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Abstract

The main indications for FDG-PET in head and neck tumors (HNT) are the primary staging of high-risk patients (3pT2) with an
empbhasis on the evaluation of lymph node involvement and presence or absence of organ metastases, an assessment of
suspected recurrence, the evaluation of local or distant metastases and the search for primary tumors in CUP-syndrome. The
data of this study as well as previous investigations indicate FDG-PET as a valuable diagnostic tool in the assessment and
therapy management of head and neck tumors. FDG-PET exerts a reproducible high sensitivity and accuracy under clinical
routine conditions within an appropriate selected patient cohort. Qualitative image assessment employing reference organs
seems to be sufficient for reliable interpretation of FDG-positive lesions. Due to the high glucose utilization of HNT it is possible
to delimit even small processes of >5-7 mm, although micrometastases <5-7 mm could not be detected.

INTRODUCTION

The application of computerized tomographic examination
methods is a non-invasive method for surveying the whole
body, and allows the exact localization of specific sites of
the body. Oral or parenteral applied radioactive substances
distribute into the organism corresponding to their
physicochemical properties. In case of functional
disturbances, metabolic disorders, defective parenchyma and
other pathological aberrations deviation from normal
concentration distribution can be seen.

For clinical application of Positron Emission Tomography
(PET) in most cases radioactive nuclides are produced in
nuclear centers near to the applying institutions. Charges are
a limiting factor for a PET center including a cyclotron,
because they are much higher than for a PET hospital which
receives their radionuclides from a nearby PET center or a
clinical research center.

Number, size, density and resolution of the detectors
determine image reconstruction. Very often block detectors
are bound into a ring system and switched together so to
demonstrate the investigated structures in one or more
planigraphic planes. Superior measurements show local
spatial resolutions of <2 mm every second. BGO cristals
needed for the detection of photons are now of constant
quality. For maximum demand BaF, cristals are used.

Reproduceability of the examination depends on technical
standards as well as on specific factors of the examined
patient so as physical status, actual metabolism including
blood sugar profile and environmental influences.

For the labelling of biomolecules and pharmaceutics the
isotopes 11C, 13N und 150 are applied, as they do not
change their physicochemical characteristics in organisms.
They can be manufactured with a low energetic particle
accelerator, but because of their short radioactive half-life,
production has to be done close to application. 18F is of
clinical importance, too, as it can substitute hydrogen and
hydroxyle groups, and because of its extended half-life it can
be applied also in satellite centers. Application of “FDG is a
standard method for metabolic investigations.

In oncology priority is given to early diagnosis. Limiting
factors are the charges and the number of PET centers, but
the applications for FDG-PET imaging are rapidly growing
and accepted in the field of oncology (;s). For the diagnosis
of skeletal metastases ' F-fluoride is used. '* F-FDG is a
valuable supplemented tool for routine check-up in high-risk
patients for detecting various malignancies (5,).

Until now PET studies described tumor perfusion,
determination of synthesis ratio and aggressivity via
investigation of the tumor metabolism, therapeutical
planning, recidive diagnosis and documentation of
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postoperative scars. Determination of the locally changed
perfusion and metabolism in tumor tissue is possible. The
deconjugation of glucose uptake and reduced oxygen
metabolism in anaerobe glycolysis can be proved. In-vivo
investigations of the pharmaco-kinetics of cytotoxic
substances may afford an insight into uptake, distribution,
retention and toxicity of these substances.

STAGING OF HEAD AND NECK TUMORS USING
FDG -PET

The extension of malignant tumors depends on the
localization, size, and histology of the primary cancer, which
is conventionally diagnosed with methods such as physical
examination, endoscopy and imaging techniques as
ultrasound examination, computed tomography (CT) and
magnetic-resonance tomography (MRT). Depending on the
diagnostic procedure, the primary therapeutic approach,
including surgery and radiation, should be a curative one
even in the face of large tumors. This calls for a most
specific and accurate diagnosis, leading to a complete local
tumor resection, including lymph node metastases, which
renders cure in a high percentage, whereas incomplete
resection as well as unsuspected lymph node metastasis of
other regions is associated with early tumor recurrence.
However, the identification of the primary cancer in CUP-
syndrome (cancer of unknown primary) (,, ,,) or the early
diagnosis of tumor recurrence have a better prognosis as
well.

The analysis of cancer in the head and neck region identifies
nearly 85-90 % of newly diagnosed malignant tumors of this
region as squamous cell carcinoma. Others are rare cancers
as adenocarcinoma, lymphoma, sarcoma, and lympho-
epithelial tumors.

Conventional examination methods often lead to a diagnosis
of inadequate specificity. Even functional imaging methods,
including tumor seeking substances as, for example, specific
monoclonal antibodies were not able to improve the
diagnostic accuracy (,,). "* Fluoro-Deoxyglucose shows
comparably high concentrations in brain, heart (nonfasting
state), highly-malignant tumors and inflammatory or
regenerative processes. The feasibility of FDG-PET in head
and neck tumors was demonstrated under study conditions
with results of high sensitivity, specificity and accuracy (,,,

32> 40> 41)'
This investigation aimed to define tumor-specific FDG-

uptake for qualitative image evaluation, assessment of the
diagnostic accuracy as compared to conventional imaging,

and specification of selection criteria for patients eligible for
a FDG-PET study.

PATIENTS

After routine examination all the patients scheduled for
surgery due to a clinically suspected or biopsy proven
malignancy were eligible for an FDG-PET study. The
patients had given informed consent prior to study
enrollment and were aware of the study character of the
investigation. All unsuspected findings were tried to be
confirmed either by other imaging modalities, biopsy or
surgery to identify local or regional tumor spread, and/or
clinical course as for e.g. in the case of distant metastases.
The patients were followed up for at least 6 months and
routinely checked on a 3-monthly bases. The final clinical
diagnosis was used as gold-standard.

MATERIAL AND METHODS

Whole-body examinations from the base of the skull to the
pelvis were performed with a dedicated PET-scanner (ECAT
EXACT 921/47; Siemens-CTI, Knoxville, TN, USA) with a
field-of-view (FOV) of 16.2 cm producing 47 simultaneous
transaxial slices at each longitudinal bed position with a slice
thickness of 3.2 mm in the transaxial projection.

CT-scans were routinely performed on a spiral-CT (Philips,
Germany) with and without contrast enhancing agent. MRI
was performed on a 1 or 1.5 Tesla Gyroscan (Philips,
Germany) with and without the contrast enhancing agent
Gadolinium.

The patients fasted for at least 12-18 hrs prior to injection of
185-260 MBq and were scanned 45-60 min. after injection
(10 min. per FOV). "FDG was commercially obtained by
the Research Center of Karlsruhe (Germany) or Juelich
(Germany). In order to allow measured attenuation-
correction, a whole-body transmission scan was routinely
performed prior to FDG-injection (7-10 min. per FOV),
using a rotating ® Ge/ ® Ga-source. Emission data were
reconstructed by filtered back-projection with a Hanning
filter, a cut-off frequency of 0.4/cycle without scatter- but
decay-correction. Scans were corrected for attenuation based
on the measured transmission data. Results were displayed
on computer screen as three orthogonal images allowing
interactive choice of slice localization by the investigator.
Image evaluation was primarily performed on screen.
Transaxial, coronal and sagittal views were documented
black-and-white paper prints. In order to facilitate visual
scoring, pathological findings were printed also in color
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code (rainbow) with the cerebellum set to maximum.

Images were read by two experienced nuclear medicine
(PET) and radiology (CT, MRI) physicians, which were not
fully-blinded to available data (diagnostics, results of prior
studies etc.), but had no knowledge of the results of the other
imaging studies being employed.

RESULTS

In the ongoing prospective study, 85 male and 39 female
patients between 34 and 72 years of age underwent FDG-
PET. 56 patients were suspected recurrence, 53 patients
showed a staging due to large primary, and 15 patients with
CUP-syndrome. Primary tumor localizations were
oropharynx (n=55), larynx (n=20), hypopharynx (n=10),
parotid gland (9), nasal cavity (n=8), nasopharynx (n=7), and
CUP (n=15). Histologically most cancers were squamous
cell carcinoma (n=93, 75 %) (Pic. 1 and 2).

Figure 1

Picture 1: Primary tumor sites of patients with head and neck
tumors (n=124); distribution
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Picture 2: Primary tumor sites of patients with head and neck
tumors (n=124); histology

Adeno- Pleomorphic
carcinoma adenoma
7% 4%

Non-malignant

process
14% Squamous cell
carcinoma
75%

FDG-PET was able to correctly identify 89 of 92 malignant
lesions, with 3 lesions being false-negative (Tab. 1). False-
negative findings were due to chemotherapy (n=2) with low
uptake in tumor tissue and a tumor growing along the

mucosa of the oral cavity (n=1; tumor thickness below 2
mm). The qualitative assessment of FDG-uptake did not
reveal an evident difference between primary versus
recurrent tumor tissue. In nine cases, scanning shortly after
surgery (<10 days) showed focal areas with high FDG-
accumulation in the operated area, which were
misinterpreted as tumors of the parotid gland presented with
high FDG-uptake (n=5). The histological investigation
identified them as pleomorphic adenoma and thus false-
positive. In 23 of 26 cases, FDG-PET correctly predicted the
absence of a malignant process. Overall, sensitivity and
accuracy were calculated to be 97 % and 90 %, respectively
(Tab. 1).

Figure 3

Table 1: Diagnostic performance of FDG-PET; detection
and staging of head and neck tumors (n=124) (LN: lymph
node)
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Many patients with pT2 tumors (36 %) or recurrence (49 %)
presented with tumor spread to cervical lymph nodes. In 67
of 72 cases FDG-PET correctly identified cervical lymph
node involvement. In 1 case, cervical lymph node
involvement was not identified, and in 5 cases the result was
false-positive (Tab. 1). These data represent a sensitivity and
accuracy of 99 % and 95 %, respectively. In addition, PET
detected 21 of 24 distant lymph node metastases in lung,
liver, or bone, which were correctly identified in 14 of 15
cases and excluded in 109 cases.

In the group of patients with CUP-syndrome (n=15), FDG-
PET was able to visualize 4 (27 %) prior unidentified
primary tumors and correctly predicted further local (lymph
node) metastases in 7 (47 %), or distant metastases in 4 (24
%) patients. Three (20 %) showed no evidence of disease
and are currently followed-up. Thus, the detection sensitivity
of an unknown primary cancer by FDG-PET was 27 %,
exceeding that of any other imaging modality (sensitivity 0
%).

Direct comparison of the diagnostic performance and safety
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of FDG-PET versus conventional imaging (CI=CT/MRI) in
104 patients are summarized in Table 3. The data
demonstrate a high agreement in the detection of the various
lesions: 119 of 141 lesions were detected by both techniques
(Tab. 2). 19 of 141 lesions (14 %) were only detected by
FDG-PET, whereas 3 of 141 (2 %) were identified only by
CI. In addition, FDG-PET correctly excluded tumor
involvement in 17 lesions, which were false-positive in 5
cases, but true-negative in CIL.

Figure 4

Table 2: Diagnostic performance of FDG-PET compared to
CI (n=104) (TP: true positive, TN: true negative, FP: false
positive, FN: false negative, LN: lymph node)
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Only in 2 cases both methods failed to detect proven tumors,
in 19 lesions both methods proved to be false-positive (Tab.
2): 9 of 19 lesions were localized in the primary tumor site,
with 5 being histologically pleomorphic adenoma, while in 4
lesions no tumor recurrence could be established; 10 of 19
lesions were assumed to be lymph node metastases, but
could not be verified histologically.

The use of FDG-PET significantly improved the correct
staging of local and distant lymph nodes by roughly 10 % as
compared to CI (Tab. 3). Its impact on the primary tumor
site was marginal with the exception of tumor recurrence
and CUP-syndrome (data not shown). Nevertheless, while
FDG-PET is routinely used for whole-body or body-trunk
scanning as compared to defined region-scanning in CT or
MRI, more distant metastases were primarily identified in
our patient group underscoring the screening potential of this
method in selected high-risk patients.

DISCUSSION

FDG-PET seems to be very helpful in specific situations
where computer tomography (CT) has known limitations,
such as differentiation of benign from malignant
indeterminate lesions on CT, differentiation of post-

treatment changes versus recurrent tumor, differentiation of
benign from malignant lymph nodes, and monitoring
therapy. The biggest use of FDG-PET presently is in staging
of various body tumors (). Initial studies of extensive HNT
showed high FDG-accumulation in histologically verified
tumor tissue (, *, 5, 4 4) and high contrast as compared to
normal tissue or the normal contralateral site. They also had
demonstrated high FDG-uptake in recurrent tumors as well
as in lymph node and organ metastases. Non-malignant sites
usually showed moderate FDG-uptake only and diminished
contrast to surrounding tissues.

In this study the application of FDG-PET in the staging of
head and neck tumors (HNT) in selected patients under
routine conditions was investigated. Patients with pT>=2
tumors in the head/neck area show an avide FDG-absorption
in vital tumor tissue in contrast to necrotic areas or benign
anomalies. Even in large tumors a relatively homogeneous
accumulation can be observed in the entire tumor mass.
However, pleomorphic adenomas or lymphadenopathy
caused by toxoplasmosis showed significant FDG-
accumulations, too, and therefore may be misinterpreted as a
malignant process (i, ,). The qualitative scoring of FDG-
accumulation in histologically identified cancer compared to
reference organs (cerebellum, mediastinum, liver), suggested
cerebellum-like glucose utilization to be an indicator for a
malignant process (), Whereas inflammatory processes
usually showed FDG-utilization comparable to liver or
mediastinum. Metastases, which were located in these
regions, too, presented with high contrast allowing tumor
detection with high sensitivity and accuracy. The use of
reference organs for interpretation of focal FDG-uptake
seems to be an easy and reliable method, while reducing
misinterpretation by threshold manipulation. Most malignant
lesions present with FDG-uptake comparable to cerebellum.
As in this study patients with acute inflammatory processes
were excluded, FDG-PET allowed a differentiation of tumor
manifestation versus chronic inflammations with a high
accuracy.

Using the above mentioned scoring system in high-risk
patients, the high sensitivity and accuracy of FDG-PET in
the functional assessment of tumor-masses, morphological
changes and the presence of lymph node and/or organ
metastases was proved. The data of this study clearly
indicate, that FDG-PET, as compared to CI, has its main
advantage in the evaluation of lymph node involvement, in
the differentiation of postsurgically changed or distorted
anatomy, and in the whole-body scanning for the detection
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of distant metastases as well as in CUP-syndrome.
According to previous studies the investigation showed, that
under routine clinical conditions FDG-PET can be employed
with a high sensitivity and accuracy.

The data showed the benefit of FDG-PET especially in the
correct staging of lymph node involvement of CI in the
previous findings (5, 11, 12, 1 3 > ). A major limitation of
CI in the assessment of normal sized or slightly enlarged
lymph nodes is the lack of specificity. FDG-PET primarily
depends on the relative metabolic rate (', 247 %) which
seems to be correlated with the proliferation index (59, 395 35)-
Application of FDG-PET in this patient cohort correctly
predicted in 14/69 (22 %) or excluded in 15 cases lymph
node involvement, contrarily to CI, thus significantly
improving the overall diagnostic accuracy, and exerting
direct effects on the therapeutic management.

Due to the high glucose utilization of these tumors it is
possible to even safely delimit small processes such as
lymph node metastase >5-7 mm or distant metastases (lung,
liver, bones) (,,). Micrometastases (<5-7 mm) mostly could
not be detected. Studies of the diagnostic usefulness of FDG-
PET following neck dissection showed a 96 % sensitivity
and 92 % specifity in comparison to CT/MRI (i3, » '+ 25 335
+)- In another study direct comparison of the diagnostic
precision of FDG-PET, CT, and clinical examinations
following neck dissection resulted in comparable values for
FDG-PET (82 %) and CT (84 %), but showed a considerable
improvement as against clinical examinations (71 %). A
study recently published of resected tumors involving 1284
lymph nodes and 117 lymph node metastases showed a
sensitivity and specificity of 90 % and 94 % respectively for
FDG-PET. For CT and MRT, sensitivity was 82 % and 80 %
respectively, and specificity was 85 % and 79 %
respectively, which corresponds to the result of previous
studies (3, 4 ), where FDG-PET and CT led to identical
findings in 122 out of 141 histologically verified lymph node
groups (87 %). In 19 lymph node groups (13 %), which
showed no anomaly according to CT criteria, metastases
could be identified using FDG-PET, while 17 lymph node
groups (12 %), despite positive CT findings, were classified
as being tumor-free since there was no FDG-accumulation.

Hence, in retrospect, FDG-PET in approx. 25 % of all
patients examined had an influence on the final evaluation of
tumor spreading with an increase in diagnostic precision by
more than 10 %. Since FDG-PET examination is a total-
body examination, involvement of distal (mediastinal)

lymph node groups could additionally be detected in 14 % of
patients waiting for surgery, and distant metastases (lung,
liver, bones) were already found in 9 %.

Overall, experience shows that FDG-Pet should be used
before surgery, due to its high precision, for staging cervical
lymph nodes and excluding distant metastases. FDG-PET
allows an improved judgement of suspect CT findings with
regard to their dignity, as a certain percentage of patients can
be identified, who have lymph node metastases, which are
tumor-free according to CT criteria or for whom curative
surgery is no longer indicated due to the spreading of the
tumor.

After surgery the situation is similar to identify tumor rests
or a tumor recurrence. In case of postsurgical changes,
morphological imaging cannot differentiate between
anatomic deviation and recurrence, unless tumor growth
definitely has been established. Since scar tissue does not
show an increased glucose utilization, FDG-accumulation is
most probably a consequence of vital tumor tissue, whereas
a tumor recurrence can largely be excluded if there is no

FDG-accumulation ("',

s 12 ). When directly comparing
FDG-PET with clinical examinations or morphologic
imaging, FDG-PET showed a considerably higher diagnostic
Precision (, 5, 3 4 14 » 3)- In this study recurrence showed
an intense FDG-uptake compared to primary tumors or
lymph node metastases. These findings can be explained by
the fact, that FDG-trapping correlates well with the
proliferation index at least in HNT ", %, ). FDG-PET
therefore allows an early detection of recurrence (17, 260 » 0
*). The additional functional information of “malignancy-
typical glucose utilization” provides much more safety with
regard to the interpretation of the local finding, in particular
for the ENT surgeon. Moreover, it could be observed that
lymph node and/or distant metastases can be additionally

detected.

Concerning therapy monitoring the data underline the
possibility of an improved staging and therapy management
when integrating FDG-PET in order to early subject the
patients to an optimum therapy (*,’, , ,,). As some studies
show, the amount of FDG uptake seems to correlate strongly
with response to therapy, so that such findings may prevent
from unnecessary therapeutical measures, which may lead to
aggravation of the disease (y,). In a study within a
standardized protocol, the authors found that FDG-PET
recognized treatment response to radiation therapy in oral
squamous cell carcinoma with a reasonable specificity and
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thus provides a basis for further therapeutic decisions (,;). In
addition it could be found that the high accuracy of FDG-
PET makes it a cost effective radiologic procedure in the
work-up of all suspected and/or recurrent cancer patients (,,,

44) )

The neck lymph nodes are a common site of metastases from
carcinoma of unknown primary (CUP). Detection of the
primary tumor in patients with cervical lymph node
metastases is of considerable prognostic importance, as the
primary tumor can often be removed with curative effect.
Experience published shows that FDG-PET is also superior
to morphologic examinations with regard to the technique of
total-body examination and, in 20-50 % of the cases, capable

of identifying a primary tumor which could not be found in

. . . 2 4 9 10 19 47 48 . .
previous examinations (*, , , , ,4, , ).In this study, in

27 % of the patients with CUP-syndrome FDG-PET could
identify the primary tumor, whereas CI had failed. In
previous studies with 25 patients, the primary tumor could
be detected in 6 cases (24 %), using FDG-PET. Here, too, it
is remarkable that distant metastases were already detectable

in 8 cases (32 %), which were first identified within the
scope of a total-body examination using FDG-PET (6, T
*). These findings support the postulation to establish this
method in CUP-syndrome, when conventional diagnostic

workup as well as CI fails to identify the primary tumor.
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