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Abstract
Objective To investigate the diagnostic potential of simultaneous 18F-fluciclovine PET/MRI for pelvic lymph node (LN) staging
in patients with high-risk prostate cancer.
Methods High-risk prostate cancer patients (n=28) underwent simultaneous 18F-fluciclovine PET/MRI prior to surgery. LNs
were removed according to a predefined template of eight regions. PET and MR images were evaluated for presence of LN
metastases according to these regions. Sensitivity/specificity for detection of LN metastases were calculated on patient and region
basis. Sizes of LN metastases in regions with positive and negative imaging findings were compared with linear mixed models.
Clinical parameters of PET-positive and -negative stage N1 patients were compared with the Mann-Whitney U test.
Results Patient- and region-based sensitivity/specificity for detection of pelvic LN metastases was 40 %/87.5 % and 35 %/95.7
%, respectively, for MRI and 40 %/100 % and 30 %/100 %, respectively, for PET. LN metastases in true-positive regions were
significantly larger than metastases in false-negative regions. PET-positive stage N1 patients had higher metastatic burden than
PET-negative N1 patients.
Conclusion Simultaneous 18F-fluciclovine PET/MRI provides high specificity but low sensitivity for detection of LN metastases
in high-risk prostate cancer patients. 18F-Fluciclovine PET/MRI scan positive for LN metastases indicates higher metastatic
burden than negative scan.
Key Points
• 18F-Fluciclovine PET/MRI has high specificity for detection of lymph node metastasis.
• 18F-Fluciclovine PET/MRI lacks sensitivity to replace ePLND.
• 18F-Fluciclovine PET/MRI may be used to aid surgery and select adjuvant therapy.
• 18F-Fluciclovine PET-positive patients have more extensive disease than PET-negative patients.
• Size of metastatic lymph nodes is an important factor for detection.
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work.
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Abbreviations
AC
BP1
BP2
CT
DCE
DWI
ePLND
FN
FP
GS
ITD
LN
MRI
MRSI
NPV
PET
PPV
PRESS
RARP
SPACE
SS-EPI
T1W
T2W
TE
TN
TP
TR
TSE
VIBE

Attenuation correction
Bed position 1
Bed position 2
Computed tomography
Dynamic contrast-enhanced
Diffusion-weighted imaging
Extended pelvic LN dissection
False negative
False positive
Gleason score
Index tumour diameter
Lymph node
Magnetic resonance imaging
Magnetic resonance spectroscopic imaging
Negative predictive value
Positron emission tomography
Positive-predictive value
Point RESolved Spectroscopy
Robot-assisted radical prostatectomy
Sampling perfection with application-optimized contrasts
using different flip angle evolution
Single-shot echo planar imaging
T1-weighted
T2-weighted
Echo time
True negative
True positive
Repetition time
Turbo spin cho
Volume interpolated gradient echo

Introduction
Accurate diagnosis of lymph node (LN) metastases remains a
challenge in prostate cancer. The sensitivity of conventional
imaging with computed tomography (CT) and magnetic resonance imaging (MRI) is unsatisfactory [1], leaving extended
pelvic LN dissection (ePLND) the most accurate method for
staging [2]. However, ePLND can be associated with longer
hospital stays, operative time and an overall higher rate of
complications compared to limited pelvic LN dissection [3].
A patient-tailored approach with accurate preoperative detection of LN metastases could potentially reduce the extent of
LN dissection or guide the surgeon to potential metastases
outside the standard surgical template.
Several studies have indicated that positron emission
tomography (PET) may play a role in both staging of
primary prostate cancer and detection of disease after
biochemical relapse [4–6]. Although promising, currently
available radiotracers have yet to show acceptable sensitivities for staging in routine clinical use. PET/CT with
choline-based radiotracers have shown sensitivities in
the range of 45–73 % for preoperative staging of LN

metastases [7, 8], while 68Gallium-labeled PSMA PET/
CT yielded a sensitivity of 65.9 % for detection of LN
metastases [9]. Another radiotracer that has shown promise in primary and recurrent prostate cancer imaging is the
leucine amino acid analogue anti-1-amino-3- 1 8 Ffluorocyclobutane-1-carboxylic acid ( 18 F-fluciclovine,
also known as 18 F-FACBC), with subject level scan
positivity rates in the range of 37–83 % for recurrent
disease [5, 10, 11]. 18F-Fluciclovine uptake is mediated
by sodium-dependent and -independent pathways associated with cancer signaling pathways [12, 13]. It has the
advantage of minimal urinary excretion at early timepoint
imaging, and a favourable tumour-to-background ratio
[14, 15]. 18F-Fluciclovine was recently approved by the
US Food and Drug Administration (FDA) for use in
detection of recurrent prostate cancer [16]. The clinical
evidence for 18F-fluciclovine in LN staging of primary
prostate cancer patients has, however, been less explored,
and with study limitations such as small cohorts and lack
of histopathology as gold standard [6, 17–19].
Current guidelines for high-risk prostate cancer warrant
multiparametric MRI for local T-staging and crosssectional imaging and bone scans for N- and M-staging
[2]. Cross-sectional imaging obtained from CT is of limited diagnostic value in prostate cancer, ultimately leading
to additional confirmatory imaging with MRI and biopsies. With the advent of integrated PET/MRI scanners, we
are able to acquire MR images of diagnostic quality and
metabolic PET data in one examination, saving the patient
from enduring several separate examinations. The purpose
of this study was to investigate the diagnostic potential of
simultaneous 18F-fluciclovine PET/MRI for LN staging in
patients with high-risk prostate cancer using an all-in-one
imaging protocol.

Materials and methods
Patients
The Regional Committee of Medical and Health Research
Ethics, Central Norway (identifier 2013/1513), approved this
prospec tive study ( C l in ica lTri al s.gov ; identifier
NCT02076503). Written and oral informed consent was
collected from all patients included in the study.
Patients (n=28) scheduled for robot-assisted radical prostatectomy (RARP) with ePLND underwent simultaneous 18Ffluciclovine PET/MRI at St. Olavs Hospital, Trondheim
University Hospital, between May 2014 and September
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2015. At the time of inclusion all patients were classified as
high-risk according to modified D’Amico criteria (PSA > 20
ng/ml and/or clinical stage ≥ cT3 and/or Gleason score ≥ 8)
[20]. Exclusion criteria were general contraindications to
MRI, previous or ongoing androgen deprivation therapy and
previous prostatic surgery. Two patients did not undergo
ePLND due to down-staging by MRI, leaving a total of 26
patients for analysis (Fig. 1).

PET/MRI protocol
Patients were imaged with a 3.0T PET/MRI scanner
(Magnetom Biograph mMR, Siemens Medical Systems,
Erlangen, Germany) as previously described [15]. In short,
the imaging protocol was designed to yield diagnostic MR
images of the prostate and pelvis from the ureteral crossing
of the common iliac vessels to the pelvic floor in two bed
positions. T2-weighted images, diffusion-weighted images,
magnetic resonance spectroscopic imaging and dynamic
contrast-enhanced images were acquired for evaluation of
the prostate gland. Coronal T1-weighted images were acquired for detection of skeletal metastases while coronal
diffusion-weighted images and a 3D T2-weighted sequence
were acquired for detection and characterization of LNs. A
total of 45 min of sequential list-mode PET data were acquired
over the pelvic region, from which PET images binned over
5–10 min post-injection were reconstructed for interpretation
using a manufacturer-provided algorithm (OSEM, 4 iterations, 21 subsets, 6-mm Gaussian post-reconstruction filter).
The acquisition protocol is presented in Table 1.

Fig. 1 Flowchart of the study population. ePLND extended pelvic lymph
node dissection, pN0 pathological stage N0, pN1 pathological stage N1

Surgery and histopathology
RARP with ePLND was performed by three board-certified
urological surgeons according to EAU guidelines [2]. The
surgeons had access to the initial MRI reading and clinical
data, but were blinded to the PET-results. The prostate gland
was removed as a whole and LNs were removed according to
a predefined surgical template of eight anatomical regions
(four on each side of the pelvis) [21]. The resected tissue
was sent for histopathological analysis in separate containers,
one for the prostate and one container for each LN region.
Resected tissue was fixed in 4 % buffered formaldehyde before further analysis. The prostate was serially sectioned from
apex to base in 4-mm thick slices. LNs ≤ 3 mm were evaluated
as a whole, otherwise they were cut in 3- to 4-mm slices. All
slices were embedded in paraffin before 3.5-μm thick sections
were stained with haematoxylin and eosin. Cancer foci in the
prostate were outlined and long- and short-axis diameter of the
LNs, size and Gleason score of tumour deposit within the LNs
were registered by a dedicated pathologist with 10 years of
experience in uropathology (Ø.S). If two or more regions were
not separated at surgery, we regarded them as one fused region
in case of metastases. In cases where a region contained more
than one metastatic LN, only the largest was used for comparison with imaging results.

Image interpretation
Absence or presence of LN metastases was evaluated with an
anatomical region-based approach (corresponding to the surgical template for ePLND), since comparison of imaging to
histopathology on a LN level was deemed impossible.
MR images were interpreted by a board-certified radiologist (S.L.) and a radiology resident (B.K.-S.) with 5 and 1
years of experience, respectively, in reading prostate MRI.
Radiologists were blinded to PET images, but had access to
relevant clinical information. In case of disagreement, consensus was reached by re-examining the images. Regions corresponding to the surgical template for ePLND were scored as 1
– non-metastatic, 2 – equivocal or 3 – metastatic, at the radiologists’ discretion.
Blinded to the initial MRI reading, a board-certified nuclear
medicine physician (F.W.) with more than 20 years of PET
experience and extensive experience reading 18F-fluciclovine
PET/CT, examined the PET images using 3D T2-weighted
images for anatomical correlation. Findings were reported as
positive or negative per region, using a semi-quantitative criterion of target to blood-pool ratio of ≥ 2.0 in the reconstructed
PET image (5–10 min post-injection) for positive findings,
based on the reader’s experience.
A retrospective evaluation of target-to-blood pool ratio was
performed for the most suspicious LN in each of the false
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Table 1

Specifications of the PET/MR imaging protocol

Bed position

BP1

Time (min)

30

Sequence

Orientation

TR/TE1/TE2 (ms)

Matrix

No. ofslices

Resolution (mm)
In-plane

Slice

T2W TSE
T2W TSE

Sagittal
Transverse

5,590/100
6,840/104

320 x 320
384 x 384

19
23

0.6 x 0.6
0.5 x 0.5

3.0
3.0

T2W TSE

Coronal
Transverse

5,470/101
6,100/67

320 x 320
96 x 102

19
23

0.6 x 0.6
2.5 x 2.5

3.0
3.0

Coronal
Transverse

3.6/1.2/2.5
N.A

192 x 126
344 x 344

128
127

2.6 x 2.6
2.1 x 2.1

3.1
2.0

DWI (SS-EPI)a
Change table position; injection of tracer
BP2
25
AC (DIXON)
PETb
T1W TSE
DWI (SS-EPI)a
T2 SPACE

Coronal
Coronal

815/10
10,400/67

384 x 384
98 x 100

50
40

0.9 x 0.9
2.6 x 2.6

3.3
4.4

Coronal (3D)

1,500/82

320 x 320

144

1.0 x 1.0

1.1

DIXON
PETb
MRSI (PRESS)

Coronal
Transverse
Transverse (3D)

3.6/1.2/2.5
N.A
740/145

192 x 126
344 x 344
12 x 12

128
127
10

2.6 x 2.6
2.1 x 2.1
7.0 x 7.0

3.1
2.0
7.0

DCE (T1W VIBE)

Transverse (3D)

4.2/1.0

128 x 128

26

1.8 x 1.8

3.0

Change table position
BP1

20

Note: Sequences in italic presentation were used for evaluation of the prostate gland
T2W T2-weighted, TSE Turbo Spin Echo, DWI diffusion-weighted imaging, SS-EPI single shot echo planar imaging, AC Attenuation correction, T1W
T1-weighted, SPACE Sampling Perfection with Application-optimized Contrasts using different flip angle Evolution, MRSI magnetic resonance spectroscopic imaging, PRESS Point RESolved Spectroscopy, DCE Dynamic contrast enhanced, VIBE Volume Interpolated Gradient Echo, BP1 bed position
1 (prostate in iso-center), BP2 bed position 2 (cover the prostate and pelvic LNs form pelvic floor to the ureteral crossing of the common iliac vessels), TR
repetition time, TE echo time
a

b-values 0, 50, 400 and 800 were used

b

PET data were acquired in list mode

positive MR regions (n=8) and in one LN detected by MRI but
missed by PET.

Results
Patients

Statistical analysis
Descriptive statistics were calculated on patient and region
basis after dichotomization of the 3-point MRI scale. To determine the best cut-off, we applied the Youden index, achieving the best results when categorizing score 1 and 2 as negative, and score 3 as positive (Youden index 0.28 and 0.31 for
patient- and region-based analysis, respectively, vs. -0.05 and
0.12 categorizing scores 2 and 3 as positive). Diagnostic accuracies and their confidence intervals were calculated according to Clinical test performance [22] in MATLAB (The
MathWorks Inc., Natick, MA, USA). For assessment of the
difference in LN and metastatic deposit size in true-positive
and false-negative regions, linear mixed models with patient
as a random effect on the intercept were used to account for
several regions per patient. The Mann-Whitney U test was
used to compare clinical parameters in PET-negative and
PET-positive stage-N1 patients. Unless otherwise stated, all
statistical analyses were performed in SPSS (IBM SPSS
Statistics 22.0, Armonk, NY, USA).

Patient characteristics are described in Table 2. Median
(range) time from imaging to surgery was 7.5 days (5–21
days).

Lymph node histopathology
A total of 510 LNs were removed from the 26 patients (median = 20, range 8–45 LNs per patient). LN metastases were
detected in ten patients in a total of 47 LNs from 20 regions.
Out of the ten patients, there were four patients with only one
metastasis, three patients with two metastases, one patient
with four metastases, one patient with five metastases and
one patient with 28 metastases (Fig. 2), adding up to a median
(range) of 2 (1–28) LN metastases per patient. The median
(range) long axis diameter of metastatic LNs was 11 mm (3–
32 mm), while the short-axis diameter was 5 mm (1.6–17
mm). Metastatic deposits within LNs had a median long axis
diameter of 8 mm (0.5–31 mm) and short axis diameter of
4 mm (0.2–17 mm). A detailed description of LN sizes is
given in Supplementary Table S1.
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Table 2

Patient characteristics

N-stage

N0 (n=16)

Age (y)

66.1 (55.0–71.9) 66.5 (63.3–71.3) 66.2 (55.0–71.9)

GS

N1 (n=10)

All patients (n=26)

7 (7–9)

8 (7–9)

8 (7–9)

GS 7 n (%)
GS 8 n (%)

10 (62.5)
3 (18.8)

1 (10)
5 (50)

11 (42.3)
8 (30.8)

GS 9 n (%)
pT-stage

3 (18.8)

4 (40)

7 (26.9)

pT2c n (%)

7 (43.8)

0 (0)

7 (26.9)

pT3a n (%)
pT3b n (%)

5 (31.3)
3 (18.8)

2 (20)
8 (80)

7 (26.9)
11 (42.3)

0 (0)
9.9 (3.7–45.5)

1 (3.8)
14.6 (3.7–56.9)

pT4 n (%)
1 (6.3)
PSA (ng/ml) 16.7 (6.3–56.9)
ITD (mm)

9.5 mm in short axis diameter with a metastatic deposit of
12.0 x 7.0 mm. The smallest LNs detected by MRI and PET
had metastatic deposits of 13.0 x 8.0 mm and 16.0 x 8.0 mm,
respectively (details are given in Supplementary Table S2).
True-positive regions were identical for PET and MRI except for one region true positive on MRI but false negative on
PET. The region was missed by PET but found on MRI, and
contained a LN that measured 20 x 8 mm (metastatic deposit
13 x 8 mm) on histopathology and had a target to blood-pool
ratio of 1.37 in the 5- to 10-min post-injection PET image
(Fig. 4). There were no false-positive regions by PET, but
eight false-positive regions by MRI. Median target to bloodpool ratio in the most suspicious LN by MRI in each of these
regions was 0.95 (range 0.81–1.24).

30.5 (16.0–48.0) 34.0 (22.0–48.0) 31.0 (16.0–48.0)

Clinical characteristics of stage N1-patients (n=10)
Values represent median (range) unless otherwise specified
N0 patients without LN metastases, N1 patients with LN metastases, ITD
Index tumour diameter in the prostate, GS Gleason score after prostatectomy, pT-stage pathological T-stage

Imaging results
The radiologists scored 15 regions as metastatic in six patients
based on the MR images. Out of these, seven regions in four
patients were true positive, yielding a region-based sensitivity
of 35 % and specificity of 95.7 %. Patient-based sensitivity
and specificity for detection of LN metastases based on MR
images were 40 % and 87.5 %, respectively (Table 3).
The nuclear medicine physician identified six regions as
metastatic in four patients based on elevated 18F-fluciclovine
uptake. All regions were true positive according to histopathology, yielding a region-based sensitivity of 30 % and specificity of 100 % for detection of LN metastases based on PET.
Patient-based sensitivity and specificity were 40 % and 100
%, respectively (Table 3).
There was a significant difference in size of LN metastases
in true-positive and false-negative regions (Fig. 3). The largest
metastatic LN that was not detected by MRI and PET was

Fig. 2 Preoperative images of a 67-year-old male with prostate cancer
(pT3b, Gleason score 4+5, metastatic deposits in 28 of 45 lymph nodes
removed by ePLND). Coronal maximum intensity projection from PET

The difference in Gleason score, PSA level, T-stage, index
tumour diameter in the prostate and metastatic burden (number of LN metastasis and metastatic regions) were compared
for PET-negative and -positive stage-N1 patients (Table 4).
All PET-positive N1 patients had a pathological T-stage of
T3b. A significant difference was found for index tumour
diameter in the prostate, with the PET-positive group having
larger index lesions (p=0.038). We observed lower PSA levels
in the PET-positive group, but the difference was not significant (p=0.171) and there was no difference in Gleason score
between the two groups (p=1.0). Patients in the PET-positive
group had a higher total number of LN metastases and positive
regions, compared to the PET-negative group (p=0.019 and
0.038, respectively). All patients with PET-positive LN metastases had additional LN metastases that were not detected
by PET.

Discussion
This prospective study of preoperative pelvic 18F-fluciclovine
PET/MRI in high-risk prostate cancer patients demonstrated a

(left) and fused PET/MRI (right) shows several of the LN metastases
(arrowheads). Note also the activity in the prostate corresponding to the
patient’s index tumour (arrow)
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Table 3 Patient- and regionbased diagnostic accuracies

MRI
Patient based

PET

MRI
Region based

PET

No. TP
No. FP

4
2

4
0

7
8

6
0

No. FN
No. TN

6
14

6
16

13
177

14
185

Sensitivity
Specificity

40 % (22.1–60.5)
87.5 % (67.6–97.8)

40.0 % (22.1–60.5)
100 % (84.0–100.0)

35 % (28.6–42.0)
95.7 % (91.6–98.0)

30.0 % (23.9–36.8)
100.0 % (97.7–100.0)

PPV

66.7 % (45.6–83.4)

100 % (84.0–100.0)

46. 7 % (39.7–53.7)

100.0 % (97.7–100.0)

NPV

70 % (48.9–86.0)

72.7 % (51.6–88.0)

93.2 % (88.6–96.2)

93.0 % (88.3–96.0)

Accuracy

69.2 % (48.1–85.4)

76.9 % (55.9–91.0)

89.8 % (84.6–93.5)

93.2 % (88.6–96.2)

Numbers in parentheses are 95 % confidence intervals
TP true positive, FP false positive, FN false negative, TN true negative, PPV positive predictive value, NPV
negative predictive value

high specificity but low sensitivity for detection of LN metastases, both on patient level (100 % and 40 %, respectively) and
in anatomical regions (100 % and 30 %, respectively).
Furthermore, using histopathology as the gold standard, we
found that LN metastases below a certain size (8 mm in short
axis diameter) were not detected by 18F-fluciclovine PET/
MRI at the given SUV threshold, and that the overall burden
of LN metastases was higher in patients with positive PET
findings.
PET/MRI has the potential to improve initial diagnosis and
staging of prostate cancer by combining the excellent soft
tissue contrast of MRI with the molecular information from
PET in one examination. No previous studies have evaluated
the diagnostic accuracy of simultaneous 18F-fluciclovine PET/
MRI for preoperative detection of LN metastases in primary
prostate cancer patients. It has been demonstrated that LN
metastases can be detected by 18F-fluciclovine PET/CT in this
patient group, but these studies are limited by a low number of
patients and lack of histopathology for evaluation of falseFig. 3 Short-axis diameter (mm)
of lymph nodes and metastatic
deposits in true-positive and falsenegative regions as evaluated by
MRI and PET

negative findings [14, 17, 19]. In a cohort of radical prostatectomy patients, Suzuki et al. [18] showed that histopathologyproven LN metastases were not detected by preoperative 18Ffluciclovine PET/CT in any of the patients. However, all the
LN metastases were 5 mm or smaller, and this is therefore in
agreement with our findings.
For PET image interpretation, we applied a rather robust
threshold for LN positive findings (target-to-blood pool ratio
≥ 2). With this threshold, there were no false-positive findings
in the PET images, resulting in 100 % specificity. With a less
conservative threshold, more LN metastases might have been
detected. For instance, the one LN metastasis detected by MRI
but not by PET had a higher target-to-blood pool ratio (1.37)
than LNs in the false-positive MRI regions (median ratio 0.95,
range 0.81–1.24). Although based on a limited number of
LNs, we could hypothesize that a better threshold for the
PET image interpretation could be around 1.3. For small
LNs, a size-dependent threshold might be needed in order to
identify lesions otherwise impaired by partial volume effect of

Eur Radiol

Fig. 4 Preoperative images of a 65-year-old male with prostate cancer
(pT3b, Gleason score 4+4, metastatic deposits in four of 21 lymph nodes
removed by ePLND). T2W SPACE image (upper left) shows a 10-mm
lymph node (LN) (arrow) by the right obturator nerve described as metastasis based on MRI. Fused PET/MR image of the same area (upper
right) shows only faint activity in the metastatic LN (target-to-blood pool
ratio 1.37). The size of the LN and metastatic deposit measured on histopathology was 20 x 8 mm and 13 x 8 mm, respectively, with Gleason

Table 4 Characteristics of PET-positive and -negative pathological
stage N1 patients
PET negative, n=6
GS
pT-stage (n)
pT3a
pT3b
pT4
rT-stage (n)
rT3a
rT3b
rT4
PSA (ng/ml)
ITD (mm)
LNM
Regions

PET positive, n=4

p-value

8 (7–9)

8.5 (8–9)

1.0
0.476

2
4
0

0
4
0
0.114

3
3
0
10.8 (6.5–45.5)
30 (22–38)
1 (1–2)
1 (1–2)

0
3
1
7.4 (3.7–11.2)
46.5 (31–48)
4.5 (2–28)
2.5 (2–5)

0.171
0.038
0.019
0.038

Values represent median (range) unless otherwise specified. Bold font
indicates a significant difference between PET positive and PET negative
patients
GS Gleason score after prostatectomy, ITD Index tumour diameter in the
prostate, pT-stage pathological T-stage, rT-stage radiological T-stage,
LNM number of lymph node metastases, Regions number of regions with
metastatic lymph nodes

score 4+4. T2W SPACE image (lower left) shows a 10-mm LN (arrow)
by the left obturator nerve described as metastasis based on MRI. Fused
PET/MR image of the same area (lower right) show tracer uptake in the
same LN (target-to-blood pool ratio > 2). The size of the LN and metastatic deposit measured on histopathology was 27 x 12 mm and 18 x
11 mm respectively with Gleason score 4+4. Note the high activity in
the ureters (white asterisk) and less intense bowel-uptake

the PET [23]. The vendors of 18F-fluciclovine recommend
using uptake equal to or greater than bone marrow as suspicious for large lesions (≥ 1cm), and focal uptake greater than
blood pool as suspicious for smaller lesions [24]. These recommendations should, however, be used with caution in PET/
MRI since MR-based attenuation correction can lead to underestimation of the SUV value in bone marrow [25]. Finally,
other reconstruction methods and time windows might also
affect interpretation of the PET images, and further studies
are needed in a larger cohort with LN-based analysis to evaluate whether these factors may increase the sensitivity without
degrading the specificity.
Our study is in line with previous studies showing high
specificity and poor sensitivity for LN detection with PET
in high-risk prostate cancer patients [26, 27]. Although
other tracers, such as 68Ga-PSMA and 18F-choline have
shown higher sensitivity for LN detection on a patient
level [7–9, 28], none of these are sufficiently high to
recommend preoperative PET/CT or PET/MRI examination to replace ePLND as a staging tool. This indicates
that preoperative PET imaging plays a limited role as an
alternative to ePLND in staging of high-risk prostate cancer patients.
In the ongoing discussion regarding the optimal treatment choice for LN-positive patients, there is growing
evidence that treating stage N1 patients with surgery or
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radiotherapy results in increased long-term survival
[29–31]. In the current study, there were eight falsepositive regions based on MRI, while none of these regions were suspicious based on PET uptake. The high
specificity of 1 8 F-fluciclovine PET/MRI could be
exploited to extend the resection area if the examination
reveals a LN metastasis outside the surgical template. A
highly specific N-staging tool is also important for
selecting patients who are candidates for up-coming adjuvant therapies after radical prostatectomy.
We showed that there is a significant difference in size
of metastatic LNs in PET false-negative and true-positive
regions. The spatial resolution of the PET/MRI scanner
used in this study is reported to be around 5 mm [32],
and we noticed that the 75th percentile of false-negative
lymph nodes is below this limit (Fig. 3). In theory, smaller
metastasis could be detected if the tracer uptake is sufficiently high; however, this does not seem to be the case in
this study. This is similar to PET/CT studies and studies
using other tracers where micrometastases are not detected [18, 27].
The overall metastatic burden was higher in patients
with positive PET findings compared to patients with negative scans in this study. Briganti et al. [33] demonstrated
that patients with up to two positive nodes experienced
significantly higher cancer-specific survival than patients
with more than two positive nodes. In our cohort, none of
the PET-negative patients had more than two metastatic
LNs, and 18F-fluciclovine PET/MRI could thus potentially
help to stratify patients according to metastatic burden
and support decisions regarding adjuvant therapy. In carefully selected patients (for instance patients with palpation
findings indicating large tumour and/or stage T3b), a preoperative PET/MRI could add important information
about the patient’s metastatic burden without adding much
time to a regular staging protocol.

Limitations
One inherent limitation of this study is the lack of per-LN
analysis. It is practically impossible to identify every single
LN described by histopathology in the images and therefore a
region-based analysis was considered the best possible solution. In the case of several LN metastases per true-positive
region, we assumed that the largest LN was visible in the
images. Other limitations are the relatively low number of
patients and the lack of a consensus reading between the radiologist and nuclear medicine physician for a combined PET/
MRI score. Due to logistics it was not possible to fit this into
the study design, and a retrospective assessment would not
have been blinded to pathology results. We explored calculating a PET/MR score by simply combining the individual PET

and MR scores (‘PET and/or MR’), but the results did not
differ from the individual PET and MR scores and the results
were therefore not reported. We realize that we do not fully
exploit the potential of the combined examination with this
approach. Finally, two readers evaluated MRI while only one
evaluated PET images, possibly giving a positive bias to the
MRI. However, the radiologist in training had only limited
experience in uro-radiology.

Conclusion
In conclusion, simultaneous 18F-fluciclovine PET/MRI provides high specificity but low sensitivity for detection of LN
metastases in high-risk prostate cancer patients. A 18Ffluciclovine PET/MRI scan positive for LN metastases indicates a higher metastatic burden compared to a negative scan,
and could warrant adjuvant therapy.
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