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1
GENERAL INTRODUCTION

1.1 Introduction

Over the past decades, tumor imaging has evolved from basic science to clinical 
practice. The introduction of ultrasonography (US), magnetic resonance imaging (MRI) 
and computed tomography (CT) has improved tumor staging as compared to clinical 
palpation. However, these anatomical related techniques assess primary tumors and 
metastases by size and structural changes. Consequently, superficially growing primary 
tumors and small lymph nodes containing tumor metastasis may be missed, whereas 
enlarged lymph nodes may contain inflammation instead of tumor causing false
negative and false-positive results, respectively. In patients with primary head and neck 
cancer, the overall error-rate of assessing lymph node involvement with either CT 
scanning or MRI is still in the range of 10% to 20%, which may have major 
consequences for patients’ treatment and survival. Comparable problems have been 
encountered in detecting or assessing primary tumor, monitoring treatment response 
and detecting recurrent disease: small primary tumors not invading adjacent tissues or 
distorting tissue planes may be missed; tumor recurrence cannot be differentiated from 
post-treatment reactions, as both may cause contrast enhancement on both CT scanning 
and MRI.

In nuclear medicine, the development of new radionuclide tracers and the 
improvement of equipment for imaging during the past decades enabled a more 
functional approach based on metabolic imaging compared with the anatomic related 
techniques. Traditionally, the contribution of nuclear medicine to oncology has been 
predominantly diagnostic imaging for tumor localization. Iodine-131 (1-131), Gallium-
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67 (Ga-67) citrate, Thallous-201 (Tl-201) chloride and Technetium-99m (Tc-99m) 
labeled compounds have an established role in clinical oncology, all using a specific 
aspect of tumor pathophysiology and tumor biochemistry.

The introduction of positron emission tomography (PET) has opened a new field of 
imaging. F18-fluorodeoxyglucose (FDG) is by far the most commonly used organic 
PET radiopharmaceutical agent. It is transported by facilitated diffusion into cells and 
phosphorylated by hexokinase similar to glucose. However, FDG-6-phosphate is not 
further metabolized and, consequently, trapped in cells. The distribution of FDG 
therefore reflects local rates of glucose consumption, which is increased in malignant 
cells compared with normal cells. PET has two advantages over single-photon imaging 
techniques. First, the radionuclides being used for PET provide a better labeling to 
biologically active molecules. Second, PET yields a better sensitivity, quantitation and 
tomographic localization because of the emission of positrons. These positrons travel 
only a short distance in tissue (maximum range: 2.4 mm) before annihilating with an 
electron to produce two 511-keV annihilation photons moving in opposite directions. 
The simultaneous measurement of these two high-energy photons is called coincidence 
detection and forms the basis for PET.

Data in literature supporting the use of FDG PET have been obtained with dedicated 
PET scanners consisting of a ring of multiple detectors positioned around the patient. 
An alternative device for imaging the 511-keV annihilation photons is a dual-head 
gamma camera with coincidence detection capability. This new approach for imaging 
FDG accumulation in neoplasms became commercially available in 1994. Next to the 
fact that the cost are less and therefore available for more institutions, a major 
advantage of this camera is the possibility to perform both PET studies (coincidence 
mode) and planar or single photon emission computed tomographic (SPECT) studies 
(single photon detection mode). However, data supporting its value as PET system in 
clinical practice are not or limited available compared with literature on dedicated PET 
scanners.

1.2 Current clinical practice

With respect to treatment planning and prognostic stratification, the assessment of 
tumor stage is an important issue in clinical oncology. Due to the presence of lymph 
node metastases or the hematogenous spread, local treatment may be replaced by loco- 
regional or systemic treatment. Tumor extension is classified according to size and 
infiltration of the primary tumor and the extend of metastasis and it is expressed in a 
TNM classification (Tumor, Node, Metastasis). Initially, two staging systems were 
applied, one developed by the American Joint Committee on Cancer (AJCC) and one 
developed by the International Union Against Cancer (Union International Contra le 
Cancerum, UICC). However, both have been replaced by the New International
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Staging System to correct some of the deficiencies of the previously used staging 
systems and to get a better applicable staging system in current clinical practice.

The assessment of TNM stage is based upon the results obtained from a diagnostic 
work-up, including physical examination, standard blood tests and imaging techniques 
such as CT scanning, MRI, US and/or bone scintigraphy. Mostly, a final step in the 
diagnostic algorithm of cancer patients is the application of invasive techniques, such 
as panendoscopy or mediastinoscopy. FDG PET is a tool that may replace many of the 
currently used non-invasive and invasive diagnostic techniques used for staging 
purposes. Recent reports have shown that the introduction of FDG PET in the 
diagnostic algorithm significantly improved staging accuracy revealing an important 
role of this technique in the management of patients with cancer: discomfort, morbidity 
and mortality associated with (diagnostic) surgery and the cost of unnecessary imaging 
procedures or surgery may be avoided in the future.

In current clinical practice, the value of FDG detection with a dual-head coincidence 
camera in cost-effectively diagnosing, staging and monitoring cancer patients has to be 
established. To assess the application of a dual-head coincidence camera, a one to one 
comparison with a dedicated PET scanner should be performed. However, beside the 
high cost of such a study, it may be expected that, due to the differences in physical 
properties, a coincidence camera may reveal inferior results compared with a dedicated 
PET scanner: in these studies, a more relative value of the coincidence camera will be 
assessed as the results obtained with a dedicated PET scanner are mostly used as the 
golden standard. More important, however, is whether FDG detection with a 
coincidence camera correctly changes patient’s TNM classification, avoids unnecessary 
surgical procedures, such as elective neck dissections, or guides surgery or radiotherapy 
where indicated. Therefore, prospective studies are required to definitely establish the 
real value of this technique and a first step in this respect is to assess its applicability in 
current clinical practice.

1.3 Equipment and physical measurements

Imaging with a dual-head coincidence camera described in this thesis was performed 
with a commercially available dual-head gamma camera modified for the detection of 
511-keV annihilation photons (Vertex MCD, AD AC Laboratories, Milpitas, CA). In 
this camera, the 3/8-inch thick sodium iodide crystal is replaced by a 5/8-inch thick 
crystal to improve the detection efficiency for the high-energy photons. In coincidence 
mode, dual-energy windows are used for both photoelectric-photoelectric and Compton 
scatter-photoelectric events. Each detector has a 50.8 the 38.5 cm field of view, which 
can process as many as 1.5 million single photons per second. The true coincidence 
count rate (see chapter 2) for the reconstructed field of view is 15 x 103 per second (1% 
coincidence fraction). Attenuation correction was not available at the time of this study.
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To determine the spatial resolution of this camera a thin line source of F18-FDG in 
air was scanned (128 x 128 matrix). A Wiener filter and iterative reconstruction (2 
iterations, 8 OS) were used to optimize the results. Measurement of the full width at 
half maximum (FWHM) was performed on a profile measured transaxially across the 
line source image revealing a value of 5.4 mm. To evaluate the ability of the 
coincidence camera to detect lesions with increased uptake, a 22 cm-diameter 
cylindrical phantom containing six syringes with diameters of 26.1, 20.6, 14.3, 11.5,
8.5 and 4.6 mm was used. Both the phantom and the syringes were filled with a 
solution containing F18-FDG with the activities adjusted to provide a ratio of the 
syringe activity (0.1 MBq/ml) to background activity (0.02 MBq/ml) of 5:1 and imaged 
with the coincidence camera. The reconstructed images were visually analyzed and the 
syringe-to-background (S/B) ratios were measured from the reconstructed images. The 
syringe with a diameter of 4.3 mm was not visualized (S/B-ratio: 1.0). The other five 
syringes were clearly seen with the following S/B-ratios; 8.5 mm: 1.05, 11.5 mm: 1.11,
14.3 mm: 1.22, 20.6 mm: 1.39 and 26.1 mm: 1.94.

1.4 Aim and outline of the thesis

It is the aim of the present study to investigate the clinical applicability of FDG 
detection with a dual-head coincidence camera to allow its widespread use. The 
emphasis of the clinical studies is put on oncology involving the head and neck region, 
as attenuation correction for this area of the body is not required. In 8 subsequent 
studies we validated this technique in patients referred to our department for staging 
primary tumors, detecting recurrent disease and/or localizing unknown primary tumors.

Chapter 2 describes the rationale for using a dual-head coincidence camera 
for FDG detection in current clinical oncology.
In chapter 3, an overview is given on the value of FDG detection with a 
dedicated PET scanner in head and neck oncology.
Chapter 4 describes the pitfalls of FDG detection in head and neck oncology 
encountered in 180 patients referred for either tumor staging or recurrence 
detection.
Chapter 5 describes the results of a pilot study performed to assess the 
feasibility of FDG detection with a dual-head coincidence camera in 
differentiating recurrent laryngeal cancer from local control.
Chapter 6 describes the results of a prospective study performed in 48 
patients suspect for having recurrent laryngeal or hypopharyngeal cancer.
In chapter 7, the feasibility of staging primary head and neck cancer with 
FDG dual-head coincidence detection was established.
Chapter 8 describes the results of a prospective study on the applicability of 
this technique in the preoperative evaluation of 54 patients with primary 
head and neck cancer.
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In chapter 9, the value of FDG dual-head coincidence detection is described 
for the visualization of unknown second primary tumors within the “field 
cancerization concept”.
In chapter 10, two cases are presented demonstrating that small lesions with 
a diameter less than 1 cm may also be detected with the coincidence camera. 
Chapter 11 describes the results of a pilot study performed in patients 
presenting with cervical metastases from an clinically unknown primary 
tumor. The study was initiated because of the results described in the 
previous two chapters.
In chapter 12 and 13, the role of FDG detection in patients with primary or 
recurrent cancer of the thyroid is discussed. We also present the results of a 
pilot study in 11 patients suspect for having recurrent thyroid cancer with 
elevated thyroglobulin levels and negative iodine-131 whole body 
scintigraphy.
Chapter 14 describes a one to one comparison of FDG detection with a 
dual-head coincidence camera with CT scanning in staging 33 patients with 
non-small cell lung cancer.
Chapter 15 describes the results of a pilot study on a one to one comparison 
between FDG detection and TI-201 SPECT in 16 patients suspect for having 
brain tumor recurrence.
Chapter 16 contains the summary and general discussion.
Chapter 17 contains the Dutch summary and discussion.
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2
FDG DETECTION WITH 

A GAMMA CAMERA: 

A RATIONALE FOR ITS USE

M.P.M. Stokkel, A. Hoekstra and P.P. van Rijk.

Submitted

2.1 Introduction

Imaging by using radionuclides provides a sensitive method to visualize in-vivo 
chemistry. Imaging studies using Tc99m-MDP, Ga67-citrate or T1201-chloride are 
currently being used for diagnosing and staging tumors by a specific aspect of 
biochemistry. With the introduction of positron emission tomography (PET) a new field 
of measuring physiological and biochemical processes has opened. Over the past years, 
PET scanners have continued to improve. The initial developed scanner was found to 
have an in-plane spatial resolution expressed in the Full Width at Half Maximum 
(FWHM) of approximately 2.5 cm and detectors with a diameter of 5 cm. The need for 
improved in plane spatial resolution and a greater axial field of view ensued a trend 
towards smaller detectors and a greater number of image planes. Nowadays, many 
current PET scanners utilize crystalline bismuth germanate (BGO) as scintillation 
material, whereas the axial field of view has been increased to approximately 15 cm. 
Due to the adaptations made, the in plane spatial resolution of dedicated PET systems is 
in the range of 4-6 mm FWHM [1-4].
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The data, in literature, that support the clinical applications of F18-fluorodeoxyglucose 
(FDG) have been obtained with these dedicated PET scanners [5,6]. However, the cost 
of these systems ($1-2 million) and the need of a cyclotron ($2-3 million) and a 
radiochemistry laboratory ($1-2 million) to produce FDG has limited its widespread 
use. Due to the half-life time of 110 minutes of FI 8-fluorine, it is possible to transport 
FDG from a distribution site to a hospital in the neighborhood without major loss of 
radioactivity and, consequently, without the necessity to transport large amounts of 
radioactivity. Therefore, the development of distribution sites has extended the 
applicability of FDG detection in current clinical practice without major investments.

With respect to detection of the 511-keV annihilation photons, alternative methods 
have been introduced which are based on the use of gamma cameras. Data on the 
physical aspects of these cameras are more or less conclusive, but data on the use in 
clinical practice are scarce. Due to the differences between the gamma cameras 
compared with dedicated PET scanners, the value of the detection of FDG with a 
gamma camera has to be established for each clinical indication. In this respect, a major 
problem that is faced with the use of a gamma camera is, that the results obtained with 
this new technique not only have to be compared with known sensitivities and 
specificities of established techniques, such as clinical-, radiological- and pathological- 
evaluation, but also with values obtained with dedicated PET scanners. Moreover, in 
contrast with dedicated PET scanners, the choice for a gamma camera itself is 
repeatedly asked for a justification.

In this presentation, an overview is given on FDG-detection with a gamma camera. 
After a brief history, the physical aspects as well as the basic and clinical principles are 
discussed which are used as rationale for the use of gamma cameras in clinical practice.

2.2 Brief history

The first suggestions of using positron emitting radionuclides for medical imaging 
purposes were proposed in the early 1950s by Wrenn, Good and Handler [7] and Sweet 
[8], The initial positron imaging devices in that period employed camera designs for 
performing imaging using discrete dual head sodium iodide (Nal) detectors as 
pioneered by Brownell and Durham [9] or by the Anger Camera approach [10]. The low 
stopping power of the Nal-detectors for the 511-keV annihilation photons, the in-plane 
detection or limited angle positron tomography and the lack of dedicated software were 
major causes for the poor contrast resulting in “blurring images”. The first tomographic 
PET device designed to produce transverse section images was built at Brookhaven 
National Laboratories (Upton, NY) in the early 1960s and it consisted of a single ring of 
32 Nal detectors. However, the lack of advanced data processing capabilities limited the 
practical implementation of such a device. In addition, small dedicated powerful 
computer systems to perform the necessary calculations were not available at that time.

The development of the x-ray computed tomography (CT) scanner by Hounsfield
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[11] in the early 1970s marked the beginning of a new era in medical imaging. This was 
the beginning of a time in which tomographic images would be performed by 
mathematically computing 3-dimensional tomographic image planes from sets of 2- 
dimensional projections recorded at multiple angles around the patient. This also 
marked a new era in positron emission tomography with the development of the first 
PET scanner by Phelps et al. [12], Since that time, the most important areas of progress 
have included increasing spatial resolution, maximizing the signal to noise ratio and, 
finally, increasing the number of slices imaged simultaneously. Consequently, the 
initial devices rapidly evolved into the first PET scanner for human studies. Other early 
investigators introduced the circular geometry and Bismuth Germinate (BGO) crystals 
that replaced the hexagonal and octagonal geometric designs of the first systems and 
Nal as the detector material [13]. Consequently, the detection efficiency for the 511- 
keV photons improved which was due to the higher stopping power of BGO compared 
with the stopping power of Nal.

Due to the success of FDG PET studies, there has been considerable resurgence of 
interest in using standard gamma cameras for imaging annihilation photons. The design 
and construction of modern camera systems has been optimized for the detection of 
photons in the range of 80-400 keV. Despite the low detection efficiency of the 511- 
keV photons for the standard 3/8 inch crystal and the low stopping power of the Nal 
crystal, the use of ultra high-energy collimators was introduced which permitted the 
imaging of the 511-keV photons with a gamma camera. This type of imaging is 
restricted to counting photons independently as "singles", single photon emission 
computed tomography (SPECT), the line of emission being defined by the collimator 
characteristics [14]. These collimators are considerably heavier than low- and medium 
energy collimators and may be restricted by mechanical weight limits of the gamma 
camera gantry. Finally, a renewed approach to imaging FDG accumulation occurred in 
1994 when a gamma camera and the software were modified to perform coincidence 
imaging of FDG. These gamma cameras do not use lead collimators to determine the 
location of the radiotracer within the body, but the coincidence detection of the two 
annihilation photons is used to localize the site of positron emission. New high count 
rate digital electronics were developed which increased the accepted count rates. A final 
step was made by increasing the crystal thickness from 3/8 inches to 5/8 inches to 
improve detection efficiency.

2.3 Basic physics 

Signal and noise
One of the basic goals of imaging in Nuclear Medicine is to obtain the best signal-to- 
noise ratio as possible. Increasing the signal will improve accuracy, whereas the 
precision will improve due to a reduction of the noise (Figure 1). PET imaging relies on 
the use of radioisotopes which decay with emission of positively charged particles.
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Good precision Poor precisionGood precision

good accuracy poor accuracypoor accuracy

Figure 1. Accuracy is the difference between the estimated value and the actual value. Precision refers to 
reproducibility.

These positrons travel short distances in tissues before combining with a negatively 
charged electron. When the masses annihilate, two 511-keV photons (gamma-rays) are 
produced, which are emitted at 180 degrees from each other with only a minimal 
relativistic uncertainty of less than 0.6 degrees [15], When the two photons arrive at 
two opposing detectors in time coincidence, the so called true coincidences, the site of 
annihilation is originated along a line between the elements which detected the signal. 
However, photons may undergo two major types of interactions in tissue: the 
photoelectric effect (resulting in a complete absorption) and the Compton scattering 
[15], Both complete absorption and scatter, the so called “deterministic” effects, 
influence the relative as well as the absolute apparent distribution of activity within the 
image and influence the signal component of the image’s signal-to-noise ratio: the 
accuracy. In addition, noise arises from the statistical nature of radioactive decay as 
well as potentially from the imaging hardware and certain image processing operations 
and influences the precision.

Sensitivity
Standard gamma cameras are equipped with Nal-based area detectors. Compared with 
the BGO crystals used in dedicated PET scanners, the stopping power of the Nal 
crystals for the 511-keV is much lower which leads to a poorer sensitivity (Table 1) [3], 
However, there are several additional factors responsible for a lower count rate in 
gamma camera based FDG detection: regarding SPECT systems, the high energy of the 
photons requires ultra high-energy collimators with thick septa and relatively large 
holes, which leads to an additional decrease in sensitivity as well as in spatial 
resolution.

With respect to dual-head PET, approximately 1% of all events detected in one of 
the detectors are found in real coincidence in the opposite detector. This low value is 
due to factors such as attenuation in the patient, the low probability of interaction in a
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Nal crystal and the limited angle of detection compared with the ring-construction used 
in dedicated PET scanners. Furthermore, the count rate capability of dual-head PET 
systems for true coincidences is limited by the high number of single photons 
interacting in each of the detectors. Each interaction in the crystal is analyzed whether it 
is in coincidence with an event in the opposite detector. During this process, the 
electronics cannot start an analysis of a new interaction decreasing the detection 
efficiency. The length of time it takes to process an event is called the dead-time 
because the system appears to be insensitive during this time. When compared with a 
dedicated PET scanner, the relative sensitivity for single photons of the gamma camera 
based systems is 3% and 0.1% for dual-head PET and SPECT, respectively [16],

Table 1. Crystal parameters used for FDG-detection

Crystal / Characteristics Nal BGO LSO YSO

Efficiency with 10 mm thick crystal (%) 29 62 58 32

Efficiency with 25 mm thick crystal (%) 59 91 89 62

Effective atomic no. (Z) 51 76 66 39

Density (g/cm’) 3.67 7.13 7.40 4.54
'' J- .fl<' J

Relative light intensity (%) 100 15 75 85

Resolution
The obvious advantage of converting a double-headed gamma camera into a PET 
system is the significant improvement in spatial resolution compared with the use of 
collimators in SPECT. The high FWHM value in systems using collimation is primarily 
defined by the diameter, the length and the septum thickness of the collimator channels 
[14]. Moreover, an additional factor that influences the spatial resolution is septum 
penetration of the 511-keV photons. Consequently, a significant proportion of the 
emitted photons will be incorrectly detected and blurring of the images will occur. The 
reconstructed spatial resolution in collimated SPECT images is found to be in the range 
of 17-19 mm FWHM [14,17], In contrast, the in-plane spatial resolution of a dual-head 
PET camera is significantly better than in collimated SPECT, due to the absence of lead 
collimators. The ultimate limit on spatial resolution in coincidence detection is defined 
by the range of positrons in soft tissue and the fact that the emission angle is not exactly
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180°. Moreover, the resolution is negatively influenced by the accidental and scattered 
coincidence events (Figure 2). The transaxial tomographic resolution of dual-head PET 
is in the range of 4-6 mm full width at half maximum (FWHM) [16,18],

Figure 2. True, accidental and scatter coincidences in PET.
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Compared with the BGO-crystals, the light intensity is found to be 6 to 7 times higher 
in Nal crystals. As a consequence, the energy resolution is found to be better in gamma
camera based FDG-detection when compared with dedicated PET scanners. Energy 
resolution is the precision with which the detection system can determine the energy of 
detected photons. This determines the ability of the system to discriminate between 
"true", unscattered photons and those that have lost their spatial information due to 
scattering. The final result is loss of accuracy of the localization and a poorer image 
contrast.

Data correction
The contribution to the image from scattered coincidences depends on factors such as 
the detector geometry, the composition of the body tissues and additional scattering 
material outside the patient. Due to the variation in contribution of each factor and the 
impossibility to differentiate between true and scattered coincidences, data correction is 
highly complicated. All commercially available PET systems incorporate software, 
using either filtered back-projection or iterative reconstruction algorithms, to prevent 
artifacts caused by this phenomenon [1-3,19]. To limit the count rate problem, 
coincidences are only accepted within a certain angle, timing window and energy
setting. In addition, count rate capability can be increased by reducing the dead-time per 
event by clipping the pulse, i.e. pulse shortening. Finally, correcting the images for 
attenuation is easier than for scatter events. Due to the emission of a pair of photons in 
opposite directions, the attenuation is a function of the total path length. Consequently, 
with a transmission source it is possible to create an attenuation coefficient map by with 
the number of detected photons along the total path of attenuation can be corrected. 
Although routinely implemented on PET systems, attenuation correction has recently 
become commercially available on dual-head PET cameras. The value of this type of 
correction still has to be established.

Quantification
A common application of quantification of PET data occurs in the use of the 
standardized uptake value (SUV) in cancer studies [20,21], As generally used, this 
value is defined as the tissue concentration of tracers as measured by a PET scanner 
divided by the activity injected divided by the body weight. This measure is also 
referred to as dose uptake ratio (DUR) or the dose absorption ratio (DAR). One of the 
major problems in quantification is that it is subject to may sources of variability, such 
as body composition, standardized measurement times and plasma glucose levels [22- 
24], Furthermore, for the calculation of SUV attenuation corrected data are necessary. 
Since many dual-head PET cameras are still not equipped with attenuation correction, 
quantification is not possible with these systems. An alternative semiquantitative 
method expressed in the tumor-to-background ratio (TBR) may also be satisfactory in 
clinical tumor imaging. Recent reports have shown that the efficacy of TBR on non- 
attenuation-corrected images is similar to the obtained on attenuation corrected images
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[25,26], However, it was found that these values did not correlate with the SUV. Data 
on the use of these semiquantitative parameters obtained with dual-head PET cameras 
are still not available.

Limitations of dual-head PET
One of the limitations of dual-head PET is the relative low count-rate capability of 
these systems. The need for a high count rate capability is caused by the high rate of 
singles and the low fraction of events which are found in coincidence, as described 
above. On the one hand, this means that a high amount of radioactivity is required to 
obtain an optimum number of coincidences, but, on the other hand, the amount is 
maximized by the “single count rate capability” of these systems.

A relative limitation of the camera based PET is that only a limited angle of 
detection is covered by the two detectors. This means that the camera has to rotate 
around the patient, which takes approximately 30 to 40 minutes for one bed position. 
Due to this acquisition time, movement artifacts may occur which may be an additional 
cause of blurry images. Secondly, proper three dimensional dynamic tomographic 
imaging is impossible, which is due to a combination of the limited detection angle and 
the low count rate capability, as described above, needed at the initial dynamic stage. 
The initial high amount of radioactivity injected in the patient may cause systems errors 
and reconstruction artifacts.

2.4 Basic principles

The visualization of lesions is dependent on the amount of FDG uptake and the size of 
a lesion. In squamous-cell carcinoma of the head and neck, for example, a linear 
correlation has been found between the FDG uptake and the number of viable cells, i.e. 
tumor volume [27]. Thus if a tumor only consists of viable cells, the chance of tumor 
visualization can be assumed to be a linear function of tumor volume (Figure 3, line a). 
However, tumors are most often heterogeneous lesions consisting of a variable amount 
of viable and non-viable cells which depends on factors such as tumor growth and 
blood supply [28-31]. Due to the non-viable cells, the FDG uptake can not be assumed 
to be linear correlated with the tumor volume. Consequently, tumor volume has to 
increase before a significant amount of FDG uptake is obtained to raise the chance of 
tumor visualization (Figure 3, line b). An additional factor that complicates tumor 
visualization is malignancy grade. For some tumors, mostly non-epithelial tumors, it 
has been found that low FDG uptake corresponds to low-grade malignancy, i.e. good 
tumor differentiation, and high-FDG uptake corresponds with high-grade malignancy,
i.e. poor tumor differentiation [32-35]. In the first situation, if a low tumor grade is an 
additional factor to a high amount of non-viable cells, the chance of tumor visualization 
as a relation to tumor size is worsened. In contrast, however, an ideal situation occurs 
when tumors consists of a high percentage viable and high-grade malignant cells
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(Figure 3, line c). In this situation, even small lesions may be detected which reach the 
limits of spatial resolution as described above.

Figure 3. Correlation between tumor volume and the chance of tumor visualization: Line a represents a 
moderately differentiated tumor consisting 100% viable tumor cells. Line b and line c represent 
circumstances decreasing and increasing, respectively, the chance of tumor visualization.

Malignancy grade and/or the number of viable tumor cells are both factors that can 
not be influenced to optimize the visualization of lesions m oncology. There are, 
however, factors that can be influenced to increase the chance of detecting a tumor. Due 
to the competitive effect of serum glucose, a major effort has to be made to reach as 
low as possible serum glucose levels. This means that with an optimal preparation of 
the patients for a study, an optimal situation will be created for the detection of lesions.

In current literature, it is found that most of the squamous cell carcinoma with 
volumes more than 1 cc demonstrate substantial FDG-uptake [36], However, the 
smallest metastatic lymph node detected with a dedicated PET scanner reported in 
literature was 0 4 mm. Recent reports from our institution have shown that lesions as 
small as 4 to 5 mm may also be detected with a dual-headed PET camera [37]. In
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contrast, it has been described for FDG SPECT that lesions with a diameter of 1.5 to 2 
cm may be detected, but smaller lesions are often not visualized [17],

2.5 Clinical considerations

The indications for FDG-detection with a gamma-camera can be assumed to be the 
same as described for FDG-detection with dedicated PET scanners (Table 2) [5,6,38]. 
Moreover, all indications can be correlated with cardiology, oncology, neurology as 
well as psychiatry. With respect to treatment planning, a small lesion often does not 
have consequences when they are found in cardiological patients. In contrast, however, 
in oncological patients the smallest lesion as possible has to be visualized. Therefore, 
with the knowledge of the physical aspects described above, the choice for either dual
head PET or dual-head SPECT is related to the population of interest. The necessity for 
defining the populations of interest is mainly caused by the term "cost-effectiveness" 
[39]. For example, if the majority of the patients send for FDG-detection is referred by 
the cardiologist, the choice for dual-head SPECT is assumed to be highly cost-effective. 
Despite the low cost, however, this system is not effective in oncology due to the low 
detection rate of small tumors.

Table 2. Indications for FDG-detection

1. Initial diagnosis

2. Assessment of disease extension

3. Assessment of prognosis

4. Treatment planning

5. Treatment monitoring

6. Detection of recurrent disease

With respect to quantification being expressed in a standardized uptake value 
(SUV), the question could be raised whether this is absolutely necessary in current 
clinical practice. Quantification is not found to be very helpful in assessing tumor 
extension, treatment planning and the detection of recurrent disease. With respect to 
initial diagnosis and assessment of prognosis, both indications for FDG-detection 
(Table 2), recent reports have shown that visual analysis is found to be as good as 
quantification [40] or semi-quantification [41], In addition, it has been found that
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benign lesions may demonstrate a high SUV [42-44] and high-grade tumors may 
demonstrate a low SUV. In other words, a low SUV does not rule out malignancy and 
vice versa. Currently, treatment monitoring seems to be the most important indication 
for quantitative analysis, but again one has to realize that different pathophysiological 
circumstances may influence the SUV in follow-up studies. In addition, despite a 
decreased number of viable tumor cells, the SUV may be unaltered during treatment 
due to an inflammatory reaction. Therefore, the results of quantification in follow-up 
studies in one patient have to be assessed with any caution. Nevertheless, 5 of the 6 
indications for FDG-detection can be met by using an adapted dual-head gamma 
camera without the absolute necessity of measuring the SUV. Once the attenuation 
correction has become available, treatment monitoring using quantification may also be 
performed with a dual-head PET camera.

2.6 Closing remarks

Based on the basic physics, the basic principles and the clinical considerations, there is 
a theoretical rationale for the use of gamma cameras for the detection of F18- 
fluorodeoxyglucose. All three aspects are important factors which have to be considered 
in the choice for gamma-camera based FDG-detection as well as in the choice between 
dual-head PET or SPECT. It has to be realized, however, that the theoretical rationale 
awaits confirmation in clinical practice. Despite some initial reports, the value of 
gamma camera based FDG-detection still has to be established by large prospective 
studies.
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3
THE ROLE OF FDG PET 

IN THE CLINICAL MANAGEMENT 

OF HEAD AND NECK CANCER

M.P.M. Stokkel, F.W. ten Broek and P.P. van Rijk. 

Eur J Cancer-Oral Oncol 1998; 34: 466-471

3.1 Summary

Positron emission tomography (PET) with fluorodeoxyglucose (FDG) allows the 
visualization of metabolic tissue activity. Use of FDG in in-vivo cancer imaging is based 
on enhanced glycolysis in tumor cells. In vivo experiments have demonstrated the 
potential use of FDG PET in squamous-cell head and neck tumors and the detection of 
tumor involvement in lymph nodes. Since its introduction in this area, several papers have 
appeared on the use of this imaging modality. Indications for the use of FDG PET in 
patients with head and neck cancer are discussed.

3.2 Introduction

Positron emission tomography (PET) by means of F18-fluorodeoxyglucose (FDG) allows 
the visualization of metabolic tissue activity. PET imaging relies on the use of 
radioisotopes which decay with emission of positively charged particles. These positrons
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travel short distances in tissues before combining with a negatively charged electron. 
When the masses annihilate, two photons (gamma-rays) are produced, which are emitted 
at approximately 180 degrees from each other. The simultaneous detection of two such 
photons by opposed detectors is then used to reconstruct a three dimensional image. 
Depending on which tracer is used, different aspects of regional tissue metabolism and 
organ functions can be measured. Use of FDG in in-vivo cancer imaging is based on the 
observation of enhanced glycolysis in tumor cells. A high rate of degradation of glucose 
to lactic acid in cancer cells was first described by Warburg et al. [1,2].

Uptake of glucose and FDG into malignant cells is facilitated by an increased 
expression of the glucose transporter (GLUT) molecules at the tumor cell surface. Seven 
glucose transporters are currently known (GLUT1-7). It has been found, that 
overexpression of GLUT1 and GLUTS has been observed in several tumors [3-5]. Just 
like glucose, FDG uptake in cells is followed by phosphorylation to FDG-6-phosphate by 
hexokinase, the first enzyme of glycolysis. In contrast with glucose, however, 
glucose-6-phosphate isomerase does not react with FDG-6-phosphate, so further 
metabolism is not possible. On the other hand, degradation of FDG-6-phosphate is very 
slow resulting in an accumulation of FDG. In summary, the FDG concentration is a 
representative of the glycolytic activity of exogenous glucose [6,7]. It has to be realized 
that uptake of FDG in malignant tumors is not only dependent of an increased expression 
of GLUT, but also depends on physiologic factors, such as tissue oxygenation, blood flow 
and peritumoral reactions [8,9], Consequently, FDG PET therefore may be considered as 
a highly sensitive technique, but with a relative low specificity. Therefore, a careful 
selection of patient groups must be performed to overcome this problem.

In vivo experiments have demonstrated the potential use of FDG PET in 
squamous-cell head and neck tumors and the detection of tumor involvement in lymph 
nodes [10-12]. In these studies, a clear correlation was found between the proportions of 
the cells in the S+G2/M phases and the FDG uptake. The results suggested that enhanced 
glucose metabolism is associated with the proliferative activity of the head and neck 
tumors and justified further studies to assess the value of FDG PET in clinical practice. 
Since its introduction in this area, several papers have appeared on the use of this imaging 
modality. It is therefore appropriate to review the advantages and limitations of FDG as a 
tumor-seeking agent and its present and potential role in the clinical management of head 
and neck cancer.

3.3 Detection and grading of primary tumors

Initial diagnosis of head and neck carcinomas is based on clinical examination. This is 
usually quite successful as most tumors are reasonably accessible to observation and 
palpation by the surgeon. To assess bone involvement and extension into adjacent tissue, 
CT and/or MRI are used to assess tumor stage. By CT, only 77% and by MRI, 81% of the 
tumors are correctly staged [13]. In this study, there were mainly advanced tumor stages.
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For correct identification of small tumors, i.e. T1 tumors, the sensitivity of both 
techniques decreases. Primary tumors that do not distort tissue planes or invade 
contiguous structures may not be detected. In this respect, FDG PET may offer some 
advantages over anatomical imaging. It can detect superficial or submucosal primary 
tumor infiltration without adjacent tissue deformation.

The value of PET in assessing prognosis at initial presentation by using FDG uptake in 
primary tumors has still to be established. It was found by Minn et al. [14] that high 
uptake of FDG in untreated head and neck cancer was associated with advanced disease 
and may portend poor survival. In small in-vivo series [10-12], however, accumulation of 
FDG poorly correlated with the histologic grade which has been confirmed in-vitro by 
McGuirt et al. [15], Despite the fact that quantification is often used as a measure to 
characterize and to grade lesions, it was demonstrated by Keyes [16] and Laubenbacher et 
al. [17] that this is of little or no additional value in clinical practice. Moreover, it has 
been described that the commonly used quantitative parameters widely vary with the time 
of measurement [18], with the body weight of a patient [19] and with metabolic 
alterations [20]. Consequently, the parameters should be interpreted with more caution. 
Up to now, evaluation of the accuracy of FDG PET in the diagnosis and the grading of the 
primary tumor has been performed to validate its potential use than to support its clinical 
use. It is not to be expected that PET is cost-effective in this setting.

Where PET has an important role is the identification of occult primary tumors. 
Patients with an unknown primary cancer represent 5-10% of all cancer patients [21]. The 
location of the involved nodes may indicate the location of the primary tumor. When the 
lymph nodes of the upper and middle cervical level are involved, a primary tumor in the 
head and neck region is more likely. In 20-40% of patients presenting with metastatic 
disease in cervical lymph nodes, a primary site can be identified during the diagnostic 
phase, which allows the delivery of a higher treatment dose to the primary tumor or even 
allows complete surgical excision of the tumor. These potential alterations in management 
can lead to a reduction in treatment morbidity and possibly improvement in survival. 
Mukherji et al. [22] found that among 11 histologically proved occult primary tumors, 
FDG PET depicted nine tumors compared to 4 lesions depicted by CT scanning. Braams 
et al. [23] studied thirteen patients with various histologic types of cervical metastases of 
unknown primary tumors. In this study, PET identified in 30% of these patients the 
primary tumor. The other patients remained free from primary manifestation after a 
follow-up period of 18-30 months following standard treatment. FDG PET can reveal 
useful information that results in more appropriate treatment and it can be of value in 
guiding endoscopic biopsies for histologic diagnosis.

3.4 Assessment of cervical adenopathy

An accurate evaluation of the cervical lymph nodes plays an important role in the 
management and prognosis of patients with squamous-cell carcinoma of the head and
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neck [24,13], The incidence of metastases depends mainly on the site and size of the 
primary tumor, varying from as low as 1 % for very small glottic carcinomas up to 80% 
for nasopharyngeal tumors. The incidence of cervical metastases in oral cancer is 
approximately 50% [25],

The survival of patients with head and neck cancer depends mainly on the presence or 
absence of metastases. The average 5-years survival rate is about 50% in the absence of 
metastases compared to only 30% if malignant adenopathy is present [26,27].

Currently, despite the progress made in imaging techniques, the clinical evaluation of 
the head and neck still plays an important role in the preoperative assessment of cervical 
lymph nodes. However, the overall error rate in this ranges from 20% to 28% [28,29]. 
Therefore, the treatment of patients with clinical stage NO neck is controversial. In the 
elective neck dissections, up to 77% prove to be tumor-free at pathologic examination of 
the specimen. On the other hand, up to 32% of the patients with clinical stage NO who are 
not treated develop lymph node metastases [30,31].

Computed tomography (CT) and Magnetic Resonance Imaging (MRI) have advanced 
the ability to detect cervical metastases. In patients with a NO neck by palpation, it was 
found that both CT and MRI increased the identification of metastasis from 60%-75% to 
85%-94% [32-36]. However, the overall error rate of assessing the presence or absence of 
cervical lymph node metastases by CT is in the range of 7.5-28% and for MRI 16% 
[32,36], Ultrasound guided fine needle aspiration cytology (FNAC) may give cytologic 
evidence of tumor in a large percentage of metastatic nodes. By using this technique, the 
specificity has been described to improve [37], but this inevitably resulted in a decreased 
sensitivity for metastatic disease. Whether or not pathologic nodes can be identified at 
CT, MRI or US-guided FNAC depends on the experience and expertise of the radiologist. 
In addition, volume averaging effects, patient’s compliance and selected techniques may 
influence the interpretation of the CT or MRI measurements. Finally, the images may be 
negatively influenced by artifacts caused by dental prosthesis and fillings. Therefore, it 
would be helpful to have an alternative imaging modality that accurately identifies 
cervical lymph node metastases. In this respect, several studies have appeared in literature 
describing the role of FDG PET in the preoperative lymph node assessment. In table 1, an 
overview is given of the sensitivity and specificity found in literature. In most of these 
reports, PET was found to have a similar sensitivity to CT scanning, whereas both 
techniques were found to be superior to the clinical assessment. In histopathologic 
studies, Eichhorn et al. [47] showed that more than 40% of all lymph node metastases are 
localized in lymph nodes smaller than 1.0 cm, which limits the use of radiologic criteria. 
The smallest lymph node detected by FDG PET measures about 4 mm which may result 
in an increased justification of performing neck dissections in these patients. On the other 
hand, due to its high specificity lymph node dissection may be omitted in patients with 
PET-negative neck sides. Consequently, morbidity will decrease if unnecessary performed 
dissections can be prevented. From these studies it is concluded that FDG PET can reveal 
an improvement in the evaluation of the neck in head and neck cancer. Since PET 
currently does not provide the anatomical information that is so vitally important to
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surgeons, it is not to be expected that this technique will exclude CT scanning in the 
evaluation of neck nodal disease. However, due to the improvements in PET's resolution 
and experience in its use this current perception may change.

Table 1. Studies on the use of FDG PET in staging head and neck cancer.

Author Year Reference No. of pts. Sensitivity (%) Specificity (%)

Baillet 1992 38 16 71 98

labour 1993 39 15 74 99

Laubenbacher 1995 17 22 90 96

McGuirt 1995 40 25 81 88

Braams 1995 41 12 91 88

McGuirt 1995 42 49 83 82

Abdel-Nabi 1996 43 47 86 100

Manolidis 1996 44 29 82 84

Benchaou 1996 45 48 72 99

Bender 1997 46 44 NA NA

NA, not available

3.5 Evaluation of treatment response with FDG

FDG PET has been used to monitor tumor response to various therapy regimens. Since 
some of the biochemical pathways involved in the repair of damage are known to be 
energy, i.e. glycolysis and respiration, dependent, FDG uptake can be enhanced following 
radiotherapy and chemotherapy. It is known from PET studies in patients with colorectal 
cancer that the uptake of FDG may be elevated up to several months following 
radiotherapy [48]. Therefore, it may be difficult to distinguish treatment response from 
residual tumor at early stage. Chaiken et al. [49] found that elevated FDG activity after 
radiation therapy was indicative for persistent disease in 8 of 9 patients, while a
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significant decrease in activity was observed in patients achieving local control. However, 
it has been described by Greven et al. [50] that clearly negative results on 1-month scans 
were not accurate indicators of absence of disease. PET studies performed at 4 months 
after completion of treatment may more accurately reflect disease status. Minn et al. [51] 
described that the administered dose of radiotherapy correlated with the decrement in 
FDG activity in patients achieving complete or partial response, but not in those showing 
no change or progressive disease. These results were confirmed by Rege et al. [52] in 11 
patients with biopsy proven head and neck cancer. They found a dramatically decrease in 
FDG uptake following treatment, whereas uptake in normal stmctures did not change.

Comparable results have been described in the early assessments of chemotherapeutic 
effects. Lowe et al. [53] found a mean reduction of 82% in FDG uptake in those achieving 
complete response compared to a decrease of 34% uptake in those demonstrating 
recurrent disease. Haberkorn et al. [54] described a comparable response in FDG 
metabolism to chemotherapy in lymph nodes and tumors. In addition, they found that 
lesions with a higher FDG uptake prior to therapy were associated with a higher decrease 
in volume than lesions with low FDG uptake. From these studies it may concluded that by 
using FDG PET early identification of non-responders is possible which may help to 
improve survival if alternative therapy could be started at an earlier stage in the course of 
these patients.

3.6 Identification of recurrent disease

PET is clearly superior to clinical examination and to CT or MRI in the postirradiation 
patient who exhibits a spectrum of marked soft tissue changes ranging from persistent or 
excessive laryngeal edema, through ulcerated or granular endolaryngeal soft tissue 
changes, to perilaryngeal neck erythema, edema and tenderness. Biopsy, although usually 
required for diagnosis, is frequently equivocal. In addition, the surgeon is often reluctant 
to obtain multiple or deep biopsy specimen in such cases for fear of initiating or 
aggravating radionecrosis. The accuracy of FDG PET in differentiating tumor from 
necrosis is in the range of 82% to 88%, as compared to 45% of CT or MRI [50,55,56]. 
Therefore, PET is a valuable diagnostic tool in such cases. But, as stated before, analysis 
of postirradiation PET studies indicated that FDG uptake up to 4 months after irradiation 
may not be reliable to differentiate persistent or recurrent tumor from necrosis. 
Differentiation is more reliable 4 or more months postirradiation.

3.7 Limitations of FDG PET

One of the most striking limitations is that FDG is not a very tumor specific substance. 
False positive results may occur due to tracer accumulation in benign lesions, such as 
reactive lymph nodes and biopsy sites [57]. Furthermore, interpretation of these PET
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images requires experience with normal variations in scans that could cover or mimic 
disease. Moderate uptake is usually noted around the eyes, in the mucosal and lymph node 
tissue of the mouth, nasopharynx and pharynx. In addition, muscular activity depends on 
the muscle tension [58,59], so complete rest is indicated to avoid muscle artifacts.

An additional factor that may influence the uptake of FDG in tumor cells is patient's 
glucose level. FDG is transported like glucose into the cell, so increased glucose levels, 
such as in diabetic patients, will result in decreased FDG uptake [60]. Consequently, the 
patient should be fasting for a minimum of 4-6 h before injection time, whereas the blood 
glucose levels in diabetic patients should be properly regulated.

Finally, owing to the high cost dedicated PET scanners are of limited availability. 
Therefore, alternative methods of imaging the 511-KeV photons of positron emitters have 
been sought. This has led to a renewed interest in the use of the more widely available 
Anger gamma camera. Two alternative forms can be considered: either the detection of 
the photons as single events using specially designed ultra high-energy collimators or 
using coincidence detection without physical collimation. The low cost and the possibility 
to use these cameras for the detection of low-energy photons, such as used in bone 
scanning or cardiac imaging, favor the use of these techniques. However, using a 
collimated camera the spatial resolution and sensitivity are severely degraded in 
comparison with a dedicated PET scanner [61,62], Furthermore, dynamic tomographic 
imaging is impossible and only long-lived radionuclides, such as FDG, will be accessible 
to this technique. By using the coincidence technique, the sensitivity slightly improves. 
The spatial resolution, however, significantly increases to a value more or less comparable 
to those measured with dedicated PET scanners [63]. The limitations in the performance 
characteristics of these systems has implications for their potential role, although 
applications in cardiology and oncology are being pursued.

3.8 Conclusions

FDG PET is a promising diagnostic tool in the clinical management of patients with head 
and neck cancer. In patients with cervical metastases of an unknown primary tumor, PET 
can reveal useful information that results in a more appropriate treatment. Compared with 
anatomic methods, such as CT scanning or MRI, metabolic imaging using FDG has an 
improved diagnostic accuracy for recurrent head and neck cancer. In both clinical 
situations, positron emission tomography may become the first choice in the diagnostic 
strategy.

With respect to the staging of head and neck cancer, more study is required to 
definitely establish the role of FDG PET. However, it is to be expected that with the 
introduction of new cameras with a better spatial resolution, PET may reveal a role that is 
more than a complementary one. The implications of this in terms of avoiding elective or 
selective surgery and/or justifying radical treatment still has to be assessed. Finally, it is 
not to be expected that PET will become cost-effective in staging and grading primary
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tumors. Despite the introduction of alternative techniques to detect 511-KeV photons, 
PET remains an expensive and time consuming diagnostic tool that should only be used if 
there is a possibility to influence clinical management.
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4.1 Introduction

Positron emission tomography (PET) is a functional imaging technique that provides 
information about tissue perfusion and/or metabolism. PET with F18-fluorodeoxyglucose 
(FDG) has the advantage of imaging metabolic changes that appear to be related to 
malignancy. The acceptance as imaging modality has been achieved after a large number 
of scientific papers being published on particular tumors [1,2], There are, however, a 
number of factors that confound the interpretation of the images [3], which is especially 
true for FDG PET imaging of the head and neck. On the one hand it may be due to 
physiological uptake in this area, such as in the tonsils and salivary glands. On the other 
hand benign lesions as well as iatrogenic changes may demonstrate FDG uptake. 
Consequently, specificity is an important problem for FDG PET studies in oncological 
patients, and especially for head and neck cancer.

In the present study, an overview of these physiologic, iatrogenic and pathologic 
changes on FDG PET in head and neck oncology is presented in relation to the clinical 
findings.
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4.2 Materials and methods

FDG PET studies were performed in patients with primary head and neck cancer as well 
as in patients who were suspect for having recurrent disease. Images were performed 
using a dual head coincidence camera (Vertex-MCD, ABAC, Milpitas, USA) 1 hour after 
the injection of 185 MBq (5 mCi) of FDG. All patients were studied after a 6 hrs fasting. 
Preceding the PET studies, the patients' plasma glucose levels were measured with a 
standard clinical test. Acquisition involved a rotation of each detector 180° with 32 stops 
at 45 sec per stop. PET images were generated using iterative reconstruction. All images 
were visually analyzed. The experience obtained from 180 studies was used to give a 
report of 8 solitary cases with confounding factors that influenced the adequate evaluation 
of FDG PET in head and neck oncology patients.

4.3 Results and discussion

Fluorodeoxyglucose (FDG) is a glucose analogue which, just like glucose, is transported 
into the cell and metabolized by the glycolytic enzymes [4]. It is phosphorylated by 
hexokinase to FDG-6-phosphate. In the next step, glucose-6-phosphate isomerase 
normally transfers glucose-6-phosphate into an isomer. However, due to the structural 
changes of FDG compared to glucose, it cannot be further metabolized, which results in a 
trapping of the compound within the cell. In addition, the enzyme that is important for the 
reverse transcriptase, glucose-6-phosphatase, which could transform deoxyglucose-6- 
phosphate back into deoxyglucose, is present at a very low concentration in cells. Finally, 
FDG does not show any clearance from the cell, which is caused by a low membrane 
permeability. Consequently, FDG seems to be an excellent marker for glucose utilization 
in cells.

The increased glucose metabolism in malignant cells was first and extensively 
described by Warburg et al. [5] They found that tumor cells are able to metabolize glucose 
by either degradation or oxidation. In both conditions, a high excretion of lactic acid is 
found. The rapid turn-over of glucose was found to be related to an increased rate of 
uptake. Research has revealed that two of 7 glucose transporters, Glut 1 and 3, are 
overexpressed in malignant cells when compared with normal cells, which facilitates an 
increased glucose transport into these cells [6,7]. This relationship has been confirmed for 
brain tumors and hepatocellular carcinoma [8,9]. The above mentioned trapping 
mechanism in combination with the increased expression of glucose transporters on the 
cell membrane suggest that FDG is an ideal tracer for imaging malignancy. However, it 
has to be realized that all cells metabolize glucose and therefore FDG, which makes FDG 
not very tumor specific.
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Physiologie uptake
Previous studies have shown that after the intravenous injection of FDG the radioactivity 
distributes rather uniformly [10], Most of the radiopharmaceutical is rapidly cleared from 
the circulation with a half-life of less than 1 min, as it mixes with a large distribution 
space. In animal studies, significant uptake is seen in the spleen, liver and kidneys, but 
significant uptake in these organs has not been observed in human studies. Previous 
studies [11] have shown that the clearance from all organs except the brain and heart is 
rapid, which results in an excretion in the urine of about 20% within the first 2 hours. The 
FDG that clears from the organs is excreted into the urine mostly unchanged, which is

Figure 1. Coronal slice of a FDG PET study of a 
68-year-old patient with a suspicion on recurrent 
laryngeal cancer. Besides uptake in the region of 
the larynx due to recurrent carcinoma (not 
shown), increased accumulation of FDG 
appeared in the left sternocleido-mastoideus 
muscle due to contraction of the striated muscle 
(arrow).

Figure 2. Sagittal slice of a FDG PET study of a 
73-year-old man demonstrating artifacts caused 
by speech and swallowing in the pre-imaging 
phase (arrow).

probably due to the lack of tubular resorption. In contrast, significant uptake is seen in the 
heart, 4% of the injected dose, and brain, 6% of the injected dose, where it remains 
essentially constant for at least 2 hrs and between 1 and 2 hrs, respectively. The 
accumulation in these organs must be recognized and it is conceivable that the uptake 
may obscure a pathological lesion.

Glucose uptake in the striated muscles is quite variable. Increased uptake of FDG will
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be seen in particular muscle groups, which is related to muscle tension or physical activity 
in time before and immediately after the injection [12-14] (Figure 1). Therefore, the 
patients should be as comfortable and relaxed as possible to prevent tensing of specific 
muscle groups such as the neck muscles. Focally increased uptake may be seen in the area 
of the hyoid or the base of the tongue, which is often caused by extensive swallowing. 
Especially, when staging primary head and neck cancer there should be minimal muscular 
activity in this area. In addition to the comfortable position, patients are not allowed to 
speak and eat, whereas swallowing should be kept to a minimum as possible. This 
statement is confirmed by the FDG PET images in one of our patients, who had evident 
speech and swallowing artifacts (Figure 2). In some cases, the use of diazepam may be 
indicated to avoid these artifacts. Finally, the ocular musculature also demonstrates 
moderate to high accumulation of activity, which is difficult to avoid. Due to the specific 
metastatic patterns in head and neck oncology, uptake in these muscles, however, is not to 
be expected to influence the interpretation of the images.

Figure 3. A 46-year old man, who underwent a 
FDG PET study of the head and neck as part of a 
screening program for the evaluation of an 
ulcerative lesion of the maxilla. The sagittal slice 
demonstrates a lesion corresponding with a 
squamous cell carcinoma of the midline of the 
maxilla (arrow-head). The dashed line (arrow) at 
the upper digestive tract was due to 
accumulation of saliva, one of the physiological 
excretion pathways of FDG.

Figure 4. A 41-year old man with a history of 
laryngeal cancer was referred for FDG PET 
because of the suspicion on recurrent disease. 
Besides focally increased uptake, which 
corresponded with tumor recurrence, the sagittal 
slices demonstrated stasis of FDG in the parotis 
(arrow) due to tumor compression of the salivary 
duct.
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In about half of the patients, FDG uptake is seen in the lymphoid tissue which is 
especially true for the tonsil [15]. The uptake is usually bilateral and asymmetry is often 
correlated with either infection or malignancy. One has to realize that because of the high 
risk of second primary tumors in patients with head and neck cancer, any asymmetry in 
this area should be assessed with caution.

Finally, FDG is also excreted from the salivary glands, which may interfere with the 
interpretation of the PET images (Figure 3). In patients in whom swallowing is a severe 
problem as well as in patients with large tumors, stasis of FDG may be found in the 
upper-aerodigestive tract influencing the detection of primary tumors as well as the 
assessment of the cervical lymph nodes. Furthermore, the preferential uptake of FDG in 
the excretory tissue can provide further problems with respect to primary tumors in the 
glands. Keyes et al. [16] found in 26 patients with salivary gland tumors in 31% of the 
cases a false-positive result. In our study, we found a patient with false positive uptake in 
the upper neck area, which was caused by compression of the primary tumor on the 
salivary duct (Figure 4). Although in many cases it may be helpful to rinse the saliva prior 
to scanning, it will be of limited or no value in patients with a tumor of the salivary gland.

Benign lesions with FDG accumulation
Tracer accumulation into metabolically active tissue is the main-stay of the detection of 
malignant tumors with FDG. However, as stated before, enhanced glucose metabolism 
also occurs in non-malignant, active dividing tissues. Even in malignant tumor masses 
about 24% of the FDG accumulation is due to FDG concentration in inflammatory cells 
within the tumor, such as known from autoradiographic studies in animal tumor models 
[17-19]. Moreover, there are several clinical reports demonstrating that FDG accumulates 
in benign inflammatory lesions, especially, in the metabolically active macrophages. 
Although these reports are generally isolated case reports and the performance of FDG 
PET in infectious diseases is still not fully elucidated, accumulation of FDG has been 
demonstrated in abscesses [20], pulmonary granuloma [21], rheumatoid arthritis- 
associated lung disease [22], tuberculosis [23], and sarcoidosis [24], In addition, an other 
recent preliminary study demonstrated FDG accumulation in osteomyelitis and cellulitis 
[20], two conditions which can hamper an adequate specificity for efficient tumor staging, 
also in the head and neck area. This heterogenic uptake of FDG in metabolically active 
tissue independent of the origin of the increased metabolic demand may be a limitation of 
adequate detection and grading of cancer with FDG PET.

In our series, we found a case with a FDG positive lesion of the larynx, who 
experienced at histopathological examination a papilloma (Figure 5). Characteristics of a 
papilloma are a widening of the epithelia with a pronounced hyperkeratosis, frequent 
ulceration because of their fragility with reflective granulocyte invasion. Moreover, a 
papilloma shows the tendency to destructive growth with accompanying enhanced 
glucose utilization and associated FDG accumulation as has also earlier been described 
[25].
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Figure 5. A patient with a suspicion on recurrent 
carcinoma of the floor of the mouth was referred 
for FDG PET. As shown on the coronal slice, 
focally increased uptake was seen in the right 
tonsil (arrow). Histologically, this lesions proved 
to be a papilloma

Figure 6. A 68-year-old man with an invasive 
squamous cell carcinoma of the floor of the mouth 
underwent a FDG PET study as part of the 
screening program for lymph node metastases. 
The coronal FDG PET slice showed not only the 
known primary tumor, but also focal increased 
FDG depositions in front of the primary tumor 
(arrows). Both spots corresponded with biopsies 
performed a few days before

Iatrogenic changes on FDG PET studies
Since accelerated metabolism with associated increased regional glucose utilization exists 
at a site of tissue repair and FDG is an indicator of local metabolic glucose utilization, 
such area can show increased FDG uptake. Even small invasive procedures, like a small 
biopsy, can be associated with a tissue repair reaction and consequently with increased 
FDG uptake. This phenomenon has been shown in one of our patients, who underwent a 
biopsy for a suspicious malignant tumor of the floor of the mouth prior to FDG PET 
examination (Figure 6).

Head and neck squamous cell carcinoma patients suffer from socially mutilating 
surgical procedures, like a laryngectomy. Such procedures are frequently being followed 
by placement of a tracheostoma or reconstructive interventions, like implantation of a 
synthetic (silicone) voice prosthesis. Figure 7 shows an example of a FDG PET study in 
such a patient with a tracheostoma. Implantation of synthetic materials in the head and 
neck area give rise to increased mucus production, and oropharyngeal or tracheal wall 
damage with accompanying granulocyte infiltration of the surrounding mucosa. Both the
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mucus secretion and the immunologic cell accumulation give rise to increased glucose 
utilization, which is being reflected by increased FDG uptake, and make judgement of 
tumor recurrence in the area at risk unreliable. A final example of an iatrogenic change is 
our patient who underwent FDG PET study after placement of a drip feed catheter, which 
also gave rise to irritation of the local mucosa, associated with local increased glucose 
utilization and therefore increased FDG uptake (Figure 8).

Figure 7. FDG PET study of a 53-year-old man 
suspect for recurrent laryngeal cancer. The 
sagittal slice demonstrated increased activity of 
FDG around the tracheostoma (arrow), which is 
due to stasis of sputum as well as an increased 
leukocyte activity around such implant. 
Consequently, judgement of tumor recurrence was 
not reliable.

Figure 8. A 68-year-old man underwent a FDG 
PET study. As shown on the sagittal slice, the 
whole area from nasal cavity down to the 
oesophagus showed increased accumulation of 
FDG, which was caused by a drip feed catheter

4,4 Conclusion

In oncologic PET studies, resting, inclusive of a ban on public speaking and avoidance of 
extensive swallowing movements, seems to be a prerequisite to avoid physiological 
muscle FDG uptake. In addition, in iatrogenically changed circumstances, the local 
alteration can interfere with reliable judgement of the primary or recurrent tumor status 
and care must be taken to avoid false positive judgement of the iatrogenically changed 
area. In this respect, clinical information on preceding surgical interventions is a necessity 
for an optimal interpretation of FDG PET studies. If these prerequisites for an optimal 
interpretation of a study can be met, benign lesions appear to be the only non- 
impressionable factors that may interfere with the specificity of FDG PET.
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5.1 Summary

The aim of this study was to investigate whether, in patients treated for laryngeal 
carcinoma, a differentiation was possible between local recurrence or local control, using 
a dual-head SPECT camera with PET capability. Eleven male patients (mean age 62 yr, 
range 51-71 yr) who had previously undergone radiotherapy for laryngeal carcinoma were 
studied using 5 mCi (185 MBq) F18-fluorodeoxyglucose (FDG). The mean interval 
between initial treatment and F18-FDG PET was 21.9 months (range: 6-65 months). Six 
patients had a histologically proven local recurrence and five patients showed local 
control clinically. The mean follow-up in the local control group was 5.2 months. 
Fluorine-18-FDG PET scans were positive in all 6 local relapses. Histopathological 
examination of the laryngectomy specimen revealed a mean tumor size of 2.6 cm (range:
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1.4-5.0 cm). In one patient, false positive uptake was seen in an inflammatory lymph 
node. Fluorine-18-FDG PET scans were negative in all five patients with local control. 
We conclude that it is possible to differentiate between local recurrence and local control 
in patients previously treated for laryngeal carcinoma, with a dual-head SPECT scanner 
with PET capability.

5.2 Introduction

With an incidence of about 600 cases per year, laryngeal carcinomas represent 2% of the 
newly diagnosed cancers in the Netherlands [1]. Modem treatment of these tumors 
consists of high dose radiation therapy, either as a single therapy or in combination with 
surgical intervention. These procedures may cause a variety of acute and late post
treatment changes such as edema, fibrosis and scarring [2]. In these patients, recurrent 
disease, which can occur in as many as 50% of the patients with advanced primary disease 
[3], may be difficult to distinguish from post-treatment reactions. CT or MRI frequently 
do not accurately predict disease recurrence [4,5], In addition, posttreatment biopsies may 
reveal false-negative results and should be performed with caution, since the capacity of 
the irradiated tissue to recover is diminished.

Tumor imaging with F18-2-fluoro-2-deoxy-D-glucose (FDG) has yielded promising 
results for the detection of a variety of primary tumors [6-9]. The mechanism of FDG 
uptake is well documented and is based on the increased glycolysis that is associated with 
malignancy as compared with most normal tissues [10,11]. However, owing to the high 
cost and limited availability of dedicated PET scanners, alternative methods of imaging 
the 511-keV photons of positron emitters have been sought. With a dual-head SPECT 
scanner with a coincidence module, PET scanning with FDG is possible.

The aim of this study was to investigate if a differentiation could be made in patients 
being treated for laryngeal carcinoma between malignant and benign lesions using a dual
head SPECT scanner with coincidence module.

5.3 Materials and methods

Patients
Eleven male patients (mean age 62 yr) who had previously undergone radiotherapy for 
laryngeal carcinoma underwent FDG PET. Six patients had proven recurrent disease with 
a mean interval of 20 months (range: 6-65 months) after initial treatment. Direct 
laryngoscopy and biopsy under general anesthesia were performed 13 times in these 
patients with an interval between biopsy and F 18-FDG PET of at least 4 weeks. Three out 
of six patients underwent a contrast enhanced CT study (two glottic and one supraglottic 
laryngeal carcinoma). Five patients without clinical suspicion of tumor recurrence were 
used as control. In this group, the average time from the completion of the initial
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treatment was 23.8 mo (range 12-45 mo). Mean follow-up after F18-FDG PET was 5.2 
months. Diabetes mellitus was an exclusion criterion. All six patients with proven 
recurrent disease underwent laryngectomy. Age, primary site, primary tumor, regional 
nodes and metastasis (TNM)-stage, previous treatment, time since last treatment and 
pathologic findings of the laryngectomy specimen are summarized in Table 1.

Tabic 1. Patient characteristics, imaging findings and histopathologic results.

Patient

No.

Age

(years)

TNM-stage Site Radiation

therapy (Gy)

Interval

(months)*

FDG

PET
Tumor size

(cm)#

1 56 T2N3M0 Supraglottis 70 7 TP 5.0

2 53 T2N0M0 Supraglottis 70 14 TP 1.4

3 66 T1N0M0 Glottis 66 6 TP 3.2

4 59 T2N0M0 Supraglottis 70 24 TP 1.5

FP In

5 71 TIN0M0 Glottis 66 65 TP 2.0

6 51 T2N0M0 Glottis 60 6 TP 2.5

7 68 T2N0M0 Glottis 70 30 TN -

8 67 TlbNOMO Glottis 66 45 TN -

9 62 T2N0M0 Glottis 70 12 TN -

10 63 T1N0M0 Glottis 66 17 TN -

11 66 TlbNOMO Glottis 66 15 TN _

*Interval between initial treatment and FDG PET study. #Histopathologic finding of laryngectomy 
specimen. TP, true positive; FP, false positive; In, lymph node

Imaging study
All patients were studied after fasting overnight. Preceding the PET studies, the patients’ 
plasma glucose levels were measured with a standard clinical test. At 60 min after the 
intravenous administration of 5 mCi (185 MBq) of 18F-FDG imaging of the neck was 
performed using a dual head SPECT scanner with a coincidence module (Vertex-MCD, 
ADAC, Milpitas, CA). The spatial resolution of 5 mm of this scanner is comparable with 
a dedicated PET scanner. Acquisition involved a rotation of each detector 180° with 32 
stops at 45 sec per stop. PET images were generated using filtered backprojection with a
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Wiener filter (cut-off frequency 0.8). All images were analyzed visually.

5.4 Results

The mean plasma glucose level in this study was 4.6 mmol/liter (range; 4.2-6.2 
mmol/liter). Fluorine-18-FDG PET scans were positive in all six patients wit local relapse 
as shown in Table 1. Histopathological examination of the laryngectomy specimens of 
these patients demonstrated a mean tumor size of 2.6 cm (range; 1.4-5.0 cm). The site of 
increased uptake corresponded with the location of the local recurrence found in the 
histological specimen (Fig. 1). CT showed local edema, ulceration of the left vocal cord 
and a frayed right vocal cord, respectively, in three out of six patients with local 
recurrence and this was consistent with the endoscopic findings. In one patient, 18F-FDG 
uptake was false-positive in a lymph node. Histologic examination of this lymph node 
revealed an inflammatory response but no malignancy. Fluorine-18-FDG PET scans were 
negative in all five locally controlled patients. During a mean follow-up period of 5.2 mo, 
no signs of recurrent disease were seen.

Figure 1. A 51-yr-old male (Patient 6) who had 
previously undergone radiotherapy for a T2N0M0 
glottis carcinoma was suspected of having local 
recurrence. Coronal FI 8-FDG image of the neck 
with a dual-head SPECT scanner with 
coincidence module demonstrates focally 
increased uptake of left paramedian in the larynx. 
Pathologic examination of the laryngectomy 
specimen revealed a tumor in the left vocal cord 
with a diameter of 2.5 cm

5.5 Discussion

PET is a promising complementary diagnostic tool for managing and following up 
patients with cancer. Using F18-FDG it is possible to look at physiological processes and 
perform metabolic imaging. Fluorine-18-FDG is transported like glucose into the cell and 
trapped in phosphorylated form without further significant metabolism [12]. In this 
respect, FI 8-FDG PET has been applied successfully to a variety of malignant human 
tumors, such as brain, pancreatic and musculoskeletal tumors [6-9]. Several articles have 
reported on the value of FI 8-FDG PET for detecting and staging primary tumors of the 
head and neck [13-15]. A sensitivity has been described ranging between 88% and 100%, 
including detecting of metastases in the lymph nodes. One of the major deficiencies of
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PET scanning, however, is its lack of anatomic definition of the lesion site and extent. In 
contrast, MR and CT provide detailed structural information such as destruction of 
normal fascial planes and tumor infiltration into deep structures, thus helping clinical 
staging and therapeutic planning. However, these anatomically based imaging modalities 
have a sensitivity varying with the location and type of tumor at between 60% and 88% 
[16,17],

PET is clearly superior to clinical examination and superior to either CT or MR for the 
postirradiation patient who exhibits a spectrum of marked soft tissue changes ranging 
from persistent or excessive laryngeal edema, through ulcerated or granular endolaryngeal 
soft-tissue change, to perilaryngeal neck erythema, edema and tenderness. Biopsy, 
although usually required for diagnosis, is frequently equivocal. The surgeon is often 
reluctant to obtain multiple or deep biopsy specimens in such cases for fear of initiating or 
aggravating radionecrosis. The accuracy of F18-FDG PET ip differentiating a tumor from 
postirradiation tissue changes is in the range of 82% to 88%, compared with 45% for CT 
or MRI [18,19].

Because of the high cost and limited availability of F18-FDG PET, alternative methods 
of imaging the 511-keV photons of positron emitters have been sought. Fluorine-18-FDG 
SPECT imaging can be performed on a dual-head gamma camera used routinely. This 
substantial reduction in cost would allow for more general use of F 18-FDG imaging. The 
obvious cost savings, however, needs to be balanced against data comparing the relative 
accuracy of 511 -keV PET and the SPECT method. SPECT cameras have a resolution of 
1.7-1.8 cm (FWHM) [20] compared to 4-6 mm for dedicated PET scanners. With a dual
head camera and high energy collimators, Drane et al. [21] reported detecting primary and 
nodal metastases in 91% of their patients. Martin et al. [22] reported detecting 78% of all 
hypermetabolic lesions shown with F18-FDG PET. In this study, the sensitivity of F 18- 
FDG SPECT was 92% for detecting malignancies of 1.8 cm or more in diameter, showing 
the inferior spatial resolution of SPECT compared with PET.

This study was performed using a dual-head SPECT camera with PET capability with 
a spatial resolution of 5 mm (FWHM). In all six patients, histologically proven 
recurrences ranging from 1.4-5.0 cm were detected accurately, whereas in one patient a 
false-positive uptake was seen in a lymph node. Histologic examination of this node 
revealed an inflammatory response, but no malignancy. Activated inflammatory cells 
have a markedly increased glycolysis and the hexose monophosphate shunt is stimulated 
by phagocytosis, with increases of 20 to 30 times baseline being common in these 
stimulated cells [23]. Although tissue types may differ with regard to the absolute uptake 
of F 18-FDG, tumor uptake is usually greater than the uptake in most types of 
inflammation.

None of the five patients with local control showed increased uptake of F18-FDG. A 
mean follow-up of 5.2 months may, however, provide insufficient time in which to assess 
the value of these scans. False-negative results have been described in patients with scans 
performed within 4 mo of radiation therapy [18]. Higashi et al. [24] reported that there 
appears to be a period immediately after radiation therapy during which F 18-FDG

59



incorporation into tumor cells is decreased, although a viable tumor remains. It is possible 
that this effect is time limited. It has been suggested that F18-FDG studies at 4 mo after 
completing treatment may more accurately reflect disease status. The shortest post
treatment interval in the patients with a negative F18-FDG scan in this study was 12 mo, 
thus excluding the immediate radiation therapy effect as a cause of the scan result.

5.6 Conclusion

Measurement of F18-FDG with a dual head SPECT scanner with PET capability is very 
sensitive for detecting local recurrence of laryngeal carcinoma. In this study, detecting 
malignant neoplasms was possible for a tumor of 1.4 cm in diameter, compared with 
tumors >2 cm in diameter detected by F18-FDG-SPECT with 511-keV collimation. These 
results justify a prospective study on early detection of local relapses using this technique.
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6.1 Summary

Primary tumors of the larynx and hypopharynx are preferably treated with high dose 
radiation therapy. In these patients, recurrent disease may be difficult to be distinguished 
from posttreatment reactions. The aims of the present study were to assess the value of 
FDG PET in the detection of local relapses of laryngeal or hypopharyngeal carcinoma 
after radiotherapy using a dual-head PET camera. Forty-eight patients (43 male, 5 female; 
mean age ± SD, 61±9.5 yr) with a suspicion on recurrent laryngeal or hypopharyngeal 
cancer were prospectively studied. The mean interval between initial treatment and the 
suspicion on recurrent disease was 14.6 months (range; 3-100 mo). FDG dual-head PET 
was followed by endoscopy with or without biopsy under general anesthesia within a 
period of 2 months in all patients. The mean period of follow-up after FDG dual-head 
PET was 13.7 months. In 19 out of 31 patients with focally increased uptake, tumor 
recurrence (mean diameter: 2.4 cm; range 0.4 cm-6.5 cm) was found at initial endoscopy.
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In 5 patients recurrence was found during follow-up with a mean interval of 6.6 months. 
Seven patients had a false-positive study due to benign lesions or swallowing artifacts. In 
none of the patients with a normal PET study, tumor recurrence was found during follow
up. The sensitivity and specificity of FDG dual-head PET were 100% and 71%, 
respectively. It was concluded that FDG dual-head PET is highly sensitive for the 
detection of local recurrence of laryngeal and hypopharyngeal carcinoma after 
radiotherapy. Some lesions were detected with a mean interval of 6.6 months before 
histological confirmation. In patients being suspect for recurrent laryngeal or 
hypopharyngeal cancer, in whom FDG PET is negative, endoscopy may be omitted for at 
least six months and may be up to one year.

6.2 Introduction

Primary tumors of the larynx and hypopharynx are preferably treated with high dose 
radiation therapy, either as a single therapy or in combination with chemotherapy and or 
radiosensitizers with accelerated fractionation [1], These organ preserving procedures 
may cause a variety of acute and late posttreatment effects ranging from persistent or 
excessive laryngeal edema, through ulcerated or granular endolaryngeal soft tissue change 
and tenderness [2], In these patients, recurrent disease may be difficult to be distinguished 
from these posttreatment reactions. Local recurrences may be seated deep underneath 
apparently normal mucosa with edema. Histologic examination of the biopsy specimen, 
although usually required for diagnosis, is frequently equivocal and, moreover, the 
surgeon is often reluctant to obtain multiple or deep biopsy specimens in such cases for 
fear of initiating or aggravating radionecrosis. Furthermore, Computed tomography (CT) 
or magnetic resonance imaging (MRI) frequently does not accurately predict disease 
recurrence [3,4],

Positron emission tomography (PET) using fluorine-18 deoxyglucose (FDG) has been 
described to be clearly superior to clinical examination and superior to either CT or MRI 
in the detection of recurrent laryngeal cancer [5,6], These results, however, have been 
obtained with dedicated PET cameras, whereas data on the use of a dual-head PET 
camera are scarce. Recently, we have reported on our first experience with a dual-head 
PET camera in patients with recurrent laryngeal cancer [7]. In that study, eleven patients 
were investigated to assess the feasibility of detecting recurrent laryngeal cancer with a 
dual-head PET camera. Six out of these patients studied had histological proven 
recurrence at the time of acquisition, while the other five patients did not have a suspicion 
on recurrent laryngeal cancer.

Based on the promising results obtained in that study, we have initiated a prospective 
study to assess the value of FDG PET in patients who were clinically suspect for recurrent 
head and neck cancer after radiotherapy using a dual-head PET camera.

66



6.3 Materials and Methods

Patients
Forty-eight patients (43 male, 5 female; mean ± SD age 61 ±9.5 yr) with a suspicion on 
recurrent head and neck cancer were prospectively studied. All patients had previously 
undergone radiotherapy for cancer of the glottis (n=27), supraglottis (n=16) or 
hypopharynx (n=5) (mean radiotherapy dose: 69 Gy; range: 66-72 Gy). Initial tumor and 
lymph node stage were as follows: Tl, 13; T2, 23; T3, 8; T4, 4; NO, 43 and Nl, 5. Data of 
the individual patients are described in table 1. The suspicion on recurrent disease was 
based on an increased or persistent swelling or ulceration in the irradiated area, impaired 
motility of the vocal cord and/or symptoms such as pain, otalgia, dyspnoe or swallow 
complaints. The mean interval between initial treatment and the suspicion on recurrent 
disease was 14.6 months (range; 3-100 mo) and the mean interval between the suspicion 
on tumor recurrence and FDG PET was 4.8 months (range; 1-60 mo). FDG PET was 
followed by endoscopy with or without biopsy under general anesthesia within a period of 
2 months in all patients. Patients with histological evidence for tumor recurrence in 
general were scheduled for surgery.

In patients without histological evidence of recurrent head and neck cancer, clinical 
follow-up of at least six months was used as control. In patients clinically suspect for 
recurrence but negative biopsies, endoscopy and biopsy under general anesthesia were 
repeated every 6 to 12 weeks. Other patients were seen in a close follow-up including 
flexible laryngoscopy in the joint clinics of otolaryngology and radiotherapy.

Imaging Study
All patients were studied after 6 hours fasting. Preceding the PET studies, the patients’ 
plasma glucose levels were measured with a standard clinical test. At 60 min after the 
intravenous administration of 185 MBq (5 mCi) of F18-FDG imaging of the head and 
neck was performed using a dual-head PET camera (Vertex-MCD, ADAC, Milpitas, 
CA). In this camera, a 5/8-inch-thick Nal crystal is employed to improve detection 
efficiency for the 511-keV photons. Acquisition involved a rotation of each detector of 
180 degrees with 32 stops at 45 sec per stop. To extend the sensitivity, both photoelectric- 
photoelectric and Compton-photoelectric coincidences were detected. Images were 
generally obtained from the level of the middle auditory canal through the upper part of 
the chest, i.e. one bed position per patient. During the time between the administration of 
FDG and the acquisition, patients were not allowed to speak, chew and were asked to 
minimize swallowing to avoid artifacts. PET images were generated using filtering 
(Wiener 0.8 filter) and iterative reconstruction (OS-ML; two iterations, eight ordered 
subsets). Attenuation correction was not applied. All images were analyzed visually from 
monitor display on a basis of consensus by two experienced observers. A focus of 
increased uptake was assessed to be suspect for recurrent laryngeal or hypopharyngeal 
cancer.
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Statistical Analysis
The results of the FDG PET studies were compared with the initial findings of endoscopy 
as well as with the results obtained during follow-up to assess the sensitivity, specificity, 
predictive values and accuracy and to assess the value in the early detection of recurrent 
disease.

Figure 1. Coronal (left) and sagittal (right) slices of a FDG dual-head PET study in a patient (no. 8) 
suspect for recurrent laryngeal cancer. Focally increased uptake was seen (see arrows) in the midline of 
the larynx and histological examination of the biopsy specimen revealed tumor recurrence. 
Laryngectomy revealed a tumor with a diameter of 2.2 cm. The interval between the positive FDG dual
head PET study and the histological confirmation of tumor recurrence was 7 months

6.4 RESULTS

The mean plasma glucose level in this study was 5.1 mmol/liter (range: 3.4-6.9 
mmol/liter). Initially, in 19 out of 31 patients with focally increased uptake in the head 
and neck region being considered as recurrent disease, tumor was found by means of 
endoscopy and histological examination of the biopsy specimen (Table 2) (Fig. 1). 
Histopathological examination of the laryngectomy specimens of these patients 
demonstrated a mean tumor diameter of 2.4 cm (range 0.4 cm-6.5 cm). In two of these 
patients surgery was not performed because of the tumor extension, while one patient was 
treated by means of Laser-therapy. In none of the patients with a negative FDG PET study 
tumor recurrence was found at initial endoscopy. The mean period of follow-up of the 
patients with a negative (n=17) or a initially false-positive (n=12) FDG PET study was
13.7 months (range; 6-21 months). During this period, 5 out of 12 patients initially 
assessed to have a false-positive study result showed tumor recurrence at the site 
corresponding with the localization of increased uptake on the PET images (Table 2). In 
these patients, the mean interval between FDG PET and histological confirmation of 
recurrence was 6.6 months (range; 4-11 months). In one of these patients, laryngectomy 
could not be performed due to the tumor extension, whereas the mean tumor diameter
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Table 2. FDG dual-head PET results of 48 patients being suspect for recurrent laryngeal or 

hypopharyngeal cancer without and with close clinical follow-up.

FDG PET

initial result
FDG PET

with

>6 months

follow-up

Histology - + - +

- 17 12 17 7
+ 0 19 0 24

-, no tumor recurrence; +, tumor recurrence

found in the other patients was 1.9 cm. The overall mean interval between the suspicion 
on tumor recurrence and histological confirmation (n=24) was 7 months. In seven patients 
with a site of increased uptake on the FDG PET images, tumor did not appear during a 
mean period of follow-up of 16 months. In three patients this false-positive result was due 
to osteoradionecrosis, whereas in one patient histologic examination of biopsy specimen 
revealed sinus histiocytosis. All sites corresponded with the sites of increased uptake on 
the FDG PET images. In one patient initially with a false-positive result, follow-up FDG 
PET was performed after three months showing no focally increased uptake anymore. 
Finally, two patients were assessed to have a false-positive result which was due to 
swallowing artifacts causing increased uptake at the hyoid bone or base of the tongue.

Table 3. Sensitivity, specificity, predictive values and accuracy of FDG dual-head PET in assessing 

tumor recurrence after radiotherapy for laryngeal and hypopharyngeal cancer.

FDG PET

(initial result)

(%)

FDG PET with >6 months

follow-up

<%)

Sensitivity 100 100

Specificity 59 71

Positive predictive value 61 77

Negative predictive value 100 100

Accuracy 75 85
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The sensitivity, specificity, predictive values and accuracy are mentioned in table 3. In 
the present study, in none of the patients without signs of tumor recurrence on the FDG 
PET images, tumor was found during follow-up revealing both a sensitivity and a 
negative predictive value of 100%.

6.5 Discussion

In patients who have been treated for laryngeal or hypopharyngeal cancer by means of 
radiotherapy, it may be difficult to assess the presence or absence of recurrent disease. In 
these patients, FDG PET is found to be more accurate than close clinical examination and 
CT or MRI to differentiate between post-treatment changes and tumor recurrence [5,6], 
These data, however, have been obtained with dedicated PET cameras. In the present 
study, we prospectively have evaluated the value of FDG detection with a dual-head PET 
camera in patients being suspect for recurrent laryngeal or hypopharyngeal cancer 
revealing a sensitivity of 100% and a specificity of 71%. Furthermore, in 5 patients tumor 
recurrence was shown with a mean interval of 6.6 months before the detection by means 
of endoscopy and biopsy suggesting a possible role in the early detection of recurrences.

FDG uptake in tumors in the head and neck area has been extensively studied by 
Haberkom et al. [8] They found that the glucose uptake in squamous cell carcinoma of the 
head and neck correlated with the proliferative activity of a tumor. In addition, Minn et al. 
[9] described that the accumulation of FDG clearly correlated with the proportion of the 
cells in S+G2/M phases of the cell cycle. Later studies from this group have demonstrated 
that compared with L-Methionine (MET), FDG is a better marker of cell viability than 
MET, whereas MET is superior for estimating proliferative activity [10], Nevertheless, 
the in-vitro results justified the use of FDG PET in in-vivo studies.

Many reports have appeared on the use of FDG PET in the detection of tumor 
recurrence in the head and neck area. Both the sensitivity and specificity have been 
described to range from 85% to 100% [6,7,11-13]. With respect to the sensitivity, our 
results are comparable with the results obtained with dedicated PET cameras. However, 
there is an apparent discrepancy between our high sensitivity and the results reported in 
the literature on dual-head PET. Recently, Shreve et al. [14] described that 55% of the 
lesions depicted at PET were identified on the coincidence-mode images; only 5 out of 7 
lesions in the head and neck region were identified. First, they have studied thirty-one 
patients with known or suspected malignant neoplasms related to the entire body. Their 
poor results are mainly due to the low sensitivity of dual-head PET for lesions in the 
mediastinum, skeleton and abdomen. The limited contrast resolution at these sites 
compared with the head and neck region, the lack of attenuation correction needed for 
these sites and the time interval of more than 1 hour between injection of FDG and 
acquisition decreasing the total number of coincidences may have caused their inferior 
results. Second, they have studied only one or two patients with a suspicion on recurrent 
head and neck cancer which is limited in comparison with the present study. Moreover,
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the individual results of the dual-head PET studies in these two patients were not 
described. Delbeke et al. [15] found better results in a one to one comparison between a 
dedicated PET camera and dual-head PET. In nineteen oncologic patients, 28 out of 38 
lesions (73%) detected by PET were depicted with the dual-head PET camera. In addition 
to the possible explanations for the inferior results as aforesaid, they used a 3/8-inch-thick 
Nal crystal decreasing the sensitivity for 511-keV photons and, furthermore, they used a 
sub-optimal reconstruction algorithm (filtered back-projection] compared with iterative 
reconstruction used in the present study.

In the present study, even lesions as small as 4 mm were detected by means of the 
dual-head PET camera, which is in agreement with earlier reports on this subject from our 
institution [16]. Both Shreve [14] and Delbeke [15] described a limited sensitivity of 
dual-head PET for lesions with a short-axis diameter of 1.5 cm and 1.2 cm, respectively. 
In their studies, however, the size on CT was used while we described the size obtained at 
histological examination. We did not take into account the fact that a small recurrent 
tumour might have been detected within a coincidental inflammatory lesion. On the other 
hand, it is difficult to differentiate between tumour and posttreatment changes, such as 
necrosis or edema, on CT, which may cause an overestimation as well as an 
underestimation of the real tumour size, hi addition, attenuation plays a less important 
role in the neck region as investigated in the present study compared with the chest and 
abdomen studied by the previous mentioned authors increasing the detection rate of small 
lesions, i.e. lesions with a diameter less than 1 cm. Nevertheless, Shreve et al. also 
described that even some of the small lung nodules (<1 cm) were clearly demonstrated on 
the dual-head PET images even without attenuation correction. The detection of such 
lesions, even in the chest or abdomen, can be explained by high lesion-to-background 
ratios.

In the present study, it was found that with FDG PET 5 tumors were detected 
approximately 6.6 months in advance with a maximum interval of 11 months between 
PET and histological confirmation. This means that patients with a positive study result 
need close clinical follow-up for at least one year. The advantage of the early detection of 
recurrent disease may be that tumor extension is still limited giving the opportunity to 
perform limited surgery instead of a total laryngectomy.

In none of the patients without focally increased uptake on the FDG PET study, tumor 
recurrence was found during follow up. The minimum period of follow-up of 6 months in 
the present study may be to short to draw definite conclusions. However, based on a mean 
follow-up of approximately 14 months the results suggest that endoscopy may be omitted 
for at least a six months and possibly up to one year in these patients.

In current clinical practice concerning patients who have been treated for head and 
neck cancer by means of radiotherapy, follow-up including flexible laryngoscopy is 
performed at the outpatient clinic. However, in patients who are clinically suspect for 
having tumor recurrence, endoscopy and biopsy under general anesthesia have to be 
performed and, in case of a negative biopsy, also have to be repeated every 6 to 12 weeks. 
Therefore, one of the advantages of the introduction of FDG PET in the clinical follow-up
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of these patients is the cost-saving. In the Netherlands, the cost of endoscopy and biopsy 
under general anesthesia and FDG PET are approximately $2,500 and $1,000, 
respectively. In patients with clinically suspect lesions, but without signs of tumor 
recurrence on FDG PET, it is suggested that the approximately 2-monthly endoscopy 
under general anesthesia may be omitted for at least six months and probably up to one 
year, which means that the savings per patient in six months may be at least $7,500 minus 
$1,000 for FDG PET. On the other hand, in patients with histological proven tumor 
recurrence, the mean interval between the suspicion on recurrent disease and final 
histological confirmation is 7 months. As FDG PET can be used as a guidance for biopsy, 
it seems that 2 endoscopies may be avoided in these patients, which means an overall 
cost-savings per patient up to $4,000. Another important advantage of FDG PET in these 
patients is the avoidance of unnecessary biopsy and so prevention of progressive edema 
and radionecrosis.

One of the problems of FDG PET, as shown in the present study, is the specificity of 
71%, which is relatively low when compared with the results described by others. In four 
out of seven patients, however, histologic examination of biopsy specimen showed that 
false-positive uptake was caused by benign lesions. In recent reports, it has been shown 
that FDG accumulates in inflammatory lesions. Although these reports are generally 
isolated case reports and the performance of FDG PET in infectious diseases is still not 
fully elucidated, accumulation of FDG has been demonstrated in abscesses [17], 
pulmonary granuloma [18], rheumatoid arthritis-associated lung disease [19], tuberculosis 
[20], and sarcoidosis [21]. In addition, another recent preliminary study demonstrated 
FDG accumulation in osteomyelitis and cellulitis [17], two conditions which can hamper 
an adequate specificity for efficient tumor staging, also in the head and neck area.

In two patients, focally increased uptake was seen in the area of the hyoid or the base 
of the tongue, which was caused by extensive swallowing. Glucose uptake in the striated 
muscles is quite variable and depends on muscle tension or physical activity in time 
before and immediately after the injection [22-24], Therefore, the patients should be as 
comfortable and relaxed as possible to prevent tensing of specific muscle groups such as 
the neck muscles. Moreover, patients are not allowed to speak and eat, whereas 
swallowing should be kept to a minimum as possible to avoid the false-positive uptake. In 
some cases, the use of diazepam may be indicated to avoid these artifacts

Finally, in patients who have been treated for primary head and neck cancer, who have 
focally increased uptake on FDG PET images but without histological confirmation of 
tumor recurrence, it may be helpful to repeat FDG PET after three months. As shown in 
one of our patients, FDG PET normalized within that period suggesting that the initial 
result was due to reactive tissue and excluding the need for longer close clinical follow
up. This strategy may also be considered for patients with artifacts as described above. 
Despite the performance of two PET studies and one endoscopy, the savings may be 
$3,000 as two endoscopies can be avoided during a 6 month period of follow-up. 
However, a dilemma may occur in patients who have a false-positive FDG PET study at 
initial stage and during follow up caused by benign lesions such as osteoradionecrosis. In
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these patients, it is difficult to differentiate between persistent or aggravating 
osteoradionecrosis and tumor recurrence and therefore close clinical follow-up is 
recommended in such cases.

6.6 Conclusion

FDG dual-head PET is highly sensitive for the detection of local recurrence of laryngeal 
and hypopharyngeal carcinoma after radiotherapy. In the present study, some lesions were 
detected with a mean interval of 6.6 months before histological confirmation. Finally, in 
patients being suspect for recurrent laryngeal of hypopharyngeal cancer, in whom FDG 
dual-head PET is negative, endoscopy may be omitted for at least six months resulting in 
a saving in cost. However, longer follow-up and larger patient groups are necessary to 
assess the prognostic value of a negative FDG dual-head PET study.
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7
PREOPERATIVE ASSESSMENT 

OF CERVICAL LYMPH NODES IN 

HEAD AND NECK CANCER WITH 

FDG USING A DUAL HEAD 

COINCIDENCE CAMERA:
A PILOT STUDY

M.P.M. Stokkel, F.W. ten Broek and P.P. van Rijk

Eur J Nud Med 1999; 26: 499-503

7.1 Summary

The aim of this study was to investigate whether in patients with head and neck cancer 
staging was possible with fluorine 18 fluorodeoxyglucose (F18-FDG) using a dual-head 
positron emission tomography (PET) camera. Twenty patients (ten men, ten women) 
(mean age: 60 years) were studied using 185 MBq (5 mCi) F18-FDG. Two of these 
patients who were suspected of having recurrence in the neck were restaged 19 and 12 
months, respectively after the resection of the primary tumour. The images were 
visually analyzed and the results were correlated with computed tomography (CT) 
(n=18), ultrasonography (n=17) and pathologic findings.
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With respect to the primary tumour, FDG dual-head PET and CT revealed a 
sensitivity of 100% and 59%, respectively (pcO.OOl). In seven patients lymph node 
metastases were found in the neck specimen. Two of them had bilateral metastases. 
FDG dual-head PET correctly identified all nine pathologic neck sides whereas CT and 
ultrasonography depicted eight of nine and seven of eight pathologic sides, respectively. 
In three patients, false positive FDG uptake was seen of which was due to preceding 
biopsy in two cases. The sensitivity of FDG dual-head PET, CT and ultrasonography in 
the identification of pathological neck sides was 100%, 89% and 87%, respectively, and 
the specificity was 90%, 93% and 50%, respectively. With knowledge of the preceding 
biopsies, the specificity of FDG dual-head PET would have been 97%. The smallest 
lymph node metastasis detected by FDG dual-head PET that was missed by CT had a 
diameter of 0.6 cm.

Measurement of F18-FDG with a dual head PET camera is very sensitive in the 
detection of primary head and neck cancers and accurate in the preoperative assessment 
of lymph node metastases. The results justify a prospective study on the identification 
of metastases in head and neck cancer. In addition, it is also justified to start a study on 
the detection of unknown primary tumours in patients with cervical metastases.

7.2 Introduction

Head and neck cancer accounts for approximately 4% of all malignant neoplasms in the 
Netherlands. About 2200 new cases are registered annually and this incidence is 
showing a tendency to increase [1]. Accurate evaluation of cervical lymph nodes in 
patients with squamous cell carcinoma of the head and neck plays an important role in 
the therapeutic approach and prognosis [2,3]. Assessment of the cervical lymph node 
status, however, is difficult. On clinical examination, the false positive rate may be up 
to 20%, whereas the false negative rate is in the range of 20%-30% [4]. Computed 
tomography (CT) and magnetic resonance imaging (MRI) have advanced the ability to 
detect cervical metastases. In patients with a NO neck by palpation, it was found that 
both CT and MRI increased the identification of metastasis from 60%-75% to 
85%-94% [5-8]. However, the overall rate of error in assessing the presence or absence 
of cervical lymph node metastases is in the range of 7.5-28% for CT and 16% for MRI 
[6,9]. Ultrasound (US)-guided fine-needle aspiration cytology (FNAC) may give 
cytologic evidence of tumour in a large percentage of metastatic nodes. This technique 
has been reported to improve specificity [10], but inevitably results in a decreased 
sensitivity for metastatic disease. Whether or not pathologic nodes can be identified at 
CT, MRI or US-guided FNAC depends on the experience and expertise of the 
radiologist. In addition, volume averaging effects, patient compliance and selected 
techniques may influence the interpretation of the CT or MRI measurements. Finally, 
with respect to the detection of clinically unknown primary tumours in patients with 
cervical metastases, CT is the imaging technique of first choice. However, the
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identification of these small tumours by means of CT scanning may be negatively 
influenced by artifacts caused by dental prosthesis and fillings. In addition, primary 
tumours that do not distort tissue planes or invade adjacent tissues may be missed. 
Therefore, it would be helpful to have an alternative imaging modality that accurately 
identifies cervical lymph node metastases and primary, especially small, head and neck 
tumours.

Positron Emission Tomography (PET) using fluorine-18 fluorodeoxyglucose (FDG) 
allows visualization of malignant tissue. The mechanism of uptake is well documented 
and is based upon the increased glycolysis that is associated with malignancy as 
compared with normal tissues. However, owing to the high cost and limited availability 
of dedicated PET scanners, alternative methods of imaging the positron emitters have 
been sought.

The aim of this pilot study was to investigate whether, in patients with primary head 
and neck cancer, imaging of F18-FDG using a dual head single-photon emission 
tomography (SPET) camera with PET capability could detect or exclude primary 
tumours and lymph node metastases.

7.3 Materials and methods 

Patients
Twenty consecutive patients (ten men; ten women) (mean age 60 years; range 49-80 
yrs) underwent FDG PET. There were no diabetic patients in our study. Eighteen 
patients had a histologically proven squamous cell carcinoma of the oral cavity or 
oropharynx. One patient (no.1) suspected of having a recurrence in the neck was 
referred for FDG PET 19 months following resection of the primary tumour and 8 
months following a modified neck dissection. Another patient (no.2) was referred for 
FDG PET 12 months following resection of the primary tumour under local anesthesia. 
At the time of surgery a neck dissection could not be performed because of a poor 
cardiac status. US and CT scan were performed in 17 and 18 patients, respectively. All 
diagnostic procedures were performed within an interval of 1 month. Shortly after the 
FDG PET study, radical surgery of the primary tumour and a supraomohyoidal or a 
modified radical neck dissection were performed in 17 patients. Fourteen patients 
underwent a bilateral neck dissection and three patients underwent an unilateral 
dissection. In two patients (nos. 2 and 3), FNAC was performed, whereas in patient no. 
1 follow-up was used as control. The size of the primary tumours was examined. 
Routinely, the diameter of the lymph nodes is not measured at pathologic examination. 
Therefore, correct identification of the presence or absence of metastatic neck disease 
was chosen as the end point in this study. However, the size of largest lymph node as 
measured on CT was recorded. In the three patients in whom surgery was not performed 
as well as in the three patients with a unilateral neck dissection, follow-up and FNAC 
were used as control.
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Imaging study
All patients were studied after a 6-h fast. Prior to PET, the patient's plasma glucose 
level was measured with a standard clinical test. At 60 min. after the intravenous 
administration of 185 MBq (5 mCi) of F18-FDG, imaging of the head and neck was 
performed using a dual head SPET camera with PET capability (ADAC, Vertex-MCD). 
Acquisition involved a rotation of each detector of 180° with 32 stops at 45 s per stop. 
Images were generally obtained from the level of the middle auditory canal through the 
upper part of the chest, i.e. one bed position per patient. PET images were generated 
using iterative reconstruction (OS-ML; two iterations, eight ordered subsets).

CT examinations were performed using a SR 8000 scanner (Philips, Eindhoven, The 
Netherlands). After the injection of intravenous contrast medium, contiguous 3-mm 
axial slices were obtained from the skull base to the jugulum sterni.

FDG dual-head PET and the CT images were interpreted independently and on a 
basis of consensus by two experienced observers. US images were interpreted by one 
experienced observer without knowledge of the PET or CT findings. The previously 
described size criteria for metastatic lymph nodes were used for both CT and US 
[6,9,10]. A minimum axial diameter of 10 mm or more was considered metastatic. 
Furthermore, all nodes that showed irregular- enhancement and that were surrounded by 
a rim of enhanced tumour or lymph node tissue were also considered metastatic. Any 
visually positive hot spot on the FDG dual-head PET images was considered to be a 
metastatic lymph node.

The sensitivity and/or specificity of FDG PET and CT for the detection of the 
primary tumour were calculated. A chi-square test was used to compare the sensitivity 
of the two methods with respect to the detection of the primary tumour. With respect to 
the depiction of pathologic neck sides, the sensitivity and specificity of all three 
imaging techniques were calculated.

7.4 Results

The mean plasma glucose level in the present study was 5.5 mmol/1 (range; 4.0-6.8 
mmol/1). The mean period of follow-up is 12 months (range: 10-14 months).

With respect to the primary tumour, the clinical and pathologic data including 
tumour size and site, and the imaging results are listed in Table 1. FDG dual-head PET 
and CT scan revealed a sensitivity of 100% and 59%. respectively. The mean depth of 
infiltration of the lesions missed by CT scan was 0.2 cm (range; 0.1-0.4 cm). In 
addition, two of the primary tumours were missed by CT scan due to artifacts caused by 
dental fillings. The chi-square test revealed that the sensitivity of FDG PET was 
significantly different from that of CT (pcO.OOl).

In the present study, 40 neck sides were available for evaluation (Table 2). In seven 
patients, lymph node metastases were found on histologic examination of the neck 
specimen; two of these patients had bilateral metastases. In 13 patients no metastases
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Table 1. Patients’ characteristics and clinical, diagnostic and pathologic data of the primary tumour .

No Age Gender Tumour Site CT-
scan

clinical

T-stage

FDG pathologic
T-stage

Diameter/

Infiltration
(cm)

1 58 M NA* NA NP NA NA NA NA

2 57 F NA* NA NA NA NA NA NA

3 80 F floor of mouth L + T4 + NA NA

4 51 M floor of mouth R T2 + T2 2.5/1.2

5 51 M floor of mouth L - T1 + T1 1.1 /0.2

6 63 F floor of mouth M - T2 T1 1.5/0.3

7 72 M Tonsil R + T3 + T3 5.0/2.0

8 54 F Tongue L T1 + T1 0.9/0.2

9 49 M Trigonum L - T1 + T1 2.0/0.1
retromolare

10 61 F floor of mouth R -# T1 + T1 Nav

11 73 F floor of mouth M + T2 + T4 1.5/ 1.0

12 66 M floor of mouth R NP T2 + T2 4.0/1.5

13 61 M floor of mouth L + T2 + T2 2.9/1.7

14 68 F maxilla, labium M + T3 + T3 5.0/2.0
sup.

15 60 M Tongue L -# T1 + T1 1.1 / 0.4

16 59 M Gingiva L T4 + T4 3.5/ 1.5

17 44 F Tongue L - T2 •f T1 1.7/0.3

18 68 F floor of mouth M + T2 + T2 3.0/0.7

19 45 M Gingiva L + T4 T4 5.2/1.2

20 55 F floor of mouth L + T2 + T1 1.3/1.8
M, Male; F, Female; NA, Not Applicable; *, primary tumour resection before PET study; 
NP, Not Performed; #, Inassessible due to artifacts; Nav, not available.
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Table 2. Diagnostic, histologic and clinical data of the lymph nodes per neck side in patients with cancer

of the mouth or oropharynx.

No us

(L/R)

CT

(L/R)

Size of largest 
lymph node on

CT (cm)

Clinical

N-stage

FDG

(L/R)

Final
diagnosis

(L/R)

pathologic

N-stage

Remarks

1 -/+ NP NP NO -A -A NLD follow-up: -A

2 -/+ -/+ Llxl.3x2.4 NO -/+ "/+ NLD cytology: +

3 NP +/" l.Oxl.lxl.5 N3 +/- +/- NLD cytology: +

4 -/+ -/- 00.7 N2c -/+ -A NO FP: biopsy site

5 +/+ -/- 0 <0.5 NO -A -A NO

6 -/- -/- 0 <0.5 NO -A -A NO

7 -/+ +/+ 0 1.4 N2c +/+ +/+ N2c

8 +/- -A 0 <0.5 NO -A -A NO

9 +/- -A 0 0.6 NO -A -A NO

10 -/+ -A 0.8x0.5 NO -A -A NO

11 NP -A 0 0.7 NO -A -A NO

12 NP NP NP NO -/+ -A NO FP: biopsy site

13 +/- +A 0 2.4 N1 +/- +/- N2b

14 +/+ +A 01,2/0 0.6* N2c +/+ +/+ N2c

15 -/- -/+ 0 1.0** NO -A -A NO

16 +/- -A 0 <0.5 NO +A -A NO

17 +/+ -A 0 <0.5 NO -A -/- NO

18 +/+ *A 0 0.6 NO -A -A NO

19 +/- +/- 0 2.0 N1 +/- +/- N2b

20 +/+ +/+ 0 l.l**/0 1.1 NO -/+ -/+ N1
L, Left; R, Right; FP, False Positive; NP, Not Performed; NLD, No lymph node dissection;
0, diameter; *, FN lymph node on CT; **, FP lymph node on CT
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were found. CT scan correctly identified eight out of nine positive neck sides and was 
false-positive in two patients (nos. 15 and 20) (sensitivity 89%, specificity 93%), while 
US correctly identified seven of eight sides (sensitivity 87%, specificity 50%). FDG 
PET diagnosed all nine pathologic neck sides (Fig. 1) and yielded no false negative 
results; thus its sensitivity was 100%. The smallest metastasis detected by FDG dual
head PET that was missed by CT had a diameter of 0.6 cm. False-positive uptake was 
seen in three neck sides which retrospectively corresponded with biopsy sites in two 
patients. Without and with the knowledge of the preceding biopsies, the specificity of 
FDG dual-head PET was 90% and 97%, respectively.

Figure 1. Transaxial (left), sagittal (middle) and coronal (right) slices of a FDG PET study in a patient 
with head and neck cancer demonstrating pathologic uptake in a tumour of the oropharynx and 
unilateral lymph node metastases in the neck (arrows).

7,5 Discussion

In patients with head and neck cancer, in addition to tumor stage survival depends on 
the presence of metastatic lymph nodes. The 5-years survival rate is about 60% when 
the neck dissection specimen is free of tumour and only 30% if metastatic disease is 
present [11]. Previously, only morphologic procedures, such as CT and MRI, were used 
for staging. The parameters provided by these procedures are of limited utility in 
delineating lymph node involvement by the tumour. With the persistent occurrence of 
false-negative diagnosis, the goal remains to develop a modality that can significantly 
improve the clinical diagnostic capabilities, especially in the thick, muscular or fat 
neck. In addition, it would be helpful to have an alternative imaging modality that is at 
least as good as CT or MRI in case of artifacts due to dental prosthesis, fillings or 
movement.

FDG PET has been proposed as this modality. Small metastases that do not meet 
criteria for malignancy on CT or US may be detected by PET, as FDG uptake represents 
glucose metabolism in a tumour. The still unfavorable resolution of PET as compared
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to MRI can be overcome by a favorable tumour to background ratio. However, normal 
mucosal activity and/or secretions in the head and neck region can interfere with the 
initial readings of the FDG PET images [12]. In addition, as found in the present study, 
false-positive findings may be caused by preceding biopsy, though this may be 
anticipated with adequate clinical information.

In the present study, FDG PET depicted all primary tumours while CT detected only 
59%. All tumours with a depth of infiltration of 4 mm or less were missed on CT 
images. These results are in agreement with those cited in the literature [13,14]. 
Primary tumours that do not distort tissue planes or invade contiguous structures may 
not be detected by CT scanning. Consequently, FDG PET may also provide useful 
additional information in patients with unknown primary head and neck tumours. Since 
treatment will be limited in order to reduce the unwanted side-effects, the detection of 
the primary location is of great importance. In this respect, the value of FDG PET and 
SPET has been described in literature [15,16]. From these studies it can be concluded 
that FDG imaging is of value in guiding endoscopic biopsies for histological diagnosis. 
To our knowledge, no data on the use of a dual-head PET camera are available at this 
time.

Most of the studies on FDG-detection with a dedicated PET camera have revealed a 
sensitivity in the range of 71%-91% and a specificity in the range of 82%-100% 
[13,14,17-20]. The high sensitivity with respect to the identification of tumour-positive 
neck sides in this study is probably due to the small number of patients studied and the 
relatively large metastases. The number of histopathologically confirmed results was 
too small to permit comparison with the results obtained with dedicated PET cameras. 
We found that FDG dual-head PET was slightly better than CT or US alone in 
identifying pathological neck sides, which is in agreement with data cited in the 
literature [21-23], Using fine-needle aspiration and cytology in addition to US will 
increase the specificity while the sensitivity may not change. We did not evaluate this 
technique because the aim of the present study was to find a justification for starting a 
prospective study using a dual head PET camera in patients with head and neck cancer. 
Therefore, FDG dual-head PET was correlated to the gold standard, i.e. histological 
examination of the neck specimen. The smallest lymph node detected by FDG dual
head PET that was missed by CT had a diameter of 0.6 cm. This result demonstrates 
that small lesions can also be detected with a dual-head PET camera.

In the present study we did not assess the value of MRI. MRI has better soft tissue 
contrast resolution than CT and studies are being reported on the efficacy of MRI with 
regard to lymph node staging. Hillsamer et al. [5] studied 27 patients with head and 
neck cancer, showing a sensitivity of 84% and 92% for CT and MRI, respectively. 
These results were in agreement with the results described by van den Brekel et al. [9], 
However, several studies have reported a higher diagnostic accuracy of FDG PET 
compared with MRI for the detection of cervical lymph node metastases. labour et al. 
[13] studied 15 patients, revealing a sensitivity of 75% and 70% for FDG PET and 
MRI, respectively. Laubenbacher et al. [18] studied 22 patients and found a sensitivity
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of 90% and 78% for FDG PET and MRI, respectively. Braams et al. [17] found a 
comparable sensitivity for FDG PET performed in 12 patients with primary tumours in 
the oral cavity; the sensitivity of MRI, however, was only 36%. These results suggest 
that FDG PET seems to be a better modality for staging purposes than MRI in patients 
with head and neck cancer.

Despite its inability to provide anatomic detail, FDG dual-head PET seems to be a 
valuable imaging technique for the detection of cervical lymph node metastases. It may 
enhance the diagnostic accuracy of CT and/or MRI where anatomic distortions occur or 
where diagnostic criteria for both techniques are ambiguous.

7.6 Conclusion

Measurement of F18-FDG with a dual head PET camera proved accurate in the 
preoperative assessment of lymph node involvement. The results obtained justify a 
prolongation of this prospective study on the staging of primary head and neck tumours. 
Moreover, FDG PET showed a statistically significant higher sensitivity for the 
detection of primary tumours as compared with CT justifying a prospective study on the 
detection of unknown primary tumours. In these studies, the consequences for patients 
management, for example avoiding neck dissections in patients with negative PET 
scans, will be assessed.
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8.1 Summary

Objective and background data: Head and neck carcinoma have a tendency to 
metastasize to regional lymph nodes rather than to spread hematogenously. When nodal 
metastases, cure rates decrease approximately by 50%. Moreover, in approximately 3% of 
the patients, a second primary tumor is found at initial presentation. In the present study 
we evaluated the value of FDG PET in primary head and neck cancer. Methods: Fifty- 
four consecutive patients (31 male and 23 female; mean age 60 years, range 34-81 years) 
with previously untreated squamous cell carcinomas of the oral cavity or oropharynx were 
studied. Preoperatively and within a period of 3 weeks, clinical examination, chest X-ray, 
CT, ultrasonography (US) with FNAC and FDG PET were performed. All study results 
were scored per neck side as well as classified as 0 (no metastases), 1 (single metastasis)
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or 2 (multiple metastases). Results: The sensitivity for the detection of lymph node 
metastases per neck side was 96%, 85% and 64% for FDG PET, CT and US/FNAC, 
respectively. The specificity was 90%, 86% and 100% for FDG PET, CT and US/FNAC, 
respectively. With respect to the classification, FDG PET showed the best correlation 
with the histological data. Finally, in 9 patients (17%) a second primary tumor was 
detected by FDG PET and confirmed by histologic evaluation. Conclusion: Due to the 
high prevalence of second primary tumors detected by FDG PET and the decreased error- 
rate in the assessment of lymph node involvement compared with CT and US, FDG PET 
should be routinely performed in patients with primary head and neck cancer.

8,2 INTRODUCTION

Head and neck squamous cell carcinoma originating from the mucous membranes of the 
upper aerodigestive tract account for approximately 5% of all malignant neoplasm’s [1]. 
These tumors have a tendency to metastasize to regional lymph nodes rather than to 
spread hematogenously. Distant metastases occur uncommonly in patients who have 
never suffered from nodal metastases in the neck. The incidence of lymph node 
metastases depends mainly on the site and size of the primary tumor ranging from as low 
as 1% for T1 glottic cancers to as high as 80% for nasopharyngeal cancer [2], It is well 
recognized that the status of the cervical lymph nodes is an important prognostic factor. 
When nodal metastases exist at initial presentation or develop subsequently, cure rates 
decrease approximately by 50% [3,4]. The management of the involved neck is usually 
surgical in most institutions. When extranodal spread and/or multiple positive nodes are 
present in the neck dissection specimen, there is a high risk of recurrence in the neck. In 
these circumstances, postoperative radiotherapy is capable of reducing the recurrence rate 
in the neck considerably [5]. However, the group of patients with NO lymph node status 
are the subpopulation who would benefit most from a better pretreatment evaluation of 
the regional lymph nodes, as an elective neck dissection may be avoided in these patients. 
Despite the use of conventional imaging modalities, such as ultrasonography, MRI and 
CT, the overall error rate of assessing the presence or absence of cervical lymph node 
metastases is still in the range of 7.5-28% for both CT and MRI [6]. Therefore, it would 
be helpful to have a diagnostic tool that gives a better identification of the subpopulation.

One of the causes of poor outcome in patients with early stage head and neck 
squamous cell carcinoma is the occurrence of second primary tumors. The great majority 
of these second tumors appear in the same organ or organ systems. Slaughter et al. [7] 
explain this phenomenon with their so called "field cancerization" concept. The entire 
epithelial lining, covering the aero- and upper-digestive-tract undergoes extensive 
cytologic changes as a result of exposition to repeated insults by the same carcinogens and 
as such is prone to multifocal cancers. Epidemiological studies have established that the 
second primary tumors appear with a continuing annual rate of approximately 3% [8], 
depending on geographic and racial circumstances. The ultimate incidence of second
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primary tumors varies from 10% to as high as 40% over 5 years [9]. A minority of these 
tumors are synchronous tumors, i.e. detected within 6 months after the initial tumor, 
whereas only 2% to 3% are detected simultaneously, i.e. detected within 1 month after the 
initial tumor, by using panendoscopy [10-13].

Recent reports have demonstrated the value of Fluorine-18 fluorodeoxyglucose (FGD) 
positron emission tomography in the assessment lymph node involvement in patients with 
primary head and neck cancer [14-16], Due to the limited availability of dedicated PET 
cameras, alternative techniques have been introduced for the detection of FDG, but data 
on its use in head and neck cancer are limited.

The aims of the present study were to assess the value of imaging FDG with a dual
head PET camera in the evaluation of patients with primary head and neck cancer and to 
perform a prospective comparison with ultrasonography, CT and histology in the 
assessment of lymph node involvement.

8.3 Materials and methods 

Patients
We prospectively studied 54 consecutive patients (31 male and 23 female; mean age 60 
years, range 34-81 years) referred to the Department of Oral and Maxillofacial surgery, 
University Hospital Utrecht (The Netherlands). All had previously untreated squamous 
cell carcinomas of the oral cavity or oropharynx. Patients with a history of malignancy 
were excluded from the study. Preoperatively and within a period of 3 weeks all studies 
were performed, including clinical examination, chest roentgenography, CT scanning and 
ultrasonography (US) with fine needle aspiration cytology (FNAC) of the head and neck 
and FDG PET. Because of the low yield of panendoscopy (2% to 3%) for the detection of 
simultaneous tumors, this time-consuming procedure is not performed in clinical setting 
in patients presenting with oral- or oropharyngeal cancer in our hospital. Therefore, based 
on the disappointing results described in literature and the fact that assessment of T stage 
of these tumors can be done by means of clinical examination, panendoscopy was not a 
subject of the present study anymore.

FDG PET
All patients were studied after a 6 hours fast. Preceding the PET studies, the patients' 
plasma glucose levels were measured with a standard clinical test. At 60 min after the 
intravenous administration of 185 MBq (5 mCi) of F18-FDG imaging of the head and 
neck and chest was performed using a dual-head PET camera (Vertex-MCD, ADAC, 
Milpitas, CA) involving two acquisitions in each patient. Both acquisitions involved a 
rotation of each detector of 180° with 32 stops at 45 sec per stop. During the interval 
between the administration of FDG and acquisition patients were not allowed to speak, 
move or to chew to avoid artifacts. PET images were generated using iterative 
reconstruction (OS-ML, 2 iterations, 8 OS).
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CT-scanning
CT scans of the cervical region were performed with a conventional CT scanner (Phillips 
SR 8000, Eindhoven, The Netherlands). Contiguous 3mm slices were performed, whereas 
contrast enhancement was achieved using 100 ml of non-ionic contrast material (Ultravist 
300, Schering, Berlin, Germany) with a power injector rate of 1.5 ml/sec.

Ultrasonography
High-resolution ultrasound studies (5-10 MHz, linear array, HDI-3000, ATL, Woerden, 
The Netherlands) of the regional lymph nodes were performed.

Analysis of data
All studies were visually analyzed by experienced observers. The results were classified 
as 0 (= no metastases), 1 (= one metastasis) or 2 (= multiple metastatic lymph nodes). 
Since the presence of metastatic disease is indicative for a neck dissection (class 0 vs class 
1 and 2), correct identification of the presence or absence of metastatic neck disease was 
chosen for statistical analysis. In addition, since the presence of two or more metastatic 
lymph nodes is one of the indications for radiotherapy (class 0 and 1 vs class 2), the 
classifications of the imaging studies were assessed in relation to the pathologic data. 
With respect to the identification of the primary tumors, FDG PET was compared with 
CT. Finally, in patients demonstrating additional sites of increased uptake, scopy with 
biopsy was performed and/or CT scanning of the chest to assess the presence of second 
primary tumors.

Sensitivity was calculated by dividing the number of true-positive cases by the sum of 
the number of true-positive cases and the number of false-negative cases (x 100%). The 
specificity was calculated by dividing the number of true-negative cases by the sum of the 
number of true-negative cases and the number of false-positive cases (x 100%). The 
positive predictive value was calculated by dividing the number of true-positives by the 
sum of the true- positives and false-positives (x 100%). The negative predictive value was 
calculated by dividing the number of true-negatives by the sum of the true-negatives and 
false-negatives (x 100%). The accuracy was calculated by dividing the sum of the true- 
positives and true-negatives by the total number of cases (x 100%). We estimated the 
prevalence with 95% confidence intervals of the detected second primary tumors.

8.4 Results

In the present study, the mean glucose level was 5.2 mmol/L (range; 4.2-6.8 mmol/L). 
Among the 54 patients, 15 patients had Tl, 21 had T2, 5 had T3 and 13 had T4 tumor 
stage. Of these tumors, 26 were localized in the floor of the mouth, 9 in the tongue, 8 in 
the gingiva, 4 in the oropharynx, 3 in the trigonum retromolare, 2 in the tonsil and 2 in the 
lip. The mean diameter and the infdtration depth of these tumors were 2.67 cm (range; 
0.6-7.0 cm) and 1.0 cm (range; 0.1-3.3 cm), respectively. FDG PET identified all primary
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Table 1. Characteristics of the patients with primary head and neck cancer in whom a simultaneous primary 

tumor was found by FDG dual-head PET.

No. Age Gender Index tumor* Second primary tumor Size(cm)

1 44 F Lip Thyroid 0.5

2 55 F Floor of mouth Tongue 2.0

3 61 M Gingiva Lung L5t

4 56 M Trigonum retromolare Tonsil 2.0

5 74 F Floor of mouth Tongue 1.0

6 70 M Tongue Lung 1.7t

7 34 F Floor of mouth Pharynx NA

8 51 F Gingiva Pyriform sinus 1.0

9 69 M Oropharynx Lung l.5t

* Initial presenting tumor, t No pathological size available, but size measured in CT. 
M, male; F, female; NA, not available.

lesions (100%) compared to 78% detected by CT. All primary tumors missed by CT had a 
depth of infiltration of 4 mm or less. In addition, in 9 patients an unknown second primary 
tumor was detected by FDG PET and confirmed by histologic evaluation (Table 1) 
(Figure 1). The mean size of these second primary tumors was 1.4 cm (range: 0.5-2.0). In 
8 of the 9 patients, these tumors were localized in the aero- and upper-digestive- tract 
revealing a yield of 15% (95% confidence interval: 6%-24%) for FDG dual-head PET in 
screening the so-called "field of cancerization" for unknown second primaries. In one 
patient, the second primary tumor was found in the thyroid which is assumed to be a 
coincident tumor.

In the 54 patients, 81 neck sides were available for evaluation. In 24 of these patients, 
metastases were found; 18 patients had unilateral metastases and 6 patients had bilateral 
metastases. With respect to the neck-sides, the sensitivity, specificity, accuracy and 
predictive values of ultrasonography with and without FNAC, CT and FDG PET are 
mentioned in Table 2. The specificity of FDG PET in the present study was influenced by 
a biopsy in two patients, causing false-positive uptake at that site. With knowledge of the 
preceding biopsies, the specificity would have been 94%.
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Figure 1. Coronal (left) and sagittal (right) slices of a FDG dual-head PET study in a patient with a 
squamous cell carcinoma of the gingiva demonstrating increased uptake at that site (small arrow). 
Unexpectedly, increased FDG accumulation was seen in the upper lobe of the right lung (large arrow). 
Histologic examination of the biopsy specimen including determination of mutant p53 expression 
demonstrated an unknown second primary tumor at that site.

Table 2. Comparison of FDG dual-head PET and conventional imaging modalities with histopathological 

findings in the assessment of lymph node involvement per neck side in head and neck cancer.

US US+FNAC CT FDG PET

Sensitivity (%) 82 64 85 96

Specificity (%) 66 100 86 90

PPV (%) 62 100 79 85

NPV (%) 85 81 91 98

Accuracy (%) 72 86 86 93

US, ultrasonography; FNAC, fine need aspiration cytology; PPV, positive predictive value; 
NPV, negative predictive value.
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With respect to the classification used in the present study (0, 1 or 2 metastases), FDG 
PET demonstrated the best overall correlation with the histologic data (88%), followed by 
US\FNAC (82%), CT (78%) and US without FNAC (64%) (Table 3).

Table 3. Comparison of the histopathological classification of the lymph nodes and the classification of 

the imaging studies.

Histology

FDG

PET

CT US US+

FNAC

Classification 0 1 2 0 1 2 0 1 2 0 1 2

0 57 5 1 55 3 6 40 14 7 61

1 1 12 1 6 4 4 4 10 4 8 8

2 4 19 3 19 3 4 14 6 4 13

US, ultrasonography; FNAC, fine needle aspiration cytology; 0 = no metastases, 1 = 1 metastases and 
2 = multiple metastases. Values are given in percentages.

In 14 patients discordant results were found between FDG PET and CT. In 3 patients, 
FDG PET demonstrated false-positive uptake, which was due to a preceding biopsy in 
two patients, whereas CT showed a correct correlation with pathological findings. In 4 
patients, CT revealed a false-positive result, whereas in 3 patients the number of 
metastases were overestimated on CT. In these seven patients, FDG PET revealed the 
correct classification. Finally, in 4 patients, FDG PET demonstrated metastatic disease 
that was not demonstrated by CT. Histologic examination of the neck dissection specimen 
showed that one patient was found to have four metastases, whereas three patients had 
one metastasis. In addition, measurement of these metastases revealed a mean diameter of 
9 mm. Five out of 7 metastases had a diameter less than 10 mm, whereas two metastases 
had a diameter of 15 mm.

8.5 Discussion

The presence of metastatic disease in patients with head and neck cancer indicates a high 
risk of tumor recurrence in the neck. In addition, the occurrence of second primary tumors 
is an important cause of poor survival rates in patients with early stage disease and.
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therefore, an adequate preoperative evaluation of patients presenting with a tumor in this 
area is a necessity. In the present study, we were able to identify in 15% (confidence 
interval: 6%-24%) of the patients with a tumor of the oral cavity or oropharynx an 
unknown second primary tumor in the field of cancerization with FDG PET. Moreover, 
FDG PET demonstrated the highest accuracy in identifying metastatic disease when 
compared with CT, US and US\FNAC. To our knowledge, our data is the largest case 
series until now that evaluates the value of FDG detection with a dual-head PET camera 
in head and neck cancer.

In the present study, FDG PET depicted all primary tumors compared with 78% of the 
tumors detected by CT. All tumors with a depth of infiltration of 4 mm or less were 
missed on CT images. These results are in agreement with the results found in literature 
[17,18], Primary tumors that do not distort tissue planes or invade contiguous structures 
may not be detected by CT scanning. However, in patients presenting with a tumor in the 
oral cavity as described in the present study, there is little or no advantage of the higher 
detection rate obtained with FDG PET when compared with CT. The clinical assessment 
by palpation of the primary tumor alone may be sufficient to correctly stage the local 
extent of tumor, despite the fact that in many cases only the mucosal surface is visible. 
Because correct T staging is necessary to define the appropriate surgical approach, the 
need for more accurate and reliable methods is still well recognized in patients presenting 
with a tumor located outside the oral cavity. In this respect, it was demonstrated by labour 
et al. [17] and Laubenbacher et al. [19] that despite the high detection rate, tumor size is 
often overestimated by the use of FDG PET, which makes this technique less valuable in 
the assessment of T stage. However, in these studies, the blurring of tumor borders has 
also been described in contrast-enhanced MRI, because Gd-DTPA tends to migrate in 
peritumoral, interstitial tissue. With respect to the identification of primary tumors, there 
is a potential role for FDG PET in patients presenting with cervical metastases from an 
unknown primary tumor. Recent reports have shown promising results with both FDG 
PET and FDG-SPECT [20-22]. Depending on the criteria of patients selection, unknown 
primary tumors were found in approximately 30% to 80% of the patients.

Patients with primary head and neck cancer have a high risk for developing a second 
primary tumor in the so-called "field of cancerization". The histologic criteria for the 
diagnosis of multicentric neoplasm was originally described by Warren and Gates [23]: 
The neoplasm’s must be clearly malignant, each neoplasm must be geographically 
separated and not connected by either submucosal or intraepithelial neoplastic changes 
and the possibility that the second neoplasm represents a metastasis must be excluded. 
Due to the second primary tumors, survival rates are poor with 5-year survival rates 
ranging up to approximately 48% [24,25], but the 5-year survival rate after diagnosis the 
second neoplasm is in the range of 8% to 23% [9,26,27]. The reasons for this poor 
survival include the high prevalence of second cancers in the lung and esophagus which 
have extremely poor survival rates and the frequent late diagnosis of these second lesions 
with resultant advanced disease. In a meta-analysis of second malignant tumors in head 
and neck cancer derived from 25 studies, a mean overall prevalence of 11.4% (range: 5%-
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26%) was found [28]. The majority of these tumors are found metachronously, i.e. tumors 
which are detected more than 6 months after the primary tumor. Approximately 4% of 
these second primaries are detected within a period of 6 months after the initial tumor as 
synchronous tumors. The use of panendoscopy in identifying these second primaries is 
still a matter of debate. Due to the low yield of approximately 2%-3% in detecting 
simultaneous tumors described in literature, tumors occurring within 1 month after the 
initial primary tumor, this technique is not routinely performed in our hospital in patients 
with tumors in the oral cavity anymore. In the present study, we were able to identify a 
second primary tumor in 15% of the patients. Regarding the lower bound of 6% of the 
confidential interval we were probably able to identify all simultaneous and synchronous 
tumors as well as some of the metachronous tumors. To confirm the value of FDG PET in 
the early detection of second primary tumors and to assess its value with respect to 
prognosis and survival, however, follow-up studies are required.

In the present study, we have chosen for a clinical approach with respect to the 
assessment of lymph node involvement. The classification used in this study (0 = no 
metastases; 1 = 1 metastasis and 2 = multiple metastases) has been described by Braams 
et al. [29] and is based on the therapeutic options in case of no, one or multiple metastases 
[2,5]. A second rationale for this classification is that without image fusion it is difficult 
assess the agreement between pathologic and non-pathologic lymph nodes on FDG PET 
and CT images. For example, if CT shows an enlarged and a normal lymph node near 
each other and pathologic examination shows tumor in the smallest one, it is very difficult 
to assess whether the focally increased uptake on the PET images corresponds with the 
small node (true positive) or with the enlarged lymph node. In the last situation, we are 
not only dealing with a false-positive, but also with a false-negative result. Nevertheless, 
compared with the results obtained with CT (78%), US (64%) and US\FNAC (82%), 
FDG PET showed the best correlation (88%) with the pathologic examinations by using 
this classification. Moreover, in the cases in which FDG PET and CT yielded discordant 
results, the PET-study was found to show the correct result in 11 of 14 patients. In 4 of 
these 11 patients, FDG PET correctly depicted metastatic disease missed by CT, whereas 
in 7 patients metastatic disease shown by CT was excluded. These findings demonstrate 
the value of metabolic imaging compared with anatomic imaging

Based on the neck sides, the high sensitivity of 96% in the present study is comparable 
with the results found in literature on dedicated PET-cameras [19,29]. Due to 
underestimation of the number of metastases, as can be seen in table 2, the true sensitivity 
for the identification of individual involved lymph nodes will be lower. However, with 
respect to the decision whether to perform surgery or not, only 1% of the patients would 
have been undertreated. In contrast, due to the high negative predictive value of 98% 
found in the present study, it may be recommended that a neck dissection should not be 
performed anymore in patients in whom FDG PET does not show lymph node 
involvement, i.e. NO stage. The negative predictive values of 85% and 91% for US and 
CT, respectively, as found in the present study, demonstrate the necessity for elective neck 
dissections in patients being at risk for lymph node metastases. Consequently, the group
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of patients with NO clinical status based on exam and CT who will be considered for 
elective neck dissection are the subpopulation who would benefit most from a better 
pretreatment assessment of regional nodes, as can be achieved by introducing FDG PET 
in the diagnostic work-up.

As demonstrated in the present study, a major problem with respect to FDG PET 
remains the 90% specificity, which means that still patients are being overstaged. In 2 
patients, false-positive uptake was caused by a biopsy shortly performed before the FDG 
PET study. By postponing the biopsy, the specificity would have been 94%, which is 
comparable with the recent results described by Adams et al. [16]. Despite the lower 
overall-error rate of FDG PET compared with CT and US, it has to be realized that still in 
6% of the patients overtreatment would have occurred. In other words, FDG PET as 
indicator to perform surgery is still a matter of debate. Finally, availability and cost of 
dedicated PET scanners may limit the use of FDG PET. In the present study, however, we 
used a dual-head gamma camera for coincidence detection. The lower cost of this camera 
($0.5 million) compared with dedicated PET scanners ($1-2 million) and the results 
described in the present study will open a more widespread use of FDG detection in 
clinical oncology.

8.6 Conclusion

In the present study, we have assessed the value of FDG-detection with a dual-head PET 
camera in the preoperative evaluation of patients with primary head and neck cancer. Due 
to the high prevalence of second primary tumors obtained with FDG PET as well as the 
decreased error-rate in the assessment of lymph node involvement compared with CT and 
US, FDG PET should be routinely performed in these patients at initial presentation. 
Moreover, based on the results, it can be concluded that FDG-detection with a dual-head 
PET camera for this indication seems to be applicable.
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9.1 Summary

Background: Second primary tumors are important cause of death in patients with head 
and neck cancer and, therefore, early detection of these tumors is necessary. In the present 
study we aimed to evaluate the diagnostic capacity of FDG PET for detecting second 
primary tumors in patients presenting with primary head and neck cancer. Methods: We 
prospectively studied a case series of 68 consecutive patients with a primary tumor in the 
oral cavity or oropharynx. Within a period of 3 weeks, in all patients clinical examination, 
chest X-ray and CT and ultrasonography of the head and neck were performed. 
Irrespective of the results, patients underwent FDG PET of the head, neck and chest. Due 
to the low yield of detecting second primary tumors, panendoscopy was not a subject of 
studying. All patients were followed up for at least six months to assess the number of

105



simultaneous and synchronous tumors missed by FDG PET. Results: In 12 of 68 patients 
(18%; 95% confidence interval: 8-28%), a second simultaneous primary malignant tumor 
was found by the use of FDG PET. Five of these tumors (7%; 95% confidence interval: 1- 
13%) were also detected with clinical or radiological examination (p=0.016). With the 
exception of one tumor, all tumors were found in the epithelium of the upper digestive 
and respiratory tract. In none of the 68 patients studied, additional simultaneous or 
synchronous primary tumors were found during follow-up. Conclusion: The use of FDG 
PET significantly increases the detection rates of simultaneous second primary tumors. 
The results of our study suggest that most of the second primary tumors are detected in an 
early stage.

9.2 INTRODUCTION

Head and neck squamous cell carcinoma originating from the upper aerodigestive tract 
accounts for approximately 5% of all malignant tumors worldwide [1], Since the advent 
of combination therapy for the treatment of these tumors there has been a change in the 
pattem of failure for this disease. Despite a significant fall in the relapse rate for disease 
above the clavicles, the overall survival rate of about 60% [2] has essentially been static. 
Increased deaths from distant metastases in localregional cured patients and the 
emergence of second primary tumors are the contributing factors. Since Billroth [3] first 
recognized that a single patient could develop simultaneous independent cancers in the 
head and neck region, numerous case series documenting multiple primary cancers have 
appeared in the literature [4-9]. The original classification criteria for the second primary 
tumors, as proposed by Warren et al. [10] are at present time still used. The presence of a 
primary tumor in the head and neck area, due to smoking and drinking habits, is an 
indicator of being at risk to develop a second primary tumor [11], This appears to be 
related to the synergistic effects of multiple carcinogens acting on a field of growth 
resulting in “field cancerization” [12]. In the upper aerodigestive tract, habitual use of 
tobacco remains the single most important carcinogenic agent acting together with the 
synergistic effect of alcohol. However, in patients with a primary tumor in the head and 
neck region, characteristics such as of tumor localization, histology of the index tumor 
and smoking and drinking habits are not sufficient to identify a subset of patients who 
have a high prevalence of second primary tumors [13].

Epidemiological studies have established that second primary tumors in the head and 
neck region, appear with a continuing annual rate of approximately 3%. In some studies, 
an incidence after 5 years has been described ranging from 10 to as high as 40% which 
seems to depend on racial, environmental and occupational factors [11,14], The majority 
of all second primary tumors (approximately 90%) arise metachronous, which means that 
they occur more than 6 months after the presentation of the index tumor. The second 
primary tumors arise frequently at notoriously bad sites, such as the lungs and the 
oesophagus, or in previously irradiated or operated areas and are therefore more difficult
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to treat. In this context, early detection of the second primary tumors may offer 
opportunities to reduce morbidity and mortality related to the second tumors. However, 
such early identification is often limited to close clinical observation and radiographic 
investigations, like chest radiography, but these methods have found not to be sufficient 
for this indication. Ideally, regular panendoscopy is carried out, but clearly this is not 
feasible in all patients. There is thus a great need for a better, preferably non-invasive 
detection method of these second tumors in the head and neck.

Imaging of F18-fluorodeoxyglucose (FDG) with positron emission tomography (PET) 
has yielded promising results in the detection and staging of many tumors [15]. With 
respect to head and neck oncology, FDG PET has shown good results in the detection of 
recurrent tumors following initial treatment [16,17] as well as in the identification of 
occult primary tumors in patients presenting with cervical metastases [18,19]. However, 
the value of FDG PET in the detection of unknown second primary tumors has not yet 
been studied.

Second primary tumors are the chief cause of death in patients with early stage disease 
and, therefore, early detection of these tumors is necessary. This study evaluates the 
diagnostic capacity of FDG PET for detecting second primary tumors in a case series of 
68 patients presenting with primary head and neck cancer. We want to determine whether 
FDG PET is able to increase the 3% detection rate of second primary tumors as currently 
is ascribed for the use of panendoscopy. Furthermore, we want to perform a one to one 
comparison between FDG PET and the standard clinical tests as currently used in our 
hospital including chest X-ray, CT scanning of the head and neck and fiber optic 
nasolaryngoscopic examination or adequate mirror examination.

9.3 Patients and methods 

Patients
From September 1997 to September 1998, we prospectively studied a case series of 68 
consecutive patients referred to the Department of Oral and Maxillofacial surgery, 
University Hospital Utrecht (The Netherlands). All patients had a previously untreated 
squamous cell carcinoma of the oral cavity or oropharynx. In this respect, the initial 
presenting tumor was defined as the index tumor. Patients with a history of malignancy 
were excluded from the study. Within 3 weeks after presentation, a full clinical 
examination was done including a fiber optic nasolaryngoscopic examination or adequate 
mirror examination of the upper airway, chest roentgenography and CT scanning and 
ultrasonography of the head and neck. Finally, FDG PET was performed irrespective of 
other test results. Because of the low yield (1% to 2%) of detecting simultaneous tumors 
and time-consuming aspects, panendoscopy is not routinely performed in our hospital in 
patients presenting with oral cancer anymore. Therefore, panendoscopy could not be 
evaluated in the present study. Of all patients alcohol and smoking habits were 
documented. Concerning the use of alcohol, patients were divided into non- or incidental
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Table 1. The mean values and frequencies of the most important characteristics of the study population 
(N = 68).

Characteristic Mean or % Characteristic Mean or %

Age (years) 61 (10.9)

Female; (%) 46

Glucose level; (mmol\L) 5.3 (0.8)

Alcohol consumption: (%) Smoking habits: (%)

non-incidental 34 non-smoker 28

moderate 34 moderate smoker 38

heavy 32 heavy smoker 34

Index tumor: (%) T-stage: (%)

Floor of mouth 38 T1 25

Gingiva 22 T2 38

Tongue 16 T3 11

Oropharynx 9 T4 25

Trigonum retromolare 4 TX 1

Tonsil 3 N-stage: (%)

Lip 3 NO 71

Soft palate 3 N1 18

Cheek 2 N2 10

N3 1

N, number of patients. Number between parentheses is the standard deviation.

drinkers, moderate drinkers (one to four units per day) and heavy drinkers (more than 4 
units per day). Concerning the use of tobacco, a division of nonsmokers, moderate 
smokers (1 to 20 cigarettes per day) and heavy smokers (more than 20 cigarettes per day) 
was made. One cigar was assumed to be equal to 4 cigarette equivalents.
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FDG PET
All patients underwent FDG PET after a 6 hours fast. Preceding the PET study, the 
patients’ plasma glucose levels were measured with a standard clinical test. At 60 min 
after the intravenous administration of 5 mCi (185 MBq) of F18-FDG, imaging of the 
head and neck and chest was performed using a dual-head PET camera (Vertex-MCD, 
ADAC, Milpitas, CA). This modified dual-head gamma camera has a lower detection 
efficiency for the high energy photons and lower count rate capacity compared with a 
dedicated PET scanner. However, the spatial resolution is approximately 5 mm full width 
at half maximum (FWHM). In each patient, two acquisitions were performed, both 
involving a rotation of each detector of 180° with 32 stops at 45 sec per stop. PET images 
were generated using iterative reconstruction. All images were read by 2 investigators. 
During the interval between the administration of F18-FDG and acquisition patients were 
not allowed to speak, move or to chew to avoid artifacts.

The following criteria originally described by Warren and Gates [10] were used to 
define the presence of second primary cancer detected by FDG PET: 1. Histologic 
confirmation of malignancy, 2. Neoplasms geographically separated and not connected 
by either submucosal or intra-epithelial neoplastic changes, 3. The possibility that a 
second neoplasm represents a metastasis must be excluded; the diagnosis is considered 
simple if the second tumor has a different histologic grade than the primary tumor. In 
patients with NO stage, a solitary endobronchial lesion was considered to be a second 
primary tumor, irrespective of T-stage, whereas peripheral lung lesions were considered 
more likely to be metastatic. Finally, in case of doubt, mutant p53 expression was 
determined for both primary tumors. Therefore, FDG PET guided endoscopies and/or 
biopsies under general anesthesia were performed to obtain specimen for histological 
examination in patients with additional sites of increased FDG accumulation being 
suspect for a second primary tumor.

A second primary tumor was further classified as a simultaneous tumor if they were 
diagnosed within 1 month after the index tumor, as a synchronous tumor if they were 
diagnosed within 6 months after the index tumor and as a metachronous tumor if they 
were diagnosed after 6 months. A follow-up of at least six months was used to assess 
the occurrence of additional simultaneous or synchronous tumors missed by FDG PET. 
During the follow-up visits only a clinical examination of the upper aerodigestive tract 
was performed.

Statistical analysis
We estimated the prevalence with 95% confidence intervals of the detected second 
primary tumors using the PET-scan. The percentages were compared with previous 
studies on the detection of such tumors and were also compared with the results of the 
diagnostic tests as currently used in clinical practice in our hospital. The two-sided 
McNemar’s test was performed to demonstrate statistically significant differences 
(p<0.05).
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Figure 1. Sagittal (left), coronal (middle) and transaxial (right) slices of a FDG PET study of a patient 
(no 4) presenting with an index tumor in the oral cavity (large arrows). Unexpectedly, a second primary 
tumor was found in the upper lobe of the right lung (small arrow). Histological examination including 
the determination of mutant p53 expression revealed a second primary tumor at that site.

9.4 Results

Table 1 shows the descriptive of the study population including the distribution of the 
index tumor sites. The study population consisted of 37 male and 31 female with a mean 
age of 61 yrs (range: 34-81 yrs). The mean glucose level was 5.3 mmol/L. Approximately 
18% of the patients neither smoked nor used alcohol. The distribution of the T stage for 
the index tumor was as follows; T1: 17, T2: 26, T3: 7, T4: 17, TX: 1; and for the N stage; 
NO: 48, N1: 12, N2: 7, N3: 1.

In 12 of 68 patients (18%; 95% confidence interval: 8-28%), a second simultaneous 
primary malignant tumor was found by the use of FDG PET (Table 2). With the exception 
of one tumor, all tumors were found in the epithelium of the upper digestive and 
respiratory tract (Figure 1 and 2). In three patients with large index tumors (patient nos. 4, 
6 and 9) determination of mutant p53 was used to confirm the presence of a second 
primary tumor in the lungs. In 5 patients (7%; 95% confidence interval: 1-13%), second 
primary tumors were also detected by means of clinical examination, chest X-ray or CT 
scanning. Nevertheless, FDG PET significantly increased (p=0.016) the detection rate of 
second primary tumors. In one patient, a papillary thyroid carcinoma was found, which 
can be assumed to be a coincident tumor. Consequently, in 11 patients (16%; 95% 
confidence interval: 7%-25%) a second primary tumor was detected in the “field of 
cancerization”. Even when this patient was excluded from evaluation, FDG PET 
significantly improved the detection rate of second primaries (p=0.031) compared with 
the detection rate obtained with the routine diagnostic modalities. In none of the 68 
patients studied, additional simultaneous primary tumors were found. Furthermore, during 
a follow-up period of at least 6 months in these patients, no simultaneous or synchronous 
tumors have appeared. Finally, false-positive results were not achieved in the present 
study.
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Figure 2. A transaxial (left) and two coronal 
slices (right) of a FDG PET study of a patient 
(no 8) presenting with an index tumor in the 
oral cavity (left and upper-right; large arrow). 
Additional focally increased uptake was seen at 
the right tonsil (left and lower-right; small 
arrow) which was found to be consistent with an 
unknown second primary tumor at that site. The 
slightly increased uptake between these two 
tumors visible on the transaxial slice is caused 
by physiological uptake in the left tonsil.

9.5 Discussion

Surgery and radiation therapy, recently augmented by induction chemotherapy, can be 
effective in the treatment of head and neck carcinomas. However, even after successful 
therapy, 30-50% of patients have local or regional recurrence, 20-30% have distant 
metastases, whereas an average of 3% of the patients simultaneously develop a second 
primary tumor [14] with an ultimate incidence of 10-40% after 5 years. Second primary 
tumors are the chief cause of death in patients with early stage disease and, therefore, 
early detection of these tumors is necessary. In the present study, we found a detection 
rate of 18% (95% confidence interval: 8%-28%) by means of FDG PET or 16% (95% 
confidence interval: 7%-25%) after the exclusion of the patient with a tumor in the 
thyroid, which is assumed to be a coincident tumor.

The percentages of second primaries in the present study may be high when compared
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Table 3. Prevalence of simultaneous or synchronous second primary tumors in head and neck cancer
literature.

Author [ref] Year N M\F-

ratio

Mean

age

Number of second

primary tumors;

n (%)

Type of

second

primary

Weichen [20] 1979 825 NA NA 19(2.3) Syn

Vrabec [21 ] 1979 1518 NA NA 31 (2.0) Sim

Hordijk [22] 1983 100 NA NA 2(2) Sim

Atkins [23] 1984 451 NA NA 11 (2.5) Sim

De Vries [4] 1986 210 1.5 NA 4(1.9) Syn

Shibuya [24] 1987 1429 2.3 NA 33 (2.3) Syn

Parker[25] 1988 208 NA NA 15 (7.2) Syn

Hordijk [13] 1989 141 NA NA 2(1.4) Sim

Carr [9] 1989 105 NA 62 4 (3.8) Sim

McGarry [5] 1992 562 1.7 63 11 (2.0) Sim

Haughey [26] 1992 3706 NA NA 148 (4.0) Syn

Dhooge [27] 1998 127 10 59 4 (3.4) Sim

Present study 1998 68 1.2 61 12(18) Sim

N, number of patients studied; M, male; F, female Syn, synchronous; Sim, simultaneous

with the data on simultaneous or synchronous tumors found in literature (Table 3). Our 
data, however, is the largest case series up till now that evaluates the value of FDG PET 
for the detection of secondary primary tumors in head and neck cancer. Given the annual 
rate of approximately 3% of second primary tumors and the lower bound of 8% of the 
confidence interval in the present study, we are probably able to identify most of these 
tumors months up to more than a year in advance. In addition, FDG PET significantly 
increased (p=0.016) the detection rate of second primaries compared with the
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diagnostic modalities being used in current clinical practice including clinical 
examination, CT of the head and neck and chest X-ray. Moreover, in none of the 
patients a simultaneous or synchronous second primary tumor has developed during 
follow-up. Hence, the clinical value of FDG PET in patients presenting with head and 
neck cancer is that more second primary tumors seem to be identified as simultaneous 
tumors, whereas the number of synchronous and metachronous tumors may decrease. Due 
to the detection in an earlier and, probably, a more localized stage, it may be expected that 
prognosis and survival will improve as curative treatment can be initiated.

Regarding the literature on the prevalence of simultaneous (tumors detected within a 
period of one month), synchronous (tumors detected within a period of six months) and 
metachronous primary tumors (tumors detected after 6 months), geographic and racial 
differences have been described. However, a meta-analysis of second malignant tumors in 
40,287 patients with head and neck cancer revealed an overall prevalence of 4% of 
synchronous tumors [26]. Data on the prevalence of simultaneous primary tumors were 
not described, but it can be expected that this number is even lower than the 4% 
mentioned in that study. In the Netherlands and Belgium, 1.5-2.8% and 3.4%, 
respectively, have been reported [11,13, 27,28] for simultaneous primary tumors. In these 
studies, a continuous incidence of a second primary tumor of approximately 2.8% per year 
for at least 10 years has been described. The late diagnosis of the second tumors enables 
these tumors to attain advanced staging before detection. With respect to the survival 
rates, it has been described that in patients in whom a second primary tumor occurs have a 
75% chance of 1-year survival, but only a 25% to 40% chance of 5-year survival [5,7,29]. 
In order to achieve early diagnosis, panendoscopy under general anesthesia has been 
recommended. However, due to the low yield of 1.5% to 3% described in literature, this 
procedure is still a matter of debate. Our results suggest that FDG PET is a valuable 
technique to increase the detection rate of second primary tumors.

Since the introduction of FDG PET, many reports have appeared in the literature on its 
diagnostic value in head and neck cancer. Despite a sensitivity for the detection of 
metastatic lymph nodes ranging from about 80% to 90% [30-32], it has been described 
that the lack of anatomic details makes PET less valuable for primary staging. In contrast, 
however, FDG PET has been found to have a prognostic value in many tumors, since low 
uptake is correlated with a good prognosis and high uptake with poor survival. 
Furthermore, FDG PET may enhance the diagnostic accuracy of CT and MRI where 
anatomic distortions do not occur or where diagnostic criteria for CT and MRI are 
ambiguous as small T1 tumors may be missed in about 66% of the patients by CT or MRI 
[33]. Therefore, it may be expected that FDG PET will be helpful in the detection of 
occult primary tumors or second primary tumors. Recent reports have confirmed a higher 
detection rate of unknown primary tumors by using FDG PET [18,20]. In the present 
study, it was shown that FDG PET significantly increased (p=0.016) the detection rate of 
7% as was obtained with clinical and radiological examinations used in current clinical 
practice. Beside our results, however, data on the use of this technique in the detection of 
second primaries are scarce. In a recent report by Nabi et al. [34], it was found that FDG
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PET depicted unsuspected thoracic lesions, which preceded the development of abnormal 
findings on chest X-ray or CT by 2 to 5 months.

One of the limitations of the present study is the lack of a reference standard by means 
of panendoscopy. Therefore, we could not confirm the usual rates of 3% second primary 
tumors detected by this technique. Consequently, we can only compare our 18% detection 
rate with previous study rates of 3% and with the 7% detection rate achieved in the 
present study with clinical and radiological examinations in order to make inferences on 
the clinical use of FDG PET. Although our study included all 68 consecutive patients 
with a primary tumor in the head and neck region in a period of one year in our hospital, 
we are not quite sure whether the patients are comparable to previous study populations 
which is due to the limited information that could be drawn form these studies. For 
example, the present study included a high number of patients with a tumor in the floor of 
the mouth, as this site has been associated with a higher prevalence of second primary 
tumors by some authors. These results, however, could not be confirmed by other case 
series [11,13], Hence, it is difficult to draw definite conclusion about the diagnostic value 
of FDG PET for detecting second primary tumors. Nevertheless, the prevalence of 18% of 
the simultaneous second primaries in the present study is significantly higher than the 3% 
reported in the literature and higher than the 7% detected with the diagnostic modalities 
used in the present study. Therefore, we believe that FDG PET has an important potential 
role in the evaluation of patients presenting with primary head and neck cancer. 
Moreover, it may be expected that the introduction of FDG PET in the diagnostic work
up will improve cost effectiveness. In the Netherlands, the cost of FDG PET and 
panendoscopy under general anesthesia are approximately $1.000 and $2.500, 
respectively. The results of the present study suggest that panendoscopy may be omitted 
in patients without signs of second primary tumors on FDG PET, which means a cost 
savings of $1.500 per patient. Furthermore, by using FDG PET as a guidance for 
endoscopy and biopsy, multiple invasive procedures may be avoided, again decreasing the 
cost per patient. Although not found in the present study, a dilemma may occur in patients 
who have a false-positive result. In these patients, additional diagnostic tests including 
panendoscopy will be performed to exclude malignancy which will raise the cost. 
However, further diagnostic studies in which FDG PET is evaluated against the reference 
standard panendoscopy are required to definitely establish the value of this imaging 
modality in primary head and neck cancer as well as its cost-efficiency.

In conclusion, FDG PET seems to be an important additional diagnostic tool in 
patients presenting with primary head and neck cancer for the detection of second 
primary tumors. The results of the present study demonstrate that FDG PET 
significantly increases the usual detection rates of second primary tumors. In addition, 
the results of our study suggest that most of the second primary tumors are detected in 
an early stage, which may have major consequences for prognosis and survival. Such 
results, however, await confirmation in a larger prospective study in which patients 
with early detected second primary tumors are treated and followed for several years.
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10.1 Summary

Tumour imaging with 18F-FDG has yielded promising results for the detection of a 
variety of tumours. Owing to the high cost and limited availability of dedicated PET 
scanners, alternative methods of imaging the 511-keV photons of positron emitters have 
been sought. With a dual head coincidence camera PET scanning of FDG is possible. 
The system parameters, such as sensitivity and spatial resolution, are already measured, 
but the clinical experience of this alternative imaging method is very limited. Two cases 
are described in which tumours with a diameter of 4 and 5 mm, respectively, were 
detected using a dual head coincidence camera. The presented cases support the use of 
this converted gamma camera in head and neck oncology.

121



10.2 Introduction

Tumour imaging with 2-[fluorine-18]fluorodeoxyglucose (FDG) has yielded promising 
results for the detection and staging of a variety of primary tumours. The mechanism of 
FDG uptake is well documented and is based upon the increased glycolysis that is 
associated with malignancy as compared with normal tissues. However, owing to the 
high cost and limited availability of dedicated PET scanners, an alternative instrument 
for PET has been developed: the dual head coincidence camera. The system parameters 
of this device, such as sensitivity and spatial resolution, are already measured, but the 
clinical experience of this alternative imaging method is very limited.

We present two cases of patients with head and neck cancer in which very small 
tumours were detected by FDG PET using a dual-head coincidence camera.

Case 1
A 44-yr-old woman presented with a small tumour of the upper lip at the right side. A 
resection was performed and histologic examination of the specimen revealed 
squamous cell carcinoma. Because of a not complete resection, the patient was referred 
to our hospital for additional treatment. At that time, clinical examination and 
ultrasonography did not show lymph node metastases, so a re-excision was performed 
without a neck dissection. Pathologic examination of the specimen did not show 
residual tumour. Three weeks later, the patient notified a small node at the left side of 
the neck. Because of the suspicion of metastases, she was referred for regional-body 
PET imaging. After a 6 hours fast, at one hour after the intravenous administration of 
185 MBq of 18F-FDG imaging of the neck and chest was performed using a dual-head 
coincidence camera. (Vertex-MCD, ADAC, Milpitas, CA) involving two bed-positions 
in each patient. Both acquisitions involved a rotation of each detector of 180° with 32 
stops at 45 sec per stop. During the interval between the administration of FDG and 
acquisition patients were not allowed to speak, to move or to chew to avoid artifacts. 
PET images were generated using iterative reconstruction (2 iterations, 8 ordered 
subsets). The PET scan demonstrated bilateral focal uptake in the neck, which was 
suspect for bilateral metastases (not shown).

Figure 1. Coronal slice of a PET 
study (patient no. 1) demonstrating 
intense uptake in the laryngeal area 
(see arrow), which was found to be 
consistent with a papillary thyroid 
carcinoma with a diameter of 5 mm.
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Moreover, intense uptake was seen in the laryngeal area, which was highly suspicious 
for a second primary tumour (Fig. 1). Ultrasonography of the neck revealed a small 
lesion in the right lobe of the thyroid, which was found to be consistent with an 
adenoma. In addition, a lymph node with a diameter of 1.3 cm was found at the left side 
of the neck and FNAC revealed a metastasis of a papillary thyroid carcinoma. No 
abnormalities were found at the right side of the neck. Because of the result of the PET 
scanning and the FNAC, a bilateral neck dissection was performed followed by a 
thyroidectomy. Pathologic examination of the specimen revealed a metastasis of a 
papillary thyroid carcinoma at the left side and a metastasis of a squamous cell 
carcinoma at the right side. Furthermore, histologic examination of the thyroid revealed 
a small papillary thyroid carcinoma with a diameter of 5 mm.

Case 2
In 1996, a 72-yr-old man was treated for a T1N0M0 glottic laryngeal carcinoma by 
means of external radiotherapy. In December 1997, during follow-up a small lesion was 
seen on the right vocal cord, but clinically it was not possible to differentiate between 
posttreatment changes and tumour recurrence. At that time, a CT-scan was performed 
revealing no abnormalities. In January 1998, the patient was referred for FDG PET 
scanning using a dual head coincidence camera (see case 1 for the acquisition 
parameters).

Figure 2. Coronal slice of a PET study 
(patient no. 2) demonstrating focally 
increased uptake in the laryngeal area 
(see arrow), which was found to be 
consistent with a local recurrence of 
laryngeal cancer with a diameter of 4 mm.

After a 6 hours fast, at one hour after the injection of 185 MBq of 18F-FDG an image 
of the neck was performed showing focally increased uptake anterior in the larynx (Fig. 
2). Because of this result, a biopsy under general anesthesia was performed and 
pathologic examination of the specimen revealed tumour recurrence. In February 1998, 
the patient underwent a laryngectomy and histologic examination showed recurrent 
squamous cell carcinoma with a diameter of 4 mm.
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10.3 Discussion

Positron emission tomography (PET) by means of F18-fluorodeoxyglucose (FDG) 
allows the visualization of metabolic tissue activity. PET imaging relies on the use of 
radioisotopes which decay with emission of positively charged particles. These 
positrons travel short distances in tissues before combining with a negatively charged 
electron. When the masses annihilate, two photons (gamma-rays) are produced, which 
are emitted at 180 degrees from each other with only a minimal relativistic uncertainty 
of less than 0.6 degrees. Over the past years, imaging from FDG PET has been 
demonstrated to have clinical use in oncology, neurology and cardiology [1-4]. The data 
in the literature, however, that support the clinical applications of FDG have been 
obtained by the use of dedicated PET scanners. However, owing to the high cost and 
limited availability of these PET scanners, there has been a renewed interest in the use 
of alternative techniques. The use of a gamma camera for the detection of the 511-keV 
annihilation photons was first suggested in 1970[5,6]. At that time, however, the 
hardware and the availability of such systems were too limited to be effective. 
Therefore, to perform PET studies with such cameras adaptations had to be made.

The first option that has been developed is the use of ultra high-energy collimators 
providing a low-cost alternative of imaging the annihilation photons. With this 
technique the two annihilation photons are detected as separate, single photons and not 
as a pair as in PET using dedicated scanners. Furthermore, by using a single or dual 
head gamma camera, only photons from a certain radius will reach the detector and to 
detect the photons from all directions the camera has to rotate around the patient. 
Because of the time used to rotate the camera, dynamic tomographic imaging is 
impossible and only long-lived radionuclides will be accessible to this technique. Due 
to the collimation and the use of Nal-crystals instead of bismuth germanate (BGO)- 
crystals, as used in dedicated PET cameras, the sensitivity of such systems is very low 
and approximately 0.1% of the sensitivity obtained with dedicated PET cameras. As a 
consequence, the collimated cameras have a lower signal to noise ratio, which means a 
decrease in accuracy and precision. Since the resolution of these systems is in the range 
of 17-19 mm [7-9], the use of ultra high collimators in oncology is very limited, 
because small lesions will be missed.

The second option is the conversion of a double-headed gamma camera, the dual 
head coincidence camera. By adapting the hard- and software of these systems, the 
detection of two annihilation photons as a pair, such as in dedicated PET scanners, is 
possible. As in PET with ultra-high energy collimators, only photons from a certain 
radius will reach the detectors. This camera also rotates around the patient which makes 
dynamic tomographic imaging impossible. Furthermore, only long-lived radionuclides 
will be accessible to this technique. The detection efficiency of the annihilation photons 
of these cameras [10,11] is approximately 3% compared to dedicated PET cameras and, 
therefore, the signal to noise ratio is also lower compared to dedicated PET cameras. 
Nevertheless, measurements have show that the system spatial resolution is in the range
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of 5-6 mm [12,13]. One of the limitations of a dual head coincidence camera is that 
attenuation correction (AC) is still not fully implemented on these systems. AC has 
recently become commercially available, but the value in clinical practice, as shown 
with dedicated PET cameras, is still under investigation. Due to the superficial 
localization of the structures of interest, AC is not necessary in head and neck oncology. 
However, problems may occur in the interpretation of images of deeper structures, such 
as mediastinal or abdominal lymph nodes, that have been obtained with a dual head 
coincidence camera without AC.

Limited data are available on the use of such cameras in clinical practice and 
especially in the detection of small lesions. Our cases demonstrate that tumours with a 
diameter of 4-5 mm can be detected with 18F-FDG using a dual head coincidence 
camera. To our knowledge, the detection of such small lesions in head and neck 
oncology by such a converted gamma camera has not yet been described.
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11.1 Summary

A dilemma may occur when meeting those patients presenting with cervical metastases 
appearing as the first sign of malignancy in the head and neck region. In these patients, the 
location of the involved lymph nodes may indicate the location of the primary tumor. 
However, in two or three percent of the patients, the primary cannot be identified in the 
diagnostic work-up. The aim of the present study was to investigate the possibility of 
identification of primary tumors in patients with cervical metastases of unknown origin, 
by the use of FDG dual-head PET. Materials and methods: 10 consecutive patients with 
a cervical metastases of unknown origin were studied with FDG, using a dual-head PET 
camera. After the injection of 185 MBq, (5 mCi) of FDG images were performed of the 
head, neck and chest. In addition, endoscopy and biopsies were carried out with
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knowledge of the PET study. In patients in whom a primary tumor could not be identified, 
a follow-up of at least 6 months was used as control. Results: In 5 out of 10 patients, a 
primary tumor was identified by FDG PET. In one patient, multiple sites of uptake were 
seen, and this was found to be consistent with Non-Hodgkin lymphoma. In 5 patients, 
additional sites of increased uptake were found, these being consistent with unknown 
metastatic disease. Finally, in 6 patients, the initial treatment plan was changed, due to the 
PET result in 5 of them. In one patient, the primary tumor was resected revealing a lesion 
with a diameter of 6 mm. Conclusion: The detection of FDG in patients with cervical 
metastases of unknown origin by the use of a dual-head PET camera is a valuable 
diagnostic tool in the identification of primary lesions.

11.2 INTRODUCTION

An enlarged lymph node in the neck as the presenting symptom of a malignant tumor in 
the head and neck is not unusual. After clinical examination of the upper aerodigestive 
tract the majority of the primary tumors will be found [1,2], However, in two to three 
percent of patients, the primary may not be identified from extensive diagnostic work-up 
[3-5]. These patients are considered to have occult or unknown primary tumors. The 5- 
year survival rate in patients with squamous cell carcinoma metastatic to the neck from a 
primary tumor of unknown origin is up to 55% [3-7]. It is suggested that the prognosis of 
patients with metastases of unknown origin may improve when the primary tumor is 
found, as a more specific treatment can be performed.

Positron emission tomography (PET) with 2-[fluorine-18]fluoro-deoxy-D-glucose 
(FDG) has yielded promising results in the detection and imaging of a variety of tumors 
[8-10], FDG uptake in cancer tissue is based upon the increased glycolysis that is 
associated with malignant tissue as compared with normal tissue. In current literature, it is 
recorded that most of the squamous cell carcinoma with volumes of more than lee 
demonstrate substantial FDG-uptake [11,12], Since CT or MR will also detect such 
lesions, the value of FDG PET is very limited in assessing the primary tumor stage. 
However, the smallest metastatic lymph node detected with FDG PET reported in 
literature was 4 mm [13], From these results, it was suggested that small occult primary 
tumors missed by endoscopy and CT in patients with cervical metastases may be detected 
with FDG PET. Due to the high cost and limited availability of dedicated PET scanners, 
alternative imaging methods have been sought. With the addition of a coincidence module 
to a dual-head SPECT camera (normally used for studies such as bone scanning or cardiac 
imaging) imaging of FDG was found to be possible. Data in literature on the use of a 
dual-head PET camera are scarce, but recent studies have shown that lesions of 4 mm and 
5 mm can also be detected with such a device [14],

The aim of the present study was to investigate the use of the dual-head PET camera in 
the search for the primary tumor, in those patients referred with cervical metastases with 
an unknown primary tumor.
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11.3 Materials and methods

Patients
Ten consecutive patients with cervical metastases from an unknown primary tumor 
entered the study. The group consisted of three women and seven men with a mean age of 
64 years (range: 44-81 yrs). All patients were submitted to the University Hospital Utrecht 
(The Netherlands) for further evaluation. Clinically, all patients were known to have 
unilateral metastases. In three patients, a diagnostic lymph node resection had been 
performed prior to the PET study. In all patients, the conventional diagnostic work-up 
consisted of a complete medical history, physical examination, chest radiography and full 
blood count. In addition, all patients underwent CT scanning, whereas panendoscopy was 
performed only after the PET study. Areas on the PET images suspected as a primary 
tumor site were biopsied. In patients in whom the primary tumor was not identified, 
follow-up of at least 6 months was used as control to exclude synchronous tumors. 
Finally, all patients were scheduled for a standard treatment consisting of a modified 
radical neck dissection followed by extensive radiotherapy.

CT-protocol
Contrast-enhanced CT studies were performed with a commercially available scanner (SR 
8000, Phillips, Eindhoven, The Netherlands). Three-millimeter contiguous axial sections 
were obtained from the base of the skull to the thoracic inlet. A total of 100 ml of contrast 
material was given at a rate of 1.5 ml/sec, whereas the scanning started with a delay of 30 
sec.

FDG PET
All patients were studied after a six-hour fast. Preceding the PET study, the patients’ 
plasma glucose levels were measured by a standard clinical test. At 60 minutes after the 
intravenous administration of 185 MBq (5 mCi) of F18-FDG imaging of the head, neck 
and chest was performed using a dual-head PET camera (Vertex-MCD, ADAC, Milpitas, 
CA). Acquisition involved a rotation of each detector of 180° with 32 stops at 45 sec per 
stop. The PET study involved two rotations and lasted approximately one hour. The 
images were generated using iterative reconstruction, and were visually analyzed by two 
experienced observers.

11.4 Results

The mean blood glucose level was 5.2 mmol/L (range: 4.6-6.2 mmol/L). Nine out of 10 
patients had a metastasis of a squamous cell carcinoma, whereas cytological examination 
of the FNA specimen of one patient (no. 9) revealed an undifferentiated carcinoma. In 5 
out of 10 patients with cervical metastases of unknown origin, the primary tumors were 
identified by FDG PET and confirmed by histology (Table 1). In addition, in 5 patients
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Table 1. Characteristics of 10 patients presenting with a cervical lymph node metastasis of

primary tumor.

an unknown

Pat

no.

Age Site of

cervical

Lnm

CT Site of increased

uptake on FDG

PET

Histological

Confirmation

Change of

treatment

plan

Follow

up (mo)

1 44 Ri NI ri Lung ri Lung Chemotherapy 23

2 81 Ri NI Oro-hypopharynx Tonsil PTR+MRND 13

3 65 Le NI Tongue Tongue MRND+LRT 16

4 53 Le NI NI NI - 14

5 62 ri NI Hypopharynx Sin. Piriformis MRND+LRT 16

6 60 ri NI Maxilla NI - 11

7 79 ri G1 submandib. Floor of mouth# NI - 10

8 64 le NI Tonsil Tonsil LRT 7

9 65 le Pi Aryepigl. Tonsil NHL chemotherapy 6

10 66 le NI Floor of mouth# NI - 6

Lnm, lymph node metastasis; # Histology revealed unknown submental metastases; ri, right; le, left; 
NI, primary tumor not identified; PTR, primary tumor resection; MRND, modified radical neck 
dissection; LRT, localregional radiotherapy; NHL, non-Hodgkin lymphoma

additional sites of increased uptake were found, this being consistent with unknown 
metastatic disease.

In patient no. 1, FDG PET revealed a primary tumor in the right lung, but also hilar 
and paravertebral metastases (Figure 1). In patient no 4, focally increased uptake was seen 
at the site of the diagnostic lymph node resection. Clinical examination and CT, however, 
did not reveal additional metastatic disease and so therapy was therefore initiated. Within 
3 months, however, metastatic disease appeared at that site, and this was confirmed by 
biopsy and histologic examination of the specimen. In patient no. 6, focally increased 
uptake was seen in the maxilla, which could not be confirmed by endoscopy and biopsies. 
During an 11 month period of follow-up, tumor did not appear at that site. A possible 
explanation for this false positive result may be dental in origin. In patient no. 7 and 10, 
additional sites of uptake were found in the floor of mouth. Although it was initially 
suggested to be the primary tumor site, endoscopy and biopsy did not confirm these 
findings. However, histologic examination of the neck dissection specimen revealed
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submental lymph node metastases, which corresponded with the sites of increased uptake 
on the PET study. In addition, in patient no.7, FDG PET also showed contralateral focally 
increased uptake. A bilateral neck dissection was performed, revealing a metastasis at the 
left side, but no metastatic disease at the right side. In patient no. 9, bilateral multiple sites 
of increased uptake were found in the head and neck area as well as in the tonsils. Lymph 
node dissection unexpectedly revealed a Non-Hodgkin lymphoma. Finally, in patient no. 
10, FDG PET demonstrated multiple sites of increased uptake at the left side of the neck, 
but also at the contralateral side. Despite this result, a unilateral neck dissection was 
performed demonstrating multiple metastases. Over a 3-month follow-up period, 
metastatic disease appeared at the right side of the neck.

Figure 1. Coronal (left), sagittal (middle) and Iransversal (right) FDG PET slices of a patient with a 
cervical lymph node metastasis of an unknown primary tumor. A primary tumor was identified in the lung, 
but also hilar and paravertebral metastases (see arrows).

Management was changed in 5 patients as result of the FDG PET results, whereas in one 
patient management was changed due to the pathology findings. In one patient (no. 2), the 
primary tumor was resected, revealing a lesion with a diameter of 6 mm.

In the 4 patients in whom the primary tumor was not identified with either FDG PET 
or endoscopy, a standard treatment was given consisting of a neck dissection followed by 
extensive radiotherapy. With a mean period of follow-up of 10 months (range: 6-14 
months), in none of these patients did a primary tumor show up. FDG PET was not 
repeated anymore in this period.

11.5 Discussion

In the present study, we investigated the potential of FDG PET, using a dual head 
coincidence camera for the detection of the primary tumor sites, in patients referred with 
cervical metastases from an unknown primary tumor. Unknown primary tumors are a 
heterogeneous group, with widely varying natural histories. In general, the 3-year survival 
rate in patients with metastases of unknown primary tumors, with a tumor stage of
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TxN2a-cM0, is between 49% and 61%, whereas the 5-year survival rate is in the range of 
26% to 55%. In patients with metastases of squamous cell carcinoma of the upper 
aerodigestive tract, the survival rate in lymph node stage N2a-c is approximately 55%. 
Finally, the 5-year survival rate in patients with a T1 or T2 tumor in the sinus piriformis is 
found to be more than 70% [3-7,15,16], In this respect, it is very important to identify the 
primary tumor, as in these patients a limited but more specific treatment can be 
performed. Furthermore, detection of the primary tumor will probably limit the extent of 
the treatment and thus reduce unwanted side effects, such as xerostomia, mucosal atrophy 
and the inherent risk of osteoradionecrosis of the jaws.

In the diagnostic work-up in patients with head and neck cancer, endoscopy remains 
the keystone [17, 18]. In many patients, the primary tumor can be assessed by endoscopic 
evaluation with or without clinical palpation. In patients with occult tumors, however, a 
problem in tumor staging may occur. It would therefore be helpful to have an additional 
diagnostic tool in patients with cervical metastases of occult primary tumors.

Positron emission tomography with FDG has yielded promising results in patients with 
head and neck cancer [19, 20]. PET is a technique based on the visualization and 
quantification of metabolism rather than structural changes. Despite lack of anatomic 
information, FDG PET was found to be as sensitive as CT in the assessment of cervical 
lymph node status in patients with known primary tumor sites [21,22]. Moreover, where 
PET is clearly superior to the clinical examination, CT or MRI is in the postirradiation 
patient exhibiting soft tissue changes [23, 24]. Data on the use of FDG PET in identifying 
occult primary tumors in patients with cervical metastases are scarce. In a total group of 
eight patients with cervical metastases of squamous cell carcinoma, Braams et al. [25] 
demonstrated three unknown primary tumors; two by the use of PET and one by 
endoscopy. In the clinical follow-up period of 18-30 months, no primary tumor was found 
in 5 patients. Schipper et al. [26] found a localized increase of FDG in 7 of 16 patients, 
with this site of activity histologically proven in 4 patients. In the follow-up period at 2-22 
months after the initial treatment in the other patients no primary tumor was identified. 
These results are in agreement with the results described by Kole et al. [27] In that study, 
however, FDG PET was found not to be worthwhile in patients with melanoma 
metastases. Finally, Lastoria et al. [28] detected six primary tumors in seven patients 
(86%) by using FDG PET. The more advanced tumor stage expressed in the high number 
of metastases probably accounts for the high sensitivity. In the studies mentioned above, 
imaging of FDG was performed by using a dedicated PET scanner. These scanners are of 
limited availability and therefore alternative techniques have been developed to detect the 
511-KeV photons of positron emitters. The first alternative technique is the use of a 
conventional gamma camera (a device that is normally used for studies such as bone 
scintigraphy), equipped with 511-KeV collimators [29]. In contrast to the simultaneous 
detection of two opposite 511-KeV photons resulting from the positron annihilation, 
known as coincidence technique, by dedicated PET scanners, each 511-KeV photon is 
detected as single photon. Owing to the poorer system resolution, imaging of FDG with 
this single photon emission computed tomography (SPECT) technique is of limited value
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in head and neck cancer. Tumors with a diameter of 1.5 cm or less may be missed [30], In 
one study described by Mukherji et al. [31], FDG-SPECT was performed in 18 patients 
with histologically proven cervical metastases from squamous cell carcinoma. Among 11 
histologically confirmed primary tumors, FDG-SPECT delineated nine tumors compared 
to 4 lesions found by CT. They conclude, that FDG-SPECT has a sensitivity of 81% for 
the detection of occult primary tumors. However, it should be realized, that the sensitivity 
percentage would be much lower if all patients were assumed to have a detectable primary 
tumor. Moreover, in the patients in whom endoscopy did not show a primary tumor, 
FDG-SPECT did not reveal additional information that would have changed patients' 
management. These results confirm that FDG-SPECT has no value in head and neck 
oncology.

Another technique for imaging FDG is the use of a dual-head PET camera [32], This 
camera has the ability to change from single photon detection mode to coincidence 
detection mode, i.e. the simultaneous detection of two annihilation photons. 
Consequently, this system may be used for routine scintigraphy, such as bone scanning or 
cardiac imaging, as well as for positron emission tomography. Unlike dedicated PET 
scanners, however, this camera has to rotate around the patient due to the limited number 
of detectors. Compared to the SPECT camera, the dual-head PET camera has a better 
system resolution, comparable to that of dedicated PET scanners. Data on the use of this 
device in clinical practice are limited. In a recent study [33], we reported our results with 
respect to the detection of recurrent laryngeal cancer, demonstrating good differentiation 
between radionecrosis and recurrent disease. To our knowledge, no studies are available 
on the use of a dual-head PET camera, in the detection of unknown primary tumors in 
patients with cervical metastases. In the present study, we were able to identify a primary 
tumor in 5 out of 10 patients and in 5 out of 9 patients, with squamous cell carcinoma 
metastases. The high detection rate found in our study is probably due to the small 
number of patients studied. Another limitation of our study is that the size of the primary 
tumor was available in only one patient. In the other 4 patients, extensive radiotherapy 
was altered to a more localized radiation without resection of the primary tumor. In these 
patients, the follow-up period ranging from 6-14 months after initial treatment may be 
relatively short. However, data found in literature [30-32] on this subject have 
demonstrated that patients with a negative PET study have a small chance of exhibiting 
the primary tumor after treatment. It is therefore not to be expected that a primary tumor 
will be found during follow-up in our patients. Finally, as a result of the dual-head PET 
study, patients' management was changed in 5 out of 10 patients. Based on our 
preliminary results and the limited data found in literature, it can be predicted that about 
25%-50% of the patients with cervical metastases of unknown primary tumors will 
benefit from FDG PET. The results, however, await confirmation in a larger prospective 
study.
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11.6 Conclusion

In the present study, we have demonstrated the first results of imaging FDG with a 
dual-head PET camera, in patients with cervical metastases from an unknown primary 
tumor. Despite some study limitations, we were able to identify a primary tumor in 5 out 
of 10 patients, and this did impact on patients' treatment planning. In addition to the 
reported value in the detection of recurrent laryngeal cancer, we conclude that the 
dual-head PET camera is a valuable imaging tool in occult head and neck cancer.
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12.1 Summary

Clinically occult thyroid cancer is not uncommon and may occur in 1% to 10% of the 
population Since the first studies on the use of FDG PET in clinical oncology some 
reports have appeared on the detection of occult tumors using this imaging modality. 
According to these results, it may be expected that the number of patients with head and 
neck cancer and clinically occult coincident primary tumors at initial presentation will 
increase. In one out of the three patients presented, the coincident tumor was detected 
with FDG PET. The possible role of this new imaging technique is discussed in 
correlation with treatment and clinical outcome.
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12.2 Introduction

Head and neck squamous cell carcinoma originating from the mucous membranes of 
the upper aerodigestive tract account for approximately 5% of all malignant tumors in 
the Netherlands[l]. A major cause of poor prognostic outcome in patients with primary 
head and neck cancer is the occurrence of second primary tumors. Epidemiological 
studies have established that second primary tumors appear with a continuing annual 
rate of approximately 3% depending on geographic factors and factors such as smoking 
and alcohol habits [2], The ultimate incidence of second primaries varies from 10% to 
as high as 40% [3-5] with the great majority of these tumors appearing in the 
respiratory and upper digestive tract. Slaughter et al. [6] explained this phenomenon of 
multicentric tumor foci with their “field cancerization concept”. Second primary 
tumors, however, may also be found at other sites and these tumors are often considered 
to be coincident tumors.

Since the first studies on the use of F18-fluorodeoxyglucose positron emission 
tomography (FDG PET) in clinical oncology [7,8], some reports have appeared on the 
detection of occult tumors in the head and neck region by using this imaging modality 
[9-11]. Due to the introduction of FDG PET in staging primary head and neck cancer, it 
may be expected that the number of patients with a combination of a primary tumor and 
a clinically occult second primary tumor or a coincident tumor at initial presentation 
will increase. The thyroid may be one of the sites harboring an occult coincident tumor. 
As found in autopsy studies, clinically occult carcinomas of the thyroid are not 
uncommon and may occur in 1% to 10% of the patients [12-14]. Consequently, it may 
be expected that FDG PET will increase the number of patients demonstrating a 
combination of primary head and neck cancer and unexpected coincident cancer of the 
thyroid. Data on this subject are, however, limited or not available. The question could 
be put forward whether these findings will have consequences for treatment planning 
and prognosis.

In the present study, 3 patients with primary head and neck cancer are described in 
which in a different way coincident thyroid cancer was depicted. In one patient, this 
unknown tumor was detected with FDG PET. In addition, the value of FDG PET in 
patients with primary head and neck cancer and coincident cancer of the thyroid is 
discussed as well as the implications for treatment planning.

12.3 Case presentation

Case 1
In September 1997, a 38-yr old female notified a mass in the left submandibular region. 
Because of a steady increase in size, the patient was referred to the department of 
Otolaryngology for further examination. Biopsy and histologic examination of the 
specimen revealed metastatic squamous cell carcinoma. Despite a panendoscopy and
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multiple biopsies, a primary tumor could not be identified. CT scanning showed the 
already known submandibular mass with a diameter of 2 cm and a nodule less than 1.5 
cm in diameter in the right lobe of the thyroid. However, a primary tumor could not be 
identified. The patient was assessed to have a TxNIMO unknown primary tumor. It was 
decided to evaluate the nodule in the thyroid by means of ultrasonography and fine 
needle aspiration and cytology (FNAC) before the neck dissection revealing oncocytic 
metaplasia, which could be either benign or malignant. Consequently, a 
hemi-thyroidectomy was performed and this was followed by a radical neck dissection 
because of the metastasis of unknown origin. Histologic examination of the resection 
specimen revealed a follicular carcinoma (Hurthle-cell form) with a diameter of 1.0 cm. 
In the neck dissection specimen, a metastasis of a squamous cell carcinoma with a 
diameter of 2.7 cm was found. Because of the histological form of the thyroid cancer, it 
was decided to perform a resection of the left lobe followed by a radioiodine ablation. 
With respect to the unknown primary tumor, an expectative policy was pursued. During 
a 6-month period of follow-up, the primary tumor still has not manifested itself.

Figure 1. Sagittal slice of a FDG PET study 
performed in a 44-year old patient (case 2) 
presenting with a palpable mass at the left 
side of her neck several weeks after treatment 
for a tumor of the oral cavity. Unexpectedly, 
increased uptake was seen anterior in the 
laryngeal area (arrow). Ultrasonography did 
not show abnormalities at that site. A neck 
dissection was performed revealing a 
metastasis of thyroid cancer. A thyroidectomy 
was performed revealing a small papillary 
carcinoma with a diameter of 5 mm which 
corresponded with the site of increased FDG 
uptake on the PET study.

Case 2
In July 1997, a 44-yr old female notified a small lesion at the right site of the upper lip. 
Incision biopsy revealed a squamous cell carcinoma, which was followed by an 
extensive local resection. Because of the small size of the tumor it was decided not to 
perform a neck dissection. In December 1997, the patient notified a mass at the left side 
of her neck. At that time, she entered a prospective study on the value of FDG PET in 
patients with head and neck cancer. After a 6 hrs fast and one hour after the injection of 
5 mCi (185 MBq) of FDG, imaging of the head and neck area was performed with a 
dual-head PET camera. Acquisition involved a rotation of each head of 180°, with 32
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stops and 45 sec. per stop. Images were iteratively reconstructed and visually analyzed. 
Beside a focus of increased uptake at the left side of the neck, pathologic uptake was 
seen at the right side of the neck as well as in the region of the thyroid (Figure 1). 
Ultrasonography, however, did not show abnormalities in the thyroid, so it was decided 
to perform a bilateral neck dissection. Histologic examination revealed a metastasis of 
squamous cell carcinoma at the right side, but metastatic papillary thyroid cancer at the 
left side. Due to this result, a thyroidectomy was performed revealing a small papillary 
carcinoma with a diameter of 0.5 cm. Six weeks after the surgical treatment, the patient 
received an ablative radioiodine dosage. With respect to the squamous cell carcinoma, 
an expectative policy was pursued.

Case 3
In June 1998, a 67-yr old man was referred to the department of Otolaryngology 
because of fetor-ex-ore, hoarseness and referred pain in his left ear. Panendoscopy and 
biopsy revealed a transglottic squamous cell carcinoma of the larynx. CT and 
ultrasonography of the neck did not reveal metastatic disease, whereas chest X-ray did 
not show intrathoracic disease. The tumor was staged as T4N0M0, which was assessed 
to be an indication for a laryngectomy with an en-bloc resection of the left side of the 
neck followed by radiotherapy. Histologic examination of the laryngectomy specimen 
revealed a tumor with a diameter of 3.2 cm and an infiltration depth of 2 cm, but no 
lymph node metastases. However, examination of the left lobe of the thyroid 
unexpectedly revealed multifocal papillary thyroid cancer. Therefore, it was decided to 
perform a resection of the right lobe of the thyroid, which did not reveal any 
abnormalities. Because of the poor prognosis of the laryngeal cancer compared to the 
relative benign papillary cancer of the thyroid, it was decided to start with external 
beam radiotherapy. Awaiting the ablation with radioiodine, the patient was put on L- 
thyroxine substitution.

12.4 Discussion

In the last decades, initial therapeutic and reconstructive modalities for head and neck 
cancer have markedly improved, but the overall survival rate of approximately 60% has 
only marginally increased. One of the chief causes of treatment failure in early stage 
head and neck cancer is the occurrence of second primary tumors. The great majority of 
these tumors appear in the same organ or organ systems. The concept of the so called 
“field cancerization” explains that the entire epithelial lining, covering the aero- and 
upper digestive tract undergoes extensive cytologic changes as a result of repeated 
insults by carcinogens, such as tobacco and alcohol. The original classification criteria 
for the second primaries as proposed by Warren et al. are still valid [15], A second 
tumor has to be separated from the first tumor, the so-called index tumor, by at least 2 
cm of normal mucosa. Furthermore, the possibility that the second tumor is a metastatic
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one of the index tumor should be excluded. Finally, each tumor has to be malignant at 
histologic examination. Second primary tumors arise frequently at notoriously bad sites, 
such as the lungs or oesophagus and are therefore more difficult to treat and show 
usually even worse treatment outcome than the initial index tumor. In this context, early 
detection appears presently to be the best option to reduce morbidity and mortality 
related to the multiple tumors in the head and neck area.

Early detection of the multiple tumors is until now limited to close clinical 
examinations and radiological investigations such as CT-scanning, MRI and 
ultrasonography. Ideally, panendoscopy is to be carried out with regularity, but as 
reported by Hordijk et al. [16], this is not feasible in all patients. Despite geographic 
differences, the incidence of second primary tumors found by means of endoscopy is in 
the range of 1% to 2% for the Dutch population. Moreover, it seems not to be possible 
to select patients with a high risk for second primary tumors to increase the success rate 
of endoscopy [17], Finally, additional factors such as submucosal localization and small 
size are probably an explanation for the low yield of this technique in head and neck 
cancer.

The prevalence of differentiated thyroid carcinoma occurring as a second primary 
tumor associated with head and neck cancer is unusual. Due to its localization outside 
the field of cancerization, this tumor is considered to be a coincident tumor. As shown 
in the present study, this tumor can be discovered as a focus of occult carcinoma in the 
thyroid lobe removed during laryngectomy, as a palpable mass or as thyroid tissue or 
cancer that is found in the lymph nodes of the neck dissection specimen. In addition, a 
case has been presented in which by means of FDG PET a carcinoma of the thyroid was 
detected with a diameter less than 1 cm. Recent reports have pointed to the value of 
FDG PET in detecting such small lesions in head and neck oncology, which may be 
missed by either CT scanning or ultrasonography. In patients presenting with cervical 
metastases of unknown origin who have been extensively examined by means of 
endoscopy and CT, FDG PET seems to be able to identify a primary lesion in 30% to 
80% of the cases [9-11]. In addition, in a recent report [18] from our institution, we 
demonstrated that by using FDG PET it seems to be possible to depict tumors with a 
diameter of 4 and 5 mm, respectively, in the head and neck region. Based on these 
results, it may be expected that the low number of simultaneous tumors in primary head 
and cancer will increase. In addition, it may be expected that the number of coincident 
primary tumors located in the thyroid, assessed as coincident tumors, will also increase 
up to 10% as found in the general population.

In general, data on the use of FDG PET in diagnosing and staging thyroid cancer are, 
when compared to reports on its value in cancer of the lung or cardiac imaging, limited. 
In contrast, however, Iodine-131 (1-131) and Thallium-201 (Tl-201) are both 
extensively used in the identification of primary tumors as well as in staging disease. In 
this respect, Tl-201 is found to have a complementary role in the detection of metastatic 
disease that does not concentrate a significant quantity of T131 [19]. Furthermore, 
Tl-201 seems to be of predictive value for the efficacy of I-131 therapy in metastatic
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thyroid carcinoma [20], High uptake was found to correlate with poor treatment 
response and vice versa. However, evaluation of Tl-201 uptake is difficult in 
functioning but small or radiographically undetectable metastases. The advantage of 
1-131 scintigraphy is that it can be used for determining the indications of radioiodine 
therapy when metastases from thyroid cancer show 1-131 uptake. However, the number 
of lesions demonstrated on the diagnostic scan depends on the administered amount of 
1-131 [21,22]. Secondly, patients must stop thyroid hormone replacement for several 
weeks to obtain elevated serum TSH levels, which adds a risk of tumor growth during 
the preparation period. Recently, the value of FDG PET has been described by Uematsu 
et al. [23] in the evaluation of primary tumors of the thyroid. In that study, FDG PET 
was found to be superior to Tl-201 in differentiating malignant tumors from benign 
nodules. Furthermore, some authors have described that FDG PET seems to be of value 
in patients with elevated thyroid-globulin levels and negative 1-131 scans after 
treatment for thyroid cancer. In these studies, it was found that FDG PET shows an 
inverse proportionality to iodine uptake and to tumor differentiation [24-26].

In case the role of FDG PET in identifying second and coincident primary tumors 
has been established, the introduction of this diagnostic modality in head and neck 
oncology may have impact on treatment planning. The standard treatment for head and 
neck cancer depends on tumor stage and tumor localization. This may be either 
resection of the primary tumor with or without a neck dissection, radiotherapy alone or 
a combination of both. The standard treatment for primary cancer of the thyroid is 
thyroidectomy with or without a neck dissection followed by ablation by means of 
radioactive iodine (1-131). If it is possible to identify both tumors at initial stage by 
FDG PET and cytological confirmation by fine needle aspiration biopsy has been 
obtained, resection could be performed in one session instead of two or more sessions 
as demonstrated by case 2. Due to the fact that even small tumors can be detected with 
FDG PET, it is suggested that coincident tumors may be identified in an earlier stage. In 
such cases, a hemi-thyroidectomy may be performed instead of a total resection of the 
thyroid, whereas ablation with radioiodine may be avoided. This suggestion, however, 
awaits confirmation in a prospective study.

With respect to survival, it is not to be expected that early detection of a second 
primary tumor in the thyroid by means of FDG PET in a patient with head and neck 
cancer will improve this dramatically. Cancer of the thyroid is not typically considered 
to be an aggressive neoplasm. The overall survival rate at 10 years for middle-aged 
adults with thyroid carcinomas is about 80 to 95%. Five to 20 percent of patient have 
local or regional recurrences, and 10 to 15 percent have distant metastases [12]. In some 
series, lymphatic involvement has been ascribed to influence prognosis. With respect to 
occult cancer of the thyroid, a mortality rate of 1% is found in literature. However, it 
has been described that tumor size alone is not responsible for mortality [27, 28]. 
Multifocality and histological type seem to be responsible for the relative high mortality 
rate compared to clinically apparent tumors. In these patients, thyroidectomy and 
ablation with radioiodine should be performed, as shown in the presented cases no.1
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and 3.
In contrast, patients with primary head and neck cancer are mostly classified in the 

intermediate risk group, which means that they have a chance of recurrence of 
approximately 30%, whereas the overall survival rate is dependent on the occurrence of 
lymph node metastases and the presence of second primary head and neck tumors in 
early stage disease [29]. The overall survival rate is approximately 60%, but the 5-year 
survival rate of patients with lymph node metastases decreases to approximately 30% 
and is in the range of 20% to 40% in case of second primaries. In this respect, primary 
head and neck cancer seems to be the determinant for survival in case a coincident 
primary tumor is found in the thyroid.

One of the limitations of FDG PET is the false-positive uptake in benign lesions. 
FDG is not a tumor-specific radiopharmaceutical and its accumulation in benign lesions 
with increased glucose metabolism may cause a relative low specificity. It is beyond the 
scope of this article to review all causes of false-positive results. For further reading the 
reader is referred to an overview article by Strauss [30], However, due to this limitation 
sites of increased uptake have to be assessed with any caution.

In summary, with an increased use of FDG PET in oncology and in cancer of the 
head and neck in particular, it is suggested that the number of patients with coincident 
tumors will increase. Since FDG PET is able to detect lesions as small as 4 to 5 mm, it 
may be expected that in up to 10% of the patients, the incidence of differentiated 
thyroid tumors in the general population, a coincident tumor will be found in the 
thyroid. Although survival will not be significantly influenced, the early detection of a 
second primary tumor in the thyroid may have impact on treatment and treatment 
planning.
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13.1 Summary

In the follow-up of patients with thyroid cancer, it may be very difficult to identify the 
site of recurrence in case of persistent elevated or rising Tg levels and a negative 1-131 
whole body scintigraphy (WBS). The aim of the present study was to assess the 
feasibility of FDG-detection with a dual-head PET camera in patients who were suspect 
for having recurrent thyroid cancer with a negative 1-131 WBS. Eleven patients suspect 
for having recurrent thyroid cancer (mean age 47 yrs, range; 26-73 yrs) (5 male, 6 
female) were studied with both 1-131 WBS and FDG using a dual-head PET camera. 
Furthermore, TSH and Tg levels as well as antibodies to thyroglobulin were measured 
three weeks after the withdrawal of tri-iodothyronine. In patients in whom pathologic 
uptake was seen on the PET images, but without signs of recurrent thyroid cancer on 
the WBS, ultrasonography and/or CT or MRI was performed followed by FNAC.

The mean Tg and TSH levels after discontinuation of L-thyroxine were 156 (range;
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4-815 ng/mL) and 84 (range; 43-159 mU/L), respectively. None of the patients had 
antibodies to thyroglobulin. In 7 out of 10 patients with a negative 1-131 WBS, FDG 
PET showed focally increased uptake in the head and neck region. In one patient, the 
site of increased uptake on the PET images corresponded with the site of increased I- 
131 uptake. Malignancy with a diameter less than 1 cm (n=3) was not depicted by both 
CT and US.

Detection of recurrent thyroid cancer in patients with elevated Tg concentrations and 
a negative 1-131 WBS with a dual-head PET camera seems to be feasible. The results 
justify a prolongation of the present study.

13.2 INTRODUCTION

Differentiated papillary thyroid cancer is characterized by a very good prognosis in the 
majority of the cases. In these tumors, surgery followed by ablation with iodine-131 (I- 
131) is the therapy of choice [1]. In this approach, normal thyroid tissue as well as 
occult microscopic carcinoma is destroyed, thereby facilitating the post-ablation follow
up. For the assessment of tumor recurrence and metastases in patients with thyroid 
cancer, plasma thyroglobulin (Tg) and 1-131 whole body scintigraphy (WBS) are 
well-established techniques [2,3]. Major drawbacks, however, of T131 WBS are the 
need to withdraw thyroid hormone substitution and the fact that the method is only 
effective in patients with iodine-positive metastases. In patients with iodine-negative 
tumor recurrence or metastases, it may be very difficult to identify the site of 
recurrence. Small lesions that do not distort tissue planes may be missed by both CT 
and ultrasonography (US). Since recent reports have shown that tumors with remaining 
functional differentiation for hormone synthesis and iodine uptake have low glucose 
metabolism and, in contrast, tumors showing dedifferentiation and no 1-131 uptake may 
have high glucose metabolism, fluoro-deoxyglucose (FDG) uptake may be an indicator 
of the differentiation grade in thyroid cancer [4,5] and may be helpful in detecting 
recurrent, occult tumor growth in these cases .

Recent reports have shown good results of positron emission tomography (PET) 
using F-18 fluorodeoxyglucose (FDG) in identifying occult carcinomas in the head and 
neck area [6-8]. Furthermore, FDG PET has shown good results in the detection of 
recurrent thyroid cancer that does not exhibit radioiodine uptake [9-12], These data, 
however, have been obtained with dedicated PET cameras. An alternative, less 
expensive method for the detection of FDG is the use of a dual-head gamma camera 
with PET capability, the so-called dual-head PET camera. Data on the use of this 
camera in recurrent thyroid cancer are still not available.

Therefore, the aim of the present study was to assess the feasibility of FDG-detection 
with a dual-head PET camera in patients who were suspect for having recurrent thyroid 
cancer.
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13.3 Materials and methods

Eleven patients (mean age 47 yrs, range; 26-73 yrs) (5 male, 6 female) who previously 
had undergone total thyroidectomy and radioiodine ablation for papillary thyroid 
carcinoma were studied because of the suspicion on tumor recurrence. The suspicion on 
recurrent disease was based on a detectable serum Tg concentration. Patients with a 
detectable serum Tg concentration during L-thyroxine suppletion (Tg-on) were treated 
with radioiodine without previous performance of a diagnostic 1-131 WBS (n=5). In 
patients with undetectable Tg-on concentrations, but elevated Tg concentrations after 
the withdrawal of L-thyroxine (Tg-off) (n=6), a diagnostic 1-131 WBS was performed 
before treatment.

A diagnostic WBS was performed one week after the oral administration of 370 
MBq 1-131. In these patients, the interval between the diagnostic WBS and the 
treatment with radioiodine was at least two weeks to avoid the possible stunning effect. 
All patients had undergone WBS 7 days after the oral administration of 7400 MBq 
1-131. Six weeks before the treatment with radioiodine, L-thyroxine was replaced by 
tri-iodothyronine for three weeks. Lurthermore, TSH and Tg levels as well as antibodies 
to thyroglobulin were measured three weeks after the withdrawal of tri-iodothyronine. 
Tg levels were determined with an Elisa-test (Enzymum-test Tg, Boehringer Mannheim 
Immunodiagnostics, Germany).

In all patients, FDG PET was performed after a 6 hours fast. All patients were 
already put on hormonal replacement at the time of acquisition. Preceding the PET 
studies, the patients' plasma glucose levels were measured with a standard biochemical 
test. Sixty minutes after the intravenous administration of 185 MBq F18-FDG, imaging 
of the head and neck, chest and abdomen was performed using a dual-head PET camera 
(Vertex-MCD, ADAC, Milpitas, CA). All three acquisitions involved a rotation of each 
detector of 180 degrees with 32 stops at 45 sec per stop. PET images were generated 
using iterative reconstruction (OS-ML; two iterations, eight ordered subsets). 
Attenuation correction was not applied. All images were visually independently 
analyzed by two nuclear medicine physicians. A focus of increased uptake was assessed 
to be a site of tumor recurrence.

In patients in whom pathologic uptake was seen on the PET images, but without 
signs of recurrent thyroid cancer on the WBS, ultrasonography and/or CT or MRI was 
performed. All studies were analyzed by an experienced observer without knowledge of 
the results of the PET study. Lymph nodes with a diameter less than 1 cm were not 
assessed to be malignant. Irrespective of the size of the lymph nodes on CT or US, fine 
needle aspiration cytology (FNAC) was performed at sites of increased uptake on the 
FDG PET images to assess the presence of recurrent disease.
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Table 1. Patients characteristics and imaging results of patients with a suspicion on recurrent papillary

thyroid cancer.

No Age Gender 1-131 Tg TSH FDG CT/ US Size FNAC Follow-

WBS ng/mL mU/L MRI (cm)* up;
result

1 38 F + 12 146 + NP - NA NA

2 45 F - 143 88 + - + Diffuse +

3 73 F - 342 74 + - - 0 0.6 +

4 56 F - 4 45 - NP - NA NA 19 mo: -

5 26 M - 93 59 + - - 0 0.7 +

6 40 M - 26 54 - NP NP NA NA 14 mo: -

7 50 F - 35 78 - NP NP NA NA 13 mo: -

8 43 M - 110 170 + + NP 1.5x2.0 +

9 31 F - 20 43 + + NP 1.4x0.6 +

10 59 M - 815 46 + + NP 0 1.3 +

11 58 M - 126 159 + - - 0 0.5 +

NP, not performed; NA, not applicable; *size measured on CT or US; FNAC, fine needle aspiration 
and cytology; +, positive result; -, negative result

13.4 Results

The mean Tg and TSH levels after discontinuation of L-thyroxine were 156 (range; 4- 
815 ng/mL) and 84 (range; 43-159 mU/L), respectively (Table 1). None of the patients 
had antibodies to thyroglobulin. The mean plasma glucose level in the present study 
was 5.2 mmol/L (range: 4.9-6.4 mmol/L).

In patient number 1, diagnostic as well as posttreatment 1-131 WBS revealed 
pathologic uptake of 1-131 in the chest, which corresponded with the site of increased 
uptake on the FDG PET image. This patient was assessed to have recurrent disease 
without confirmation by means of FNAC and it was decided to await the effects of I- 
131 therapy. In the other 10 patients, the diagnostic as well as the posttreatment 1-131 
WBS did not show pathological uptake. In 6 of 10 patients, FDG PET showed focally
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increased uptake in the head and neck region (Figure 1). In one patient (patient no.2) 
diffuse uptake was found in the paratracheal area that was not assessed to be malignant 
on CT. In all 7 patients, FNAC confirmed the presence of recurrent papillary cancer of 
the thyroid at the site corresponding with the site of increased FDG uptake. In three 
patients with histologically confirmed recurrent disease, both CT and US were false 
negative. The mean diameter of the malignant lesions in these three patients was 0.6 cm 
and the smallest lesion detected with FDG PET was 5 mm in diameter.

In three patients without increased uptake on the FDG PET images, the mean period 
of follow-up was 15 months (range; 13-19 months). In 2 of these 3 patients, Tg did not 
change and remained detectable during this period, whereas in one patient the Tg level 
decreased from 4 ng/mL to 1 ng/mL.

Figure 1. FDG dual-head PET study performed 
in a patient (patient no. 10) with a suspicion on 
recurrent thyroid cancer with a normal 1-131 
WBS and elevated Tg-concentrations. The sagittal 
(left) and coronal slice (upper-right) demonstrate 
focally increased uptake in the neck which 
corresponded with an enlarged lymph node on CT 
(lower-right). FNAC confirmed the presence of 
recurrent papillary thyroid cancer at that site.
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13.5 Discussion

In the present study, we have evaluated the value of FDG detection with a dual-head 
PET camera in patients with suspect recurrent papillary cancer of the thyroid. In 7 of 10 
patients with a negative WBS after treatment, FDG PET depicted a site of recurrence, 
whereas in one patient a site of increased uptake corresponded with the focus seen on I- 
131 WBS.

Five to 20 percent of patients with differentiated thyroid carcinomas have local or 
regional recurrences. Some are related to incomplete initial treatment and others 
indicate the presence of an aggressive tumor. Some patients have a higher risk of 
recurrence, even if their mortality is low [13,14], This group includes younger patients 
(<16 yrs old), elderly patients (>45 yrs old), certain histologic subtypes and patients 
with large tumors. Serum Tg measurement is recognized as an important test in the 
follow-up of patients with well-differentiated thyroid cancer. Since Tg is often 
increased by TSH stimulation, Tg sensitivity is greater during induced hypothyroidism 
than while on L-thyroxine treatment. Differentiated thyroid cancers usually display a 
concordance between radioiodine uptake on WBS and serum Tg. However, in some 
cases a discordance may be found and recent reports have shown that elevated serum 
Tg levels may predict a lack of treatment response in patients who have a negative 
diagnostic WBS [15-17].

In patients with elevated Tg levels and a negative WBS, several imaging techniques 
are available for the identification of recurrent disease. In a recent report, Pachucki et al 
[17] demonstrated the value of US and CT for this indication. In 7 out of 17 patients, 
CT or US showed the presence of pathologically confirmed malignant masses ranging 
from 1 to 4 cm in size. Despite the low cost of these techniques, the identification of 
recurrent disease depends on the expertise available at a given institution. Furthermore, 
as shown in the present study, small lesions that do not fulfill the criteria for 
malignancy, as described by van den Brekel et al. [18] may be missed by both 
techniques.

Besides 1-131, thallium-201 (Tl-201) is extensively used in the identification of 
primary tumors as well as in staging disease [19]. The uptake mechanism of Tl-201 in 
tumors is not purely a flow dependent process, but Tl-201 also demonstrates viability 
and metabolic activity as the uptake is mediated by the Na+ - K" ATP-ase system [20]. 
Tl-201 is found to have a complementary role in the detection of metastatic disease that 
does not concentrate a significant quantity of 1-131 [21-23], Furthermore, Tl-201 seems 
to be of predictive value for the efficacy of 1-131 therapy in metastatic thyroid 
carcinoma [15], High uptake was found to be correlated with poor treatment response 
and vice versa. However, evaluation of Tl-201 uptake is difficult in functioning but 
small or radiographically undetectable metastases.

Data on the use of FDG PET, and especially the use of a dual-head PET camera, in 
thyroid cancer are, when compared with reports on its value in cancer of the lung or 
cardiac imaging, limited. The uptake mechanism of FDG in malignant tumors is found
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to be correlated with an increased expression of glucose transporters on the cell 
membrane [24,25], Once in the cell, FDG is metabolized to FDG-6-phosphate and no 
further, effectively trapping it inside the cell. In the evaluation of primary thyroid 
tumors, the value of FDG PET has been described by Uematsu et al. [11], In that study, 
FDG PET was found to be superior to Tl-201 in differentiating malignant tumors from 
benign nodules. Recently is has been reported that FDG PET also seems to be of value 
in patients with elevated thyroid-globulin levels and negative WBS after treatment for 
thyroid cancer. Dietlein et al. [10] studied 58 unselected patients with differentiated 
thyroid cancer. When FDG PET was limited to patients with elevated Tg levels and a 
negative WBS, the sensitivity was found to be 82%. Feine et al. [4] reported a 
sensitivity of 89% in the detection of recurrent disease in a case series of 41 patients. In 
addition, they found that tumors with remaining functional differentiation for 
thyroglobulin synthesis and iodine uptake have low glucose metabolism, whereas 
tumors without this functional differentiation show high glucose metabolism. They 
concluded that FDG uptake seems to be an indicator of poor functional differentiation 
and possibly higher malignancy in thyroid cancer. Finally, Grunwald et al. [9] found in 
a series of 33 patients with suspect recurrent thyroid cancer a sensitivity of 83% in a 
subgroup of patients with elevated Tg levels and a normal 1-131 WBS. In that study, 
FDG PET was also compared with hexakis (2-methoxy-isobutyl-isonitrile) technetium- 
99m (MIBI). MIBI is a liphophilic and cationic radiopharmaceutical of which the 
uptake in malignancy is found to be correlated with a high intracellular level of 
mitochondria and consequently an increased amount of negative membrane potentials
[26,27], Despite the reported complementary role of MIBI in patients with elevated Tg 
levels and a negative 1-131 WBS [28,29], Grunwald et al. showed that FDG PET 
detected a higher number of recurrences when compared with MIBI.

Our results obtained with a dual-head PET camera are comparable with the results 
described on the use of dedicated PET cameras. But, as in the other case series, the 
number of patients with elevated Tg levels and a normal 1-131 WBS studied is limited. 
In addition, since not all patients had both CT and US studies, we cannot compare the 
efficacy of both techniques in detecting significant disease.

The value of the early detection of recurrent disease with FDG PET in patients with 
persistent thyroglobulinemia and a normal 1-131 WBS on mortality is still unknown. It 
was shown by Vassilopoulou-Sellin et al. [14], that patients with papillary thyroid 
carcinoma who have a recurrence after initial therapy were found to have an increased 
morbidity and mortality. Moreover, they described that patients with recurrences that 
did not concentrate 1-131 were found to have invasive cancers with extrathyroidal or 
extranodal extension in the neck. Patients with this type of recurrences were more likely 
to die from disease than patients who did have recurrences that demonstrated 1-131 
uptake. These results are in agreement with the studies on the value of FDG PET 
described above and suggest the necessity for early detection and surgical treatment of 
recurrent thyroid cancer that does not concentrate radioiodine. These suggestions, 
however, await confirmation in a prospective study.
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13.6 Conclusion

Detection of recurrent thyroid cancer in patients with elevated Tg levels and a normal I- 
131 whole body scintigraphy using FDG dual-head PET seems to be feasible. These 
results described in the present justify a prolongation on the detection of relapses using 
this technique.
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14.1 Summary

Accurate assessment of mediastinal lymph node involvement in patients with non-small 
cell lung cancer is a necessity to select patients for direct surgical treatment. The aims 
of the present study were to assess the feasibility of staging NSCLC with FDG using a 
dual-head PET camera and to compare this non-invasive technique with CT and lymph 
node sampling, since both modalities are currently used for staging NSCLC. Materials 
and Methods: Thirty-three patients (29 men and 4 women, mean age 60 years) with 
newly diagnosed NSCLC were studied. In all patients, CT, FDG dual-head PET and 
mediastinoscopy were performed within 4 weeks. The results of mediastinoscopy were 
used to select patients for thoracotomy. For both the assessment of individual lymph 
node involvement and the patient based classification, the results of FDG dual-head
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PET and CT were compared by the McNemar test. Results: Thirty-one out of 187 
lymph nodes studied contained tumor metastases. FDG dual-head PET demonstrated a 
significantly better sensitivity (pcO.OOl) and specificity (pcO.OOl) compared with CT. 
FDG dual-head PET and CT correctly staged 27 and 20 patients, respectively. Due to 
the significantly higher negative predictive value of FDG dual-head PET compared 
with CT (p=0.012), it was found to be a better non-invasive diagnostic tool for 
selecting patients for direct surgery. In 7 out of 8 patients, additional intrapulmonary 
sites of increased uptake were found, which revealed malignancy on histologic 
examination. CT was false-negative in three of these patients. In one patient, increased 
FDG-uptake was caused by an infection. Conclusion: Mediastinal lymph node staging 
in patients with NSCLC using a dual-head PET camera seems to be feasible. The high 
negative predictive value of FDG dual-head PET suggests that mediastinoscopy may be 
omitted in patients with NSCLC.

14.2 Introduction

Accurate assessment of mediastinal lymph node involvement in non-small cell lung 
cancer (NSCLC) is necessary, not only for the selection of patients with NO and N1 
disease in whom surgery is generally accepted as the treatment of choice when 
attempting to cure in localized cancer. It also assists in the selection of patients with 
ipsilateral mediastinal metastases (N2 disease) who may benefit from adjuvant or 
neoadjuvant treatment protocols with mediastinal lymph node dissection [1], CT 
scanning is currently the most accepted non-invasive method for evaluating mediastinal 
lymph node involvement in patients with NSCLC. Lymph nodes are considered 
abnormal by CT scanning if they are more than 1 cm in diameter. However, enlarged 
lymph nodes may be merely hyperplastic, whereas normal sized lymph nodes may 
contain tumor metastases. CT staging of NSCLC has been reported to have a sensitivity 
ranging from 44% to 72% and a specificity ranging from 58% to 86% [2,3], With the 
introduction of magnetic resonance imaging (MR) it was expected to improve 
mediastinal staging in NSCLC [4]. However, due to the lack of MR-specific features it 
was not possible to differentiate between enlarged anthracotic or inflammatory lymph 
nodes and metastases using size and signal intensity as criteria. Consequently, its 
overall accuracy has not been shown to be better than that of CT [5],

Mediastinoscopy is a safe, but invasive technique that identifies lymph node 
involvement in the superior mediastinum. Because a histologic diagnosis is obtained, it 
is highly accurate in experienced hands [6]. However, general anesthesia is required for 
this procedure and not all mediastinal lymph nodes are accessible by cervical and 
parasternal mediastinoscopy. Furthermore, the sensitivity may be less than the reported 
90% in case of inexperience.

In comparison with nonneoplastic cells, tumor cells have an increased glucose 
metabolism that can be visualized by utilizing positron emission tomography (PET) and
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F18-fluorodeoxyglucose (FDG) [7]. Many reports on FDG-PET in oncology, however, 
concern the use of dedicated PET scanners. An alternative technique for the detection 
of the high energy photons (511-keV) is to operate a dual-head gamma camera in the 
coincidence mode and, thus, it will function essentially as a PET scanner. In recent 
reports, we have demonstrated the feasibility of lymph node staging in head and neck 
cancer and the detection of recurrent laryngeal cancer with this camera [8,9].

The aim of the present study was to assess the feasibility of mediastinal lymph node 
staging in NSCLC with this dual-head PET camera. Furthermore, we compared the 
value of this technique with CT scanning and lymph node sampling, since both 
modalities are currently used for staging primary lung cancer.

14.3 Materials and methods 

Patients
We studied 33 newly diagnosed patients with non-small cell lung cancer: 20 patients 
with squamous cell carcinoma, 6 with adenocarcinoma, 3 with large cell neuro
endocrine carcinoma and 4 with large cell undifferentiated carcinoma. One of these 33 
patients had two squamous cell carcinomas in the lung. The patient group consisted of 
29 men and 4 women with a mean age of 60 years (range: 45-77 yrs). In all patients, 
CT of the chest, FDG dual-head PET and mediastinoscopy were performed within 4 
weeks. To avoid false-positive results, mediastinoscopy was performed after the 
completion of the imaging studies. The results of the mediastinoscopy were used to 
select patients for thoracotomy: patients with NO or N1 disease underwent thoracotomy, 
whereas patients with N2 or N3 disease were not considered to be candidates for direct 
surgery. Additional intrapulmonary lesions identified on CT and/or FDG dual-head 
PET images were resected or biopsied and histologically examined. Finally, preceding 
the PET studies, the patients' plasma glucose levels were measured with a standard 
clinical test.

FDG dual-head PET
All patients were studied after a six hour fast. Preceding dual-head PET, the patient’s 
plasma glucose level was measured with a standard clinical test. At 60 minutes after the 
intravenous administration of 185 MBq (5 mCi) of 18F-FDG, imaging of the chest was 
performed using a dual-head PET camera (ADAC, Vertex-MCD, Milpitas, CA). In each 
patient, two or three scans were performed covering the region of the skull base down to 
the adrenals with a 10 cm overlap of the fields of view. All acquisitions involved a 
rotation of each detector of 180° with 32 stops at 45 seconds per stop. PET images were 
generated using iterative reconstruction without attenuation correction. All images were 
visually analyzed by two experienced observers in consensus reading without knowledge 
of the CT scan results and graded as positive if the FDG uptake was increased relative to 
adjacent mediastinal and soft-tissue structures. Nodal involvement was recorded as
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negative if the activity was equal to or less than adjacent mediastinal and soft-tissue 
structures. Because of the poor delineation of the primary tumors on the non-attenuation 
corrected images, assessment of primary tumor stage (T-stage) was not an aim of the 
present study.

CT-scan
Chest CT scans were performed on a standard commercial scanner using 5 mm slice 
thickness and a recovery index of 2 mm. A power injector was used to perform a bolus 
injection of 2 ml per second of contrast medium during 45 seconds. The scan delay was 
25 seconds. Each CT scan was evaluated by an experienced radiologist. Mediastinal 
lymph nodes were considered to be involved if they exceeded 10 mm in the short axis 
diameter.

Mediastinoscopy
All patients underwent cervical mediastinoscopy under general anesthesia. The left and 
right upper paratracheal nodes (No. 2L and 2R), the pretracheal nodes (No. 3), left and 
right lower paratracheal nodes (No. 4L and 4R) and the subcarinal nodes (No. 7) were 
routinely sampled. At left parasternal mediastinoscopy, the subaortic nodes (No. 5) and 
paraaortic nodes (No. 6) were sampled. In patients with visually obvious mediastinal 
disease, lymph node sampling was limited to avoid complications, such as bleeding. In 
ten patients, additional lymph node sampling was performed during thoracotomy. The 
precise anatomic location of the various lymph nodes removed was recorded using the 
lymph node map and definitions of the American Thoracic Society [10] .

Analysis of data
The results of chest CT and FDG dual-head PET scans were compared with the 
histological findings in the resected lymph nodes to determine their diagnostic 
sensitivity (TP/TP+FN), specificity (TN/TN+FP) and accuracy (TP+TN/ 
TP+TN+FP+FN) in the N staging of NSCLC. (TN=true negative; TP=true positive; 
FN=false negative; FP=false positive). Furthermore, a patient based comparison was 
performed to assess the correct identification of surgical candidates. For both the 
assessment of individual lymph node involvement and the patient based classification, 
the results of PET imaging and CT scanning were compared by the McNemar test.

14.4 Results

The mean glucose level was 5.6 mmol/L (range: 4.6-6.3 mmol/L). In the 33 patients 
studied, a total of 187 lymph nodes was sampled at cervical and parasternal 
mediastinoscopy and thoracotomy. Thirty-one lymph nodes contained a metastasis 
(Fig. 1). In one patient with a large cell undifferentiated carcinoma, histologic 
examination of the mediastinal lymph node biopsy specimen unexpectedly revealed a
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Figure 1. Coronal slice of a FDG 
dual-head PET study in a patient 
with a NSCLC in the middle lobe of 
the right lung (see large arrow) 
showing a single focus of increased 
uptake at the hilar region (Nl) (see 
small arrow). Surgery revealed 
squamous cell carcinoma with a 
hilar metastasis, but no additional 
pathological lymph nodes. The 
increased uptake at the left side of 
the chest is due to increased 
cqrdiac uptake.

lymphoma. In table 1, the results of both FDG dual-head PET and CT are described 
with respect to the individual lymph node assessment. FDG dual-head PET 
demonstrated a significantly better sensitivity (pcO.OOl) and specificity (p<0.001) 
compared with CT. The pathological N-stage (pN stage) was as follows: NO, 16; Nl, 4 
and N2, 13. FDG dual-head PET and CT scanning correctly staged 27 and 20 patients, 
respectively (Table 2). FDG dual-head PET understaged and overstaged 3 and 3 
patients, respectively, whereas CT understaged and overstaged 5 and 8 patients, 
respectively. In two patients, lymph node metastases were missed at the lymph node 
stations 4L and 5, which was due to high cardiac uptake of FDG.

Table 1. Comparative performance of CT and FDG dual-head PET in assessing mediastinal lymph node 

involvement in 33 patients with NSCLC.

Modality Sensitivity Specificity Accuracy PPV NPV

% % % % %

CT 61 (19/31) 89 (139/156) 84 (158/187) 53 (19/36) 92(139/151)

FDG dual-head

PET

90(28/31)* 97 (151/156)* 96(179/187) 85 (28/33) 98 (151/154)*

PPV, positive predictive value; NPV, negative predictive value; * = significant difference between CT 
scanning and FDG
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Table 2. Results of CT and FDG dual-head PET in the determination of the nodal involvement as 

compared with pathological lymph node stage (pN) in 33 patients with NSCLC.

pNO

(n=16)

pNl

(n=4)

pN2

(n=13)

Nodal stage on CT

NO 9 1 4

N1 2 2 0

N2 5 1 9
Nodal stage on FDG PET

NO 13 1 1

N1 2 3 1

N2 1 0 11

pN, pathological lymph node stage

With respect to the preoperative assessment, no significant difference (p=0.84) was 
found between FDG dual-head PET and CT in excluding patients from surgery. In 
contrast, however, due to the significantly higher negative predictive value (p=0.012) of 
FDG dual-head PET compared with CT, FDG dual-head PET was found to be a better 
diagnostic tool for selecting patients for thoracotomy.

Figure 2. Coronal slice of a 
FDG dual-head PET study in a 
patient with NSCLC in the left 
lung (see large arrow) showing 
no sites of increased uptake in 
the mediastinum (NO). However, 
focally increased uptake was 
seen in the upper lobe of the left 
lung (see small arrow) and 
histologic examination of the 
resection specimen revealed a 
solitary metastasis.

All primary tumors were visualized by both FDG dual-head PET and CT. The mean 
tumor size was 3.9 cm (range: 1.8-6.2 cm). Tumor stage was as follows: Tl, 6; T2, 20;
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T3, 5 and T4, 3. In 8 patients, additional intrapulmonary sites of increased uptake were 
found on the FDG dual-head PET images (Fig. 2). In one patient, this site of increased 
uptake was caused by a bacterial infection, which was correctly assessed on CT. In 7 
out of 8 patients, however, histologic examination revealed malignancy at the 
corresponding sites, whereas CT was false-negative in 3 of these patients. In one 
patient, a lesion was suspected to be a metastasis on CT, whereas FDG dual-head PET 
demonstrated no uptake at that site. Histologic examination revealed fibrosis, but no 
malignancy. In another patient, FDG dual-head PET was false-positive which was due 
to infectious disease. The smallest additional lesion detected with FDG dual-head PET 
had a diameter of 0.5 cm.

14.5 Discussion

NSCLC without lymph node metastases (NO disease) or with only ipsilateral 
intrapulmonary or hilar metastases (Nl) is in general considered suitable for primary 
resection, whereas patients with mediastinal lymph node involvement (N2 or N3 
disease) may be candidates for systemic treatment followed by definitive locoregional 
treatment. With respect to treatment selection and determination of prognosis, adequate 
evaluation of the mediastinal lymph nodes is therefore necessary. In our hospital, CT is 
still the first choice as non-invasive diagnostic tool for staging NSCLC. In the present 
study, it is shown that the results of the pre-operative lymph node assessment by means 
of this diagnostic tool are in agreement with the results found in literature and confirms 
the fact that size is a non-specific criterion [11-14]. In 24% of the patients studied, 
over-staging occurred, whereas 15% of the patients were under-staged and in only 20 
out of 33 patients concordance was found between CT and histological data. 
Consequently, these data suggest that, due to the moderate reliability of CT, cervical 
and parasternal mediastinoscopy are still the gold standard for mediastinal staging in 
NSCLC. So, irrespective of the CT results, all patients should undergo mediastinoscopy 
before thoracotomy to evaluate enlarged as well as normal sized lymph nodes. 
Therefore, it would be helpful to have a non-invasive diagnostic tool that allows a 
better selection of candidates for surgery.

FDG-PET is a noninvasive technique that appears to be very accurate for the 
diagnosis and staging of NSCLC. However, most of the results found in the literature 
on FDG detection in NSCLC have been obtained with dedicated PET cameras, but 
these cameras are restrictedly available. Due to the lower cost, FDG detection with a 
dual-head PET camera could considerably expand the application of this metabolic 
imaging technique, however, data on the use of this camera in clinical practice are 
scarce. Therefore, the aim of the present study was to assess the feasibility of 
mediastinal lymph node staging with a dual-head PET camera in patients with primary 
NSCLC. Our results demonstrated that, with respect to the assessment of individual 
lymph node involvement, FDG dual-head PET is considerably more sensitive and
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specific than CT. The sensitivity of 90% and the specificity of 97% of FDG dual-head 
PET in assessing lymph node involvement is comparable with the results found in 
literature on dedicated PET cameras [11-14,15-19]. Using the dual-head PET camera, 
9% of the patients studied was understaged and 9% was overstaged. One patient with 
N2 disease on the FDG dual-head PET study, but with a pNO stage (see table 2) would 
have been undertreated. The false-positive diagnosis of N1 disease at the PET study in 
two patients, would not have influenced their selection for surgery. Nevertheless, due to 
the false positive uptake of FDG in reactive lymph nodes, as seen in the present study, 
patients with focally increased mediastinal uptake should undergo mediastinoscopy for 
histological diagnosis.

The high negative predictive value of 98% is in agreement with the recently 
published data on the use of a dual-head PET camera in NSCLC by Weber et al. [20] 
and Grahek et al. [21] In both studies, it was shown that a negative study result in 
enlarged lymph nodes is associated with a low likelihood of metastatic disease. In the 
present study, N2 disease was missed in two patients (see table 2). In both patients, the 
lymph node metastases were localized nearby the heart, which demonstrated more 
FDG-uptake than compared with the uptake in the other patients. Due to the fact that 
increased cardiac-FDG uptake is correlated with high insulin concentrations in blood, 
patients have to fast for at least 6 hours to decrease the insulin levels and, consequently, 
the cardiac FDG-uptake. Despite the standard preparation in all patients, it is still not 
clear why these two patients demonstrated such a high cardiac FDG-uptake. Therefore, 
in these cases, one should be cautious in the assessment of the lymph node stations 4L, 
5 and 6.

Characterization of pulmonary nodules has been extensively evaluated 
demonstrating a sensitivity up to 100% and a specificity ranging from 75% to 95%. 
Decreased specificity is usually due to the presence of infectious disease, whereas high 
specificity is usually found in studies concerning pre-selected patients [22-24]. 
Although the number of patients studied is too small to draw definite conclusions, our 
results of FDG dual-head PET also suggest the advantage of a more accurate 
assessment of additional intrapulmonary lesions than obtained with CT. Especially in 
case of contralateral disease, these findings may have major consequences with respect 
to treatment. Therefore, despite the false-positive result in one patient, additional sites 
of focally increased FDG-uptake should be histologically evaluated, because of the 
high chance of malignancy. In one patient with a pulmonary nodule at CT, dual-head 
PET showed no increased FDG-uptake and histologic evaluation revealed fibrosis at 
that site.

The time from FDG injection to the time of PET scanning, i.e. the uptake period, has 
been shown to have an extreme effect on the concentration of FDG in lung tumors. 
Hamburg et al. [25] have clearly shown that the FDG uptake in lung carcinoma does 
not plateau for almost 5 hours. Scans obtained at the usual imaging times of 45-60 min 
post-injection occur during a rapid uptake phase for FDG and hence are subject to great 
variability. Given the count rate limitation of dual-head PET cameras, longer tracer
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uptake and clearance times might be advantageous. No reports have been published to 
date which utilize such prolonged imaging times. In the present study, the choice of a 1 
hour uptake period gives the opportunity to compare our results with published studies 
on this subject using the aforesaid imaging times.

One of the limitations of the present study is that we were not able to perform a one 
to one comparison with a dedicated PET camera. Recently, Shreve et al. [26] described 
that in patients with known or suspect malignant neoplasms FDG dual-head PET can 
depict the majority of the lesions depicted with a dedicated PET scanner, particularly in 
the lungs. In addition, Weber et al. [20] described that, despite the failure of FDG dual
head PET in detecting two mediastinal lymph nodes with a diameter less than 2 cm, the 
overall results were largely in agreement with the results obtained with a dedicated PET 
camera. Additional reports have shown that approximately 85% to 90% of the lesions 
detected with a dedicated PET camera are also depicted with a dual-head PET camera
[27,28]. Compared with these data, our sensitivity is relatively high, which may be due 
to the small number of patients studied. Nevertheless, the smallest lesion detected with 
FDG dual-head PET had a diameter of 0.5 cm and this result is in agreement with a 
previous report on the detection of small lesions in head and neck cancer [29],

A second limitation of the present study is the absence of attenuation correction. 
Due to the missing anatomical landmarks and the poor delineation of the primary 
tumors, it was not possible to adequately assess tumor stage or mediastinal infiltration 
by the primary tumor. Moreover, due to the low image contrast of small lesions in non
attenuation corrected images, sensitivity is found to be poor, especially in the abdomen, 
as described by Shreve et al. [26]. In addition to the previously reported poor results on 
detecting recurrent brain tumors [30], this means that for the assessment of extra- 
thoracic hematogenous metastases in NSCLC FDG dual-head PET is still not feasible, 
unless adaptations are made to improve image contrast. Moreover, due to the absence 
of attenuation correction, it is not possible to measure the standardized uptake value 
(SUV). Ahuja et al. [31] have demonstrated that FDG uptake in primary lung lesions 
being expressed in the SUV correlates with survival. Patients with a SUV >10 were 
found to have a median survival of 11.4 months compared with 24.6 months for 
patients with a SUV <10. These results suggests that, despite the absence of metastasis, 
a high SUV has a high predictive value of early death from cancer. Recently, 
attenuation correction has become commercially available giving the opportunity to 
measure the SUV. However, further study is required to assess the value of the 
parameters measured with a dual-head PET camera.

Outcome measures are very important in patients with NSCLC since the sampling 
error both at mediastinoscopy and at thoracotomy is not negligible. Mortality following 
supposedly curative surgery in patients with stage 1 disease is still not insignificant. 
The introduction of FDG dual-head PET in the diagnostic algorithm of patients with 
NSCLC may decrease the initial staging error. To assess the prognostic value of a PET 
study, however, follow-up of at least one year is required. In the present study, the 
period of follow-up is too short to draw meaningful conclusions with respect to
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prognosis and survival. Moreover, this study was designed to assess the feasibility of 
mediastinal lymph node staging with a dual-head PET camera.

In conclusion, accurate mediastinal lymph node staging in patients with NSCLC 
using a dual head PET camera seems to be feasible. In this respect, FDG dual-head 
PET reveals a significantly better sensitivity and specificity than CT. In addition, the 
high negative predictive value of FDG dual-head PET suggests that mediastinoscopy 
may be omitted in patients with NSCLC, however, this awaits confirmation in a large 
prospective study.
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15
DIFFERENTIATION BETWEEN 

RECURRENT BRAIN TUMOR AND 

POSTRADIATION NECROSIS: 

THE VALUE OF TL-201 SPECT VS F18-FDG 

USING A DUAL HEAD COINCIDENCE CAMERA

(A PILOT-STUDY)

M. Stokkel, H. Stevens, M. Taphoom and P. van Rijk 

Nucl Med Commun 1999; 20: 411-417

15.1 Summary

The aim of this study was to investigate whether in patients treated for a primary brain 
tumor a differentiation was possible between recurrent disease or posttreatment necrosis. 
This prospective study was designed to compare the sensitivity and specificity of Tl-201 
SPECT with F18-FDG using a dual head coincidence camera. Sixteen patients suspect for 
having recurrent brain tumor (10 men, 6 women) (mean age 39.5; range 21-57 yrs) were 
studied with both Tl-201 SPECT and FDG using a dual head coincidence camera. The 
Tl-201 SPECT and FDG PET studies were performed on the same day. Increases in 
activity were considered indicative of tumor recurrence. Images were also quantified
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using the thallium index and the FDG index, whereas the FDG PET images were also 
visually graded according to a 5-point grading system. The diagnosis of tumor recurrence 
was based on clinical course and/or follow-up CT or MRI.

The sensitivity of the Tl-201 SPECT and FDG PET examination were 11 (92%) of 12 
and 7 (62%) of 12, respectively. One patient initially assessed to have necrosis showed 
recurrence 9 months after both studies. McNemar's analysis of these results showed a 
statistically significant difference (p=0.023) in the abilities of both scans to accurately 
separate tumor from radiation necrosis. No correlation was found between the thallium 
index and the FDG index (r=0.36).

Tl-201 SPECT is a sensitive imaging modality for the detection of brain tumor 
recurrence. FDG imaging using a dual head coincidence camera revealed statistically 
significant inferior results compared to Tl-201 SPECT. These results do not justify a 
prolongation of the present prospective comparative study.

15.2 Introduction

Malignant gliomas are the most common primary brain tumors in adults and despite 
diagnostic and therapeutic developments, still carry a poor prognosis [1,2]. For the 
majority of patients with gliomas, external radiation therapy is, apart from surgery, the 
main stay of treatment. New treatment modalities such as radiosurgery and brachytherapy 
have resulted in increased local control and survival rates in selected patients. Flowever, 
notwithstanding aggressive therapy, gliomas dedifferentiate and recur in due time. Several 
months to years after radiotherapy, patients may present with symptoms and signs due to 
radiation necrosis, which may be difficult to discern from recurrent tumor growth. 
Anatomical imaging using CT and MR studies with and without contrast cannot 
accurately differentiate between radiation changes and tumor recurrence [3-5, 6],

Thallous chloride 201 (Tl-201) is a radiopharmaceutical that has been shown to be 
effective not only in predicting the histologic grade of astrocytic tumors but also in 
differentiating radiation necrosis from recurrent tumor [7-9]. The technology needed to 
perform brain SPECT with Tl-201 is widely available. Brain imaging with 
2-[fluorine-18]fluorodeoxyglucose (FDG) has also yielded promising results for the 
discrimination of recurrent cancer from necrosis [10-12]. Flowever, FDG PET remains a 
relatively complicated procedure and is available at only a very limited number of sites. 
Therefore, alternative, less complicated methods of imaging the 511-KeV photons of 
positron emitters have been sought. With a dual-head SPECT scanner with a coincidence 
module, a dual head coincidence camera, PET scanning of FDG is possible.

The aim of this study was to investigate the diagnostic utility of Tl-201 SPECT and 
FDG using a dual head coincidence camera in patients who were suspect for having 
recurrent disease.
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15.3 Materials and methods

Patients
Sixteen consecutive non-diabetic patients (10 men, 6 women) (mean age 39.5 yrs; range 
21-57 yrs) previously treated for a glioma (astrocytoma, oligodendroglioma or mixed 
glioma) were prospectively entered into the study over a 10 month period. Patients 
included in the study were suspect for having tumor recurrence and all had been treated 
with external focal radiotherapy. This suspicion was based on deteriorating clinical 
course, a suspicious change on CT or MRI (i.e., a new or increasing contrast enhancing 
lesion in the operation area), or both. All patients underwent Tl-201 SPECT and FDG 
PET examinations on the same day. The FDG PET and Tl-201 SPECT examinations 
were performed with an average of 36.5 months (range: 12-83 months) after initial 
diagnosis and treatment. The mean interval between the MRI/CT studies and the FDG 
PET/T1-201 SPECT was 13 days (range: 1-40 days). In table 1 patients characteristics are 
summarized. Following FDG PET/T1-201 SPECT studies, a clinical diagnosis of tumor 
recurrence (n= 12) was made on the basis of the patient's clinical course and/or follow-up 
CT or MRI. In two of 12 patients surgery and histologic examination confirmed the 
clinical diagnosis. Four patients without local recurrence have been followed up for an 
average of 12 months (range: 7-14 months). One of these four patients demonstrated 
tumor recurrence 9 months after the FDG PET/T1-201 studies. The other three patients 
have shown no clinical or radiological evidence of tumor recurrence during follow-up.

Imaging protocol
All patients were studied after an overnight fast. The Tl-201 SPECT examinations were 
done just prior to the FDG PET examinations. Tl-201 studies were done 30 min. after the 
IV injection of 120 MBq of Tl-201, using a triple head gamma camera system (PRISM 
3000, Picker, Ohio, USA) with low energy high-resolution fan beam collimators. Data 
were acquired in a 128x128 matrix through a 120° rotation at an angular interval of 3° 
with a frame time of 30 sec. SPECT images were generated using filtered backprojection 
with a Butterworth filter (3 order, cutoff frequency 0.3) and an attenuation coefficient of 
0.130 cm'. Interpretation of the Tl-201 images was done both qualitatively by visual 
inspection and quantitatively by uptake activity ratios. The uptake was interpreted as 
tumor only when the region with the hottest activity on the transaxial slices was greater 
than the activity in the region adjacent to the tumor and also greater than the activity in the 
homologous contralateral region, and at least equal to or greater than contralateral scalp 
activity. To quantify Tl-201 SPECT studies a region of interest (ROI) was drawn in the 
vicinity of the tumor, using the MR or CT images as a guide. In all cases, care was taken 
to avoid inclusion of the scalp activity in the ROI. The total counts were recorded. In 
addition, counts were sampled in region contralateral to the tumor. This process was 
repeated for each transverse slice in which the abnormal activity was easily visualized. 
The Tl-201-index was defined as the highest ratio generated from any one of the slices 
analyzed.
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Table 1. Characteristics of 16 patients suspect for having recurrent brain tumor.

no Age Gender Tumor Grade Site Surgery Radiotherapy

(Gy)

1 25 M Astro III front-pariet, L partial 60

2 40 M Astro III pariet, L radical 60

3 52 F Astro/Oligo inm front, R partial 60

4 28 M Astro ii temp, R radical 60

5 38 M Astro m temp, L partial 65.4

6 21 M Glio IV temp, R partial 56.4

7 29 F Astro in pariet-temp, L radical 60

8 36 F Oligo c front-temp, L partial 56

9 45 F Astro/Oligo HOT) temp. R partial 50.6

10 54 M Astro IV pariet, R partial 45

11 57 M Astro IV front, R radical 60

12 57 M Astro IV temp-pariet, L partial 56.4

13 30 M Astro IV temp-occip, R partial 59.4

14 43 M Oligo B pariet, L partial 46

15 35 F Astro III front, R partial 60

16 41 F Astro III pariet, L radical 60

Astro, astrocytoma; Oligo, oligodendroglioma; front, frontal; temp, temporal; pariet, parietal; occip, 
occipital; L, left; R, right
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FDG PET imaging of the head was performed 60 min. after the IV administration of 
185 MBq of F18-FDG using a dual head SPECT scanner with PET capability (ADAC, 
Vertex-MCD, USA). The spatial resolution of this scanner is 5 mm. Acquisition (peak 
to peak and Compton to peak; full field detector mask) involved a rotation of each 
detector 180° with 32 stops at 40 seconds per stop and a 128x128 matrix. PET images 
were generated using filtered backprojection with a Wiener filter (cutoff frequency 0.8) 
and an attenuation correction coefficient of 0.095 cm"1. Qualitative visual analysis of 
the PET images was performed. Any region in one or more transaxial slices that 
demonstrated increased uptake relative to the immediately adjacent tissue was graded as 
abnormal and considered indicative of viable tumor. Regions with reduced or absent 
FDG uptake were interpreted as consistent with radiation necrosis. The same regions 
were also graded according to a 5-point grading system as proposed by Kim et al. [13] 
with l=totally absent uptake, 2=slightly less uptake than surrounding area, 3=same 
uptake as surrounding area, 4=slightly-moderately increased uptake and 5-markedly 
increased uptake. Finally, the FDG index was calculated as described for the Tl-201 
index: a region of interest (ROI) was drawn in the vicinity of the tumor or the area 
suspected for recurrent disease, using the MR or CT images as a guide. The total counts 
were recorded. In addition, counts were sampled in region contralateral to the tumor. 
This process was repeated for each transverse slice in which the abnormal activity was 
easily visualized. The FDG index was defined as the highest ratio generated from any 
one of the slices analyzed.

Statistical analysis
Sensitivity was calculated for the Tl-201 SPECT and the FDG PET studies. Because of 
the low number of patients studied specificity was not calculated. The McNemar's test 
was performed to demonstrate statistically significant differences between both modalities 
in the detection of brain tumor recurrence (p<0.05). The Spearman correlation coefficient 
was calculated to determine the relationship between the Tl-201 index and the FDG 
index. Because of the limited number of patients, a paired Student's t-test could not be 
used to determine if there was a difference in the Tl-201 index and the FDG index 
between patients with tumor and necrosis.

15.4 RESULTS

In table 2, the results of this study are described. None of the patients died during 
follow-up. The mean interval between initial treatment and tumor recurrence is 38.6 
months (range: 7-83 mo). In the patients with a false-negative (n=4) FDG PET study (Fig. 
1) this interval is 36 months (range: 15-47 mo). In patient 1, histologic examination of the 
biopsy specimen revealed the same grade as the original tumor (astrocytoma grade III). In 
patient 16 an astrocytoma grade FV was found instead of a grade III at initial presentation. 
The sensitivity of the Tl-201 SPECT and the FDG PET examinations for tumor
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Table 2. Results of CT or MRI, FDG PET and Tl-201 SPECT in 16 patients suspect for having recurrent

brain tumor.

no Interval

(months)

CT/MRI

features

FDG

Scan

FDG-

grade

FDG-

index

TL

scan

Tl-

index

Diagnosis Follow-up

(months)

1 39 M, Enh - 1 0.28 + 2.31 Recurr. 6

2 56 M, Enh, Ed + 4 1.52 + 1.73 Recurr 5

3 43 Enh, Ed - I 0.39 - 0.85 Radionecr. 7

4 44 REnh. Ed - 1 0.59 + 7.01 Recurr. 6

5 34 M, Enh, Ed + 5 1.55 + 1.84 Recurr. 5

6 13 M, Enh + 5 1.42 + 2.67 Recurr. 14

7 38 M, Enh, Ed + 4 1.26 + . 2.72 Recurr. 9

8 81 M. Enh + 5 1.28 + 2.71 Recurr. 7

9 47 M, Enh - 1 0.44 - 1.01 Radionecr.* 11

10 7 Enh + 4 1.31 + 4.73 Recurr. 10

11 15 REnh. Ed - 1 0.51 + 3.84 Recurr. 10

12 7 M, Enh, Ed + 4 1.44 + 4.63 Recurr. 13

13 18 M. Enh, Ed - 1 0.60 - 0.96 Radionecr. 13

14 83 M, Enh,

Vm
+ 5 1.65 + 9.21 Recurr. 14

15 12 Enh - 1 0.78 - 1.09 Radionecr. 14

16 47 M, Enh - 1 0.47 + 2.70 Recurr. 9

M, Mass effect; Enh, Enhancement; REnh, Ringenhancement; Ed, Edema; Vm, Ventriculomegaly
*Follow-up revealed recurrent disease 9 months after the initial studies
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recurrence were 12 (100%) of 12 and 8 (67%) of 12, respectively. However, patient no 9 
initially was found to have radionecrosis, but 9 months after the imaging studies local 
recurrence was seen. Despite this long interval after the FDG PET and Tl-201 studies, this 
result may be classified as false negative. In this respect, the sensitivity of FDG PET and 
Tl-201 SPECT are 92% and 62%, respectively. No false positive results were found, but 
the number of patients studied was small. The McNemar's test of these results showed a 
statistically significant difference (p=0.023) in the abilities of the Tl-201 SPECT and FDG 
PET scans to accurately separate tumor from radiation necrosis. In this respect, Tl-201 
SPECT was superior to FDG PET. Compared to the visual analysis of the images, the 
thallium index and FDG index did not seem to approve our ability to discern tumor from 
necrosis. Finally, no correlation was found between the Tl-201 index and the FDG index. 
The Spearman correlation coefficient was 0.36.

Figure 1. Transaxial images of a 
Tl-201 SPECT study (left) and 
FDG PET study (right) in a 
patient (patient no 11) with 
recurrent brain tumor. The Tl-201 
SPECT study showed increased 
uptake in the right frontal area 
and was considered as true
positive for recurrent brain tumor.
The FDG PET study demonstrated 
a hypometabolic lesion at that site 
suggesting radionecrosis.

15.5 DISCUSSION

Growing interest, improved techniques and increasing success in the treatment of primary 
brain tumors have led to more aggressive medical and surgical management [1]. 
Therapeutic response is usually monitored clinically and with CT or MR imaging or both. 
However, at later follow-up with CT or MRI it is frequently also difficult to decide to 
what extent density and enhancement changes reflect recurrent/residual tumors or merely 
therapeutically induced lesions [3-5]. Thallium is a potassium analog that has been used 
for many years in myocardial perfusion imaging. Although the precise mechanism of 
uptake into tumor cells in unknown, it appears to rely on a combination of factors, 
including a disruption of the blood-brain barrier (BBB), cellular metabolic activity and 
Na+/K+-ATPase activity [14,15]. An increased BBB permeability alone will not 
necessarily increase thallium uptake, since nonneoplastic lesions with increased BBB 
breakdown, such as necrosis, will have little or no Tl-201 uptake [16]. Studies of the
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preoperative use of Tl-201 have shown a positive correlation between the amount of 
uptake and the histologic grade [9,17-19]. Furthermore, it has been shown that Tl-201 
SPECT is an efficacious and relative inexpensive method of differentiating radiation 
necrosis from tumor recurrence. In the present study, the sensitivity of 92% in the 
detection of tumor recurrence is in agreement with the results found in literature [7,8,20]. 
Some workers have used dual uptake measurements of Tl-201 and a perfusion tracer to 
predict tumor recurrence [21,22], However, radiation causes narrowing of blood vessels 
and local edema can further diminish blood supply, leading to an underestimation of 
tumor perfusion. Consequently, perfusion brain studies are not routinely performed for 
this indication in our institution.

In the past, positron emission tomography with F18-FDG was the only technique 
available that could reliably differentiate radiation necrosis from recurrent or residual 
brain tumor. Preferential uptake of FDG by brain tumors is explained by an increase in the 
regulatory enzymes of glycolysis and by an accelerated glucose transport into malignant 
tissues. In regions of radiation-induced necrosis, the FDG accumulation is considerably 
lower than in regions with viable tumor [11,23,24]. One of the major drawbacks of FDG 
PET is its high cost and limited availability. Consequently, alternative methods of 
imaging the 511-keV photons have been sought.

In the present study we have used a dual head SPECT camera with PET-capability 
with a spatial resolution of 5 mm (full width at half maximum). Despite the substantial 
reduction in cost allowing a more general use of FDG imaging, the value of FDG imaging 
using a dual head coincidence camera for the detection of recurrent brain tumor has still 
to be established. For this reason, we performed a head-to-head comparison of Tl-201 
SPECT and F18-FDG PET. Although the number of patients studied was small we were 
able to detect a statistically significant difference in the diagnostic sensitivity between 
both scintigraphic examinations. In agreement with the results described Hoh et al. [25], 
Tl-201 SPECT was superior to FDG PET. In addition, in none of the comparative studies 
described by others, FDG PET was found to be superior [26,27]. Despite the fact that both 
tracers are used to demonstrate tumor viability, other factors, such as breakdown of the 
BBB or tumor vascularization are probably of importance in the visualization of tumor 
recurrence. This might also be the explanation for the poor correlation between 
FDG-grade and the thallium index. Furthermore, as with other diagnostic studies, FDG 
PET may appear insensitive in detecting brain tumor recurrence because of low contrast 
resolution between the tumor and adjacent normal brain tissue. Because of the high 
metabolic activity in the hemispheres, no focus of increased uptake could be identified in 
these patients. In addition, it has been stated by Janus et al.[28], that as treatment 
protocols intensify by using either accelerated fractionation or radiation implants, FDG 
PET might also fail to demonstrate tumor recurrence. The reason for the difference 
between treated and untreated gliomas is not clear. It is known that malignant 
transformation of glial cells is capable of altering the transport of substances, including 
glucose, into tumor cells, and there is increased activity of the enzymes leading to the 
pentose phosphate shunt. In this light, the FDG model may not accurately reflect the path
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of total energy metabolism in this lesions [29]. Finally, by using FDG PET it is possible to 
differentiate high grade from low grade brain tumors [30]. An accurate predictor of high- 
grade and low-grade gliomas is FDG uptake by tumor that is more than that of the cortex 
or less than that of white matter. The absolute metabolic rates between the high-grade and 
low-grade are also significantly different, but greater overlap exists in the quantitative 
analysis than in the visual analysis [31-33], The ability to determine the degree of 
malignancy of primary brain tumors has important implications for patients management. 
Patients with low-grade tumors may be followed without treatment, whereas in patients 
with high-grade tumors surgery and/or radiotherapy will be performed. However, it has 
been described by Alavi et al. that among the high grade glioma patients, the PET results 
can separate them into a good prognosis group (hypometabolic, with 78% 1-year survival) 
and a poor prognosis group (hypermetabolic, with a 29% 1-year survival after PET) [12]. 
In the present study, most of the patients had been treated for a high grade glioma. 
Regarding the long interval between initial treatment and tumor recurrence it seems that 
we have studied patients which may have been classified to the group with good 
prognosis i.e. patients with hypometabolic lesions. Following this, it appears that a 
combination of all factors mentioned above is a probable explanation for the false 
negative readings on FDG PET in the present study. In one patient, tumor recurrence was 
found 9 months after the FDG PET and Tl-201 SPECT studies. In such cases, glucose 
loading may be a valuable adjunct to FDG PET to enhance detection of residual disease 
by increasing the tumor to normal cortical FDG uptake ratio [34,35],

In recent studies on non-invasive grading of primary brain tumors, FDG PET has been 
compared with I123-a-methyl tyrosine (IMT) SPECT [36-38], Despite the lower 
resolution and lower sensitivity of SPECT compared to PET, IMT-SPECT was 
comparable or even superior to FDG PET in the detection and delineation of tumor tissue. 
As protein synthesis rate of normal brain tissue is several degrees of magnitude lower than 
its glucose utilization, a better tumor to background ratio may be found. The results 
encourages the performance of further studies to analyze the potential value of IMT- 
SPECT.

Two potential limitations of our study have to be mentioned. First, our results are 
based on 16 patients. Given that initially only four patients had radiation necrosis, our 
reported specificity may not be the true specificity. The second limitation is the wide 
range of follow-up (7 to 14 months) used to define necrosis in the recurrence-free patient 
group. In one case, initially defined as necrosis, recurrence occurred after 9 months which 
could be addressed as a false-negative result of both studies. Because of the absence of a 
gold standard in many brain studies the question arises how long the period of follow-up 
should be to obtain true-negative results. In this respect, it may be suggested to perform 
follow-up scintigraphy after 6 to 9 months in patients with a normal scan result. However, 
the prognostic value of such a strategy in the early detection of recurrent disease and the 
therapeutic consequences need further studying.
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16.6 Conclusion

Thallium-201 SPECT imaging is a highly sensitive imaging modality for the 
differentiation between brain tumor recurrence and post-therapeutic changes. In this 
respect, it was found to be statistically significant better than imaging F18-FDG using a 
dual head coincidence camera. Although the number of patients studied is small, the 
results do not justify a prolongation of this prospective comparative study.
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16
SUMMARY AND GENERAL DISCUSSION

16.1 Introduction

Positron emission tomography (PET) using F18-fluorodeoxyglucose (FDG) is a relative 
new technique for staging primary tumors and metastasis as well as for early detection 
of recurrent tumor growth. The uptake mechanism of FDG, a glucose analogue, in 
malignant cells is well described: increased uptake and metabolism compared with 
normal cells are responsible for the ability to visualize tumors. Data in literature that 
support the use of FDG detection in malignancy have been obtained with dedicated 
PET cameras. However, the cost of these cameras has limited the widespread use of 
FDG PET, which renewed the interest for alternative techniques for imaging the 511- 
keV annihilation photons. An alternative technique for FDG detection is the use of a 
gamma camera, either in single photon emission tomography (SPECT) mode or in 
coincidence mode.

This thesis deals with the applicability of F18-FDG detection with a dual-head 
coincidence camera in clinical oncology and, predominantly, in head and neck 
oncology.
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16.2 A RATIONALE FOR FDG DETECTION WITH A DUAL-HEAD

COINCIDENCE GAMMA CAMERA

Chapter 1 and 2 describe the background aspects of FDG detection with a dual-head 
gamma camera with coincidence capabilities. Despite some limitations such as poorer 
sensitivity of the Nal crystals for the 511-keV annihilation photons, the low fraction of 
events which are found in coincidence and the lack of attenuation correction when 
compared with dedicated PET cameras, there is a theoretical rationale for the use of a 
dual-head coincidence gamma camera for FDG detection. The in-plane resolution 
ranging from 4-6 mm full width at half maximum (FWHM) and optimal tumor-to- 
background uptake ratios of FDG, especially in squamous cell carcinomas, justified the 
initiation of pilot-studies in clinical oncology. Furthermore, the superficial localization 
of tumors in the head and neck region when compared with tumors in the abdomen or 
chest, diminish the necessity for attenuation correction. Therefore, due to the fact that 
attenuation correction was not commercially available, we have decided to start the 
feasibility and applicability studies on FDG detection with a dual-head coincidence 
camera in head and neck oncology.

In chapter 3, an overview is given on the indications and study results of FDG 
detection with a dedicated PET camera in patients with head and neck cancer. In most 
of these reports, FDG PET was found to have a similar sensitivity to computed 
tomography (CT scanning) in assessing lymph node involvement, whereas both 
techniques were found to be superior to the clinical assessment. The smallest lymph 
node detected with FDG PET measures about 4 mm, which may result in an increased 
justification of performing neck dissections in these patients. On the other hand, due to 
its high specificity and negative predictive value, lymph node dissections may be 
omitted in patients with PET-negative neck sides resulting in a decreased morbidity. 
More study is required to definitely establish the role of FDG PET in staging head and 
neck cancer. In contrast, compared with anatomic diagnostic modalities such as CT 
scanning or magnetic resonance imaging (MRI), FDG PET has improved diagnostic 
accuracy for detecting recurrent head and neck cancer as well as in depicting unknown 
primary tumors in patients presenting with cervical metastases.

Chapter 4 describes the pitfalls of FDG detection, especially in the head and neck 
area. Physiological uptake of FDG in the muscles and iatrogenically changed 
circumstances due to preceding biopsies or treatment can interfere with a reliable 
assessment of the primary or recurrent tumor status and care must be taken to avoid 
false-positive judgement of the areas at interest. In this respect, clinical information and 
patient preparation are a necessity for an optimal interpretation of FDG PET studies. If 
these prerequisites can be met, benign lesions including necrosis appear to be the only 
non-impressionable factor that may interfere with the specificity of FDG PET.
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16.3 FDG DETECTION WITH A DUAL-HEAD COINCIDENCE CAMERA IN

HEAD AND NECK CANCER

Chapter 5 describes the first results of FDG detection with a dual-head coincidence 
gamma camera in clinical oncology. Eleven male patients who had previously 
undergone radiotherapy for laryngeal cancer were studied. Six patients had a 
histologically proven local recurrence and five patients were not suspect for recurrent 
disease. The preliminary results showed that differentiating between local recurrence 
and posttreatment changes with a dual-head coincidence camera is feasible. Despite the 
limited number of patients studied and the fact that the smallest tumor detected with 
this technique had a diameter of 1.4 cm, we concluded that a prospective study on the 
detection of local relapses was justified.

In chapter 6, the results of the in chapter 5 suggested prospective study on the 
differentiation between recurrent tumor growth and posttreatment changes with the 
dual-head coincidence camera are presented. All patients studied have been treated by 
radiotherapy for laryngeal or hypopharyngeal cancer and were clinically suspect for 
tumor recurrence. In 31 patients, focally increased uptake was seen on FDG PET. In 19 
out of these patients, tumor recurrence was found at initial endoscopy (mean diameter,
2.4 cm; range 0.4cm-6.5 cm), whereas in five patients recurrence was found during 
follow-up with a mean interval of 6.6 months. Seven patients were found to have a 
false-positive study, which was due to benign lesions such as radionecrosis or 
swallowing artifacts. In none of the patients with a normal PET study, tumor recurrence 
was found during follow-up period of at least 6 months. Based on these results, it was 
concluded that in patients being suspect for recurrent head and neck cancer, in whom 
FDG detection with a dual-head coincidence camera is negative, endoscopy may be 
omitted for at least six months and maybe up to one year. On the other hand, despite 
some false-positive results, patients with focally increased uptake need close clinical 
follow-up for at least 6 months for the early detection of tumor recurrence. Although 
not routinely performed in the present study, it is suggested that follow-up FDG PET 
after 3 months may be helpful in differentiating artifacts and benign lesions from true 
tumor recurrence. The advantage of the early detection of recurrent disease using FDG 
PET is that tumor extension is still limited giving the opportunity to perform limited 
surgery instead of a total laryngectomy.

In chapter 7, the results of a pilot study on staging primary head and neck cancer 
with a dual-head coincidence camera are described. Twenty patients were studied to 
assess the feasibility of assessing lymph node involvement using this technique and the 
result were compared with CT scanning, ultrasonography (US) and histological 
evaluation of the neck dissection specimen. The sensitivity for identifying pathological 
neck sides for FDG PET, CT and US was 100%, 89% and 87%, respectively, and the 
specificity was 90%, 93% and 50%, respectively. Small metastases that did not meet 
the criteria for malignancy on CT or US were detected by FDG PET. In addition, FDG
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PET depicted all primary tumors compared to 59% detected by CT scanning. All 
tumors with a depth of infiltration of 4 mm or less were missed on CT images, which is 
explained by the fact that such small tumors do not distort tissue planes or invade 
contiguous structures, prerequisites for detection by CT scanning. Nevertheless, the 
results justified a prospective study on staging primary head and neck cancer with FDG 
using a dual-head coincidence camera.

In chapter 8, the results of the in chapter 7 suggested prospective study on the 
preoperative evaluation of patients with primary head and neck cancer with a dual-head 
coincidence camera are presented. Fifty-four consecutive patients with previously 
untreated squamous cell carcinoma of the oral cavity or oropharynx were studied. All 
patients underwent clinical examination, chest X-ray, CT, US with fine needle 
aspiration and cytology (FNAC) in the case of suspected lymph nodes and FDG PET. 
All study results were scored per neck side as well as classified as 0 (no metastases), 1 
(single metastasis) or 2 (multiple metastases).

The sensitivity per neck side was 96%, 85% and 64% for FDG PET, CT and 
US/FNAC, respectively, and the specificity was 90%, 86% and 100%, respectively. 
With respect to the classification, FDG PET showed the best correlation with the 
histological data. In addition, FDG PET detected all primary lesions compared with 
78% detected by CT scanning. Furthermore, in nine patients (17%) a second primary 
tumor was detected by FDG PET and confirmed by histological examination. Due to 
decreased error-rate in the assessment of lymph node involvement compared with CT 
and US/FNAC, it was concluded that FDG PET should be routinely performed in 
patients with primary head and neck cancer. Moreover, the results justify the use of a 
dual-head coincidence camera for these purposes.

In chapter 9, the results of FDG detection with a dual-head coincidence camera are 
described with respect to the detection of second primary tumors in patients with head 
and neck cancer. Second primary tumors are a major cause of death in patients with 
early stage head and neck tumors, which is mainly due to the late identification of the 
second primaries. The increased risk appears to be related to the effects of multiple 
carcinogens acting on a field of growth resulting in “field cancerization”. 
Epidemiological studies have established that second primary tumors appear with a 
continuing annual rate of approximately 3%. Therefore, and based on the results 
described in chapter 8, we wanted to establish whether FDG PET is able to increase the 
detection rate of second primary tumors as is described for panendoscopy. Furthermore, 
we compared the results with the diagnostic modalities, such as chest X-ray, CT of the 
head and neck and clinical examination, currently being used in our hospital for the 
detection of second primaries. Sixty-eight consecutive patients with previously 
untreated squamous cell carcinoma of the oral cavity or oropharynx were prospectively 
studied. In twelve out of these patients (18%; 95% confidence interval: 8-28%) a 
second simultaneous primary tumor was found using FDG PET. In 5 patients, these 
tumors were also identified by means of clinical examination or chest X-ray (7%; 95% 
confidence interval: 1-13%). With the exception of one tumor manifesting in the

198



thyroid, all tumors were found in the epithelium of the upper digestive and respiratory 
tract. In none of the patients studied, additional simultaneous or synchronous primary 
tumors were found during a 6 months follow-up. From these results it was concluded 
that the use of FDG PET significantly increases (p=0.016) the detection rate of second 
primary tumors. Furthermore, it is suggested that most of the second primary tumors 
are detected in an early stage, which may have major consequences for prognosis and 
survival. At the present, it is too early to definitely conclude on the prognostic 
significance of these findings.

In chapter 10, we describe two patients in whom FDG detection with a dual-head 
coincidence camera depicted lesions smaller than 1 cm in diameter. The findings as 
described in this chapter and in chapter 9 demonstrate that it is possible to detect small 
tumors as well as unknown primaries with a dual-head coincidence camera. Based on 
these findings, we started a pilot study to assess the applicability of this technique in 
patients presenting with cervical metastases appearing as the first sign of malignancy in 
the head and neck region and the results are described in chapter 11. In these patients, 
the location of the involved lymph nodes may indicate the location of the primary 
tumor. However, in two or three percent of the patients with a head and neck tumor, 
despite intensive screening, the primary tumor cannot be identified. With respect to 
prognosis and treatment, it is important to identify the primary tumor, as in these 
patients a less extensive, more specific, treatment can be performed, which also reduces 
the unwanted side-effects. Therefore, ten consecutive patients with cervical metastases 
of an unknown primary tumor were studied. In five out of these patients, a primary 
tumor was identified by FDG PET. In one patient, multiple sites of increased uptake 
were seen, and this was found to be consistent with Non-Hodgkin lymphoma. Finally, 
in five patients, additional sites of increased uptake were found, these being consistent 
with unknown metastatic disease. In five patients, initial treatment plan was changed 
because of the detection of a primary tumor by means of FDG PET. Despite some study 
limitations, such as the small number of patients studied and the selection criteria, we 
conclude that the dual-head coincidence camera is a valuable imaging tool in occult 
head and neck cancer. The findings on the FDG PET studies should be used as a 
guidance for endoscopic biopsies, not only for localizing a primary tumor, but also for 
the assessment of additional metastasis.

16.4 FDG DETECTION WITH A DUAL-HEAD COINCIDENCE CAMERA IN 

MISCELLANEOUS TUMORS

Occult cancer of the thyroid is not uncommon and may occur in 1% to 10% of the 
general population, as found in autopsy studies. In chapter 12, three patients with 
primary head and neck cancer are presented in whom in a different way clinically 
unknown cancer of the thyroid was detected. In one of these patients, a tumor with a
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diameter of 0.5 cm in the thyroid was found with FDG detection using a dual-head 
coincidence camera. We discuss the possible value of FDG PET in patients with 
primary, clinically occult and recurrent differentiated cancer of the thyroid. In addition 
to the results on detecting unknown second primary tumors (chapter 9) and on 
depicting occult tumors in patients presenting with cervical metastases of unknown 
origin (chapter 10), it is suggested that the number of patients with primary head and 
neck cancer and a coincident tumor in the thyroid being detected at initial presentation 
will increase by using FDG PET.

Recently, the value of FDG PET has been described in the evaluation of patients 
suspect for recurrent thyroid cancer with elevated thyroglobulin (Tg) levels and 
negative Iodine-131 (T131) whole body scintigraphy (WBS). In these studies, it was 
found that FDG PET shows an inverse relation with iodine uptake and tumor 
differentiation. The sensitivity for FDG detection with a dedicated PET camera in 
patients with elevated Tg levels and a negative 1-131 WBS was in the range of 82% to 
89%.

Based on these data found in literature, we initiated a pilot study to assess the 
feasibility of FDG detection with a dual-head coincidence camera in patients who were 
suspect for having a recurrence of thyroid cancer. Eleven patients were studied with 
both 1-131 WBS and FDG using a dual-head coincidence camera and the preliminary 
results are described in chapter 13. All patients had elevated Tg levels and one patient 
was found to have a focus of increased uptake on the 1-131 WBS. In seven patients 
with a negative 1-131 WBS, FDG PET showed increased uptake in the head and neck 
region, which was found to be consistent with tumor recurrence. The smallest lesion 
detected by means of FDG PET was 0.5 cm, which is in agreement with earlier reports 
from our institution on the detection of small lesions with a dual-head coincidence 
camera. The value of the detection of recurrent disease with FDG PET in patients with 
persistent thyroglobulinemia and a normal 1-131 WBS on mortality is still unknown. It 
is known from literature, that patients with recurrences that do not concentrate 1-131 
were found to have invasive cancers with extrathyroidal or extranodal extension in the 
neck, suggesting a higher malignancy grade. These suggestions, however, await 
confirmation in larger prospective studies on prognosis. Nevertheless, the detection of 
recurrent thyroid cancer in patients with elevated Tg levels and a normal 1-131 WBS 
with FDG using a dual-head coincidence camera seems to be feasible. The present 
results justify a prolongation on the detection of relapses using this technique.

In chapter 14, we investigated the assessment of mediastinal lymph node 
involvement in patients with non-small cell lung cancer (NSCLC) using the dual-head 
coincidence camera. Thirty-three patients with newly diagnosed NSCLC were studied. 
In this study, the results of CT and FDG PET were compared with the histological 
examination of the mediastinal lymph nodes. The results of the mediastinoscopy were 
used to select patients for thoracotomy. FDG PET demonstrated a significantly better 
sensitivity (p<0.001) and specificity (pcO.OOl) compared with CT in assessing lymph 
node involvement. FDG PET and CT correctly staged 27 and 20 patients, respectively.
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Furthermore, in eight patients, additional sites of increased uptake were found being 
consistent with malignancy in seven of them. From these results, it was concluded that, 
despite the lack of attenuation correction, mediastinal lymph node staging in patients 
with NSCLC using a dual-head coincidence camera is feasible. In addition, the high 
negative predictive value found in this study suggests that, the invasive diagnostic 
procedure, mediastinoscopy may be omitted in patients with NSCLC and a negative 
PET study. This needs, however, confirmation in a larger prospective study. Finally, 
additional intrapulmonary sites of increased uptake need further evaluation, because of 
the high chance of malignancy at these sites.

In chapter 15, the value of FDG detection with a dual-head coincidence camera is 
studied in patients suspect for having recurrent brain tumor. Several months to years 
after radiotherapy, patients may present with symptoms and signs that can be ascribed 
to radiation necrosis, but which may be difficult to discern form recurrent tumor 
growth. Anatomical imaging using CT and MRI studies with and without contrast 
cannot accurately differentiate between radiation changes and tumor recurrence. Both 
Tl-201 SPECT and FDG detection with dedicated PET scanners have been shown to 
be effective not only in predicting the histologic grade of astrocytic tumors but also in 
the discrimination of recurrent cancer from necrosis. However, data on FDG detection 
with a dual-head coincidence camera in these patients are scarce and, therefore, we 
performed a study to compare this technique with Tl-201 SPECT. A standard 
attenuation correction coefficient was used to optimize the PET result. Sixteen patients 
suspect for having recurrent brain tumor were studied. The diagnosis of tumor 
recurrence was based on clinical course and/or follow-up CT scanning or MRI. The 
sensitivity of Tl-201 SPECT and FDG PET for identifying tumor recurrence was 92% 
and 62%, respectively. One patient initially assessed to have necrosis showed 
recurrence 9 months after both studies. The McNemar’s analysis of these results 
showed a statistically significant difference (p=0.023) in the abilities of both scans to 
accurately identify recurrent disease. The poor results obtained with FDG PET may be 
due to a combination of factors such as low tumor-to-background contrast, post
treatment changes in glucose metabolism and the fact that high-grade glioma may also 
demonstrate hypometabolism representing a relative better prognostic outcome. From 
these results it was concluded that Tl-201 SPECT is a sensitive imaging modality for 
the detection of brain tumor recurrence. FDG PET using a dual-head coincidence 
camera revealed statistically significant inferior results and, consequently, a 
prolongation of this study was not justified.

16.5 General discussion

Since malignant cells have a high glucose influx and metabolism compared with 
normal cells, Positron emission tomography (PET) with F18-fluorodeoxyglucose is 
suitable to detect tumors. Beside the production of short-lived radioactive tracers in a
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cyclotron, a camera optimized for the detection of 511-keV annihilation photons is 
required making PET an expensive diagnostic imaging modality. Over the past years, 
more centers for the distribution of FDG have become available increasing the 
applicability of FDG detection. Nevertheless, the cost of a dedicated PET camera still 
limited its widespread implementation in Nuclear Medicine.

In the mid-nineties, a much less expensive, dual-head coincidence gamma camera 
became available for the detection of FDG. Despite the lower detection efficiency for 
the annihilation photons compared with dedicated PET scanners and the lack of 
attenuation correction, other factors such as optimal tumor-to-background ratios and a 
spatial resolution in the range of 4-6 mm (FWHM) may compensate for the aforesaid 
limitations. Moreover, this camera has the possibility of imaging single photon 
emitters, such as Tc99m-pertechnetate, T1201-chloride and Ga67-citrate, i.e. a multi
purpose character.

The studies presented in this thesis demonstrate the clinical applicability of FDG 
detection with a dual-head coincidence camera, especially in head and neck cancer, 
non-small cell lung cancer and in the detection of recurrent cancer of the thyroid. 
Despite the lack of attenuation correction, even metastases in the mediastinum were 
correctly identified by this new imaging modality. The smallest lesion detected with 
this camera had a diameter of 4 mm on histological examination. The depiction of such 
small lesions may be explained by a combination of optimal tumor-to-background 
ratios and the fact that these lesions may have been surrounded by inflammation 
increasing the chance of visualization.

Because of the high sensitivity and the high negative predictive value of FDG 
detection with a dual-head gamma camera, surgical interventions like mediastinoscopy, 
laryngoscopy and neck dissections may be avoided. Therefore, although not described 
in the present thesis, it is to be expected that the cost-savings will be at least 
comparable with the cost-savings as achieved with dedicated PET scanners. On the 
other hand, despite false-positive results being caused by benign lesions or by artifacts 
and irrespective of the tumor studied, unexpectedly, focally increased uptake should be 
carefully evaluated. This thesis has shown that these foci can indicate either a second 
primary tumor in the group of patients with a high chance of multiple primaries, i.e. 
sites and patients that fit in with the “field cancerization concept”, or a metastasis .

The interval between a positive PET study and the histological confirmation of 
malignancy found in the present studies ranged up to approximately 6 months. In 
contrast, in none of the patients with a negative PET study, tumor showed up during a 
follow-up period of at least 6 months. In this respect, it is difficult to assess the relation 
between positive study results and the histological confirmation of tumor recurrence 
after 11 months, as described in chapter 6. It is not fully elucidated whether we are 
dealing with the early detection of a recurrence or with a false-positive result at initial 
stage caused by an infection or an artifact. Since in approximately 50% of patients 
being suspect for tumor recurrence with focally increased FDG uptake and initial 
negative biopsies tumor shows up during follow-up, it can be concluded that in these
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cases close clinical follow-up is required for a long time. The value of follow-up PET 
studies in these patients has to be established in prospective studies concerning 
prognosis and survival.

16.6 Future prospects

Recently, attenuation correction has become commercially available for FDG detection 
with a dual-head coincidence camera. It may be expected that the results will improve 
when studying primary tumors and metastases in the chest and abdomen, areas where 
attenuation is a confounding factor. However, it is not to be expected that the detection 
of recurrent brain tumors will improve since a standard attenuation correction 
coefficient was already used in this study. With the availability of the attenuation 
correction, whole body FDG detection with a dual-head coincidence camera defined as 
imaging from the skull base down to the feet is in reach.

The ultimate goal of imaging sciences is the fusion of metabolic studies such as 
FDG PET and anatomical related studies such as CT scanning and MRI. It may be 
expected that diagnostic accuracy will improve further, whereas additional techniques 
such as endoscopic biopsies will be better guided by these fusion images. Recent 
reports have shown promising results, but it awaits confirmation in large prospective 
studies including FDG detection with a dual-head coincidence camera.
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17
SAMENVATTING EN DISCUSSIE

17.1 Inleiding

Positron emissie tomografie (PET) met behulp van F18-fluorodeoxyglucose (FDG) is 
een relatief nieuwe techniek voor het stageren van primaire tumoren en metastasen en 
het volgen van het ziektebeeld bij patiënten met kanker. Het opname mechanisme van 
FDG, een glucose analoog, in cellen is bekend. De verhoogde opname en het 
verhoogde metabolisme van FDG in tumorcellen in vergelijking tot normale 
lichaamscellen en het ontbreken van enzymen om FDG-6-fosfaat af te breken maken 
het mogelijk om kwaadaardige tumoren zichtbaar te maken. Data in de literatuur die 
waarde van FDG in de oncologie aantonen zijn verkregen met behulp van een daarvoor 
speciaal ontworpen camera, de zogenaamde “dedicated PET scanner”. De hoge kosten 
van deze scanner beperken echter een algemeen gebruik in de nucleaire geneeskunde. 
Mede hierdoor is er belangstelling voor technieken die op een meer betaalbare wijze 
ook in staat zijn om de hoogenergetische annihilatiefotonen te detecteren. De 
gammacamera is een mogelijk alternatief, waarmee FDG detectie uitgevoerd zou 
kunnen worden. Enerzijds kan dit door de 511-keV annihilatiefotonen als “singles” te 
detecteren (single photon emission tomography, SPECT), anderzijds hebben enkele 
dubbelkops gammacamera’s door het implementeren van speciale software de 
mogelijkheid om twee annihilatiefotonen als eenheid te registreren, de zogenaamde 
coïncidentie detectie.

In dit proefschrift wordt de klinische toepasbaarheid van FDG detectie met behulp 
van deze dubbelkops coïncidentiecamera in de oncologie beschreven, waarbij de 
nadruk ligt op de hoofdhals oncologie.
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17.2 FDG DETECTIE MET EEN DUBBELKOPS COÏNCIDENTIECAMERA

In hoofdstuk 1 en 2 wordt de basis besproken van FDG detectie met een dubbelkops 
coïncidentie gammacamera. Ondanks beperkingen zoals een verminderde sensitiviteit 
van de natriumjodide (Nal) kristallen voor het detecteren van de 511-keV 
annihilatiefotonen, de lage coïncidentiefractie en het ontbreken van attenuatiecorrectie, 
is op theoretische gronden het gebruik van een dergelijk systeem te rechtvaardigen. De 
resolutie van deze camera is in de orde van 4-6 mm Full Width at Half Maximum 
(FWHM). Bij plaveiselcel-carcinomen zijn er goede tumor-achtergrond ratio’s 
beschreven en bij de relatief oppervlakkig gelokaliseerde tumoren in het 
hoofdhalsgebied is attenuatie nauwelijks van betekenis, dit in tegenstelling tot tumoren 
in de thorax en het abdomen. Door het nog niet beschikbaar zijn van attenuatiecorrectie 
werd besloten te starten met het hier beschreven onderzoek naar de klinische 
uitvoerbaarheid en toepasbaarheid van FDG detectie met een coïncidentiecamera bij 
tumoren in het hoofdhalsgebied.

In hoofdstuk 3 wordt een overzicht gegeven van de indicaties en resultaten van 
FDG detectie met de dedicated PET scanner. Voor wat betreft het vaststellen van 
lymfekliermetastasen blijken FDG PET en CT vergelijkbare resultaten op te leveren. 
Beide technieken geven een verbetering van de stagering in vergelijking tot het 
lichamelijk onderzoek. De kleinste lymfekliermetastase die beschreven is in de 
literatuur, welke met behulp van FDG PET gedetecteerd werd, had een diameter van 4 
mm. Door het detecteren van dergelijke kleine metastasen is het te verwachten dat, 
door het implementeren van FDG PET in de stagering van hoofdhalstumoren, meer 
nekdissecties gerechtvaardigd worden. Hier staat tegenover dat, door de hoge 
sensitiviteit en de negatief voorspellende waarde, het aantal operaties beperkt zou 
kunnen worden indien er op de PET studies geen afwijkingen worden gezien. Meer 
onderzoek is nodig om de definitieve plaats te kunnen bepalen van FDG PET bij de 
initiële stagering. PET heeft wel een duidelijke plaats bij het aantonen van recidief 
hoofdhalstumoren en het opsporen van onbekende primaire tumoren bij patiënten die 
zich presenteren met halskliermetastasen als eerste uiting van maligniteit.

In hoofdstuk 4 worden de oorzaken besproken die aanleiding kunnen geven tot een 
foutpositieve PET studie. Fysiologische accumulatie in spieren en iatrogene 
veranderingen kunnen interfereren met een juiste beoordeling van de beelden. Om dit te 
voorkomen is een goede patiëntenvoorbereiding noodzakelijk en zijn klinische 
gegevens onontbeerlijk. Hierdoor blijven in principe alleen benigne afwijkingen over 
die aanleiding kunnen geven tot een onjuiste beoordeling van afwijkingen bij FDG 
PET.
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17.3 FDG DETECTIE MET EEN COÏNCIDENTIECAMERA: HOOFDHALS

ONCOLOGIE

In hoofdstuk 5 worden van 11 patiënten die in het verleden bestraald zijn voor een 
larynxcarcinoom de eerste resultaten beschreven van FDG detectie met een 
coïncidentiecamera in de klinische praktijk. Vijf patiënten toonden een goede lokale 
controle en 6 patiënten hadden een reeds histologisch bewezen recidief. In deze 
pilotstudy werd aangetoond dat het met behulp van deze techniek mogelijk bleek een 
lokale controle van een lokaal recidief te onderscheiden. Ondanks het beperkte aantal 
patiënten dat onderzocht was en het feit dat het kleinste recidief een diameter had van
1.4 cm, werd geconcludeerd dat het gerechtvaardigd was om een prospectief onderzoek 
te starten bij patiënten bij wie het vermoeden bestond op een lokaal recidief.

In hoofdstuk 6 worden de resultaten beschreven van een prospectief onderzoek bij 
48 bij wie het vermoeden bestond op een recidief larynx- of hypofaryncarcinoom. Bij 
19 van de 31 patiënten die fokaal verhoogde FDG stapeling hadden werd binnen twee 
maanden een recidief aangetoond (gemiddelde diameter 2,4 cm; range 0.4-6.5 cm). Bij 
5 patiënten werd het recidief tijdens de follow-up gevonden, waarbij het gemiddelde 
interval tussen de PET studie en de histologische bevestiging 6.6 maanden was. Zeven 
patiënten hadden een foutpositief onderzoeksresultaat, hetgeen veroorzaakt werd door 
radiatienecrose en slikartefacten. In geen van de patiënten met een normale FDG PET 
studie werd een recidief aangetoond tijdens een follow-up periode van 6 maanden. 
Hieruit werd geconcludeerd, dat bij patiënten die een verdenking hebben op recidief 
tumorgroei, maar bij wie FDG PET geen afwijkingen laat zien, endoscopic gedurende 
ten minste 6 maanden niet meer uitgevoerd hoeft te worden. Patiënten met verhoogde 
FDG accumulatie, waarbij tumorrecidief endoscopisch en histologisch nog niet is 
bewezen, moeten nauwkeurig vervolgd worden gedurende een periode van ten minste 6 
maanden voor het vroegtijdig opsporen van een lokaal recidief. Follow-up FDG PET 
studies zouden hierbij van nut kunnen zijn om artefacten en benigne afwijkingen te 
onderscheiden van maligne afwijkingen. Het uiteindelijke doel is om een recidief in een 
vroeg, nog beperkt stadium te detecteren, waardoor larynxextirpatie voorkomen kan 
worden.

In het onderzoek beschreven in hoofdstuk 7 wordt de mogelijke waarde bepaald van 
FDG detectie met een coïncidentie camera bij de stagering van primaire 
hoofdhalstumoren. Hiervoor werden 20 patiënten onderzocht en werden de resultaten 
per halszijde met CT en echografisch onderzoek (US) vergeleken en getoetst aan het 
histologisch onderzoek van het resectiepreparaat. De sensitiviteit voor het aantonen van 
halskliermetastasen was voor FDG PET, CT en US respectievelijk 100%, 89% en 87% 
en de specificiteit was respectievelijk 90%, 93% en 50%. Kleine metastasen die niet 
gedetecteerd werden door middel van CT en US werden wel aangetoond door middel 
van FDG PET. Daarnaast werden alle primaire tumoren aangetoond met behulp van de 
coïncidentiecamera, terwijl maar 59% van deze tumoren zichtbaar was op de CT. Door
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het ontbreken van invasie in aangrenzende structuren en door het niet of nauwelijks 
vervormen van weefsel lagen worden tumoren met een infiltratie diepte van 4 mm of 
minder niet gezien op de CT.

Op grond van de hierboven beschreven resultaten werd een prospectief onderzoek 
gestart, waarvan de resultaten in hoofdstuk 8 zijn beschreven. Vierenvijftig 
opeenvolgende patiënten met een primaire tumor in de mondholte of oropharynx 
werden onderzocht. Bij alle patiënten werd preoperatief onderzoek uitgevoerd 
bestaande uit lichamelijk onderzoek, X-thorax, CT en US met dunne naald aspiratie en 
cytologie (FNAC) van het hoofdhalsgebied en FDG PET. De resultaten werden 
gescoord per halszijde en geclassificeerd op basis van het aantal metastasen: 0 (geen 
metastasen), 1 (enkele metastase) en 2 (multipele metastasen). De sensitiviteit per 
halszijde was 96%, 85% en 64% voor respectievelijk FDG PET, CT en US/FNAC en 
de specificiteit was respectievelijk 90%, 86% en 100%. Gelet op de classificatie bleek 
FDG PET de beste overeenstemming te tonen met de histologische bevindingen. 
Daarnaast werd in deze studie bij negen patiënten (17%) een tot dan toe onbekende 
tweede primaire tumor ontdekt. Er kan geconcludeerd worden dat het implementeren 
van FDG PET in het diagnostisch algoritme leidt tot een verbeterde preoperatieve 
stagering van patiënten met een primaire tumor in het hoofdhalsgebied.

Tweede primaire tumoren zijn een belangrijke doodsoorzaak bij patiënten met een nog 
beperkte tumor in het hoofdhalsgebied. De hoge mortaliteit wordt voornamelijk 
veroorzaakt door late detectie. Het verhoogde risico op deze tweede primaire tumoren 
wordt wel verklaard door het “field cancerization” concept, waarbij meerdere 
carcinogenen invloed hebben op het epitheel van de bovenste luchtwegen. 
Epidemiologische studies hebben aangetoond dat deze tweede primaire tumoren 
voorkomen met een constante frequentie van 3% per jaar. Gelet op de bevindingen 
beschreven in hoofdstuk 8 is onderzocht of FDG PET in staat is om het percentage 
dubbeltumoren dat tijdens initieel onderzoek wordt ontdekt te verhogen. De resultaten 
van een prospectief uitgevoerd onderzoek worden beschreven in hoofdstuk 9. Bij 68 
patiënten met een index tumor in de mondholte of oropharynx is FDG PET gedaan en 
zijn de bevindingen vergeleken met het percentage dubbeltumoren dat is ontdekt d.m.v. 
lichamelijk onderzoek, X-thorax of CT van het hoofdhals gebied. Bij 12 patiënten werd 
d.m.v. FDG PET (18%; 95% betrouwbaarheidsinterval: 8-28%) een tweede primaire 
tumor ontdekt. Dit bleek een significante verbetering te zijn (p=0.016) ten opzichte van 
het aantal dubbeltumoren ontdekt d.m.v. de huidige diagnostische modaliteiten (7%; 
95% betrouwbaarheidsinterval: 1-13%). Een van deze dubbeltumoren bleek een 
papillair schildklier carcinoom te zijn. Bij geen van de patiënten werd tijdens een 
follow-up van ten minste 6 maanden nog andere dubbeltumoren gevonden. Met behulp 
van FDG PET blijkt het dus mogelijk om een aantal dubbeltumoren, welke nog niet 
met de huidige diagnostische modaliteiten zijn aan te tonen, eerder te diagnostiseren.

In hoofdstuk 10 worden twee patiënten beschreven, waarbij door middel van FDG 
detectie met een coïncidentiecamera tumoren met een diameter kleiner dan 1 cm
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gedetecteerd werden. Naast het detecteren van onbekende tweede primaire tumoren, 
zoals beschreven in voorgaand hoofdstuk, blijkt het dus ook mogelijk te zijn om met 
deze techniek kleine tumoren te visualiseren. Op grond van deze twee bevindingen 
werd een pilotstudy gestart naar de detectie van onbekende primaire tumoren bij 
patiënten die zich presenteren met halskliermetastasen als eerste uiting van een, naar 
alle waarschijnlijkheid, maligniteit in het hoofdhalsgebied. Uit literatuuronderzoek is 
gebleken dat, ondanks uitgebreide diagnostiek, bij 2% tot 3% van deze patiënten de 
primaire tumor niet gevonden wordt. Gelet op de behandeling en prognose is het van 
belang om de primaire tumor te lokaliseren, waardoor een meer gerichte behandeling 
gegeven kan worden. Het uiteindelijke doel is om bijwerkingen van behandeling te 
reduceren en om de prognose te verbeteren. In hoofdstuk 11 worden 10 patiënten 
beschreven met cervicale lymfekliermetastasen van een klinisch nog niet bekende 
primaire tumor. Bij 5 patiënten werd de primaire tumor gelokaliseerd door middel van 
FDG detectie met een dubbelkops coïncidentiecamera. Bij een zesde patiënt werden 
onverwacht meerdere lokalisaties gevonden met verhoogde FDG stapeling, hetgeen 
overeen bleek te komen met Non-Hodgkin lymfoom lokalisaties. Bij 5 patiënten 
werden ten slotte tot dan toe onbekende metastasen gevonden. Op basis van de 
bevindingen bij FDG PET werd bij 5 patiënten uiteindelijk het behandelingsplan 
gewijzigd. Ondanks het beperkte aantal onderzochte patiënten lijkt FDG detectie met 
een coïncidentiecamera van grote waarde te zijn bij het opsporen van “occulte” 
tumoren in het hoofdhalsgebied. De bevindingen bij FDG PET zouden gebruikt moeten 
worden als leidraad voor endoscopische evaluatie met betrekking tot het detecteren van 
primaire tumoren, maar ook voor het vaststellen van de uitgebreidheid van 
metastasering.

17.4 FDG DETECTIE MET EEN COÏNCIDENTIECAMERA:

Overige tumoren

In autopsie studies is gevonden dat 1% tot 10% van de mensen een occulte tumor van 
de schilklier blijkt te hebben. In hoofdstuk 12 worden drie patiënten besproken met een 
primaire tumor in het hoofdhals gebied, bij wie op verschillende wijze een klinisch 
onbekende schildkliertumor werd ontdekt. Bij één van deze patiënten werd het 
schildkliercarcinoom ontdekt door middel van FDG PET, de tumor bleek een diameter 
van 0.5 cm te hebben. Naar aanleiding van deze bevindingen wordt de mogelijke 
waarde van FDG PET bij de detectie en analyse van gedifferentieerde 
schildkliercarcinomen besproken. De resultaten met betrekking tot de detectie van 
tweede primaire tumoren (hoofdstuk 9) en occulte tumoren (hoofdstuk 10) suggereren 
dat, door het toepassen van FDG PET bij patiënten met primaire hoofdhalstumoren, 
meer klinisch occulte dubbeltumoren in de schildklier zullen worden ontdekt.
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In recente studies is de waarde van het FDG PET beschreven bij het evalueren van 
patiënten bij wie het vermoeden bestaat op een recidief schildkliercarcinoom. Bij 
patiënten met een schildkliertumor en een verhoogde thyreoglobuline (Tg) spiegel in 
het bloed blijkt er een omgekeerde relatie te bestaan tussen de mate van jodium-131 (I- 
131) opname en FDG stapeling in het tumorweefsel. Uit prospectief onderzoek is 
gebleken dat bij 82% tot 89% van de patiënten met verhoogde Tg-spiegels, maar met 
een negatief 1-131 scintigram, alsnog met behulp van FDG PET een tumor lokalisatie 
gevonden kan worden. Op grond van deze literatuurgegevens is een pilotstudy gestart 
bij 11 patiënten bij wie het vermoeden bestond op een recidief gedifferentieerd 
schildkliercarcinoom. De resultaten van dit onderzoek naar de waarde van FDG 
detectie met een coïncidentiecamera worden in hoofdstuk 13 beschreven. Alle 
patiënten hadden verhoogde Tg-spiegels. Bij zeven patiënten met een negatief 1-131 
scintigram toonde FDG PET verhoogde activiteitsstapeling in het hoofdhalsgebied. Bij 
alle 7 patiënten kon door middel van histologisch onderzoek de diagnose recidief tumor 
bevestigd worden. Bij één patiënt met een positief 1-131 scintigram kwam de afwijking 
overeen met de afwijking zichtbaar op de FDG PET studie. In geen van de 3 patiënten 
met een negatief 1-131 scintigram en een negatieve FDG PET studie werd een recidief 
gevonden tijdens meer dan een jaar follow-up. De kleinste lokalisatie bleek een 
diameter van 0.5 cm te hebben, hetgeen in overeenstemming is met eerder gevonden 
resultaten. In de literatuur wordt beschreven dat patiënten die een recidief hebben dat 
geen 1-131 meer opneemt vaker een invasief proces hebben, hetgeen een hogere 
maligniteitsgraad en dus een slechtere prognose suggereert. De waarde van FDG PET 
voor de prognose van patiënten met een verdenking recidief schildkliercarcinoom moet 
nog worden vastgesteld in prospectieve studies. De in dit hoofdstuk beschreven 
resultaten tonen echter de toepasbaarheid aan van FDG detectie met een coïncidentie 
camera bij patiënten bij wie het vermoeden bestaat op een recidief gedifferentieerd 
schildkliercarcinoom.

In hoofdstuk 14 wordt de waarde van FDG detectie met een coïncidentiecamera 
onderzocht voor het vaststellen van mediastinale lymfekliermetastasen bij patiënten 
met een niet-kleincellig longcarcinoom (NSCLC). In deze studie werden 33 patiënten 
met een niet behandeld NSCLC onderzocht, waarbij FDG PET werd vergeleken met 
CT. De resultaten van de mediastinoscopie werden vervolgens gebruikt om patiënten te 
selecteren voor een in opzet curatieve thoracotomie. FDG PET bleek een significant 
hogere sensitiviteit (pcO.OOl) en specificiteit (pcO.OOl) te hebben dan CT bij het 
vaststellen van lymfekliermetastasen. Met behulp van FDG PET werden 27 patiënten 
goed gestageerd tegenover 20 patiënten op grond van de CT. Daarnaast werd bij 8 
patiënten op andere plaatsen verhoogde FDG stapeling gevonden, hetgeen bij 7 
patiënten onbekende tumorlokalisatie bleek te betreffen. Op grond van deze resultaten 
wordt geconcludeerd dat het mogelijk is om bij patiënten met NSCLC mediastinale 
lymfeklieren te beoordelen met FDG detectie door middel van een coïncidentiecamera. 
Op grond van de hoge negatief voorspellende waarde is te verwachten, dat in de 
toekomst mediastinoscopie achterwege gelaten kan worden bij patiënten met een
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negatieve PET studie. Indien andere intrapulmonale lokalisaties met verhoogde FDG 
stapeling worden gevonden, is nadere analyse noodzakelijk gezien de hoge kans op 
maligniteit.

In hoofdstuk 15 worden ten slotte de resultaten besproken van FDG detectie met 
een coïncidentiecamera bij patiënten bij wie de verdenking bestaat op een recidief 
hersentumor. Maanden tot jaren na de behandeling voor een primaire hersentumor 
kunnen patiënten zich melden met klachten of tekenen die zouden kunnen passen bij 
radionecrose, dan wel recidief tumorgroei. Met CT en/of MRI met of zonder contrast 
blijkt het vaak niet goed mogelijk te zijn om te differentiëren tussen een recidief dan 
wel posttherapeutische veranderingen. Zowel Tl-201 SPECT als FDG detectie met een 
dedicated PET scanner blijken van grote waarde te zijn om dit onderscheid te kunnen 
maken. Resultaten met behulp van een coïncidentie camera zijn echter nooit 
beschreven. Bij 16 patiënten bij wie het vermoeden bestond op een recidief glioom 
werd op één dag zowel Tl-201 SPECT als FDG detectie met een coïncidentie camera 
uitgevoerd. De definitieve diagnose was gebaseerd op het klinisch beloop en follow-up 
CT of MRI studies. De sensitiviteit voor het aantonen van een recidief was 92% voor 
Tl-201 SPECT en 62% voor FDG PET. Één patiënt bleek 9 maanden na beide 
negatieve onderzoeken alsnog een recidief te hebben. De statische analyse (McNemar 
test) toonde een significant verschil tussen beide diagnostische modaliteiten. De slechte 
resultaten van FDG PET zijn te verklaren door een combinatie van factoren zoals een 
slechte tumor-achtergrond ratio en posttherapeutische veranderingen in het 
glucosemetabolisme. Tevens zijn hypometabole hooggradige gliomata beschreven, die 
een relatief betere prognose hebben dan de hypermetabole gliomata. Op grond van deze 
resultaten wordt geconcludeerd, dat Tl-201 SPECT beter is voor het aantonen of 
uitsluiten van recidief hersentumoren dan FDG detectie met een dubbelkops 
coïncidentie camera. Het prolongeren van de huidige studie was op grond van de 
slechte resultaten niet gerechtvaardigd.

17.5 Algemene discussie

Positron emissie tomografie (PET) met F18-fluorodeoxyglucose (FDG) is een 
beeldvormende techniek waarmee de hoge glucoseopname en het verhoogde 
celmetabolisme in tumoren wordt gevisualiseerd. Naast de productie van kortlevende 
radionuclides in een cyclotron is een speciale camera nodig voor het detecteren van de 
511-keV annihilatiefotonen. De afgelopen jaren zijn er distributiecentra gekomen voor 
het verspreiden van FDG, maar de kosten van een dedicated PET scanner vormen 
echter nog steeds een belemmering voor een uitgebreide implementatie van deze 
techniek in de Nucleaire Geneeskunde.

In de jaren negentig is er een dubbelkops coïncidentiecamera beschikbaar gekomen 
waarmee FDG detectie mogelijk zou kunnen zijn. Ondanks de lagere efficiëntie voor 
het detecteren van de annihilatiefotonen en het ontbreken van attenuatiecorrectie, lijken
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optimale tumor-achtergrond ratio’s en een spatiele resolutie in de orde van 4-6 mm 
(FWHM) voldoende compensatie te bieden voor de relatieve beperkingen. Daarnaast 
behoudt deze camera de mogelijkheid om patiëntenstudies uit te voeren waarbij gebruik 
gemaakt wordt van Tc99m gelabelde farmaca, Tl-201 chloride of Ga67-citraat.

De in dit proefschrift beschreven onderzoeken tonen de klinische toepasbaarheid aan 
van FDG detectie met behulp van deze dubbelkops coïncidentiecamera en dan vooral 
bij patiënten met tumoren in het hoofdhalsgebied, niet-kleincellige longtumoren en bij 
patiënten bij wie het vermoeden bestaat op een recidief schildkliercarcinoom. Ondanks 
het ontbreken van de attenuatiecorrectie blijken zelfs metastasen in het mediastinum 
goed gedetecteerd te kunnen worden met deze techniek. De kleinste tumor die met deze 
camera gevisualiseerd kon worden had bij histologisch onderzoek een diameter van 4 
mm. De detectie van dergelijke kleine tumoren zou verklaard kunnen worden door een 
combinatie van een optimale tumor-achtergrond ratio en het feit dat tumoren omgeven 
kunnen worden door ontstekingsactiviteit.

In de diverse hoofdstukken in dit proefschrift is de algemene klinische praktijk als 
uitgangspunt genomen om de toepasbaarheid van FDG detectie met een 
coïncidentiecamera te onderzoeken. Hierbij zijn criteria gebruikt voor het beoordelen 
van de PET studies die ook gebruikt zijn bij het selecteren van patiënten voor 
mediastinoscopie, een halsklierdissectie of laryngoscopie onder algehele narcose. 
Vanwege de hoge sensitiviteit en de hoge negatief voorspellende waarde van FDG 
detectie met een coïncidentiecamera, is het te verwachten dat mediastinoscopie, 
laryngoscopie en halsklierdissecties vermeden kunnen worden bij patiënten met 
NSCLC en bij patiënten, bij wie het vermoeden bestaat op een primair of recidief 
maligne proces in het hoofdhalsgebied. Mede hierdoor is een verbetering van de 
kosteneffectiviteit te verwachten zoals die beschreven is voor de FDG detectie met 
dedicated PET scanners. In dit proefschrift wordt dit echter niet verder uitgewerkt.

Het verdient aanbeveling om fokaal verhoogde FDG stapeling nauwkeurig te 
evalueren. Ondanks de foutpositieve resultaten tengevolge van benigne afwijkingen of 
artefacten en ongeacht de lokalisatie van de index tumor, blijkt deze bevinding vaak 
een onbekende maligne afwijking te betreffen. Vooral lokalisaties die passen binnen het 
“field cancerization” concept moeten histologisch geverifieerd worden om tweede 
primaire tumoren uit te sluiten.

Het interval tussen een positieve PET studie en de histologische bevestiging van 
maligniteit liep in enkele van de beschreven onderzoeken op tot ongeveer 6 maanden. 
Daarnaast werd bij geen van de patiënten met een negatieve PET studie een maligniteit 
gevonden gedurende een periode van ten minste 6 maanden. Binnen dit kader is het 
moeilijk om de bevinding zoals in hoofdstuk 6 is beschreven te plaatsen, waarbij het 
interval tussen een positieve PET studie en de histologische bevestiging van een 
recidief tumor 11 maanden was. Het is hierbij niet duidelijk of we te maken hebben met 
de vroegtijdige detectie van een lokaal recidief of een initieel foutpositief resultaat 
tengevolge van lokale ontstekingsactiviteit, radionecrose of een artefact. Gezien het feit 
dat ongeveer 50% van de patiënten bij wie het vermoeden bestaat op een tumor recidief
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met een positieve PET studie ook werkelijk een recidief ontwikkelen tijdens follow-up, 
verdient het aanbeveling om deze patiënten regelmatig te blijven controleren. De 
waarde van follow-up PET studies bij dergelijke patiënten dient echter bevestigd te 
worden in prospectieve studies, die meer gericht zijn op prognose en overleving.

17.6 Toekomstperspectieven

Recent is de attenuatiecorrectie beschikbaar gekomen voor FDG detectie met behulp 
van een coïncidentiecamera. Hierdoor is het te verwachten, dat de resultaten met 
betrekking tot de thorax zullen verbeteren en dat FDG detectie in het abdomen tot de 
mogelijkheden gaat behoren. Bij het reconstrueren van de beelden van hersenen was 
reeds gebruik gemaakt van een standaard attenuatiecorrectiecoëfficiënt. Het is derhalve 
niet te verwachten, dat de resultaten met betrekking tot de detectie van recidief 
hersentumoren verbeterd zullen worden indien gebruik wordt gemaakt van een door 
middel van metingen verkregen attenuatiecorrectie. Een opname van het gehele 
lichaam blijft daarom beperkt tot beeldvorming vanaf de schedelbasis tot en met de 
voeten.

Het uiteindelijke doel van de beeldvormende wetenschappen is, om te komen tot 
beeldfusie. Metabole studies, zoals FDG PET, en de meer anatomisch gerelateerde 
onderzoeken, zoals CT en MRI, worden gecombineerd tot een anatomisch-functioneel 
beeld. Hierdoor is een verbetering van de beeldvormende diagnostische accuratesse te 
verwachten, terwijl aanvullende onderzoeken zoals endoscopieën gerichter uitgevoerd 
kunnen worden. Recent zijn er veelbelovende resultaten beschreven, maar een 
definitieve rol in deze voor FDG detectie met een dubbelkops coïncidentiecamera moet 
nog prospectief onderzocht worden.
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heb gekregen voor het verrichten van het onderzoek. Jullie inspanningen en 
enthousiasme bij het uitvoeren en het beoordelen van de onderzoeken evenals bij het 
verwerken van de resultaten hebben een stimulerende invloed gehad. De praktische 
steun en de prettige samenwerking hebben geleid tot vele publicaties en voordrachten, 
maar vooral tot een hoog tempo van onderzoek. Voor mij is dit van grote waarde 
geweest, zeker gezien de internationale ontwikkelingen.

Alle co-auteurs, voor het kritisch doorlezen van de vele manuscripten en het toevoegen 
van klinisch relevante informatie. Bovenal, door jullie medewerking hebben vele 
patiënten aan het onderzoek deelgenomen en is de weg van Chirurgie naar Nucleaire 
Geneeskunde een bekende route geworden.

Mijn ouders, omdat ze mij in staat hebben gesteld om te studeren.

Henriëtte, Carline, Annick en Leanne, voor jullie eindeloze zorg en onvoorwaardelijke 
steun. Daarom is dit proefschrift aan jullie opgedragen.
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Curriculum vitae

De auteur van dit proefschrift werd op 21 november 1962 geboren te Amsterdam. In 
1981 behaalde hij het eindexamen Atheneum aan het Keizer Karei College te 
Amstelveen. In datzelfde jaar werd begonnen met de studie geneeskunde aan de Vrije 
Universiteit te Amsterdam. Het artsexamen werd behaald op 20 mei 1988.

Na zes maanden als Senior House Officer op de afdeling Orthopaedic Surgery and 
Traumatology van de Cumberland Infirmary in Carlisle, Engeland, gewerkt te hebben, 
was hij voor een periode van 3 jaar als arts-assistent verbonden aan het Antoni van 
Leeuwenhoekhuis te Amsterdam. Gedurende het laatste jaar van deze periode werkte 
hij als wetenschappelijk medewerker op de afdeling Nucleaire Geneeskunde. Vanaf 1 
januari 1993 werd begonnen met de specialisatie tot nucleair geneeskundige op de 
afdeling Nucleaire Geneeskunde van het Academisch Ziekenhuis Leiden (opleider Drs. 
J.W. Arndt). In het kader van deze specialisatie was hij gedurende 1 jaar werkzaam als 
assistent-geneeskundige-in-opleiding in het Medisch Centrum Alkmaar (opleider Dr.
I.W. Bronsveld). Vanaf zijn inschrijving in het Specialistenregister in januari 1997 is 
hij als staflid verbonden geweest aan de afdeling Nucleaire Geneeskunde van het 
Academisch Ziekenhuis Utrecht (hoofd Dr. P.P. van Rijk). Vanaf die tijd verrichtte hij 
in nauwe samenwerking met de afdelingen KNO, Mondziekten en Kaakchirurgie, 
Longziekten, Thoraxchirurgie, Neurologie, Endocrinologie en Radiotherapie de 
onderzoeken beschreven in dit proefschrift. Sinds 1 januari 1999 is de auteur als 
stafarts verbonden aan de subafdeling Nucleaire Geneeskunde (hoofd Prof. Dr. E.K.J. 
Pauwels) van de afdeling Radiodiagnostiek (hoofd Prof. Dr. J.L. Bloem) van het Leids 
Universitair Medisch Centrum.
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Stellingen

BEHORENDE BIJ HET PROEFSCHRIFT 

“The clinical applicability of F18-FDG detection 

WITH A DUAL-HEAD COINCIDENCE CAMERA”

1. Patiënten bij wie het vermoeden bestaat op een tumorrecidief in het hoofdhalsgebied dienen 
voor de endoscopie een PET scan te ondergaan. Een negatieve PET scan is beter dan een 
negatief biopt.

2. Bij patiënten met een primaire tumor in het hoofdhals- of thoraxgebied verdienen andere 
lokalisaties van verhoogde FDG stapeling in dit gebied nadere analyse ter uitsluiting van 
een tweede primaire tumor.

3. Tumoren kleiner dan één centimeter kunnen met behulp van een coïncidentiecamera 
aangetoond worden. Camera sensitiviteit bepaalt maar voor een deel de klinische 
sensitiviteit van FDG PET.

4. De anatomische grenzen voor FDG detectie met een coïncidentiecamera zonder 
attenuatiecorrectie worden gevormd door het foramen magnum en het diafragma. De 
implementatie van attenuatiecorrectie verruimt de diagnostiek alleen naar caudaal.

5. De noodzaak om door middel van transmissiescanning een attenuatiecorrectiemap te maken 
zit hem in de genen.

6. De specificiteit van FDG PET kan verbeterd worden door het beschikbaar zijn van 
klinische gegevens en ervaring.

7. De klinische toepasbaarheid van FDG detectie met een dubbelkops coïncidentiecamera is 
wetenschappelijk aangetoond. De klinische toepassing wordt echter negatief beïnvloed 
door FDG PET en FDG SPECT.

8. De toepassing van FDG PET in de oncologie is kosteneffectief voor wat betreft de 
diagnostiek. Of dit ook geldt voor morbiditeit en mortaliteit moet nog onderzocht worden.

9. De term “Positron Emissie Tomografie” (PET) dient eigenlijk vervangen te worden door 
“Coïncidente Detectie van Annihilatiefotonen” (CDA). Het gevaar bestaat dat de 
waardering voor dit onderzoek afhankelijk van stemming wordt.



10. Door het toedienen van een geringe hoeveelheid straling aan mensen kan de ontwikkeling 
van tumoren voorkomen worden (Hormesis). Het is derhalve wenselijk om naast een 
afdeling Radiotherapie een afdeling Radiopreventie te hebben.

11. Het reizen met de NS kan heden ten dage tot de kansspelen gerekend worden. Het kopen 
van meer kaartjes verhoogt echter niet de kans om op tijd op de juiste plaats aan te komen.

12. Het gezegde “Jan en Alleman” impliceert dat vrouwen en kinderen worden uitgesloten. De 
verklaring volgens van Dale: iedereen, vooral het geringere volk, is derhalve niet juist.

13. Uitgeslagen tanden zijn normaal al na een kwartier dood, maar als ze in melk bewaard 
worden overleven ze een hele dag. Het tijdperk van de tandenloze voetballer in the Premier 
League lijkt derhalve voorbij.

Bennebroek, 19 mei 1999 Marcel P.M. Stokkel






