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Abstract. - OBJECTIVE: Treatment manage-
ment in cases of head and neck squamous cell
cancer (HNSCC) that are clinically negative for
lymph node metastases (cNO0) is still an import-
ant topic of discussion. There is increasing in-
terest in sensitive imaging modalities that can
detect the risk of occult metastases at levels be-
low 20%. This study aimed to examine the effica-
cy of integrated positron emission tomography
(PET)/magnetic resonance imaging (MRI) in de-
termining neck nodal metastasis status in cNO
patients with HNSCC.

PATIENTS AND METHODS: In this retro-
spective study, 44 patients who underwent neck
dissection with the diagnosis of HNSCC be-
tween January 2018 and August 2020 were an-
alyzed. Clinical examinations, including ultra-
sonography, were performed to identify cervi-
cal metastases in HNSCC patients with preoper-
ative cNO. A nuclear medicine specialist visual-
ly evaluated the MRI, PET, and PET/MRI results.

RESULTS: Histopathologically, 86.4% of pa-
tients were classified as NO. According to the his-
topathological results, MRl showed 50% sensitiv-
ity, 89.5% specificity, 91.8% negative predictive
value (NPV), 42.8% positive predictive value (PPV)
and 84% accuracy, while PET showed 83.3% sen-
sitivity, 68.4% specificity, 96.2% NPV, 29.4% PPV
and 70.4% accuracy. PET/MRI was more success-
ful in distinguishing pathological NO and N+ pa-
tients (83.3% sensitivity, 92.1% specificity, 97.2%
NPV, 62.5% PPV and 90.9% accuracy).

CONCLUSIONS: PET/MRI is more sensitive
and has a higher NPV compared to MRI alone,
while its sensitivity was found to be compara-
ble to that of PET. In addition, with its ability to
detect pathological NO patients, PET/MRI may
significantly decrease the number of unneces-
sary neck dissections.
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Introduction

In cases of head and neck squamous cell
cancer (HNSCC), the eighth most common ma-
lignancy worldwide, most patients present with
clinical positivity for lymph node metastases
(LNM) of the neck (cN+) at the time of diagno-
sis"?. Nodal involvement plays a pathological role
in the development of regional recurrence and
distant metastasis. Therefore, it is an important
prognostic factor in treatment and post-treatment
surveillance™*.

Globally, surgery remains the first-line tre-
atment for head and neck cancers’. Treatment
decisions are made based on clinical examina-
tions and imaging findings. In patients with cN+
cancers, treatment is managed with radiotherapy,
neck dissection, or a combination of these appro-
aches®. In patients with HNSCC clinically negati-
ve for LNM (cNO), a management strategy inclu-
ding a “watchful waiting policy” or elective neck
dissection is applied’. However, watchful waiting
policy may lead to nodal recurrences in the futu-
re. Elective neck therapy is indicated in the case
of >20% risk of occult LNM. However, this leads
to high negative predictive values (NPV)*’. The-
refore, accurate staging with imaging methods is
of significant prognostic importance.

Modern imaging modalities such as ultrasound
(US), computed tomography (CT), positron emis-
sion tomography (PET), and magnetic resonance
imaging (MRI) offer similar diagnostic accuracy
in the assessment of cNO neck but remain insuf-
ficient”. Fusion or new hybrid imaging modalities
combining the metabolic information of PET can
increase the diagnostic accuracy. PET/CT shows
higher accuracy for cN+ neck with relatively lower
efficacy for cNO neck'®!". Preliminary findings'? for
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PET/MRI have primarily been obtained among
unselected HNSCC cohorts and deliver similar
performance to PET/CT. Despite these prelimi-
nary results, PET/MRI may offer higher sensitivi-
ty and tumor conspicuity in detecting perineural
spread'*'". The majority of current hybrid ima-
ging studies involving cNO patients with HNSCC
have focused on PET/CT and limited findings
are available for PET/MRI. Therefore, this study
aimed to investigate the efficacy of PET/MRI in
determining neck nodal metastasis status in cNO
patients with HNSCC.

Patients and Methods

Study population

This retrospective study was conducted betwe-
en January 2018 and August 2020 in the Depart-
ment of Otorhinolaryngology of the Gazi Uni-
versity Faculty of Medicine with the approval of
the relevant Ethics Committee (Date: 21.09.2020,
Decision No.: 621). Informed consent was obtai-
ned from all patients.

The radiology records of 95 patients who pre-
sented to the Department of Otorhinolaryngo-
logy with a diagnosis of head and neck cancer
between January 2018 and August 2020 and
who underwent neck dissection procedures were
reviewed. Patients were excluded from the study
if they had previously received radiotherapy or
chemoradiotherapy, had undergone surgery, had
not undergone PET/MRI studies, had pathologies
other than squamous cell carcinoma, salivary
gland, and nasopharyngeal cancers, or had relap-
se or cN+ cancer. Forty-four patients with cNO
diagnoses according to physical examinations
and US performed in the preoperative period we-
re included in the study.

The patients’ preoperative neck PET/MRI
scans were evaluated by a nuclear medicine
physician with at least 5 years of experience.
Postoperative pathology results were obtained
from the hospital database. According to histo-
pathological results as the gold standard, patients
with LNMs in neck dissection specimens were
evaluated as pN+.

Imaging Protocol

All images were obtained with an integrated
3-T PET/MRI scanner (GE SIGNA, GE Heal-
thcare, Waukesha, WI, USA) with a time-of-flight
PET detector. Patients were situated on the scan-
ning table in the supine position and a head-neck

coil was used. All patients had fasted for 6 hours
before scanning and their serum glucose levels
were below 200 mg/dL before the injection of 3.7
MBg/kg 18F-fluorodeoxyglucose (18F-FDG). Ap-
proximately 1 h after the injection, patients were
placed on the PET/MRI scanner bed. A who-
le-body PET/MRI was followed for the initial lo-
calizer scan. A three-dimensional dual-echo fast
spoiled gradient-echo liver-accelerated volume
acquisition sequence (LAVA-FLEX) was applied
for MRI-based attenuation correction (MRAC).
A whole-body PET/MRI was followed by a hi-
gh-resolution axial T1 weighted three-dimensio-
nal LAVA-FLEX sequence, coronal T2 weighted
fast-recovery fast spin echo sequence, complete
body diffusion-weighted images (DWI, b va-
lues=50, 1,000) and apparent diffusion coefficient
mapping. PET emission scans were logged jointly
with MRI sequences and the acquisition time per
bed position was 3 min. Dedicated local head and
neck dedicated MRI scans were also acquired
without [V contrast injection in the same imaging
session and they included axial T2-weighted wa-
ter, in-phase, and out-phase images, and sagittal
T2-weighted propeller images. For attenuation
correction, an atlas-based attenuation correction
map was used for the head and a vendor-based al-
gorithm using MRI-based attenuation correction
data was applied for the remaining body parts.

Image Interpretation

All images were visually assessed retrospecti-
vely by a nuclear medicine specialist at a ven-
dor-based workstation (AW Volume Share 5, GE
Healtcare, Waukesha, WI, USA). One month after
the preoperative MRI and PET assessments, com-
bined PET/MRI images were assessed by the same
nuclear medicine specialist, who was blinded to
the histopathological results. In MRI, a minimum
axis diameter of >10 mm, a round or spherical
shape, and a necrotic or indistinct spiculated node
were considered radiological criteria for malignant
nodes. In visual PET evaluations, the presence,
number, and localizations of 18F-FDG positive
neck lymph nodes, which had tracer uptake above
the background, were recorded for each patient.
This was evaluated regardless of lymph node size.
Integration images from regional PET and MRI
images were combined for LNM detection. LNM
positivity by combined PET/MRI was defined as
the presence of i) MRI positive but PET negative,
i) PET positive but MR1 negative, or iii) both PET
and MRI positive neck lymph nodes. If both MRI
and PET images gave negative results, the case
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was considered negative for the presence of LNM
by combined PET/MRI. The PET/MRI images of
four different patients are shown in Figure 1.

Statistical Analysis

The normal distribution of numerical variables
was assessed by Kolmogorov-Smirnov test. Test
results found to be non-parametric, and data
were shown as median (min-max). Categorical
variables were indicated as numbers and per-
centages. Diagnostic performance analysis was
conducted with receiver operating characteristic
(ROC) curve analysis. The diagnostic accuracies
of the MRI, PET, and PET/MRI scans were asses-
sed based on histopathological results as the gold
standard for the assessment of LNM. Diagnostic
performance was demonstrated by specificity,
sensitivity, NPV and positive predictive value
(PPV), and accuracy. p-value <0.05 was taken as

statistical significance. MedCalc Software (ver-
sion 11.4.2, MedCalc Software, Ostend, Belgium)
was used in determining diagnostic accuracy.

Results

The median age of the cNO patients with HN-
SCC was 66 years and 84.1% were male. A human
papillomavirus test of all patients was negative
before neck dissection. The primary site was the
larynx/hypopharynx in most cases (43.2%), fol-
lowed by the oral cavity (29.5%). T stage of the
primary lesion, 19 cases were T4, 7 cases were T3, 8
cases were T2, 9 cases were T1, and 1 case was Tx.
Bilateral dissection was performed for 23 patients
and ipsilateral dissection was performed for 21 pa-
tients. 38 cases were histopathologically classified as
pathologically negative cervical lymphadenopathy

Patient 1

Patient 3

Patient 2

Patient 4

Figure 1. PET/MRI images of patients. A-C, Axial T2-w water images. B-D, PET/MR fusion images. White arrows indicate
the primary lesion. Patient 1: A 65-year-old female patient followed-up with the diagnosis of tongue SCC. The lymph node size
was 8x6 mm. Histopathology is N+, during PET negative, MRI negative, and PET/MRI negative. Patient 2: A 71-year-old male
patient followed-up with the diagnosis of laryngeal SCC. The lymph node size was 6x4 mm. Histopathology was NO, while
PET positive, MRI negative, and PET/MRI positive. Patient 3: A 57-year-old male patient followed-up with the diagnosis of
uvula SCC. The lymph node size was 13x10 mm. Histopathology was NO, while PET positive, MRI positive, and PET/MRI
positive. Patient 4: A 63-year-old male patient followed-up with the diagnosis of laryngeal SCC. The lymph node size was 7x4
mm. Histopathology is NO and confirmed by imaging methods.
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(pNO). The demographic and pathological results of
the patients are shown in Table L.

The median time from PET/MRI examinations
to operation was 7 days. According to MRI results,
34 cases were pNO, consistent with the histopatho-
logical results, while 4 cases were classified as false
positives. Among the 38 cases with pNO, 26 cases
were confirmed by PET results, while 12 cases
were classified as false positives. PET/MRI results
confirmed the pNO diagnosis for 35 cases, while it
classified 3 cases as false positives and correctly
classified 2 of 4 patients with pN1 (Table II).

The diagnostic performances of the imaging resul-
ts in predicting histopathological results are shown in

Table I. Demographic and pathological results of the patients.

Table I11. According to the histopathological results,
MRI had 50% sensitivity, 89.5% specificity, and 84%
accuracy, while PET had 83.3% sensitivity, 68.4% spe-
cificity, and 70.4% accuracy. PET/MRI was more suc-
cessful in distinguishing pNO and pN+ cases (83.3%
sensitivity, 92.1% specificity, and 90.9% accuracy). In
addition, PET/MRI had a higher the area under the
curve value and superior diagnostic performance.

Discussion

In patients with ¢cNO HNSCC, the decision to
operate depends on the probability of occult neck

Variables Study population n=44
Sex, n %

Male 37 84.1
Female 7 15.9
Age, years 66 19-85
HPV,n % 0 0
Primary area, n %

Larynx/hypopharynx 19 432
Oral cavity 13 29.5
Skin 8 18.2
Sinonasal 2 4.5
Parotid 2 4.5
Primary tumor site, n %

Right 16 36.4
Left 22 50.0
Midline 6 13.6
Dissection site, n %

Right 10 227
Left 11 25.0
Bilateral 23 52.3
cT Stage, n %

Tl 9 20.5
T2 8 18.2
T3 7 15.9
T4 19 43.2
TX 1 2.3
pT Stage,n %

Tl 6 13.6
T2 11 25.0
T3 13 29.5
T4 12 273
TX 2 4.5
pN Stage, n %

NO 38 86.4
N1 4 9.1
N2A 0 0
N2B 1 2.3
N2C 0 0
N3 1 2.3
Median time from PET/MRI to surgery, day 7 1-10

Data are shown as median and min-max or number and percentage (%). cT, clinical T stage; HPV, human papillomavirus; pT,

pathological T stage; pN, pathological N stage.
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Table Il. Staging agreement between pathological and imaging methods.

Imaging Pathological

NO n = 38 N1 n=4 N2Bn=1 N3 n=1
MRI, n %
NO 34 89.5 3 75.0 0 0 0 0
N1 3 7.9 0 0 1 100.0 0 0
N2A 0 0 0 0 0 0 0 0
N2B 1 2.6 1 25.0 0 0 1 100.0
N2C 0 0 0 0 0 0 0 0
N3 0 0 0 0 0 0 0 0
PET, n %
NO 26 68.4 1 25.0 0 0 0 0
N1 9 237 2 50.0 1 100.0 0 0
N2A 0 0 0 0 0 0 0 0
N2B 1 2.6 1 25.0 0 0 1 100.0
N2C 2 5.3 0 0 0 0 0 0
N3 0 0 0 0 0 0 0 0
PET/MRIL n %
NO 35 92.1 1 25.0 0 0 0 0
N1 2 5.3 2 50.0 1 100.0 0 0
N2A 0 0 0 0 0 0 0 0
N2B 1 2.6 1 25.0 0 0 1 100.0
N2C 0 0 0 0 0 0 0 0
N3 0 0 0 0 0 0 0 0

Data are shown as number and percentage (%). MRI, magnetic resonance imaging; PET, positron emission tomography.

Table Ill. Diagnostic performance of imaging results.

Imaging pNO n=38 pN+n=6 PPV (%) 95% CI NPV (%) 95% CI Accuracy (%) 95% CI AUC 95% CI
MRI

NO 34 89.51 3 50.0 42.8 91.8 84.0 0.708

N+ 4105 35000 18.1-71.8 83.5-96.2 69.9-93.4 0.552-0.835
PET

NO 26 68.41 1167 29.4 96.2 70.4 0.770

N+ 12 316 58331 18.8-429 83.1-93.9 54.8-83.2 0.618-0.883
PET/MRI

NO 35 92,11 1167 62.5 97.2 90.9 0.879

N+ 379 58331 347-839 85.4-99.5 78.3-97.5 0.746-0.958

Data are shown as number and percentage (%). 7, indicates specificity. *, indicates sensitivity. AUC, area under the curve; CI,
confidence interval; MRI, magnetic resonance imaging, NPV, negative predictive value; PET, positron emission tomography;

PPV, positive predictive value.

metastases, and the incidence is approximately
15%". Since most of these patients do not have
cervical lymph node involvement, overtreatment
of the neck should be avoided's. Imaging methods
may significantly contribute to the assessment of
cervical lymph node status in the preoperative
period to detect patients who will benefit from
elective neck dissection. The findings of this stu-
dy reveal that the PET/MRI results in cNO patien-
ts show high agreement with pathological results
and PET/MRI can be considered an essential
guide in choosing between a “watchful waiting
policy” or elective neck dissection.
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It is challenging to diagnosis HNSCC, a
subtype of head and neck cancer, with imaging
techniques. However, the use of imaging tools su-
ch as MRI and PET/CT has resulted in significant
advances in diagnosing primary and recurrent tu-
mor tissues. MRI has become a favored imaging
method for the local staging of head and neck
cancers as confirmed by the European Society of
Medical Oncology"’. However, different imaging
modalities applied for cNO patients exhibit simi-
lar diagnostic performances with high specificity
and insufficient sensitivity’’. This may result in
inadequate treatment and worsen the patient’s
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prognosis. In the present study, MRI demonstra-
ted high rate of true negatives in distinguishing
patients with pNO. However, it showed false
negatives for half of the pN+ patients. Thus, the
overtreatment of 4 false-positive patients could
have caused morbidity and complications and in
the 3 false-negative patients, inadequate treat-
ment could have resulted in recurrence. It was
verified that PET/MRI may be able to prevent
such negative consequences with high diagno-
stic performance by yielding fewer false positive
and false negative results.

In malignant cells, the ability to produce ener-
gy decreases with rapid glycolysis and aerobic
pathways'®. Thus, FDG uptake increases due to
the increased expression of glucose transpor-
ter 1 (GLUT)-1 and GLUT-3 molecules on cell
surfaces”. This vital mechanism distinguishes
PET from other imaging methods and may pro-
vide significant benefits in detecting pN+ for cNO
patients. However, the difficulty of anatomical
correlation may limit the superiority of PET in
assessing loco-regional lesions and differences
between physiological and malignant metaboli-
sms?. On the other hand, identifying small lym-
ph nodes with micrometastases remains challen-
ging with all diagnostic methods, including PET/
MRI?. The fact that lymph nodes are normal in
size does not mean they are not metastatic. Fur-
thermore, the idea that all enlarged lymph nodes
will be metastatic is incorrect”. These difficulties
can be overcome with the ability of PET/MRI to
measure both soft tissue contrasts and metabolic
activities?®. In addition, PET/MRI is less affected
by implanted surgical materials®.

The first data on PET/MRI confirmed that it
can be used to diagnose HNSCC. However, it did
not appear to offer significant advantages over
PET/CT and MRI alone in assessing local tumors
and recurrence®. More recently, some studies?*
are reporting the opposite. It has been shown?*2
that PET/MRI detects primary tumors with hi-
gher sensitivity and more primary tumor lesions
than MRI and PET alone. The current findings
show that PET/MRI had higher specificity and
NPV values than MRI and PET alone in detecting
pNO patients. However, the sensitivity of PET/
MRI was similar to that of PET alone, while it
was higher than MRI alone. The high sensitivity
of PET in lymph node staging is regarded as
its most significant advantage in comparison
to morphological evaluations®’. Hybrid imaging
has proven to be more sensitive in lymph node
staging than MRI alone. However, PET is not

regarded as an imaging method capable of alte-
ring surgical management due to the possibility
of miss micrometastases®®%.

There have been few studies**° on the use of
PET/MRI to assess LNM in patients with HN-
SCC. In a study conducted by Platzek et al*® with
38 HNSCC patients, according to the histopatho-
logical results, metastatic disease was detected in
16 patients or 21 of 67 dissected neck sides. The
specificity and sensitivity for neck-side involve-
ment in patients with LNM were 85% and 91%
for PET/MRI, 85% and 86% for PET, and 87%
and 67% for MRI. Platzek et al*® also evaluated
level-based lymph node analysis and determined
specificity and sensitivity of 97% and 66% for
MRI, 97% and 87% for PET, and 95% and 89%
for PET/MRI. In another study conducted by
Schaarschmidt et al*® with 12 HNSCC patients,
the efficacy of PET/MRI was evaluated according
to histopathological lymph node levels after neck
dissection. Accordingly, 2 patients with pNO, 3
patients with pNI1, 5 patients with pN2b, and 2
patients with pN2c were detected. PET/MRI and
MRI alone confirmed the N stage at respective
rates of 71% and 75%. Schaarschmidt et al* also
performed level-based lymph node analysis and
determined specificity, sensitivity, NPV, and PPV
of 99%, 78%, 98%, and 84% for MRI and 99%,
81%, 98%, and 89% for PET/MRI. We obtained
similar values of sensitivity, specificity, and NPV
in the present study. On the other hand, we found
different PPV. This may be due to the inclusion of
only NO patients in our study. Thus, the prevalen-
ce of pN+ patients may have differed. NPV, PPV,
and accuracy values are affected by prevalence.
We detected pN+ in 13.6% of cNO patients with
HNSCC, which was close to the values reported
in previously cited works**. The present study
demonstrated the efficacy of PET/MRI with a
larger sample of 44 patients.

Limitations

Although this study contains the largest sam-
ple among research to date evaluating the efficacy
of PET/MRI in cNO patients with HNSCC, it has
some limitations. Firstly, the study design was
retrospective. Secondly, the number of patients
is still relatively small. Thirdly, as PET/MRI is
still a new and relatively expensive method, it
remains rather challenging to use. Finally, we
included only NO patients. Prospective studies
with a larger patient population, including cN+
patients, would provide more information regar-
ding the use of PET/MRI.
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Conclusions

PET/MRI is more sensitive and has a higher
NPV compared to MRI examinations alone, while
its sensitivity was found to be comparable to that of
PET alone. In addition, with its ability to detect NO
patients, PET/MRI may significantly decrease the
number of unnecessary neck dissections.
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