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ABSTRACT

BACKGROUND AND PURPOSE: PET/MRI with 18F-FDG has demonstrated the advantages of simultaneous PET and MR imaging in
head and neck cancer imaging, MRI allowing excellent soft-tissue contrast, while PET provides metabolic information. The aim of
this study was to evaluate the added value of gadolinium contrast–enhanced sequences in the tumor delineation of head and
neck cancers on 18F-FDG-PET/MR imaging.

MATERIALS AND METHODS: Consecutive patients who underwent simultaneous head and neck 18F-FDG-PET/MR imaging staging or
restaging followed by surgery were retrospectively included. Local tumor invasion and lymph node extension were assessed in 45
head and neck anatomic regions using 18F-FDG-PET/MR imaging by 2 rater groups (each one including a radiologist and a nuclear
medicine physician). Two reading sessions were performed, one without contrast-enhanced sequences (using only T1WI, T2WI, and
PET images) and a second with additional T1WI postcontrast sequences. The results were compared with the detailed histopatho-
logic analysis, used as reference standard. The k concordance coefficient between the reading sessions and sensitivity and specific-
ity for each region were calculated.

RESULTS: Thirty patients were included. There was excellent agreement between the contrast-free and postgadolinium reading sessions
in delineating precise tumor extension in the 45 anatomic regions studied (Cohen k ¼ 0.96, 95% CI ¼ [0.94–0.97], P, .001). The diagnos-
tic accuracy did not differ between contrast-free and postgadolinium reading sessions, being 0.97 for both groups and both reading ses-
sions. For the 2 rater groups, there was good sensitivity for both contrast-free (0.83 and 0.85) and postgadolinium reading sessions (0.88
and 0.90, respectively). Moreover, there was excellent specificity (0.98) for both groups and reading sessions.

CONCLUSIONS: Gadolinium chelate contrast administration showed no added value for accurate characterization of head and
neck primary tumor extension and could possibly be avoided in the PET/MR imaging head and neck workflow.

ABBREVIATIONS: HNC ¼ head and neck cancer; IDEAL ¼ iterative decomposition of water and fat with least-square estimation; SUVmax ¼ maximum stand-
ardized uptake value; PNS ¼ perineural spread

Integrated PET/MR imaging systems are increasingly used in
clinical practice. PET/MR imaging with 18F-FDG has demon-

strated the advantages of simultaneous PET and MR imaging, with
MR imaging allowing excellent soft tissue contrast and PET pro-
viding metabolic information.1,2 This multimodality imaging may
improve the diagnostic accuracy in complex anatomic regions.

Head and neck cancer (HNC) is a frequent pathology with
high morbidity and mortality rates.3 Precise clinical and imaging

delineation of tumor expansion is challenging in the complex
head and neck anatomic area. Nevertheless, accurate tumor
delineation by imaging is essential for therapeutic decision mak-
ing and for performing complete tumor resection while preserv-
ing healthy functional surrounding tissue.

In simultaneously acquired PET/MR imaging, MR images are
the most time-consuming. PET/MR imaging in a clinical setting
should be time-efficient for maintaining sufficient patient work-
flow and because the increase in acquisition time is a source of
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motion artifacts and patient discomfort. Still, protocol optimiza-
tion should not lead to the degradation of imaging quality and
diagnostic accuracy. PET/MR imaging acquisition commonly
includes a head and neck MR imaging protocol usually per-
formed in clinical practice4,5 and PET acquisition. However, in
clinical context, each MR image should provide additional infor-
mation to that provided by 18F-FDG-PET. Consequently, the util-
ity of each MR image in this combined examination should be
questioned and justified.

Gadolinium contrast–enhanced sequences are useful in the
detection and delineation of head and neck tumors.6 However,
these sequences are time-consuming, and gadolinium adminis-
tration can cause potential side effects such as nephrogenic sys-
temic sclerosis7,8 or gadolinium chelate brain accumulation.9

Thus, before including a contrast-enhanced MR image in the
protocol of simultaneous PET/MR imaging for head and neck
examination, it is important to first examine whether gadolin-
ium-enhanced sequences provide any additional information of
value compared with 18F-FDG-PET/MR imaging including only
nonenhanced morphologic MR images.10 Indeed, although gad-
olinium contrast–enhanced sequences are known to have an im-
portant place in MR imaging examination, there is currently no
evidence concerning their usefulness in simultaneous head and
neck 18F-FDG-PET/MR imaging acquisition.11 Only 1 study on
a pediatric population investigated whether gadolinium contrast
enhancement added any information in PET/MR imaging, find-
ing no notable difference in the diagnostic accuracy between the
enhanced and unenhanced images.12 Another study, which
investigated the added value of MR imaging sequences com-
pared with PET/CT, suggested that PET/MR imaging could be a
legitimate alternative to PET/CT in patients with HNC.11 To the
best of our knowledge, no study has yet systematically investi-
gated whether gadolinium contrast–enhanced sequences pro-
vide any additional information compared with contrast-free
simultaneous 18F-FDG-PET/MR imaging for assessing precise
local and regional invasion in HNC.

The aim of this study was to evaluate the added value of gado-
linium contrast–enhanced sequences for HNC tumor delineation
using 18F-FDG-PET/MR imaging to examine the usefulness of
this sequence in HNC PET/MR imaging protocols.

MATERIALS AND METHODS
Patients
Thirty consecutive patients with histopathologically confirmed
HNC examined in our institution between November 2015 and
June 2016 were retrospectively included. The inclusion criteria
were available simultaneous 18F-FDG-PET/MR imaging scan per-
formed in the context of staging or restaging the histopathologi-
cally confirmed HNC, which included the sequences with and
without contrast administration, and head and neck surgery per-
formed within 4weeks after the PET/MR imaging examination
with available detailed pathologic analysis of precise tumor exten-
sion. None of the patients were undergoing any therapy at the time
of imaging or in the interval between the imaging and the resec-
tion. The restaging examination was performed at least 4weeks af-
ter the surgery and 12weeks after radiation therapy, as previously
recommended for posttreatment evaluation in HNC.13,14

The data for this study were extracted from the local data base
of PET/MR imaging examinations, which was approved by the
French authority for the protection of privacy and personal data
in clinical research (CNIL, approval No. 2111722). This study
was performed according to the principles of the Declaration of
Helsinki.

Imaging Protocol
All the images were acquired simultaneously with an inte-
grated PET/MR imaging system (Signa 3T, GE Healthcare)
using the same protocol, 60minutes after IV injection of 3.7
MBq/kg 18F-FDG. No patients had blood glucose level
.11mmol/L, and all had been fasting for 6 hours or more
before the 18F-FDG injection. Contraindications for MR
imaging were respected.

Simultaneous PET/MR imaging acquisition was performed
in the head and neck region using a 40-channel head and
neck receiver coil; the duration time was approximately
20min. The protocol included a 2-point Dixon MR imaging
sequence for the attenuation correction (which resulted in in-
phase T1WI, out-of-phase T1WI, water-only, and fat-only
images); an axial FSE T1WI, iterative decomposition of water
and fat with least-square estimation (IDEAL) FSE axial T2WI
sequence; and a 3D contrast-enhanced FSE T1WI acquired
immediately after the injection of gadoterate meglumine
(Dotarem 0.2mL/kg, Guerbet). The simultaneous PET acqui-
sition, which lasted 16minutes, was followed by a whole-
body simultaneous PET/MR imaging acquisition from the
neck to the proximal femur, including 4 bed-PET/MR imag-
ing position scans. Finally, an axial postcontrast-injection
IDEAL FSE T1WI, a coronal IDEAL FSE T2WI, and an axial
DWI centered on the head and neck region were acquired
during about 8minutes. The total duration of PET/MR imag-
ing examination was 45–50minutes.

PET data were reconstructed iteratively using the ordered sub-
sets expectation maximization algorithm, integrating TOF, point
spread function modeling, and attenuation, truncation, and scatter
corrections with a matrix size of 256 � 256, 4 iterations and 28
subsets, and a filter cutoff of 3mm for head and neck scans, result-
ing in voxel size of 1.17� 1.17� 2.78mm. For photon attenuation
correction, a 2-point DixonMR imaging was used.

Image Analysis
PET/MR images were analyzed by 2 rater groups, each com-
prising an experienced radiologist (M.A.-S. or N.P.) and an
experienced nuclear medicine physician (A.K. or G.B.) with
at least 11 years of practice. The raters performing the PET/
MR imaging readings were blinded to previous medical his-
tory, suspected diagnosis, pathologic findings, and other
imaging technique results. Whole-body PET/MR imaging
and DWI were unavailable to the raters during the reading.
The images were analyzed using an Advantage Workstation
4.6 (AW4.6, GE Healthcare).

For the first reading session (referred to as “contrast
free”), only PET images and contrast-free spin-echo T1WI
and IDEAL T2WI were available for simultaneous interpre-
tation. For each of the 45 specific anatomic regions
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determined together with the pathologists (On-line Table),
the raters had to specify the presence or absence of tumor
invasion. All areas of focal uptake were identified and cor-
related to the corresponding MR images. Analyses of the
PET/MR imaging data included qualitative and quantitative
assessment. Areas of focal 18F-FDG-uptakes were classified
as probably malignant or as probably benign based on vis-
ual analysis, focused on the pattern and asymmetry of FDG
distribution as well as contrast to background uptake, espe-
cially in anatomic structures with physiologic uptake (eg,
palatine tonsils or salivary glands). The semiquantitative
standardized uptake value (SUVmax) was used as a tool to
supplement visual interpretation. SUVmax values were
measured in tissues or nodes with increased 18F-FDG
uptake using a volume of interest based on a 40% isocon-
tour threshold with an AW4.6 workstation.15,16 The mor-
phologic criteria for tumor malignancy included a masslike
lesion with irregular borders, low T1-weighted signal, and
usually iso or high T2-weighted signal. The combination of
the most relevant findings (morphologic and metabolic) was
considered for the PET/MR imaging classification. The
lesions were classified by consensus using a qualitative 2-
point scale as follows: 1 represented malignant tumor inva-
sion of the anatomic region, and 0 represented the absence
of suspicious invasion. The same reading was performed for

the assessment of lymph node
involvement. Lymph nodes with
suspected malignant invasion were
reported in each anatomic region.
The size, shape, homogeneity, cap-
sular disruption, and intensity of
18F-FDG uptake were taken into
consideration.

The second interpretation session
(referred to as “postgadolinium”)
followed the same method of analy-
sis, which additionally included gad-
olinium-enhanced images and the
assessment of contrast enhancement
in each region. The time interval
between the 2 reading sessions was
at least 8 weeks.

Histopathologic Analysis
All the lesions were analyzed by an
experienced senior anatomopathol-
ogist with 14 years of experience
(G.H.). Each of the included
patients had a histopathologic con-
firmation of the lesion nature.
Histopathologic tumor grade, sur-
gical margin invasion by the tumor,
and invasion of each of the 45 sys-
tematically examined anatomic
regions (On-line Table) were deter-
mined. The histopathologic results
were considered as standard of ref-

erence for this study. Only lymph nodes with available pa-
thology analysis were considered.

Statistical Analysis
Statistical analysis was performed using JMP Pro 14 (SAS
Institute). The interrater agreement and the agreement
between contrast-free and postgadolinium sessions were esti-
mated using the Cohen k coefficient for each region and for
each reading session. The sensitivity, specificity, and diagnos-
tic accuracy were also calculated for each region for each read-
ing session. Additionally, the overall diagnostic accuracy was
estimated. The values between 0.9 and 1 were considered
“excellent,” between 0.80 and 0.90 as “good,” and between
0.70 and 0.80 as “fair.” These values were also determined for
a subgroup analysis (n¼ 10) of small-sized tumors (stage T1
and T2 according to the American Joint Committee on
Cancer Cancer Staging Manual 7th edition, being applicable
at the time of the study) because these lesions are considered
to be more difficult to detect and explore.17

RESULTS
Patients and Lesions
Thirty consecutive patients (61.6 6 16.8 years old, 12 women)
were retrospectively included. Histopathologic tumor types
included squamous cell carcinomas (n¼ 23), adenoid cystic

Table 1: Lesion characteristics

Total Number of Subjects (%)
Number of Subjects with

T1–T2 Lesions (%)
Histologic type
Squamous cell carcinoma 23 (77%) 8 (80%)
Adenoid cystic carcinoma 4 (13%) 1 (10%)
Adenocarcinoma 1 (3%) 1 (10%)
Sarcoma 1 (3%)
Melanoma metastasis 1 (3%)

Tumor stage
pT1 4 (13%) 4 (40%)
pT2 6 (20%) 6 (60%)
pT3 1 (3%)
pT4 16 (53%)

Lymph node stage
pN0 12 (38%)
pN1 5 (17%)
pN2a 1 (3%)
pN2b 6 (20%)
pN2c 1 (3%)
pN3 0

Initial tumor location
Base of tongue 1 (3%)
Tongue 6 (20%) 2 (20%)
Floor of mouth 4 (13%) 3 (30%)
Vestibule or lip 2 (7%)
Maxillary 2 (7%)
Palate 3 (10%)
Mandibular 8 (27%)
Amygdala 1 (3%) 3 (30%)
Salivary glands 3 (10%) 2 (20%)

Staging
Initial diagnosis 23 (77%) 6 (60%)
Recurrence 7 (23%) 4 (40%)
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carcinomas (n¼ 4), adenocarcinoma (n¼ 1), sarcoma (n¼ 1), and
melanoma metastasis (n¼ 1). Twenty-five patients (83%) under-
went cervical lymph node resection; in 19 (76%) patients, the resec-
tion was unilateral, and in 6 (24%) patients, it was bilateral. A total
of 142 cervical lymph nodes were analyzed. The head and neck
surgery was performed within 25.8 613.2 (range, 2–29) days after
the PET/MR imaging examination. The lesion characteristics are
shown in Table 1, Figs 1-3, and On-line Figs 1 and 2.

Agreement between Evaluations
There was excellent agreement between the contrast-free and post-
gadolinium reading sessions for the precise assessment of tumor
extension (Cohen k ¼ 0.96, 95% CI¼ [0.94–0.97], P, .001). Good
interrater agreement was also found for the contrast-free session
(k ¼ 0.78, 95% CI ¼ [0.74–0.81], P, .001) and for the

postgadolinium session (k ¼ 0.78,
95% CI ¼ [0.73–0.83], P, .001). The
data for each region are detailed in the
On-line Table.

Diagnostic Accuracy
The diagnostic accuracy did not differ
between the contrast-free and postga-
dolinium reading sessions (0.97 for
both groups and both reading ses-
sions). For the first group (A.K. and
M.A.-S.), there was good sensitivity for
both contrast-free and postgadolinium
reading sessions (0.83 and 0.85, respec-
tively), and there was excellent specific-
ity (0.98 for each reading session). For
the second raters group (G.B. and N.
P.), there was also good sensitivity
(0.88 and 0.9, respectively), and there
was excellent specificity (0.98 for each
reading session). The data regarding
the sensitivity and specificity for the
assessment of tumor invasion for each
of the 45 anatomic regions are detailed
in Table 2.

Lymph Node Analysis
The agreement between the contrast-
free and postgadolinium sessions was
good (Cohen k ¼ 0.90, 95% CI ¼
[0.78–0.95], P, .001). For both con-
trast-free and postgadolinium reading
sessions, there was good sensitivity
(0.85), and there was excellent speci-
ficity (0.97 and 0.98, respectively).

Subgroup Analysis
For small-sized tumor lesions (T1–T2
stages), there was also excellent intra-
rater agreement for tumor extension
assessment between the contrast-free
and postgadolinium reading sessions

(Cohen k ¼ 0.91, 95% CI¼ [0.85– 0.96], P, .001). The diagnos-
tic accuracy for T1–T2 lesions did not differ from the overall ac-
curacy (0.97 for both groups and both reading sessions). For the
first rater group, there was good sensitivity (0.79 for both con-
trast-free and postgadolinium sessions), and there was excellent
specificity (0.98 for both reading sessions). For the second rater
group, the sensitivity was good (0.89 and 0.79, respectively), and
specificity was excellent (0.99 for both reading sessions).

DISCUSSION
We observed excellent diagnostic accuracy of simultaneous 18F-
FDG-PET/MR imaging for the assessment of locoregional exten-
sion of HNC with or without gadolinium contrast administration.
There was excellent agreement between the contrast-free and post-
gadolinium reading sessions, and there were good sensitivity and

FIG 1. Initial staging of a right maxillary squamous cell carcinoma in an 84-year-old woman. A,
Axial T1-weighted spin-echo (SE) sequence. B, Axial T1-weighted fat-saturated sequence. C, Fusion
between axial T1WSE sequence. C, 3D T1-weighted fat-saturated SE postcontrast sequence, axial
plane. D, Fusion between axial T1-weighted SE sequence and 18F-FDG-PET. Both T1-weighted FDG-
PET/MR imaging with and without gadolinium showed right hard palate invasion. The anterior tu-
mor margin (arrow) was difficult to define on both contrast-free and postcontrast T1WI (B and
D). PET imaging allowed clarification of the lesion margins (A and C).
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excellent specificity for the assessment of local tumor extension as
well as for the evaluation of lymph node involvement, similarly
with and without gadolinium injection.

To the best of our knowledge, this is the first simultaneous PET/
MR imaging study investigating the added value of gadolinium-
enhanced sequences in adults and the first study of the head and
neck region.

To this day, several studies have debated on the added value of
PET/MR imaging compared with PET/CT in HNC evaluation.
Although some studies found no advantages of PET/MR imaging

in terms of diagnostic perform-
ance,16,18-20 others showed it to be ad-
vantageous in terms of overall diagnostic
accuracy21 or of tumor delineation,22

which is particularly relevant in the
head and neck region, where ana-
tomic landmarks are complex and
mobile because of patients position-
ing differences between examina-
tions.23 Additionally, coregistration
procedures between PET/CT and
MR imaging are usually performed
in studies conducted for research
purposes, being less feasible in
clinical practice using routine
algorithms. Consequently, several
studies have demonstrated the su-
periority of PET/MR imaging ver-
sus PET/CT24 and versus the
association of PET/CT and MR
imaging.25,26

The main drawback of PET/MR
imaging is its long acquisition
time.27 However, although the du-
ration of PET/MR imaging is longer
than that of PET/CT, it should be
pointed out that acquiring simulta-
neous PET/MR imaging data re-
duces the overall examination time
compared with sequential PET/CT
and MR examinations. PET/MR
imaging should still be as short as
possible for clinical workflow opti-
mization, especially in patients with
HNC, who often have swallowing
or breathing difficulties.

In PET/MR workflow considera-
tions, the limiting factor for reducing
the acquisition time is the MR imaging
and not the PET acquisition. Indeed,
transaxial PET data for a 25-cm fields
of view are acquired within #10min,
whereas simultaneously acquired MR
pulse sequences require much longer
imaging times.

In the context of workflow optimi-
zation, one should question the rele-

vance of each MR image. Furthermore, the information provided
by PET and MR modalities should be as complementary as possi-
ble, any redundancy being avoided.

Avoiding contrast injection is also preferable in patients
with severe renal failure, who are at risk of developing neph-
rogenic systemic sclerosis,7,8 especially in the case of repeated
injections and if the linear-structured gadolinium-chelated
molecules are used.28 Moreover, gadolinium chelate deposi-
tion in the brain was recently reported,9 especially in patients
undergoing repeated injections, as would be the case for

FIG 2. Initial staging of right adenoid cystic carcinoma of a minor salivary gland (palate) in a 55-
year-old man. A, Axial FDG-PET. B, Axial T2-weighted spin-echo (SE) sequence. C, Axial T1-weighted
SE sequence. D, 3D T1-weighted fat-saturated SE postcontrast sequence. On both T1-weighted and
T2-weighted MR imaging (B and C), thickening of the trigeminal nerve is present, with a loss of signal
of the fatty tissue in the pterygopalatine fossa, strongly suggestive of perineural spread of the tu-
mor. On the T1-weighted postgadolinium sequence (D), high enhancement of the trigeminal nerve
is visible (arrow). There is no significant perineural 18F-FDG uptake (A); only slight uptake is discern-
able when guided by MR imaging findings.
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certain patients with HNC with
long follow-up times. Even though
the clinical impact of these deposits
remains unclear, there is a current
trend of reducing the overall
received dose of gadolinium, espe-
cially in patients with a good prog-
nosis and a high life expectancy.

Although this is the first study
directly investigating the value of gad-
olinium injection in HNC simultane-
ous PET/MR imaging protocols for
precise assessment of tumor invasion,
DWI has already been similarly exam-
ined22,29 with the results suggesting
that it has no added value in the PET/
MR imaging protocol.22,29 Indeed, sig-
nificant correlation between DWI-
ADC and SUVmax values on PET
images was found.16,21,30,31 In contrast
to this, in another study, it was
observed that PET/MR-DWI may
help to avoid false-positive findings
caused by nonspecific FDG uptake in
the case of tumor recurrence.21

Previously, it was reported that fat-
suppressed contrast-enhanced T1-
weighted MR images are superior to
unenhanced ones for tumor diagnosis

Table 2: Diagnostic accuracy of contrast-free and postgadolinium sessions

First Raters Group Second Raters Group

Contrast-Free Session Postgadolinium Session Contrast-Free Session Postgadolinium Session
Region extension Se Sp Se Sp Se Sp Se Sp
Median line involvement 0.67 0.96 0.67 0.95 0.83 0.95 0.83 0.95
Vascular extension 0 1 0 1 1 0.93 1 0.93
Mandibular cortical bone 0.9 0.95 0.9 0.95 0.9 0.95 0.9 0.95
Mandibular medullary bone 0.88 0.9 0.88 0.9 0.88 0.9 0.88 0.9
Intermaxillary commissure 1 0.91 1 0.86 1 0.95 1 0.89
Vestibule 0.92 1 0.92 1 0.92 1 0.92 1
Skin 0.67 1 1 1 0.67 0.92 0.67 1
Mobile tongue 0.8 1 0.8 1 0.67 1 0.67 1
Palatoglossal arch 0.67 1 0.33 1 1 0.96 0.67 1
Palatine tonsil 1 0.92 1 0.92 1 1 0.5 1
Floor of mouth 0.78 0.94 0.78 0.94 0.89 1 0.89 1
Submandibular glands 1 0.9 1 0.9 1 1 1 1
Soft palate 0.67 0.96 0.67 1 1 0.81 1 0.81
Hard palate 1 1 1 1 1 0.96 1 0.96
Maxillary bone 1 0.96 1 0.96 1 0.92 1 0.92
Maxillary sinus 1 0.96 1 0.96 1 0.96 1 0.96
Masseter muscle 1 0.96 1 0.96 1 0.96 1 1
Pterygoid muscles 1 0.89 1 0.92 1 0.88 1 0.88
Nasal fossa 1 1 1 1 0.5 0.96 1 0.96
Subarachnoid spaces 1 1 1 1 1 1 1 1
Parotid glands 0 1 1 1 1 1 0 1
Perineural extension (V) 1 1 1 1 1 0.96 1 0.96
Perineural extension (VII) 0 1 0.5 1 1 1 1 1
All locations 0.83 0.98 0.85 0.98 0.88 0.98 0.9 0.98
All locations T1-T2 0.79 0.99 0.79 0.99 0.79 0.98 0.89 0.98

Note:—Se indicates sensitivity; Sp, specificity.

FIG 3. Local extension of a mandibular gingiva tumor in a 71-year-old woman. A, Axial contrast-
free T1-weighted. B, Axial 18F-FDG-PET image. C, 3D T1-weighted spin-echo (SE) contrast-enhanced
sequence, axial plane. D, Fusion between axial T1-weighted and 18F-FDG-PET. Both contrast-free
and gadolinium-enhanced T1W MR imaging showed right vestibular invasion. Although bone inva-
sion remained doubtful because of dental artifacts on MR alone, high FDG uptake includes a por-
tion of the mandibular bone with margins that are clearly visible on the fusion images between
PET and T1-weighted MRI, demonstrating bone involvement (arrow), which was pathologically
confirmed.
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in the head and neck region.32 Contrast enhancement has shown
an ability to improve lesion detection and tissue characterization
and to facilitate the evaluation of tumor extension. However,
some studies with advanced morphologic MR images, such as
fast short inversion recovery MR imaging, have shown compara-
ble results to postgadolinium sequences for soft tissue tumor
characterization.33

Whereas postgadolinium contrast enhancement reflects the
tumor vascularization,34 18F-FDG reflects glucose metabolism.35

Even if the pathophysiological mechanisms are different, our
study suggests that contrast-free MR imaging morphologic
sequences with simultaneous 18F-FDG PET images may give the
same information as that added by postgadolinium sequences. In
other words, the postgadolinium sequence does not seem to
improve diagnostic accuracy in patients explored by simultane-
ous 18F-FDG-PET/MR imaging. On the basis of retrospectively
fused PET/CT and MR imaging, Kuhn et al11 previously suggested
that gadolinium contrast enhancement gave added value to the
evaluation of primary tumor extension compared with fused PET
and T2-weighted images alone. However, in our study, using simul-
taneous PET/MR imaging, the diagnostic accuracy in the evaluation
of precise tumor extension remains the same with or without post-
contrast images, suggesting that gadolinium-enhanced MR images
provide redundant information compared with simultaneously
acquired nonenhanced morphologic MRI together with FDG-PET
images.

Although several previous PET/MR imaging studies
focused on its diagnostic performance in head and neck tu-
mor detection,2,18,26 the present work, to the best of our
knowledge, is the first study presenting a precise mapping
of the regional HNC extension areas, analyzed by means of
simultaneous PET/MR imaging. Previously, it was sug-
gested that postcontrast T1-weighted sequences allow
detection of perineural spread.11 In our study, 1 rater group
correctly detected all of the 3 cases of perineural spread on
both contrast-free and postgadolinium sessions, but for the
second rater group, detection was facilitated by contrast
enhancement in 1 case. In the present study, thorough anal-
ysis of contrast-free simultaneous PET/MR imaging alone
allowed detection of perineural spread in most cases.
However, studies including larger numbers of cases of peri-
neural spread are needed to corroborate this finding.
Perineural spread (PNS) is a significant element of patient
prognosis and long-term survival, and noncontrast MR
imaging may be limited in this regard, but PET/CT has
been widely applied in patients with multiple head and neck
tumors at risk of having PNS, knowing the limitation of the
study. At this stage, considering that PNS can be subtle with
a non-negligible risk of omission and that postgadolinium
MR clearly increases the radiologist’s degree of confidence,
postcontrast sequences should be maintained in 18F-FDG-
PET/MR for salivary gland malignancy work-up (given the
high propensity for nerve invasion36) or when PNS is clini-
cally suspected. Still, with the exception of those particular
cases, our results suggest that analyzing contrast-free MR

imaging simultaneously with 18F-FDG PET in the context
of PET/MR provides optimal diagnostic accuracy without
the need for gadolinium-enhanced sequences.

Assessment of potential tumor invasion of bony struc-
tures, such as the mandible or maxillary sinus, has been
reported as challenging, and some studies have suggested,
in this case, better specificity and sensitivity of CT
compared with MR imaging37 or PET/MR imaging.11

However, other studies found good diagnostic accuracy
for both CT and MR imaging.38 Moreover, higher confi-
dence of PET/MR imaging compared with PET/CT for
bone lesion detection has been reported.39 In our study, all
cases of mandibular bone cortical and medullary invasion
were correctly detected in the contrast-free session alone,
with 1 exception, in which even gadolinium injection did
not facilitate the detection. Therefore, PET/MR imaging
diagnostic accuracy for bone lesion detection appears to
be good and does not seem to be improved by contrast
enhancement.

Detection of small-sized head and neck tumors can be par-
ticularly challenging.40 In this context, one could suppose
that all available MR images should be used to maximize
the chances of precise lesion detection and delineation.
However, in the present study, we have observed that the
diagnostic accuracy was good for both reading sessions
with no improvement of sensitivity or specificity when a
contrast-enhanced sequence was added.

PET/MR appears to be an advantageous imaging method in
HNC because it can simultaneously evaluate the locoregional tumor
extension, lymph node involvement, and distant metastases by
combining head and neck MR imaging and whole-body 18F-FDG-
PET, 2 imaging modalities recommended for HNC staging. Still, in
our opinion, management of patients with HNC should also sys-
tematically include head and neck and chest CT in search of cortical
bone erosion, enlargement of foramina, and lung nodules.

Our study has several limitations. First, the sample size
was small in this proof-of-concept study. Still, despite this,
the results appear to be significant and promising. Second,
because of the clinical design of the study, there was hetero-
geneity concerning histopathologic tumor types, related to
the local recruitment. However, the main lesions were large
oral cavity squamous cell carcinoma and salivary gland
adenoid cystic carcinoma, with all the detailed histologic
data available. Different histologic types of tumors might be
different in contrast enhancement and FDG uptake.
Namely, we could expect that some adenoid cystic tumors
may show important contrast enhancement with moderate
hypermetabolism. Still, in our study, we have not observed
added value of contrast enhancement for these tumors. In
the future, it might be interesting to conduct larger scale
studies focused on the adenoid cystic tumor subtype, which
remains difficult because of the low prevalence of these
tumors. Last, there were few cases of perineural spread,
which is consistent with the rarity of adenoid cystic carci-
noma and of perineural spread.
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CONCLUSIONS
In our study, the diagnostic accuracy of simultaneously
acquired PET/MR imaging for assessing locoregional exten-
sion in patients with HNC was comparable with or without
the addition of a gadolinium-enhanced sequence. These
results suggest that in the specific case of simultaneously
acquired head and neck PET/MR imaging, contrast injection
does not provide added value to HNC evaluation and may be
avoided.
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