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I. INTRODUCTION

1. Positron Emission Tomography

Today, positron emission tomography (PET) is one of the most modern
non-invasive biomedical imaging methods, which effectively helps us study the
physiological or pathological conditions of different organs or tissues, determine
biological-biochemical parameters of the metabolic processes and localize them
anatomically.

Briefly, biologically active molecules labeled with positron emitting
isotopes produced in cyclotron are injected into the human body or inhaled by the
patient. The equilibrium distribution, which is characteristic of the tracer, has
important diagnostic information in practice.

The most frequently used tracer in PET studies with oncological indication
is a glucose analogue, the ['*F]-fluoro-2-deoxi-D-glucose (FDG). FDG, similarly
to glucose, is taken up by the cells and is phosphorylated by hexokinase, but never
enters the next steps of glycolysis, because the presence of an O atom at C2
position is necessary for further breakdown. Except in the liver, the activity of
glucose-6-phosphatase is very low in human cells, therefore the FDG-6-phosphate
accumulates in the cells. Furthermore, this molecule is of highly polar nature,
therefore its diffusion through the cell membrane is very slow, thus it gets trapped
in the cells. It follows from the above that the intracellular concentration of FDG
shows a close relationship with the glucose consumption of the tissue.

Although high FDG uptake may refer to tumorous disease, it is by no means
considered a specific sign of tumorous diseases. Inflammatory processes also show
increased FDG uptake, which results in false positive findings. There are several so
called “benign” processes, such as tuberculosis, sarcoidosis, fungal infections, non-
specific granulomas, pancreatitis, abscessus, fractures or acute changes in the

tissues following irradiation or surgery.



Over the past decade, PET has become a most valuable and cost-effective
method in several oncological indications supported by the fact that there are 8
oncological indications among the PET examinations financed by Medicare in the

USA.

Indication / clinical condition Financing

Solitary Pulmonary Nodules Characterization

Non-Small Cell Lung Cancer Diagnosis, staging and restaging

Esophageal Cancer Diagnosis, staging and restaging

Colorectal Cancer Diagnosis, staging and restaging

Lymphomas Diagnosis, staging and restaging

Melanoma Diagnosis, staging and restaging
Non-covered for evaluating regional nodes

Breast Cancer Diagnosis, staging and restaging,
follow-up of therapy

Head and Neck Cancers (excluding Diagnosis, staging and restaging

central nervous system and thyroid)

Myocardial Viability Covered after inconclusive SPECT result
Refractory Seizures Covered for pre-surgical evaluation

2. Medullary Thyroid Cancer

Medullary thyroid carcinoma (MTC) originating from the parafollicular
cells (C cells) of the thyroid gland is responsible for 5%-12% of all malignant
thyroid tumors. Most of the MTC (70-75%) are sporadic. The remainder 25-30%
has autosomal dominant inheritance and includes 3 well-defined syndromes:
familial MTC (FMTC) and multiple endocrine neoplasia types 2A and 2B (MEN
2A [MTC; phaeochromocytoma; parathyroid hyperplasia or adenoma] and MEN
2B [MTC; phaeochromocytoma and typical stigmata: ganglioneuromatosis in the
gastrointestinal tract, marfanoid habit, mucosal neurinomas, colon dysfunction,
thickening of the corneal nerve, tooth and bone anomalies]).

Similarly to C-cells, the tumor cells also secrete calcitonin, whose

measurement is useful in primary and follow-up diagnostics. In addition, secretion



of other neurohormones (e.g. ACTH hormone, somatostatin, histamine, serotonin,
etc.) is also observed.

MTC generally develops in one of the lobes of the thyroid gland at the
upper-middle third. In the course of growth, the tumor easily infiltrates the tissue,
and, having broken through the first anatomic barrier, the capsule, it spreads to the
surrounding tissues. At the same time, similarly to papillary cancers, intraglandular
metastases may develop through the rich lymphatic drainage of the thyroid gland.
Multifocality can also be caused by the polyclonality of the familial forms.

The regional lymph nodes (LNs) of the thyroid gland are cervical and upper
mediastinal ones. The first and most frequently involved region of lymphatic
spreading is the central cervical compartment. From here the tumor disseminates to
the base of the skull through the lateral cervical compartment on the one hand, and
to the upper mediastinum through the pretracheal-paratracheal-paraphryngeal
lymphatic chain on the other hand. Lymphatic disseminations are rarely observed
in LNs of the submental region, along the accessory nerve or the mammary artery
in the mediastinum.

The liver, lung and bones are also involved in the disease due to the
hematogenic spread of the tumor cells. In the literature, depending on the form of
the disease (familial or sporadic, type of inheritance, early or advanced disease),
distant metastases are reported to be 2-33% of the cases at the time of primary
staging, while this value is higher through the follow-up, at 45%.

Surgery is a treatment of choice for MTC. Routine lymphadenectomy of the
cervico-central compartment as part of thyroidectomy is recommended and widely
accepted. It is also accepted that compartments which obviously contain LN
metastases should be dissected. LN dissection may be omitted in patients identified
with genetic screening, when C-cell hyperplasia is proved histologically from a
frozen section of the operation. If reoperation is indicated after the primary care it
should at least consist of completion of thyroidectomy and cervico-central

lymphadenectomy if not performed previously.

4



Among non-surgical therapies, treatments performed with different
radionuclides (*°Y labeled octreotide or radioiodinated anti-CEA monoclonal
antibody) or external irradiation by individual consideration may be considered.

#"Te-pertechnetate thyroid scintigraphy and US of the neck/thyroid gland
play a role in the presurgical check-up of MTC. Similarly to other thyroid tumors,
MTC is depicted as a cold nodule in one of the lobes on the scintigraphic images.
Ultrasonographically a hypo-echogenic solid lesion can be seen in the gland. In
contrast with scintigraphy, US investigations inform about the state of the cervical
LNs. Additional useful information may be obtained with cervical, chest and
abdominal CT or MRI during the staging procedures.

After primary care, elevated serum tumor marker (calcitonin and CEA)
levels suggest residual or recurrent tumorous tissue. Furthermore, paraneoplastic
symptoms (diarrhea, flush) may occur in 20% of the cases mainly accompanying
the marker level elevation or rarely by themselves. It is always a challenge for
clinicians to search for tumorous foci. Investigations based on morphology (US,
CT, MRI) are usually limited to depicting the shape and structure of the organs.
Estimation of LN involvement is also delimited, since LNs of >1 c¢m in short
diameter are considered to be pathologic. However, this differentiation may be
deficient, because the dimension of the pathologic LN may be below this size.
Beside the structural methods many techniques of nuclear medicine play a role in
the detection of metastases, but the relatively bad resolution of the method and the
varying tracer accumulations can lead to false negative results. The efficiency of
detection of metastases using different radiopharmaceuticals varies generally with
low sensitivity.

FDG PET investigations have been used successfully in the follow-up of
patients with differentiated thyroid cancer. FDG PET examinations were reported
to be a sensitive and specific method in the detection of metastases of papillary,
follicular and Hiirtle-cell carcinoma of the thyroid in cases with elevated serum

thyroglobulin level and negative whole body 1odine scintigraphy. There have been
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a few studies about PET examinations in MTC patients, all with promising results.
According to the low incidence of MTC, the number of patients published was
below 20 except for a single study. The authors agreed that PET has a higher
sensitivity in the detection of tumorous tissue.

However, there is no single sensitive diagnostic imaging modality for the

localization of all metastases in patients with MTC.

I1. AIMS OF THE PRESENT STUDY

1. There are few publications about the role of PET in MTC diagnostics. The
first studies gave promising results, however only small numbers of
patients were included. In our study, results of PET are compared to
conventional imaging methods (Us, CT, MRI, Bl
metaiodobenzylguanidine [MIBG] whole body scintigraphy) in a large
proportion of patients. Based on our results, the relation between elevated
tumor marker levels and PET positive findings is also studied.

2. The presence and localization of LN metastases are important prognostic
factors. There are macroscopic metastases in the cervical and mediastinal
LNs in approximately half of the cases at the time of the primary
diagnosis. Since the surgical removal of metastases is the only curative
therapy, initial staging is important in drawing up the plan of treatment.
The efficiency of PET in preoperative diagnostics is investigated, and the
results are compared to those of other imaging methods.

3. We deduce the principles of lymphatic spreading of MTC on the results of
PET studies and the patients’ history.



III. PATIENTS AND METHODS

1. Patients

88 patients (37 females, 51 males) were included in the study and were
divided into 2 groups depending on whether the diagnostic imaging procedures
were performed before or after primary care.
Group A (preoperative diagnostics). 17 patients (2 females; 15 males; aged
between 12-70 years; mean age + SD, 34.8 + 18.3 years) were included in this
group, 5 with sporadic and 12 with one kind of hereditary (8 MEN2A, 4 FMTC)
form of MTC. Based on genetic screening, now also available in Hungary, 11 of
the latter patients were certainly mutant gene carriers. After the diagnostic
procedures all but two patients underwent total (n=14) or near-total (n=1)
thyreoidectomy with cervico-central lymphadenectomy. Further cervical LN
dissection was performed on the left side in 2 patients, on the right side in 1 patient
and on both sides in 1 patient. Genetically screened patients underwent
prophylactic thyroidectomy to prevent developing MTC and metastatic spreading.
The disease was considered inoperable in two cases, only biopsies were performed
for histological analysis.
Group B (postoperative diagnostics). After primary care, 71 patients (35 females,
36 males; age at the time of diagnosing MTC ranging between 8-73 years; mean
age = SD, 43.7 £ 14 years) with a history of MTC were analyzed. Among the
patients 37 had sporadic diseases, 4 FMTC and 21 MEN 2 (16 MEN 2A and 5
MEN 2B) syndrome. In 2 cases the type of inheritance was not settled. Typization
was not done in 7 patients owing to lack of sufficient data. Patients with
postoperatively elevated or rising tumor marker levels were included. If these
levels were normal in normal range, positive finding of some imaging method
(radiology first) or persisting general tumor symptoms were the inclusion criterion.
All but 5 patients in group B had undergone total, near-total, or subtotal

thyroidectomy, and 45 had undergone LN removal. Sternotomy because of the
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atypical localization of the primary tumor in the mediastinum and left or right
lobectomy were performed in the exceptional cases. External irradiation was used
as supplementary therapy in 43 patients, 9 received "'I-MIBG radionuclide
therapy, and 3 had chemotherapy.

2. Tumor Marker Determination

Basal plasma calcitonin level (reference level, <10 pg/ml) was measured by
human calcitonin enzyme-linked immunosorbent assay (CIS Bio International, Gif
sur Yvette, France) with 2 monoclonal antibodies, and CEA (reference level, <6
ng/ml) was determined by luminometry. The marker levels were assessed

postoperatively after 2 months and at 6-month intervals thereafter.

3. Imaging

All diagnostic imaging examinations of the same patient were performed at
least 3 months after any therapy. Written consent was obtained from all patients
before the start of the procedures.
PET investigations. FDG PET studies were performed with a 4096 Plus scanner
(General Electric, Uppsala, Sweden) providing fifteen 2-dimensional sections over
an axial field of view of 10 cm. The in-plane resolution was 5.5 mm (full width at
half maximum), and the axial resolution was 6 mm. In order to reduce the
hindrance of FDG uptake due to physiologic glucose the patients were not allowed
to eat or drink food containing carbohydrate for at least 4 hours before the
examinations with oncological indication. The patients were also reminded to
abstain from major physical activity for 48 hours before the study and to drink
enough water hours prior to the examination. Whole body examinations begun 40-
60 min after receiving 5.55 MBq/kg (0.15 mCi/kg) FDG in intravenous injection
and took 70-90 min from the pelvis to the base of the skull in 7-9 steps of bed
movement. The patients were also requested to rest in the 40-60 min period after

the injection. The acquired data were reconstructed using in part filtered
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backprojection with a Hanning filter and an iterative method. We did not correct
for tissue attenuation to spare patients from the extra inconvenience of a lengthy
transmission scan.
Radiology. US of the neck was done using an apparatus with high frequency
transducers. Native and contrast-enhanced helical CT scanning was performed with
a Somatom HR (Siemens, Erlangen, Germany) scanner, with a slice thickness of 5
mm from the base of the skull to the apex of the lung and a slice thickness of 10
mm for the rest of the body. Axial and coronal unenhanced T1-, T2-, and
protonweighted images of the neck, chest, and abdomen were obtained with a 1.5-
T MRI unit (Magnetom; Siemens) for all patients, excluding 5 individuals with
claustrophobia. The T1 axial sequences were repeated after the administration of
contrast material.
Isotope diagnostics. In both groups of patients, overlapping multiple planar
images of the whole body were obtained for all patients, 48—72 h after the injection
of 40 MBq "'I-MIBG. Additional SPECT scans were obtained for some patients.
Bone scintigraphy with *"Tc-MDP carried out routinely or because of suspected
bone metastases to supply the diagnostic check-up.

Investigations performed (number of patients) in both group are displayed

in the following table.

Imaging Preoperative staging Postoperative staging
(SN} 17 60
CT 17 67
MRI 16 47
MIBG 16 65
Bone scintigraphy 3 51
FDG-PET 17 71

4. Interpretation
FDG accumulation with a sharp contour was regarded as pathologic, if
physiologic uptake of some organ was ruled out and the accumulation of the lesion
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was twice as high as that of the surrounding (background) tissue. LNs of >1 cm in
short diameter that were detected by radiological methods were likewise
considered to be pathologic. Diffuse or focal tracer uptake different from the
physiologic distribution on the isotope diagnostic images was also regarded as
pathologic. To determine LN involvement, 9 lymphatic regions were defined:
central, left and right cervical regions, left and right supralavicular regions, left and
right axillary regions and the mediastinum. The pulmonary hili were bilaterally
included in the mediastinum. Less lymphatic regions were taken into account in
US and MIBG examinations, 5 (neck and supraclavicular) and 8 (except the central
cervical region), respectively. Arrangement of LN abnormalities observed in each
investigation was based on this classification.

Frequencies of the affected lymphatic regions were determined on the basis
of the data of 58 patients with hypercalcitoninemia during the follow up. Results of
PET were taken into account as well as the documentation of primary staging
(preoperative investigations, description of surgery and result of histology) in the
available documentation of the patients. Based on these findings, involvement-
frequencies were calculated for each lymphatic region, which were classified in
each region affected or unaffected. Involvement-frequency maps of tumors
developing in the left and right lobe of the thyroid were also determined.
Involvement of lymphatic regions up to and including primary care and the full

history of the patient were studied separately.

IV. RESULTS

1. Preoperative Diagnostics
In the preoperative period of 17 patients, calcitonin levels were in the
normal range in 2 cases (2.8 and 4.6 pg/ml) and elevated in 15 cases (range,14-

1587 pg/ml; mean: 409,4 pg/ml). US revealed the most foci of MTC in the thyroid
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gland; various echogenic foci were observed in 10 patients. CT and MRI identified
the primary tumor with >5 mm in diameter in 3 and 4 patients, respectively. MIBG
scintigraphy yielded diffuse tracer accumulation extended to the whole thyroid
gland in 3 cases, 2 of whom had C-cell hyperplasia on histology after the
operation. There were also 3 cases with high FDG uptake at the site of the thyroid.

US indicated LNs with suspected metastases in 5 cases, CT in 7 and MRI in
10 patients, which means 8, 18 and 20 lymphatic region involvement, respectively
by these methods. Whole body PET scans presumed LN metastases in 9 cases with
the sum of 25 regions and excluded tumor spreading in 8 cases. Metastatic origin
of the LN accumulation was ruled out by the preceding respiratory viral infection
and on the basis of the known natural history of MTC. This was proven by the
postoperative negative pathological finding from the cervico-central compartment
and the 30-month eventless clinical course with a normal serum calcitonin level.
Additionally, LN metastases reported by PET were also precluded by histology in
two patients. MIBG scintigraphy was positive in only one case in the mediastinum.

Based on pathological evidence and the follow-up data after the diagnostic
check-up, it was US that revealed the location of primary tumor of MTC most
accurately (diagnostic accuracy 82%), on the other hand PET detected the LN
involvement most correctly (diagnostic accuracy 91%).

Only one patient died (but not in consequence of MTC) during the mean
follow-up time of 18 months (range, 630 months) in patient group A. All but one

patient still alive are free of the disease.

2. Results of Postoperative Check-up

Elevated calcitonin levels (range, 13.6-5,260 pg/ml; mean, 933 pg/ml) were
detected in 59 patients, 34 of whom had a CEA level (range, 6.3—1715 ng/ml;
mean, 184.5 ng/ml) above the reference range. In the normocalcitoninemic patients
(n=12) the CEA level was also normal. Various numbers of involved LNs and

other metastases were visualized through the different imaging modalities. Scans
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of 62 patients were conclusive with PET, 30 with US, 44 with CT, 40 with MRI
and 3 with MIBG. Bone scintigraphy revealed osseous lesions in 8 cases.
Involvement of at least one of the lymphatic regions was probable in all PET
positive cases, and, in addition, metastases were suspected by high FDG uptake in
9 patients in the liver, 3 cases in the lung and 9 cases in the bone. In the same
localization CT and MRI were positive in 38, 13, 10, 2, and 36, 8, 3, 2 cases
respectively. All positive US examinations showed lesions in the neck or
supraclavicular region. *'I-MIBG planar scintigraphy findings were positive in 3
patients only. The results with this method (2 cervical, 1 mediastinal, and 1 bone
lesion) did not add any information to the pieces provided by the other diagnostic
examinations.

When PET was compared with anatomic tomographic imaging methods, the
differences were clear: PET detected more foci in the neck (56 patients) and the
mediastinum (46 patients) than the others did. At the same time, CT provided more
positive findings in the organs of hematogenic spreading except for the bones. All
the three methods (CT, MRI and PET) detected a breast metastasis. Despite the
elevated calcitonin level, PET and the other cross-sectional imaging examinations
failed to localize any metastases for 6 patients. Two of them had pathologic foci in
the neck with US.

Aspiration cytology or surgical intervention assisted in the verification of
PET findings in 17 patients. It should also be noted that not all PET-detected
lesions were proven pathologically. Subsequent noninvasive radiological
examinations verified the PET results in 20 patients. The objective evidence is still
missing in 25 patients; only the persistent elevated tumor marker levels and/or
general tumorous symptoms indicate the existence of metastases. Negative PET
findings of 3 normocalcitoninemic patients proved to be true during the follow up.

Lesion detection with PET is independent of the tumor marker levels.
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The data obtained during the follow-up from the initial diagnosis clearly
show the relatively benign clinical course of MTC: Only 1 patient died during a
mean follow-up of 90 months (range, 12—403 months) in group B.

The lymphatic regions with decreasing involvement-frequency were as
follows: any of the cervical regions, mediastinum, supraclavicular regions, axillary

and finally abdominal lymphatic region.

V. DISCUSSION

1. PET in Primary Diagnostics

There have been a limited number of studies about PET in preoperative
staging. High serum calcitonin concentration and diagnostic imaging may be
helpful in assessing the development of MTC and LN metastases.

The primary tumor can be found in the thyroid gland in almost all cases.
Physical examination, nuclear medicine techniques and US investigations play a
role in its detection. In our series of investigations, US proved to be the most
effective technique in localizing the primary tumor (diagnostic accuracy 82%).

It is generally problematic to identify LN metastases. Numerous diagnostic
methods were tested but they did not turn out to be applicable because of their low
sensitivity. Although selective venous catheterization may correctly identify the
highest number of tumorous foci but it is an invasive method and its
implementation into primary diagnostic check up is not justified. PET had the best
results in determining LN involvement (diagnostic accuracy 91%). FDG PET
investigations may help in locating resectable tumor tissue in the neck and
mediastinum, and identifying such cases by proving distant metastases when
radical surgery is not indicated for the patient. Compartment-oriented
microdissection was developed to improve the prognosis of MTC. Some authors

suggest both cervico-central and cervico-lateral lymphadenectomy in patients
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positive for LN metastases, and they also recommend trans-sternal mediastinal
extension of the intervention in cases with cervico-mediastinal involvement.
Preoperative staging may render significant help in the operative plan. PET may
reveal/confirm or rule out LN involvement in the neck and mediastinum. Detecting
distant metastases may reduce the radicality of surgery.

LN staging with FDG PET presents a major problem, i.e. false positivity.
Since FDG is a non-specific tumor seeking tracer, its increased accumulation in
many non-malignant processes (e.g. inflammation, infection, granulomas,
posttherapeutic state, etc.) is observable. The distinction of such conditions from
tumors is difficult using simple diagnostic protocols; FDG results turned out to be
false positive in 3 cases. In one case massive viral pneumonia induced high tracer
accumulation. In the other 2 patients histology ruled out PET findings. Considering
the probable spreading of MTC and the case history clarified prior to the
examination, most of the questions with false positivity can be answered in many

cascs.

2. PET in the Follow Up

Postoperative elevated or rising calcitonin and CEA levels often prompt the
search for residual or recurrent MTC tissue. Conventional imaging methods (CT,
MRI, and MIBG scintigraphy) frequently fail to reveal these tumorous lesions,
because each modality has its own limitations. In this study, we compared the
findings of conventional diagnostic imaging with those of FDG PET in the
investigation and restaging of MTC. Although morphologic investigations detected
a higher percentage of pulmonary and hepatic metastases than did FDG PET, FDG
PET was superior in detecting LN involvement. We succeeded in identifying
metastatic LNs in 59 but 6 investigated MTC patients with elevated plasma tumor
marker levels, and the number of detected lesions was higher than that found with
any of the other conventional methods. The differences were clear in the cervical,

supraclavicular and mediastinal metastases since PET detected 191, 36, 148
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lesions, CT detected 54, 6, 52 lesions, while MRI detected 85, 6, 50 lesions in such
localization, respectively.

LNs in the cervical and mediastinal regions represent the first lymphatic
levels of thyroid cancer. The number of involved cervical LNs identified
postsurgically seems surprisingly high, indicating the predominantly incomplete
nature of the cervical dissections in the investigated group. It is reported that the
incidence of LN metastasis in hypercalcitoninemic patients after primary therapy is
94%. We came to similar results in our study, 87% (62/71) of the patients
displayed foci with a high tracer accumulation in at least one of the lymphatic
regions.

Generally small pulmonary metastases (<1 cm) detected by CT (and MRI)
were not visualized by FDG PET. Data in the literature indicate a low sensitivity of
FDG PET for small pulmonary metastases.

A previous study brought up that FDG accumulation is only visualized in
cases with rapidly elevating or increased CEA levels. The observation was not
supported by our results since each method detected metastases-like lesions
independent of CEA levels beside hypercalcitoninaemia in 56 patients in whom all
of the diagnostic procedures (PET and structural imaging) were performed. In spite
of elevated calcitonin levels no metastases were detected in 6 patients and there
were rather small numbers of identified lesions in many cases despite high tumor
marker levels.

Many publications report that the plasma calcitonin concentration roughly
reflects the tumor burden in MTC patients. However, the frequent discrepancy
between the relatively low tumor mass detected and the high tumor marker level in
many MTC patients also has long been known. The explanation of this mismatch
may lie in the heterogeneity of the tumor cell population and in the decrease in
tumor marker expression during dedifferentiation of MTC but it may also be
explained by undiscovered small metastases. Medullary thyroid carcinoma belongs

in the group of neuroendocrine tumors. It is well documented that the natural
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history of these tumors includes pronounced early lymphatic spreading and hepatic
dissemination of typical hypervascular lesions supplied by the branches of the a.
hepatica propria. Thus, in MTC too, hepatic involvement is expected to be a highly
probable phenomenon.

Clearing up the difference between the number of lesions detected and the
tumor marker levels/general symptoms indicative of the total tumor mass, other
non-invasive procedures (dynamic CT and MRI) were applied. These
investigations had higher sensitivity than the conventional methods in detecting
liver metastases but the results were still not conclusive in two thirds of the cases.
Trying an invasive method, liver angiography, mainly small (2-8 mm)
hypervascular foci were identified in 89% of the cases. The incidence rates of LN
and liver metastases (94% and 89%, respectively) are surprisingly similar in this
cohort. As the incidence of the pathologic involvement of LNs relates to the size of
the primary tumor, hepatic dissemination may be predicted by the latter.

With "'I-MIBG scintigraphy, only 3 of the 65 patients investigated had
positive scan findings. The limited uptake of this tracer indicated questionable
diagnostic value of this method for the detection of recurrent MTC.

The results of this study led us to recommend FDG PET examinations of
MTC patients with postoperative elevated plasma tumor marker levels to select
patients for secondary surgical intervention. If many LNs are involved, a
conservative approach (e.g., external irradiation, radionuclide therapy) may be
chosen as the appropriate treatment. Meticulous dissection is recommended in

cases of limited dissemination or if some of the LN localizations are unfavorable.

3. Lymphatic Spreading

Lymphatic spread follows the established routes of regional lymphatic
drainage that are arranged in distinct compartments. The ipsilateral cervico-central
and cervico-lateral compartments were most commonly involved followed by the

contralateral cervico-central, mediastinal and contralateral cervico-lateral
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compartments in an order of decreasing frequency. Data from the primary staging
have led to similar results with the exception of the cervico-central compartment.
The explanation for this mismatch may be that central LN removal was not
performed in the majority of the cases. In addition, supraclavicular LN metastases
are located only on the same side of the primary tumor. Axillary involvement is
highly unlikely at the early stages of the disease. Mediastinal involvement comes
to the front in advanced disease independent of the primary tumor localization and
the difference between lateral compartments is reduced.

Therapists must keep an eye on the lymphatic spreading of MTC when
choosing therapy during the follow up, since there is no reason for applying local
curative therapy (e.g., repeated LN dissections, external irradiation) presuming an
extensive development of LN metastasis. Lymphatic spreading is analogous to the
already familiar lymphatic dissemination of Hodgkin’s disease. This observation is
particularly interesting because two malignancies with different histological type

and biological behavior act the same way in lymphatic spreading.
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VI. SUMMARY

PET investigations play an important role in the diagnostic check up of
many tumors. In the present study, PET was analyzed in detecting metastases from
medullary thyroid carcinoma, in preoperative staging and in the follow up. Our
results were compared to those of conventional imaging methods.

Fitting PET into the primary diagnostic algorithm, we tried to demonstrate
that FDG PET investigations may have an important role in identifying regional
LN metastases. Feasibility and efficacy of PET in localizing primary tumor are
limited.

After primary care, elevated or rising calcitonin and CEA levels and/or
general symptoms of tumor refer to residual or recurrent MTC tissue. PET
investigations performed during the follow up detected more tumorous foci than
the conventional imaging methods did. The difference was particularly obvious in
the cervical, supraclavicular and mediastinal lymphatic regions. No close
relationship was observed between measured tumor marker levels and metastases
detectable with PET. We established that PET detected only a very small
proportion of lung and liver metastases.

Analyzing the involvement-frequencies of the lymphatic regions we pointed
out that lymphatic spread followed the established routes of regional lymphatic
drainage, which must be considered in both diagnostic examinations and therapy

planning.
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