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Abstract The addition of whole body positron emission
tomography (PET) to the investigation of patients with
newly diagnosed head and neck squamous cell carci-
noma (HNSCC) was assessed over a 6-month period.
Staging investigations included laryngoscopy, oesopha-
goscopy, CXR, CT and MRI. In addition, all patients
had an extended-field (whole body) FDG-PET scan and
were restaged. Standardised Uptake Values (SUV) were
used to measure FDG uptake. SUV levels above 5 were
considered indicative of the presence of tumour, values
below 3 indicative of benign aetiology and values equal
to and between 3 and 5 were considered equivocal.
Forty-eight consecutive patients with biopsy proven
HNSCC were included for study. Three patients
presenting with neck disease had unknown primary tu-
mours. Of the remaining 45 patients, CT scan correctly
identified 40 of the primary tumours (89%). MRI and
PET both identified 41 primary tumours (91%). Thirty-
two patients underwent neck dissection. Of these
patients 12 had pathologically N0 necks and 20 had
positive nodal disease. CT scan and MRI each correctly
staged pN0 necks in 10 of 12 patients (83%) whereas
PET alone had a lower true negative rate of 8 out of 12
patients (67%). PET correctly staged the N+ necks in
14/20 patients (70%) versus 12/20 (60%) for MRI, and
8/20 (40%) for CT alone. All four patients who were
judged to have distant metastases by PET had these
metastases deemed negative by other investigation.
None of the three imaging modalities was able to iden-
tify the tumour site in the three patients with unknown

primaries. In conclusion, although PET has got a higher
sensitivity in detecting nodal disease, it has only slightly
improved the classification of N+ necks. The findings of
this study cast doubt on the merit of routine addition of
PET to the current investigative protocols for HNSCC
patients.
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Introduction

Accurate staging of patients with head and neck cancers
is essential for selecting appropriate therapy and giving
accurate estimates of prognosis. Clinical examination,
computed tomography (CT), and magnetic resonance
imaging (MRI) have been the standard methods for
assessment of this patient group but these techniques are
limited in their diagnostic accuracy. There is growing
evidence that PET imaging is a valuable additional tool
in the evaluation of patients with head and neck carci-
nomas [7, 13, 17]. PET uses the radionuclide glucose
analog fluorine –18 fluorodeoxyglucose (FDG) to detect
tumours by assessment of the increased glucose metab-
olism of cancer cells compared with normal tissue. PET
scanning reportedly improves detection of occult cervi-
cal lymphatic disease, distant metastasis and assist in the
localisation of unknown primary carcinomas of the head
and neck region [7, 13, 17]. To measure the uptake of
FDG by malignant tissue, Standardised Uptake Value
(SUV) has been widely used to differentiate the malig-
nant from non malignant tissue [17, 18]. High values are
expressed in many malignant tumour. Although useful,
SUV in malignant and non malignant tissues overlap
and provide only semiquantative analysis [27]. More-
over, there is no evidence from the published literature
of an objective level or cut-off SUV to differentiate the
malignant from non-malignant tissues.

The objective of this prospective study was to assess
the impact of the addition of whole body PET scanning
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to our standard investigation protocol for new patients
presenting with head and neck squamous cell carcinoma
(HNSCC). Specifically the differences in classification
for each of the tumour, node and metastasis categories
were compared. In addition, the impact of PET scanning
on patient management was assessed and recommen-
dations for SUV diagnostic threshold to improve accu-
racy are described.

Materials and methods

Consecutive newly diagnosed patients with HNSCC at
St James’s head and neck cancer unit from July 2003 to
December 2003 were included in this prospective study.
Patients with previous diagnosis or treatment of
HNSCC were excluded. After endoscopic evaluation
and histological-confirmed diagnosis, a standard pre-
therapeutic investigation was used on all patients. This
included chest radiographs and serum liver enzyme as-
say. The UICC manual of staging of cancer was used for
classification and staging [24]. All patients had CT scan
of the head and neck, thorax and upper abdomen and
MRI of the head and neck region. CT scans were per-
formed with a multislice scanner (Somatom Sensation
16; Siemens, Germany) with a 90 ml intravenous con-
trast injected at the rate of 3.5 ml/s. Axial and coronal
slices were made with a slice thickness of 5 mm. MRI
scans were obtained with a 1.5 T magnet (Magnetom
Symphony; Siemens, Germany). T1 and T2-weighted
images in the axial and coronal planes were obtained in
5 mm slices. Ten ml of gadolinium was injected intra-
venously as a contrast. CT and MRI criteria for positive
nodal metastasis include nodes equal to or more than
10 mm in size with central lucency and indistinct irreg-
ular margins [17, 18].All patients had extended-field
(whole body) FDG-PET study performed prior to
therapy. PET imaging was performed with a full multi
ring PET scanner (General Electric� ADVANCE
GEMS, Milwaukee, USA). FDG was administered to
fasting patients at a weight-dependent dose of between
370 and 410 MBq. Patients were instructed to avoid
exercise and minimise voice use for 60 min post FDG
injection. Scanning began 1 h after FDG administration
and included the area from mid-thigh to crown of skull.
All images were processed using iterative reconstruction
and transmission attenuation correction and displayed
in three orthogonal planes (transaxial, coronal, and
sagittal) and in cinematic three-dimensional (MIP) dis-
play. One nuclear medicine physician (GD) evaluated all
the FDG-PET images.

In those patients having primary surgery, following
enbloc resection of the surgical specimen, the tissue was
pinned in a fresh state on a corkboard, labelled and sent
fresh for histopathological analysis. In the pathology
department, all nodes were dissected, sliced at 3 mm
intervals, sampled, stained and documented. The pri-
mary specimen, together with the associated neck dis-
section specimen was dissected in a fresh state to

facilitate nodal identification. The number of nodes and
presence or absence of metastasis was recorded for each
site of the neck dissection, to allow correlation with
imaging investigation. The results of CT, MRI and PET
were compared with the final histopathological findings.

Region of interests (tumours or lymph nodes) were
identified on the images and subjectively characterized in
relation to normal anatomy and the uptake of FDG in
surrounding tissues. FDG uptake was expressed as the
standardized uptake value (SUV), using the formula:

SUV ¼ Tissue radioactivity ½Bq=g�
Injected dose ½Bq�=patient weight½g�ð Þ :

The PET criteria for positivity were high SUV levels or
intense radioactivity in areas normally exhibiting low or
no activity. From literature review, empirical SUV levels
indicative of benign or malignant disease have been
established and used within this establishment. Areas of
maximum SUV values below 3 are considered to be of
benign aetiology whilst levels above 5 are more likely to
be indicative of malignancy. Levels equal to, and be-
tween 3 and 5 are considered equivocal. This study looks
at validity of these maximum SUV bands as indicators
of malignant disease.

The diagnostic accuracy of PET was compared with
that of CT and MRI. Tumour, node and metastasis
classification were compared individually and the overall
effect of PET on staging and treatment selection was
studied. Patients were followed for evidence of recurrent
disease for a minimum of 9 months.

Statistical analysis including sensitivity, specificity,
positive and negative predictive values was performed
using the SAS/TRAS 6 software (SAS Institute, Cary,
NC, USA).

Results

Forty-eight consecutive patients were included for study.
There were 42 men and 6 women. The mean age was
56 years (range 32–80 years). Forty-five patients had
histological confirmation of their primary HNSCC while
three patients had cervical metastatic SCC of unknown
primary. Of the 48 patients, 33 were treated by com-
bined surgery and post-operative radiotherapy, three by
surgery alone and 12 patients by primary chemo-radia-
tion. Tumour details before the addition of PET are
shown in Table 1.

CT scan correctly identified 40 of 45 primary tumours
(89%). MRI and PET each identified 41 out of 45 pri-
mary tumours (91%).

Thirty-two patients underwent neck dissection. 17
had bilateral neck dissections. Twelve of these 32 pa-
tients had pathologically negative neck nodes (pN0) and
20/32 (63%) patients had pathologically positive neck
nodes (pN+). Of the 20 patients with histologically
proven cervical nodal disease, CT correctly classified 8
of 20 (40%) patients. MRI correctly classified 11 pa-
tients (55%). PET, however, correctly classified cervical
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nodal disease in 14 patients (70%). Table 2 shows CT,
MRI and PET classification results of cervical nodal
metastasis together with sensitivity, positive predictive
values and accuracy of nodal classification for the three
diagnostic modalities.

CT and MRI were equal in correctly staging pN0
necks in 10 of 12 patients (83%), while PET correctly
staged 9 of 12 patients (75%) with node negative disease.

Nodal positivity status before and after the addition
of PET scan was also studied. The classification of nodal
metastasis was changed in eight patients (Table 3). The
correlation with histological examination and the impact
on management are also shown in Table 3.

Three patients with cervical metastatic disease had
unknown primary tumours. All three imaging modalities
failed to detect a primary tumour in any of these cases.

In four of the 48 patients (8%) areas of increased
FDG uptake consistent with distant thoracic metastasis
were identified. All four patients eventually had these
areas deemed negative for distant metastasis following
further investigations including bronchoscopic and
fluoroscopically guided biopsy together with serial tho-
racic CT. Clinical follow up for more than 18 months of

these patients confirm that they are without evidence of
thoracic metastatic disease. The findings in these cases
and comparison with CT scans are summarized in Ta-
ble 4.

FDG uptake by avid tissues and lymph nodes was
attributed a semiquantative value calculated by the SUV
formula in the methods section. The maximum SUV in
the primary tumours identified by PET (41 tumours)
ranged from 5.6 to 30, with a mean value 14.4 (Fig. 1).

Table 5 shows the sensitivity and specificity of four
selected maximum SUV thresholds for nodal metastasis.

The confirmed discriminatory power of the selected
maximum SUV thresholds (<3–5; >5) was evaluated in
the nodal metastasis group using a receiver operating
characteristics (ROC) plot demonstrated in Fig. 2 [4].

Discussion

Positron emission tomography (PET), a relatively new
imaging modality, has been shown to improve the clin-
ical staging of head and neck cancers [7, 13, 17]. The use
of whole-body PET imaging readily permits evaluation
of the entire body for metastatic disease in contrast to
conventional CT and MRI locoregional scan protocols.
In the present study, PET was prospectively incorpo-
rated into patients’ clinical staging pathway for patients
with HNSCC.

PET was able to detect and localise primary tumours
in 41 out of 45 evaluated patients. The four primaries
that PET failed to identify were early stage tumours: two
were T1glottic, one was T1 supraglottis and one was T2
pyriform fossa. CT and MRI similarly failed to detect

Table 1 Study cohort characteristics before addition of PET

Characteristic No.of Patients (%)

Site
Oral cavity 17 (38)
Larynx 13 (29)
Oropharynx 4 (9)
Hypopharynx 6 (13)
Paranasal sinuses 3 (7)
Ear (skin) 2 (4)
T Classification
T0 3 (6)
T1 2 (4)
T2 21 (44)
T3 10 (21)
T4 12(25)
N Classification
N0 20 (42)
N1 6 (12)
N2 19(40)
N3 3 (6)
Stage (UICC 2002)
I 2 (4)
II 8 (17)
III 12 (25)
IV 26 (54)

Table 2 Classification results of nodal metastases by CT, MRI and
PET

Correctly
classified

Sensitivity
(%)

PPV
(%)

Accuracy
(%)

N+ N0

CT 8 10 42 88 40
MRI 11 10 55 100 55
PET 14 9 73 93 70

N=32; N+=20 patients; N0=12; PPV positive productive value

Table 4 Summary of findings of FDG-PET and CT scan of areas
with apparent distant metastasis

Primary
tumour

Stage Lesions
on PET

CT
finding

Final
judgement

Hypopharynx T3N2 Left lung Negative False positive
Tongue T3N2c Right humerus Negative False positive
Tongue T4N2c Right lung Negative False positive
Supraglottis T2N2b Right lung/

mediastinum
Positive False positive

Table 3 Impact of addition of PET on nodal metastasis

Site Classification
pre-PET

Classification
post-PET

Change
treatment

Correlation
with
histology

1 Tongue T3N0 T3N2B Yes T3N2B
2 Oropharynx T4N2B T4N2C No T4N2C
3 Tongue T4N2C T4N1 No T4N2C
4 Tongue T2N0 T2N1 No T2N1
5 Pyriform

fossa
T3N1 T3N0 No T3N2B

6 Tongue T2N0 T2N2B Yes T2N2B
7 Oropharynx T3N1 T3N2B No T3N2A
8 Tongue T3N0 T3N2C Yes T3N0

n=32, N+ =20, N0=12
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the first three of these tumours but did detect the T2
pyriform fossa SCC. The sensitivity of PET and MRI
each was 91% (41/45) and for CT scanning was 89%
(40/45). Thus PET was no better than CT or MRI in
detecting primary tumours in the current study.

Accurate establishment of locoregional lymph node
disease status is a major determinant of treatment
selection and prognosis in HNSCC [12]. The incorrect
neck nodal staging by PET in 6 of 20 pN+ patients
(Table 2) comprised five understaging events and a sin-
gle neck status overstage. Of the five patients errone-
ously understaged by PET, two were staged as node
negative, and in the other three, PET failed to detect
contralateral lymph node metastases. This later, false
negative result of PET may be attributable to the small
volume and intrinsic low glycolytic activity of metastatic
tissue within cervical nodes, both essential for visualising
FDG uptake [8]. CT scan correctly staged only eight
patients and MRI 11 of the 20 pN+ patients. All
remaining patients were erroneously understaged. This
limitation of CT and MRI scanning in detecting meta-
static lymph nodes could be attributed to the restricted
criteria of positivity already described above in the
method section. This was demonstrated clearly in 3 cases
(see Table 3). In case 1 both CT and MRI scanning
failed to detect any enlarged lymph nodes in the neck,
however, PET showed two ipsilateral hot nodes at level
II with SUV above 5. Histology showed two positive
lymph nodes at level II out of 59 nodes in neck dissec-

tion specimen. In case 4 (Table 3) CT scan showed four
separate lymph nodes ranging in size from 3 to 6 mm.
The radiologist could not call them metastases as they
are sub centimetre and they were also not filling other
criteria for positivity on CT scan. In contrast PET
showed the presence of a hot node at level III, this was
confirmed positive by pathological examination. In case
6 (Table 3) the CT scan showed only bilateral submental
and submandibular lymph nodes (level I) less than one
centimetre and they were not filling the other criteria for
positivity. PET Showed two enlarged ipsilateral cervical
lymph nodes at level IV in the neck with high SUV. The
histology confirmed the positivity of these lymph nodes,
however, the nodes in level I which were suspicious on
CT were negative by pathological examination.

The current study showed that PET was more sensi-
tive (73%) than CT (42%) or MRI scans (55%) alone in
detection of involved lymph nodes (Table 2). These re-
sults are comparable with previous reports. Bailet et al.
studied eight neck dissection specimens and found sen-
sitivity for PET of 71%, while MRI and CT each had
lower sensitivities of 58% [6]. Jabour et al. [11] claimed
an almost identical sensitivity of 74% in respect of nodal
positivity detection by PET in 12 patients with oral SCC.
In a group of 22 patients with HNSCC, Laubendacher
et al. reported a sensitivity of 89% for PET compared
with 72% for MRI [17].

Of the 12 patients in the current study with pN0
necks, PET correctly staged 9, whilst both CT and MRI
correctly staged 10 patients each (Table 2). Three of the
12 pN0 patients were incorrectly deemed N + by PET.
Therefore, PET was less accurate than either CT or MRI
for classification of N0 necks. PET has been shown to be
susceptible to false positive results [23]. Foci of FDG
uptake within non tumour such as inflammatory tissue
and abscesses limit the value of FDG tracer in accurate
detection of tumour tissue [8]. Stoeckli et al. [25] studied
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Fig. 1 SUV levels of primary tumours (n=41)

Table 5 SUV thresholds’ sensitivity and specificity for nodal SCC

SUV Sensitivity (%) Specificity (%)

2.9 100 20
3.2 97 40
5 66.7 100
10 40 100

ROC Curve 
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Fig. 2 Receiver operating characteristic (ROC) plot of SUV of
affected lymph nodes
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12 patients with oral and oropharyngeal SCC and no
clinical or radiological evidence of lymph node metas-
tasis. In their studies, all patients had PET studies per-
formed 24 h before surgery and sentinel lymph node
(SLN) biopsy performed intraoperatively. The authors
reported a disappointing sensitivity of 25% for PET and
a specificity of 88%. PET was thus ascribed no primary
role in the staging of N0 necks. However, Braams et al.
[8] reported a sensitivity of 100% for PET in a study that
similarly included 12 patients with SCC of oral cavity
and clinically N0 necks. This higher sensitivity rate
purports to claim an important role for PET in detection
and staging accuracy of occult nodal disease.

To study the impact of PET on nodal classification,
we reviewed nodal metastasis pre and post addition of
PET (Table 3). Eight patients (25%) had different nodal
classification after PET imaging seven from the pN+
group and one from the pN0 group. Six were upstaged
and two down staged. Three patients (9%) out of these
eight patients had their surgical treatment changed; two
from the pN+ group and one from the pN0 group. In
case 1 (Table 3) a T3 tongue, both CT and MRI failed to
show any nodal metastasis (N0), however, PET showed
ipsilateral nodal metastases (N2B).

Therefore the intended treatment plan of unilateral
selective neck dissection was changed and the patient
had a modified radical neck dissection on the tumour
side and selective neck dissection on the other side. The
PET findings correlated with the final pathological
staging. In the second patient (case 6 in Table 3) a T2
tongue, there was no nodal metastasis shown on either
CT or MRI (N0). However PET scanning showed ipsi-
lateral cervical disease (N2B). Therefore the treatment
plan was altered from unilateral selective neck dissection
to unilateral modified radical neck dissection. This also
correlated pathological classification. In the third case of
the pN0 group (case 8) PET showed bilateral nodal
metastasis .Subsequently the intended plan of bilateral
selective neck dissection was changed to bilateral mod-
ified radical neck dissection. Histopathological exami-
nation of the specimens showed no nodal disease on
either side.

It has been reported that ultrasound (US) is compa-
rable to CT scan in identification of metastatic cervical
lymph nodes [2, 20]. The method is widely available, well
tolerated by patients and economical. There is no need
for contrast medium and there is no exposure to radia-
tion. However, no standardized permanent documenta-
tion is obtained with US, so that the accuracy fully
depends on the examiner [28]. Furthermore, US can not
depict or stage most primary tumours, often necessitat-
ing the use of CT or MR anyway. Retropharyngeal
nodes can also not be detected with US.

Because of these limitations of US, a combination of
US with fine needle aspiration cytology (FNAC) is
considered the most accurate technique for detecting or
excluding the presence of nodal metastasis preopera-
tively [5,28]. However, micrometastasis can be missed,
material aspirated could be not sufficient for diagnosis

and aspiration can be obtained from a wrong node [28].
Therefore, there might be considerable false negative
results with this method. Consequently it remains a
difficult decision not to treat a patient in whom there is a
suspicious palpable lymph node with a benign cytolog-
ical finding.

In our clinical practice US is not routinely used for
the investigation of cervical nodal metastasis. It is labour
intensive and the patient is sure to have CT scan anyway
which is readily available and can view both primary
tumour and the nodal metastasis. In our institute US-
guided FNAC is predominantly used as a problem-
solving tool. In a situation where cervical lymph nodes
are deep and not accessible and the patient has unknown
primary or there is a suspicion of recurrent deep meta-
static lymph node then US-guided FNAC can be very
helpful.

Positron emission tomography appeared to detect
distant metastases in four of the current study patients
(Table 4). These were eventually diagnosed as non
malignant (false positives). CT scanning was truly neg-
ative in three patients and therefore CT, in this study,
was more useful than PET in evaluating apparent dis-
tant pulmonary metastases. Keyes et al. [14], reported on
nine patients with areas of increased intrathoracic FDG
uptake. Six of these were false-positive (67%). Of the
three confirmed true positive lesions, two had been de-
tected by conventional imaging. In one case the PET
study detected a significant lesion not found by routine
evaluation, resulting in a reported 2% case finding yield.
The report concluded that there appeared to be no
compelling evidence to include the entire chest region in
the PET scan volume during the evaluation of head and
neck cancers. Wax et al. [29], reporting on 54 patients
with previously untreated SCC of the upper aero
digestive tract described positive lung findings on PET in
10 patients. The authors determined lower accuracy and
positive predictive values for PET than CT scan, but
higher sensitivity.

The methodology of SUV determination suffers from
known quantitative inaccuracies [27]. Subjection to sta-
tistical scrutiny of SUV as a diagnostic tool and prog-
nostic indicator in HNSCC has only recently been
reported [3, 21].

All the maximum SUV values of primary tumours
detected by PET in this study were above 5.6 (Fig 1).
The absence of false positive PET findings in primary
tumours rendered statistical analysis on the sensitivity
and specificity of SUV thresholds unsatisfactory.

Thirty two patients underwent neck dissections; 17
were bilateral, yielding 49 neck sides for analysis. If the
value of 2.9 (the lowest recorded maximum SUV for true
nodal metastases) is chosen as the threshold level max-
imum SUV indicating test positivity, PET would have a
sensitivity of 100% but only 20% specificity. The cross-
directional influence of SUV alterations on sensitivity
and specificity is evident from results in Table 5. Raising
the maximum SUV threshold for malignancy detection
to 3.2 reduces the sensitivity to 97% and increases the
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specificity to 40%. For this study, this improvement in
specificity and slight reduction in sensitivity appears to
make ‡3.2 maximum SUV thresholds a reasonable
indicator of PET test nodal positivity for tumour. From
these results (Table 5), it would appear that our previ-
ously selected SUV bands of(1) <3=unlikely tumour,
(2) 3–5=equivocal for tumour and (3) >5=tumour
positive, appear validated for the detection of malignant
nodal disease. SUV results in the cervical region between
3 and 5 are equivocal and must be further investigated
with the ongoing suspicion of underlying malignancy.

The addition of PET to established conventional
clinical and radiological investigative protocols for cer-
vical metastatic SCC of unknown primary remains the
subject of considerable debate [13, 19]. Three patients in
this study who had SCC primary tumours metastatic to
the neck went undetected by CT, MRI and PET. Men-
denhall et al. [19] evaluated radiological modalities in
the detection of primary tumour sites in 130 patients
with SCC metastatic to cervical lymph nodes. PET
identified a small subset of primary lesions that were not
apparent on standard clinical examination and/or
radiological evaluation with CT and/or MRI. They re-
ported the PET to be of very modest value which did not
warrant inclusion in routine diagnostic workup of pa-
tients with cervical metastatic SCC of unknown primary.
The study by Fogarty et al. consisting of 21 patients
claimed PET added little to occult primary detection
[10]. PET detected a potential primary site in eight pa-
tients. However, only one of those eight primary sites
was pathologically confirmed. Evidence supporting in-
creased PET usage is provided by Stokkel et al. [26],
with a 50% success rate in unknown primary detection.
Similarly, Aasar et al. [1], in their series of 15 patients
with unknown primaries reported a 70% positive biopsy
rate from targeted FDG weighted tissues. Theories as to
why unknown primaries and not their nodal metastases
may elude PET detection include insufficient primary
tumour versus background FGD uptake; intrinsic dif-
ferences in primary- versus nodal-tumour metabolism;
previous primary treatment or surgical removal and
spontaneous primary involution or regression [15].

Combined PET/CT scanners have become commer-
cially available in the past few years. It fuses the ana-
tomic data of CT with functional data of PET. The
fusion of FDG-PET with CT scan has been shown to be
more accurate than PET or CT alone for the detection of
malignancy in head and neck [9, 16, 22]. Unfortunately
there was no PET/CT machine available in our depart-
ment at the time we did this study. However, CT scan
films were available for the radiologist when he reported
on PET scanning.

Conclusion

Although the number of patients in this study is rela-
tively small, this study demonstrates PET to be com-
parable to current conventional imaging modalities in

detecting primary tumours. The high rate of false posi-
tive (upstaging) results of PET in nodal metastasis
highlights the higher sensitivity of PET in detecting
nodal disease. However, PET has only slightly improved
the classification of N+necks. At present, PET has no
considerable role to play in N0 neck imaging protocols.
This study shows PET to be less sensitive than both CT
and MRI in detecting occult nodal disease. PET proved
to be disappointingly similar to CT and MRI in an at-
tempted identification of a small number of unknown
primaries. PET was not reliable in detecting distant
metastasis, as the rate of false positive findings was high.
However, interpretation of results is limited by the small
number of study patients with distant metastases.

These findings cast doubt on the merit of the routine
addition of PET to the current investigative radiology
protocols for presenting HNSCC patients.

Maximum SUV currently appears to be a reasonable
index of malignancy in HNSCC primary and metastatic
tumour. This study established a lower maximum SUV
threshold of 3.2 for nodal tumour in a series of 41 neck
side dissections. The authors recommend that maximum
SUV equal to and between 3 and 5 are equivocal and
should be interpreted with caution. Values below 3 are
unlikely to represent tumour and those above 5 are most
likely indicative of tumour activity.
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