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Abstract

The aim of this study is to have a solid basis for the effectiveness of the 18F-FDG-PET/CT imaging technique, which has
known advantages for patients with head and neck cancers during staging and restaging prior to treatment and to compare
this method with the corresponding clinical and radiological methods.

A total of 139 patients with squamous cell head and neck carcinoma underwent PET/CT imaging. A total of 146 PET/CT
imaging was performed in all patients. PET/CT imaging performed for staging and restaging in 36 and 103 patients,
respectively. At least one conventional imaging (Cl) as CT and/or MRI was performed for each one of the total patients.
PET/CT studies revealed 66 true positive, 72 true negative, 4 false positive and 4 false negative results whereas the same
values for Cl were 65, 64, 4 and 6, respectively.

When all studies were analyzed on the basis of lesion for PET/CT, specificity was 94.7%, and sensitivity being 94.2%,
where as corresponding values for conventional imaging methods were found 94.1% and 91.5% respectively. Recurrent
lesions have been detected with PET/CT and treatment management was changed in 29 of 139 patients.

FDG-PET/CT improves the diagnostic accuracy in head and neck cancer patients.
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1 Introduction and objective

PET is an imaging technique in which various biochemical and metabolical phenomenon is measured in vivo and
visualized tomographically, by using positron-emitting radionucleotids. PET imaging aims to determine the distribution of
radionucleotids within the body ™. The most important difference of PET imaging in comparison to some other
radiological methods lies in its being a functional imaging method. At functional imaging, it is possible to visualise tissue
perfussion, glucose metabolism and receptor activities, by using appropriate methods and imaging agents 1. Integrated
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PET/CT devices provide in a single examination both metabolic information by use of PET and anatomical information
using CT.

18F-FDG delivers high-resolution tomographic images that are easily reachable, rapid and sensitive. Therefore PET has
been proved to be a robust, strong imaging method in examining patients with various malignancies.

Compared to radiological imaging techniques such as ultrasonography, CT, MRI, PET as a molecular imaging technique,
allows recognition of anomalities in early stages and before structural modifications take place according to conventional
methods. PET is a non-invasive method allowing the whole body to be rapidly imaged. It does not get affected from
metallic implants, and can be applied to patients with immune system deficiencies.

The role of PET/CT imaging is still controversial in head and neck cancers. The role of PET/CT in primary staging is not
well established. According to National Comprehensive Cancer Network (NCCN) guidelines (version 1.2012), PET or
PET/CT is recommended for stage 111 (T3, NO, MO, or T1-3N1MO0) and stage 1V (T1-T4, NO-N3, M0-M1) cancer because
it may alter management by upstaging patients !,

We aimed to determine the effectiveness of the 18F-FDG PET/CT imaging technique for patients with head and neck
cancers at staging and re-staging as well as to compare this method with the corresponding clinical and radiological
methods.

2 Materials and methods

PET/CT examinations were retrospectively evaluated in a total of 139 patients (109 men, 30 female) with histopatho-
logically proven squamous cell carcinoma of head and neck who were undergone PET/CT imaging for initial staging and
restaging. All patients with blood sugar level < 140 mg/dl were fasted for 6 hours before mean 370 MBq (10 mCi)
18F-FDG intravenous injection. Talking wasn’t allowed during uptake phase to minimize the physiological muscle
involvement in patients with head and neck cancer. Patients were kept at rest in a silent room and voided just before
starting the acquisition to avoid urinary tract artifacts. Water is ingested before imaging to prevent saliva accumulation in
the mouth and osephagus. Neither intravenous nor oral contrast is used for the reason to avoid radioactivity accumulation
in the neck and oropharyngeal region. PET/CT scans were obtained 60 min. after injection using an integrated scanner
(Siemens Biograph-6 Model HIRES PET/CT) from the skull to the upper thigh. Whole-body CT was performed before
PET acquisition without intravenous contrast administration. PET acquisition was performed three minutes per 5-7 bed
position.

When interpreting SUVmax, SUVmean and size criteria on PET fusion images were graded as benign: 0, unknown/
suspicious: 1 and malignant: 2. Increased focal 18F-FDG uptake area corresponding to the abnormal CT is interpreted as
malignant lesion. Increased 18F-FDG uptake at the normal anatomical structures (bladder, ureter, kidney, brown adipose
tissue, etc.) was accepted as benign physiological uptake. The pathological findings on PET-CT images were confirmed
with clinical follow-up notes (biochemical parameters and clinical information) and histopathological results. Mean
duration of imaging for the 103 patients whom PET/CT has been applied for restaging after the treatment were 8 £ 3
weeks. At least one conventional imaging (Cl) as CT and/or MRI was performed for each one of the patients.

In the current study, histopathology and follow-up information after PET/CT served as the standard of reference. For final
assessment standards of references for lesions were based on biopsy, interval growth or reduction after chemotherapy.

Statistical analysis

e Data were analyzed using SPSS. Specificity, sensitivity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy were calculated with 95% confidence intervals and p values < .05 were interpreted as
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significant results. Resolution and specificity regarding PET/CT and Cl methods have been calculated separately
once for the tumor localisations and once for the whole study.

A false positive error, or in short false positive, commonly called a “false alarm”, is a result that indicates a given
condition has been fulfilled, when it actually has not been fulfilled.

A false negative error, or in short false negative, is where a test result indicates that a condition failed, while it
actually was successful, i.e., erroneously no effect has been assumed.

Sensitivity: True positive/(True positive + False negative). The probability of the test’s being positive when there
is sickness.

Specificity: True negative/(True negative + False positive). The probability of the test’s being negative when
there is no sickness.

The positive and negative predictive values (PPV and NPV respectively) are the proportions of positive and
negative results in statistics and diagnostic tests that are true positive and true negative results.

PPV TP/(TP +FP)
NPV (TN/TN + FN)

3 Results

A total of 139 patients (109 men, 30 female) with histopathologically proven squamous cell carcinoma of head and neck
were undergone PET/CT imaging for initial staging and restaging included in this study. The mean age of the patients has
been measured to be 57.3 (Range: 20-83 years). A total of 146 PET/CT imaging were performed in these patients. PET/CT
imaging were performed for staging and restaging in 36 and 103 patients, respectively. In these 139 patients, the primary
sites of cancer were as follows: 39 nasopharyngeal region, 25 oral cavity, 7 paranasal sinus, 52 laryngeal region, 1
mandibula, 1 hypopharyngeal region, 11 to be unidentified (see Table 1).

Table 1. Characteristics of patients with squamous cell head and neck carcinoma

Characteristic Value
Age 20-83
Mean of age 57.3
Larynx 52
Nasopharyngeal 39
Oral cavity 25
Paranasal Sinus 7
Primary diagnose unidentifiable 11
Others (Ear, Hypopharynx) 5

Out of 36 patients staged initially, 34 have been identified to have primary tumor FDG uptake, and the mean SUVmax
(maximum standardized uptake value) value thereof has been identified to be 9.5.

Head and neck cancer recurrence were detected in 29 of the patients and treatment evaluation and approach accordingly

held.
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PET/CT studies revealed 66 true positive, 72 true negative, 4 false positive and 4 false negative results whereas the same
values for Cl were 65, 64, 4 and 6, respectively (see Table 2 and 3). According to this study, considering the sampling of
146 cases, the PET/CT sensitivity, specificity and accuracy prove to be higher than those related to the CI.

Table 2. Study-based results

TP FN TN FP Sensitivity (%0) Spesificity (%)  Accuracy (%)
PET/CT 66 4 72 4 94.2 94.7 94.5
(o] 65 6 64 4 91.5 94.1 92.8

Table 3. Results according to primary lesion locations (Lesion-based)

Localisation TP FN TN FP
Laryngeal

PET/CT 27 0 26 0
(6] 25 2 22 3
Nasopharyngeal

PET/CT 18 2 20 0
(¢]] 16 1 20 2
Oral cavity

PET/CT 10 1 14 2
Cl 8 4 13 0

Paranasal Sinus
PET/CT 2 1 4 1
Cl 3 0 4 0

Primary unidentifiable

PET/CT 8 1 2 0
(¢]] 7 0 3 1
Others

PET/CT 4 1 2 0
Cl 3 1 1 0

Sensitivity, specificity, positive and negative predictive values based on primary diagnosis using PET/CT and Cl methods
in comparison are shown in Table 4.

In our study we figured out the sensitivity of PET/CT to be 90.9% and NPV to be 94.1% for oral cavity tumors.
Corresponding values for the CI techniques were 66.6% and 76.4% respectively. Regarding paranasal sinus tumors we
found that PET/CT sensitivity was 66.6% and NPV was 83.3%. Corresponding values for the Cl techniques were 100%
and 100% respectively.

For the larynx, nasopharynx, and unknown primary tumors, PET/CT sensitivity, specificity and PPV was higher than the
conventional views, but for unknown primary tumor group, PET/CT NPV was 66.6% whereas ClI, this value was
calculated as 100%.
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Table 4. PET/CT and Conventional Imaging methods in comparison based on primary diagnosis

Conventional Imaging PET/CT
Sensitivity % 925 100
Specificity % 88 100
Laryngeal
PPV % 89.2 100
NPV % 91.6 100
Sensitivity % 94.1 90
Specificity % 90.9 100
Nasopharyngeal
PPV % 88.8 90.9
NPV % 95.2 95
Sensitivity % 66.6 90.9
. Specificity % 100 100
Oral cavity
PPV % 100 100
NPV % 76.4 94.1
Sensitivity % 100 66.6
. Specificity % 100 100
Paranasal Sinus
PPV % 100 100
NPV % 100 83.3
Sensitivity % 100 88.8
] . o Specificity % 75 100
Primary unidentified
PPV % 87.5 100
NPV % 100 66.6
Sensitivity % 75 80
Others (Ear, Hypopharynx  Specificity % 100 100
) PPV % 100 100
NPV % 50 66.6

Out of 146 PET/CT restaging studies, 370 lesions have been identified. When all studies were to be analyzed on the basis
of lesion for PET/CT, specificity was 94.7%, and sensitivity being 94.2%, where as corresponding values for CI methods
were found 94.1% and 91.5% respectively. Recurrents have been detected with PET/CT and treatment management was
changed in 29 of 139 patients. Figure 1, 2 and 3 illustrate PET/CT findings of three cases.

Figure 1. A 63 years old patient with laryngeal
carcinoma. PET/CT images were performed for
restaging. PET/CT images illustrate bilateral lung
metastases (SUVmax 3.87), neck level 2a (SUVmax
7.59) and level 3 (SUVmax 5.38) metastasis.
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Figure 2. A 63 years old patient with nasopharyngeal
carcinoma with lung and neck metastases. PET/CT ',f:
images demonstrates mediastinal and neck (level 5a Zgi'
and 5b) metastases.

Figure 3. Initial staging of a 46 years old patient with paranasal sinus ca. FDG uptake can be seen in primary tumor and
metastatic lymphadenopathy (a). Paranasal sinus MRI image of the same patient illustrates the primary lesion (b).

4 Discussion

Most of the head and neck carcinoma patients are initially diagnosed with cervical lymph node metastasis or local-regional
advanced disease. The exact detection of cervical lymph node metastasis is very important for planning the margins of
surgery and radiotheraphy. Although the role of FDG-PET in the recurrent head and neck carcinoma is established, there is
no common concensus of the role at the initial staging. In the current study, out of 36 patients staged initially, 34 have been
identified to have primary tumor FDG uptake, and the mean SUVmax (maximum standardized uptake value) value thereof
has been identified to be 9.5. The sensitivity of FDG-PET was slightly superior than CI modalities at initial evaluation of
cervical lymph node metastasis. The comparison studies showed that the sensitivity and specificity rates are 87%-90% and
80%-93% for FDG-PET, and 61%-97% and 21%-100% for CT-MRI . In literature there are many propective and
retrospective studies comparing PET or PET/CT with Cl at both initial staging and restaging 2. CI modalities are still
the methods of choice for the evaluation of primary tumor in head and neck cancer patients. In a recent review article the
major advantages of PET/CT over other imaging methods were ability of small lymph node metastases in difficult
positions, detection of distant metastases and assessment of therapy response 3. In the current study sensitivity and
specificity rates were found to be 94.2% and 94.7% for FDG-PET/CT, and 91.5% and 94.1% for CT-MRI, respectively on
lesion based analysis. FDG-PET/CT may prevent unnecessary neck dissection in some patients by detecting some
important local regional metastasis. Additionally, PET-CT may also add information about advanced stage disease by
detecting distant metastases. But for excluding false positive results, biopsy is recommended for PET positive regions.
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When we compared PET-CT and CI modalities according to tumor localisation; the highest sensitivity (100%) and
specificity (100%) were found at larynx carcinomas, and the lowest were found at paranasal sinus carcinomas (66.6%) for
PET-CT. For CI techniques the highest specificity was 100% for paranasal carcinomas and unknown primary tumors,
highest specificity was 100% for larynx carcinoma; and lowest sensitivity was 75% for others category and lowest
sensitivity was 75% for unknown primary tumors. In paranasal carcinoma ClI is the current standard imaging method. In a
retrospective study including 21 patients with carcinoma in the sinus/nasal area and orbit by Wild D et al. ?*!, the authors
concluded that PET/CT adds clinically important information to CT or MRI, thus, influencing treatment. PET/CT was
found useful for restaging but not for staging. According to our results it might be concluded that, PET-CT has higher
sensitivity and specificity for laryngeal carcinomas, than Cl modalities. In the other hand because of the limited number of
patients with especially paranasal carcinoma and unknown primary, it would not be correct to conclude that CI modalities
are more superior to PET/CT.

It has been reported that PET-CT has superior sensitivity and specificity for lymphatic node staging before RT . FDG
uptake was correlated with bad prognosis and higher recurrence rates °.

Sensitivity and specificity (86% and 73%) of FDG-PET was found higher than CT and/or MRI for the detection of residual
or recurrent head and neck tumors after radiotherapy and/or chemotherapy %!, The rate of false positive at forth month
PET studies are less than the first month studies’s performed after RT. Although there is no common concensus, it might
be thought that the most appropriate time for treatment evaluation is 3-4 months after RT. When FDG-PET is compared
with histopathological results for showing the residual tumor, one of the most important parameters was time interval
between surgery and scan. As maximum effect of radiotherapy is seen at 3-4 months after therapy, higher sensitivity and
negative predictive values are the time interval between PET and surgery must be kept as long as possible. Yao et al. found
that FDG-PET has 100% sensitivity and 80% specificity for detection residual tumor at 15 patients with residual
lymphadenopathy 3-4 months after therapy ). Negative predictive value was found 97%, positive predictive value was
found 71% on another study that look for residual disease 8-12 weeks after chemoradiotherapy at 39 patients. PET study
performed 3-4 months after therapy gives the patient a chance to be followed-up by high negative predictive value without
any invasive procedure. As PET has relatively low positive predictive value, patients with positive results, must be
histopatologically verified before performing any change at therapy regimen . In the current study, the time interval
between therapy (surgery, radiotherapy and chemotherapy) and PET-CT was 8 + 3 weeks in 103 patients.

Negative predictive value was found between 66.6% and 100%, when initial staging and re-staging patients were
evaluated together. Highest NPV was 100% for larynx carcinoma patients and 66.6% for unknown primary origin and
other tumors group when we evaluate tumor according to the origin site. NPV for CI modalities was 100% for unknown
primary and paranasal sinus tumors, and 50% for others groups. CI modalities such as CT and MRI might cause false
negative and positive results. In a systematic metaanalysis where PET and CT or MRI were compared, the sensitivity of
FDG-PET was found 73%-100%, whereas CT and MRI were 25%-100%, and specificity were 57%-100% and 33%-100%
respectively ™. In a prospective study, the sensitivity of FDG-PET and CT-MRI were found 96% and 73%, where
specificity were 61% and 50%, respectively .

Adding FDG-PET to CI modalities is very beneficial at diagnosis of head and neck carcinoma patients. In the current study
recurrence is detected at 29 patients, and change of therapy has been performed.

In the current study the small number of patients at different sites of head and neck tumors is one of the limitations. The
other limitation was not to exclude nasopharyngeal cancer patients which has different clinical behavior. FDG-PET should
be used for detection of primary tumor on patients with cervical lymph node metastasis whose primary tumor is not
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detected with diagnostic difficulties. FDG-PET should be used for evaluation of therapy response, where clinical
evaluation is not efficient or suspicious.

5 Conclusion

The results of this retrospective study suggest that FDG-PET/CT improves the diagnostic accuracy in head and neck
cancer patients and PET/CT is a useful adjunct to conventional imaging methods. It has the potential to improve the
management of patients with head and neck cancer. Prospective studies that figure out concretely, using various
algorithms, the effective usage of PET/CT on head and neck tumors (cancer) are believed to be needed. In the near future
hybrid PET-MRI devices might be the first choice of use in the head and neck carcinoma, as they give optimum anatomical
details.
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