochemical recurrence of PC. All data
were available except the nadir PSA that was missing for
two patients. Patients’ characteristics are summarized in
Table 1. The median age of the population was 73.2
years (range 56-89). Ten (8.7%), 29 (25.2%), and 76
(66.1%) patients were respectively classified at low-risk,
intermediate-risk and high-risk according to D’AMICO
initial staging classification.

There were 13 patients whom were treated by RP only
(11.3%), 50 patients were treated by EBRT only (43.5%),
and 34 whom were treated by RP and EBRT (29.6%).
Among the latter, 16 patients were treated with salvage
EBRT and 18 patients were treated with adjuvant EBRT.
Eighteen patients (15.6%) benefited from an alternative
therapy (brachytherapy, high-intensity focused ultrasound
HIFU). Twenty-two patients (35%) treated by RP had posi-
tive surgical margins (R1). At the time of the WB bone
SPECT/CT the median PSA level (trigger PSA) was 5 ng/
ml (2.4-9.9) with 87 patients (75.7%) having a PSA level <
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10ng/ml and 28 (24.4%) having a PSA level > 10 ng/ml.
The median PSAdt was 6.1 months (3.3—-13.4) and 56 pa-
tients (48.7%) had a PSAdt <6 months.

According to the BVC 30 (26%) patients presented
with bone metastases at this point while 85 (74%) did
not. On the basis of WB bone SPECT/CT, 27 (23.5%)
patients were classified as having bone metastases, 7
(6%) patients had equivocal bone lesions and 81 (70.5%)
patients had a negative study or benign findings such as
degenerative lesions. Compared with BVC, 26 true posi-
tives, 1 false positive, 4 false negatives and 84 true nega-
tives tests were obtained. Sensitivity, specificity, positive
and negative predictive values were respectively 86.7%
[69.3-96.2], 98.8% [93.6-100.0], 96.3% [78.7-99.5], and
95.5% [89.4—98.1] for WB bone SPECT/CT.

With FCH PET/CT, 28 (24%) patients were classified as
having malignant lesions on the skeleton. Eighty-five pa-
tients (76%) had no focal or diffuse uptake on the skeleton
and were therefore considered has having a negative test.
There were two equivocal findings. Compared with BVC,
28 true positives, no false positive, 2 false negatives and 85
true negatives were observed. Sensitivity, specificity, posi-
tive and negative predictive values were respectively 93.3%
[77.9-99.2], 100.0% [95.8—100.0], 100.0 and 97.7% [91.8—
99.4] for FCH PET/CT (Tables 2 and 3).

FCH PET/CT also identified hypermetabolic lymph
nodes in 45 (41.5%) patients and local recurrence either
in the prostate gland or bed in 35 (32%) patients. One
patient had a metastatic lung extension in addition to
bone involvement. FCH PET/CT identified the site of re-
lapse for 85 patients among the 115 patients, which rep-
resents a detection rate of 74%.

Opverall, there was no significant difference in diagnos-
tic accuracy of bone metastases between WB Bone SPEC
T/CT (AUC 0.824 [0.74—0.90]) and FCH PET/CT (AUC
0.829 [0.75-0.90], p = 0.41).

Among patients with bone lesions on WB bone SPEC
T/CT (true positive), 9 had a single bone lesion, 8 had
an oligometastatic disease (between 2 and 5 lesions) and
9 had a high bone metastatic volume (> 5 lesions). More
bone lesions were detected using FCH PET/CT but only
five patients switched group. Specifically, 2 false-negative
WB bone SPECT/CT had bone involvement (single le-
sion and high metastatic tumoral volume) identified
using FCH PET/CT; 1 patient was reclassified from sin-
gle to oligometastatic lesions; 1 patient with equivocal
lesions upon WB Bone SPECT/CT presented with oligo-
metastatic lesions upon FCH PET/CT; and 1 patient was
a WB bone SPECT/CT false-positive (Table 1).

Characteristics associated with the positivity of whole-
body bone SPECT/CT

In univariate analysis, patients with a positive WB bone
SPECT/CT had a significantly higher initial Gleason
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Table 1 Comparison of baseline patient’s characteristics based on whole-body bone SPECT/CT results
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Characteristic Total Negative bone SPECT/CT Positive bone SPECT/CT P value
(N=115) (N=288) (N=27)
Age (years)

Median + (IQRs) 73.2 (56-89) 73.2 (67.2-80) 73.2 (66-81.3) 0.79
Initial PSA (ng/mL)

Median + (IQRs) 94 (7.1-184) 92 (7.2-17.3) 94 (6.5-33.5) 045
Initial PSA (ng/mL), class n (%) 0.18

0-10 65 (56.5) 49 (55.7) 16 (59.2)

10.01-20 26 (22.6) 23 (26) 3011

>20 24 (20.9) 16 (18) 8 (29.6)

Tumor (T) stage, n (%) 0.10

T1 -T2a 34 (30.6) 30 (35.7) 4(14.8)

T2b 6 (14.4) 12 (14.3) 4(14.8)

T2c-T4 61 (55) 42 (50) 19 (704)

Gleason score, n (%) <001

<6 32 (27.8) 31 (352 137)

7 (3-4) 29 (25.2) 24 (27.3) 5(18.5)

7 (4+3) 30 (26.1) 21 (23.9) 9(333)

28 24 (20.9) 12 (13.6) 12 (44.4)

D'Amico classification, n (%) 0.09

Low-risk 10 (8.7) 10 (11.4) 0(0)

Intermediate-risk 29 (25.2) 24 (27.3) 5(18.5)

High-risk 76 (66.1) 54 (61.3) 22 (81.5)

Initial treatment, n (%) 0.98

RP 3(11.3) 10 (11.4) 3(11.1)

RP + EBRT 4 (29.6) 27 (30.7) 7 (25.9)

With positive surgical margins 2 (19 15 (17) 7 (26) 0.15

EBRT 0 (43.5) 34 (42) 13 (48.2)

Other (Brachytherapy, HIFU) 8 (15.6) 14 (15.9) 4 (14.8)

Adjuvant ADT 0 (52.2) 42 (47.7) 18 (66.7) 0.09
PSA nadir (ng/mL), median =+ (IQRs) 0.1 (0.0-0.7) 0.1 (0.0-0.7) 0.1 (0.0-04) 0.62
Trigger PSA (ng/mL), median = (IQRs) 5 (24-9.9) 44 (21-6.9) 125 (4.4-186) <0.001
Trigger PSA (ng/mL), class n (%) <0.001

PSA <10ng /mL, 87 (75.7) 74 (84.1) 13 (48.2)

PSA >10ng/mL 28 (24.4) 14 (15.9) 14 (51.9)

PSAdt (months), median + (IQRs) 6.1 (3.3-134) 76 (3.7-16.7) 3.8 (2.1-6) <0.001
PSAdt (months), n (%) <001
< 6 months 56 (48.7) 35 (39.8) 21 (77.8)
> 6 months 59 (51.3) 53 (60.2) 6(22.2)

Abbreviations: RP Radical prostatectomy, EBRT External beam radiotherapy, HIFU High intensity focal ultrasound, ADT Androgen deprivation therapy, /QRs
Interquartile ranges, PSAdt PSA doubling time

score (p<0.01). The median PSA value at the time of
WB bone SPECT/CT was significantly higher for pa-
tients with positive WB bone SPECT/CT (12.5 ng/mL)
compared with those with negative WB bone SPECT/
CT (4.4 ng/mL, p <0.001). A PSA threshold of 10 ng/ml

was significantly associated with positive WB bone SPEC
T/CT (p<0.001). The median PSAdt of patients with
positive WB bone SPECT/CT was significantly shorter
than those with negative test (3.8 versus 7.6 months re-
spectively, p <0.001). The PSAdt threshold of 6 months
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Table 2 Results of whole-body bone SPECT/CT and FCH PET/CT for the different sites evaluated

Relapse site Bone Lymph node Local Total

N (%) Positive Negative Equivocal Positive Positive Positive
Bone SPECT/CT 27 (23.5%) 81 (70.5%) 7 (6%) / / 27 (23.5%)
FCH PET/CT 28 (24%) 85 (74%) 2 (1.5%) 45 (41.5%) 35 (32%) 85 (74%)
BVC 30 (26%) 85 (74%) 0 (0%)

was predictive of a positive WB bone SPECT/CT (p<
0.01) (Table 4). The identification of patients with high
bone metastatic volume was challenging when these pre-
test predictive factors were used. Indeed, 4 out of 9 pa-
tients with high bone metastatic volume had a Gleason
score > 8, 6 had a pre-test PSA > 10 ng/mL, and 7 had a
PSAdt <6 months while only 1 patient was positive for
the 3 identified predictive factors.

Detection rate and influence of PSA and PSA kinetics
Overall, 87 patients had a PSA level lower than 10 ng/
mL before the WB bone SPECT/CT, of whom 13 (15%)
had a positive WB bone SPECT/CT. In those patients
with a PSA <10 ng/mL (median PSA =2.96 ng/ml [2.62—
5.45]), 9/13 (69%) patients with a positive WB bone
SPECT/CT had a PSAdt <6 months (median=2.63
months [2.17-4.73]). On the other hand, 28 patients had
a PSA level higher than 10ng/mL before WB bone
SPECT/CT, including 14/28 (50%) patients with positive
WB bone SPECT/CT. In this group, 12 patients (86%)
with a positive WB bone SPECT/CT had a PSAdt <6
months.

Patients with a positive WB bone SPECT/CT had
higher rates of PSAdt <6 months (77.8% vs. 39.8%).
Interestingly, a significant interaction was observed be-
tween trigger PSA and PSAdt for the odds of the WB
bone SPECT/CT results: compared with patients with a
PSAdt >6 months, patients with a shorter PSAdt and
with a trigger PSA lower than 10 ng/ml had higher rates
of positive WB bone SPECT/CT (OR =4.4, CI95 [1.1-
21.2], p = 0.03) (Table 4).

Indeed, the detection rate in this patient subgroup was
26.5% (9/34 patients) as compared with 7.5% (4/53 pa-
tients) in the subgroup of patients with PSA <10 ng/ml
and PSAdt > 6 months (Figs. 2 and 3). The detection rate
of bone metastases was 50% when the PSA > 10 ng/mL
and decreased for PSA classes below 10 ng/mL, valued
at 17% for PSA 2-10ng/ml, 8% for PSA between 1 and
2ng/ml (one positive patient), 10% for PSA <1 ng/ml
(one positive patient) (Tables 5 and 6).

Discussion

The main result of this study is that bone scan with sys-
tematic double FOV SPECT/CT (WB bone SPECT/CT)
has good diagnostic performances for the detection of
bone metastases in comparison to FCH PET/CT in pa-
tients with BR of PC, but that it does not provide add-
itional diagnostic information. To the best of our
knowledge, this is the first study to evaluate the diagnos-
tic performances of bone scan complemented by a sys-
tematic WB bone SPECT/CT in patients with BR of PC.

Clinical setting

The detection of bone metastases induces radical
changes in the prognosis and therapeutic management
of patients with BR of PC, thereby justifying the clinical
relevance of powerful corresponding diagnostic tools.
WB bone SPECT/CT is a low-cost, widely available and
frequently used first intention clinical test for the detec-
tion of bone metastases in PC. However, the use of WB
bone SPECT/CT has been recently questioned, especially
in patients with a PSA <10ng/mL [4]. FCH PET/CT is

Table 3 Diagnostic performances of whole-body bone SPECT/CT and FCH PET/CT in comparison with the best valuable comparator

Bone SPECT/CT (N=115)

FCH PET/CT (N=115)

True positive N=26
True negative N=284
False positive N=1
False negative N=4

Sensitivity (
Specificity (
Positive predictive value (
(

Negative predictive value

86.7% (69.3-96.2)
98.8% (93.6-100.0)
96.3% (78.7-99.5)
95.5% (89.4-98.1)
AUC 0.824 (0.74-0.90)

N=28

N=85

N=0

N=2

93.3 (77.9-99.2) %
100.0 (95.8-100.0) %
100.0%

97.7 (91.8-994) %
0.829 (0.75-0.90)

95% Cls are given in parentheses
AUC Area under the curve
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Table 4 Comparison of whole-body bone SPECT/CT results
between PSA doubling time classes according to trigger PSA
classes (p=0.01 for global interaction)

PSA <£10ng/ml, N=87

Bone SPECT/CT result Negative Positive OR (C195) p
(N=74) (N=13)
PSAdt > 6 months 49 (92.5) 4 (7.5) reference 0.03
PSAdt <6 months 25 (73.5) 9 (26.5) 44 (1.1-21.2)
PSA > 10 ng/ml, N=28
Bone SPECT/CT result Negative Positive OR (C195) p
(N=14) (N=14)
PSAdt > 6 months 4 (66.7) 2 (33.3) reference 032
PSAdt <6 months 10 (45.5) 12 (54.5) 24 (0.3-309)

currently considered as the reference tracer for the
evaluation of patients with BR of PC in France [21]. In
the present study, we have retrospectively evaluated the
diagnostic accuracy of WB bone SPECT/CT performed
prior to FCH PET/CT in 115 consecutive patients with
BR of PC after radical initial treatment. The median PSA
value (5ng/ml [2.4-9.9]) observed in the present study
was lower than values from previously published studies
addressing the performances of bone scan in biochem-
ically recurrent disease [26-28]. Although such value
might appear elevated with respect to the diagnostic cri-
teria for BR, it is likely explained by the fact that PSA
was determined at the time considered as the most rele-
vant for recurrence localization using FCH PET/CT, as
indicated by a FCH PET/CT detection rate (74%) similar
to that observed in previously published studies [21].

Diagnostic performance of whole-body bone SPECT/CT
Among the papers published studying the performance
of bone scan in prostate cancer, none evaluated the per-
formances of systematic whole-body bone SPECT/CT in
BR of PC. These previously published studies rather
evaluated the performances of planar bone scintigraphy
— an out-of-date procedure [29, 30], or the performances
of non-systematic SPECT/CT indicated on the basis of
planar scintigraphic findings [31, 32].

Table 5 Whole-body bone SPECT/CT detection rates according
to pre-test PSA classes

PSA class Bone metastatic patient N (%)
> 10ng/mL 14/28 (50%)

2-10ng/mL 11/65 (17%)

1-2 ng/mL 1/12 (8%)

< 1ng/mL 1/10 (10%)

Total 27/115 (23%)

The numbers and percentages are expressed in relation to the total number of
patients in each PSA class
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Our study confirms the good diagnostic performances
of WB bone SPECT/CT in prostate BR with sensitivity,
specificity, positive and negative predictive values of
86.7% [69.3-96.2], 98.8% [93.6-100.0], 96.3% [78.7—
99.5], and 95.5% [89.4-98.1] when equivocal WB bone
SPECT/CT were considered as negative, in comparison
to the BVC and regardless of the PSA level.

Picchio et al. classified equivocal results from scintig-
raphy (27%) as either positive or negative, inducing a
quite large range for sensitivity [70—100%] and specificity
[75-100%] [30]. However, an optimal strategy taking
into account both the medical and medico-economical
perspectives obviously requires the classification of
equivocal studies as negative since all equivocal cases re-
quire an additional test to establish a reliable diagnosis.

Accordingly, when considering equivocal WB bone
SPECT/CT as negative, the results of Picchio et al. point
at the suboptimal performances of planar bone scintig-
raphy (sensitivity, 70%; specificity, 100%) with respect to
those observed in the present study using WB bone
SPECT/CT (sensitivity, 86.7%; specificity, 98.8%). Over-
all, the diagnostic performances of WB bone SPECT/CT
are superior to those described in the literature for pla-
nar BS [33-38]. The rate of positive WB bone SPECT/
CT that we observed (27 patients, 23.5%) appears rela-
tively high compared to that found in previous studies
with planar BS (6 to 14%) [26, 28, 29] and similar to
those of Moreira et al. (20-26%) [39]. However, details
regarding the acquisition protocol (planar with or with-
out SPECT/CT) were not provided by the authors of the
latter study. Furthermore, we noticed a relatively low
equivocal examination rate, with only 7 patients (6%)
classified as doubtful for the presence of bone metasta-
ses, while the remaining patients were immediately cate-
gorized as positive or negative. These results are in
accordance with those of Helyar et al. who reported an
8% rate of equivocal lesions according to SPECT/CT
and a significantly reduced rate of equivocal lesions in
comparison with that of planar BS alone [40].

No significant difference was observed for the detec-
tion of bone metastases in comparison with FCH PET/
CT (AUC 0.824 for WB Bone SPECT/CT vs 0.829 for
FCH PET/CT, p=0.41). These AUCs are comparable
with those obtained by Pyka et al. [24] for bone SPECT/
CT, even though a small number of patients benefited
from a bone SPECT/CT in this study. More bone lesions
were detected by FCH PET/CT than by WB bone SPEC
T/CT in the present study. However, the data from both
tests were mostly in accordance regarding the classifica-
tion of bone metastasis patients into the subgroups of
single metastatic lesion, oligometastatic lesions, and pa-
tients with high bone metastatic volume.

Our results are deprived of any ambiguity since 74% of
patients (85/115) benefited from FCH PET/CT which
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A Bone SPECT/CT

B '8FCH PET/CT

hormonotherapy was introduced

Fig. 2 A 75 years-old male patient with a high-risk prostate cancer (initial stage T3NO, Gleason score 7 (3 +4), a baseline PSA level of 8 ng/mL),
initially treated by EBRT and adjuvant hormonotherapy. The patient presented with a biochemical recurrence after 4 years of follow-up (PSA: 2.77
ng/mL; nadir: 0.03 ng/mL; PSA doubling time 2.17 months). A whole-body bone SPECT/CT was performed (a Maximum Intensity Projection (MIP)
image and axial plane) and multiple osteoblastic lesions interesting the pelvis (white arrow), the ribs, the right humeral head were observed. The
patient had a recent fracture of the left clavicle. FCH PET/CT (see the image from (b) with MIP image) confirmed the presence of multiple bone
metastases (of which some lesions not visualized in bone SPECT/CT), with no lesion on the prostate bed or the lymph node. A treatment by

allowed the detection of one relapse site while only
22.6% of patients (26/115) benefited from whole-body
bone SPECT/CT for the detection of bone metastases,
with an even greater number of bone metastasis patients
identified by FCH PET/CT (28/115). Even though WB
bone SPECT/CT displays good performances for patient
classification, it does not allow the assessment of lymph
node or visceral metastatic disease. Such a knowledge is

however essential in order to determine the appropriate
treatment.

Perspective

A current clinical problem consists in the detection of
early recurrence which may still be accessible to local
therapy and which may develop in the setting of low
PSA levels. In the present study, the detection rate of

Detection rate (%) p=0,01

60 A

30 A

10 A

PSA < 10ng/ml

PSA > 10ng/ml

Fig. 3 Detection rate of bone lesion on whole-body bone SPECT/CT according to PSA trigger and PSA doubling time

W PSAdt £ 6 months
PSAdt > 6 months
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Table 6 Distribution of the number of bone lesions identified
by Bone SPECT/CT and FCH PET/CT

Lesions Bone SPECT/CT FCH PET/CT
0 89 (77%) 87 (75%)

1 9 (8%) 8 (7%)

2-5 8 (7%) 10 (9%)

> 5 9 (8%) 10 (9%)

Percentages are expressed in relation to the total number of patients.
Equivocal bone lesions were classified as negative

bone lesions by WB bone SPECT/CT was low for PSA
levels between 1 and 2 ng/mL and < 1 ng/mL, suggesting
the suboptimal performances of the test in this setting.

PSMA has recently become a very promising target for
the diagnostic and therapeutic management of patients
with PC. PSMA-PET/CT was shown to outperform pla-
nar BS and bone SPECT/CT for the detection of bone
metastases [24, 40] and FCH PET/CT for the number of
detected bone metastases and for the overall number of
identified recurrence sites [22], especially in patients pre-
senting with low, <2ng/mL PSA levels. Indeed, the
AUC of WB bone SPECT/CT and FCH PET/CT were
comparable in our study and both were equivalent to
the AUC observed by Pyka et al. [24] for WB bone
SPECT/CT whereas the authors found a significantly
better AUC for PSMA PET/CT.

Limitations
There are several limitations to the present study. First,
this is a single-centered and retrospective study.

However, the bias caused by retrospective design re-
mains acceptable in comparison with previously pub-
lished data on planar bone scan scintigraphy versus
choline PET/CT (*'C or '®F). For instance, patients be-
ing included over an initial population in our study rep-
resented (115/386) 29.8% versus (78/6266) 1.2% in the
study by Picchio et al. [30].

Second, patients were referred for FCH PET/CT in the
setting of BR of PC, implying the presence of high PSA
levels with respect to the biological definition of BR.

A third limitation to be considered is the choice of
FCH as the comparison test rather than the gold-
standard PSMA-PET/CT. However, PSMA-PET/CT is
not available yet in France and could therefore not be
used as a reference in our study. The implications of our
study are therefore limited to those countries with no
access yet to PSMA-PET/CT in clinical routine or to
those centers with no access to a 68Ga generator. Such
situations are unfortunately still dominant worldwide,
which in our opinion underlines the relevance of our
study.

Fourth, systematic histological confirmation of bone
lesions is impracticable and unethical when not impact-
ing patient management. In the absence of histological
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evidence, others have used morphological or func-
tional imaging modalities and follow-up as gold stan-
dards [32, 35, 41, 42]. In the present study, the BVC
includes some clinical judgment or interpretation and
is not totally independent of our diagnostic tests,
which may lead to an inclusion bias and an overesti-
mation of diagnostic performances. However, the
BVC as a gold-standard appears as the best alterna-
tive to systematic histological analysis.

Finally, the choice of the frequency and timing of PSA
measurements were left to treating physicians, which
could have led to more variability in the assessment of
PSAdt while however reflecting more accurately the clin-
ical reality.

Conclusion

Despite good performances for the diagnosis of bone
metastases in prostate cancer biochemical recurrence,
whole-body bone SPECT/CT does not provide additive
diagnostic information over concomitant FCH PET/CT.
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