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Abstract

Introduction: ['8F]-fluoro-methylcholine (FCH) PET/CT and MRI with diffusion-weighted MRI
(DW-MRI) have insufficient performance in lymph node staging of primary prostate cancer by
themselves, but the combination may perform better. We aim to prospectively determine the di-
agnostic performance of combined FCH PET and MRI for lymph node staging. Methods: This was a
single site study of diagnostic accuracy in a well-defined group of 21 consecutive high-risk prima-
ry prostate cancer patients (>30% chance of lymph node metastases) in a large community hos-
pital. We performed FCH PET/CT and MRI with DW-MRI prior to endoscopic extended pelvic
lymph node dissection (EPLND). PET was fused and interpreted together with various MRI image
sets (T1, T2, DWIBS) and was only scored positive when a lymph node seen on MRI coincided with
increased focal FCH uptake on PET. Findings were compared with detailed histological evaluation,
on a per-patient and per-region level. We calculated sensitivity, specificity, positive and negative
predictive value of combined PET-MRI. Results: 14 out of 21 patients had metastatic lymph nodes
with 37 out of 164 evaluable regions harboring metastases. On a per-patient analysis, PET-MRI
had a sensitivity/specificity of 79/100% with a PPV/NPV of 100/77%. On a per-region analysis (n
= 164) these figure were 65/99% and 96/91%, respectively. Conclusions: Combined DW-MRI and
FCH PET/CT has a very high positive predictive value in high risk prostate cancer patients. If con-
firmed in larger series a positive combined scan may safely allow cancellation of surgical staging
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in selected patients, depending on local protocols in N1 MO patients.
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1. Introduction

In higher stages of prostate cancer detection of lymph node metastases remains important, although there is con-
troversy around the choice of therapy depending on the volume of N1 disease [1]-[5]. Despite all developments
in imaging, the detection of locoregional lymph node metastases remains in its infancy as conventional CT and
standard MRI have poor diagnostic sensitivity and specificity [6] [7]. Therefore, the standard method for lymph
node staging currently is extended pelvic lymph node dissection (EPLND) with its associated invasive nature,
difficulty and complications [8]-[11].

Recently, both choline positron emission tomography (PET) and newer magnetic resonance imaging (MRI)
techniques have been proposed for improved non-invasive staging of pelvic lymph nodes [12]-[16]. Multiple
studies have demonstrated that carbon-11-choline or fluor-18-methyl-choline PET/CT scans may visualize me-
tastatic pelvic lymph nodes, but sensitivity/specificity values are currently insufficient to allow widespread use
in primary staging. In restaging, however, PET is more and more used [12]-[14] [17]. Similar moderate per-
formance in primary staging has been reported for newer MRI techniques including diffusion-weighted imaging
(DW-MRI) [15] [16]. This technique enables the delineation of pelvic lymph nodes, even when small, but is less
feasible to separate benign from malignant nodes [16].

Therefore, as both PET and MRI by themselves seem insufficient for adequate lymph node staging, there may
be added value in the combined approach. MRI will then show the node and PET can determine its benign or
malignant nature. Although many studies have compared PET with MRI, this combined approach has hardly
been studied [18]. Visualization of the exact location of a lymph node may allow more sensitive local reading of
choline PET. In addition, areas of doubtfully increased choline uptake without the local presence of a lymph
node can be considered normal image noise or otherwise benign. Combining MRI and choline PET therefore
may increase both sensitivity and specificity, possibly to levels where clinical application may become feasible.

Based on these ideas, the aim of this study is to obtain an initial impression of the clinical performance of
combined MRI including DW-MRI with fluor-18-methyl-choline PET in a newly diagnosed, homogeneous and
well-defined group of high risk prostate cancer patients selected for EPLND using detailed histology as a golden
standard.

2. Patients and Methods
2.1. Patients

Between January 2012 and August 2014 we performed a prospective diagnostic accuracy study and selected pa-
tients with newly diagnosed biopsy-proven high-risk prostate cancer being considered for EPLND at the Isala
hospital Zwolle, which serves as a large regional referral center in the north-east of the Netherlands. Patients
were eligible for inclusion when prior bone scanning was negative for bone metastases, WHO performance
status was 0, 1 or 2 and the chance of having lymph node metastases according to the Memorial Sloan Kettering
Cancer-Center pre-treatment PC nomogram was 30% or more [19]. No imaging tests focused on lymph node
staging had been performed before inclusion. Patients with prior prostate cancer treatments, chance of lymph
node mets <30%, patients on hormonal therapy, with severe claustrophobia or prosthesis interfering with MRI
were excluded. Patients were scheduled to undergo FCH PET and MRI within a 1 - 2 week interval in the 1 - 3
weeks preceding EPLND. The study was approved by the Isala local ethics review board and all patients gave
their informed consent in writing. This report follows the Standards for Reporting of Diagnostic Accuracy

(STARD) guidelines.



P. L. Jager et al.

2.2. FCH PET

Patients were injected intravenously with 200 - 250 MBq FCH. PET/CT acquisition was carried out at 60 min
post-injection covering the lower neck to mid femur. Low-dose CT was applied for localization and attenua-
tion-correction (120 kV, 30 mA). PET acquisitions were performed using dedicated PET-CT scanners (GE Dis-
covery LS or Philips Ingenuity TF PET/CT) for 3 - 5 min per bedposition, 6 - 10 beds.

2.3. MRI

MRI scans from just above the aortic bifurcation to the pubic symphysis were obtained using a Philips Infinion
1.5 Tesla MRI scanner with torso XL coil. We acquired T1-turbo spin echo (TSE) transversal (FOV 300 x 300 x
100 mm, voxel 1 mm, slices 4 mm, reconstructed voxel size 0.8 mm), T2-TSE transversal, T2-TSE sagittal,
T2-TSE coronal, Diffusion-Weighted Whole Body Imaging with Background Body Signal Suppression
(DWIBS)-coronal, single-shot (SSH)-DW transversal, T1-TSE Dynamic and 3D-PRESS/SPECTRO transversal
(FOV 375 x 296 x 199 mm, voxel size 2.5 mm, slice thickness 7 mm and reconstruction slice thickness 1.46
mm).

2.4. PET-CT Image Registration

After loading PET and MRI data series onto a workstation rigid image registration was performed automatically
with manual corrections, using the CT component of the PET/CT study which easily aligns with MRI. In this
way also the PET dataset was reliably fused with all other MRI sequence studies. Mean absolute registration (in
3D) errors were <5 mm for all patients.

2.5.Image Analysis

MRI studies were separately read by 2 experienced radiologists (MFB, MtVtK) blinded for any PET information.
T1, T2 and DWI sequences were the basis of interpretation. DWIBS series served as a locator for lymph nodes
that were verified on corresponding T1 or T2 slices. Although size is a rather nonspecific parameter in MRI as-
sessment of lymph nodes, for the current study a lymph node on MRI was scored positive when the short-axis
diameter was greater or equal to 5 mm (as determined on T1 slices). MRI was not further interpreted for the
prostate itself or for malignant aspects of nodes (such as spheric shape), as the purpose of this study was to study
combined PET/MR focused on lymph node staging. PET/CT images were interpreted by experienced nuclear
medicine specialists in direct conjunction with MRI. All readers were blinded to the results of surgery and pa-
thology.

Choline uptake was visually determined for each lymph node with a maximum short-axis diameter of 5 mm
or more on MRI. Vice-versa, all PET local hotspots (defined as spots showing FCT uptake clearly over the
background) were visually verified for the presence of a lymph node on MRI, in order to separate local image
noise, intestinal uptake, the ureter or bones from real uptake in metastases. All image analysis sessions were
done twice by a team of an experienced investigator (PLJ, JB) and discordant findings were discussed with the
whole team. PET was only scored as positive when a focus of clearly increased choline uptake coincided with
the location of a lymph node, avoiding calling accidental hotspots induced by image noise positive uptake. This
interpretation process was carried out for 8 body regions per patient, including the left-and right common iliac
artery nodes, internal iliac artery nodes, external iliac nodes and obturator nodes regions.

2.6. Surgery and Pathology

To minimize inter-surgeon variability the laparoscopic extended lymph node dissection was always carried out
by one well-experienced urologists (TdH) and included a systematic assessment and maximum tissue removal at
the same lymph node stations as described above. Borders of the dissection were the common iliac artery at the
level of the crossing ureter, the genito-femoral nerve on the psoas muscle, the external iliac vein crossing the
pubic arch and the dorsal border of the obturator nerve. Surgeons were blinded to image data. The removed tis-
sue was accurately pinned onto a plasticised paper template of the pelvis and transported to the pathology de-
partment and evaluated using standard methods (Figure 1).

Individual lymph nodes locations were grouped into the 8 regions described above. The same regional evalua-
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Figure 1. Example of the template used for the assessment of PET, MRI and for
the pathological evaluation. Tissue removed at surgery is accurately positioned
on the template depending on its origin, and is transported to pathology for
evaluation. The template is photographed and numbered. Each numbered node is
evaluated separately by the pathologists allowing detailed comparison of both
imaging tests with PA evaluation. For assessment nodes are grouped into 8 re-
gions. For example number 1: common iliac region, 2 and 3: internal iliac, 4-11
obturator region, 12 - 14 external iliac.

tion was also used for PET/MRI assessments. Despite these rather extensive efforts it proved quite difficult to
reach a perfect match between body regions because of the complex anatomy seen in 3D at surgery and difficult
assessment of anatomical boundaries between regions on MRI/PET/CT and the conversion to a 2D template.

2.7. Data Analysis and Statistics

We calculated sensitivity, specificity, positive and negative predictive value of MRI alone (with the constraints
described above) as well as of the PET/MRI joint assessment, using the pathology result as a gold standard in all
cases. False negative regions were those where PET-MR was negative while pathology was positive, false posi-
tive regions were defined as harbouring positive PET-MR findings with normal pathology. This was done on a
per-patient and per-region basis.

3. Results
3.1. Patients and Surgery

We included 21 patients who all underwent PET, MRI and surgery yielding complete data for 21 patients and
164 regions. Originally 29 patients had been eligible for inclusion, but 8 patients were not studied due to claus-
trophobia in 1, unwilling to consent in 2, treatment performed in a different hospital in 2, choline tracer not de-
livered in 2 patients. One patient was excluded because a bone metastasis, previously read as non-metastatic on
the bone scan was detected on the PET scan. The criterion of pre-test chance > 30% significantly limited the in-
clusion but guaranteed an uniform high risk patient group. Mean age of the patients was 67 years (range 56 - 77),
mean PSA was 41 + 22 (range 9 - 95), 18 had a T3 tumor, 3 had a T2 tumor, all Gleason sum scores were be-
tween 7 and 10 (mean 8.2 £ 1.0).

Although surgery was performed by a single, skilled and experienced urologist who aimed to remove all
lymph nodes, the surgeon retrospectively concluded that in 3 patients (4 regions) sampling had been incomplete
due to technical difficulty. In these cases a clear PET hotspot coinciding with a clearly enlarged lymph node
with malignant aspect on MRI remained unremoved. The 4 regions in which this occurred had to be excluded
from the analysis yielding 164 evaluable regions. Patient based and patient-side based analysis, however, was

not affected.
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Histopathological findings revealed 14 patients with lymph node metastases (67%). This frequency was con-
siderably higher than anticipated from the MSK nomogram which yielded a mean of 45% (30% - 69%). In these
14 patients 37 regions were positive for metastatic disease. Seven patients and 127 regions did not contain me-
tastases. In total 333 lymph nodes were removed, a mean of 16 per patient (range 9 - 27). Fifty-eight of these
were metastatic (17%). Mean size of the metastatic lymph nodes was 9.6 mm (range 4 - 30 mm).

3.2. MRI Only Findings

Imaging results are presented in Table 1 and examples of scans are presented in Figure 2 and Figure 3. MRI
(using the 5 mm cutoff definition—with its known limitations) was positive in all 21 patients of the study. This
includes all 14 patients with metastatic disease as well as the 7 patients without disease. In the latter 7 the MRI
therefore was false positive. This amounts to 100% sensitivity at a low specificity of 14% on a per patient level.
On the regional level sensitivity of MRI was 92% at a specificity of 73%, positive predictive value 50%, nega-
tive predictive value 97%.

3.3. Combined PET-MRI Findings

PET-MR was positive in 11/14 patients and negative in 7/7 patients, yielding a sensitivity of 79% at a perfect
specificity of 100% in this small group. Positive predictive value was 100%, negative predictive value was 70%.

Table 1. MRI, PET + MRI and Surgical Findings.

Pat MRI PET-MR PA Pos/tot Remarks
pos pos pos nodes
1 1,2,4,57,8 2,4 1,2,4,56,7 10/27
2 2,4,5,8 8 2,4,8 3/14
3 3,4,7 neg 6 1/24
4 4,8 neg neg 0/26
5 4,8 4,8 4,8 7/16
6 3,6,8 6,8 6,8 2/15 region 4 excluded
7 2,4,8 4 2,4 2/14 region 3 excluded
8 3,8 3,8 2,3,8 4/17
9 1 8 1,2,4,8 7117
10 6 neg neg 0/15
11 3,4,6,8 neg neg 0/15 0/15
12 3,4,7,8 4 4,7,8 3/17 3/17
13 1,3,4,57,8 neg neg 0/10
14 3,4,8 neg neg 0/9
15 1,6 6 6 2/9
16 3,6,8 neg 6 1/17
17 3,4,8 neg neg 0/14
18 4,7 neg 4 1/17
19 4,6,8 4,8 4,8 3/21
20 4,8 neg neg 0/16
21 2,3,4,6,7,8 2,3,4,6,7,8 2,3,4,6,7,8 12/18 regions 1 and 5 excluded

&
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Figure 2. Fusion PET-MR images in a patient with bilateral obturator lymph node metas-
tases confirmed on pathology. Upper left axial MRl DWIBS, upper right low-dose CT (part
of PET/CT), lower left FCH PET image, lower right MRI T2 slice. Metastases (arrows) are
seen clearly on DWIBS corresponding with increased FCH uptake and location of a node
on MRI (and on low dose CT). Choline uptake at the * positions does not align with a sub-
strate on MRI DWIBS and likely represents non-specific bowel uptake. This figure illus-
trates how information obtained from PET and MRI complements each other.

220 2o
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Figure 3. Fusion PET-MR axial images in a patient without lymph node metastases dem-
onstrating complementary information of PET and MR. Upper left MRI DWIBS, upper
right low-dose CT, lower left FCH PET, lower right MRI T2. Although MRI DWIBS and
MRI T1 both show a 7 mm lymph node in the right external iliac region (arrow) there is no
choline uptake in this area, which proved to be correct at pathological evaluation of tissue
sampled in this area.

In other words, three metastatic patients were missed, but there were no false positives. These 3 patients only
had a single regional metastasis of 4, 5 and 5 mm size.
On the regional level sensitivity/specificity was 65/99% with positive/negative predictive values of 96/91%.

©
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There was one region ultimately considered false positive. Based on PET/CT/MR the lymph node seen in this
area was assigned to the internal iliac region, which was a possible assignment error and should have been the
obturator region in a patient with multiple positive lymph nodes in the obturator region.

As expected PET/MR true positive metastatic lymph nodes were larger than false negative nodes: 11.6 + 6.4
mm (range 4 - 30 mm). False negative nodes measured 6.4 + 3.3 mm (range 2 - 14 mm).

4. Discussion

This study shows a clear added value of combined FCH PET and MRI in primary staging in a small but well-
defined and homogeneous group of high risk prostate cancer patients eligible for EPLND. Combining PET and
MRI yields a good sensitivity and specificity and nearly perfect positive predictive value in comparison with a
detailed histological gold standard in all patients. In every patient, where PET/MRI is positive metastatic disease
is confirmed. These results are superior to existing reports where the performance of choline PET and MRI has
been separately assessed or compared although we realize that this is just a small study [12]-[14] [17] [20]-[23].

Although not all metastatic nodes are detected, the key finding in our results is the absence of false positive
findings. We believe this to be the result of the combined reading of MRI and FCT PET, because possibly posi-
tive PET locations are only counted when coinciding with a lymph node seen on MRI, in this way avoiding
over-interpretation and increasing specificity. Conversely, the approach allows sensitive focal reading at the site
of a confirmed lymph on MRI, improving sensitivity. Balancing this way of analysis we reach potentially clini-
cally meaningful performance levels in this study. In our practice convincing evidence of N1 disease, as poten-
tially provided by choline PET/MRI generally leads to the omission of surgery. However, there is some contro-
versy around this topic as low volume N1 disease (in the absence of M1 disease) may justify intensive local
treatment in addition to surgery [4]. The PET/MR findings, however, also give an impression as to the amount
of N1 disease.

Our results differ from other studies focusing on choline PET for initial staging. Poulsen described 210 pa-
tients and found sensitivity/specificity/PPVV/NPV values of 73/88/59/93%, considerably lower values than in our
study [17]. Their prevalence of metastatic disease of 20% was much lower than the 65% in our study. They con-
cluded that FCH PET was not valuable for lymph node staging. No explanation was given for false positive
findings, but the number of removed lymph nodes per patient [5.6] was much lower than in our study, leaving
the possibility that some choline findings might still have been true positive, both within and without the dissec-
tion zone, because they were not validated [16]. In addition, that study relied on CT to detect nodes, whereas we
used MRI including DW-MRI. However, the number of patients in our study remained much lower weakening
our conclusions.

Another recent study that focused on staging was published by Vag et al. who found moderate and similar
performance of both dwMRI and C11-choline PET, but relied heavily on measurements (ADC vs. SUV) rather
than visual interpretation and, importantly, did not combine both data sets [24]. In the study by Budiharto et al.,
performance was also modest with PPV/NPV of 75/91for PET and 46/92% for DW-MRI [20]. Regions with
macrometastases remained undetected by C11-choline PET (with very early acquisition only) and sensitivity
was surprisingly low. The number of false positives, however, appeared limited. It appeared that also in this
study PET and MRI were compared but not combined [20]. Another study by Eschmann also compared both
modalities and found sensitivity/specificity values of 97/77% for PET and 79/94% for whole body MRI [21].
The authors concluded that PET and MRI were complementary but again the study had not been designed to as-
sess the value of the combined tests. Finally, de Jong et al. described a sensitivity/specificity of C11-choline
PET of 80/96%, but this study was done before the era of PET/CT, DWMRI and EPLND [22].

Limitations of our study include its small size and the use of software to fuse MRI with PET images obtained
on 2 separate occasions. Recently combined PET/MRI scanners are being developed where a combined scan can
be done with a single machine in a single session with perfect matching, possibly also with promising new
radiotracers such as Gallium-68-PSMA [25]. Another limitation is the still poorly understood phenomenon of
nonspecific choline uptake in hilar, mediastinal and sometimes inguinal lymph nodes that should not be con-
fused with metastatic disease. Finally, correct assignment of a metastasis to the correct anatomical region was
difficult, and this may interfere with regional sensitivity and specificity values, although it does not affect over-
all patient-based performance.

In conclusion, in this pilot study combined (DW) MRI and choline PET yielded good results in primary stag-

O,
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ing of high risk prostate cancer patients. We believe this should be pursued further as it may save patients un-
necessary lymph node dissections.

Acknowledgements

The authors thank Mrs. Vera ten Hag for her valuable assistance in patient planning and organization. We thank
Joep Dille in assistance at the time of the design of the study. Supported by a local innovation grant from the Is-
ala hospital.

Conflict of Interest and Source of Funding

No author has any disclosure.
Funding was obtained through a local hospital innovation project grant.

References

(1]

[2]

(3]

(4]
[5]

(6]
[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

Heidenreich, A., Bastian, P.J., Bellmunt, J., et al. (2014) European Association of Urology. EAU Guidelines on Pros-
tate Cancer. Part 1: Screening, Diagnosis, and Local Treatment with Curative Intent-Update 2013. European Urology,
65, 124-137. http://dx.doi.org/10.1016/j.eururo.2013.09.046

Bill-Axelson, A., Holmberg, L., Ruutu, M., et al. (2011) SPCG-4 Investigators. Radical Prostatectomy versus Watchful
Waiting in Early Prostate Cancer. The New England Journal of Medicine, 364, 1708-1717.
http://dx.doi.org/10.1056/NEJM0al011967

Gakis, G., Boorjian, S.A., Briganti, A., et al. (2014) The Role of Radical Prostatectomy and Lymph Node Dissection in
Lymph Node-Positive Prostate Cancer: A Systematic Review of the Literature. European Urology, 66, 191-199.
http://dx.doi.org/10.1016/j.eurur0.2013.05.033

Messing, E.M. (2013) N+, MO Prostate Cancer: Local Therapy for Systemic Disease. Oncology (Williston Park), 27,
661-668.

Pasoglou, V., Larbi, A., Collette, L., et al. (2014) One-Step TNM Staging of High-Risk Prostate Cancer Using Mag-
netic Resonance Imaging (MRI): Toward an Upfront Simplified “All-in-One” Imaging Approach? Prostate, 74, 469-
477. http://dx.doi.org/10.1002/pros.22764

Tarcan, T., Turkeri, L., Biren, T., et al. (1996) The Effectiveness of Imaging Modalities in Clinical Staging of Local-
ized Prostatic Carcinoma. International Urology and Nephrology, 28, 773-779. http://dx.doi.org/10.1007/BF02550726

Hovels, A.M., Heesakkers, R.A., Adang, E.M., et al. (2008) The Diagnostic Accuracy of CT and MRI in the Staging of
Pelvic Lymph Nodes in Patients with Prostate Cancer: A Meta-Analysis. Clinical Radiology, 63, 387-395.
http://dx.doi.org/10.1016/j.crad.2007.05.022

Heidenreich, A., Ohlmann, C.H. and Polyakov, S. (2007) Anatomical Extent of Pelvic Lymphadenectomy in Patients
Undergoing Radical Prostatectomy. European Urology, 52, 29-37. http://dx.doi.org/10.1016/j.eururo.2007.04.020

Briganti, A., Chun, F.K., Salonia, A., et al. (2006) Complications and Other Surgical Outcomes Associated with Ex-
tended Pelvic Lymphadenectomy in Men with Localized Prostate Cancer. European Urology, 50, 1006-1013.
http://dx.doi.org/10.1016/j.eururo.2006.08.015

Stone, N.N., Stock, R.G. and Unger, P. (1997) Laparoscopic Pelvic Lymph Node Dissection for Prostate Cancer:
Comparison of the Extended and Modified Techniques. Journal of Urology, 158, 1891-1894.
http://dx.doi.org/10.1016/S0022-5347(01)64161-2

Clark, T., Parekh, D.J., Cookson, M.S., et al. (2003) Randomized Prospective Evaluation of Extended versus Limited
Lymph Node Dissection in Patients with Clinically Localized Prostate Cancer. The Journal of Urology, 169, 145-147.
http://dx.doi.org/10.1016/S0022-5347(05)64055-4

Schiavina, R., Scattoni, V., Castellucci, P., et al. (2008) 11C-Choline Positron Emission Tomography/Computerized
Tomography for Preoperative Lymph-Node Staging in Intermediate-Risk and High-Risk Prostate Cancer: Comparison
with Clinical Staging Nomograms. European Urology, 54, 392-401. http://dx.doi.org/10.1016/j.eururo.2008.04.030
Giovacchini, G., Picchio, M., Coradeschi, E., et al. (2008) [**C]Choline Uptake with PET/CT for the Initial Diagnosis
of Prostate Cancer: Relation to PSA Levels, Tumour Stage and Anti-Androgenic Therapy. European Journal of Nu-
clear Medicine and Molecular Imaging, 35, 1065-1073. http://dx.doi.org/10.1007/s00259-008-0716-2

Husarik, D.B., Miralbell, R., Dubs, M., et al. (2008) Evaluation of [**F]-Choline PET/CT for Staging and Restaging of
Prostate Cancer. European Journal of Nuclear Medicine and Molecular Imaging, 35, 253-263.
http://dx.doi.org/10.1007/s00259-007-0552-9

Charles-Edwards, E.M. and de Souza, N.M. (2006) Diffusion-Weighted Magnetic Resonance Imaging and Its Applica-



http://dx.doi.org/10.1016/j.eururo.2013.09.046
http://dx.doi.org/10.1056/NEJMoa1011967
http://dx.doi.org/10.1016/j.eururo.2013.05.033
http://dx.doi.org/10.1002/pros.22764
http://dx.doi.org/10.1007/BF02550726
http://dx.doi.org/10.1016/j.crad.2007.05.022
http://dx.doi.org/10.1016/j.eururo.2007.04.020
http://dx.doi.org/10.1016/j.eururo.2006.08.015
http://dx.doi.org/10.1016/S0022-5347(01)64161-2
http://dx.doi.org/10.1016/S0022-5347(05)64055-4
http://dx.doi.org/10.1016/j.eururo.2008.04.030
http://dx.doi.org/10.1007/s00259-008-0716-2
http://dx.doi.org/10.1007/s00259-007-0552-9

P. L. Jager et al.

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

tion to Cancer. Cancer Imaging, 6, 135-143.

Low, R.N. (2009) Diffusion-Weighted MR Imaging for Whole Body Metastatic Disease and Lymphadenopathy. Mag-
netic Resonance Imaging Clinics of North America, 17, 245-261. http://dx.doi.org/10.1016/j.mric.2009.01.006

Poulsen, M.H., Bouchelouche, K., Hgilund-Carlsen, P.F., et al. (2012) [**F]Fluoromethylcholine (FCH) Positron
Emission Tomography/Computed Tomography (PET/CT) for Lymph Node Staging of Prostate Cancer: A Prospective
Study of 210 Patients. BJU International, 110, 1666-1671. http://dx.doi.org/10.1111/j.1464-410x.2012.11150.x

Beer, A.J., Eiber, M., Souvatzoglou, M., Schwaiger, M. and Krause, B.J. (2011) Radionuclide and Hybrid Imaging of
Recurrent Prostate Cancer. The Lancet Oncology, 12, 181-191.
http://dx.doi.org/10.1016/S1470-2045(10)70103-0

Cagiannos, I., Karakiewicz, P., Eastham, J.A., et al. (2003) A Preoperative Nomogram ldentifying Decreased Risk of
Positive Pelvic Lymph Nodes in Patients with Prostate Cancer. The Journal of Urology, 170, 1798-1803.
http://www.mskcc.org/cancer-care/adult/prostate/prediction-tools
http://dx.doi.org/10.1097/01.ju.0000091805.98960.13

Budiharto, T., Joniau, S., Lerut, E., et al. (2011) Prospective Evaluation of 11C-Choline Positron Emission Tomogra-
phy/Computed Tomography and Diffusion-Weighted Magnetic Resonance Imaging for the Nodal Staging of Prostate
Cancer with a High Risk of Lymph Node Metastases. European Urology, 60, 125-130.
http://dx.doi.org/10.1016/j.eururo.2011.01.015

Eschmann, S.M., Pfannenberg, A.C., Rieger, A., et al. (2007) Vergleich von 11C-Choline-PET/CT mit Ganzkorper-
MRT beim Staging des Prostatakarzinoms. Nuklearmedizin Medicine, 46, 161-168.

de Jong, 1.J., Pruim, J., Elsinga, P.H., Vaalburg, W. and Mensink, H.J. (2003) Preoperative Staging of Pelvic Lymph
Nodes in Prostate Cancer by 1c-Choline PET. The Journal of Nuclear Medicine, 44, 331-335.

Hoeks, C.M., Barentsz, J.O., Hambrock, T., et al. (2011) Prostate Cancer: Multiparametric MR Imaging for Detection,
Localization, and Staging. Radiology, 261, 46-66. http://dx.doi.org/10.1148/radiol.11091822

Vag, T., Heck, M.M., Beer, A.J., et al. (2014) Preoperative Lymph Node Staging in Patients with Primary Prostate
Cancer: Comparison and Correlation of Quantitative Imaging Parameters in Diffusion-Weighted Imaging and
11C-Choline PET/CT. European Radiology, 24, 1821-1826. http://dx.doi.org/10.1007/s00330-014-3240-8

Eiber, M., Nekolla, S., Maurer, T., Weirich, G., Wester, H.J. and Schwaiger, M. (2015) %Ga-PSMA PET/MR with

Multimodality Image Analysis for Primary Prostate Cancer. Abdominal Imaging, 40, 1769-1771.
http://dx.doi.org/10.1007/s00261-014-0301-z



http://dx.doi.org/10.1016/j.mric.2009.01.006
http://dx.doi.org/10.1111/j.1464-410x.2012.11150.x
http://dx.doi.org/10.1016/S1470-2045(10)70103-0
http://www.mskcc.org/cancer-care/adult/prostate/prediction-tools
http://dx.doi.org/10.1097/01.ju.0000091805.98960.13
http://dx.doi.org/10.1016/j.eururo.2011.01.015
http://dx.doi.org/10.1148/radiol.11091822
http://dx.doi.org/10.1007/s00330-014-3240-8
http://dx.doi.org/10.1007/s00261-014-0301-z

	Adequate Diagnostic Performance of Combined [18F]-Fluormethylcholine PET-CT with Diffusion-Weighted MRI in Primary Staging of High Risk Prostate Cancer
	Abstract
	Keywords
	1. Introduction
	2. Patients and Methods
	2.1. Patients
	2.2. FCH PET
	2.3. MRI
	2.4. PET-CT Image Registration
	2.5. Image Analysis
	2.6. Surgery and Pathology
	2.7. Data Analysis and Statistics

	3. Results
	3.1. Patients and Surgery
	3.2. MRI Only Findings
	3.3. Combined PET-MRI Findings

	4. Discussion
	Acknowledgements
	Conflict of Interest and Source of Funding
	References

