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Abstract: The aim of this study was to prospectively compare planar, bone scan (BS) versus SPECT/CT and NaF PET/
CT in detecting bone metastases in prostate cancer. Thirty-seven consecutive, newly diagnosed, prostate cancer
patients with prostate specific antigen (PSA) levels ≥ 50 ng/mL and who were considered eligible for androgendeprivation therapy (ADT) were included in this study. BS, SPECT/CT, and NaF PET/CT, were performed prior to treatment and were repeated after six months of ADT. Baseline images from each index test were independently read by
two experienced readers. The reference standard was based on a consensus decision made by a multidisciplinary
team on the basis of baseline and follow-up images of the index tests, the findings of the baseline index tests by
the experienced readers, and any available imaging, biochemical, and clinical data, including the response to ADT.
Twenty-seven (73%) of the 37 patients had bone metastases according to the reference standard. The sensitivities
for BS, SPECT/CT and NaF PET/CT were 78%, 89%, and 89%, respectively, and the specificities were 90%, 100%,
and 90%, respectively. The positive predictive values of BS, SPECT/CT and NaF PET/CT were 96%, 100%, and 96%,
respectively, and the negative predictive values were 60%, 77% and 75%, respectively. No statistically significant
difference among the three imaging modalities was observed. All three imaging modalities showed high sensitivity
and specificity. NaF PET/CT and SPECT/CT showed numerically improved, but not statistically superior, sensitivity
compared with BS in this limited and selected patient cohort.
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Introduction
Prostate cancer is one of the most frequently
occurring cancers in men. It often metastasizes
to the skeleton and thus causes significant
morbidity [1]. Reliable detection of bone metastases is important in patient management.
Across clinical guidelines, planar whole-body
bone scintigraphy (BS) remains the internationally recommended method for the detection of
bone metastases in prostate cancer [2-4].
Technical refinements of BS such as single-

photon emission computed tomography (SPECT) with computed tomography (CT) using
99
mTc-labelled diphosphonate are commonly
applied, and improved accuracy has been reported in many studies. However, neither SPECT/CT nor positron emission tomography (PET)
with CT is recommended in the international
guidelines for the initial staging of prostate cancer [2-4].
Studies of the diagnostic performance of bone
SPECT/CT and PET/CT are small, often retro-
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Figure 1. Flowchart for the recruitment of patients.

spective, and based on heterogeneous patient
populations [5]. However, the main drawback in
these studies has been the lack of a welldefined reference standard. Histopathology is
rarely used as a reference. Thus, the reference
largely relies on clinical follow up and/or supplementary or follow-up imaging. The criteria
used for clinical follow-up and decision analyses are often vaguely described, and the methods for supplementary imaging may include
methods with low diagnostic characteristics
(such as x-ray) or imaging modalities with the
same mode of action as the test being investigated. The reference standard may have been
based entirely or predominantly on consensus
evaluations of the index test, which might artificially boost the performance of the index test in
a circular reasoning [5-8]. Thus, in the absence
of histological verification, a firm definition of
the presence or absence of bone metastases
is essential to evaluate the diagnostic performance of any imaging modality [6].
The purpose of the present study was to prospectively compare the diagnostic performances of conventional BS, SPECT/CT, and
18
F-sodium fluoride (NaF) PET/CT. We aimed to
establish a well-defined reference standard
based on consensus decisions in a multidisciplinary team of experts with access to all available clinical, biochemical, and imaging information, including images at baseline and follow-up
images after androgendeprivation therapy
(ADT).
Materials and methods
Study design
This was a prospective, multi-center, diagnostic
test accuracy (DTA) study comparing the diagnostic accuracy of NaF PET/CT and SPECT/CT
versus BS for the diagnosis of bone metastases. The study protocol has been published
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separately [9]. This study was fully compliant
with the Standards for Reporting of Diagnostic
Accuracy (STARD) guideline for DTA studies [8].
The study was approved by the Regional
Research Ethics committee (N-20130068) and
the Danish Data Protection Agency, and it followed the Helsinki Declaration. All patients
received oral and written information and provided written informed consent for participation in this study.
Patients
Consecutive patients with newly diagnosed,
high-risk prostate cancer were recruited from
two departments of urology in Denmark, namely, at Regional Hospital West, Herning and
Holstebro, and at Aalborg University Hospital,
Aalborg from February 2014 to December
2015. Eligibility criteria comprised the following: 1) histologically confirmed adenocarcinoma of the prostate; 2) prostatespecific antigen
(PSA) blood levels ≥ 50 ng/mL; 3) eligible for
ADT; 4) no current or prior cancer (5 years); and
5) no investigational drugs. The PSA cut-off
value of ≥ 50 ng/mL was chosen because the
estimated prevalence of bone metastases in
this group was approximately 50% according to
previous research [10]. A metastasis-enriched
population was selected to optimize sample
size and statistical power [9]. The patients had
not have any other bone imaging prior to inclusion in this study.
Sample size
Sample size calculations were based on the
recommendations by Hayen et al. for sample
size calculations in DTA studies [11] They were
based on a prevalence of 50% bone metastases in a bone-metastasis-enriched population
(PSA > 50 ng/ml) and weighted means of sensitivity and specificity of BS, SPECT/CT and NaF
PET/CT calculated from values in previously
published clinical trials [9]. This resulted in 114
patients being required to show a significant
difference between the specificities of the
index tests. Accounting for dropouts, we aimed
to recruit 140 patients. However, despite persistent efforts towards increasing recruitment
across centers, only 39/52 recruited patients
completed the study (Figure 1).
Imaging and related procedures
Planar whole-body BS, SPECT/CT, and NaF PET/
CT were performed within a timeframe of 14
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formed immediately following planar
imaging using the
Routine Procedures
following parameDiagnostic information; PSA, Gleason Score, T-stage
ters: matrix: 128 ×
Treatment; type, duration, and response
128; zoom factor:
Routine PSA measurements; up to 1 year after inclusion
1; 20 s per view;
Baseline BS
32 views; and rotaClinical questionnaire filled out by the patients with BS
tion of the detecAny existing routine imaging; x-ray, CT, MRI, and non-study-related BS and SPECT/CT
tors by 180 degrees in a non-cirStudy-related procedures
cular orbit using
Baseline performance status
the step-and-shoot
Blood levels of testosterone (baseline and after 6 months)
mode. A similar prFollow-up PSA after 6 months
otocol was used in
Baseline imaging; SPECT/CT and NaF PET/CT
Herning but with
Follow-up imaging after 6 months; BS, SPECT/CT, and NaF PET/CT
10 s per view, and
Consensus classification of index imaging test results as reported by expert readers
64 views, in a conPSA, prostate-specific antigen; CT, computed tomography; MRI, magnetic resonance imaging; BS,
tinuous mode. At
planar whole-body bone scintigraphy; SPECT, single photon emission computed tomography; NaF
both sites, low-do18
PET/CT, F-sodium fluoride positron emission tomography/computed tomography.
se CT without intravenous contrast
days and no later than seven days after the iniwas acquired and used for attenuation correctiation of ADT treatment. Imaging by all three
tion and anatomical co-registration: 30 mA:
modalities was repeated after six months of
130 kV, 3-mm slice thickness (Aalborg); refertreatment to assist in the determination of the
ence mA: 100 (CARE dose), 130 kV, and 5-mm
final diagnosis (see the reference standard
slice thickness (Herning).
below). A clinical questionnaire was, as per rouNaF PET/CT scans were performed using two
tine, filled out by the patients with each BS,
different PET/CT scanners in Aalborg and
containing information about artificial joint
Herning, respectively: 1) VCT discovery True 64
replacements, prior joint and bone surgery or
PET/CT (GE Healthcare) and 2) Biograph mCT
infections, known degenerative or inflammato64, 4R (Siemens Medical Solutions). All scans
ry bone diseases, recent trauma to the skelewere performed 30 min after the intravenous
ton, and the location and duration of unexadministration of approximately 200 MBq NaF
plained bone pain [12]. The blood levels of PSA
in 3D mode from the vertex to mid-thigh,
and testosterone were measured at baseline
encompassing 7-9 bed positions (150 s per
and after six months of treatment.
bed position for GE VCT discovery True and
BS and SPECT/CT were conducted in accor120-180 s per bed position according to the
dance with current institutional recommendabody mass index for Siemens Biograph). PET
tions, which are in line with international guideimages were reconstructed by iterative conlines [13]. All BS procedures were performed
struction and using low-dose CT images for
using Symbia dual-head gamma cameras with
attenuation correction and anatomical co-regmulti-purpose, low-energy, high-resolution colistration. The CT parameters were 70-200 mA
limators (Symbia T16, Siemens Medical
smart mA, 120 kV for GE VCT discovery True
Solutions, Erlangen, Germany, in Aalborg and
and 30 mAs, 120 kV for Siemens Biograph.
Symbia T2 and T16 in Herning). Scans were
Both protocols had a slice thickness of 0.625
performed two to three hours after the intravemm.
nous administration of 750-1000 MBq 99mTcImage interpretation
labelled diphosphonate in Aalborg and 10
MBq/kg in Herning. The scan speed was 10
Images from each index test were independentcm/min in Herning and 24 cm/min in Aalborg,
ly read by two trained experts. The readers
with 30% alpha blending.
were blinded to all clinical and biochemical
information, except the prostate cancer diagnoIn Aalborg, a three-bed position SPECT/CT
sis and the high level of PSA. Two experienced
scan, from the vertex to mid-thigh, was perTable 1. Reference standard - List of all information that were available to the
consensus review committee
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Table 2. Patient demographics and baseline characteristics (n=37 patients)
Age (years), mean (range)
71 (46-87)
Baseline PSA (ng/mL), median (range)
180 (53-9,708)
Gleason score, median (range)
9 (7-10)
T-stage
T1, n (%)
1 (2.7)
T2, n (%)
6 (16.2)
T3, n (%)
22 (59.4)
T4, n (%)
8 (21.6)
Performance status
0, n (%)
26 (70.2)
1, n (%)
8 (21.6)
2, n (%)
3 (8.1)
Unexplained bone pain, n (%)
10 (27.0)
Chronic degenerative bone disorder, n (%)
6 (16.2)
Treatment
Primary ADT treatment, n (%)
35 (94.6)
Radical prostatectomy, n (%)
1 (2.7)
No treatment, n (%)
1 (2.7)
PSA, prostate-specific antigen; ADT, androgen-deprivation therapy.

nuclear medicine physicians with more than 10
years of experience in bone imaging (JF and
JAE) read the BS and SPECT/CT separately
without knowledge of prior findings. Likewise,
NaF PET/CT scans were evaluated by two experienced nuclear medicine physicians (CH and
HWH), who had 5 and 10 years of experience,
respectively, with NaF PET/CT.
Each reader was asked to assess the baseline
image on a three-point scale (non-metastatic
(M0), equivocal (Me), or malignant (M1)) and on
a dichotomous scale (M0 or M1). After completing the individual readings, the readers were
asked to reach a consensus on the patient
level.
Reference standard

bone imaging). The consensus review was
conducted as follows: Each patient was presented with diagnostic information, treatment type and response to treatment, biochemical response, and the results of the
independent expert readings of baseline
images. Furthermore, schematic drawings
of the skeleton filled out by the expert readers were presented for patients with fewer
than 10 bone lesions to identify suspicious
lesions and the clinical questionnaire filled
out by the patient was reviewed for unexplained bone pain or other relevant information. The baseline and follow-up images
from all three imaging modalities were then
evaluated side-by-side. Suspicious lesions
identified on baseline images were traced
to follow-up images for the assessment of
changes following treatment. Any additional
imaging was included if required (n=2). The
multidisciplinary team discussed the available information and reached a final consensus for each patient regarding the presence of bone metastases.
Due to logistical reasons, we changed parts of
the image analysis procedure after the protocol
was published [9]. The protocol largely relied on
the imaging-based response of ADT to clarify
malignant lesions from benign findings; i.e., in
responding patients (PSA decrease > 80%), the
bone lesions became invisible or significantly
decreased in intensity at follow-up, but the preliminary analysis showed inconsistencies in the
treatment-induced responses. We therefore
changed the reference standard to include an
evaluation by a multidisciplinary team with
access to all available information, as described
above.
Statistical analyses

In the absence of a histologic gold standard,
the reference standard consisted of a consensus review of all available imaging, including
results of index tests, and all clinical, and biochemical information (Table 1). The consensus
review was conducted by a multidisciplinary
team consisting of three board-certified specialists who did not participate in the initial
expert consensus readings. The team consisted of a nuclear medicine physician (HDZ), a
radiologist (MBL), and a urologist (NCL) (7-20
years of experience with prostate cancer and

Data are presented on a patient basis and are
presented with 95% confidence intervals (95%
CIs). The sensitivity, specificity, and positive
predictive values (PPV) and negative predictive
values (NPV) were calculated on the basis of
the results of the reference standard. The sensitivities and specificities for BS, SPECT/CT and
NaF PET/CT were compared using the McNemar
test with p<0.05 considered statistically significant. All statistical analyses were performed
using StataIC version 13, StataCorp LCC, TX,
USA.
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(74%) with bone metastases,
at least one of the imaging
modalities detected > 10 suspicious bone lesions. Using
the dichotomous classification, bone metastases (M1
disease) were correctly diagnosed in 20 of 27 patients
(74%) by all three imaging
modalities. Similarly, bone
metastases were correctly
identified as absent in 8 of 10
patients (80%) by all three
imaging modalities.
Figure 2. Sensitivity, specificity, and positive (PPV) and negative (NPV) predictive values of bone scan (BS), SPECT/CT and NaF PET/CT. Error bars indicate the upper 95% confidence interval.

The diagnostic properties of
BS, SPECT/CT and NaF PET/
CT are shown in Figure 2. The
sensitivities of the three index
tests were 78% (95% CI:
Table 3. Assessment of bone metastases on a three point-scale
58-91%) for BS, 89% (95% CI:
and subsequent dichotomous classification according to imaging
70-98%) for SPECT/CT, and
modality and the reference standard
89% (95% CI: 71-98%) for NaF
M1 by reference
M0 by reference stanPET/CT. SPECT/CT correctly clstandard (n=27)
dard (n=10)
assified all patients without
Modality
M1
Me
M0
M1
Me
M0
bone metastases, thus demBS
21
3
3
0
1
9
onstrating a specificity of
Dichotomous reading
21
6
1
9
100% (95% CI: 69-100%),
SPECT/CTa
21
3
2
0
1
9
whereas the specificity of both
Dichotomous reading
23
3
0
10
BS and NaF PET/CT was 90%
18
F-NaF PET/CT
24
2
1
1
0
9
(95% CI: 56-100%). The PPV
was 96% (95% CI: 77-100%)
Dichotomous reading
24
3
1
9
a
for BS, 100% (95% CI:
Baseline SPECT/CT was missing in one patient M1, malignant bone lesions; M0,
non-metastatic; Me, equivocal; BS, planar whole-body bone scintigraphy; SPECT/
85-100%) for SPECT/CT, and
CT, single photon emission computed tomography/computed tomography; 18F-NaF
96% (95% CI: 80100%) for
PET/CT, 18F-fluoride positron emission tomography/computed tomography.
NaF PET/CT. The NPV for
SPECT/CT was 77% (95% CI:
46-95%) and 75% (95% CI: 43-95%) for NaF
Results
PET/CT; consequently, both SPECT/CT and NaF
Thirty-nine patients completed the study.
PET/CT outperformed BS in this regard
However, the multidisciplinary team found it
(NPV=60%; 95% CI: 32-84%). The overall accuimpossible to reach a consensus on the referracies for the three index tests were 81% for
ence standard in two patients: One patient was
BS, 92% for SPECT/CT, and 89% for NaF PET/
suspected suffering from osteopoikilosis, a
CT. No statistically significant differences
sclerosing bony dysplasia characterized by
among the sensitivities and specificities of BS,
numerous bony islands, but a final diagnosis
SPECT/CT and NaF PET/CT were observed on a
could not be made. Another patient showed
patient level.
equivocal lesions on both BS and NaF PET/CT,
In the initial evaluation of images, the readers
and neither CT nor follow-up BS or NaF PET/CT
were allowed an equivocal rating option. The
could verify these as bone metastases. Thus,
proportion of equivocal results were 11% for
37 patients were included in the final analysis
BS, 11% for SPECT/CT and 5% for NaF PET/CT.
(Table 2). Baseline SPECT/CT data were missTable 3 shows the distribution of patients as
ing in one patient.
malignant, equivocal, or nonmetastatic and
The reference standard classified bone metastheir subsequent dichotomous classifications
tasis in 27 patients (73%). In 20/27 patients
according to imaging modality and their final
222
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Figure 3. An illustrative example of baseline imaging of a 74-year-old patient classified as true positive for bone
metastases by both SPECT/CT and NaF PET/CT, but false negative by planar whole-body bone scan. Anterior and
posterior projections of the bone scan (A) were interpreted as non-metastatic on the dichotomous scale (with equivocal uptake in the pelvic region noted on the three-point scale). Both SPECT (B) and NaF PET (C) showed metastatic
lesions on the maximum intensity projection images (long and short black arrows). These lesions were confirmed by
fused SPECT/CT and PET/CT: Axial images corresponding to the lesion indicated by a long black arrow on (B and C)
are shown on the fused SPECT/CT (D), on the corresponding CT from the NaF PET/CT scan showing sclerosis at the
site of the lesion (E), and finally on (F), which shows the fused NaF PET/CT image (white arrows).

diagnosis of malignant or non-metastatic. For
BS, three equivocal patients were incorrectly
down-staged, and one was incorrectly upstaged on the dichotomous scale. Two patients
were correctly up-staged, and was one correctly down-staged by SPECT/CT; one patient was
incorrectly down-staged. Two patients were
classified as equivocal by NaF PET/CT; they
were both incorrectly down-staged.

dichotomous scale, although BS and NaF PET/
CT both identified a single equivocal lesion in a
rib when evaluating the images on the threepoint scale with the possibility of an equivocal
status. Bone scintigraphy and NaF PET/CT each
identified one patient as false positive. In addition, three more patients were incorrectly classified by two of the three index tests.

All imaging modalities misclassified one or
more patients. Three patients were false negative by BS; these patients were correctly diagnosed with bone metastases by SPECT/CT and
NaF PET/CT, Figure 3. One patient was incorrectly classified as negative for bone metastases by all three imaging modalities using the

The expert consensus evaluations showed a
high level of agreement between readers (JAE
vs. JF and HWH vs. CHN), and the crude agreements on the dichotomous scale were 95% for
BS, 86% for SPECT/CT, and 100% for NaF PET/
CT. On the three-point scale, they were 78% for
BS, 84% for SPECT/CT, and 97% for NaF PET/
CT.

223

Am J Nucl Med Mol Imaging 2017;7(5):218-227

Imaging of bone metastases in prostate cancer
Discussion
When NaF was introduced in the 1970s, the
logistical and technical requirements for the
investigation of bone metastases by this tracer
were very high. Additionally, due to the low
costs and availability of BS, it remained the
standard imaging modality for the identification
of bone metastases. In recent years, PET scanners have become increasingly available, and
this has spiked the interest in using NaF PET/
CT for molecular skeletal imaging. Although
guidelines have refrained from recommending
the use of NaF PET/CT [4], it is used routinely in
clinics worldwide. Compared with BS, NaF PET/
CT has the advantages of faster blood clearance, an improved target-to-background ratio,
high spatial resolution, attenuation correction,
and the inherent hybrid PET/CT imaging.
Furthermore, previous research has shown the
advantages of NaF PET/CT over BS. However,
despite these apparent advantages, the existing evidence has methodological flaws, and
there is a lack of consistent evidence showing
the clinical benefits of NaF PET/CT versus BS.
Therefore, recent guidelines continue to recommend BS for bone metastases staging [5, 14].
In this prospective, fully STARD-compliant
study, we performed a patient-based, head-tohead comparison of planar BS, SPECT/CT, and
NaF PET/CT. Our results showed that BS, with a
sensitivity of 78%, was numerically outperformed by both SPECT/CT and NaF PET/CT,
both of which showed sensitivities of 89%.
These differences did not reach statistical significance, which is likely caused by the limited
sample size and resulting broad and overlapping confidence intervals. Our results are supported by previous studies demonstrating that
the sensitivity of NaF PET/CT is superior to that
of BS [15-17]. Likewise, studies comparing the
diagnostic properties of BS vs. SPECT/CT have
shown that the sensitivity of BS is improved by
adding SPECT/CT [16, 18]. It is generally considered that the sensitivity of BS is sufficiently
high to exclude any clinically relevant bone
metastases [18].

not improve NaF PET/CT, which, similar to BS,
showed a specificity of 90%. These findings
contrast research showing the improved specificity of NaF PET/CT over BS. Damle et al.
showed a markedly lower specificity of BS (41%)
than that of NaF PET/CT (71%) [15]. Additionally,
Even-Sapir et al. showed a specificity of BS at
57% and 100% for NaF PET/CT but with an
unclear distinction between NaF PET/CT and
the reference standard [16]. The high specificity of BS, as found in the current study, might
reflect that the readers of BS had clinical experience with BS before the possibility of add-on
SPECT/CT, thus making them likely to provide
confident and unequivocal answers to BS.
Compared with previous studies with highly
heterogeneous study populations [5, 15-18],
we focused on high-risk, newly diagnosed
patients. Based on previous research, we
expected a prevalence of bone metastases of
50% [10]. A metastasis-enriched population
was selected in this study to optimize the sample size and statistical power [9]. However, our
observed prevalence was much higher than
expected (73%). In general, the prevalence is a
trade-off between the PPV and the NPV; i.e., a
high prevalence is associated with a high PPV
and a low NPV. This corresponded to the
observed results in this study, and we realized
that any conclusions drawn by the NPV should
be viewed in the context of the actual and not
the planned recruitment and prevalence of
bone metastases.
We showed that the addition of tomography
and CT, numerically improved the specificity of
SPECT/CT over planar BS, causing an improvement in the specificity from 90 to 100% (not
statistically significant). We are well aware of
the low statistical power of the comparisons;
however, the improved specificity of SPECT/CT
over BS is in line with previous research showing that adding SPECT/CT improved the specificity of BS [16, 18].

In contrast to the sensitivity, the specificity of
BS is considered quite low, and this has been a
challenge in clinical practice. The reported
specificity of planar BS ranged from 39% to
82% in previous studies [18]. Our data showed
excellent specificity with BS. The specificity did

A major drawback of BS is the apparent large
proportion of equivocal imaging results. The
proportion of equivocal cases has been reported to account for approximately 20% of all
patients in large, prospective trials [10, 19].
The proportion of equivocal scan results in this
study was low across all three imaging modalities, with the proportion for NaF PET/CT (5%)
being half that of BS and SPECT/CT (11%). It

224

Am J Nucl Med Mol Imaging 2017;7(5):218-227

Imaging of bone metastases in prostate cancer
should be noted, however, that the observers
were more likely to make the right decision
based on the presence of bone metastases
when using SPECT/CT compared with BS and
NaF PET/CT (Table 3). Our results indicated
that when having the option of adding SPECT/
CT to BS to evaluate equivocal lesions, this
seems to be equal to using NaF PET/CT and is
superior to using BS alone. We did not investigate whether upfront 3-bed SPECT/CT was
superior to add-on SPECT/CT in the case of
equivocal BS.
A major limitation of this study was the low
patient number and, thus, the impaired power.
There were several explanations for this. First,
some centers withdrew from their initial interest to participate due to logistic issues, competing protocols, lack of willingness to share
data, and unacceptable cost for scans. Second,
the proportion of newly diagnosed patients
with high-risk prostate cancer has diminished
in the past decade [20-22]. Additionally, highrisk patients (PSA > 50 ng/mL) might have
more symptoms of morbidity, making them less
willing to participate in studies that require
extra visits and procedures. Thus, we realized
that the recruitment of 114 evaluable patients
was unlikely within a realistic timeframe, and
recruitment was prematurely ceased. However,
the current study is still quite large among similar comparable studies [15-18, 23].
An important aspect to consider is that patients
in this study were required to have PSA blood
levels ≥ 50 ng/mL at diagnosis. These patients
are unlikely to undergo radical treatment, even
if imaging excludes the presence of bone
metastases. Most likely, the diagnostic performances of the index tests will be different in an
unselected population of newly diagnosed
prostate cancer patients or in patients with biochemical recurrence after radical prostatectomy. In particular, when considering that most of
the patients in the current study showed more
than ten bone metastases, it can be expected
that these patients will be correctly classified
by all three index tests.

out including the results of the index test(s),
although the STARD guidelines recommend
otherwise [8]. However, the multidisciplinary
team worked independent of the original
reviewers and used a combination of imaging,
biochemical and clinical information to support
a final decision, which was reached in the vast
majority of patients.
Data have shown that patient management is
changed after performing NaF PET/CT, but
there is no evidence that this actually leads to
improved patient outcome [24] (no data exist
for SPECT/CT). Therefore, it remains to be
shown in properly conducted, large comparative studies that SPECT/CT and NaF PET/CT
have a clinical impact on patient management
that significantly outperforms BS [8, 25]. In
summary, with reservations concerning the limited study population, we found no significant
differences in the diagnostic performance
among BS, SPECT/CT and NaF PET/CT in the
detection of bone metastases on the patient
level. Despite the lack of statistical significance, we found that SPECT/CT and NaF PET/
CT numerically outperformed BS. We conclude
that NaF PET/CT and SPECT/CT can be used
due to logistic or capacity issues without compromising the results of the examinations. The
scan time is notably reduced for NaF PET/CT
versus BS. With SPECT/CT, which we found to
be diagnostically equal to NaF PET/CT in highrisk prostate cancer patients, the scans can
also be performed with a low acquisition time
(<5 minutes) [26]. Thus, even if BS ought to
remain the standard of care due to the low
costs and satisfactory diagnostic performance,
it might be time for the guidelines in prostate
cancer to reconsider the consistent recommendation of planar BS, and include SPECT/CT and
NaF PET/CT as equal or apparently improved
modalities.
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