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ABSTRACT
Objective  To determine whether preoperative staging of 
high-risk prostate cancer with 18F-sodium-fluoride (18F-
NaF) positron emission tomography (PET) reduces the risk 
of skeletal metastases.
Design  Nationwide, population-based cohort study using 
real-world data.
Setting  The study used national health registries, 
including all sites in Denmark from 2011 to 2018.
Participants  Newly diagnosed high-risk prostate cancer 
patients who underwent radical prostatectomy from 2011 
to 2018. Patients were stratified into two groups according 
to the preoperative imaging modality of either 18F-NaF PET 
or bone scintigraphy.
Main outcome measures  The risk of skeletal-related 
events (SREs) as a proxy for skeletal metastases following 
radical prostatectomy. The secondary endpoint was overall 
survival.
Results  Between 1 January 2011 and 31 December 
2018, 4183 high-risk patients underwent radical 
prostatectomy. Of these patients, 807 (19.3%) underwent 
18F-NaF PET and 2161 (51.7%) underwent bone 
scintigraphy. The remaining 30% were examined by a 
different imaging method or did not undergo imaging. 
Using the inverse probability of treatment weighting to 
control potential confounding, the HR of experiencing an 
SRE for patients in the 18F-NaF PET group versus the bone 
scintigraphy group was 1.15 (95% CI 0.86 to 1.54). The 3-
year survival rates were 97.4% (95% CI 96.1 to 98.7) and 
97.1% (95% CI 96.4 to 97.9) for patients receiving 18F-NaF 
PET and bone scintigraphy, respectively.
Conclusion  Patients with high-risk prostate cancer 
undergoing preoperative staging with 18F-NaF PET 
did not display a lower risk of developing SREs after 
prostatectomy compared with patients undergoing bone 
scintigraphy. The survival rates were similar between the 
two groups.

INTRODUCTION
Prostate cancer is one of the most common 
malignancies in the Western world, with over 
1.4 million new cases reported in 2020.1 Pros-
tate cancer frequently metastasizes to the 
bone, which is associated with significant 
morbidity and mortality.2 3 Accurate detection 

of bone metastases at primary staging is essen-
tial for decision-making regarding subsequent 
management. At the time of diagnosis, the 
risk of recurrence is determined based on the 
prostate specific antigen (PSA) level, Gleason 
score and clinical tumour stage (T-stage).4 
Patients classified as unfavourable—interme-
diate risk or high risk will often receive preop-
erative staging by imaging. International 
urology and oncology guidelines recommend 
bone scintigraphy with 99mTechnetium-
labelled phosphonate (99mTc) for the assess-
ment of bone metastases at primary staging.4 5

However, several studies have shown that the 
bone-specific positron emission tomography 
(PET) tracer 18F-sodium-fluoride (18F-NaF) is 
superior to bone scintigraphy in terms of its 
diagnostic accuracy for detecting bone metas-
tases including fewer equivocal findings.6–8 In 
previous studies, the sensitivity of bone scin-
tigraphy for the detection of bone metastases 
varied from 57% to 97%, and the specificity 
varied from 57% to 80%.6–9 In contrast, the 
sensitivity of 18F-NaF PET for the diagnosis 
of bone metastases has ranged from 81% to 
100% in the majority of studies, with a speci-
ficity ranging from 71% to 100%.6–8 10 11 With 
the purported lower accuracy of bone scin-
tigraphy, the risk of misdiagnosing patients 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Registry data provides real-world data on the clini-
cal impact of clinical practices.

	⇒ This study identified a large cohort from all institu-
tions in Denmark using high-quality registry data.

	⇒ The routinely collected health data are not specif-
ically registered for the purposes of this research, 
resulting in a minor degree of missing data.

	⇒ Regression analysis weighted by the inverse proba-
bility of treatment ensured consideration of all mea-
sured confounders and addressed confounding by 
indication.
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is high, possibly resulting in suboptimal treatment strat-
egies. Among patients referred for suspected metastases, 
the use of 18F-NaF PET instead of bone scintigraphy in 
patients with prostate cancer has been shown to affect 
the patient management strategy in 6%–12% of cases.12 13 
However, no studies have documented that the subse-
quent change in patient management strategies induced 
by 18F-NaF PET and its improved diagnostic accuracy 
confer any patient benefit in terms of mortality, morbidity 
and quality of life. Thus, we performed a cohort study 
with real-world data of men diagnosed with prostate 
cancer in Denmark who underwent either bone scintig-
raphy or 18F-NaF PET as part of primary staging before 
curative intent prostatectomy to examine whether the 
type of preoperative imaging modality was associated with 
overall survival and skeletal-related events (SREs) after 
radical prostatectomy.

METHODS
Study population and data sources
This nationwide register-based cohort study was conducted 
in Denmark, which has approximately 5.8 million resi-
dents. In Denmark, all residents are provided with free, 
tax-supported healthcare by the National Health Service. 
A unique 10-digit civil registration number is assigned to 
all residents at birth by the Central Office of Civil Regis-
tration. This number allows unambiguous linkage across 
all Danish population-based registries.14 Reporting to 
the registries by clinicians is mandatory, which ensures 
high completeness of medical information. The applied 
data included nationwide information from the Danish 
Cancer Registry,15 the Civil Registration System,16 the 
Danish National Patient Registry,17 the Register of Labo-
ratory Results for Research,18 the Danish Prostate Cancer 
Database,19 the Danish National Pathology Register20 and 
the Register of Causes of Death.21 Online supplemental 
appendix 1, p1 provides a detailed description of the 
codes found in the registries for prostate cancer character-
istics, treatment, outcomes and covariates. Furthermore, 
the study is reported in accordance with Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines, and a checklist is provided in online supple-
mental files.

Identifying men with prostate cancer
No formal screening programme for prostate cancer 
existed during the study period. Therefore, men were 
referred to the urology department on suspicion of pros-
tate cancer. We used the Danish National Patient Registry 
to identify a cohort consisting of men with a first-time 
prostate cancer diagnosis from 2011 through 2018 who 
had undergone radical prostatectomy. This registry was 
established in 1977 for hospitalised patients; outpatient 
visits at hospitals have been included since 1995.17 The 
registry includes dates of admission and discharge, diag-
nosis (ICD-10 codes), surgical procedures and treatment 
information. The validity of a prostate cancer diagnosis in 

this register has previously been evaluated and found to 
be high, with a positive predictive value of nearly 90%.22

Risk classification
We restricted the cohort to patients we could classify as 
having a preoperative high risk of cancer recurrence 
according to the European Association of Urology (EAU) 
risk classification of prostate cancer. The EAU defines 
high-risk patients as those with a PSA of more than 20 ng/
mL OR a Gleason score  >7 OR a T-stage of T2c as the 
minimum.4 PSA values were retrieved from the Danish 
Register of Laboratory Results, which includes laboratory 
data from four of the five regions of Denmark.18 Data 
from the last region were obtained directly from the rele-
vant regional database. The Gleason score was obtained 
from the Pathology Register, which contains information 
on all pathological examinations conducted in Denmark 
since 1997. T-stage was obtained from the Danish Cancer 
Registry, which has prospectively recorded all cancers 
diagnosed in Denmark since 1943, classified according 
to ICD-10, and ICD Oncology codes (ICD-0-3) for topog-
raphy and morphology.15 For all three variables, we 
included the latest recorded value within 6 months prior 
to surgery. If PSA, Gleason score or T-stage were missing, 
we used the Danish Prostate Cancer Database to fill in 
the missing variables. This register is a nationwide clinical 
cancer database established in 2010 that records data on 
all incident, historically verified prostate cancer cases.

Imaging modality
We retrieved information on imaging modalities from 
the Danish National Patient Registry. We identified the 
preoperative use of bone scintigraphy and 18F-NaF PET, 
recorded up to 6 months before surgery, combined with 
CT or MRI. Single-photon emission/CT was conducted 
according to institutional practices. Patients were cate-
gorised according to their preoperative imaging into two 
groups: those who underwent bone scintigraphy only 
(bone scintigraphy group) and those who underwent 18F-
NaF PET scan with or without bone scintigraphy (18F-NaF 
PET group). In general, each site performed only one 
of the two scans; thus, physicians did not stratify patients 
according to a specific imaging modality. Patients with 
an 18F-NaF PET scan performed as a part of a clinical 
research project were excluded from the cohort because 
the results of these scans were not made available to the 
referring physician.

SREs and bone metastases
We obtained information on SREs through the Danish 
National Patient Registry. SREs comprised the following 
events occurring after the date of radical prostatectomy: 
radiation to the bone defined as 1–4 treatments with 
external radiation therapy (standard practice in Denmark 
for the treatment of bone pain), pathological and osteo-
porotic fractures, spinal cord compression, surgery to the 
bone or a first-time bone metastasis diagnosis code.
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Mortality
Mortality and migration updates were obtained from the 
Civil Registration System, which is updated daily.14 The 
register contains information on the vital status (dead or 
alive), date of death and migration status of all Danish 
citizens.

Comorbidity
We used the Charlson comorbidity index to describe 
preexisting comorbidities in the prostate cancer cohort23 
(online supplemental appendix 1, p2). We calculated 
the index based on diagnoses recorded in the Danish 
National Patient Registry up to 10 years before the date of 
surgery. For analysis, we categorised the index into three 
comorbidity levels, including (1) those without comor-
bidity, (2) those with a comorbidity index equal to 1 and 
(3) those with a comorbidity index above 1.

Statistical analysis
Baseline characteristics are reported as frequencies with 
percentages and medians with IQRs. We estimated the 
cumulative risk of SREs according to the type of imaging 
modality and plotted the cumulative risk as a function 
of time since radical prostatectomy; death was treated 
as a competing risk event. Patients contributed time 
at risk from the date of radical prostatectomy until the 
date of first-time registered SRE, migration, death or 31 
December 2018, whichever came first. Finally, we simi-
larly estimated the cumulative incidence of death.

For the main analysis, we used Cox proportional 
hazards regression analysis to estimate the age-adjusted 
and multivariate-adjusted HRs of SREs with 95% CIs, 
comparing those who underwent 18F-NaF PET scans with 
those who underwent bone scintigraphy. Additionally, 
to better control potential confounding by indication, 
analysis of the inverse probability of treatment weighting 
(IPTW) was performed based on the propensity score 
for 18F-NaF PET. Propensity scores were calculated using 
logistic regression with the inclusion of the same vari-
ables as in the adjusted Cox analysis. We adjusted for 
age, Charlson comorbidity index, PSA (categorical vari-
able:<10, 10–20, >20 ng/mL), Gleason score (categor-
ical variable: <7, 7, >7) and T-stage (categorical variable: 
T1, T2, T3+T4). Adjusting with categorical variables 
was deemed necessary due to outliers and the limited 
number of records available on the outer areas of the 
scales. Furthermore, we stratified the analysis by PSA, 
Gleason score, T-stage and year of radical prostatectomy. 
In the stratified analysis, we only adjusted for age and 
Charlson comorbidity index. An adjusted HR of death 
was also calculated. No further analyses were performed 
for patients with other types of imaging or no imaging 
before surgery.

Several sensitivity analyses were performed to test the 
robustness of our findings. First, due to potential site-
related differences in risk factors among the included 
patients, we conducted an analysis restricted to the 
capital region of Denmark, which performed most of 

the 18F-NaF PET scans. Second, we executed the analysis 
with a reclassification of the exposure group to include 
patients with both scans. To account for missing data and 
enable adjustment for PSA, Gleason score and T-stage we 
used multiple imputation using splines24 with all the main 
analysis variables and the outcome variable in the model. 
We produced and combined 200 sets of imputations.

Statistical software
Data management and analyses were conducted in R 
V.4.0.3 using RStudio 2020 (RStudio, PBC, Boston, Massa-
chusetts, USA) with the following packages: heaven, ​data.​
table, Publish, survival, stringr, mitools, smcfcs and ipw.

Patient and public involvement
This study was observational and based on data from 
routine healthcare records. No patients were directly 
involved in the study.

RESULTS
Between 1 January 2011 and 31 December 2018, 36 910 
men were diagnosed with prostate cancer in Denmark, 
of whom 8726 (23.6%) underwent radical prostatectomy 
(figure 1). Among those who underwent radical prosta-
tectomy, 4183 patients (47.9%) were classified as high 
risk according to the EAU preoperative staging criteria. 
A total of 2161 (51.7%) high-risk patients undergoing 
surgery were evaluated for skeletal metastasis with bone 
scintigraphy only, and 807 (19.3%) men were evaluated 
with 18F-NaF PET. Information on the PSA values, Gleason 
score and T-stage from the registries ensured nearly 90% 
completeness of the high-risk classification, resulting 
in a large study population for our analysis. A notable 

Figure 1  Study profile study cohort of 2161 men undergoing 
presurgical imaging with bone scintigraphy and 807 men 
undergoing 18F-sodium-fluoride (18F-NaF) positron emission 
tomography (PET). Patients with no or other imaging were 
combined since there were no differences between sites 
performing 18F-NaF PET or bone scintigraphy. Moreover, we 
experienced inconsistencies in the way CT and MRI scans 
where coded in the registries, making it difficult to distinguish 
between imaging of the prostate and other sites.

https://dx.doi.org/10.1136/bmjopen-2021-058898
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proportion of high-risk patients (28.5%) underwent 
different imaging modalities or no imaging to evaluate 
bone metastasis, and a small portion of patients (0.5%) 
were excluded because they underwent project-related 
imaging. The median age at the date of radical prosta-
tectomy was 67 years (IQR, 62–70.1), and the median 
follow-up from surgery was 4.1 years (IQR, 2.4–6.0 years). 
In general, patients receiving 18F-NaF PET had a higher 
PSA level, Gleason score, and T-stage at primary staging 
(table 1).

SREs and bone metastases
The unadjusted 1-year cumulative risk of SREs was 2.4% 
(95% CI 1.8 to 3.1) for men who underwent bone scin-
tigraphy and 4.3% (95% CI 2.8 to 5.7) for those who 
underwent 18F-NaF PET (figure 2). The unadjusted 3-year 
cumulative risk of SREs was 7.2% (95% CI 6.0 to 8.3) for 
men undergoing bone scintigraphy and 11.9% (95% CI 
9.4 to 14.4) for those undergoing 18F-NaF PET. Of the 

300 men with at least one SRE recorded during follow-up, 
53.7% had radiation to bone recorded as their first event, 
30.7% had a pathological or osteoporotic fracture, 6.3% 
had spinal cord compression, 6.3% had a code for bone 
metastases and 3.0% had bone surgery. In the main anal-
ysis, we did not find that 18F-NaF PET decreased the HR of 
experiencing SREs after surgery; in contrast, we observed 
a slightly increased HR, which was reduced when 
adjusting the model (adjusted HR, 1.22; 95% CI 0.93 to 
1.61; figure 3). When we used IPTW to control for poten-
tial confounding factors, the risk of experiencing an SRE 
was attenuated (IPTW adjusted HR, 1.15: 95% CI 0.86 to 
1.54; figure 3). Stratified analyses similarly demonstrated 
increased HRs for SREs in patients undergoing 18F-NaF 
PET compared with those undergoing bone scintigraphy, 
except for patients with stage 2 disease and those with a 
Gleason score <7 (figure 3).

Table 1  Baseline patient characteristics by imaging modality

Bone scintigraphy (n=2161) 18F-NaF PET (n=807) All (n=2968)

Age (years, median (IQR)) 66.3 (61.7, 69.7) 67.9 (62.9, 71.2) 66.7 (62.0, 70.1)

Year of surgery

 � 2011–2013 852 (39.4) 212 (26.3) 1064 (35.8)

 � 2014–2015 602 (27.9) 235 (29.1) 837 (28.2)

 � 2016–2018 707 (32.7) 360 (44.6) 1067 (36.0)

Imaging date before prostatectomy (days, 
median (IQR))

46 (32, 65) 42 (28, 56) 45 (30, 63)

PSA (ng/mL)

 � <10 955 (45.0) 263 (33.1) 1218 (41.8)

 � 10–20 642 (30.2) 292 (36.8) 934 (32.0)

 � >20 526 (24.8) 239 (30.1) 765 (26.2)

Gleason biopsy score

 � <7 345 (16.2) 70 (8.8) 415 (14.2)

 � 7 1225 (57.5) 469 (58.6) 1694 (57.8)

 � >7 560 (26.3) 261 (32.6) 821 (28.0)

Clinical T-stage

 � T1 259 (12.6) 50 (7.5) 309 (11.4)

 � T2 1260 (61.5) 241 (36.0) 1501 (55.2)

 � T3-T4 529 (25.8) 378 (56.5) 907 (33.4)

Comorbidity*

 � Cardiovascular diseases 118 (5.5) 52 (6.4) 170 (5.8)

 � Other malignancies 102 (4.7) 64 (7.9) 166 (5.6)

 � Diabetes 62 (2.9) 48 (6.0) 110 (3.7)

Charlson comorbidity index

 � 1 267 (12.4) 115 (14.3) 382 (12.9)

 � >1 203 (9.4) 107 (13.3) 310 (10.4)

Characteristics on the day of surgery for men with high-risk prostate cancer from 2011 to 2018. Percentages may not add up to 100 due to 
rounding or missing data.
*Top three comorbidities.
18F-NaF, 18F-sodium- fluoride; PET, positron emission tomography; PSA, prostate specific antigen; T-stage, tumour stage.
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Survival
Figure  4 shows the cumulative survival curves of the 
cohorts for up to 7 years of follow-up. The 1-year survival 
was 99.4% (95% CI 99.0 to 99.7) in men who under-
went bone scintigraphy and 99.5% (95% CI 98.9 to 100) 
in men who underwent 18F-NaF PET, and the corre-
sponding 3-year survival rates in the cohorts were 97.1% 
(95% CI 96.4 to 97.9) and 97.4% (95% CI 96.1 to 98.7), 

respectively. Adjusted analyses showed a modest reduc-
tion in mortality for patients who underwent 18F-NaF PET 
(adjusted HR, 0.89; 95% CI 0.61 to 1.30).

Sensitivity analysis
Restricting to patients from the capital region yielded 
cumulative SRE risk estimates consistent with those of 
the main analysis (online supplemental appendix 1, p3). 
Similar to the main analysis, the cumulative risk of SREs 
was higher for men evaluated with 18F-NaF PET than for 
those evaluated with bone scintigraphy. Adjusted analysis 
for the capital region was also comparable to the main 
analysis (online supplemental appendix 1, p4) and did 
not suggest any added value of using 18F-NaF PET.

Including patients with both bone scintigraphy and 18F-
NaF PET in the bone scintigraphy group or excluding 
them entirely yielded HRs similar to those of the main 
analysis. A final analysis with imputed values for PSA, 
Gleason score and T-stage yielded HRs similar to those of 
the analysis without imputation.

DISCUSSION
Principal findings
In this nationwide cohort study of Danish patients with 
high-risk prostate cancer undergoing prostatectomy, we 
found that primary staging with 18F-NaF PET did not 
reduce the risk of SREs compared with primary staging 
with bone scintigraphy, whereas a slight tendency towards 
a reduction in all-cause mortality was observed in the 
group undergoing 18F-NaF PET. To the best of our knowl-
edge, this is the first study to evaluate patient-relevant 

Figure 3  Main analysis results HRs for skeletal-related 
events following radical prostatectomy among patients 
undergoing 18F-sodium-fluoride positron emission 
tomography before surgery versus patients undergoing bone 
scintigraphy. IPTW, inverse probability of treatment weighting; 
PSA, prostate specific antigen; T-stage, tumour stage.

Figure 4  Unadjusted cumulative incidence of death. 
Unadjusted cumulative incidence of death with 95% CIs 
for men with prostate cancer after undergoing radical 
prostatectomy, stratified by type of imaging modality. 
The red curve represents 18F-sodium-fluoride positron 
emission tomography and the black curve represents bone 
scintigraphy.

Figure 2  Unadjusted cumulative incidence of skeletal-
related events (SREs). The unadjusted cumulative incidence 
with 95% CIs of SREs in men after undergoing radical 
prostatectomy. Death was treated as a competing event. 
The red curve represents 18F-sodium-fluoride positron 
emission tomography and the black curve represents bone 
scintigraphy.

https://dx.doi.org/10.1136/bmjopen-2021-058898
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outcomes of using a PET-based method for primary 
staging.

Comparison with other studies
Prior studies on 18F-NaF PET in prostate cancer have 
focused on its improvements in diagnostic accuracy 
compared with bone scintigraphy6–8 or its impact on 
patient management.12 13 The superior diagnostic perfor-
mance of 18F-NaF PET when detecting bone metastases, 
should presumably result in improved patient selection 
for curative and life-prolonging treatment, resulting in 
fewer SREs the first few years after surgery. However, in 
this study, we did not observe any superiority over bone 
scintigraphy in terms of patient benefit among newly 
diagnosed, high-risk prostate cancer patients.

Evidence of patient-relevant outcomes is often reported 
from randomised controlled trials. Randomised trials 
are, however, not commonly conducted within the field 
of imaging, and it has previously been debated whether 
randomised trials are necessary to evaluate diagnostic 
procedures.25 26 In prostate cancer, only two randomised 
controlled trials have been published, employing PET in 
one arm and standard imaging in the other arm. One 
such trial confirmed the diagnostic superiority of pros-
tate specific membrane antigen (PSMA) PET/CT during 
primary staging,27 whereas the other trial focused on the 
changes in patient management based on fluciclovine 
PET/CT at the time of biochemical recurrence;28 none 
of these trials were linked to patient-relevant outcomes.

Randomised trials have demonstrated the clinical 
benefit of PET within other types of cancers, such as 
haematological and lung cancers.29 Fischer et al compared 
preoperative staging with FDG PET/CT to conventional 
staging by CT in patients with lung cancer and found 
that patients in the PET/CT group showed a reduc-
tion in both the total number of thoracotomies and the 
number of futile thoracotomies; however, they did not 
observe a decrease in overall mortality.30 Similar results 
were reported for colorectal liver metastases, with one 
study finding that FDG PET led to a reduction in futile 
laparotomies in one of six patients.31 It could be expected 
that the use of 18F-NaF PET would reduce the number 
of ‘futile’ prostatectomies in patients harbouring bone 
metastases at the time of diagnosis, thereby reducing 
the incidence of SREs postoperatively. With recent trials 
demonstrating superior diagnostic properties of PSMA 
PET for primary staging in high-risk prostate cancer, its 
impact on treatment choice—and perhaps outcome—is 
likely to be greater than that of 18F-NaF PET.

Strengths and limitations
The major strengths of our study are its national scale, 
large cohort, high-quality registry data and complete 
follow-up. The registration of information related to 
prostate cancer diagnosis and radical prostatectomy, 
as well as variables defining the high-risk population, is 
thought to be practically complete because of a uniformly 
organised healthcare system where healthcare is free 

(tax-supported) and available to all residents.32 Further-
more, a median follow-up time of 4.1 years is adequate for 
the purpose of evaluating bone metastases not captured 
by the imaging modality at primary staging; hence, only 
patients with a negative scan will undergo radical prosta-
tectomy with curative intend in Denmark.

Nevertheless, our study has several limitations worth 
considering. The potential of confounding by indica-
tion was particularly concerning because of the observed 
higher values for PSA, Gleason score and T-stage in the 
18F-NaF PET group; however, the indication of usage was 
the same for both scans. Moreover, the demographics of 
the groups might have been more alike if the Interna-
tional Society of Urological Pathology (ISUP) grading 
system was used for the Gleason score, which distinguishes 
between normal high-risk prostate cancer and very high-
risk (ISUP grade 5) cancer cases. It was not possible to 
use the ISUP grading due to unavailability in some of the 
registers. Furthermore, confounding by indication is only 
an issue in hospitals that offer both bone scintigraphy and 
18F-NaF PET, which is highly uncommon in Denmark. 
Since sites only used one of the imaging modalities, physi-
cians did not have to choose between the two, resulting 
in minimal selection bias. We attempted to control for 
confounding by using a propensity score-based IPTW, but 
we cannot rule out residual confounding due to misclassi-
fied or unmeasured prognostic factors. Multi-parametric 
MRI (mpMRI) is also a factor worth considering in rela-
tion to targeted biopsies in the diagnostic work-up of 
prostate cancer. This method has been gradually imple-
mented nationally in Denmark and prior to 2018 only 
very few sites had access to mpMRI for all patients; hence, 
we do not have data available yet. The introduction of 
mpMRI targeted biopsy is likely to affect the selection of 
patients for radical prostatectomy in the future.

In the present study, we defined SREs as either external 
radiation therapy, pathological or osteoporotic fractures, 
spinal cord compression, surgery to the bone or a bone 
metastases code. It can be speculated that patients treated 
at a site using 18F-NaF PET would undergo 18F-NaF PET 
rather than bone scintigraphy in case of biochemical recur-
rence, thereby increasing the detection of bone metastases 
during follow-up. However, the risk of SREs was primarily 
driven by a high percentage of radiotherapy of bone or 
fracture cases, which are not related to 18F-NaF PET. More-
over, with the widespread introduction of prostate specific 
membrane antigen (PSMA) PET/CT in Denmark from 
2015 and onwards, patients with biochemical recurrence 
would undergo PSMA PET/CT rather than 18F-NaF PET/
CT. Information regarding bone metastases was noted in 
only 6.3% of SREs across the groups.

CONCLUSIONS
In conclusion, we found that the use of 18F-NaF PET 
at primary staging did not improve patient-relevant 
outcomes in terms of a reduction in SREs compared with 
that with bone scintigraphy.
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