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Considering PET/MR imaging as a whole-body staging tool, scan

time restrictions in a single body area are mandatory for the cost-
effective clinical operation of an integrated multimodality scanner

setting. It has to be considered that 18F-FDG already acts as a con-

trast agent and that under certain circumstances MR contrast may

not yield additional clinically relevant information. The concept of
the present study was to understand which portions of the imaging

information enhance the sensitivity and specificity of the hybrid ex-

amination and which portions are redundant. Methods: One hun-
dred fifty consecutive patients referred for primary staging or

restaging of head and neck cancer underwent sequential whole-

body 18F-FDG PET with CT-based attenuation correction, con-

trast-enhanced (ce) CT, and conventional diagnostic MR imaging
of the head and neck in a trimodality PET/CT–MR system. Assessed

were image quality, lesion conspicuity, diagnostic confidence, and

the benefit of additional coronal and sagittal imaging planes in

cePET/CT, PET/MR imaging with only T2-weighted fat-suppressed
images (T2w PET/MR imaging), and cePET/MR imaging. Results: In
85 patients with at least 1 PET-positive lesion, 162 lesions were

evaluated. Similar robustness was found for CT and MR image
quality. T2w PET/MR imaging performed similarly to (metastatic

lymph nodes) or better than (primary tumors) cePET/CT in the mor-

phologic characterization of PET-positive lesions and permitted the

diagnosis of necrotic or cystic lymph node metastasis without ap-
plication of intravenous contrast medium. CePET/MR imaging

yielded a higher diagnostic confidence for accurate lesion conspi-

cuity (especially in the nasopharynx and in the larynx), infiltration of

adjacent structures, and perineural spread. Conclusion: The results
of the present study provide evidence that PET/MR imaging can

serve as a legitimate alternative to PET/CT in the clinical workup

of patients with head and neck cancers. Intravenous MR contrast

medium may be applied only if the exact tumor extent or infiltration
of crucial structures is of concern (i.e., preoperatively) or if perineu-

ral spread is anticipated. In early assessment of the response to

therapy, in follow-up examinations, or in a whole-body protocol
for non–head and neck tumors, T2w PET/MR imaging may be suf-

ficient for coverage of the head and neck. The additional MR scan-

ning time may instead be used for advanced MR techniques to

increase the specificity of the hybrid imaging examination.
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Integrated PET/CT has been established as an important diag-
nostic technique for staging and therapy assessment in advanced
head and neck cancers. 18F-FDG PET/CT has a higher sensitivity
than CT or MR imaging for the detection of small lymph nodes
(1). Also, in therapy assessment PET/CT has been shown to dif-
ferentiate early responders from nonresponders (2). However, 18F-
FDG is known not to be specific to cancer cells, and inflammatory
or physiologic uptake has to be considered as a differential di-
agnosis. Furthermore, cystic lymph node alterations may be over-
looked. Therefore, contrast-enhanced (ce) PET/CT is advisable for
the correct diagnosis of necrotic or cystic lymph node metastases
(3). In addition, anatomic localization of 18F-FDG–positive le-
sions, determination of exact tumor extent, and determination of
infiltration of adjacent structures such as muscles, fasciae, vessels,
and cranial nerves is not reliably achieved with PET alone. Hence,
the integration of functional and anatomic information in PET/CT
significantly improves lesion localization and characterization (4).
Recently, several research groups have started to study the

potential benefits of replacing CT by MR imaging in PET/MR
imaging systems. For single-modality CT and MR imaging, there
is continued controversy in the literature about whether ceCT or
ceMR imaging is the superior modality for imaging head and neck
tumors (5,6). CT is a fast and robust imaging technique and offers
excellent details on bony structures but shows important metallic
and dental artifacts, has low soft-tissue contrast, and exposes the
patient to ionizing radiation. MR imaging provides a substantially
higher soft-tissue contrast and offers a wide range of additional
imaging techniques (7,8) such as apparent diffusion coefficient
maps for the quantification of cellular density (9), arterial spin
labeling, intravoxel incoherent motion, and dynamic contrast en-
hancement to assess the characteristics of tumor vasculature (10,11).
This additional information may help to increase the specificity in the
characterization of PET-positive lesions.
However, MR imaging using advanced imaging techniques and

multiple pulse sequences is time consuming and needs to be
limited to a body region of particular interest—for example, the
neck—in the framework of an integrated PET/MR examination. In
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combination with PET and as a whole-body staging tool, restric-
tion of MR scanning time in a single body area is mandatory for
the cost-effective clinical operation of an integrated multimodality
scanner setting (12). A partial-body PET scan from the thigh to the
vertex of the skull is done in 2- to 4-min scanning time slots per
bed position. During such a step, MR imaging in the correspond-
ing region has to be performed to provide morphologic images for
anatomic localization, characterization of the PET findings, and
possibly attenuation correction. In an integrated multimodality
system, because of advantages in patient workflow, an additional
10 to, maximally, 15 min of dedicated MR imaging can be per-
formed (12). This limitation greatly restricts the number of MR
pulse sequences that can be applied. However, it has been recog-
nized in early PET/CT research that a low-dose CT scan (120 kV,
40 mAs) is, in some clinical questions, sufficient to serve as a mor-
phologic correlate to the functional PET information (4), because
some information obtained from one modality in a hybrid system
is redundant with that obtained from the other modality. Hence, in
integrated-modality protocols it is not necessary to optimize the
sensitivity and specificity of each separate examination but rather
of the combined examination. To give an example: a PET-positive
lymph node frequently may not also need characterization by CT
or MR imaging in a hybrid system; CT or MR imaging has only to
demonstrate that the activity focus is there and that it does not
superimpose with fatty tissue. Clinical studies with PET/MR will
show when the restricted use of MR pulse sequences is adequate
and when additional data have to be acquired in the major body
regions of interest.
The purpose of this prospective study was to assess whether

cePET/MR imaging offers accuracy that is the same as or better
than that of cePET/CT in the characterization of PET-positive
lesions and whether PET/MR imaging with only T2w fat-sup-
pressed images (T2w PET/MR imaging) might be a justifiable
alternative to cePET/CT, as fluid-sensitive sequences in PET/MR
imaging might obviate additional MR contrast application.

MATERIALS AND METHODS

Patient Population

A total of 150 adult patients (114 men, 36 women; mean age, 64 y;

range, 27–91 y) were enrolled in this prospective study. All patients
were referred for a clinical 18F-FDG PET/CT examination for staging,

restaging, or follow-up of various head and neck cancers. Follow-up
scans were performed at least 3 mo after surgery or radiation therapy.

Exclusion criteria were unwillingness to undergo an additional MR
examination, claustrophobia, MR-incompatible medical devices (e.g.,

cardiac pacemakers, neurostimulators, cochlear implants, and insulin
pumps), possible metallic fragments in the body, or renal insufficiency

(i.e., glomerular filtration rate , 60 mL/min). This study was ap-
proved by the institutional ethics committee, and written informed

consent was obtained from all patients before the examination.

PET/CT and MR Imaging

Sequential PET/CT, ceCT, and ceMR imaging were performed on
a trimodality PET/CT–MR setup (full-ring, time-of-flight Discovery

PET/CT 690 and 3-tesla Discovery MR750w; both GE Healthcare).
The dedicated MR- and CT-compatible shuttle transfer mechanism

connecting the MR system and the PET/CT system allowed for
PET/CT scanning free of radiofrequency coil–induced artifacts and

ascertained the placement of dedicated radiofrequency coils for MR
imaging without repositioning of the patient (13,14).

In accordance with the EANM procedure guidelines for PET
imaging, patients fasted for at least 4 h before injection of a standard

dose of approximately 330 MBq of 18F-FDG (15). After an uptake

time of 30 min, the patients were positioned on the shuttle table in the
MR suite and the MR acquisition covering the region between the

orbital roof and the cranial end of the sternum was started. The images
were acquired using a dedicated radiofrequency coil (16-channel high-

density head-neck-spine coil; GE Healthcare). The MR pulse sequen-
ces applied included an axial T1w 3-dimensional spoiled gradient

echo pulse sequence (LAVA pulse sequence; GE Healthcare), an axial
2-point Dixon-based T2w gradient echo sequence (IDEAL pulse se-

quence; GE Healthcare), an axial 2-point Dixon-based ceT1w gradient
echo sequence (IDEAL pulse sequence; GE Healthcare), coronal and

sagittal 2-point Dixon-based ceT1w gradient echo sequences (LAVA
Flex; GE Healthcare), and an axial diffusion-weighted imaging se-

quence. All images were acquired with a slice thickness of 4 mm
within a total MR scan duration of 20–25 min (additional scanning

parameters are provided in supplemental material available at http://
jnm.snmjournals.org). The intravenously injected amount of contrast

medium (gadodiamide [Omniscan]; GE Healthcare) was 0.2 mL/kg of
body weight with an injection speed of 1.5 mL/s. Because the T2

signal properties are not significantly affected by the presence of

gadolinium, intravenous contrast medium was injected before the ac-
quisition of the T2w images to allow for a consistent accumulation of

gadolinium in the postcontrast sequences.
After shuttle transfer to the adjacent PET/CT system, unenhanced

low-dose CT and PET emission data were acquired after a standardized
uptake time of 60 min (range, 60–65 min) from the mid thigh to the

vertex of the skull. Directly after the acquisition of the PET data, 70 mL
of intravenous contrast medium (iodixanol [Visipaque 320]; GE Health-

care) were injected with a speed of 3 mL/s. The ceCT scan, with scan
coverage in accordance with the MR imaging, was started 60 s after the

beginning of the contrast injection. Low-dose CTand regular-dose ceCT
scans were acquired in breath-hold. Scan parameters were as follows:

tube voltage, 120–140 kV; tube current with automated dose modulation,
60–440 mA/slice; collimation, 64 · 0.625; pitch, 0.984:1; rotation time,

0.5 ms; coverage speed, 78 mm/s; field of view, 50 cm; and images with
a transverse pixel size of 0.625 and a slice thickness of 3.75 mm recon-

structed in the axial, coronal, and sagittal planes.
PET data were acquired in 3-dimensional time-of-flight mode with

a scan duration of 2 min per bed position, a bed position overlap of
23%, and an axial field of view of 153 mm. The emission data were

corrected for attenuation by use of the low-dose CT and were iteratively
reconstructed (matrix size, 256 · 256; Fourier rebinning [voxel imaging

PET mode]; VUE Point FX algorithm [GE Healthcare], 3-dimensional,
with 3 iterations and 18 subsets).

The imaging procedure is summarized in Table 1 (13).

Image Processing

The acquired PET, CT, and MR images were transmitted to
a dedicated review workstation (Advantage Workstation, version

4.5; GE Healthcare), which enables review of the PET, CT, and MR
images side by side or in fused/overlay mode (PET/CT; PET/MR

imaging). Because of the calibrated 3-modality system, no software-
based image registration was necessary. A previously conducted study

validated the image registration accuracy, with less than 4-mm lateral
misalignment between CT, PET, and MR datasets, similar to the

intrinsic error assessed with phantom measurements (16).

Image Analysis

All images were analyzed by 2 physicians board-certified in both
nuclear medicine and radiology. First, each PET examination was

evaluated for the presence of PET-positive lesions within the head and
neck area that was covered by the ceCT and the ceMR imaging.

Lesions were considered PET-positive if their maximum standardized
uptake value (SUV) was at least 2-fold higher than the surrounding
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background activity. Symmetric physiologic uptake in the lymphatic

tissue (e.g., Waldeyer ring), arytenoid muscle uptake, or sinusitis was
not included. Lesions were selected in consensus to make sure that

both readers evaluated the same lesion. In a second step, each reader
analyzed 50% of the cePET/CT images and 50% of the cePET/MR

images, while masked to the corresponding other modality. Regarding
assessment of the PET/MR imaging, first the PET/MR imaging with

only axial T2w fat-suppressed images (T2w PET/MR imaging) was
analyzed, in a second step the PET/MR imaging with axial ceT1w

images (T1w cePET/MR imaging) was analyzed, and in a final step all
acquired images (cePET/MR imaging) were considered. At the end,

a consensus reading was performed to determine on a case-by-case
basis the superiority of CT or MR.

Image quality was assessed on a 3-point scale, with 1 indicating absence
of relevant artifacts; 2, the presence of mild artifacts with sufficient image

quality for morphologic assessment; and 3, the presence of substantial
artifacts with insufficient image quality for further assessment.

Lesion conspicuity was graded on a 4-point scale based on the
percentage of distinct circumferential delineation, that is, ,25%,

25%–49%, 50%–75%, or .75%. Grade 1 represents lesions with only
limited morphologic recognizability, whereas grade 4 implies almost

complete lesion delineation.
To determine the impact of the different morphologic images on

lesion characterization, each reader had to determinate on a case-by-
case basis whether one of the modalities considerably increased the

diagnostic confidence or if they performed equally.
Signs of extracapsular spread (ECS) of lymph node metastasis were

determined for each evaluated lymph node. Commonly accepted
structure alterations implying ECS are irregular margins of the lymph

node capsule, capsular enhancement, and infiltration of adjacent fat or

muscular tissue.
Quantitatively assessed were the lesion size (measured on the basis

of the maximal diameter and perpendicular diameter on the axial
images, i.e., the long and the short axis in lymph nodes), maximum

SUV, and the 18F-FDG PET–based tumor metabolic volume. The
tumor metabolic volume was determined by a threshold value of

43% maximum SUV. In lesions with only faint 18F-FDG uptake,
a threshold of 3 SDs above background activity was applied.

Statistical Analysis

All statistical tests were performed using the SPSS Statistics
software package for Microsoft Windows (SPSS Version 20; IBM

Corp.). P values of less than 0.05 were considered statistically signif-
icant. The Wilcoxon signed ranks test was used for comparison of

lesion conspicuity and of image artifacts on CT and MR imaging.

RESULTS

Eighty-five of the 150 patients examined with cePET/CT and
cePET/MR imaging (60 men, 25 women; mean age, 67 y; range,
27–87 y) presented with at least one 18F-FDG–positive lesion in

the head and neck region remaining for further evaluation. The
number of 18F-FDG–positive lesions assessed totalled 149.
Among these patients, an additional thirteen 18F-FDG–negative
lesions with potential clinical impact were detected. Consequently,
162 lesions were evaluated. Thirty percent of the patients were
scanned for initial staging, and 70% of the patients for follow-up.
All patients tolerated the procedure well, as they had emptied the
bladder before 18F-FDG injection and the diuretic load due to MR
and CT contrast medium was given 45 min after the start of the
procedure. There were no complaints of uncomfortable bladder
distention due to osmosis-induced diuresis.
Quantitative PET measurements yielded a median metabolic

volume of 4.0 mL (range, 0.3–53 mL) and a mean maximum
SUV of 10.2 (range, 2.3–39.9). The 18F-FDG–positive lesions
were attributed according to histology, clinical inspection, or
follow-up to the following entities: 44 primary tumors, 66 lymph
nodes, 4 distant metastases, 22 inflammatory lesions, and 13 un-
specific accumulations considered physiologic (mainly affecting
the tongue).

TABLE 1
PET/MR Imaging Using Trimodality PET/CT–MR System with Dedicated Shuttle Table

Step Description

1 Injection of 18F-FDG after at least 4 h of fasting
2 30 min after injection, transfer of patient onto shuttle board into MR scanner

3 Acquisition of MR sequences (∼25 min)

4 Removal of coils from patient without moving patient (shuttle board slides patient into and out of dedicated

head and neck coil)
5 Transfer of patient on shuttle board to PET/CT scanner (,2 min)

6 Acquisition of standard PET/CT scan with ceCT at end of procedure (∼20 min)

7 Around 80 min between 18F-FDG injection and end of procedure

FIGURE 1. Image quality: absence of artifacts (0); mild artifacts (1);

substantial artifacts (2).
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The primary tumors were located in the nasopharynx (n 5 8;
18.2%), sinonasal cavities (n 5 3; 6.8%), oropharynx (n 5 9;
20.5%), oral cavity (n 5 6; 13.6%), hypopharynx (n 5 5;
11.4%), larynx (n 5 6; 13.8%), and salivary glands, thyroid, skin,
or bone (n 5 7; 15.9%). The distributions of metastatic lymph
nodes in the cervical levels according to the guidelines of the
American Joint Committee on Cancer were 14 in level I
(21.2%), 22 in level II (33.2%), 11 in level III (16.6%), 4 in level
IV (6.0%), 6 in level V (9.1%), 1 in level VI (1.5%), 2 in level VII
(3.0%), 4 retropharyngeal/Rouvière (6.0%), and 2 buccal/parotid
(3.0%). Distant metastases in the head and neck area were
detected in bone (n 5 2) or in soft tissue (n 5 2). The inflamma-
tory lesions were attributed to osteomyelitis or osteonecrosis (n 5
5), reactive lymph nodes (n 5 4), postradiogenic ulcera (n 5 2),
dental root infection (n 5 2), thyroiditis (n 5 2), and focal sinus-
itis, unilateral tonsillitis, carotid plaque, parapharyngeal abscess,
proximal esophagitis, or paratracheostomy and sublingual gland
inflammation (all n5 1). 18F-FDG–negative lesions with potential
clinical impact were thyroid nodules or cysts 1 cm or larger in 8
patients (9.4%), a necrotic lymph node in 2 patients (2.4%), a post-
operative chylus fistula in 1 patient, a postoperative seroma in 1
patient, and a small meningioma of the greater wing of the sphe-
noid bone in 1 patient (1.2%, respectively). One of the thyroid
nodules was not detected by MR imaging because of swallowing/
breathing artifacts, and the meningioma was not detected by the
ceCT because of its small size. All other lesions were recognizable
in ceCT and MR imaging. Diffusion-weighted imaging as part of
the PET/MR imaging protocol did not benefit lesion detection in
the presence of 18F-FDG.

Image Quality

Fewer artifacts reduced image quality in PET/CT (13.6% grade
I and 2.7% grade II) than in PET/MR imaging (20.9% grade I and
3.6% grade II), but no significance level was reached (Wilcoxon
signed rank test, P 5 0.15; Fig. 1). In CT, most artifacts are found
in the suprahyoid region, whereas in MR imaging most artifacts
are in the infrahyoid level (Fig. 2).

Lesion Conspicuity

Regarding the conspicuity of primary tumors (Fig. 3A), T1w
cePET/MR imaging and T2w PET/MR imaging performed signifi-

cantly better then cePET/CT (Wilcoxon signed rank test, P 5 0.001
and P 5 0.002, respectively). Also, the performance of T1w cePET/
MR imaging was considered superior to T2w PET/MR imaging (Wil-
coxon signed rank test, P 5 0.007). Regarding the conspicuity of
PET-positive lymph nodes (Fig. 3B), no significant difference was
found between cePET/CT, T1w cePET/MR imaging, and T2w
PET/MR imaging (Wilcoxon signed rank test, P , 0.01).

Diagnostic Confidence

Regarding tumor characterization, T1w cePET/MR imaging
was considered superior to cePET/CT in 50%, equal to cePET/CT
in 38.6%, and inferior to cePET/CT in 11.4%. T2w PET/MR
imaging was considered superior to cePET/CT in 34.1%, equal to
cePET/CT in 50%, and inferior to cePET/CT in 15.9%. Regarding
lymph node assessment, no significant difference was found, with
T1w cePET/MR imaging being superior to cePET/CT in 9.1%,
equal to cePET/CT in 84.8%, and inferior to cePET/CT in 6.1%.
T2w PET/MR imaging was considered superior to cePET/CT in
7.6%, equal to cePET/CT in 84.8%, and inferior to cePET/CT in
7.6% (Fig. 4). Signs of ECS were found in 23% in ceCT/PET, in
23% in T1w cePET/MR imaging, and in 20% in T2w PET/MR
imaging.
Perineural spread was detected by ceMR imaging in 3 of the 44

primary tumors (7%), whereas 1 was also visible on PET. Coronal
and sagittal images provided important information in most of
the cases in which exact tumor infiltration had to be determined,
especially in the nasopharynx (Hiatus of Morgagni/skull base), the
tongue (neurovascular bundle), and the larynx (paralaryngeal space).
In 9% of the tumor lesions, potential cartilage or bone infiltration
was not conclusive on cePET/MR imaging and CT was helpful in
the detection of cortical erosions of the mandibula (2 patients) and
of the skull base (1 patient). In another patient, infiltration of the
laryngeal skeleton was considered unlikely given the appearance of
the thyroid cartilage on CT.
Regarding lesions without histologic verification, the follow-up

period was between 6 mo and 1 y.

DISCUSSION

The concept of the present study was to characterize 18F-FDG–
positive lesions in the corresponding morphologic CT and MR
images with and without the application of intravenous contrast me-
dium and to understand which portions of the imaging information

FIGURE 2. Ghosting artifacts along phase-encoding direction due to

motion.

FIGURE 3. Conspicuity of lesion grades 1–4, that is, ,25%, 25%–

49%, 50%–75%, or .75% circumferential delineation. (A) Conspicuity

of primary tumors. (B) Conspicuity of cervical lymph node metastases.

Error bars indicate ±2 SDs.
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enhance the sensitivity and specificity of the hybrid examination and
which portions are redundant.
Because of the rather unspecific accumulation of 18F-FDG in

neoplastic and inflammatory cells and the limited spatial resolu-
tion of PET, coregistered morphologic images are necessary to
increase the specificity of the examination and to analyze the re-
lationship of neoplastic tissue to its surroundings. The high soft-
tissue contrast and the different functional imaging techniques of
MR imaging might help to ameliorate the informative value of
a hybrid imaging study. However, primary tumor staging, therapy
response assessment, or early detection of tumor recurrence may
not require the same imaging protocols. It has to be considered
that 18F-FDG already acts as a contrast agent and under certain
circumstances MR contrast may not yield additional clinically
relevant information.
The sequential PET/CT and MR imaging was performed on

a trimodality PET/CT–MR system that allowed for direct compar-
ison of coregistered PET/CT and PET/MR images. The aim of the
present study was to collect clinical imaging data and to contribute to
protocol optimization in the restricted time setting of clinical PET/
MR. The presented data do not address the issue of MR-based atten-
uation correction, but we assume that eventually reliable MR-based
attenuation correction will be possible. This prognosis is sup-
ported by other studies that showed that PET/MR performs equiv-
alently to PET/CT in terms of qualitative lesion detection (17,18).
For CT and MR imaging, no significant difference in image

quality and robustness was found. However, in CT most artifacts
are in the suprahyoid region, that is, in the oral cavity and the
oropharynx, mainly because of dental implants (Fig. 5), whereas
in MR imaging most artifacts are in the infrahyoid region and are
mainly due to swallowing or respiration. Most lymph node metas-
tases are in level II and therefore their CT appearance might be
affected by CT artifacts, whereas lymph node involvement of the
lower neck levels is less common.
Compared with cePET/CT, tumor conspicuity was significantly

higher with T1w cePET/MR imaging and with T2w PET/MR
imaging. In addition, PET/MR imaging better visualized the midline
structures to detect neoplastic midline crossing and also differenti-
ated more reliably between tumor tissue and adjacent or entrapped
mucus in the sinonasal cavities. Generally, T1w cePET/MR imaging
enabled the most accurate tumor delineation. However, T2w PET/
MR imaging provided similar accuracy in oro- and hypopharyngeal
lesions and in sinonasal involvement and may even better delineate
the tumor in the oral cavity, particularly in the tongue. T2w PET/
MR imaging performed similarly to cePET/CT in tumor delineation
in the nasopharynx and in the larynx; however, both techniques were
inferior to T1w cePET/MR imaging. Furthermore T1w cePET/MR

imaging considerably better visualized the
infiltration of adjacent fascia, muscles, ves-
sels, and cranial nerves; perineural spread;
and intracranial complications. Regarding
perineural spread, with the higher resolution
of the time-of-flight scan technique, PET
more often visualizes tumor growth along
various cranial nerves too (Fig. 6). MR im-
aging has been shown to have a higher sen-
sitivity, specificity, and negative predictive
value than CT in the detection of laryngeal
cartilage infiltration (19). A high T2 signal
compared with normal cartilage and strong
contrast enhancement is typical for reactive

and inflammatory changes, whereas neoplastic infiltration shows an
intermediate T2 signal and moderate contrast enhancement (19).
Considering potential infiltration of bony structures such as the

mandibula or the skull base, previous studies comparing MR
imaging and CT found a high sensitivity and a high negative
predictive value for both modalities (Fig. 7) (20). False-positive
findings have been attributed to inflammatory or reactive changes
and to radioosteonecrosis (21). High-resolution CT might be able
to characterize these lesions with a higher specificity and may also
detect subtle cortical erosions. In the present study, in only 5% of
the cases (4/85) did CT add essential information to detect bone or
cartilage involvement.
The diagnostic confidence was considered higher with T1w

cePET/MR and T2w PET/MR imaging than with PET/CT in 50%
and 34%, respectively. The more reliable determination of potential
infiltration of adjacent structures by tumor tissue leads to a higher
impact of PET/MR imaging. Especially in the nasopharynx and
larynx, T1w cePET/MR images showed superiority over T2w
PET/MR images. This is of particular importance because the T
classification of nasopharyngeal and laryngeal cancer depends on
the infiltration of adjacent structures (22). PET/CT was considered
to have a higher impact if respiration or swallowing artifacts de-
teriorated the MR images or if cortical bone showed morphologic
alterations (Table 2).
In accordance with previous studies comparing ceCT and ceMR

imaging (23), no significant difference was found between cePET/
CT, T2w PET/MR imaging, and cePET/MR imaging in the de-
tection and characterization of cervical lymph node metastases.
Previous studies have shown that cePET/CT is advisable in patients
with head and neck tumors for the correct diagnosis of necrotic or
cystic lymph node metastases (3). Cystic lymph nodes are particu-
larly common in human papillomavirus–positive tonsillar cancer,

FIGURE 4. Superiority of modalities for assessment of primary tumors (left) and of lymph node

metastases (right). Blue implies higher impact of MR imaging, whereas green implies higher

impact of CT.

FIGURE 5. Artifacts by dental implants: squamous cell carcinoma of

right lateral border of tongue (arrow). From left to right are shown PET/

CT, PET/MR imaging, and T2w MR imaging.
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which may manifest as cancer of unknown origin, or in papillary
thyroid cancer. The presented results confirm the hypothesis that
T2w PET/MR imaging is adequate to detect cystic or necrotic
lymph nodes (Fig. 8).
Importantly, to prevent the false interpretation of a fatty hilus as

fluid or necrosis, T2w images should be acquired under fat
suppression.
In addition to tissue necrosis in lymph nodes, ECS is a further sign

of malignancy. Our results confirm the conclusion of previous studies
that MR imaging is as reliable as ceCT for detecting ECS (24). T2w
PET/MR imaging was insignificantly inferior to cePET/MR imaging
in the detection of ECS. A benefit of ceT1w images might be the
better determination of potential infiltration of adjacent structures
such as vessels, muscles, and fasciae. Mentionable is a PET/CT study
by Kubicek at al. that showed SUV measured in a lymph node to be
predictive for ECS and for distant recurrence (25).
The incidence of distant metastases in head and neck cancer is

relatively small in comparison to other malignancies. The most
common locations for distant metastases of squamous cell cancer
are lung (66%), bone (22%), and liver (10%) (26). Especially, lung
imaging is considered a challenge for MR imaging. However, it
has already been shown using a 3-dimensional Dixon-based, dual-
echo gradient recalled echo pulse sequence that although the de-
tection rates of pulmonary nodules were lower, there was no sta-
tistically significant difference in a patient-based evaluation com-
pared with low-dose CT (27). Considering the limited data on
PET/MR lung imaging, it might be advisable to perform CT of
the lung if the MR lung scan is negative in a patient with a high
likelihood of lung metastasis, until PET/MR lung imaging is val-
idated by further studies.
Because of the focus on sequence selection in head and neck

PET/MR imaging, the data presented in this study make no
statement with regard to the capabilities of whole-body MR to
detect distant metastasis. In the present study, 4 distant metastases
were found in the head and neck region covered by cePET/CT and
by cePET/MR imaging. All metastases were detected with both
modalities and were concordantly attributed to bone or soft tissue.
The challenge in 18F-FDG PET is the unspecific accumulation

of tracer in tumor tissue and inflammatory cells. In MR imaging,
neoplastic tissue and inflammatory reactions might be differenti-
ated on the basis of their signal intensities and contrast accumu-
lation. Inflammatory lesions generally have a high signal on T2w
and ceT1w images, whereas tumor tissue has an intermediate T2
signal and only moderate contrast enhancement. However, this
quantification of signal intensity is difficult to standardize, and
for the correct attribution of an 18F-FDG accumulation to tumor
or inflammation, other parameters have to be taken into consider-

ation. Therefore, this potential benefit of MR requires further
evaluation.
It has been found that, despite the 3-dimensional information

from PET, morphologic CT or MR images in the coronal and
sagittal plane are of major importance for high diagnostic
confidence and for the planning of surgery or radiation therapy.
Coronal planes are particularly helpful in assessment of the
paralaryngeal space, the neurovascular bundle of the tongue, and
the anterior skull base. Sagittal planes are notably supportive for
the assessment of the preepiglottic fat space and the posterior skull
base.
However, in view of the lengthy time required for MR data

acquisition, it might be legitimate to cover only the volume from
the tip of the tongue to the prevertebral space in the coronal plane
and the pharynx and parapharyngeal space in the sagittal plane.
Because the most critical structures are imaged with this coverage,
a major reduction in acquisition time may be achieved.
Especially in the restricted time setting of clinical PET/MR,

only images with a potential impact on therapy management
should be included in a protocol. T2w PET/MR imaging has
a diagnostic performance similar to (metastatic lymph nodes) or
higher than (primary tumors) that of cePET/CT in the morpho-
logic characterization of PET-positive lesions. However, on the
basis of our findings it seems justified, despite the 18F-FDG “con-
trast-agent,” to recommend the application of MR contrast me-
dium and the acquisition of axial, coronal, and sagittal planes in
primary staging when infiltration of adjacent structures is an im-
portant issue. Also, for the detection of potential perineural
spread, cePET/MR imaging provides the highest sensitivity.
In therapy response assessment, a reduced MR protocol might be

considered, because PET is the major component for the distinction of
responders from nonresponders. The additional scanning time may be
used for other promising and—concerning lesion characterization—
more sophisticated MR techniques such as diffusion-weighted im-
aging, intravoxel incoherent motion, or arterial spin labeling to in-
crease the specificity of the hybrid imaging examination. Finally,
T2w PET/MR imaging might act as a survey sequence if the prob-

FIGURE 6. Perineural spread of adenoid cystic carcinoma along

greater palatine canal on right (arrow), as shown on PET/CT (left) and

T1w ceMR imaging (right).

FIGURE 7. Mandibular invasion of squamous cell carcinoma of right

retromandibular trigon. (Top row, from left to right) PET/MR imaging,

T2w MR imaging, and T1w ceMR imaging. (Bottom row, from left to

right) PET/CT, ceCT, and high-resolution CT with window size and level

optimized for bone assessment.
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ability of head and neck cancer is low, that is, in a whole-body
protocol for another tumor entity or in follow-up settings without
any clinical suspicion of tumor recurrence. The T2w sequence
together with the PET information has a high negative predictive
value because necrotic lymph nodes are also detected whereas
PET alone may fail to show a pathologic accumulation.
In accordance with another study by Buchbender et al. (28),

diffusion-weighted imaging as part of the PET/MR imaging pro-
tocol did not benefit lesion detection. However, a potential impact
of a combined diffusion-weighted imaging–PET/MR imaging pro-
tocol on therapy response analysis was not assessed.
An additional CT scan (on a stand-alone CT device) without

contrast medium might be indicated in rare cases after the PET/
MR examination if potential bone or cartilage infiltration is
doubtful on MR imaging, if artifacts have deteriorated image
quality, or if PET/MR imaging findings are negative in a patient
with a high likelihood of lung metastasis.
In agreement with the prospective study design and the

assessment of 150 consecutive patients, no particular tumor entity
was preferentially analyzed. Therefore, the number of tumors with
potential infiltration of critical structures such as the skull base,
the mandibula, or the laryngeal cartilage is limited and further
studies with particular selection of these entities are necessary.

CONCLUSION

The results of the present study provide evidence that PET/MR
imaging is a legitimate alternative to PET/CT in the clinical
workup of patients with head and neck cancers. Intravenous MR
contrast medium may be applied only if the exact tumor extent or
infiltration of crucial structures is of concern (i.e., preoperatively)
or if perineural spread is anticipated. In early assessment of
response to therapy, in follow-up examinations, or in a whole-

body protocol for non–head and neck tumors, T2w PET/MR im-
aging might be sufficient for coverage of the head and neck part.
The additional MR scanning time may rather be used for advanced
MR techniques to increase the specificity of the hybrid imaging
examination. An additional CT scan without contrast medium
might be indicated in rare cases if PET/MR imaging is not fully
conclusive.
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