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Contribution of I8F-FDG PET/CT to Staging of Head and Neck
Malignancies

Bas ve Boyun Malignitelerinin Evrelemesinde '8F-FDG PET/BT nin Katkisi
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Abstract

Objectives: Accurate staging of head and neck cancer (HNC) plays an important role in patient management as well as
protection of functional characteristics of the head and neck region. Our aim was to investigate the contribution of 2-[18F]-
fluoro-2-deoxy-d-glucose (FDG) positron emission tomography/computed tomography (PET/CT) as part of HNC staging to
clinical evaluation and treatment planning.

Methods: Clinical records of 138 HNC cases who has undergone '8F-FDG PET/CT imaging were retrospectively reviewed.
Sixty-five cases who had accessible clinical follow-up data were included in the study group, and their PET/CT and conventional
imaging findings were evaluated.

Results: In the case group with a PET/CT and magnetic resonance imaging (MRI) for evaluation of primary lesion the
sensitivity rates for PET/CT and MRI were calculated as 91.3% and 82.6%, the positive predictive values (PPV) as 91.3%
and 82.6%, specificity as 71.4% and 42.8%, and the negative predictive value (NPV) as 71.4% and 42.8%, respectively.
In terms of metastatic lymph node evaluation, the sensitivity was calculated as 100% and 88.8%, the NPV as 100% and
83.3%, respectively. The PPV and specificity was 100% for both modalities. In the case group with CT for primary lesion
evaluation, the sensitivity and PPV were found as 95.2% and 100% for PET/CT, and as 85.7% and 94.7% for CT, respectively.
in metastatic lymph node evaluation, the sensitivity was found as 100% for PET/CT and 50% for CT, and the PPV, specificity
and NPV were determined as 100% for both methods. PET/CT findings resulted in a change in ‘tumor, node, metastasis’
staging in 5 cases.

Conclusions: PET/CT in HNC contributes to staging, thus playing a role in treatment planning, especially in patients with
locally advanced disease.
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Oz

Amac: Bas ve boyun kanserlerinde (BBK) dogru evreleme, uygun tedavi modalitesinin segilmesi ve bas boyun yapilarinin
islevsel 6zelliklerinin korunmasinda énemli rol oynamaktadir. Calismamizda BBK'lerin evrelendirilmesinde 2-[18F] floro-2-deoksi-
d-glukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) goruntilemenin klinik dederlendirme ve
tedavi planlamasina katkisi arastirildi.

Yontem: 18F-FDG PET/BT gorintileme uygulanan 138 BBK'li olgunun klinik kayitlari retrospektif olarak incelendi. Klinik
izlem verilerine ulasilabilen 65 olgu calisma grubuna alindi ve olgularin PET/BT ve konvansiyonel gérlinttleme bulgulari
degerlendirildi.
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Bulgular: Primer lezyon degerlendirmede PET/BT ve manyetik rezonans goriintilemesi (MRG) olan olgu grubunda PET/
BT ve MRG icin sirasiyla sensitivite %91,3, %82,6, pozitif prediktif deger (PPD) %91,3 ve %82,6, spesifite %71,4 ve %42,8
ve negatif prediktif deger (NPD) %71,4 ve %42,8 olarak hesaplandi. Metastatik lenf nodu degerlendirmede ise PET/BT ve
MRG icin siraslyla sensitivite %100 ve %88,8, NPD %100 ve %83,3, PPD ve spesifite ise her iki yontem icin de %100 olarak
hesaplandi. BT'si olan olgu grubunda primer lezyon degerlendirmede sensitivite PET/BT icin %95,2, BT icin %85,7, PPD %100
ve %94,7 olarak bulundu. Metastatik lenf nodu degerlendirmede sensitivite PET/BT icin %100, BT icin %50, PPD, spesifite
ve NPD %100 olarak bulundu. PET/BT bulgulari 5 olguda ‘timdr, nod ve metastaz’ evrelemesinde degisiklige neden oldu.

Sonug: PET/BT BBK'da evrelemeye katkida bulunarak 6zellikle lokal ileri evredeki olgularda tedavi planlamasinda énemli rol

oynar.

Anahtar kelimeler: Bas ve boyun kanserleri, PET/BT, 18F-FDG

Introduction

Thorough evaluation of patients with head and neck
cancer (HNC), which include malignancies originating
from the paranasal sinus, nasal-oral cavity, pharynx
and larynx, is fundamental in order to apply the most
appropriate treatment while optimizing functional and
cosmetic outcomes. Ultrasound, computed tomography
(CT) and magnetic resonance imaging (MRI) are used prior
to selecting treatment modality as well as endoscopic
evaluation. CT is especially useful in the evaluation of
lung metastasis and local or metastatic bone involvement.
However, it is generally insufficient in determining cartilage
invasions and in differentiating tissue thickening from tissue
damage caused by the tumor (1). MRI is superior to CT in
terms of local evaluation of the primary tumor by showing
bone marrow involvement (2). Nevertheless, conventional
imaging methods are inadequate in small or localized
submucosal tumors in determining relapse or residual
lesion after radiotherapy (RT) and surgery (3). In addition,
the presence of morphologic criteria suggesting lymph
node metastasis such as central necrosis, early contrast
enhancement, irregular boundary and circular shapes, do
not have sufficient specificity in diagnosing metastases.
Thus, 2-[18F]-fluoro-2-deoxy-d-glucose (18F-FDG) positron
emission tomography (PET)/CT, which provides both
metabolic and anatomical information and simultaneously
evaluates local tumor and distant metastases, is required
for accurate staging (4).

In this study, it was aimed to investigate the contribution of
18F-FDG PET/CT imaging method as part of HNC staging to
clinical evaluation and treatment planning.

Materials and Methods

Patient Group

The study protocol was approved by the Ege University
Faculty of Medicine, Ethical Committee of Clinical and
Laboratory Research Department (Date 24 January 2014,
Protocol number: 14-1.1/2). The study was performed
in accordance with the ethical standards laid down by
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Declaration of Helsinki in 1964 and all its subsequent
revisions. The clinical records of 138 HNC cases who were
referred to the Department of Nuclear Medicine between
2 January 2012 and 1 November 2013 were examined. Our
study group consisted of 65 patients who has undergone
whole-body PET/CT imaging and whose follow-up data
were accessible. 18F-FDG PET/CT imaging was performed
for staging in 37 cases and re-staging in 28 cases. Forty-
nine (75.3%) patients were male and 16 (24.7%) were
female. Their mean age was 68+7.07 years (age interval:
18-89 years). Percentage distribution of the patients in the
case group according to primary tumor histopathology is
shown in Figure 1.

Patient Preparation and PET/CT Imaging

Before the PET/CT study, detailed clinical information of the
patients and informed consent were obtained. All patients
fasted for 6 hours. If the blood glucose level was under 200
mg/dL, 7-15 mCi (259-555 MBq) 18F-FDG was administered
intravenously. Patients then rested in a quite dark room just
prior to the exam. Approximately 45-90 minutes after the
injection, image acquisition was performed.

18F-FDG PET/CT imaging was performed by using the
Siemens Biograph 16 TruePoint PET/CT scanner (Siemens
Medical Solutions, Inc. USA) with a slice thickness of 5 mm.
PET/CT data were acquired from the vertex to the proximal
thighs in supine position with the arms raised over head,
and additional head and neck images were acquired with
the arms down. For attenuation correction and anatomic
correlation, CT data was obtained from the vertex to the
upper thighs (130 keV, 120 mA) with a rotation time of 0,6
sec and a slice thickness of 5 mm, 1 mm/sec bed speed.
Immediately after CT data acquisition, PET scanning was
performed in 2D mode with a scan duration of 1.8 min per
bed. PET data were reconstructed iteratively (matrix size
512x512) with ordered subsets expectation maximization
algorithm (3 iteration, 21 subset).

PET/CT data were examined on Syngo MM Workstation.
Images were evaluated qualitatively and quantitatively. Two
nuclear medicine specialists examined the PET/CT images
for qualitative evaluation. According to visual analysis,
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the reports were defined as ‘abnormal’ when 18F-FDG-
uptake was greater than background blood pool activities
or surrounding normal tissue. For quantitative analysis of
PET images, region of interest was drawn around the most
intense 18F-FDG uptake and maximum standard uptake
value (SUV a4 corrected for body weight) was calculated.

Data Analysis and Statistics

SPSS package program (Statistical Package for the Social
Sciences) version 18.0 (SPSS Inc., Chicago, lllionis, USA)
was used for statistical analysis. Mann-Whitney U test
was used for evaluation of differences in SUV,yay between
malignant and benign lesions, and McNemar test was used
in comparison of the results of conventional methods. P
value of <0.05 was considered as significant.

Results

The average SUVpa of primary lesions and metastatic
lymph nodes in study patients are shown in Table 1. The

Table 1. Correlation of maximum standard uptake value
and histopathologic results in the primary lesion area and
regional lymph node

Histopathology Primary p Hypermetabolic p
tumor value lymph node value
mean mean SUV, .
SUV hax

Malignant 16.2+8.5 15.7£12.1

Benign sea1 0013 47407 Qe

Total 15.6+8.5 11.6+10.4

SUV, .., Maximum standard uptake value

difference between the SUV 4 of malignant and benign
lesions that were confirmed histopathologically in the
primary tumor sites (p=0.013) and lymph nodes (p=0.003)
was found to be significant.

Among 65 patients whose clinical data were examined,
MRI was present in 29 cases, CT in 21 cases, and both CT
and MRIin 1 case in addition to 18F-FDG PET/CT.

Comparative Evaluation of 18F-FDG PET/CT and MRI
Findings

Within the group of patients with MRI (30 cases), 21 had
pathological findings in primary lesion localization with MRI
and PET/CT. Nineteen of these 21 patients were considered
as true positive while the remaining 2 patients were
accepted as false positive, according to their clinical follow-
ups. Five of the 30 patients were negative on both MRI and
PET/CT. According to histopathologic confirmation, two
patients were accepted as false negative, one of them had
spindle cell carcinoma on the floor of the mouth and the
other one had larynx squamous cell carcinoma (Figure 2).

Lesions were observed in the clinical evaluation of two
patients who had no pathological findings on MRI (false
negative), but an increased metabolic activity was observed
in the localization of the primary lesion on PET/CT (true
positive). For the other two patients who had pathological
findings on MRI and no hypermetabolic lesions on PET/
CT, MRI was accepted as false positive according to their
clinical follow-up.

In 5 of 14 cases, the pathological lymph node was not
defined on MRI or PET/CT as confirmed by histopathologic
biopsy (true negative in both examinations). In all the
remaining 9 cases with histopathologically proven

m adenoid cyctic cancer
W malignant epithelial tumors
B mucoepidermoid carcinoma
m spindle cell carcinoma

® adenocarcinoma

Figure 1. Percentage distribution of the case group according to tumor histopathology
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metastatic lymph nodes, hypermetabolic lymph nodes
were defined on PET/CT (9 real positives), and in 8 of these
patients pathological lymph nodes were demonstrated
with MRI (8 true positives) while in 1 patient MRI could not
detect the metastatic lymph node (1 false negative). PET/
CT did not cause any change in the treatment protocol or
in staging of this patient with a T3 tumor.

The sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) in evaluation of primary
lesions and metastatic lymph node with MRI and 18F-FDG
PET/CT are outlined in Table 2.

Comparative Evaluation of 18F-FDG PET/CT and CT
Findings

In the study group, 22 cases had a diagnostic neck CT.
In a case with laryngeal carcinoma, despite asymmetrical
thickening in the vocal cord, increased 18F-FDG uptake was
not observed on PET/CT (false negative). The pathologic
lesion was demonstrated in contrast-enhanced CT and then
the presence of a tumor was verified histopathologically
(true positive).

In another patient who had no local recurrence on PET/
CT and no malignant lesion in histological examination, a
pathologic finding was detected on contrast-enhanced CT
(false positive).

Table 2. Diagnostic competence of positron emission
tomography/computed tomography and magnetic
resonance imaging in the evaluation of primary tumor
and metastatic lymph node

Primary tumor Metastatic lymph

(n=30) node (n=14)

PET/CT MRI PET/CT MRI
Sensitivity 91.3% 82.6% 100% 88.8%
Specificity 71.4%  42.8% 100%  100%
PPV 91.3% 82.6% 100% 100%
NPV 71.4% 428% 100% 83.3%

MRI: Magnetic resonance imaging, PET/CT: Positron emission tomography/
computed tomography, PPV: Positive predictive value, NPV: Negative predictive value

Figure 2. Patient with larynx squamous cell carcinoma. No pathologic findings with 18F-FDG positron emission tomography/computed tomography,

left vocal cord histopathology report is compatible with carcinoma in situ
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Among the case group including 22 patients with
neck CT and PET/CT, a metastatic lymph node was not
observed on CT or PET/CT in 4 of 10 cases who had
pathological confirmation (true negative). In 6 cases with
metastatic lymph nodes on pathologic examination, PET/
CT defined a pathological hypermetabolic lymph node (6
true positives), whereas CT did not define a metastatic
lymph node in 3 of these 6 cases (3 true positives, 3 false
negatives).

In the patients with a PET/CT and a contrast-enhanced CT,
the results of sensitivity, specificity, PPV and NPV in primary
lesion evaluation and metastatic lymph node determination
are specified in Table 3.

Contribution of 18F-FDG PET/CT in Staging and Re-
staging of All Patients

PET/CT suggested the same disease stage with conventional
imaging methods in 27 of 37 cases. However, in five cases
who had suspicious findings with conventional methods,
PET/CT indicated stage 2 (T2ZNOMO) disease in 2 patients,
stage 4 (T4aNxMO, TxN2bMO) in 2 patients, and stage 3
(T3N1MO) in 1 patient, and it resulted in a change in staging
(Table 4). In 25 of 28 cases who had conventional imaging,
PET/CT imaging was obtained for re-staging purposes and
it did not cause any change in ‘tumor, node, metastasis’
(TNM) classification.

Table 3. Diagnostic competence of positron emission
tomography/computed tomography and contrast-
enhanced computed tomography in the evaluation of
primary lesion and metastatic lymph node

Primary tumor Metastatic lymph

(n=22) node (n=10)
PET/CT  CT PET/CT CT
Sensitivity 95.2% 85.7% 100% 50%
Specificity 100% - 100% 100%
PPV 100% 95.7% 100% 100%
NPV 50% = 100% 100%

PET/CT: Positron emission tomography/computed tomography, PPV: Positive
predictive value, NPV: Negative predictive value, CT: Computed tomography

Discussion

PET/CT plays a role in the treatment planning of HNCs
by leading to a change in TNM classification, in especially
locally advanced stage.

HNCs constitute 6% of all malignancies, and they are the
8th leading cause of cancer-related deaths (5). Correct
staging is vital in treatment planning of HNCs.

In terms of T staging, PET/CT may be insufficient in
determining tumor size, specifying the infiltration
boundaries and invasion of the surrounding tissue. The
presence of soft tissue, perineural and bone marrow
invasion can be evaluated with MRI with a higher accuracy
than PET/CT (6). However, recent studies have reported
that in 1/3 of patients more accurate results can be
obtained with PET/CT in terms of T staging (7). In our
study, for evaluation of primary lesion; in the case group
with MRI the sensitivity, specificity, PPV and NPV of PET/
CT were found higher as compared to MRI; and in the
case group with CT, the sensitivity and PPV of PET/CT were
found to be higher than CT. However, 18F-FDG PET may
not detect early-stage tumors with a small tumor volume,
superficial tumors with a depth of less than 4 mm, as well
as low stage tumors (such as carcinoma in situ) (8,9). In our
study group, pathologic 18F-FDG uptake was not observed
in tumors of two patients with larynx carcinoma (one with
carcinoma in situ) along with another patient with spindle
cell carcinoma of the oral cavity.

The presence of ipsilateral, contralateral or bilateral
metastatic lymph nodes reduce 5-year survival rate of HNCs
by about 50% (10). The presence of occult lymph node
metastasis in cases who have been staged as NO based
on scanning techniques is reported to be approximately
25-30%. That is why several authors recommend routine
neck dissection in each case (9). It is stated that in
identifying metastatic lymph nodes PET/CT is superior to
morphological scanning techniques with the advantage
of functional information (11,12) in spite of the partial
volume effect on the lymph nodes with millimetric sizes.
In our study, in 4 of 24 patients (16.6%) who had PET/CT,
CT, MRI imaging and histopathologically confirmed nodal
metastasis, the hyper-metabolic lymph node was observed
with PET/CT although there were no pathologic findings

Table 4. Tumor, node, metastasis staging with 18F-FDG positron emission tomography/computed tomography

Case  Primary tumor Indication Conventional imaging TNM with 18F-FDG PET/CT
no localization

12 Oral cavity Staging No pathologic findings T2NOMO (Stage 2)

31 Oral cavity Staging Irregularities on the contour of the tongue T2NOMO (Stage 2)

32 Oral cavity Staging No pathologic findings T3NTMO (Stage 3)

42 Hypopharynx Staging Thickening of the posterior wall in the post-cricoid region ~ T4aNxMO (Stage 4a)

47 Oral cavity Staging No buccal lesion, reactive lymph nodes TxN2bMO (Stage 4a)

18F-FDG: 2-['8F]-fluoro-2-deoxy-d-glucose, PET/CT: Positron emission tomography/computed tomography, TNM: Tumor, node, metastasis
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with conventional techniques. The false positive results
obtained with PET/CT are usually related to reactive lymph
nodes. Therefore, it is recommended that the lymph nodes
with increased 18F-FDG involvement should be evaluated
histopathologically (13). Schwartz et al. (14) reported
the sensitivity of PET/CT and CT in detection of nodal
metastasis as 96% and 78%, respectively. In our study,
the sensitivity of PET/CT, MRI and CT in the evaluation of
metastatic lymph nodes was calculated as 100%, 88.8%
and 50% respectively.

In our study, the TNM stage according to PET/CT and
conventional scanning techniques was the same in 27 of 37
patients. In five patients (13.5%), suspicious findings were
identified with conventional techniques and the accurate
result was obtained with PET/CT. In a prospective study by
Lonneux et al. (15), it was stated that PET/CT may cause
changes in treatment planning in 30% of patients with
advanced stage head and neck squamous cell carcinoma,
in 13% of patients with early stage disease, and in 13.7%
of the entire group. PET/CT offers several advantages in
planning of surgical treatment as compared to morphological
scanning techniques by identifying the resection boundary
of the primary lesion as well as the presence of lymph
node metastasis (16). In addition, evaluation of distant
metastasis with a single scanning technique and detection
of a secondary malignancy is possible with PET/CT. The
treatment options of surgery, systemic treatment and RT
can be evaluated based on PET/CT data with much higher
accuracy than conventional techniques and the risks
related to an unnecessary radical surgical procedure or to
inappropriate treatment can be avoided.

Conclusion

The results of this study indicate that PET/CT provides more
accurate staging of HNCs than conventional techniques,
and it plays a significant role in treatment planning. PET/CT
seems to produce similar results with conventional imaging
methods in restaging of head and neck malignancies, due
to the limited number of patients in the study group.

Ethics

Ethics Committee Approval: The study was approved
by Ege University Faculty of Medicine, Ethical Committee
on Clinical and Laboratory Research Department (Protocol
number: 14-1.1/2).

Informed Consent: Consent form was filled out by all
participants.
Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: O.0., Concept: O.0., Design:
0.0., FH., Data Collection or Processing: Y.C., Analysis
or Interpretation: 0.0., FH., Y.C,, Literature Search: Y.C,,
Writing: EH., Y.C.

24

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Saito N, Nadgir R, Nakahira M, Takahashi M, Uchino A, Kimura F; Truong
MT, Sakai O. Posttreatment CT and MR Imaging in Head and Neck Cancer:
What the Radiologist Needs to Know. Radiographics 2012;32:1261-1282.
Porter BA, Sheilds AF Olson DO. MRI of Bone Marrow Disorders.
Radiol Clin North Am 1986;24:269-289.

Brix G, Semmler W, Port R, Schad LR, Layer G, Lorenz W.J.
Pharmacokinetic parameters in CNS Gd-DTPA enhanced MR imaging.
J Comput Assist Tomogr 1991;15:621-628.

Senft A, de Bree R, Hoekstra OS, Kuik DJ, Golding RP Oyen WJ, Pruim J,
van den Hoogen FJ, Roodenburg JL, Leemans CR. Screening for Distant
Metastases in Head and Neck Cancer Patients by Chest CT or Whole Body
FDG-PET: A Prospective Multicenter Trial. Radiother Oncol 2008;87:221-229.
Wei  WI, Kwong DL Current Management Strategy of
Nasopharyngeal Carcinoma. Clin Exp Otorhinolaryngol 2010;3:1-12.
Wong WL, Chevretton EB, McGurk M, Hussain K, Davis J, Beaney
R, Baddeley H, Tierney B Maisey M. A prospective Study of PET-
FDG Imaging for the Assessment of Head and Neck Squamous Cell
Carcinoma. Clin Otolaryngol 1997;22:209-214.

Mathews A, Jayakar J R Rosenblat J. The role of FDG-PET and PET/
CT in the diagnosis and staging of head and neck cancer. UWOM)J
2011;80:29-31.

Hannah A, Scott AM, Tochon-Danguy H, Chan JG, Akhurst T,
Berlangieri S, Price D, Smith GJ, Schelleman T, McKay WJ, Sizeland A.
Evaluation of 18 F-fluorodeoxyglucose positron emission tomography
and computed tomography with histopathologic correlation in the
initial staging of head and neck cancer. Ann Surg 2002;236:208-217.
Ng SH, Chan SC, Yen TC, Chang JT, Liao CT, Ko SE, Liu FY, Chin SC,
Fan KH, Hsu CL. Staging of untreated nasopharyngeal carcinoma
with PET/CT: comparison with conventional imaging work-up. Eur J
Nucl Med Mol Imaging 2009;36:12-22.

Gordin A, Daitzchman M, Israel O. Hybrid Imaging of Head and Neck
Malignancies. In: Delbeke D, Israel O, editors. Hybrid PET/CT and
SPECT/CT Imaging. New York: Springer 2010;2:137-171.

. Gordin A, Golz A, Daitzchman M, Keidar Z, Bar-Shalom R, Kuten
A, lIsrael O. Fluorine-18 fluorodeoxyglucose positron emission
tomography/computed tomography imaging in patients with
carcinoma of the nasopharynx: diagnostic accuracy and impact on
clinical management. Int J Radiat Oncol Biol Phys 2007;68:370-376.
Teknos TN, Rosenthal EL, Lee D, Taylor R, Marn CS. Positron emission
tomography in the evaluation of stage Ill and IV head and neck
cancer. Head Neck 2001;23:1056-1060.

Subramaniam RM, Truong M, Peller B Sakai O, Mercier G.
Fluorodeoxyglucose-Positron-Emission Tomography Imaging of Head
and Neck Squamous Cell Cancer. Am J Neuroradiol 2010;31:598-604.
Schwartz DL, Ford E, Rajendran J, Yueh B, Coltrera MD, Virgin J, Anzai
Y, Haynor D, Lewellyn B, Mattes D, Meyer J, Phillips M, Leblanc M,
Kinahan P Krohn K, Eary J, Laramore GE. FDG-PET/CT imaging for
preradiotherapy staging of head-and-neck squamous cell carcinoma.
Int J Radiat Oncol Biol Phys 2005;61:129-136.

Lonneux M, Hamoir M, Reychler H, Maingon R, Duvillard C, Calais G,
Bridji B, Digue L, Toubeau M, Greqoire V. Positron emission tomography
with [18F]fluorodeoxyglucose improves staging and management in
patients with head and neck squamous cell carcinoma: a multicenter
prospective study. J Clin Oncol 2010;28:1190-1195.

Roh JL, Yeo NK, Kim JS, Lee JH, Cho KJ, Choi SH, Nam SY, Kim
SY. Utility of 2-{18F] fluoro-2-deoxy-d-glucose positron emission
tomography and positron emission tomography/ computed
tomography imaging in the preoperative staging of head and neck
squamous cell carcinoma. Oral Oncol 2007;43:887-893.



