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Abstract
Purpose Hybrid positron emission tomography and magnetic
resonance (PET/MR) imaging performs a two-point Dixon
MR sequence for attenuation correction. However, MR data
in hybrid PET/MR should provide anatomic and morphologic
information as well as an attenuation map. We evaluated the
Dixon sequence of hybrid PET/MR for anatomic correlation
of PET-positive lesions compared with contrast-enhanced
PET/computed tomography (CT) in patients with oncologic
diseases.
Methods Twelve patients underwent a single injection, dual
imaging protocol. PET/CTwas performedwith an intravenous
contrast agent (85±13 min after 18F-FDG injection of 403±
45MBq) and then (125±19 min after injection) PET/MR was
performed. Attenuation correction and anatomic allocation of
PETwere performed using contrast-enhanced CT for PET/CT
and Dixon MR sequence for hybrid PET/MR. The DixonMR
sequence and contrast-enhanced CT were compared for ana-
tomic correlation of PET-positive lesions (scoring scale rang-
ing from 0 to 3 for visual ratings). Additionally, standardized
uptake values (SUVs) for the detected lesions were assessed
for quantitative comparison.
Results Both hybrid PET/MR and contrast-enhanced PET/CT
identified 55 lesions with increased FDG uptake in ten pa-
tients. In total, 28 lymph nodes, 11 bone lesions, 3 dermal
nodules, 3 pleural thickening lesions, 2 thyroid nodules, 1
pancreas, 1 liver, 1 ovary, 1 uterus, 1 breast, 1 soft tissue and
2 lung lesions were present. The best performance was

observed for anatomic correlation of PET findings by the
contrast-enhanced CT scans (contrast-enhanced CT, 2.64±
0.70; in-phase, 1.29±1.01; opposed-phase, 1.29±1.15;
water-weighted, 1.71±1.07; fat weighted, 0.56±1.03). A sig-
nificant difference was observed between the scores obtained
from the contrast-enhanced CT and all four coregistered
Dixon MR images. Quantitative evaluation revealed a high
correlation between the SUVsmeasured with hybrid PET/MR
(SUVmean, 2.63±1.62; SUVmax, 4.30±2.88) and contrast-
enhanced PET/CT (SUVmean, 3.88±2.30; SUVmax, 6.53±
4.04) in PET-positive lesions (SUVmean, ρ=0.93; SUVmax,
ρ=0.95), although hybrid PET/MR presented a decrease of
SUVs compared with contrast-enhanced PET/CT (mean re-
duction; SUVmean, 32.44±15.64 %; SUVmax, 35.16±
12.59 %).
Conclusions Despite different attenuation correction ap-
proaches, the SUV of PET-positive lesions correlated well
between hybrid PET/MR and contrast-enhanced PET/CT.
However Dixon MR images acquired for attenuation correc-
tion were insufficient to provide anatomic information of PET
images because of low spatial resolution. Thus, additional MR
sequence with fast and higher resolution may be necessary for
anatomic information.

Keywords Positron emission tomography . Positron emission
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Introduction

Aconventional positron emission tomography/computed tomog-
raphy (PET/CT) scanner generates an attenuation map based on
CT data andCT image helps diagnostic interpretation of PET/CT
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as an anatomical framework. Accurate anatomic localization of
functional abnormalities on PET scan is challenging because of
limited anatomical information and low spatial resolution.
However, the integration of functional and anatomical informa-
tion in PET/CT has resulted in significant improvement in the
localization and classification of lesions compared with PET
imaging alone. Integrated PET/CT has been successfully
established in clinical workflow since thismultimodality imaging
was introduced. The role of PET/CT imaging is increasing in
clinical oncology and patient care [1–4].

Likewise, concepts for a PET scanner combined with mag-
netic resonance (MR) imaging have emerged, replacing CT.
TheMRdata yields high soft tissue contrast and can be used to
evaluate the brain, bone marrow, liver and soft tissue tumors.
An additional advantage of MR over CT is the absence of
ionizing radiation exposure. This new hybrid imaging modal-
ity can be expected to have a potential value over PET/CT
[5–9]. Recently, the first integrated whole-body PET/MR
scanner (Biograph mMR; Siemens Medical Solutions,
Erlangen, Germany) was introduced. Because there are fun-
damental differences between CTandMR imaging, these lead
to distinct differences between PET/CT and PET/MR, not
only regarding image interpretation but also concerning data
acquisition, data processing and image reconstruction. A hy-
brid PET/MR scanner uses avalanche photodiode–lutetium
oxyorthosilicate (LSO) PET detectors, which are integrated
between the MR body coil and the gradient coils for simulta-
neous PET and MR acquisition, keeping mutual interference
to a minimum [10]. Additional technical breakthrough for the
attenuation correction is an attenuationmapwith four different
tissue types (fat, soft tissue, background and lungs) on the
basis of a two-point Dixon MR sequence because MR signal
is not related to the radiodensity [11]. Recently some studies
suggested that the Dixon MR sequence could be reused for
anatomic correlation of PET-positive lesions as well as its use
for attenuation correction. This MR sequence could cover the
whole body with short acquisition time (19 s for each PET bed
position) and it showed a comparable value to low-dose CT
for anatomic allocation of PET findings throughout the body
in the studies of Eiber et al. [12] and Drzezga et al. [13].

The MR data of hybrid PET/MR should provide anatomic
information to distinguish physiologic tracer uptake from path-
ologic findings and morphologic information to differentiate
benignancy from malignancy for unpredicted PET findings,
similarly to the CT data of PET/CT. The quality of CT data in
PET/CT acquisition protocols is dictated by expertise, experi-
ence, conditions at the institution and site preferences. In our
institution, the CT of PET/CT was done with standard
radiation dose and intravenous contrast. Hence, we evaluated
the two-point Dixon sequence of hybrid PET/MR for ana-
tomical correlation and morphological delineation of PET-
positive lesions compared with contrast-enhanced PET/CT in
oncologic patients.

Materials and Methods

Subjects

Of the pool of patients routinely referred to our institute for
18F-FDG PET/CT for staging and follow-up of malignant
disorders, patients with informed consent and ability to un-
dergo another scan after the PET/CTexamination were select-
ed from July 2012 to August 2012. Twelve patients (mean
age, 55.3±9.04 years, three men, nine women) underwent the
18 F-FDG PET/CT with contrast enhancement, immediately
followed by hybrid PET/MR. Oncologic diagnoses included
breast cancer (n =6), lung cancer (n =1), gastric cancer (n =1),
pancreatic cancer (n =1), cholangiocarcinoma (n =1), tongue
cancer (n =1) and liposarcoma (n =1) (Table 1). This study
was approved by the Institutional ReviewBoard of Yeungnam
Medical Center.

Image Acquisition

All patients fasted for at least 6 h before the administration of
18F-FDG and blood glucose concentration was confirmed to
be less than 150 mg/dl. Patients received an intravenous
injection of 403±45 MBq of 18F-FDG and the acquisition
was started 85±13min after injection using a PET/CTscanner
(Discovery VCT; GE Healthcare, Milwaukee, WI, USA) con-
taining Bismuth germinate (BGO) crystals for PET and 64-
detector-row CT. First, the CT scan was obtained for attenu-
ation correction of the PET/CT with injection of 100 ml
nonionic contrast material (Pamiray 300; Taejoon Pharm,
Seoul, Korea) at a flow rate of 2 ml/s. The CT parameters
were as follows: 120 kV-200 mA, 3.75 mm slice thickness,

Table 1 Patient characteristics

Patient Sex Age Malignancy PET-positive findings (n)

1 M 55 Lung cancer Lymph nodes (2)

2 F 61 Stomach cancer
(Signet ring)

Bone (5), thyroid (1)

3 F 52 Breast cancer Thyroid (1), uterus (1)

4 F 50 Breast cancer No PET- positive findings

5 M 68 Pancreas cancer Pancreas (1)

6 F 46 Breast cancer Breast (1), ovary (1)

7 F 44 Breast cancer Lymph nodes (16), bone (5),
skin (3), pleura (3)

8 F 54 Breast cancer No PET- positive findings

9 F 57 Breast cancer Lymph nodes (5), lung
nodule (1), lung
consolidation (1)

10 M 48 Cholangiocarcinoma Liver

11 F 53 Liposarcoma Perirenal fascia

12 F 75 Tongue cancer Lymph nodes (5), facet
joint (1)
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2.5 mm reconstruction thickness and 512×512 matrix. And
then a three-dimensional (3D) mode PET scan followed with
seven to nine bed positions at 3 min per bed position. The PET
scanner of the PET/CT had an average spatial resolution of
5.0 mm at 1 cm and 5.6 mm at 10 cm from the transverse field
of view (FOV) and a maximum sensitivity of 8.5 kcps/MBq at
the center of the FOV. Its axial FOV was 15.7 cm. A total
acquisition time was approximately 25–30 min per patient for
PET/CT, depending on the scan range.

Subsequent to obtaining PET/CT, PET/MR (Biograph
mMR; Siemens Medical Solutions, Erlangen, Germany)
was performed (125±19 min after injection of 18F-FDG).
This system consists of a 3-T MRI scanner with high
gradient performance (maximum amplitude, 45 mT/m;
maximum slew rate, 200 T/m/s). The PET/MR system is
equipped with Total Imaging Matrix coil technology
(Siemens Medical Solutions), covering the entire body with
multiple integrated radiofrequency surface coils. The PET
scanner of the PET/MR had a spatial resolution of 4.4 mm
at 1 cm and of 5.2 mm at 10 cm from the transverse FOV
and a sensitivity of 13.2 kcps/MBq at the center of the FOV.
The axial FOV was 25.8 cm. First, a localizer MR scan was
performed to define the bed positions. And then PET and MR
for attenuation correction started at the same bed position
simultaneously. The PET scan was obtained for 2 min, taking
high PET sensitivity of PET/MR into account and a coronal
two-point Dixon 3D volumetric interpolated breath-hold ex-
amination (VIBE) T1-weighted MR sequence was acquired
for 19 s, which was used for the generation of attenuation
maps. The parameters for this MR sequence were as follows:
integrated parallel acquisition technique; factor, 2; voxel size,
4.1×2.6×3.1 mm (in-plane resolution × slice thickness); rep-
etition time, 3.6 ms, first echo time, 1.23 ms; second echo
time, 2.46 ms; matrix, 79×192; number of excitations, 1;
FOV, 500 mm; phase FOV, 65.6 %; 1 slab with 128 slices;
slice thickness, 3.1 mm; flip angle, 10; bandwidth, 965 Hz/
pixel. The software of the MR automatically used the raw
images to produce four different images: T1-weighted in-
phase, T1-weighted out-of-phase, water-only, and fat-only.
The necessary PET attenuation correction is carried out per
section by μ–map made with the Dixon MR sequence
consisting of these four different images. After completion
of the PET acquisition, the table was moved to the next bed
position and patients were covered within three to five bed
positions. An additional measurement time must be allowed
for the measurement and calculation of the attenuation correc-
tion for PET and for the shimming of the magnetic field. A
total acquisition time was approximately less than 15 min per
patient.

A 3D ordered-subsets expectation maximization (3D
OSEM) iterative reconstruction algorithm was applied with
2 iterations and 28 subsets for the PET data of the PET/CT,
and with 2 iterations and 21 subsets for the PET data of the

PET/MR. For PET/CT, a 128×128 matrix and for PET/MR, a
172×172 matrix was used and both PET data were filtered
(6 mm in full width at half maximum).

Image Analysis

Two experienced nuclear medicine physicians interpreted the
contrast-enhanced PET/CTand hybrid PET/MR images using
the dedicated workstation and software (Syngo.via; Siemens
Medical Solutions). The readers analyzed the PET/CT and
PET/MR images blinded to the results of the other test and
clinical information. The PET/MR images were loaded in the
mMR General template and any focal 18F-FDG uptake ex-
ceeding normal regional tracer accumulationwas assessed as a
lesion on the PET images, whether it was malignancy or not.
Subsequently, all four coregistered Dixon MR images (T1-
weighted in-phase, T1-weighted out-of-phase, fat-only, and
water-only) and PET/MR images (fused images of PET data
and the water weighted Dixon MR data) were evaluated for
anatomic allocation and for the lesion detection correspond-
ing to the focal 18F-FDG uptake. The PET/CT images were
loaded in the MM Oncology template and the PET images
were reviewed to detect any focal 18F-FDG uptake. The
coregistered contrast-enhanced CT images and PET/CT
images (fused images of PET data and the contrast-
enhanced CT data) were evaluated for anatomic correlation
and for the detection of lesions that we primarily identified
by 18F-FDG accumulation on the PET image of the PET/
CT. If multiple PET-positive lesions were present, lesion
counting was limited to a maximum of five hottest lesions
per organ system or compartment including lymph node
station, according to RECIST criteria and adapted for our
purposes. Diagnoses were made in consensus in the event
of discrepant diagnoses.

All four Dixon MR images and contrast-enhanced CT
image were compared visually by rating the anatomic cor-
relation and morphologic delineation of PET-positive le-
sions. A scoring scale ranging between 0 and 3 was used
for visual ratings (0, no anatomical correlation possible/no
morphological correlate detectable; 1, uncertain anatomical
correlation/no morphological correlate detectable; 2, good
anatomical correlation/questionable morphological correlate;
3, excellent anatomical correlation with a clear morpholog-
ical correlate) in the same way as a recent publication [12].
In addition, the size of lesion was measured in the best
outlining modality.

Mean and maximum SUVs of the all detected lesions were
assessed for quantitative comparison on the PET images of
both modalities. A volume of interest (VOI) was placed over
the PET-positive lesion on the PET images. An iso-contour
VOI including all voxels above 40 % of the maximum was
created to calculate the SUVmean and the SUVmax was
calculated automatically.
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Statistics

All statistical analyses were performed using SPSS 19.0 soft-
ware (SPSS, Chicago, IL, USA). The Kolmogorov–Smirnov
test was used to test for a normal distribution. For calculating
the overall statistical differences in visual ratings between the
contrast enhanced CT and the MR Dixon sequences, we
used a nonparametric Friedman test, followed by
Wilcoxon signed ranks test with Bonferroni correction for
nonnormally distributed samples (p =0.05 and p =0.005
for Friedman and Wilcoxon signed ranks test, respectively).
The Wilcoxon signed ranks test was used to determine the
statistical differences in measured SUVs between the two
imaging modalities. A p value less than 0.05 was considered
statistically significant. The Spearman rank correlation coef-
ficient (ρ) was calculated to examine the correlation
between mean and maximum SUVs derived from PET/
MR and PET/CT.

Results

Generally, PET results obtained by hybrid PET/MR corres-
ponded with PET results of contrast-enhanced PET/CT
(Fig. 1). All patients who had been rated positive or negative
for 18F-FDG positive lesions on contrast-enhanced PET/CTwere
also rated positive or negative on hybrid PET/MR. In 10 of 12
included patients, both hybrid PET/MR and contrast-enhanced
PET/CT showed 55 corresponding lesions with focal 18F-FDG
accumulation. In total, 28 lymph nodes, 11 bone lesions, 3
dermal nodules, 3 pleural thickening lesions, 2 thyroid nodules,
1 pancreas, 1 liver, 1 ovary, 1 uterus, 1 breast, 1 soft tissue and 2
lung lesions were observed (Table 1).

For the 55 PET-positive lesions, the SUVs (mean and
maximum) measured in hybrid PET/MR data (SUVmean,

2.63±1.62; SUVmax, 4.30±2.88) presented a significant de-
crease (SUVmean, p <0.001; SUVmax, p <0.001) compared
with contrast-enhanced PET/CT data (SUVmean, 3.88±2.30;
SUVmax, 6.53±4.04). A mean reduction of 32.44±15.64 %
was found in the SUVmean of hybrid PET/MR compared
with contrast-enhanced PET/CT, with a range from −2.27 to
87.2 %. The mean value of SUVmax derived from hybrid
PET/MR was 35.16±12.59 % lower than that obtained
from contrast-enhanced PET/CT, with a range from 9.04
to 77.07 %. However, quantitative evaluation revealed a
high correlation between mean and maximum SUVs mea-
sured with hybrid PET/MR and contrast-enhanced PET/CT
(SUVmean, ρ= 0.93, p < 0.001; SUVmax, ρ= 0.95,
p <0.001) (Fig. 2).

On the basis of the visual ratings, the contrast enhanced CT
scan presented the best performance for anatomic correlation
and delineation of PET-positive lesions (mean rating, 2.64±
0.70). A significant difference was observed in the scores
between contrast-enhanced CT image and all four Dixon
MR images, respectively (in-phase, p <0.001; opposed-
phase, p <0.001; water-weighted, p <0.001; fat-weighted,
p <0.001). The water-weighted images (mean rating, 1.71±
1.07) were rated the highest among the four DixonMR images
significantly (in-phase, p =0.001; opposed-phase, p <0.001;
fat-weighted, p <0.001). The in-phase and opposed-phase
images had similar ratings (mean rating: in-phase, 1.29±
1.01; opposed-phase, 1.29±1.15), without a significant differ-
ence (p =0.905). Additionally the fat-weighted images
showed the worst score (mean rating, 0.56±1.03). For ana-
tomic correlation of lymph nodes, contrast-enhanced CT scan
showed significantly better result than the others (Fig. 3,
Table 2). The subjective rating of the bone lesions revealed
no significant difference between values obtained for both
modalities except a matched pair of contrast-enhanced CT
and fat-weighted images (Table 2).

Fig. 1 A 44-year-old woman with multiple metastases from breast cancer
underwent a single injection and dual-imaging protocol, contrast-enhanced
PET/CT and hybrid PET/MR. a 18F-FDG PET image acquired on PET/CT.
b Fusion of PET data and contrast-enhanced CT data acquired on PET/CT. c

Fusion of PET data and water-weighted Dixon MR data acquired on hybrid
PET/MR. d 18F-FDG PET image acquired on hybrid PET/MR. A high
reproducibility of 18F-FDG-positive lesions could be seen in themediastinum,
left axilla, left neck and multiple bones between a and d
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Discussion

With the recent introduction of hybrid PET/MR, a new multi-
modality system is undergoing clinical validation compared
with PET/CT which was the first realization of a multi-
modality clinical imaging system. In our study, the PET
component of the hybrid PET/MR reproduced 18F-FDG-avid
lesions that were detected on the contrast-enhanced PET/CT.
Moreover, quantitative evaluation revealed a strong correla-
tion between the SUVs measured in hybrid PET/MR and
contrast-enhanced PET/CT (SUVmean, ρ=0.93; SUVmax,
ρ=0.95). A higher PET sensitivity of hybrid PET/MR (13.2
kcps/MBq) compared with PET/CT (8.5 kcps/MBq) allowed
equivalent performance despite shorter acquisition time
(2 min per bed position) and delayed start time of the hybrid
PET/MR acquisition.

For details of quantitative analysis, the SUVs measured in
hybrid PET/MR presented a significant decrease compared with
contrast-enhanced PET/CT confirming recently published re-
sults. However, our data showed more prominent reduction of
SUV values than other studies with about 10 % [12–14]. This
discrepancy may be due to different inclusion criteria of lesions.
Whereas previous studies included 18F-FDG-avid lesions

suspicious for malignancy, our study included any focal 18F-
FDG uptake, whether it was malignancy or not. Because
unpredicted PET findings may be detected anywhere, anatomic
and morphologic information may also be necessary to define
the lesion even though it is benign. However, tracer clearance
was more affected in benign lesions than in malignant lesions
with time [15–17]. This may cause a greater SUV decrease in
our data. Previous studies also demonstrated a large SUV de-
crease, with a range from 24.5 to 45.13 %, although in the
background measurements [13, 14, 18]. Apart from biological
explanations, there are also technical factors for the differences
in SUV. In contrast with previous studies using scanners from
the same manufacturers, we used scanners from different man-
ufacturers, which usually have different hardware, acquisition
protocols, image reconstruction algorithms, and data analysis
software. SUVmeasurements are not highly reproducible across
different scanner types [19, 20]. However, we interpreted the
images using the same data analysis software for the same VOI
methodology. Another potential cause of different SUV values
is the use of contrast-enhanced CT for PET attenuation correc-
tion. Because intravenous contrast agents may lead to
overestimation of attenuation, higher SUVs may occur.
However, Berthelsen et al. [21] indicated that although the
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a bFig. 2 Correlation analysis of
SUVmean (a) and SUVmax (b)
between contrast enhanced PET/
CT and subsequent hybrid PET/
MR in PET positive lesions. High
correlation exists between
quantitative values from both
modalities (ρ = Spearman rank
correlation coefficient)

Fig. 3 A 57-year-old woman with breast cancer. Focal uptake of left
neck was found both 18 F-FDG PET images acquired on contrast-en-
hanced PET/CT (a) and on hybrid PET/MR (d). Contrast-enhanced PET/
CT image (b) presented left cervical lymph node uptake with excellent
anatomical correlation and clear morphological delineation could be
found on the contrast enhanced CT image (c). Hybrid PET/MR image

(e) and four different coregistered DixonMR images (f water-only, g T1-
weighted in-phase, h T1-weighted out-of-phase and i fat-only) presented
no morphological correlate of focal 18F-FDG uptake and uncertain ana-
tomical correlation because of blurry delineation with background struc-
tures including adjacent blood vessels
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overall increase in the SUVmean was 4.5 %, CT scans with
intravenous contrast agent can be used for attenuation correction
of the PET data in PET/CT scanning, without changing the
clinical diagnostic interpretation. Our study showed high repro-
ducibility of the two modalities, with a strong correlation be-
tween the SUVs measured with hybrid PET/MR and contrast-
enhanced PET/CT, although there was an SUV discrepancy.
Because the given various factors can cause differences in
SUV measurement, the status of intravenous contrast agent and
scanner type must be taken into account for quantitative use of
SUV in treatment evaluation. The use of the same hybrid PET/
MR for baseline and follow-up examinations may also be a
solution.

For anatomic localization of PET-positive lesions, the
two-point Dixon VIBE sequence and the contrast-
enhanced CT were evaluated by using the subjective rating.
The contrast-enhanced CT scan presented the best perfor-
mance for anatomic correlation and depiction of PET-
positive lesions significantly compared with all four
Dixon MR images in our study. Our data showed lower
MR scores than other studies [12, 13] and it was probably
due to a different proportion of the type and location of
lesions. About half of all included lesions were lymph
nodes in our study. Moreover, these were small in size.
We performed statistical analysis according to anatomic
region partially because of the limited number of different
lesion types. For anatomic correlation of lymph nodes, the
contrast-enhanced CT scan showed significantly better re-
sult than the others. When lymph nodes were small and
located at anatomically complex areas, the contrast-
enhanced CT offered more precise anatomic background
information and more improved delineation of lesions from
adjacent blood vessels, organs, and muscles by increasing
attenuation differences. The subjective rating of the bone
lesions revealed no significant difference between values ob-
tained for both modalities, except for a matched pair of contrast-
enhanced CT and fat-weighted images. The Dixon MR images

provided indistinct outline resulting from low spatial resolution,
whereas the contrast-enhanced CT presented clear outline and
characterization of the lesion.

Based on our results, the Dixon MR sequences used for
attenuation correction are insufficient for anatomic allocation
of PET images. Eiber et al. [12] also discussed the limitation
of the Dixon MR sequence with lower spatial resolution
compared with low-dose CT. To improve the efficiency and
to be successfully established in clinical workflow, hybrid
PET/MR imaging should not cause diagnostic degradation
in either the MR or PET imaging. Concerning the MR proto-
col, compromises on time might result in a decrease of full
individual performance and advantages. Anatomic back-
ground information from MR image plays an important role
in interpreting PET findings especially in unpredicted PET
positive findings because there are no other reference
images. Thus, additional MR sequence covering the whole
body with acceptable quality may be necessary for ana-
tomic information.

Our study has some limitations. First, PET/CT and PET/
MR scans were not obtained at the same time, which could
induced the change of 18F-FDG uptake in the benign and
malignant lesions. Second, we did not provide a “gold stan-
dard” based on histopathology or follow-up imaging for the
lesions detected on PET. However, this study included any
focal 18F-FDG uptake as a lesion, whether it was malignant or
not. In addition, the aim of our study was not to provide a
specific diagnosis but to compare the anatomic allocation
of hybrid PET/MR and contrast-enhanced PET/CT in de-
lineation of PET-positive lesions. This study could be con-
sidered preliminary because the clinical performance of the
two modalities was not compared in a well-defined clinical
indication, concerning lesion type and primary tumor.
However, our data may form the necessary foundation for
further studies to find optimized hybrid PET/MR proto-
cols and to validate clinical values of hybrid PET/MR
in various indications.

Table 2 Anatomical correlation and delineation of PET-positive findings according to anatomic region

Lesion type n Size (mm ) SUVmean in
PET/CT

SUVmean in
PET/MR

Contrast-enhanced
CT scoring

MR scoring

In-phase Opposed-
phase

Water-
weighted

Fat-
weighted

Lymph node All 28 10.53±6.25 3.85±2.20 2.65±1.60 2.54±0.74 1.21±0.99a 1.21±1.13a 1.54±1.04b 0.79±1.17a

Neck 6 7.42±2.48 2.85±0.77 1.99±0.65 3 1.17±0.75 1±1.10 1.17±0.75 1.17±0.98

Thorax 19 12.09±6.94 4.38±2.48 2.97±1.84 2.42±0.84 1.42±1.02 1.47±1.12 1.84±1.01 0.79±1.27

Abdomen 3 6.83±2.50 2.46±0.21 1.93±0.29 2.33±0.58 0 0 0.33±0.58 0

Bone 11 5.49±2.91 3.55±1.95 2.82±0.40 1.73±1.01 1.91±1.04 2.27±1.10 0.36±0.92c

a Significantly lower scores compared with contrast-enhanced CT (p <0.001)
b Significantly lower scores compared with contrast-enhanced CT (p =0.001)
c Significantly lower scores compared with contrast-enhanced CT (p =0.003)
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Conclusions

Despite different scanner geometry and attenuation correction
approaches, hybrid PET/MR and contrast-enhanced PET/CT
are highly reproducible in qualitative lesion detection. The
SUV values of PET-positive lesions correlated well between
hybrid PET/MR and contrast-enhanced PET/CT, although
hybrid PET/MR presented lower SUV values. The Dixon
MR images acquired for attenuation correction were insuffi-
cient for anatomic allocation of PET images because of low
spatial resolution. Thus, additional MR sequence covering the
whole body with fast and higher resolution may be necessary
for anatomic information.
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