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Medullary Thyroid Cancer 





Ste l l ingen 
behorend bij het proefschrift 

Medullary Thyroid Cancer 

Jan Willem de Groot, 31 mei 2oo6 

1. Timing van profylactische thyreoidectomie bij patienten met MEN 2 wordt 
vrijwel uitsluitend bepaald door het genotype. 

2. Patienten met medullair schildkliercarcinoom worden vaak 
onderbehandeld. 

3· Bij patienten die na initiele behandeling van medullair 
schildkliercarcinoom nog slechts biochemische aanwijzingen voor 
resterende ziekte hebben, is de levensverwachting nagenoeg normaal. 

4· Het routinematig bepalen van het serum calcitonine bij patienten met een 
schildklieraandoening als screening voor medullair schildkliercarcinoom 
is niet kosteneffectief. 

5· Met het toepassen van de zogenaamde klein-moleculaire tyrosine kinase 
remmers, vervaagt de grens tussen de endocrinologie en de medische 
oncologie op het gebied van het (medullaire) schildkliercarcinoom. 

6. Bij de ontwikkeling van nieuwe therapieen voor kanker is het van eminent 
belang om precies te weten waar de behandeling op is gericht. 

7· Het feit dat er een boyband bestaat met de naam MEN2B bewijst maar 
weer eens dat over smaak wei degelijk valt te twisten. 

8. Neuroendocriene tumoren moeten multidisciplinair worden behandeld. 

9· Het aantal lymfklieren dat wordt verwijderd bij een halsklierdissectie 
hangt net zo sterk af van de patholoog als van de chirurg. 

10. Individuen moeten nooit ondergeschikt worden gemaakt aan het systeem. 

11. Door de toename van het aantal mensen met overgewicht in de laatste 
decennia heeft de westerse wereld nu een minstens net zo groot 
voedingsprobleem als de derde wereld. 
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1 
Genera l  introduction and aims of the 
thesis 

Case 1 

A 54-year-old previously healthy man visited the internal medicine outpatient 
clinic of a local hospital with a progressive, painful neck swelling that existed 
for about two months. He had no problems with swallowing and no history 
of neck irradiation. He did not use any medication. His family history was 
negative for endocrine diseases and cancer. On physical examination, a five
em large firm and fixed thyroid mass and multiple lymphomas were palpated. 
Imaging of the neck and thorax showed a large thyroid tumor that extended 
into the thoracic cavity and mediastinum and massive neck lymphadenopathy. 
An incision biopsy was performed and histology revealed a medullary thyroid 
carcinoma (MTC). Genetic analysis made a familial variant very unlikely. The 
patient was referred to our hospital and underwent surgery but the process 
was irresectable and residual tumor was left in situ. Subsequently, the patient 
had radiotherapy on the neck and mediastinum. Currently, two years after 
surgery, the patient is doing reasonably well with extensive locoregional MTC 
but without evidence of distant metastases. 

Case 2 

A 23-year-old previously healthy woman visited the endocrine outpatient clinic. 
Two years earlier, her uncle suddenly died of a hypertensive crisis caused by 
an adrenal pheochromocytoma and genetic screening showed a RET 
(REarranged during Transfection) mutation (a gerrnline mutation that causes 
hereditary MTC and other endocrine tumors such as pheochromocytoma and 
parathyroid adenoma) that was subsequently also found in the patient. She 
had no complaints but on clinical examination, her thyroid was enlarged. 
Further analysis suggested the presence of MTC, pheochromocytoma, and 
hyperparathyroidism. She underwent bilateral adrenalectomy and total 
thyroidectomy and subtotal parathyroidectomy with central and bilateral cervical 
lymph node dissection. Histology confirmed the presence of bilateral 
pheochromocytoma, MTC with lymph node metastases, and parathyroid 
hyperplasia. During follow-up she had biochemical signs of active MTC but 
thus far it has not been visualized. She had no evidence of recurrent 
pheochromocytoma or hyperparathyroidism. 



The patients described suffered from a rare malignant thyroid tumor called 
medullary thyroid cancer (MTC). Surgery is thus far the only curative treatment 
but a substantial part of patients with this form of cancer cannot be cured. Therefore, 
as these patients exemplify, it is important that research is done on the cause, 
treatment and follow-up of MTC and that other therapeutic modalities are explored. 

The thyroid gland 

The thyroid gland is  one of the largest endocrine organs in the body and produces 
thyroid hormones (thyroxine and tri-iodotyronine), that influence diverse metabolic 
processes in nearly all tissues. The thyroid is located in the neck, weighs 
approximately 15 to 20 g and is butterfly shaped with two lobes joined by the isthmus 
(Figure r). Thyroid tissue is composed of follicles filled with colloid, a viscous gel 
containing thyroglobulin. The wall of these follicles is lined with a single layer of 
epithelial cells. Synthesis of thyroxine and tri-iodotyronine takes place in the follicles. 
The parafollicular C-cells are dispersed inside the follicles between the basal layer 
and the follicular cells and produce another hormone called calcitonin (Figure 2) . 
C-cells derive from the neural crest and are not related to the follicular cells. They 
account for about r% of thyroid cells and are most numerous at the junction of the 
upper third and the lower two-thirds of the thyroid lobes. 

B 
Thyroid 
cartilage 

Thyro1d Pyramidal lobe 
Left lobe 

gland 

Trachea 

R1ght lobe Isthmus 

Clavocle 

Figure 1. [A] Anatomy of the neck and the position of the thyroid gland. [B] Anatomy of the 
thyroid. 
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A B 

Figure 2. [A] Microscopic view of normal thyroid tissue with hyperplastic C-cells (arrows) 
dispersed between the follicles. C-cell hyperplasia (CCH) is defined as clusters of 
intrafoll icular atypical  C-cells (more than 50 per "low-power field" at 1 OOx magnification) 
that  lead to partial or complete obliteration of the fol l icular space. (8] C-cells are positive for 
immunohistochemical staining for calcitonin (dark areas) 

Embryology 

The two diverse cell types responsible for the dual endocrine function of the thyroid 
gland, originate from two different embryological structures: the thyroid anlage is 
the site of origin of the follicles whereas the ultimo branchial bodies are the source 
of C-cells. 

The thyroid anlage begins as an evagination from the floor of the embryonic 
pharynx and during development it descends into the neck. The C-cell precursors 
migrate from the neural crest bilaterally to the ultimobranchial bodies that are 
located symmetrically on the sides of the developing neck. 

The cells of the thyroid anlage and the ultimo branchial bodies migrate from their 
respective sites of origin and ultimately merge in the definitive thyroid gland. 1 

Thyroid tumors 

The normal thyroid gland is a reasonably homogenous structure, but nodules often 
form within its substance. These nodules may be only the growth and fusion of 
localized colloid-filled follicles, or more or less discrete adenomas, or cysts. Nodules 
may be detected clinically by palpation or on routine echography in 6o% or more 
of adults. 2 Fortunately, most nodules are benign. The prevalence of thyroid cancer 
among thyroid nodules is approximately s%.3 

Primary malignant thyroid epithelial tumors can be divided into differentiated 
thyroid carcinomas arising from the follicular cells, MTCs arising from the C-cells, 
and undifferentiated, or anaplastic thyroid carcinomas. Thyroid tumors of non
epithelial origin include malignant lymphomas and sarcomas. Metastases from 
malignant tumors of other parts of the body can also occur in the thyroid. 

Chapter 1 3 



Medul lary thyroid carcinoma 

In 1959, Hazard et al. described a case of thyroid carcinoma with a solid, non
follicular structure with amyloid in the stroma.4 This tumor was called solid or 
medullary thyroid carcinoma. Since then, MTC has been regarded as a separate 
clinical and pathological entity that should be distinguished from differentiated 
thyroid carcinomas. 

MTC is a very rare neuroendocrine thyroid tumor accounting for 3% to ro% of 
all thyroid malignancies. 5-7 As the two cases illustrate, MTC can occur in a sporadic 
(case r) and a hereditary (case 2) clinical setting. Hereditary MTC may be either 
occur alone (familial MTC, FMTC) or as part of multiple endocrine neoplasia (MEN) 
type 2A, or MEN 2B. These disorders are due to germline mutations in the RET 
(REarranged during Transfection) gene. 8-Io 

Histopathology 

Macroscopically, MTC is typically located at the upper two-third of the thyroid lobes. 
Usually, it is solid in consistency and whitish or red in color. Histologically, MTC 
consists of nests of predominantly round cells with abundant, finely granular 
amphophilic cytoplasm and ovoid to round nuclei. Occasional red cytoplasmic granules 
are seen, and the supporting stroma frequently stains for amyloid (which are in fact 
calcitonin-depositions11). In practically all MTCs, immunohistochemical staining for 
calcitonin and carcino-embryonic antigen (CEA) is positive (Figure 2, 3)_7 

A B 
Figure 3. [A] Microscopic view of medullary thyroid cancer (MTC). Malignant C-cells have 
broken through the basement membrane and invaded the interstitium which has led to 
stromal fibrosis (arrows). MTC lesions are composed of solid nests of epithelial cells with 
poorly defined cel l borders. [B] Occasionally there is deposition of intensely eosinophilic 
material, amyloid, which can be stained with Congo-red (arrow)_ Amyloid is derived from 
calcitonin. 

Hereditary MTC is generally bilateral and multifocal whereas in sporadic MTC the 
tumor is most frequently unilateral. In addition, in practically all patients with 
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hereditary MTC, C-cell hyperplasia (CCH) is present (Figure 2).12 Wolfe et al. were 
in 1973 the first to describe CCH as the presence of a multifocal increase and 
clustering of noninvasive calcitonin-containing cells in the absence of grossly visible 
tumor in two related patients with abnormally high serum levels of stimulated 
calcitonin.13 Hereditary MTC develops stepwise via CCH (Figure 4). In addition, 
CCH accompanies (and probably precedes) a number of sporadic MTC but CCH 
is frequently absent in these cases.14 Moreover, physiologic CCH is associated with 
inflammatory and metabolic thyroid disorders as well as with hypercalcemia and 
in the general population it is present in 20% to 30% of normal (non-cancerous) 
thyroids.15 

Metastases to regional lymph nodes happen early in the course of disease and 
have frequently already occurred at time of diagnosis. The central (paratracheal) 
lymph nodes are most often involved followed by the ipsilateral. contralateral 
(jugular) and mediastinal lymph nodes.16 Distant metastases develop variably in 
the course of MTC, usually to the liver, lungs, and bone.6·17 

Thyrood follicle C-cell C-cell 
hyperplasoe 

Cancer 

Figure 4. Development of medullary thyroid cancer (MTC) from a normal C-cell via C-cell 
hyperplasia (CCH) to MTC. 

Secretion products 

MTC synthesizes and secretes a wide range of substances, the most abundant being 
calcitonin.18 Calcitonin is a small32 amino acid polypeptide hormone and the main 
biochemical marker used for detection and postoperative management of patients 
with MTC. 19"21 Elevated serum calcitonin levels are found in patients with MTC, 
CCH or, rarely, in patients without any C-cell abnormalities. Patients with renal 
insufficiency, Hashimoto's thyroiditis and (metastatic) carcinoids can also have 
elevated serum calcitonin levels. In neonates, the serum calcitonin levels are high 
but these levels decline to normal by one year of age.7-22 Generally, basal serum 
calcitonin roughly correlates with tumor burden, although there are exceptions, 
especially in patients with extensively metastasized MTC. Furthermore, in small 
tumors and CCH serum calcitonin levels may be normal. Calcitonin can then be 
stimulated by pentagastrin, calcium or omeprazole but pentagastrin is the 
provocative agent of choice. 22-24 

Another tumor marker for MTC is CEA, which is mainly produced by neoplastic 
C-cells but also found in normal C-cells. Measurement of serum CEA levels is 
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useful in the follow-up of MTC since rapidly increasing CEA levels can indicate 
dedifferentiation of the tumor. 2.p.G 

MTCs not only secrete calcitonin and CEA. Other secretion products include 
serotonin (causing carcinoid syndrome), prostaglandins, corticotropin releasing 
factor, and adrenocorticotropic hormone (causing Cushing syndrome), histaminase, 
and somatostatin (which may cause paraneoplastic clinical syndromes). 
Furthermore, MTC is known to produce several gastrointestinal hormones and 
neuroendocrine peptides, including calcitonin gene related peptide, chromogranin 
A, vasoactive intestinal peptide, and ghrelin. 18 

There is increasing evidence for a subgroup of MTCs that do not secrete calcitonin, 
CEA or both making tumor follow-up difficult.27·2.9 Although calcitonin (or CEA) 
is not a perfect tumor marker, none of the other secretion products is comparable 
to calcitonin in terms of sensitivity and specificity. Therefore these products are 
not useful as a reliable tumor marker and additional markers should be searched 
for. 

Sporadic and hereditary med u l lary thyroid carcinoma 

As mentioned earlier, MTC may occur sporadic or hereditary. Sporadic MTC is the 
most common form of MTC, accounting for approximately 75% of all cases at initial 
presentation. The remaining 25% comprise hereditary MTC including MEN 2A 
(most common), MEN 2B, and FMTC (the least common) (Table r) . 

Table 1. Clinical expression of the variants of hereditary MTC associated syndromes 

FMTC MEN 2A MEN 28 

Medullary thyroid cancer 1 00% 1 00% 1 00% 
C-cell hyperplasia 100% 1 00% 1 00% 
Pheochromocytoma 0% 1 0% to 60% 50% 
Hyperparathyroidism 0% 1 0% to 25% 0% 
Marfanoid habitus 0% 0% 100% 
Intestinal gangl ioneuromatosis 0% 0% 60% to 90% 
Mucosal neuromas 0% 0% 70% to 1 00% 
Thick corneal nerves 0% Rare 60% to 90% 

FMTC. familial medullary thyroid cancer; MEN 2A/2B. multiple endocrine neoplasia type 2A/2B 

In 1962 Sipple was the first to describe the association of MTC with 
pheochromocytoma and hyperparathyroidism.3° In 1966 Williams and Pollock 
described the association between oral mucosal and eyelid neuromas, MTC, 
pheochromocytoma, and ganglioneuromatosis of the gastro-intestinal tract in a 
father and a daughterY 
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Two years later, in 1968, Steiner et al. introduced the term "multiple endocrine 
neoplasia" to describe different combinations of endocrine tumors. They designated 
the combination MTC, pheochromocytoma and parathyroid adenoma as MEN 2Y 
Sizemore et al. concluded in 1973 that the MEN 2 category included two distinct 
groups of patients with MTC and pheochromocytoma: patients with 
hyperparathyroidism and a normal physical appearance and patients without 
parathyroid disease but with a Marfanoid habitus, mucosal neuromas, and 
alimentary abnormalities. They suggested the title "MEN type 2B" for the group 
without parathyroid disease.33 Subsequently, in 1975. Chong et al. proposed that 
the combination of MTC, pheochromocytoma, and parathyroid disease in patients 
with a normal appearance be referred to as MEN type 2A)4 

Genetic background 

As mentioned before, hereditary MTC is caused by gerrnline mutations in the RET 
gene encoding a receptor tyrosine kinase.8·•o In patients with a family history of 
MEN 2 or FMTC, it is now possible to determine the risk of MTC by genetic 
screening. As it is a dominant inherited disease, about 50% of family members do 
not carry a germline RET mutation. Family members with a RET mutation have a 
roo% risk of developing MTC whereas family members that do not carry a RET 
mutation have a risk that is similar to the general population. In patients with 
apparently sporadic MTC germline RET mutations are found in 4% to 10% of 
cases? In up to 30% of patients with sporadic MTC somatic mutations (occurring 
only in the tumor) in RET are present.35 

Clinical  presentation 

Most patients with sporadic MTC present in the fourth or fifth decade of life with 
a painless thyroid nodule often accompanied by cervical lymphadenopathy (Figure 
5) . Sometimes patients have pain in the neck, dysphagia, respiratory difficulties, 
hoarseness or symptoms of ectopic hormone production such as diarrhea, flushes 
or Cushing syndrome.•8 Patients with hereditary MTC may also present with a 
neck mass. Additionally, patients with MEN 2 or FMTC may have symptoms 
characteristic of pheochromocytoma. 

Fine-needle aspiration cytology (FNAC) can reveal the diagnosis prior to surgery, 
especially when immunohistochemical staining for calcitonin is performed, but 
FNAC may be inconclusive or only diagnose malignancy. Measurement of serum 
calcitonin may then be a complementary approach to make the final diagnosis.36 

However, if basal calcitonin is elevated, a pentagastrin stimulation test should 
always follow to confirm that the source of elevated calcitonin concentrations is 
indeed MTC. 
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Figure 5. Magnetic resonance imaging (MRI )  of the neck of a 51-year-old woman with a 
germline V804L RET mutation demonstrating a thyroid nodule (arrow on the left) and cervical  
lymhadenopathy (arrow on the right). 

Treatment 

Management of MTC is primarily surgical. MTC does not respond to standard 
chemotherapeutic regimens and external beam radiotherapy has only limited effect 
in selected groups of patients. Moreover, treatment with radioactive iodine is of no 
significant value since C-cells do not take up iodine.18·35 Therefore, new treatment 
options for primary and metastasized MTC are needed. 

Due to the high likelihood of a familial component and the risks of other tumors 
associated with MEN 2, all patients with MTC should be genetically screened for 
RET mutations. Furthermore, a systematic work-up for pheochromocytoma 
including 24-hour urine collection for catecholamines and metabolites should be 
performed. Pheochromocytomas need to be treated before undertaking surgery for 
MTC in order to avoid a potentially lethal intraoperative hypertensive crisis. Patients 
with possible MEN 2A should also have serum calcium and possible parathormone 
levels evaluated to rule out hyperparathyroidism. 

Prognosis and fol low-up 

The prognosis of patients with MTC varies considerably: some patients survive 
several decades with persistent MTC, whereas others die within months of initial 
presentation.6•17 F ive and Io-year overall survival rates in patients with MTC without 
the presence of distant metastases at initial diagnosis range from 70% to 90% and 
Go% to 8o%, respectively.17·37·39 When matched for age and extent of disease, no 
differences in survival were seen in patients with either hereditary or sporadic MTC 
but MEN 2B-associated MTC has been reported to be more aggressive than MTC 
associated with MEN 2A or FMTC.6·38 In multivariate analysis, only the patients' 
age at diagnosis and the stage of disease are significantly independent indicators 
of survival.6·37·38 
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Patients with normal basal and stimulated serum calcitonin levels are likely to 
be cured. However, in approximately 5% of these patients, serum calcitonin levels 
can rise again during follow-up.? Currently, the only curative treatment option in 
patients with detectable serum calcitonin levels after initial treatment is re-operation. 
Yet, re-operation can only be with curative intent in the absence of distant metastases 
when residual or recurrent MTC is confined to the neck. In patients with 
postoperative hypercalcitoninemia, the source of calcitonin production is hard to 
identify with conventional medical imaging and distant metastases cannot be reliably 
ruled out. When distant metastases are present, therapeutic options are limited. 

Aims and outl i ne of the thesis 

The patients described in case 1 and case 2 illustrate the lack of effective alternative 
treatment modalities for MTC. However, various other clinical problems arise in 
the management of patients with MTC. These clinical problems will be addressed 
in this thesis. Aim of this study was to answer some unresolved issues with respect 
to: 
1. The genetic and biochemical background of MTC and MTC-associated 

hereditary endocrine cancer syndromes. 
2. The primary treatment of patients with MTC. 
3· Prognostic factors influencing survival of patients with sporadic and hereditary 

MTC. 
4· The follow-up of patients with detectable serum calcitonin levels after initial 

treatment. 
5· Alternative treatment options for disseminated MTC. 

The first part of this thesis covers the genetic background of MTC-associated 
hereditary endocrine cancer syndromes. In particular the role of the RET gene 
(encoding for the RET receptor tyrosine kinase) in the diagnosis and management 
of MEN 2A, MEN 2B and FMTC. The biochemical profile ofMTC is also covered. 
In chapter 2, the role of RET in the development and diagnosis of MTC-associated 
cancer syndromes and other endocrine tumors is reviewed. 

Germline mutations of RET can also be associated with Hirschsprung disease 
(HSCR). HSCR is characterized by a congenital absence of enteric neurons in the 
colon and can be found in association with MEN 2A and FMTC. In chapter 3 the 
need for screening for MEN 2A-associated RET mutations in HSCR patients without 
a family history of MEN 2A or FMTC is discussed. 

MTC shares biochemical features with other neuroendocrine tumors but the 
particular characteristics are still largely unexplored. In chapter 4 these MTC-specific 
characteristics are investigated. In addition, we examine whether specific 
neuroendocrine tumor products can be used postoperatively as markers of disease 
progression. 
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The second part of this thesis deals with the primary treatment of patients with 
MTC. Since the risk of hereditary MTC can be predicted by genetic screening, 
performing prophylactic thyroidectomy in patients at risk seems a rational approach. 
Chapter 5 describes the experiences with (prophylactic) thyroidectomy in children 
with MEN 2A and MEN 28 treated at the University Medical Center Groningen 
from 1976 to 2005. Treatment recommendations regarding the timing and extent 
of surgery based on genotype-phenotype relationships are provided. 

It is generally accepted that surgery including total thyroidectomy and central 
lymph node dissection is the primary treatment of choice for MTC patients who 
present with a lump in the neck. However, the extent of lymph node dissection 
remains a matter of debate. Chapter 6 focuses on the surgical management of 
patients with a neck swelling that proved to be due to MTC. Treatment of patients 
presenting with a single thyroid nodule or palpable lymph nodes is evaluated. 
Recommendations regarding the extent of initial lymph node dissection are given. 

The third part of this thesis addresses the follow-up of patients after initial treatment. 
The prognosis of patients with MTC varies considerably. Significantly independent 
indicators of survival may help to predict outcome in routine clinical practice. 
Chapter 7 provides a description of the cohort of 120 patients with MTC, treated 
and followed-up at the University Medical Center Groningen from 1970 unti12005. 
Long-term survival data adjusted for the baseline mortality rate in the general 
population, and prognostic variables are presented. 

In patients with detectable serum calcitonin levels after initial treatment the 
source of calcitonin production is hard to identify with conventional imaging 
methods. A new diagnostic tool that can be potentially used for localizing recurrent 
or metastatic MTC is 18F-fluoro-2-deoxy-D-glucose positron emission tomography 
(FDG-PET). Chapter 8 compares FDG-PET with other imaging modalities and 
reports about the usefulness of FDG· PET in the follow-up of patients with residual 
or recurrent MTC. 

The fourth part of this thesis concerns the identification of new treatment options 
for patients with MTC. The tyrosine kinase inhibitor imatinib targets several receptor 
tyrosine kinases. In chapter 9 the cellular effects of imatinib on two MTC derived 
cell lines are described and the potential of imatinib to serve as an effective therapy 
for MTC is discussed. 

Finally, in chapter 10 a general discussion and in chapter n a summary of the 
thesis are presented. 
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Abstract 

The RET gene encodes a receptor tyrosine kinase which is expressed in neural 
crest derived cell lineages. The RET receptor plays a crucial role in regulating 
cell proliferation, migration, differentiation and survival through 
embryogenesis. Activating mutations in RET lead to the development of several 
inherited and non-inherited diseases. Germline point mutations are found in 
the cancer sydromes multiple endocrine neoplasia type 2 (MEN 2), including 
MEN 2A and 2B, and familial medullary thyroid carcinoma (FMTC). These 
syndromes are autosomal dominantly inherited. The identification of mutations 
associated with these syndromes has led to genetic testing to identify patients 
at risk for MEN 2 and FMTC and subsequent implementation of prophylactic 
thyroidectomy in mutation carriers. In addition, more than ro somatic 
rearrangements of RET have been cloned from papillary thyroid carcinomas 
(PTCs). These mutations, as those found in MEN 2, induce oncogenic activation 
of the RET tyrosine kinase domain via different mechanisms making RET an 
excellent candidate for the design of molecular targeted therapy. Recently, 
various kinds of therapeutic approaches, such as tyrosine kinase inhibition, 
gene therapy with dominant negative RET mutants, monoclonal antibodies 
against oncogene products, and nuclease-resistant aptamers that recognize 
and inhibit RET have been developed. The use of these strategies in pre-clinical 
models has provided evidence that RET is indeed a potential target for selective 
cancer therapy. However, a clinically useful therapeutic option for treating 
patients with RET-associated cancer is still not available. 
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Part 1: Genetic Background and Biochemical profile of MTC 

Introduction 

Tyrosine kinases are involved in the most essential processes of cells, such as the 
cell cycle, proliferation, differentiation, motility, and survival_! In several human 
cancers, key tyrosine kinases are no longer sufficiently controlled. Many tyrosine 
kinases are constitutively phosphorylated because of tumor-initiating mutations 
leading to constitutively active proteins giving rise to signal transduction.1•2 

The RET gene encodes a receptor tyrosine kinase (RET) which is mainly expressed 
in precursor cells of the neural crest and urogenital tract. RET is essential for the 
early development of the sympathetic, parasympathetic, and enteric nervous systems, 
the kidney, and spermatogenesis.M Accordingly, inactivating germline RET 
mutations are found to be responsible for the development of Hirschsprung disease 
(HSCR), a congenital absence of enteric neurons in the gastrointestinal tract, because 
of a migration failure of neural crest derived ganglion cells to the intestine.S·6 On 
the other hand, RET mutations and rearrangements cause human cancers and 
cancer syndromes, such as familial medullary thyroid carcinoma (FMTC), multiple 
endocrine neoplasia (MEN) type 2, neuroblastoma, and papillary and Hiirthle cell 
thyroid cancer.7·9 

In this review, we will describe the structure and signaling of RET and its role 
in human endocrine cancers. Furthermore, we will review the timing of intervention 
based on genotype and the role of RET as a therapeutic target. 

The RET gene and protein 

The RET gene was first identified in 1985 by transfection of  NIH3T3 cells with 
human lymphoma DNA. The transformed NIH3T3 cells proved to harbor a fusion 
gene, which was absent in the original tumor. The fusion gene was therefore called 
REarranged during Transfection. 10 RET is localized on roqrr.2, around 55000 
basepairs in size, and contains 21 exons. rr 

RET is a single-pass transmembrane protein. It contains four Ca2+-dependent 
cell adhesion (cadherin)-like domains (to induce and stabilize conformational 
changes needed for interaction with the ligands and co-receptors) and a 
juxtamembrane cysteine rich region (responsible for the tertiary structure and 
formation of dimers) in the extracellular domain.5·12 The extracellular domain also 
contains a number of glycosylation sites. 13 The fully glycosylated protein of 170 kDa 
(also called the mature form of RET) is present on the cell membrane. The immature 
form of 150 kDa lacks glycosylation and is present only in the endoplasmic reticulum 
and the cytoplasm. 14 The intracellular region encompasses two tyrosine kinase 
subdomains (TK r and TK 2) that are involved in the activation of numerous 
intracellular signal transduction pathways (Figure r) . 

RET is subject to alternative splicing of the 3' region generating three protein 
isoforms that contain 9 (RET9), 43 (RET43) and 51 amino acids (RET5r) in the carboxy 
terminal tail downstream from glycine ro63.1s RET9 and RET5r consisting of ro72 
and rn4 amino acids, respectively, are the main isoforms in vivo (Figure r) . 
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The Role of RET in Development and Diagnosis of Endocrine Tumors 
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Figure 1. Schematic representation of the RET tyrosine 
kinase. The extracellular region comprises four 
cadherin domains and a cysteine-rich domain.  A single 
transmembrane region spans the cell membrane and 
the two tyrosine kinase domains (TK1 and TK2) are 
located in the intracellular region. The three isoforms 
of RET are indicated. Abbreviations: a a, amino-acids; 
RET, rearranged during transfection. 

RET activation mediated by l igands 

RET as receptor for the gl ial-cell-line-derived neurotrophic factor (GDNF) family of 
ligands 
Under normal conditions, RET can be activated by a complex of co-receptors and 
ligands. These belong to two groups of proteins: the glial-cell-line-derived 
neurotrophic factor (GDNF) family of ligands (GFLs) , including neurturin, artemin 
and persephin, and the glycosylphosphatidylinositol-anchored GDNF-family a 
receptors (GFRas) (Figure 2) . One of the four GFLs binds to one of the GFRas 
(GFRm-4) to form a GFRafGFL complex. GDNF uses GFRa-1 as preferential 
receptor, neurturin uses GFRa-2, artemin uses GFRa-3, and persephin uses GFRa-
4 although there is some cross-specificity. •6 Interaction of this G FRafG FL complex 
with RET leads to autophosphorylation of the tyrosine residues. 

Although they are usually bound to the plasma membrane, GFRas also occur in 
a soluble forrn'7. Therefore, RET activation can take place in two ways: in cis and 
in trans (Figure 2) . The cis model for RET activation hypothesizes a stepwise 
assembly of the G FL-receptor complex. The G FL binds to membrane bound G FRa 
and subsequently, the GFRafGFL complex brings together two RET molecules 
resulting in phosphorylation of tyrosines and intracellular signalingY8·zo (Figure 
2A) The trans model of RET activation suggests that the G FL may also bind to the 
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soluble (non-membrane bound) form of the GFRa co-receptors (sGFRa). The GFL
sGFRa complex then triggers RET activation via dimerization.21•22 

RET 

GFRa 

\\ active RET 

A 

\\ active RET \\ active RET 

B 

Figure 2. Different mechanisms of ligand-mediated RET activation. [A) RET is activated in 
cis when the g l ial-cell-line-derived neurotrophic factor (GDNF) family of l igands bind to 
glycosylphosphatidylinositol-anchored GDNF-family a co-receptors (GFRa) that are distrib
uted within lipid rafts. Activation leads to dimerization of the RET tyrosine kinase which 
consequently signals to the nucleus. [B) RET activation in trans: the ligand binsds to the 
soluble form of its co-receptor (sGFRa) and the ligand-sGFRa complex brings together two 
inactive RET monomers, initially located outside lipid rafts. Then, the activated RET dimer is 
recruited to the lipid raft. 
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Membrane bound GFRas are known to be located within detergent-insoluble 
cholesterol-rich domains within the lipid bilayer of the cell membrane, called lipid 
rafts, which are enriched with signaling proteins.22·23 These lipid rafts serve as 
essential signaling compartments in GDNF-stimulated RET signaling and are 
responsible for cell adhesion and different neuronal processess. 21·24"26 

In its inactive form, RET is located outside the lipid rafts. Upon cis activation, 
inactive RET is recruited to the lipid rafts by the GFL-GFRa complex (Figure 2A) 
and becomes active when associated with the lipid rafts. This mechanism of 
activation occurs predominately in cells coexpressing RET and GFRa.24 Since 
sGFRa is not located within lipid rafts, upon trans activation, RET is already active 
before it is relocalized to lipid rafts (Figure 2B). This relocalization process is slower 
and more persistent and, remarkably, dependent on the activated state of RET 
whereas recruitment of RET to lipid rafts in cis is independent of the activation 
status.2r,22 

It is yet poorly known whether other GFLs besides GDNF activate RET both in 
cis and trans, but it is likely that the other co-receptors (G FRa2-4) differ from G FRar 
regarding the interaction with cell surface proteins. 27 All G FRas induce the 
phosphorylation of the same tyrosines on the intracellular kinase domains (see 
below)28 but they do have specific expression patterns, suggesting that each G FRa 
has distinct roles in RET activation.19 

RET activation by other growth factors 
Growth factors and their receptors are engaged in a complex network of signals 
that promote cell growth and differentiation. Although RET is mainly activated by 
GFLs, other growth factors can activate RET as well. For instance, binding of 
neurotrophic growth factor (NG F) to its receptor tyrosine kinase (NTRK:r), modulates 
the phosphorylation of RET51 (and not RET9) via an interreceptor kinase signaling 
mechanism. NGF proved to promote phosphorylation of RETsr (and not RET9 or 
43) independently of ligands or co-receptors29 resulting in augmented growth, 
metabolism, and gene expression. 

RET signal ing 

RET docking sites 
RET plays a central role in several intracellular signaling cascades that regulate 
cellular survival, differentiation, proliferation, migration, and chemotaxis. These 
pathways are initiated upon RET activation. Specific tyrosine residues, which serve 
as docking sites for adaptor proteins that link the signal from the receptor to the 
main signal transduction pathways, are activated through phosphorylation. At least 
r8 of these specific phosphorylation sites have been identified, including tyrosine 
687 (Y687), serine 696 (S696) ,  Y752, Y791 ,  Y8o6, Y8o9,  Y826,  Y864, Y9oo, 
Y905, Y928, Y952, Y981, Yrors, Yro29, Y1062, Yro9o and Yro96. RET9 has only 
r6 tyrosines in the intracellular domain whereas Yro9o and Yro96 are present 
only in the long RET 51 isoform.6·3°"32 
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Signal transduction pathways 
A synopsis of signal transduction pathways that are triggered by RET is given in 
Figure 3 ·  

GDNF-induced phosphorylation at serine 696 in RET is required for activation 
of RaCI-guanine nucleotide exchange factor (GEF) and lamellipodia formation. 
Y687 appeared to induce opposite effects on lamellipodia formation. These effects 
on cytoskeletal rearrangement by activation of RET are regulated via a cyclic 
AMP /protein kinase A (PKA)-dependent mechanism.33 

Signal transducer and activator of transcription 3 (STAT3) is a latent transcription 
factor implicated in several types of cancer when aberrantly activated and an 
important target of RET through phosphorylation ofY752 and Y928.34·36 

Y905 interacts with the growth factor receptor-bound (Grb) docking proteins 
7/IO upon phosphorylation. Phosphorylation ofY905 facilitates autophosphorylation 
of tyrosine residues located in the C-terminal tail by stabilizing the active 
conformation of the kinase.37 Y9oo, Y8o6 and Y8o9 probably supplement the 
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function of Ygos.38 The function of the Grb7/10 pathway, however, needs to be 
further elucidated. 

Phosphorylated Y 981 constitutes the major binding site of chicken Rous sarcoma 
virus oncogene (Src) and therefore the primary residue responsible for Src activation 
upon RET engagement. Activation of Src is essential to neuronal survival.39 
However, as described above, it also plays a role in oncogenic RET signaling and 
Src is a likely candidate to mediate signaling between RET and focal adhesion kinase 
(F AK)4°, an important regulator of tumor formation and cell migration, which is 
required for the invasion and metastasis of cancer cells.4' 

Tyrosine 1015 is a binding site for phospholipase C-y (PLC-y) which activates 
protein kinase C (PKC) enzymes. PKC enzymes, in turn, cause RET phosphorylation 
but also downregulate RET and its downstream signaling, thus functioning as a 
negative feedback loop to modulate RET activity. 42 However, when RET activation 
is prolonged, the PKC mediated negative feedback loop is downregulated leading 
to cell survival and clonal expansion.43 Furthermore,PLC-y-triggers the release of 
Ca2+ from intracellular stores via the generation of inositol tris-phosphate (IPJ).44 
Although binding of the RET ligands45 and RET transport to the cell membrane46 

are dependent on Ca2+, the precise effects of RET-induced Ca2+ influx are not clear 
yet. 

Phosphorylation ofY1062 is crucial for activation of major intracellular signaling 
pathways, and ablation ofYw62 leads to a considerable decrease in the transforming 
activity of RET.47 Y1062 is a docking site for various adaptor proteins, including 
She (Src homology collagen) , ShcC (Src homology 2 domain-containing 
transforming protein C, also called Rai) , insulin receptor substrate (IRS) I/2, 

-< Figure 3. Synopsis of the signaling network mediated by RET. The docking sites with 
their direct targets are shown. For the sake of simplicity the lipid raft is depicted 
outside RET. Dotted lines designate pathways that are not completely elucidated. 
Abbreviations: AKT, protein kinase B; CDK5, cyclin-dependent kinase 5; CREB, cyclic 
AMP response element-binding protein; DOK1/4/5, downstream of kinase 1/4/5; ERK, 
extracellular signal-regulated kinase; FAK, focal adhesion kinase; FRS2, fibroblast 
g rowth factor receptor substrate 2; GAB1/2, Grb2 associated binding protein 1/2; 
Grb2/7/10, g rowth factor receptor-bound protein 2/7/1 0; I P3, inositol tris-phosphate; 
IRS1/2, insulin receptor substrate 1/2; JAK, Janus kinase; J NK, c-Jun N-terminal 
Kinase; MAPK, mitogen activated protein kinase; N CK, non-catalytic region of tyro
sine kinase; NFKB, nuclear factor KB; PDK1 ,  phosphoinositide-dependent kinase 1 ;  
PI3K, phosphatidylinositol 3-kinase; PKC, protein kinase C; PLC-y, phospholipase C-y. 
Rae, related to kinases A and C; RAS, rat sarcoma oncogene; RET, rearranged during 
transfection; Shank3, SH3 (a protein-protein interaction domain) and multiple ankyrin 
repeat domains 3; ShC, Src homology collagen; ShcC, Src homology 2 domain
containing transforming protein C; SOS, son of sevenless multi-protein scaffold; Src, 
chicken Rous sarcoma virus oncogene; STAT3, signal transducer and activator of 
transcription 3. 
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fibroblast growth factor receptor substrate 2 (FRS2), downstream of kinase (DOK) 
I/4/5 ,  Enigma, extracellular signal-regulated kinase 5 (ERK5) ,  mitogen activated 
protein kinase (MAPK), phosphoinositide-dependent kinase 1 (PDKI),  cyclin· 
dependent kinase 5 (CDK5), SH3 (a protein-protein interaction domain) and multiple 
ankyrin repeat domains 3 (Shank3), and PKC isoforms. She recruits the Grb2json 
of sevenless multi-protein scaffold (SOS) complex and Grb2 associated binding 
protein (GAB)I/2 resulting in the activation of the phosphatidylinositol 
3-kinasejprotein kinase B (PIJK/AKT) pathway.48 This pathway is responsible for 
survival, signaling, enhanced cell-cycle progression and RET-mediated 
transformation.48·49 The Grb2jGAB complex can also assemble directly onto 
phosphorylated Y1o96, offering an alternative route to PI3K activation by GDNF.5° 
Recently, it was demonstrated that upon ligand activation, RET was downregulated 
and disappeared from the cell surface via ubiquitine-proteasome protein degradation. 
This phenomenon was mediated by a Shc-Grb2 route, which could be activated 
through Y1062 and Y1096Y These findings demonstrate once more, that various 
negative regulatory pathways closely regulate RET activity. 

ShcC, a neuron specific adaptor protein, and IRS1j2 are also required for 
PIJKfAKT activationY·53 Moreover, cell motility and morphology is regulated via 
Pl3K and members of the Rho family of GTPases including Rho, Rae (related to 
kinases A and C) and Cdq2 (cell division cycle 42) .33·54·55 The PIJK/AKT pathway, 
but also the rat sarcoma oncogene (RAS)/ERK pathway are important for activation 
of the transcription factors cyclic AMP response element-binding protein (CREB) 
and nuclear factor KB (NFKB).56 In addition, the binding of She as well as FRS2 to 
the Grb2jSOS complex induces the RASJERK and MAPK pathways.57·58 These 
pathways contribute to cellular differentiation and proliferation through mitogenic 
signaling. 59 Binding of DOK1 to Y1o62 links RET to the c-Jun N-terminal Kinase 
(JNK) pathway, which is important in cell proliferation, cell survival, cell death, 
DNA repair and metabolism60·61, and can suppress the RASJERK pathway by the 
RAS-GTPase-activating protein (RAS-GAP).62 DOK4/5 seem to have opposite effects 
to DOKI by triggering MAPK and the ERK pathway.63 Enigma and Shank3 bind 
specifically to Yw62 ofRET9, in spite of its phosphorylation state. Shank3 mediates 
sustained RASJERK, MAPK and PIJKJAKT signaling64 and Enigma is involved in 
transporting rearranged RET oncoproteins to the cell membraneY·65 How binding 
of ERK5,66 CREB,56 p38 MAPK,56 NFKB,67 phosphoinositide-dependent kinase 1 
(PDK1),68 cyclin-dependent kinase 5 (CDKs),69 and PKC isoforms43·7° to Y1o62 
functions in the complex network of RET-induced intracellular signaling pathways 
is not well established. 

Finally, Y791, Y826, Y864, Y952, Y1029, and Y1090 are also phosphorylated but 
their downstream signaling pathways still need to be delineated.38·71 

20 



The Role of RET in Development and Diagnosis of Endocrine Tumors 

The role of RET during development and in human diseases 

In the above, the structure of RET, the various ways of receptor activation, and the 
diverse RET signaling pathways have been described. Next, the role of RET during 
development and in endocrine tumors and cancer syndromes will be highlighted. 

The role of RET during development 
RET is expressed mostly in the developing nervous and urogenital systems and 
plays a crucial role in the development of the enteric nervous system, the kidney, 
and spermatogenesis.3o4·72 In adult tissue, high levels of RET were observed in 
brain, thymus, peripheral enteric, sympathetic and sensory neurons and testis.3·6·73 

At very early stages of development RET is expressed in a cranial population of 
neural crest cells. A subset of RET positive cells are subsequently observed in central 
nervous system nuclei including the motor and catecholaminergic neurons. During 
development, RET expressing neural crest cells migrate caudally via the intestinal 
mesenchyme to form the enteric nervous system, located in the gut wall of the 
gastrointestinal tract) Another portion of RET expressing cells give rise to early 
development of sensory and autonomic ganglia of the peripheral nervous system, 
adrenal chromaffin cells, thyroid C-cells, and the kidney (reviewed in Manie et al.6 

and Arighi et al.73). 
The critical role of RET during development is illustrated by the observation that 

mice expressing null mutations in RET lack superior cervical ganglia and the entire 
enteric nervous system, have agenesis or dysgenesis of the kidney. Impaired 
spermatogenesis, fewer thyroid C-cells and die shortly after birth.6·72 The two 
isoforms in vivo of RET behave differently as concluded from in vitro assays where 
RET 51 showed the highest transforming and kinase activity.74 Several observations 
suggested that the different isoforms of RET have different tissue-specific effects 
during embryogenesis. RET9 is sufficient to support normal embryogenesis and 
postnatal life. Mice expressing only RETsr ,  however, have severe defects in the 
innervation of the gut and renal development.75 

RfTand endocrine tumors 
RET and PTC. The clinical relevance of RET in human diseases was first recognized 
in PTC. PTC is the most prevalent thyroid cancer accounting for 8o% to 90% of 
all thyroid malignancies.76 There are several somatic genetic lesions associated 
with PTC including oncogenic activation of the RASTJ, v-raf murine sarcoma viral 
oncogene homolog Br (BRAF)78, hepatocyte growth factor receptor (MEI)79, thyroid 
stimulating hormone receptor (TSH-R), glutathione synthase (Gsa} and tumor 
protein 53 (p53} genes80, and chromosomal alterations that affect NTRK1 and RET.81 
Specific rearranged forms of RET were detected in PTC. 82 These chromosomal 
aberrations occur in 2.5% to 40% of cases and cause recombination of the 
intracellular kinase domain of RET to the 5' portion of various genes. The genes to 
which RET is recombined encode constitutively active chimeric oncogenes named 
RETJPTC. 
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To date, 12 different fusion partner genes, depicted in Figure 4, are reported to 
form (because of variable break-points) at least 17 different RET hybrid 
oncogenes.83·84 The most prevalent variants of these chimeric oncogenes are 
RETjPTC1 (6o% to 70%) and RETjPTCJ (zo% to 30%) .84·86 
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Figure 4. In PTC rearrangement with various activating genes leads to the formation of 
chimeric RET oncoproteins. As a result ligand-independent dimerization of the intracellular 
TK motifs occurs leading to constitutive signaling of the RET-tyrosine kinase. The diverse 
gene partners that have been found to rearrange with RET are listed. Abbreviations: ELKS, 
glutamic, leucine, lysine, and serine-rich protein; HTIFl, human transcriptional intermediary 
factor 1 ;  PCMl,  pericentriolar material l ;  PKA Rlu, protein kinase A regulatory subunit l a; 
PTC, papillary thyroid cancer; RET, rearranged during transfection; RFG, RET fused gene 
(also named Ele i/ARA70/Ncoa4); RFP, RET finger protein. 

Exposure to external radiation, the major risk factor for the development of PTC, 
is associated with the formation of RETjPTC.87·89 After the nuclear power plant 
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disaster in Chernobyl on 26 April 1986, the incidence of childhood PTC in Ukraine, 
Belarus and neighboring countries increased dramatically in the subsequent 
years9°·91 and RETjPTC rearrangements have been found in over Go% of post
Chernobyl PTCs.92 Furthermore, a high prevalence of RETjPTC has been detected 
in PTC patients previously subjected to external irradiation for benign or malignant 
disease.93 Most RETjPTC rearrangements are associated with exposure to external 
radiation. Only RETjPTC1, RETjPTC1L, RETjPTC2, RETjPTCJ and ELKS/RET 
(ELKS, glutamic, leucine, lysine and serine-rich protein) have been found in non
radiation associated PTC.83 

Besides the association with ionizing radiation, there are several other indications 
that point to RETjPTC as causative factor in the pathogenesis of PTC. RETjPTC 
transforms thyroid follicular cells in vitro94 and specific overexpression of RETjPTC1 
and RETjPTCJ in the thyroid of transgenic mice leads to the development of tumors 
that resemble PTC demonstrating that RETjPTC can cause PTC.95·97 Interestingly, 
not all transgenic mice developed thyroid tumors, implying that the expression of 
the oncoprotein is necessary but not sufficient for tumorigenesis. Conversely, wide 
differences in the prevalence of RETjPTC rearrangements in human PC have been 
reported, ranging from 5% to 67%. 83·98·99 Clearly tumorigenesis involves multiple 
"hits, n and other genetic lesions are likely involved in the development of some 
cases of PTC. 

In microscopic PTC, RETjPTC expression is highly prevalent.98 This suggests 
that RETjPTC is activated at early stages of the disease. 

Although several reports failed to demonstrate correlation of RETjPTC 
rearrangements with clinocopathological features of increased morbidity100.102, 
different types of RETjPTC rearrangement are associated with variation in biological 
behavior. Patients with RETjPTC1 usually show an indolent behavior, whereas 
RETjPTCJ is associated with a more aggressive tumor phenotype.103·toG These 
observations are in keeping with transgenic mouse models expressing RETjPTC. 
Mice harboring RETjPTC1 develop thyroid lesions with morphological features of 
PTC that do not metastasize, whereas mice carrying RETjPTCJ are associated with 
solid tumor growth and metastases.96o97 

Although RETjPTC rearrangements have been observed in Hashimoto's 
thyroiditis/07·108 the absence of RETjPTC in PTC arising in the background of 
Hashimoto's thyroiditis suggests that the molecular basis of the association of 
Hashimoto's thyroiditis with follicular derived thyroid cancer is different from 
RETjPTC rearrangement.109 

Somatic rearrangements of RET have also been found in famillial PTCs, which 
is more aggressive than its sporadic counterpart_no,m However, since linkage 
between RET and the disease phenotype is excluded, RET is not a predispositionary 
factor in familial PTC. n2 

RET and Hiirthle cell carcinoma. The heterogeneous group of Hiirthle cell 
neoplasms of the thyroid gland has been a matter of ongoing controversy regarding 
the histologic classification, assessment of clinical behavior, and treatment 
recommendations.nJ,Il4 Hiirthle cell carcinomas are considered by some to be 
oxyphilic variants of follicular thyroid cancer (FTC)115 but others consider them a 
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distinct histopathological entity. rr4 Htirthle cell tumors of the thyroid are unusual 
neoplasms characterized by the presence of oncocytes, which are large polygonal 
cells with hyperchromatic often, bizarre, nuclei and an eosinophilic granular 
cytoplasm. Most Htirthle cell carcinomas do not take up radioiodine and are 
generally believed to be more aggressive than FTCs. rr3,rr4 

Several studies confirmed that RETjPTC is not restricted to PTC, but can also 
occur in Htirthle cell adenomas and carcinomas.9·99,rrG,rr7 Hyperplastic nodules 
with oncocytic metaplasia are generally negative for RETjPTC activation.rr6 Probably 
RETjPTC activation may be considered a secondary event in Htirthle cell adenomas 
and carcinomas, subsequent to the occurrence of genetic alterations determining 
oncocytic metaplasia. Remarkably, Hiirthle cell adenomas and carcinomas showed 
a comparable rate of RETjPTC rearrangements. rrG Therefore, one could consider 
Htirthle cell tumors always malignant, much like PTCs, which actually share the 
same genetic variation. Such an assumption may explain why the distinction 
between benign and malignant Htirthle cell tumors is very difficult and why 
apparent benign tumors at histological examination may give rise to distant 
metastasis. This assumption may also explain why Htirthle cell carcinomas are 
thought to be more aggressive, simply because only the most aggressive forms are 
currently considered malignant. 

RET and MEN 2 and FMTC. The MEN 2 syndrome consists of two variants: MEN 
2A and MEN 2B. MEN 2A is characterized by medullary thyroid carcinoma (MTC, 
originating from the calcitonin secreting parafollicular C-cells of the thyroid gland) 
or its precursor C.cell hyperplasia (CCH),  pheochromocytoma (a tumor of the 
adrenal chromaffin cells) ,  and hyperparathyroidism. Rarely, MEN 2A can be 
associated with cutaneous lichen amyloidosis (a pruritic and pigmented papular 
lesion of the skin on the upper back) or HSCR. MEN 2B is characterized by MTC, 
pheochromocytoma, mucosal ganglioneuromatosis, thickened corneal nerves and 
a distinct marfanoid habitus. FMTC is characterized by MTC or CCH alonerr8 but 
can also be associated with HSCR. 

In 1987, the genetic defect causing MEN 2A was located on chromosome 10.rr9 
In 1993. it was demonstrated that MEN 2A and FMTC were caused by germline 
RET mutations.120'121 Subsequently it became clear that MEN 2B was caused by 
germline mutations in the RET proto-oncogene as well, whereas somatic RET 
mutations were detected in tumor tissue of approximately 40% of sporadic (non
familial) MTCs.7°·122-124 

The pattern of inheritance in MEN 2 and FMTC is autosomal dominant, and all 
patients carry germline point mutations in the RET gene. The clinical expression 
of the MEN 2 variants and FMTC varies (Table 1) but MTC is generally the first 
neoplastic manifestation because of its earlier and higher penetrance compared to 
pheochromocytoma or parathyroid hyperplasia.125·126 This indicates that C-cells are 
more susceptible to (oncogenic) RET activation than adrenal medullary or 
parathyroid cells. The disease phenotype correlates strongly with specific RET 
mutations (Figure 5)125"127 independent of the amino acid type substitutes.128•129 
MEN 2B is usually caused by mutations in the TK2 subdomain (in 95% of cases 
involving codon 918 and in 5% codon 883). Infrequent germline missense mutations 
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were reported at codons 8o4 and 8o6 in the same allele and also at codons 8o4 
and 904 in the same allele although the phenotype corresponding with the codon 
804/904 double mutation does not meet the diagnostic criteria for MEN 2B.13°·131 

MEN 2A and FMTC mutations affect primarily the extracellular cysteine rich domain 
and are less frequently associated with mutations in the kinase domain (Figure 
5) .125·132 In MEN 2A, codon 634 is most frequently affected (85%), mostly by a 
C634R substitution (which has never been found in FMTC), whereas in FMTC the 
mutations are more evenly distributed among the various codons. 121•126•132 In 10% 
to 15% of MEN 2A and FMTC cases, codons 609, 6u, 618 or 620 are affected, 
whereas in about 5% mutations do not reside in codon 609, 6n, 618, 620, or 634. 
In these cases, it concerns rare mutations at the extracellular codons 533. 6oo, 6o3, 
6o6, 630, 649, 666,132-137 or the intracellular codons 768, 778, 781, 790, 791, 804, 
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Figure 5. Overview of the known germline missense mutations in the RET proto-oncogene 
and associated human diseases. The structure of the RET messenger RNA and the RET 
protein are depicted schematically. The mutations responsible for the diverse inherited 
cancer syndromes and the location of the mutations relatively to the exons and the func
tional domains are shown. The most common mutations that are found in about 95% of 
MEN2A and FMTC cases are depicted in bold, MEN 2B mutations are depicted in italics. 
8Adapted from !washita et al.14, Machens and Dralle 127, and Ito et a/.128 Abbreviations: ClA, 
cutaneous l ichen amyloidosis; FMTC, familial medullary thyroid cancer; HSCR, Hirschsprung 
disease; MEN 2A/2B, multiple endocrine neoplasia type 2A/2B; RET, rearranged during 
transfection. 
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852, 891, and 912 (Figure 5).138-147 Some mutations (G533C, R6ooQ, K6o3E, Y6o6C, 
S649L, V778I, Q781R, I852M, and R912P) have only been associated with (F)MTC 
in a single pedigree.133-I37·139·144·147 In addition, double RET mutations (C618S with 
E623K, C634Y with D631E, C634W with R635G, C634R with R64oG, C634S with 
A641S ,  C634R with V648I, and V8o4M with R844L) , small insertions (in codons 
532, 635, and 637), deletions (codon 616), and small insertion-deletion mutations 
(codons 631, 633, 635/636,  666, and 882) have been described in MEN 2A and 
FMTC.13°·137·148·159 Experience in penetrance and aggressiveness is limited to a 
handful of pedigrees carrying these rare mutations and genotype-phenotype 
correlations should therefore be interpreted with caution. 

Table 1. Clinical expression of the variants of hereditary MTC associated syndromes 

FMTC MEN 2A MEN 28 

Medullary thyroid cancer 1 00% 1 00% 1 00% 
C-cell hyperplasia 1 00% 1 00% 1 00% 
Pheochromocytoma 0% 1 0% to 60% 50% 
Hyperparathyroidism 0% 1 0% to 25% 0% 
Cutaneous lichen amyloidosis 0% <1 0% 0% 
Hirschsprung disease 0% rare 0% 
Marfanoid habitus 0% 0% 100% 
Intestinal ganglioneuromatosis 0% 0% 60% to 90% 
Mucosal neuromas 0% 0% 70% to 1 00% 
Thick corneal nerves 0% rare 60% to 90% 
Age at presentation (years) <20 to >50 <20 <1 0 

FMTC, familial medullary thyroid cancer; MEN 2A/2B, multiple endocrine neoplasia type 2A/2B 

Some gerrnline RET mutations are associated with MTC (or other endocrine tumors) 
only when they are present in a homozygous state suggesting that these mutations 
have weak transforming capacities. rGo,rGr For example, mutations in codon 8o4 
and 883 have variable clinical impact and can cause low penetrance disease, with 
late onset and a relatively indolent course162 or more aggressive disease. 16J.I64 
Individuals heterozygous for such weakly transforming mutations of RET likely 
require a second gerrnline or somatic mutation in RET, a downstream signaling 
gene, or a tumor suppressor gene to result in clinical expression of MEN 2.165 The 
occurrence of these second mutations, and their transforming ability, could account 
for the observed clinical variability in expression of germline mutations with very 
low transforming activity. 

RET and MEN 2 and FMTC associated with HSCR. HSCR or colonic 
aganglionosis is characterized by the absence of the enteric ganglia along variable 
lengths of colon and is the main cause for congenital constipation with an incidence 
of 1/5ooo live births. It is a multigenic disorder with variable expression. To date, 
10 genes have been associated with HSCR. 166•167 The major susceptibility gene is 
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RET, in which mutations have been identified in so% of familial and IS% to 3S% 
of sporadic HSCR cases. 166• 168 Most H SCR-associated mutations disable the 
activation or expression of RET6 whereas the typical MEN 2 mutations result in 
constitutively active RET. Nevertheless, HSCR can be found in association with 
MEN 2A and FMTC in patients with a single point mutation at codon 609, 6n, 
618, or 62o.169 

RET and sporadic MTC. In 40% to so% of sporadic MTCs, somatic RET 
mutations have been found. The most common mutation is M918T although 
mutations at codon 609, 6n, 618, 620, 630, 631, 6p, 634, 636, 639. 641, 748, 
766, 768, 876, 883, 884, 901, 908, 919, 922, 930 and deletions including codons 
592 to 6o7, 630, 6p{633. 633 to 63s and 634 have also been described.I21·122•124·17°· 
180 Sporadic MTCs show attributes of both MEN 2A and MEN 2B-related MTC.72 
The significance of somatic RET mutations in MTC pathogenesis is unclear although 
tumors with a somatic codon 918 mutation appear to be more aggressive.17°·173·181 
Somatic RET mutations are not consistently distributed within primary tumors 
and metastases indicating that the mutation can occur during progression of the 
tumor or that MTC is a disease of polyclonal origin.124 Probably in these cases, 
somatic RET mutations merely contribute to the disease phenotype instead of 
causing it. 

RET and sporadic pheochromocytoma. In apparent sporadic pheochromocytomas, 
the frequency of germline RET mutations ranges from o% to s%. 182•183 Somatic 
RET mutations have been found in o% to 31% of tumors, mostly at codon 918.122•184· 
187 and appear to occur less frequently in malignant than in benign 
pheochromocytoma.184·187 The contribution of germline and somatic RET mutations 
in the evolution of apparent sporadic beningn and malignant pheochromocytomas 
therefore seems to be minimal and other genes likely play a more important role 
in tumorigenesis of pheochromocytoma. 

RET polymorph isms and haplotypes i n  endocrine tumors 

Common polymorphic variants of RET can also contribute to the disease phenotype. 
A genetic locus is considered polymorphic if one or more of the rare alleles has 
(have) a frequency of at least o.o1. Most polymorphisms do not alter the functional 
activity of the encoded protein but not all polymorphisms are neutral.If the presence 
of a polymorphism or haplotype (a set of closely linked markers or polymorphisms 
inherited as a unit) can correlate (or associate) with a certain phenotype, it might 
be that it acts as a genetic modifier and may be associated with a (small to moderate) 
increased relative risk for the development of the disease. It  might also be that 
polymorphisms interact with other genetic variants and with traditional germline 
MEN 2-associated mutations to modulate development of features and age at onset. 
Moreover, since polymorphisms are relatively common in the population they may 
present a much higher attributable risk in the general population than rare 
mutations in high penetrance cancer susceptibility genes such as RET. 
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PTC 
Only few studies of an association between RET polymorphisms and haplotypes 
and PTC have been reported so far.188·r9o These studies demonstrated a weak 
association with PTC and the single nucleotide polymorphisms (SNPs) A45A. 
L769L188T, A432N9°, G691S, and S9o4S.189 Furthermore, analysis ofhaplotype 
frequencies suggested that the GGCC haplotype may act as a low penetrance 
predisposing allele for PTC in the Italian and French populations.188 However, all 
things considered, the magnitude of the effect between the RET SNPsjhaplotypes 
and PTC is quite modest at best and should be confirmed on larger samples. 

MEN 2 and FMTC 
Since both related and unrelated individuals with the same germline RET mutations 
develop MTC (and pheochromocytoma) at different ages other genetic or epigenetic 
events may trigger tumorigenesis including the presence of RET polymorphisms 
and ancestral haplotypes. Several SNPs and haplotypes of REThavec been described 
in the general population191 and in association with MEN 2A. 192 A recent study 
suggested that the polymorphic G691S jS904S variant of RET has a modifier effect 
on the age at which MEN 2A begins192 and another recent study suggested an 
association of the SNP L769L with the FMTC germline mutation F791Y.193 
Nevertheless, the mechanism of action of these potential genetic modifiers remains 
to be demonstrated. 

Sporadic MTC 
Several RET polymorphisms have been described in sporadic MTC. In a study 
among sporadic cases of MTC from Germany and the USA, the SNP S836S was 
overrepresented and apparently associated with the somatic mutation M9r8T in 
the tumoral DNA from the same patients. 194 These results were independently 
confirmed in another study of Spanish MTC patients. 195 However, in other studies 
of, respectively, French, Polish, UK, Chilean and Austrian patients, the S836S 
polymorphism was not found associated with predisposition to sporadic MTC. I9J.I96· 

199 
The IVSr-r26G�T polymorphism was significantly overrepresented in Spanish 

patients with sporadic MTC and the disease is associated with a specific haplotype 
within RET intron r that contains IVSr-r26G�T and IVSr-r463T�C in 
disequilibrium.200 However, the association between this SNP and sporadic MTC 
was excluded in UK patients.198 

The association of haplotype CGGATGCCAA and sporadic MTC was recently 
demonstrated in patients from the UK. This haplotype harbors the SNPs G691S, 
S904S, and STOP+388bp on exon 19.198 G69rS and S904S have previously been 
associated with sporadic MTC and MEN 2A160•192 and G69rS is thought to be the 
functional polymorphism. It is hypothesized that the G�S amino acid change 
creates a new phosphorylation site, which affects downstream signaling. 192 It could 
also be that the SNP changes the secondary structure of RET affecting flexibility 
and solvent accessibility of the protein. 198 Further experimental data are needed to 
verify these hypotheses. It is of note that the germline sequence variant in intron 
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14 (IVS14-24G�A) originally interpreted as a disease causing mutation for HSCR201, 
has also been found in a significant higher frequency in patients with sporadic 
MTC and in subjects with moderately elevated serum calcitonin concentrations 
after pentagastrin stimulation, when related to a control group.193 In contrast, 
IVS14-24G�A was not associated with either HSCR or sporadic MTC in another 
study.202 Interestingly, a haplotype with a protective effect for sporadic MTC was 
recently identified. 198 This haplotype contained the SNP A45A which was previously 
associated with an increased risk of HSCR. 203 In spite of these findings, it is unlikely 
that A45A is responsible for this protective effect since it was also present in a 
haplotype that lacked association with sporadic MTC.198 

Furthermore, GFRill-193· a polymorphism of the GFRa1 gene was found to be 
associated with sporadic MTC in a small case-control study204. However, in two 
larger studies, this association could not be reproduced.198·205 

The potential role of the different polymorphisms in the development of sporadic 
MTC needs to be further characterized and the molecular background of these 
polymorphisms requires to be elucidated. 

Sporadic pheochromocytoma 
An ancestral, low-penetrance RET haplotype is strongly associated with and 
overrepresented in sporadic pheochromocytoma. It comprises the wild-type allele 
at IVS1-126 and IVSI-1463, with a 16-base-pair intron I deletion 5' of these SNPs.206 

In addition, a significant association between the patients' age of diagnoses and 
genotype was found, suggesting that the additive effect of the haplotypes can 
modulate the age of onset of the disease. 

Oncogenic activation of RET 

Mutated RET plays a very significant role in the development of human endocrine 
tumors and tumor syndromes. Oncogenic RET activation and signaling differs 
from activation and signaling of non-mutated RET. These differences in the various 
endocrine tumors will be covered next. 

Oncogenic RET activation in PTC 
Very little is known about the mechanism of RETjPTC induced oncogenic 
transformation of thyroid cells. Usually, in the absence of rearrangements, RET 
expression is very restricted (but not absent) in thyroid follicular epitelial cell-derived 
tumors.207 The genes fused with RET, however, are constitutively expressed within 
thyroid follicular cells and RETjPTC rearrangements therefore allow constitutive 
expression of the kinase domain of RET, which is essential for the malignant 
transformation of the thyroid cells.208 In addition, fusion with protein partners 
holding protein-protein interaction motifs provide RET fPTC kinases with dimerizing 
lineages, which results in ligand-independent autophosphorylationY Furthermore, 
RETfPTC recombinations delete the transmembrane domains that suppress 
mitogenic signaling209 and hence it is likely that these oncoproteins are relocated 
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to the cytosolic compartment of the cell. For that reason, another important function 
of the proteins that are rearranged with RET is in determining a localization at the 
plasma membrane although interaction of RET f PTC with Enigma may be 
responsible for this relocalization process as wellY·65 The various activating fusion 
partners of RET may be distributed in different cellular compartments, permitting 
RET to interact with diverse groups of signaling proteins. This may be an explanation 
for the variation in oncogenic potential between different RET associated types of 
PTC.85 

To obtain more insight in oncogenic RET signaling caused by rearrangements, 
it should be emphasized that RET fPTC signaling depends mainly on three key 
docking sites: Y905 whose phosphorylation stabilizes the active conformation of 
the kinase domain37), Yror5 whose prolonged phosphorylation downregulates a 
PKC dependent negative feedback loop to promote cell survival and clonal 
expansion43, and Yro62 whose phosphorylation recruits numerous signal 
transduction proteins to RETfPTC.6 

The oncogenic proteins involved in the initiation of PTC generally work along 
the same linear signaling cascade, which starts at the level of RET Yro62. This 
pathway is relevant for sustained proliferation and motility of thyroid tumor cells 
and sequentially triggers RAS, BRAF, and ERK stimulation.210 Enhanced activation 
of another signal-transduction route, the PI 3K/ AKT pathway, has also been reported 
in PTC.2II RET can activate AKT (via Yro62) through both PI3K dependent and 
PI3K independent mechanisms.68•212 It is noteworthy that AKT activation is a 
common feature of aggressive thyroid cancers. 213 The docking sites Yror5 and 
Yro62 are also required for stimulation of an osteopontin-CD44 autocrine loop 
initiated by RET fPTC. This loop activates ERK and AKT signaling pathways, is 
implicated in sustaining proliferation and invasiveness of thyroid cancer cells214, 
and correlates with aggressive clinicopathologic features of PTC.215 

RETfPTC signaling through Y905, Yrors. and Yro62 generally occurs 
independently of the type of rearrangement. However, there are some indications 
that different signaling cascades activated by the various RET fPTC rearrangements 
affect the clinical behavior of PTC. Miyagi et al. have demonstrated that RETjPTCJ 
expression (associated with more aggressive PTC) preferentially activates the 
PI3 KjAKT rather than the RASfBRAFfERK pathway.216• Nevertheless, it is still 
unclear how these cascades lead to cellular changes seen in PTC. 

The variable clinical behavior of RET-associated PTC may also be explained by a 
difference in expression levels of RETjPTC in aggressive and indolent tumors. In 
a report of a small series of PTCs, it was suggested that tumor size may parallel 
RETjPTC1 expression levels but this was not significant. Remarkably, expression 
levels of RETjPTC did not correlate with the presence of lymph node metastases 
or tumor stage. 217 

Finally, the involvement of different fusion genes may play a role in tumor 
behavior. In the clinically more aggressive tumors that are associated with RETjPTCJ 
rearrangements the fusion gene is RET fused gene (RFG or ELE1). ELE1 is a 
coactivator of peroxisome proliferation-activated receptor y (PPARy), which has 
tumor suppressor possessions.218 This observation has lead to the hypothesis that, 
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upon rearrangement with RET, ELE1 is inactivated as coactivator ofPPARy. Hence, 
in tumors containing RETfPTCJ rearrangements, a proto-oncogene (RET) is 
activated and a tumor suppressor (PPARy) could be inactivated.219 

Despite all efforts, thus far there is still little, if any, evidence whether and how 
the clinical behavior of human PTC is affected by the various RET fPTC 
rearrangements leading to activation of different downstream signaling proteins, 
differences in RETfPTC expression levels, or the involvement of different fusion 
genes. 

Oncogenic RET activation in MEN 2 and FMTC 
In MEN 2 and FMTC the activation of oncogenic RET depends on the location of 
the amino-acid change. Mutations in the extracellular cysteine rich domain are 
generally found in MEN 2A (Figure 5) and convert a cysteine residue into a non
cysteine residue. Normally these cysteine residues are involved in intramolecular 
disulfide bonds in wildtype RET. The mutation leaves an unpaired cysteine residue 
in a RET monomer to form an aberrant intermolecular disulfide bond with another 
mutated monomer. The two mutated RET molecules are constitutively dimerized 
and activated in trans. Mutations in the intracellular tyrosine kinase domain, which 
are generally found in MEN 28 and FMTC (Figure 5) activate the kinase and alter 
its substrate specificity due to structural changes of the binding pocket of the tyrosine 
kinase domain. They lead to aberrant phosphorylation of substrates preferred by 
cytoplasmictyrosine kinases such as c-Src and c-abl rather than the substrates 
preferred by normal receptor tyrosine kinases.36·22° Consequently the mutated RET 
does no longer need dimerization to become active.221 

It is remarkable that, although mutated RET signals independent of ligand, in 
several mutation types RET can be further activated by GDNF.222 MEN 28-associated 
intracellular mutations, for instance, could be activated by GDNF as opposed to 
intracellular FMTC mutations. This same phenomenon was observed in extracellular 
codon 634 mutations that were responsive to G DNF whereas codon 620 mutations 
were not.223 

Little is known about the (mutation specific) signaling pathways of RET. There 
may be subtle differences in protein conformation when RET is activated by either 
ligand binding, M EN 2A mutations, MEN 28 mutations, or FMTC mutations 
leading to the initiation of different intracellular signaling pathways. Wild type RET, 
MEN 2A-related RET (RETfMEN 2A), FMTC-related RET (RETfFMTC) and MEN 
28-related RET (RET /MEN 28) display differences in phosphorylation of docking 
sites and isoforms of the RET receptor.71'224·225 In RET/MEN 2, a variable pattern 
of phosphorylation, including docking sites Y752, Y 905, Y 928, and Y1o96 has been 
identified.3S.Z24 Phosphorylation of Y752 and Y 928 results in activation of STAT3 
in RET/MEN 2A and RETfFMTC35·36 and the transforming activity of RETfMEN 
2A but not RET/MEN 28 depends on phosphorylation ofY9o5.J7 With regard to 
Y1096, it has been demonstrated that in RET fMEN 28 Y1062 phosphorylation is 
enhanced and Y1096 phosphorylation is reduced, whereas in RET /MEN 2A Y1096 
phosphorylation is enhanced.71 
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These differences in phosphorylation of docking sites and response to G FLs may 
give rise to altered activation of downstream signaling routes. This seems indeed 
to be the case. RET/MEN 2A, for instance, impacts substantially on downstream 
AKT activation compared to RET activated by its natural ligand.226 Several additional 
findings suggest that different mutated RET proteins might have different effects 
on tumorigenesis. The PI3 K/AKT pathway responsible for survival signaling, 
enhanced cell-cycle progression and RET-mediated transformation, is more highly 
activated in RETfMEN 2B than in RETfMEN 2A.48·49 Because of the enhanced 
Yro62 phosphorylation of RETfMEN 2B compared to RET/MEN 2A, higher 
activation levels of the RASfMAPK and PI3KjAKT pathway are triggered.227 These 
observations suggest PI3 KjAKT to be (one of the) most important oncogenic 
signaling pathways. 

Further evidence for differences in oncogenic signaling between the various 
mutation types is provided by the strong association of the J N K  pathway with 
RET /MEN 2B and involvement of this pathway in the ability of MEN 2B-related 
MTC to metastasize.62•63 Moreover, the activation of STAT3 by an extracellular 
RET/MEN 2A mutation is independent of Janus tyrosine kinases (JAKs) and c-Src. 
In contrast, RETY79IF and RET589IA (intracellular monomeric FMTCfMEN 2A 
mutations) activate STAT3 via c-Src and JAKs.36 

MEN 2A and FMTC can co-segregate with H SCR and these phenotypes are, in 
that case, caused by the same RET mutation. Several observations have been made 
that could offer an explanation for this apparent contradicting phenomenon 
including a decreased cell surface expression of RET in these patients228 and a 
kinase activity under a certain threshold required for cell survivaF28• However, the 
impact of GDNF-mediated signaling may influence oncogenic signaling. As 
described above, pure MEN 2A mutations such as C634R are responsive to GDNF 
whereas HSCRfMEN 2A and HSCRfFMTC mutated RET (for instance C62oR) 
does not respond to GDNF.223 Insensitivity to GDNF renders cells more prone to 
apoptosis and these features are shared by all HSCR-associated mutations of RET.229 
Unlike the HSCRfMEN 2A mutations, pure MEN 2A mutations such as the C634R 
mutation are responsive to GDNF and are therefore most likely not associated with 
H SCR.223 A similar influence of GDNF has been demonstrated for, MEN 2B
associated RETM 9IST and RETY79IF and RET5891A. RETM 9IST displays larger 
oncogenic potential and has been shown to be GDNF-responsive whereas RETY79IF 

and RET5891A are not.36 These findings suggest that differences in the mechanism 
of receptor activation combined with differences in G DNF-responsiveness of these 
receptors, as well as tissue-specific expression of GDNF (or related ligands), could 
give rise to different disease phenotypes.23° 

The behavior of MEN 2 and FMTC-related MTC subtypes can be coupled to 
specific genetic alterations. Screening analysis using an in vitro model of NIH3T3 
cells expressing RET/MEN 2A and RETfMEN 2B identified ro genes that were 
induced by both mutations and eight genes were repressed. 59 The induced genes 
included cyclin Dr, cofilin, and cathepsin L and B that are known to be implicated 
in cell growth, tumor progression, and invasion. The repressed genes included type 
r collagen, lysyl oxidase, annexin r, and tissue inhibitor of matrix metalloproteinase 3 
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(TIMP3) genes that have been associated with tumor suppression. Furthermore, 
RET fMEN 2A predominantly induced six genes and RET fMEN 2B predominantly 
induced five genes. Among these genes integrin-a.6 (ITGA6) expression has been 
suggested to play a role in the MEN 2A phenotype, and stanniocalcin-I (STCI) in 
the MEN 2B phenotype. Expression microarray analysis of human MEN 2A and 
MEN 2B-related MTC demonstrated upregulation of a cluster of genes associated 
with matrix remodeling and the epithelial to mesenchymal transition. These and 
other gene products in the MEN 2B cluster have been previously associated with 
anincreased metastatic potential in a variety of other tumors, including breast, 
prostate, and bladder carcinomas.72 

Diagnostic and therapeutic impl ications of the RET genotype in 
MEN 2 and FMTC 

Patients who present with MTC should undergo genetic screening for germline 
RET mutations since the likelihood of a familial component is relatively high (2.5% 
to 7% in apparent sporadic MTC132) and early thyroidectomy proved to be the only 
effective curative or preventive treatment.23r-z33 In the assessment of at-risk 
individuals, DNA analysis for the detection of mutations in the RET gene is the 
gold standard, and a positive result is the single indication for recommending 
surgery.156 Genetic screening includes the analysis of exons IO, n, I3, I4, I5 ,  and 
I6 since the clinically relevant mutations are located in these exons.126 The recent 
discovery of a RET germline mutation in codon 533 in exon 8133 indicates that 
analysis of exon 8 should be considered in patients and families at risk for MEN 2 
and without identified mutations in exons IO, n, I3, I4, I5,  and I6  and maybe even 
in every patient presenting with MTC. 

MTC has nearly a 100% penetrance in MEN 2 syndromes and FMTC, but the 
aggressiveness and clinical course differ between the different types of MEN 2. 
Therefore, based on recent literature, RET mutations have been stratified into three 
groups, levels I to 3 · Patients with MEN 2B have the highest risk from the 
aggressiveness ofMTC (mutations in codon 883 or 9I8). They are classified as level 
3· Patients with MEN 2AfFMTC-related level 2 mutations (codon 609, 6n, 6I8, 
620, 630, 634) are at high risk and patients with RET codon 768, 790, 79I, 804 
and 89I (level I) mutations are classified as having the least high risk for the 
development and growth ofMTc.rzG.rzg The biological behavior ofMTC observed 
in patients with level I mutations, however, is variable and MTC with lymph node 
metastases has been reported even at the age of six in these patients_I29 Recently, 
new insights regarding average tumor behavior in MEN 2/FMTC-kindreds with a 
particular mutation regarding the development of MTC and pheochromocytoma 
have been described.129,z34-z3G Timing of screening and treatment for MEN 2-
associated tumors may now be based on the type of RET mutation in patients with 
a MEN 2/FMTC genotype. A treatment and screening strategy based on the earliest 
occurrence of MTC, pheochromocytoma and primary hyperparathyroidism for 
carriers of germline RET mutations as well as the in vitro transforming capacities 
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of the different mutations74•128 (Figure 5), is depicted in Table 2. Total throidectomy 
and central lymph node dissection should be performed in the first year of life in 
patients with level 3 mutations since MTC is present very early and these patients 
have a high risk of lymph node metastases.237 In asymptomatic carriers of level 2 
mutations, total thyroidectomy is generally recommended before the age of five, 
although based on the youngest age of occurrence of MTC and the in vitro 
transforming activity of the mutations, surgery is warranted before the age of two 
in patients with a mutation in codon 630 or 634. It should be noted, however, that 
all reported patients with a codon 630 or 634 mutation who have been operated 
around the age of four or five years had undetectable serum calcitonin levels 
postoperatively. 126•129·156 ·231•23P38-z45 Finally, in asymptomatic carriers of level 3 
mutations, total thyroidectomy is recommended before the age of IO. 

There is still a great amount of controversy regarding the issue of when to perform 
a central lymph node dissection.126 The interval between the emergence of MTC 
and the evolution of lymph node metastases has been estimated to be 6.6 years for 
carriers of the most common mutations in codon 634.129 Lymph node metastases 
are uncommon before the age of IO years in patients harboring mutations in codon 
630 or 634129,2.32. and before the age of 20 years in patients with mutations in codon 
609, 6n, 6I8, 620, 9I2 and the level I mutations.129·147-Z32 However, individual 
predictions of phenotype can be very unreliable based solely on RET genotype. This 
is illustrated by the emergence of MTC with lymph node metastases in two patients, 
respectively five and ro years old, with a RET mutation in codon 634 246·247, a six
year-old patient with a codon 8o4 mutation248, and a Io-year-old patient with a 
codon 790 mutation.249 These patients all had abnormal basal andjor stimulated 
serum calcitonin levels. Therefore, it is advisable to perform a total thyroidectomy 
including a central compartment dissection irrespective of the patients' age in case 
of abnormal calcitonin levels. 

In MEN 2A patients with a codon 634 RET mutation, pheochromocytomas have 
been identified as early as 5 and IO years of age. 126 However, the recent results of 
a single institute cohort study suggest a later age of onset and a codon-specific, age
related development of MEN 2-associated pheochromocytoma.234 Based on a worst 
case scenario, screening for pheochromocytoma through the annual measurement 
of urinary catecholamines and metabolites should commence before the earliest 
reported age of presentation. Therefore, except for patients with a RET mutation 
in codon 634 (and presumably also in codon 630), whom should be screened from 
the age of five years onwards, screening for pheochromocytoma may be postponed 
until the age of 20 in patients with level I and 2 mutations. Likewise, screening for 
primary hyperparathyroidism (serum calcium and parathormone (PTH)) should 
commence before the age of IO in carriers of codon 634 and codon 804 mutations 
and could be postponed to the age of 20 years in other mutation carriers.127·164 For 
pragmatic reasons screening for pheochromocytoma and primary 
hyperparathyroidism could best be combined. 
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Table 2. Management of MEN 2 and FMTC patients according to RfTgenotype8• 

Risk Risk RET Youngest age 
category level codon at first 

diagnosis 
of MTC 

Highest 3 883 Not described 
Highest 3 918 9 months 
High 2 609 5 years 
High 2 611 7 years 
High 2 6 18  7 years 
High 2 620 6 years 
High 2 630 1 2  months 
High 2 634 13 months 
High 2 91 2 14 years 
Least high 1 533 21 years 
Least high 1 649 44 years 
Least high 1 666 35 years 
Least high 1 768 22 years 
Least high 1 790 10 years 
Least high 1 791 21 years 
Least high 1 804 6 years 
Least high 1 891 13 years 
---

Youngest age 
at first 
diagnosis 
of PCC 

Not described 
1 2  years 
22 years 
30 years 
29 years 
22 years 

5 years 

35 years 
59 years 
28 years 
38 years 
28 years 
52 years 

Youngest age 
at first 
diagnosis 
of H PT 

Unspecified 
Unspecified 
41 years 
Unspecified 
32 years 
10 years 

38 years 
10 years 

Recommended age for surgery 
Thyroidectomy 

<1 years 
<1 years 
<5 years 
<5 years 
<5 years 
<5 years 
<2 years 
<2 years 
<5 years 
5·1 0  years 
5-1 0 years 
5-1 0  years 
5-1 0  years 
5-10 years 
5-10 years 
5-1 0  years 
5-1 0  years 

Central 
lymph node 
dissection 

<1 years 
<1 years 
�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�1 0 yearsb 

�10 yearsb 

�1 0 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

�20 yearsb 

Recommended Recommended 
age to start age to start 
screening for screening for 
PCC HPT 

1 0  years 
1 0  years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
5 years 20 years 
5 years <10 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years 20 years 
20 years <10 years 
20 years 20 years 

• The recommendations are made based on the 1999 international consensus statement126 and extended with results from recent literature_127. 129.l3S.l37·147-164·232·234 

b No consensus has been reached for the extent of surgery for MTC in patients carrying these germline mutations in the RET gene. Recommendations are based on recent literature. If 

basal or pentagastrin-stimulated calcitonin levels are abnormal in RET mutation carriers. thyroidectomy and central lymph node dissection should be performed immediately. 

For mutations at codon 603, 606, 778. 781 ,  and 852 insufficient data are available for recommendations. but most likely they belong to risk Ievei l .  

MEN 2. multiple endocrine neoplasia type 2; FMTC. familial medullary thyroid cancer; RET. rearranged during transfection; MTC. medullary thyroid cancer; PCC. pheochromocytoma; 

HPT. hyperparathyroidism. 
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Conclusion 

In 20 years, the critical role of RET in the growth of endocrine tumors has been 
well recognized. Soon after the discovery that the RET gene was responsible for 
MEN 2 and FMTC, genetic testing to treat patients with prophylactic thyroidectomy 
was applied and recently, mutation-based treatment recommendations have been 
described. Despite the clear genotype-phenotype correlation in MEN 2, the molecular 
mechanisms linking the receptor with the (variable) disease phenotypes remain to 
be unraveled. In contrast to PTC, which has good adjuvant treatment, surgery 
remains the only treatment with curative intent in MEN 2 related tumors, FMTC 
and sporadic MTC and pheochromocytoma and new treatment options are needed. 
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Introduction 

Hirschsprung disease (HSCR) occurs in approximately 1 of every sooo 
newborns and is characterized by a congenital absence of enteric neurons in 
the distal colon and rectum resulting in functional intestinal obstruction. 1 
H SCR is a genetically heterogeneous disorder with familial risk of the disease 
varying considerably by gender, segment length affected and the co-occurrence 
of non-enteric phenotypes.2 H SCR can be found in association with the 
inherited cancer syndrome multiple endocrine neoplasia type 2A (MEN 2A) 
and its variant familial medullary thyroid cancer (FMTC) (Table 1).3·18 MEN 
2A is an autosomal dominant inherited disorder characterized by medullary 
thyroid carcinoma (MTC, originating from the neural crest cell derived 
parafollicular C-cells of the thyroid) in practically all patients, 
pheochromocytoma in approximately so% of all patients and hyperplasia or 
adenomas of the parathyroid glands in 20% to 25% of the patients. r9 FMTC 
is characterized by the familial occurrence of MTC in the absence of 
pheochromocytoma and parathyroid disease. 

HSCR, MEN 2A, FMTC and the combined phenotype HSCRfMEN 2A or 
HSCRfFMTC are all found associated with gerrnline mutations of the RET 
proto-oncogene (REarranged during Transfection). In HSCR, the mutations 
are, in contrast to MEN 2A and FMTC, not specifically localized. These 
mutations can be found in all exons of the RET gene and lead to a diminished 
or absent function of the mutant RET protein.20 In MEN 2A, almost all 
gerrnline mutations are localized in exons 10 and u. The same mutations have 
been found in FMTC, but mutations in FMTC may also be localized in exons 
13, 14 and 15.21 The MEN 2A and FMTC mutations are of a particular type that 
results in constant activation of the mutant RET protein. 22 Studies have 
demonstrated MEN 2A RET mutations, in 2.5% to 5% of patients with HSCR 
but without a positive family history of MEN 2A or FMTC.3·6,r6 
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Table 1. Overview of al l  published HSCR cases in which a MEN 2NFMTC-associated RET 
germline mutation was identified. 

Mutation Phenotype Author (Reference) 

C609W HSCR (famil ial ) Mulligan et at. (6) 
C609Y HSCR (famil ial )  Angrist et at. (3) 
C609Y HSCR/MEN2A Decker et at. (7) 

C609Y HSCR/MEN2A Decker et at. (7) 

C609Y HSCR (sporadic) Sijmons et at. (4) 
C61 1 S  HSCR/FMTC Nishikawa et at (B) 
C61 BR HSCR/MEN2A Caron et at. (9) 
C61 BR HSCR/MEN2A Mulligan et at. (6) 
C61BR HSCR/FMTC Peretz et at. (1 D) 
C61 BR HSCR/FMTC Peretz et at. (1 0) 
C61 BR HSCR/MEN2A Pasini et at. (1 1 )  
C61 BS HSCR/MEN2A Decker et at. (7). Borst et at. ( 1 2) 
C61 BS HSCR/MEN2A Decker et a/ (7.13). Borst et a/. ( 1 2) 
C61 8S HSCR/MEN2A Decker et at. (7) 
C620W HSCR/MEN2A Decker et at. (7) 

C62DR HSCR/MEN2A Decker et at (7) 

C620R HSCR/MEN2A Mull igan et at. (6) 
C620R HSCR/MEN2A Mull igan et at. (6) 
C62DR HSCR/FMTC Romeo et at. ( 14) 
C620R HSCR/MEN2A Blank et at. ( 1 5) 
C62DR HSCR/MEN2A Sijmons et at. (4) 
C620R HSCR (sporadic) Angrist et at. (3) 
C620R HSCR (sporadic) Seri et at. (1 6) 
C620R HSCR (sporadic) Sijmons et at. (4) 
C620S HSCR/FMTC Romeo et at. ( 1 4) 
C620S HSCR/MEN2A Borrego et at. ( 1 7) 

C62DS HSCR/MEN2A Inoue et at. (1 B) 

DNA analysis enables us to identify individuals at risk for a hereditary cancer 
syndrome and select them for tumor prevention programs. This has been 
successfully demonstrated for MEN 2A and FMTC.23 Testing for activating RET 

gene mutations is therefore routinely performed in MEN 2A and FMTC families 
to identify individuals at risk. Whether patients with HSCR and a MEN 2A RET 

mutation without a family history of MEN 2A or FMTC have a high risk of 
developing MTC is as yet unknown because follow-up results of screening for 
tumors in these families have, to our knowledge, not been published. We report 
detection ofMTC in a patient with HSCR without MEN 2A or FMTC family history. 
In addition, systematic review of the literature for patients with a MEN 2A RET 

52 



Screening for MEN 2A RET mutations in Hirschsprung Disease 

mutation and a H SCR, HSCRfFMTC or H SCRfMEN 2A phenotype (language: 
English) was performed by a MEDLINE search. Key words were "Hirschsprung 
disease", "MEN 2A", "FMTC" and "RET". 

Case report 

This 37-year-old woman had been diagnosed with short-segment HSCR 8 weeks 
of age on clinical and histological grounds. At the age of 2 years, a Swenson pull 
trough operation was performed with resection of 10 em aganglionic rectal segment. 
Bowel continuity was restored. She was tested for germline RET mutations after 
an informed consent procedure, at the age of 33 years. The RET gene was screened 
for mutations by means of denaturing gradient gel electrophoresis followed by 
direct sequencing of aberrant DNA fragments.5 A TGC to TAC mutation in codon 
6o9 changing its code for cysteine to tyrosine was demonstrated. C6o9 Y mutations 
were previously reported in MEN 2A.7 Her relatives had no history of H SCR, any 
bowel disease, MEN 2 tumors or cancer in general (Figure 1). They could not be 
tested for the RET mutation or screened for MEN 2 tumors because the patient 
had abandoned all contact with her family. Biochemical screening for MTC in this 
patient revealed an initial normal basal calcitonin level of 4 ng/L (normal range 
3-17 ng/L). Pentagastrin stimulated calcitonin levels were clearly abnormal, however, 
with a peak value of 1290 ng/L (normal peak value is up to three times the normal 
unstimulated level), which is indicative of thyroid C-cell pathology. Urinary screening 
for pheochromocytoma was normal. Total thyroidectomy with central node 
dissection was offered, but for psychosocial reasons the patient declined the 
operation until recently. Histology revealed C-cell hyperplasia and bilateral multifocal 
MTC (all foci <o.6 mm) with negative lymph nodes. 

/ 
Figure 1. Pedigree of the family of the patient. The patient is indicated with an arrow. 
Squares indicate males; circles indicate females. Numbers within squares represent the 
additional number of asymptomatic males in that generation. 
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Review of the l iterature 

We identified 28 families or sporadic patients with a HSCR, HSCRJFMTC or 
HSCRJMEN 2A phenotype and MEN 2A RET mutations in 16 studies published 
between 1992 and 2003 (Table 1). 

Discussion 

We demonstrate, for the fist time, that a patient with sporadic HSCR, with a negative 
family history for MEN 2A and carrying a C6o9 Y RET mutation, developed a MTC. 
Our data therefore show that HSCR patients having a MEN 2A or FMTC-associated 
mutation are at risk developing MEN 2-associated tumors. The fact that this is the 
first case in this family to develop such a tumor might, of course, be explained by 
a de novo appearance of the mutation in this patient. This might indeed be the case. 
We unfortunately could not get this information, as the patient was no longer in 
contact with her family. 

Although this is the first report of a HSCR patient with a MEN 2A-associated 
mutation without a family history of MEN 2A, our finding does stress the point 
that testing HSCR patients for MEN 2A-associated mutations should be considered. 
We therefore propose screening all HSCR patients for such mutations and not 
limiting the screening to those patients with a positive family history of MEN 
2AjFMTC, particularly because families may be small and MEN 2A tumors may 
be asymptomatic. Screening can be limited to RET exon 10 as our literature search 
showed that all reported MEN 2AjFMTC mutations found in HSCR patients reside 
in this exon (Table I) .  When screening this exon the chance on finding a MEN 
2AjFMTC-associated mutation seems even reasonably high (2.5% to s%).3·5·16 

Screening literature did not give insight on the precise risks of developing a MEN 
2A tumor in a HSCR patient with a gain of function mutation because the number 
of families and patients studied are small and results of follow-up of patients with 
HSCR and MEN 2A mutations without a family history of MEN 2A or FMTC are 
unknown. These risks might very well be similar to the risks MEN 2A and FMTC 
patients have with the same RET mutations. In our opinion, HSCR patients with 
such mutations should be treated similarly to MEN 2A and FMTC patients with 
such mutations. Additional studies, however, are needed to establish more detailed 
genotype/tumor risk (and behavior) associations. 

The aggressiveness of MTC seems to correlate with RET mutations in specific 
codons.RET mutations have been stratified into three groups: levels I to 3 .19 It is 
known that patients with MEN 2B-related MTC have the highest risk from the 
aggressiveness ofMTC (mutations in codon 883 or 9I8). They are classified as level 
3· Patients with MEN 2AjFMTC-related level 2 mutations (codon 6n, 6I8, 620, 
634) are at high risk and patients with RET codon 609, 768, 790, 79I, 804 and 
891 (level I) mutations are classified as having the lowest risk for the development 
and growth ofMTC. 19 The biologic behavior ofMTC observed in patients with level 
1 mutations, however, is still not predictable and MTC with lymph node metastases 
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has been reported even at the age of 5 years in these patients. 24 The prognosis for 
patients with MTC or pheochromocytoma detected at the symptomatic stage is 
worse than the prognosis for patients with tumors detected by screening. 25 
Therefore, we believe that even though the risk for a tumor is not yet known, 
members of sporadic or familial HSCR families known to carry a MEN 2A RET 

mutation should undergo screening for MEN 2A tumors as early as possible, 
preferably in the first year oflife. This includes a yearly basal calcitonin test and a 
calcitonin test under pentagastrin stimulation to detect C-cell hyperplasia or MTC, 
measurement of serum calcium, chloride and phosphate levels to test for parathyroid 
hyperplasia or adenomas, and measurement of catecholamines in urine to detect 
pheochromocytomas. Children who are known to carry a gain of function germline 
mutation in the RET proto-oncogene should undergo prophylactic thyroidectomy.19 
Nevertheless, timing of prophylactic thyroidectomy remains controversial, especially 
in patients with a level I RET mutation. It can be performed safely from the age of 
4 years onwards in referral centers with experienced surgeons.26 However, some 
authors propose prophylactic thyroidectomy from the age of 2 years onwards.24 
The decision regarding thyroidectomy should, in our opinion, be made based on 
the earliest reported age at which metastasis occurs. Recently new insights regarding 
average tumor behavior in MEN 2 kindreds with a particular mutation have been 
reported.27 The earliest reported age at presentation of MTC in patients with RET 

mutations in exon IO is 5 years, 7 years, 7 years and 6 years for codon 609, 6n, 
618 and 620, respectively.26·27 Nodal metastases appear to occur on average 6.9 
years later. These data suggest that prophylactic thyroidectomy in asymptomatic 
patients with MEN 2AjFMTC RET mutations in exon 10 can be performed at the 
age of IO years. Ifbiochemical screening reveals an abnormality, total thyroidectomy 
and central lymph node dissection should be performed immediately at any age. 
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Abstract 

Medullary thyroid cancer (MTC) shares biochemical features with other 
neuroendocrine tumors but the particular characteristics are largely unexplored. 
We investigated the biochemical neuroendocrine profile ofMTC and whether 
specific markers could be useful in the follow-up. In addition to the standard 
tumor marker calcitonin, plasma carcino-embryonic antigen (CEA), plasma 
catecholamines, (platelet) serotonin, chromogranin A, tryptase and urinary 
markers of catecholamine, histamine, and serotonin metabolism were 
prospectively determined in 46 patients with histologically proven MTC. 
Patients were divided into three groups according to the stage of disease. In 
s6% of patients plasma dopamine levels were increased. They did not correlate 
with extent of disease or increase in catecholamine metabolites. Elevated plasma 
platelet levels of serotonin were present in 15% of patients and positively related 
to MEN 2 but not to extent of disease. Histamine metabolites were elevated 
in 20% of patients. In addition to plasma calcitonin, only CEA and 
chromogranin A could differentiate between stable and progressive MTC. 
MTCs are capable of synthesizing catecholamines, serotonin and histamine 
metabolites underscoring that MTCs have metabolic characteristics in common 
with other neuroendocrine tumors. Thus far, clinical usefulness and relevance 
seems limited. The most useful markers in the follow-up of MTC are plasma 
calcitonin and CEA. 

Introduction 

Medullary thyroid cancer (MTC) is a neuroendocrine tumor that, besides 
reliable tumor markers including calcitonin and carcino-embryonic antigen 
(CEA), secretes a large amount of other compounds such as calcitonin gene
related peptide (CGRP), neuron-specific enolase (NSE) , adrenocorticotrophic 
hormone (ACTH), somatostatin, substance P, and vasoactive intestinal peptide 

57 



Part 1: Genetic Background and Biochemical profile of MTC 

(VIP). 1 '2 The specific biochemical features of MTC, however, are still largely 
unexplored. 

In the follow-up of MTC it is often difficult to firmly establish and subsequently 
localize suspected recurrences and for metastases. Plasma calcitonin levels in patients 
with metastatic MTC may vary up to 30% if measured in short intervals, which 
makes it difficult to interpret progression) Therefore, a reliable additional tumor 
marker could be of help in the follow-up. The substances mentioned above, 
unfortunately, are of no clinical significance. However, by characterizing the specific 
biochemical profile of MTC, a reliable tumor marker may be identified. 
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Figure 1. The major steps in catecholamine, serotonin and histamine metabolism in neu
roendocrine cells. The rate-limiting enzymes are underlined. Abbreviations: HVA, 
homovanillic acid; DO PAC, dihydroxyphenylacetic acid; 3-MT, 3-methoxytyramine; 5-HIAA, 
5-hydroxyindole acetic acid; MIMAA, methylimidazole acetic acid; VMA, vanillylmandelic 
acid; MOPEG, 3-methoxy-4-hydroxyphenylethyleneglycol; VA, vanillic acid. 
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Neuroendocrine cells have a common ability of absorbing and decarboxylating 
monoamine precursors, thus producing biogenic amines such as catecholamines, 
serotonin and histamine (Figure 1) and co-secreting tryptase and chromogranins.4·5 
Because of these characteristics, Pearse postulated the Amine Precursor Uptake 
and Decarboxylation (APUD) concept6, according to which neuroendocrine tumors 
originate from a single neuroendocrine precursor cell. Cells of the APUD system 
include pancreatic islet cells, thyroid C.cells, gastrointestinal argentaffin cells, and 
adrenal chromaffin cells.7 On the basis of their confinement to the APUD concept, 
additional production of catecholamines and histamine by MTC cells is conceivable. 
MTCs have actually been reported to express various substances that reflect common 
neuroendocrine tumor functions including L- dihydroxyphenylalanine (L-DOPA) 
decarboxylase, an enzyme essential for catecholamine production (Figure 1).8·9 
Previously, the presence of a common metabolic pathway for catecholamine 
synthesis has been described in carcinoid tumors and pheochromocytomas. 10 
Catecholamines have been previously detected in intracellular vesicles within MTC 
tumor cells but not in normal thyroid C-cells or follicular cells. rr Furthermore, 
because the norepinephrine transporter is responsible for the cellular uptake of 6-
[18F]-fluoro-L-3-4-dihydroxyphenylalanine (F-DOPA), and up to 8o% of MTCs 
concentrate this compound12, it is likely, but yet unknown, that at least some MTCs 
may possess catecholamine synthesis and uptake mechanisms. 

In light of the above, we investigated the biochemical profile of MTC and 
addressed whether specific neuroendocrine tumor products including 
catecholamines, indoles, chromogranin A, tryptase and histamine metabolites could 
be used postoperatively as markers of disease progression. 

Patients and methods 

Patients 
In a prospective study over the period from January 2003 to August 2005, we 
evaluated 52 patients with histologically proven MTC in different stages of the 
disease during regular outpatient visits generally 1-2 times a year. Twenty-six patients 
had sporadic MTC, 25 patients had multiple endocrine neoplasia (MEN) type 2A 
and one patient MEN 2B. The latter were all confirmed by mutation analysis. Twenty 
patients with MEN 2 previously underwent adrenalectomy for pheochromocytoma 
and had no evidence of recurrence as indicated by serum and urinary catecholarnines 
and metabolites levels within reference limits. Six patients with MEN 2A had their 
adrenals in situ and were excluded from this study to avoid possible interference 
of adrenal hormone production due to (occult) pheochromocytoma. Ultimately, we 
included 46 patients in this study. None of the patients had renal or hepatic 
dysfunction. Patient characteristics are depicted in Table 1. Previous thyroid surgery 
had included total thyroidectomy in all cases and central compartment lymph node 
dissection in 42 cases. An additional lateral dissection was performed in 28 patients 
(unilateral in 22 and bilateral in 6). 
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Table 1. Patient characteristics 

Sporadic MTC MEN 2A!B 

Number of patients 26 20 
Median age (range) 55 (25-79) 47 (25-75) 
Male/female 11/1 5 1 1 /9 
No evidence of MTC 8 3 
Stable MTC 7 10 
Progressive MTC 1 1  7 

MTC. medullary thyroid cancer. MEN 2A/B. multiple endocrine neoplas1a type 2A/B 

Total 

46 
51 (25-79) 

22/24 
1 1  
1 7  
18  

Patients were divided into three groups according to the stage of disease. Group I 
(n patients) had no evidence of disease as indicated by undetectable basal and 
stimulated plasma calcitonin levels. Group 2 (I7 patients) had stable disease (elevated 
levels of plasma calcitonin but no increase during at least three consecutive 
measurements over a period of 1-2 years and no clinical suspicion of recurrence). 
Group 3 (I8 patients) had progressive disease as indicated by increasing plasma 
calcitonin levels or progressive MTC (occurrence of new lesions or obvious increase 
of tumor volume) on consecutive imaging methods. 

In case of progressive MTC indicated by rising calcitonin levels, an extensive 
imaging protocol was initiated. 99mTc(V)dimercaptosunnic acid (DMSA) 
scintigraphy, 18F-fluoro-2-deoxy-D-glucose positron emission tomography (FDG
PET) , Magnetic Resonance Imaging (MRI) and ultrasonography of the neck and 
mediastinum were utilized to detect the source of calcitonin. 

There was no difference between the groups regarding patients that used possible 
interfering medication such as 13-blockers (two patients in group I (I8%), three in 
group 2 (I8%) , and three patients in group 3 (I7%)) .  Five of these patients had 
sporadic MTC and three had MEN 2. 

Samples 
All samples were collected without dietary restrictions. Venous blood was collected 
in IO or 5 ml Vacutainer serum separator tubes (Belliver Industrial Estate, Plymouth, 
UK). In case of determination of serotonin and catecholamines, tubes contained 
o.I2 mL of 0.34 molfL EDTA solution. Samples for determination of calcitonin 
and catecholamines were put on ice without delay. The 24-hour urine samples were 
collected as described previously.10 We divided compounds into five groups: tumor 
markers currently used in the follow-up (calcitonin and CEA), substances that are 
co-secreted with biogenic amines (chromogranin A and tryptase), catecholamines, 
indoles, and markers of histamine metabolism. All samples were run in duplicate. 
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Analytical methods 
Creatinine. Urine creatinine concentrations, used to express analyte concentrations 
in terms of urinary excretion rate, were measured by a picric acid method as 
described previously. r3 

Calcitonin and CEA. Plasma calcitonin levels (reference values o.3-I2 ng/L) were 
measured by enzyme-linked immunosorbent assay (Sangui Biotech Inc., Santa 
Ana CA, USA). Plasma CEA levels (reference values o.s-S ilg/L) were measured by 
chemilumnescent microparticle immunoassay (Abbott Laboratories, Abbott Park 
IL, USA). 

Chromogranin A and tryptase. Plasma chromogranin A levels (reference values 
20-100 jlg/L) were determined by solid phase two site immunoradiometric assay 
(CI S  Bio International, Gif-sur-Yvette, France). Plasma tryptase levels (reference 
value <IL4 1lg/L) were determined by a fluoro-enzyme immunoassay (Pharmacia, 
Woerden, the Netherlands). 

Catecholamines. As markers of catecholamine metabolism we used plasma and 
urine epinephrine, norepinephrine and dopamine and urine metanephrine, 
normetanephrine, 3-methoxy-thyramine (3-MT) , homovanillic acid, (HVA) 
vanillylmandelic acid (VMA) , vanillic acid (VA), 3-methoxy-4-hydroxyphenyl
ethyleneglycol (MOPEG) and dihydroxyphenylacetic acid (DOPAC). Plasma and 
urine epinephrine (reference values plasma o.12-0.22 nmolfL; urine <Io jlmolfmol 
creatinine), norepinephrine (reference values plasma 2.6s-4.31 nmolfL; urine <30 
jlmoljmol creatinine) and dopamine (normally not detectable in plasma; reference 
value urine <300 jlmoljmol creatinine) were determined using high-pressure liquid 
chromatography (HPLC) with electrochemical detection as described previously.14 
The urinary excretion of fractionated total normetanephrine (reference values 
64-260 jlmolfmol creatinine) , metanephrine (reference values 33-99 jlmoljmol 
creatinine) and 3-MT (reference values 4S-I97 1lmoljmol creatinine) was determined 
using extractive derivatisation and stable isotope gas chromatography with mass 
fragrnentographic detection.15 The urinary excretion ofHVA (reference values I.I
S·S mmolfmol creatinine) ,  VMA (reference values o.5-2.s mmolfmol creatinine), 
VA (reference values S-IS mmoljmol creatinine) , MOPEG (reference values 0.4-I.S 
mmolfmol creatinine) and DO PAC (reference values o.4-I.2 mrnoljmol creatinine) 
was determined by gas chromatography with flame ionization detection as described 
previously. rG 

Indoles. As markers of serotonin metabolism we used plasma tryptophan 
(reference values 40-70 jlmolfL) and plasma platelet serotonin content (reference 
values 2.8-s.4 nmoljro9 platelets). Furthermore, we used urine s-hydroxyindole 
acetic acid (S-HIAA, reference values o.8-3.8 mmoljmol creatinine). An extended 
description of the sampling procedures and analytical methods was described 
previously. 10•17 

Histamine metabolites. Urine methyl-histamine (reference value <ISO jlmolfmol 
creatinine) and methylimidazole acetic acid (MIMAA, reference values 0.9-1.9 
mrnolfmol creatinine) were determined by stable isotope gas chromatography with 
mass fragrnentographic detection as described previously. 13·15 
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Statistics 
For each patient all available data of a single analyte were averaged. Group 
differences between the biochemical values were evaluated using the Kruskal-Wallis 
test. Whenever differences were found, the individual group differences were tested 
with the Mann-Whitney U test, using Bonferroni correction. Correlation between 
biochemical markers was calculated using Pearson's correlation coefficient. 
Sensitivity of an analyte was calculated as number of patients with a true positive 
result/ (number of patients with a true positive result + number patients with a false 
negative result). Patients who were cured (group r) were used as references. 

Reference values, as defined by previous studies that included normal control 
subjects (described in Kema et al. 13) or by the manufacturer of the different assays, 
were used to estimate the sensitivity of the markers. Differences with a two-sided 
P-value less than o.os were considered significant. 

Results 

Biochemical profile of MTC 
During the study period, a total of 134 plasma samples were obtained from all 46 
patients. Urine samples (n=87) were obtained from 34 patients (74%). Of these 34 
patients, r8 had sporadic MTC and r6 had MEN 2. None of the patients underwent 
treatment that resulted in significant lowering of the plasma calcitonin and CEA 
levels. Data for plasma and urine compounds were calculated from a median of 2 
measurements (range r-9) per patient. 

The biochemical profile regarding co-secreted compounds, catecholamines 
(divided into dopamine and norepinephrine metabolites), indoles and histamine 
metabolites is shown in Figure 2. Since calcitonin was used to establish diagnosis 
and stage of disease, it was not included in the figure. 

Co-secreted compounds. In 6o% of patients plasma chromogranin A levels were 
elevated, especially in patients with advanced MTC. Plasma tryptase levels remained 
within reference levels in all patients. 

Catecholamines. Figure 2 demonstrates that MTCs can produce dopamine, since 
plasma dopamine levels were elevated in 22 patients whereas, in general, dopamine 
is not detectable in plasma. Consequently, DOPAC levels were elevated in nine 
patients and HV A in two. 

With respect to norepinephrine and metabolites, five patients (all with sporadic 
MTC) had (slightly) elevated plasma norepinephrine levels and rs patients had 
elevated plasma epinephrine. Consequently, urine norepinephrine levels were 
elevated in 13 patients, normetanephrine and metanephrine levels in four patients, 
VMA levels in three patients and MOPEG in four patients. These results 
demonstrate that a subset of MTCs has catecholamine synthesizing traits. 

Indoles. We observed that some MTCs also produce serotonin. Seven patients 
had elevated platelet serotonin levels (up to 17.4 nmolfro9 platelets). We found a 
remarkable correlation between elevated platelet serotonin levels and MEN 2 
(p=o.ooo4). All patients with elevated platelet serotonin had MEN 2 (six MEN 2A. 
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one MEN 2B). None of these patients had low tryptophan levels. Five of the seven 
MEN 2 patients had progressive MTC (in four metastatic MTC was biopsy proven) . 

Histamine metabolites. Remarkably, six patients had elevated MIMAA levels up 
to 3·9 mmolfmol creatinine. However, none of the patients had symptoms of 
serotonin or histamine excess (flushing, diarrhea, abdominal cramping, wheezing, 
angio-edema) . 

Co.secreted 
Tryptose (plasma) 

compounds CgA (plasma) 

()oparr*le (pboma) 

Dopamine 
Dopomine 

metabolites DOPAC 

HVA 

3-MT 

Norepinephrine (pbsma) 

EpinepiYWle (plosmo) 

Norepinephrine 
Norepinephrine/ EponepiYine 
Epinephrine Normetonephrlne 
metabolites 

Metanephrine 

VMA 

VA 

MOPfG 

Tryptophon (plasma) 

lndoles Serotooin (plosmo platelet) 

5-HIAA 

Histamine Methyl-Histamine 

metabolites -A 

00 0  CD 

0 0 

0 

0 

0 

2 4 6 8 

multiples of upper reference limit 

Figure 2. Concentrations of co-secreted compounds, dopamine metabolites, norepine
phrine/ epinephrine metabolites, indoles, and histamine metabolites for 46 patients with 
medul lary thyroid cancer ( MTC). Concentrations are expressed as multiples of upper 
reference limit. Compounds are measured in urine unless stated otherwise. The vertical l ine 
represents the upper reference limit. The boxplots depict the 95% range of observations, 
lower quartile, median, upper quartile and outliers (open dots). Abbreviations: MIMAA, 
methylimidazole acetic acid; 5-HIAA, 5-hydroxyindole acetic acid; MOPEG, 3-methoxy-4-
hydroxyphenylethyleneglycol; VA, vanil l ic acid; VMA, vanillylmandelic acid; 3-MT, 3-
methoxytyramine; HVA, homovani l l ic acid; DO PAC, dihydroxyphenylacetic acid; CgA, 
chromogranin A. 

Biochemical markers by type and extent of MTC 
Type MTC. There were no significant differences between sex (p=0.578) , age 
(p=0.557) and extent of disease (p=o.228) between patients with sporadic MTC or 
MEN 2. Generally, there were no significant differences between the median plasma 
concentrations of the tumor markers calcitonin and CEA, the co-secreted compounds 
chromogranin A and tryptase, plasma and urine catecholamines, plasma and urine 
indoles and histamine metabolites by type MTC. Exceptions were plasma and urine 
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epinephrine, and metanephrine. Patients with sporadic MTC had significantly 
higher plasma epinephrine (p<o.ooor) as well as urine epinephrine (p=o.oor) and 
metanephrine (p<o.ooor). However, these differences were likely caused by the 
absence of adrenals in patients with MEN 2. 

Extent of MTC. In Table 2 the estimated sensitivities of the tumor markers 
calcitonin and CEA, the co-secreted compounds chromogranin A and tryptase, 
catecholamines, indoles, and histamine metabolites are shown. Since calcitonin is 
an established tumor marker for occult MTC, sensitivity was roo%. In order to 
determine whether one or more of the other markers could be used clinically to 
predict disease progression, we divided the patients in three groups according to 
the extent of disease. Measurement of catecholamines, indoles and histamine 
metabolites could not discriminate between different stages of disease in patients 
with MTC. Only CEA (p<o.ooor) and chromogranin A (p=o.osr) reached (or 
approached) significance. In Figure 3 concentrations of CEA and chromogranin A 
in patients from group I, 2 and 3, respectively, are shown. Since calcitonin was used 
to establish stage of disease, it was not included in the figure. Chromogranin A 
was mainly elevated in patients with an extended tumor burden. All markers were 
also correlated with calcitonin. Only CEA and chromogranin A correlated 
significantly (Table 2). 

Table 2. Estimated sensitivity of analytes and correlation with calcitonin. 

Tumor markers 
Calcitonin (ng/L) 
CEA (IJ.g/L) 
Co-secreted compounds 
Chromogranin A (IJ.g/L) 
T ryptase (IJ.g/L)a 
Catecholamines 
Dopamine and metabolites 

Plasma Dopamine (nmoi/L) 
Urinary Dopamine 
(IJ.mol/mol creatinine) 
DDPAC 
(mmol/mol creatinine) 
HVA 
(mmol/mol creatinine) 
3-MT (mmol/mol creatinine)a 
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Patients with 
abnormal levels 
(patients 
measured) 

35 (35) 
21 (35) 

12 (35) 
0 (34) 

22 (35) 

0 (32) 

9 (32) 

2 (32) 
0 (32) 

Estimated 
sensitivity 

1 00% 
60% 

31% 

56% 

26% 

4% 

r with 
calcitonin 

1 
0 93 

0.51 
-0. 1 3  

0 1 7 

0.12 

0.01 

0.22 
0.1 6  

p 

<0.0001 
<0.0001 

<0.0001 
0.394 

0.250 

0.499 

0.947 

0.221 
0.369 
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Norepinephrine/Epinephrine and metabolites 

Plasma Norepinephrine (nmoi/L) 5 (46) 1 1 %  0.1 1 0.474 
Plasma Epinephrine (nmoi/L) 1 5  (46) 34% 0.08 0.595 
Urinary Norepinephrine 
(IJ.mol/mol creatinine) 1 3 (34) 41 % 0.05 0.774 
Urinary Epinephrine 
IJ.mol/mol creatinine)a 0 (34) 0.08 0.652 
Normetanephrine 
(IJ.mol/mol creatinine) 4 (34) 1 Oo/o 0.20 0.255 
Metanephrine 
(IJ.mol/mol creatinine)b Total 21 (34) 

• Low 1 7  1 4% 0.29 0.1 02 
• Elevated 4 1 1 %  0.1 6  0.407 

VMA (mmol/mol creatinine) 3 (31 )  
VA (mmol/mol creatinind Total 21 (32) 

• Low 20 4% 0.05 0.794 
• Elevated 1 1 1 %  0.1 2  0.526 

MOPEG (mmol/mol creatinine) 4 (32) 
lndoles 
Tryptophan (IJ.moi/L)b 13 (46) 14% 0.00 0.991 

• Low 6 
• Elevated 7 

Serotonin (nmol/1 09 platelets)b 25 (46) 20% 0.00 
• Low 1 8  
• Elevated 7 

5-HIAA (mmol/mol creatinine)a 0 (31 )  -0.07 0.702 
Histamine metabolites 
Methyl-histamine 
(IJ.mol/mol creatinine) 2 (32) 7% 0 . 17  0.345 
MIMAA (mmol/mol creatinine) 6 (31 ) 23% 0.25 0.1 73 

• No abnormal values, therefore. sensitivity could not be calculated. 
bSensitivity calculated for elevated levels only. 
Abbreviations: CEA. carcino-embryonic antigen. DOPAC, dihydroxyphenylacetic acid; HVA. homovanillic 

acid; 3-MT. 3-methoxytyramme: VMA, vanillylmandelic acid: VA, vanill1c acid, MOPEG, 3-methoxy-4-

hydroxyphenylethyleneglycol; 5-HIM, 5-hydroxyindole acetic acid, MIMAA, methyl imidazole acetic acid 
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Figure 3. Concentrations of plasma carcino-embryonic antigen (CEA) and chromogranin A 
in the three groups with no evidence of medullary thyroid cancer (MTC, group 1 ), stable 
disease (group 2) and progressive disease (group 3). The boxplots depict the 95% range of 
observations, lower quartile, median, upper quartile and outliers (open dots). Concentrations 
of CEA and chromogranin A are expressed in Jlg/L. Y-axis is on a logarithmic scale. Upper 
dotted line: upper l imit of normal; lower dotted line: lower limit of normal. P-values are 
represented in the plots. 

Discussion 

We evaluated the expression and clinical usefulness of tumor markers, other than 
calcitonin, in MTC. Therefore, CEA and substances that are co-secreted with biogenic 
amines (chromogranin A and tryptase) , catecholamines, indoles and histamine 
metabolites were determined in the postoperative follow-up ofMTC. Furthermore, 
this is the first study that systematically assesses the specific neuroendocrine 
biochemical traits of MTC. We have demonstrated that MTCs can synthesize 
catecholamine, serotonin and histamine metabolites but serum calcitonin, CEA 
and, to a lesser extent, chromogranin A are the only clinically useful tumor markers 
to differentiate between stable and progressive MTC. 

This study advances knowledge in the specific neuroendocrine biochemical 
behavior of MTC because we show that a substantial part of patients with MTC 
have increased concentrations of circulating free catecholamines. In 56% of our 
patients, plasma dopamine levels were increased, in 26% DO PAC levels and in up 
to 30% to 40% plasma and urinary catecholamines were increased. We observed 
a marked discrepancy between elevated plasma and urinary dopamine levels. This 
could be explained by the fact that urine dopamine concentrations are the 
consequence of both clearance of circulating dopamine and (mainly) renal 
production and excretion of dopamine. Therefore, dopamine produced by the tumor 
comprises only a small part of the dopamine excretion in urine. Except for plasma 
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and urine epinephrine and metanephrines, there was no difference between patients 
with sporadic MTC (and their adrenals in situ) and MEN 2-associated MTC. Elevated 
plasma dopamine, DO PAC and plasma and urine norepinephrine metabolite levels, 
therefore, could not entirely be explained by the absence of adrenals. Increased 
plasma and urinary concentrations of catecholamines in patients with MTC can be 
attributed to several factors including diet, drugs, activity, and stress.18 However, 
dietary and drug-dependent influences are unlikely given the sample size of the 
study population and the low frequency of interfering medication. Furthermore, 
the elevated urine catecholamine metabolites indicate sustained increased levels 
of circulating catecholamines so catecholamine production by MTC is likely in our 
patients. 

Catecholamines have been previously detected in intracellular vesicles within 
MTC tumor cells but not in normal thyroid C-cells or follicular cells. n So it may be 
that the dopamine producing capacities of MTC are due to malignant transformation 
of the C-cells. Still, we could not correlate advanced stage of disease to an increase 
of catecholamines and their metabolites. 

The elevated catecholamine levels in our patients may originate from partial de 
novo synthesis (uptake of precursors beyond the rate-limiting step of synthesis), 
uptake from the circulation, de novo synthesis, or combinations of these. Given that 
MTCs are APUDomas, uptake of circulating L-DOPA resulting in subsequent 
synthesis of dopamine is conceivable. MTCs have been reported to express various 
substances that reflect common neuroendocrine tumor functions including tyrosine 
hydroxylase19 and L-aromatic aminoacid decarboxylase.8·9 These findings, in 
combination with the increased levels of plasma dopamine, DOPAC and 
norepinephrine metabolites detected in the present study suggest that both de novo 
synthesis of dopamine and norepinephrine from tyrosine and partial de novo 
synthesis from accumulated dopamine from extracellular sources are possible. 

In addition to catecholamine-excreting capacities of MTC, we found increased 
plasma platelet serotonin levels in approximately 15% of MTCs. Elevated plasma 
platelet levels of serotonin were positively related to MEN 2. Previously, increased 
amounts of serotonin were demonstrated in serum and tissue of several patients 
with MTC20"22 but in other reports serotonin could not be detected in MTC tissue9 
and serum serotonin or urine 5-HIAA levels did not differ from those of healthy 
controls. 23·24 In this study we used platelet serotonin which is more sensitive to 
measure serotonin synthesis than urine 5-HIAA or serum serotonin. rps This may 
in part account for the high number of patients with elevated serotonin levels found 
in this study. 

In MTC platelet serotonin sometimes increases dramatically up to levels (over 
three times the upper reference limit) that were thought to be pathognomonic for 
carcinoid. It might, off course, be possible that a concurrent carcinoid is responsible 
for the elevated platelet serotonin levels. However, this is very unlikely since we 
had no clinical evidence for the presence of a carcinoid after an active search for 
disease in all patients with progressive MTC. 
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MTCs are capable of serotonin biosynthesis via tryptophan hydroxylase26 and 
aromatic aminoacid decarboxylase. 8 Electron microscopic immunocytochemistry 
revealed that in MTC serotonin is stored in secretory vesicles together with 
calcitonin. 27 The number of these vesicles is highly variable which may explain the 
differences in serotonin secretion. However, it is puzzling that serotonin and 
calcitonin did not correlate and that serotonin elevation almost exclusively occurred 
in MEN 2 patients with advanced MTC. This might indicate that sporadic and 
hereditary MTC have different biochemical profiles. According to the APUD 
concept6, neuroendocrine tumors including MTC are derived from a multipotent 
progenitor cell, able to synthesize serotonin, amongst others. These capacities may 
become suppressed during differentiation. The elevated serotonin secretion could 
then be a sign of some form of dedifferentiation of MTC. 

In approximately 20% of patients MTCs possess features of histamine metabolism 
excreting levels of MIMAA that mimic concentrations that are usually found in 
mastocytosis. Histamine synthesis is a one-step process that requires histidine 
decarboxylase which is expressed in MTCs. 28 However, no symptoms of mast cell 
disease were observed. Histamine production occurs in other APUDomas as well, 
but in MTCs it is probably not an important feature.29·3° 

Increased concentrations of circulating free catecholamines in MTC may lead to 
confusion in the laboratory diagnosis of catecholamine-secreting tumors such as 
pheochromocytoma and clinicians should be aware of these features of MTC. 
Furthermore, secretion of serotonin and histamine may account for some of the 
symptoms of the carcinoid syndrome. 29·3° Based on our results it is possible that 
release of these compounds from MTCs can cause side effects, such as arrhythmia 
and perioperative carcinoid crisis in a subset of patients. 22'31·32 However, these side 
effects occur very rarely and it is unlikely that routine measurement of 
catecholamine, serotonin and histamine metabolites would substantially change 
the clinical care of patients with MTC. 

The clinical relevance of our findings may be expanded with respect to future 
molecular imaging methods of MTC that depend on expression of catecholamine 
uptake and storage systems. F-DOPA, for instance, is taken up by neuroendocrine 
cells, via the cell membrane norepinephrine transporter (NET) and translocated 
into storage vesicles via the vesicular monoamine transporter (VMAT), before 
undergoing conversion to 6-[18F]fluoronorepinephrine catalyzed by dopamine �
hydroxylase.33 Since metastastic MTC is detected only in about 50% of patients by 
utrasound andjor MRI of the neck and mediastinum, 99mTc(V)DMSA scintigraphy, 
and FDG-PET34 and in a previous study, F-DOPA-PET identified MTC metastases 
in about 8o% of patients12, it seems a promising new imaging modality in the 
follow-up of patients with metastatic MTC. It might even be that determining plasma 
dopamine could predict whether performing F-DOPA-PET would be successful. 
In case a MTC does not possess catecholamine-synthesizing capacities, it is 
conceivable that molecular imaging with F-DOPA-PET is not successful. However, 
this needs to be further elucidated. 

With respect to the clinical usefulness of the different compounds as tumor 
markers, the present study is essentially a negative study. We have shown that, in 
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addition to plasma calcitonin levels, only CEA and, to a lesser extent, chromogranin 
A can differentiate between stable and progressive MTC, a conclusion that was 
reached by others as well,35·37 Based on our data, neither CEA nor chromogranin 
A is superior to calcitonin. However, plasma calcitonin levels can vary, especially 
in patients with a high tumor burden3 and calcitonin, CEA and chromogranin A 
can behave quite differently especially in dedifferentiated MTC.38 Although plasma 
calcitonin levels are highly sensitive for the detection of early recurrences, in 
advanced progressive MTC CEA may be a more reliable tumor marker.39 Although 
not routinely advocated by some authors4°, CEA therefore should always be 
measured in the follow-up of MTC. Despite the low sensitivity, which agrees with 
the findings of others36·37·41 , chromogranin A can offer additional information 
about the course of the disease in selected patients with MTCs that do not express 
calcitonin and CEA and, therefore, may be useful, especially in patients in an 
advanced stage of MTC. 

In conclusion, MTCs express a number of products from the catecholamine, 
serotonin and histamine synthesis pathway suggesting that MTCs and other 
neuroendocrine tumors indeed have some metabolic characteristics in common 
as postulated in the APUD concept. These features of MTC imply a role for 
molecular imaging with F-DOPA-PET. Serotonin expression seems to be limited 
to patients with MEN 2 and could be an indication of dedifferentiation. Nevertheless, 
the only clinical useful markers to differentiate between stable and progressive 
MTC in the follow-up are plasma calcitonin and CEA. Chromogranin A can provide 
additional information about the course of disease in selected cases. 
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Abstract 

Objective of this study was to evaluate treatment of children who are proven 
carriers of a multiple endocrine neopasia type 2 (MEN 2)-associated REarranged 
during Transfection (RET) gene mutation. We performed a retrospective case 
study and review of the literature. Between 1976 and 2005, six boys and 14 
girls with a proven RET mutation or biochemical indication of MEN 2 had 
thyroid surgery at the University Medical Center, Groningen, the Netherlands. 
The median age was 10 years (range: 1-18). Preoperative assessment, surgical 
procedure, pathological findings, postoperative complications and treatment 
results were studied and compared with data from the literature. All 20 children 
underwent total thyroidectomy. In 17 patients with preoperatively abnormal 
basal or stimulated calcitonin, total thyroidectomy was combined with tracheo
esophageal exploration (n=6) or central compartment dissection (n=n). C-cell 
hyperplasia was found in 19 cases (95%) and medullary thyroid carcinoma in 
14 (7o%; aged 3-18 years).  Lymph node metastases were found in three patients 
(15%) , all over the age of 10. They underwent additional selective lateral neck 
dissection, unilateral in two cases and bilateral in one. Two children developed 
hypoparathyroidism postoperatively, no recurrent laryngeal nerve palsy was 
observed. All patients are clinically free of disease after a median follow-up of 
nine years (range 0.6-27) . The patients with node metastases still have 
biochemical evidence of disease. The literature indicates that the progression 
of the malignant transformation to medullary thyroid carcinoma is connected 
to the type of RET mutation. The treatment plan depends on the type of 
mutation. Medullary thyroid carcinoma occurs at a very young age in carriers 
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of germline RET mutations. In patients with high-risk mutations prophylactic 
thyroidectomy is likely to be recommended before the child reaches the age of two. 
Elective central lymph node dissection can be omitted in this instance. After this 
age, however, the risk of lymph node metastases increases and, for cases with 
increased basal or stimulated calcitonin levels, total thyroidectomy with central 
compartment dissection is indicated. 

Introduction 

Medullary thyroid cancer (MTC) derives from parafollicular C-cells producing 
calcitonin and carcino-embryonic antigen (CEA) as a reliable marker of tumor 
activity. 1 In children, MTC is usually autosomal dominant inherited and may arise 
as part of multiple endocrine neoplasia type 2 (MEN 2) syndromes or familial MTC 
(FMTC). MEN 2 is characterized by benign or malignant tumors in several endocrine 
glands and occurs in two variants. MEN 2A is the most common variant and consists 
of MTC, pheochromocytoma and parathyroid adenoma. Besides the development 
of MTC and pheochromocytoma, patients with MEN 2B, which is very rare, are 
characterized by multiple mucosal neuromas, neuroganglionomatosis and a Marfan
like stature. 2-5 

In patients with MEN 2 and FMTC, the penetrance ofMTC is almost roo% and 
most of the times it is the first manifestation of these disorders. Malignant 
transformation of the C-cells via C-cell hyperplasia (CCH) and carcinoma in situ to 
invasive MTC occurs mostly in both lobes of the thyroid. This transformation takes 
place at a very young age in patients with MEN 2B although patients with MEN 2A 
are also at risk for developing MTC at a young age (Table 1) .6-13 When MTC is 
present, it metastasizes in an early stage to regional lymph nodes in the central 
compartment. In FMTC malignant transformation is generally slower than in MEN 
2.3·5 

In 1993, characteristic germline mutations of the ' REarranged during 
Transfection' (REI) gene on chromosome 10 showed to be responsible for the 
inherited forms of MTC.M RET contains 21 exons and encodes the transmembrane 
tyrosine kinase receptor RET. Before 1993, screening for hereditary MTC consisted 
primarily of family history followed by testing for elevated basal and pentagastrin 
stimulated serum calcitonin levels to identify asymptomatic gene carriers. This 
method requires frequent screening and the main disadvantage is that it is 
impossible to distinguish between asymptomatic gene carriers and family members 
that will never develop MTC. Furthermore, there is a risk of false-positive test results 
leading to unnecessary thyroidectomy and it is not possible to distinguish between 
CCH and invasive cancer.14·15 
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Table 1. Genotype-phenotype relationship in M EN 2 and FMT 

Risk category RET codon Phenotype Youngest age development MTC 

Highest 883 MEN 28 
Highest 918  MEN 28 
High 609 MEN 2A/FMTC 
High 61 1 MEN 2A/FMTC 
High 61 8 MEN 2A/FMTC 
High 620 MEN 2A/FMTC 
High 630 MEN 2A/FMTC 
High 634 MEN 2A/FMTC 
High 912 FMTC 
Least high 533 FMTC 
Least high 6038 FMTC 
Least high 649 FMTC 
Least high 666 MEN 2A 
Least high 768 MEN 2A/FMTC 
Least high 7788 FMTC 
Least high 790 MEN 2A/FMTC 
Least high 791 MEN 2A/FMTC 
Least high 804 MEN 2A/FMTC 
Least high 8528 FMTC 
Least high 891 MEN 2A/FMTC 
Not classified 6068 FMTC 
Not classified 781 8  FMTC 

•Based on only one patient, therefore a risk estimation is hard to give 

Not described 
9 months 
5 years 
7 years 
7 years 
6 years 
1 year 

15 months 
1 4  years 
21 years 
35 years 
44 years 
35 years 
22 years 
72 years 
1 0  years 
21 years 
6 years 

20 years 
13 years 

Not described 
Not described 

MEN 2A/B, multiple endocrine neoplasia type 2A/B: FMTC, familial medullary thyroid carcinoma; 

RET, rearranged during transfection, MTC. medullary thyroid carcinoma 

After 1993. DNA testing was used to classify MTC as being of the inherited type and 
to identify relatives of patients with a mutated RET gene prior to the development 
of clinical and biochemical signs of the disease. Using DNA analysis, a reliable 
estimation of the risk of MTC can be given since all patients with a germline RET 
mutation eventually will develop MTC. Identification of the type RET mutation has 
led to the implementation of early prophylactic thyroidectomy.15·32 

In this study we describe our experiences with prophylactic thyroidectomy in 
children with inherited forms of MTC and review the literature accordingly. We 
will give recommendations concerning timing and extent of surgery and correlate 
the various RET-mutations to the age of onset of MTC. 
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Patients and Methods 

General 
During the period 1976 to 2005, 6 boys and 14 girls with a proven RET mutation, 
or biochemical signs of MTC underwent a total thyroidectomy at the University 
Medical Center Groningen. The median age was 10 (range 1-18) years. Nineteen 
children had a positive family history for MEN 2A and were referred for screening 
and in one patient the diagnosis MEN 2B was made on clinical grounds. In one 
patient (patient 2, Table 2) a bilateral pheochromocytoma was removed six months 
prior to thyroidectomy. In the patient with MEN 2B a thyroid nodule was palpated. 
The other patients had no abnormalities on physical examination and no signs of 
(recurrent) pheochromocytoma on preoperative laboratory measurements. One 
patient (patient 2) had hypercalcemia and hyperparathyroidism indicating 
parathyroid adenoma. 

Clinical decision making 
Before 1994. the decision for thyroidectomy was based on abnormal baseline or 
stimulated calcitonin levels (n=6) .  After 1994. all children had genetic screening 
for RET gene mutations. In children operated before that period, DNA analysis was 
performed retrospectively (Table 2). Between 1994 and 1998, RET gene mutations 
were analyzed prospectively, but timing of surgery was still determined by abnormal 
provocative biochemical tests (n=6). From 1998 onwards, the indication for surgery 
was solely based on routine genetic testing (n=8). Four weeks after surgery a whole 
body radioactive iodine (131I) scintigraphy was performed. Any patient with focal 
uptake received ablative doses ofl31I in attempt to destroy C-cells adherent to residual 
follicular cells.33·34 

Biochemical measurements 
Preoperative laboratory measurements included basal and in nine cases also 
stimulated serum calcitonin, 24-hour urinary excretion of catecholamines 
(metanephrine and normetanephrine) and serum parathormone, calcium and 
phosphate to exclude MTC, pheochromocytoma and parathyroid adenoma, 
respectively. 

Postoperative laboratory measurements included basal and stimulated serum 
calcitonin. Stimulated serum calcitonin was detected in plasma samples o, 2, 5 ·  
and 15 min after intravenous injection of pentagastrin (0.5 Jlg/kg). The test was 
considered positive when the peak serum calcitonin level was more than three 
times the baseline level. If MTC was present, CEA levels were also determined. 

Serum calcitonin was determined through radioimmunoassay (RIA; Nichols 
Institute Diagnostics San Clemente, CA. USA). In May 2001 the RIA was replaced 
by an enzyme-linked immunosorbent assay (ELISA; Sangui Biotech Santa Ana, 
CA. USA). CEA was determined via chemilumnescent immunoassay (Abbott 
Laboratories Abbott Park, IL, USA). Urinary catecholamines were determined with 
stable-isotope mass spectrometry. 
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Table 2. Occurrence of MTC related to patient's characteristics and type of RET gene 
mutation 

Patient/ Year of Sex Age Type RET Calcitonin Lymph node Histology 
family surgery (year) mutation (ng/L) dissection 

Basal/ ( initially) 
Stimulated8 

1/A 1 976 M 1 7  M91 8Tb Central and Multifocal MTC; 
unilateral positive lymph 
(Ievei i I-V) nodes 

2/8 1 998 F 1 8  C634G 2000/31 600 Central Multifocal MTC; 
positive lymph 
nodes 

3/C 1 999 M 1 4  C634R 1 51/1200 Central Multifocal MTC; 
positive lymph 
nodes 

4/D 1 977 F 1 8  C634R Central Multifocal MTC 
5/D 1 978 M 1 7  C634R 489/- Central Multifocal MTC 
6/E 1 995 F 5 C634R 61/1 98 Central Multifocal MTC 

exploration 
7/C 1 999 F 1 2  C634R 1 2/1 25 Central Multifocal MTC 

exploration 
8/F 2000 F 5 C634Y 34/- Central Multifocal MTC 

exploration 
9/8 2004 F 3 C634G 72/1 88 Central Multifocal MTC 
1 0/G 2005 F 1 1  C634R 1 3/- Central Multifocal MTC 
1 1/F 1 995 F 1 1  C634Y 24/1 22 Central Unifocal MTC 

exploration 
1 2/H 1 999 M 4 C634R 5/384 Unifocal MTC 
1 3/1 2000 F 6 C620R 1 5/- Central Unifocal MTC 
1 4/J 1 995 F 4 C634W/R635G 1 8/447 Central Unifoclal MTC 
1 5/J 1 990 F 1 4  C634W/R635G 632/- CCH 
1 6/K 1 990 F 7 C634R 63/- Central CCH 

exploration 
1 7/K 1 990 M 1 0  C634R 92/- Central CCH 
1 8/F 1 995 M 1 1  C634Y 79/177 Central CCH 

exploration 
1 9/F 2004 F C634Y 48/- Central CCH 
20/1 1 997 F 5 C620R 1 3/- No C-cell 

disease 

" Before 2001 the reference value was <50 ng/L. after 2001 the reference value was <1 2 ng/L 
bPatient with multiple endocrine neoplasia type 28. 

RET. rearranged during transfection; F. female; CCH, C-cel hyperplasia; M. male; MTC. medullary 

thyroid carcinoma. 
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Histology 
All resected specimens were reviewed. They were examined macroscopically and 
microscopically. Following inspection and fixation the specimen was lamellized 
and examined microscopically. To detect CCH or MTC, immunohistochemical 
staining for calcitonin and CEA was performed. CCH was defined as clusters of 
intrafollicular atypical C-cells (more than 50 per "low-power field" at Ioox 
magnification) that lead to partial or complete obliteration of the follicular space. 
In addition, the presence of amyloid (Congo red staining), invasive growth, fibrosis, 
atypical cells, angio-invasion and perineural growth were a sign of MTC. 

Results 

Surgical management 
Total thyroidectomy was performed in all patients. Three children had no 
macroscopic lymph node abnormalities during surgery and hence elective nodal 
dissection was not performed. The remaining I7 patients with elevated calcitonin 
levels underwent lymphadenectomy. Central compartment dissection including 
clearance of adjacent node-bearing soft tissue on both sides between the jugular 
veins, below the hyoid into the superior mediastinum was carried out in II patients. 
In six patients total thyroidectomy was combined with exploration and nodal 
dissection of the tracheo-esophageal groove. An overview of the compartment
oriented classification of the neck according to Dralle et al.35 and the lymph node 
classification according to Robbins et al.36 is depicted in Figure r.  

Three patients had an additional lymph node dissection. A I7-year old boy (patient 
I ,  Table 2) underwent a unilateral selective neck dissection (level II to V according 
to Robbins) due to locoregional invasion of MTC. Three months after central 
compartment dissection (level VI according to Robbins) an unilateral, respectively, 
bilateral selective neck dissection (level II to V) was performed in a I8-year-old girl 
(patient 2) and a I4-year-old boy (patient 3) with positive central nodes, persistent 
high serum calcitonin levels and clinical suspicion oflymph node metastases. 

Hospital mortality and intra-operative complications were not observed. Recurrent 
nerves were preserved in all children as tested postoperatively. Parathyroid glands 
were identified in all patients and left in situ whenever possible. In patient I, 2, and 
3 a clinically enlarged parathyroid was removed. Parathyroid glands were not 
transplanted routinely. Persistent hypoparathyroidism occurred in two patients 
(patient I and 3) .  

Histopathological findings 
Except in a 5-year-old girl (patient 20), microscopic examination revealed CCH in 
all patients. Although this patient had a RET gene mutation, C-cell disease was not 
confirmed on routine histological examination. Five patients had only CCH (age I 
to I4 years) despite elevated serum calcitonin levels. In I4 patients MTC (n without 
nodal involvement) was diagnosed (age 3 to I8 years) . In all patients, resection 
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margins were clear. Five of the seven patients (7I%) younger than 6 years appeared 
to have MTC. 

Lymph node metastases in the central region and in the lateral neck (unilateral 
in patient I and 2 and bilateral in patient 3) were detected in patient I, 2, and 3· 
Parathyroid glands removed on suspicion of adenoma proved to be normal in two 
patients (patient 3 and 4). Patient 2,  who presented with hypercalcemia and 
hyperparathyroidism had parathyroid hyperplasia. 

2 

Jugular 

Hyoid 
bone 

vem ---"""-�Ht-'�\ 

4 

Figure 1. Compartment-oriented classification of the neck according to Dralle et a/. 35 
and the lymph node classification according to Robbins et a/.36 Compartment 1 (level 
VI) is the central compartment between the jugular veins, from the hyoid bone to the 
upper mediastinum. Compartment 2 (level II to VI comprises the entire right lateral 
neck, compartment 3 (level II to VI comprises the entire left lateral neck and compart
ment 4 comprises the mediastinum. 
Level l :  submental and submandibular lymph nodes 
Level II: upper jugular lymph nodes 
Level I l l :  middle jugular lymph nodes 
Level IV: 
Level V: 

Level VI: 

lower jugular lymph nodes 
lymph nodes of the posterior triangle between the dorsolateral 
sternocleidomastoidal muscle, trapezoid muscle and the subclavian artery 
pretracheal and paratracheal lymph nodes 

Level VII : mediastinal lymph nodes 

Additional treatment 
All patients received a single ablative dose ofl31I (median dose so mCi; range IS to 
so mCi), four to six weeks after surgery in order to destroy remaining C-cells of 
scintigraphically identified residual thyroid tissue. 
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Follow-up 
After ablation, all patients received levothyroxine for primary hypothyroidism. 
Postoperative pentagastrin testing evaluating outcome of surgery was normal in 
all patients except patient I, 2, and 3· All were followed regularly, twice a year and 
basal serum calcitonin and CEA were determined. The mean follow-up to date is 
9 years (ranged o.6 to 27 years) . Three patients (IS%) have thus far biochemical 
activity of MTC. Patient I has, 27 years after thyroidectomy, evidence of recurrent 
MTC in the contralateral neck, but no recurrent disease could be detected in patient 
2 and 3 ·  On screening for excess urinary catecholamines (metanephrine and 
normetanephrine), a bilateral pheochromocytoma was detected in three patients. 
The diagnosis was confirmed by histopathological examination of the adrenals 
removed on bilateral adrenalectomy. No patients developed hyperparathyroidism 
following thyroidectomy. 

Discussion 

In recent years there has been made large progression regarding genotype-phenotype 
correlations in MEN 2 and FMTC. Based on the biological behavior ofMTC observed 
in patients with a germline RET mutation, a codon-specific estimation of the risk 
for MTC can be made (Table I, Table 4). In MEN 2A the most frequent mutations 
are found in exon IO and II on codon 609, 6II, 6I8, 620, 630 and 634. Mutations 
in exon I3, I4, and IS on codon 768, 790, 79I, 8o4 and 89I and mutations in codon 
666 on exon n are very rare. In FMTC mutations are found in the same codons 
as in MEN 2A except for FMTC-specific mutations in codon S33 (exon 8), 6o3, 649, 
778, 78I, 8s2 and 9I2 but they are more evenly divided among the different exons. 
In MEN 2B mutations are almost always found in exon I6 (codon 883, 9I8)Y1·37· 
4o In the Netherlands exons IO, II,  I3, I4, IS and I6 are routinely screened for 
germline mutations when a form ofhereditary MTC is suspected. In case of a strong 
suspicion of inherited MTC and the absence of mutations in exons IO, II, 13, 14, 
IS and 16 screening of exon 8 may be considered. 

In this study MTC was present at the age of three years and in the literature, 
MEN 2A-associated MTC is already described at the age of one year. 6 Therefore, 
early surgical intervention in patients with a RET mutation is warranted. 

Carriers of a germline RET mutation sooner or later will develop MTC and surgery 
is the only curatively intended treatment of this form of cancer. The turning point 
of progression from CCH into invasive MTC is yet unknown. When surgery takes 
place at a young age (at the age of three or four years) the risk of invasive MTC is 
low and the extent of surgery can be minimal (only a total thyroidectomy) with low 
risk ofhypoparathyroidism or paralysis of the recurrent laryngeal nerve. 

In this study, I9 of 20 patients had C-cell disease and in five of seven patiens 
(7I%) younger than five years old (the youngest being three years old) MTC was 
already present. Based on the youngest age at which MTC was already present 
(Table I) a total thyroidectomy seems warranted before the age of two in carriers 
of RET mutations in codon 630 and 634. However, it should be noted that all 
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patients with such a mutation who have been operated around the age of 4 years, 
were biochemically cured. !6·24·26-3°·32·41·42 

The prognosis of MTC attenuates with the presence of lymph node metastases.6 

Therefore, it is crucial that prophylactic thyroidectomy is performed before the 
development of MTC and possible node metastases. In adults with MTC, lymph 
node metastases are already present in about so% of cases, even in tumors smaller 
than I em. However, in children without symptoms in whom a RET mutation is 
detected via genetic screening lymph node metastases infrequently occur.6·37 

There is yet no 'gold standard' as to the extent of lymph node dissection that 
should be performed in addition to total thyroidectomy.16 Furthermore, it is 
controversial from what age to perform a lymph node dissection. The results of 
this study confirm data of others in which lymph node metastases in patients with 
MEN 2A and FMTC are almost always found after the age of IO years. Patients with 
a RET mutation in codon 630 or 634 hardly ever have metastases before the age 
of 10 years and patients with mutations in codons 609, 6n, 6I8, 620, 768, 790, 
79I, 804 en 89I rarely have metastases before the age of 20 years. 6·37 Until the age 
of 10 years, a total thyroidectomy should be sufficient in patients with MEN 2A or 
FMTC. However, several patients younger than IO years old have been described 
with lymph node metastases. The risk of invasive MTC and possible nodal 
metastases is present in case of elevated serum calcitonin levels as recently illustrated 
by Van Santen and colleagues.43 For that reason, a central compartment dissection 
in addition to total thyroidectomy to remove possible occult lymph node metastases 
is indicated when basal or stimulated serum calcitonin levels are elevated (Table 
3) -

6 

Careful preservation of recurrent nerves and parathyroid glands may be difficult 
in very young children. The risk of injuring recurrent nerves at risk after thyroid 
surgery in the literature varies between o% and 4% and symptomatic 
hypoparathyroidism with calcium supplementation occurs in o% to 2I%. I7·J2 The 
incidence of complications strongly depends on the experience of the surgeon.21·27·44 

Hence, thyroid surgery in children should be performed in a referral center with 
large experience in this form of surgery. Total thyroidectomy and central 
compartment dissection is then relatively safe. Even with meticulous dissection 
however, the blood supply to the parathyroid glands may be impaired. In these 
circumstances autotransplantation after microscopic verification may reduce the 
incidence of hypoparathyroidism. 17·18·24 

The risk of bilateral lymph node metastases is high in patients that present with 
a palpable thyroid nodule or nodal metastases. In these cases, elective bilateral 
selective neck dissection of level II to V is recommended in addition to total 
thyroidectomy and central compartment dissection. 6 In children with MEN 2B the 
risk of node metastases is very high and total thyroidectomy with central 
compartment dissection is justified in the first year of life. 6·25-37 Patient I presented 
comparatively late with MEN 28 and MTC could not be cured. Nevertheless the 
clinical course was relatively indolent, which is rareY 
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Table 3. Treatment strategy for patients with a proven RET mutation 

Risk category Thyroidectomy 
( age  in years) 

Highest 
(codon 883, 9 18) <1 

Lymph node dissection 
(age in years)8 

Central (level VI )  Bilateral ( levei i i-V) 

<1 

Calcitonin High <2 (codon 634, �1 0 (codon 634, 

Palpable tumor or 
evidence of nodal 

metastases 
Palpable tumor or 
evidence of noda I 

metastases 
Normal (codon 609, 61 1 .  

6 18, 620, 630, 
634, 912) 

Least high 
(codon 533, 666, 
768, 790, 791 ' 

804, 891 ) 

630)b 

<5 (codon 609, 
61 1 , 6 18, 620, 

9 12) 

5-1 0  
<20 

630) 

;o:20 (codon 609, 
61 1 , 6 18, 620, 

91 2) 

;o:20 
Palpable tumor or 
evidence of nodal 

metastases 

Calcitonin Every category Immediately Immediately Palpable tumor or 
evidence of nodal 

metastases 
Elevated 

•No consensus has been reached for the extent of surgery in patients with germ line mutations in RIT 

Recommendations are based on recent l iterature B·37 There are no sufficient data available to give any 

advice on mutations in codon 603, 606, 649, 778, 781 and 852, probably patients with such a mutation 

belong to the "Least high" risk category 
bAll reported patients with such a mutation that were operated around the age of four have clinically 

and biochemically no sign of MTC. 

The value of postoperative ablation with 131I after adequately performed surgery is 
not well established since C-cells do not accumulate iodine. Postoperative ablation 
with 131I can only be of value to destroy C-cells in microscopic residual thyroid tissue. 
In patients with metastasized MTC, there is no place for 131I therapy.3J.34 

In conclusion, in carriers of MEN 2B-associated RET mutations, prophylactic 
thyroidectomy is indicated before the first year oflife. In case of MEN 2A-associated 
germline RET mutations with a high-risk profile, total thyroidectomy is warranted 
before the age of 2 years and certainly before the age of 4 years. At that age the risk 
of invasive MTC and metastases is acceptably low. Depending on the type of RET 

mutation, thyroidectomy can take place at an older age in patients with a less high 
risk profile. In case of elevated basal or stimulated serum calcitonin preventive 
surgery including total thyroidectomy and central compartment dissection should 
be done anyhow at any age. This kind of surgery can be performed relatively safe 
by well-experienced surgeons. 
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Abstract 

Extent of neck dissection is controversial in patients with palpable medullary 
thyroid cancer (MTC). We evaluated 64 MTC patients (I9 hereditary, 45 
sporadic) with palpable thyroid nodules (group I, n=35) or detectable node 
metastases (group 2, n=29). Standard surgery included total thyroidectomy 
(TT), central compartment dissection (CCD) and additional neck dissection 
on indication. Outcome of initial and secondary standard surgery was based 
on pathology and follow-up results. In group I, 40% of patients were cured. 
Thirty-one percent had central, 23% ipsilateral, I4% contralateral, and I4% 
mediastinal metastases. Fifty-one percent developed locoregional recurrence. 
More locoregional recurrences (p=0.043) and reoperations (p=o.o2o) occurred 
when the initial procedure was less than standard. In group 2, no patients 
were cured. All had central, 93% ipsilateral, 45% contralateral and 52% 
mediastinal metastases. Thirty-eight percent developed locoregional recurrence. 
In palpable MTC, locoregional control may be improved by standard central, 
bilateral and upper mediastinal neck dissection. 

I ntrod uction 

Medullary thyroid cancer (MTC) originates from the calcitonin-secreting C
cells of the thyroid gland. It occurs in a sporadic type in 70% to 75% and in a 
hereditary type, as the result of a germline mutation in the RET gene, in 25% 
to 30% of cases.1'2 The hereditary type can arise as a single entity, familial 
MTC (FMTC), or as part of a type 2A or 2B multiple endocrine neoplasia (MEN) 
syndrome. 
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MTC accounts for less than ro% of all thyroid malignancies, but contributes to 
ro% to 15% of all thyroid cancer related deaths.2 Although MTC is characterized 
by early spreading to regional lymph nodes, often even before the primary tumor 
is diagnosed, patients may live for many years with metastatic disease.M There is 
no difference in survival between the hereditary and sporadic type when adjusted 
for clinicopathological factors in multivariate analysis.5 

Hitherto, MTC can only be cured by surgery and removal of all MTC foci at initial 
surgery is strongly associated with recurrence and survival rates.6·7 Recently, Kebebew 
et al. demonstrated that a high proportion of MTC patients from the United States 
received less than optimal initial surgical treatment) Although there are no exact data 
for Europe on this point, it is likely that the situation is similar for European patients. 
Generally, total thyroidectomy (IT} with a central compartment dissection (CCD) is 
recommended as the initial treatment of choice for patients presenting with a (palpable) 
thyroid nodule (andfor lymph nodes) containing MTC.2•8 However, the indication for 
and extent oflateral neck dissection remains a matter of debate. The Society of Surgical 
Oncology (SSO) and the National Comprehensive Cancer Network (NCCN) in the 
United States advocate an ipsilateral modified neck dissection in addition to CCD in 
sporadic MTC patients with involvement of the central compartment or palpable lateral 
neck lymph nodes.8-10 The American Association of Endocrine Surgeons (MES) states 
that primary surgical treatment of MTC should include TT, CCD and ipsilateral 
modified neck dissection (www.aace.comjclinfguidelinesf thyroid_carcinoma.pdf). 
German guidelinesrr recommend routine bilateral neck dissection for palpable 
hereditary MTC and ipsilateral neck dissection for sporadic MTC, with contralateral 
neck dissection when the ipsilateral lymph nodes are involved while other authors 
advocate routine bilateral neck dissection for both sporadic and hereditary MTC. 12-14 

In order to determine the appropriate surgical strategy for patients with palpable 
MTC, long-term follow-up results of patients treated with recommended 
compartment-oriented surgery need to be evaluated. However, these data are scarce. 

The purpose of this retrospective single-center analysis was to obtain better insight 
in the extent of primary surgery regarding the degree of neck dissection (unifor 
bilateral level 11-V, and for mediastinal lymph node dissection (level VII)) in patients 
with palpable MTC. Therefore, we wanted to establish the value of initial surgery 
according to a standard protocol comparing it to less extended initial procedures. 
Furthermore, we evaluated this standard protocol with respect to biochemical cure, 
locoregional control and occurrence of metastases. 

Patients and Methods 

Patients 
Medical records of a total of 8o consecutive patients treated in our hospital between 
1970 and 2002 for either sporadic or hereditary MTC were reviewed. Patients with 
hereditary MTC that was detected by calcitonin screening or patients that underwent 
a prophylactic thyroidectomy based on the results of genetic analysis were not 
included. Five patients were lost to follow-up and were excluded from the analysis. 
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In five other excluded patients microscopic MTC was found coincidentally after a 
total thyroidectomy for other reasons. Six patients presented with symptomatic 
distant metastases in bone (n=4), brain (n=r) and lung (n=r) and were also excluded 
from the analysis. In the remaining 64 patients the disease was confined to the 
neck. To evaluate whether the mode of presentation had any influence on patterns 
of nodal metastases and locoregional control, patients were divided into two groups. 
Patients in group r (n=35) had only a palpable thyroid nodule without evidence of 
nodal metastases at presentation and those in group 2 (n=29) presented with 
detectable lymph nodes. 

Preoperative assessment of the locoregional extent of disease included ultrasound 
and for computed tomography (CT) or magnetic resonance imaging (MRI) of the 
neck and mediastinum. 

We collected data on pathologic diagnosis, stage, and the occurrence and 
localization oflymph node metastases. Furthermore, the extent of initial surgery 
and the treatment of any residual or recurrent disease were analyzed. If patients 
were referred from other hospitals, the diagnosis ofMTC was confirmed by revision 
of pathology specimens. 

Treatment 
During the entire study period, three surgeons were involved in treatment of the 
patients. All procedures were performed or supervised by a senior endocrine surgeon 
according to a standard compartment-oriented surgical protocol. We performed 
TT with CCD as described by Dralle et al.15 as initial standard surgical procedure. 
Briefly, all lymphatic tissue in level VF6 (Figure r) from the hyoid level downward 
to the anonymous vein and laterally along both carotid arteries was dissected with 
preservation of the recurrent laryngeal nerves and the parathyroid glands. The 
lymph nodes in the tracheo-esophageal grooves along both recurrent laryngeal 
nerves were included. Elective lateral neck dissection was not routinely performed. 
In case of suspicious cervical nodes pre- or peroperatively a selective lateral neck 
dissection (SLND) ,  including level I I-V with upper mediastinum (level VII) 
dissection was initially added. In patients who presented with palpable or radiological 
evidence of nodal disease after initial surgery, a SLND was performed at the side 
of the recurrence with inspection and, if necessary, reoperation of the central 
compartment. In case of radiological evidence of mediastinal metastases, an upper 
sternotomy and mediastinal lymph node dissection was performed at either primary 
surgery or reoperation. A less extended procedure than described above performed 
with curative intention was considered less than standard surgery. 

Non-dissected nodal compartments without clinical and radiological evidence of 
MTC were considered free oflymph node metastases. 

Before 1998, postoperative external-beam radiotherapy (EBRT) was offered 
occasionally in patients with sporadic MTC, positive resection margins, multiple 
lymph node metastases, evidence of extrathyroidal or extranodal spread and 
postoperative biochemical evidence of disease. EBRT was offered at the discretion 
of the treating physicians. 
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2 

4 

Figure 1. Compartment classification of the neck. Compartments are depicted according to 
Dralle et a/.15 Lymph node levels are depicted according to Robbins. 16  1 =central compart
ment (level VI, pa ratracheal nodes); 2=right lateral (level I I, upper jugular nodes; level I l l, 
middle jugular nodes; level IV, lower jugular nodes; level V, posterior triangle nodes); 3=1eft 
lateral (levei i i -V); 4=mediastinal (level VII) .  

Follow-up 
Within 12 weeks after surgery, basal serum calcitonin and CEA (carcino-embryonic 
antigen) were measured to assess the outcome of surgery. Calcitonin levels were 
determined by different assays (radioimmunoassay [Nichols Institute Diagnostics, 
San Clemente CA, USA] or enzyme-linked immunosorbent assay (Biosource Europe 
SA, Nivelles, Belgium; Sangui Biotech Inc., Santa Ana CA, USA]) .  Serum CEA 
levels were measured by chemilumnescent microparticle immunoassay (Abbott 
Laboratories, Abbott Park IL, USA) . 

If basal levels were normal, pentagastrin stimulated calcitonin levels were 
measured by intravenous injection of o.5 p.gjkg pentagastrin and measurement of 
calcitonin at o, 2, 5 and 15 minutes after the injection. The test was considered 
positive when the peak calcitonin level was more than three times the baseline level. 
Patients with an undetectable or lower limit of normal basal and stimulated 
calcitonin and normal CEA levels were considered cured. In patients with sustained 
postoperative elevated calcitonin andfor CEA levels, 99mTc(V)dimercaptosunnic 
acid (DMSA) , 18F-fluoro-2-deoxy-D-glucose positron emission tomography (FOG
PET) ,  Magnetic Resonance Imaging (MRI ) ,  Computed Tomography (CT) and 
ultrasonography were utilized to detect residual MTC depending on the used 
protocol during a specific time period. 

A recurrent laryngeal nerve paralysis was diagnosed on the basis of indirect 
laryngoscopy. Hypoparathyroidism was confirmed by determining serum calcium 
and parathormone levels. These complications were regarded permanent if they 
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persisted more than six months after surgery. We defined locoregional recurrence 
as detectable residual MTC on medical imaging or physical examination. Time to 
recurrence was defined as the interval between initial curative intended surgery 
and identification oflocoregional recurrence. 

Statistical analysis 
The relationship between continuous variables was analyzed using the Student's 
t-test or the Mann-Whitney U test as appropriate. For categorical data, the Fisher 
exact test or the X2 test with continuity correction were used. In all tests a P-value 
less than 0.05 was considered significant. 

Resu lts 

Patient characteristics and treatment 
Patient, tumor and treatment data are depicted in Table 1. A total of 86 initial and 
reoperative surgical procedures had been performed at our hospital. Of the patients 
in group 1, 22 patients initially had standard surgery. In four cases this was combined 
with unilateral SLND and in four cases with upper mediastinal lymph node 
dissection. Thirteen patients had less than standard surgery at another hospital. 
All patients in group 2 were initially treated by standard IT and CCD with additional 
neck dissection on indication. Standard surgery was combined with unilateral SLND 
(level ii-V) in 19 patients and bilateral SLND in seven patients. In 15 patients an 
upper mediastinal lymph node dissection (level VI I) was added. At last follow-up, 
including reoperations, all patients had IT. CCD was performed in 61 patients 
(94%), SLND of the ipsilateral compartment (level ii-V) in 39 patients (61%), SLND 
of the contralateral compartment in 16 patients (25%) , and in 24 patients (38%) 
the mediastinum was dissected. 

Table 1. Demographic, tumor and treatment data in both groups 

Group 1 Group 2 Total 
Thyroid nodule Nodal  metastases 

Patients (n) 35 29 64 
Sex (male/female) 8/27 24/4 33/31 
Age at diagnosis (years) 

Median 41 57 45 
Range 1 1 -69 1 8-74 1 1 -74 

Type MTC 
Sporadic 1 9  26 45 
MEN 2A 1 5  1 1 6  
MEN 28 2 3 
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Initial surgery with curative intent 
Less than TI 5 0 5 

n 8 0 8 
TI+CCD 1 4  3 1 7  
TI+CCD+LNDa 8 26 34 

Tumor size 
<1 em 7 4 1 1  
1 -4 cm 21 1 1  32 
>4 cm 7 14  2 1  

TNM stage 
I (T1N0M0) 4 0 4 
II (T2_4N0M0) 1 2  0 12 
I l l  (TanvN1M0) 9 29 38 
IV (TanyNanvM1 ) 0 0 0 
Undeterminedb 10 0 1 0  

Extrathyroidal growth (T4) 6 27 33 
Multifocal 18 1 2  30 
Follow-up, median (range), years 1 0  (1 -32) 6 (1 -29) 7 (1 -32) 

• LND includes both selective lateral lymph node dissection and medtastmal dissection. 

b Nodal status at primary operatton could not be determined since no LND was performed. During 

follow-up. lymph node metastases developed in these patients. 

MTC, medul lary thyroid cancer; MEN. multiple endocrine neoplasia; n. total thyroidectomy; CCD, 

central compartment dissection; LND. lymph node dissection. 

Distribution of lymph node metastases 
To obtain better insight in the extent of primary surgery regarding the extent of 
neck dissection we evaluated the pattern of lymph node metastases. The median 
number of resected lymph nodes from the central compartment (level VI) was II 
(range 4-20). The median number of resected nodes in the lateral compartments 
(level 1 1-V) was I6 (range 8-27) and 5 (2·9) in the upper mediastinum (level VII). 

The number of compartments containing lymph node metastases at primary 
operation and at follow-up is shown in Table 2. Of all 69 patients, 40 patients (63%) 
had developed central, 35 (55%) unilateral, I7 (27%) bilateral and 20 (3I%) 
mediastinal lymph node metastases at last follow-up (median 6 years; range I to 
32 years) after initial curative intended treatment. In seven patients (n%) only the 
lateral compartment and not the central compartment was involved (unilateral in 
six and bilateral in one patient) . We tested whether tumor size could predict the 
occurrence oflymph node metastases, but this was not the case (p=O.I5I). 

When divided by mode of presentation, eight patients (23%) in group I had lymph 
node metastases at primary surgery; five (63%) of them in one compartment (the 
central compartment) and three in two compartments. In contrast, in group 2, all 
patients had histological confirmed lymph node metastases at primary surgery; 
one patient (3%) had lymph node metastases in one compartment, I5 patients (52%) 
in two compartments, II (38%) in three compartments and two (7%) in all four 
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compartments. These data indicate that lymph node metastases often were present 
and frequently developed bilaterally even in absence of clinical suspicion 
preoperatively. Mode of presentation and tumor size could not reliably be used to 
predict the pattern oflymph node metastases. 

Table 2. Distribution of lymph node metastases at primary surgery and follow-up by mode of 
presentation 

Compartment 

G roup 1 (n=35) 
Central 
Ipsilateral 
Contralateral 
Mediastinal 
Group 2 (n=29) 
Central 
Ipsilateral 
Contralateral 
Mediastinal 

Number of compartments with lymph node metastases Patients with 
lymph node 
metastases 

primary surgery follow-up 

dissected containing dissected containing 

lymph node lymph node 

metastases metastases 

22 8 1 3  7 1 1  (31 %)• 
4 1 0  8 8 (23) • 

5 5 5 (1 4%) 
4 2 3 3 5 (1 4%) 

29 29 2 2 29 (1 00%) 
26 26 4 4 27 (93%) 
7 7 4 7b 1 3 (45%) 
1 5  1 0  2 5b 1 5 (52%) 

• Sometimes a patient had multiple recurrences in the same compartment. 

b Metastases were pathologically proven or visible with at least two imaging techniques at two or more 

consecutive moments but not amenable to surgery. 

Therapeutic results: local control and survival 
To evaluate outcome we assessed patients who were treated either by standard 
surgery or by less extended procedures. All patients who had less than standard 
surgery with curative intent were initially operated elsewhere. They presented with 
a palpable thyroid nodule only (fable 3). These patients developed more locoregional 
recurrences (p=0.043) after initial treatment. Consequently, the number of 
reoperations for persistent or recurrent MTC was higher (p=o.o2o) in this group 
compared to patients that were initially treated by standard surgery. Cure rate 
(p=o.162) ,  time to locoregional recurrence (p=o.266),  development of (p=0.134) 
and time to distant metastases (p=I.o) did not differ significantly between patients 
who had initial standard surgery and patients who had initially a less extended 
procedure. These data indicate that patients who were treated initially with less 
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than standard compartment-oriented surgery had a worse locoregional control 
compared to patients who were treated with standard compartment-oriented surgery. 

Table 3. Therapeutic results of patients presenting with a single palpable thyroid nodule 
who were treated by standard surgery versus less extensive initial procedures 

Initia l  surgery Standard Less than standard 

Patients 22 1 3  
Cure 1 1  3 
Loco-regional recurrence 
(patients/recurrences) 7/8 9/1 5 
Central 1 6 
Ipsi lateral 3 5 
Contralateral 2 3 
Mediastinal 2 1 
Time to recurrence. mean (range). months 1 00 (4-228) 75 (7-384) 
Distant metastases 1 3 
Time to distant metastases, mean (range). months 322 292 ( 1 81 -358) 
Number of reoperations 1 0  1 3  

Table 4. Therapeutic results of the patients by mode of presentation 

Group 1 Group 2 

Patients 35 29 
Cure 14  0 
Loco-regional recurrence 
(patients/recurrences) 16/23 11/18 
Central 7 2 
Ipsi lateral 8 4 
Contralateral 5 7 
Mediastinal 3 5 
Time to recurrence, mean (range). months 88 (4-384) 23 (3-96) 
Distant metastases 4 1 5  
Time to distant metastases. mean (range). months 296 ( 18 1 -358) 32 (6-71 ) 
Number of reoperations 23 1 2  

We wanted to evaluate whether the mode of presentation influenced locoregional 
control. Therapeutic results in patients with palpable MTC by mode of presentation 
are presented in Table 4· Of the 14 patients (4o%) in group I that were cured, 12 
patients were cured after primary operation and two after reoperation. At follow-up, 
23 locoregional recurrences occurred in r6 (46%) patients (several patients presented 
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with multiple recurrences). Twenty recurrences (87%) occurred in an area of the 
neck that was not previously dissected. Distant metastases were detected in bone 
(n=3), liver (n=2) and lung (n=2). In group 2, no patients were biochemically cured. 
At follow-up, n patients (38%) developed 18 locoregional recurrences. Twelve 
locoregional recurrences (67%) occurred in an area that had not been dissected 
before. Distant metastases were detected in bone (n=u), liver (n=7), lung (n=7), brain 
(n=I) and skin (n=I). These data indicate that, irrespective of the mode of presentation, 
locoregional recurrence rate was high after standard compartment-oriented surgery. 

Surgical morbidity 
One patient presented with hypoparathyroidism and one with paralysis of the 
recurrent laryngeal nerve after surgery at another hospital. We performed 86 surgical 
procedures for MTC. However, six patients, who were about to be reoperated for 
residual MTC, presented with palsy of one of the recurrent laryngeal nerves. 
Therefore, 166 functioning nerves eventually were at risk for permanent recurrent 
laryngeal nerve paralysis (RLNP). RLNP occurred in three patients (1.8%), all after 
initial operation. Other postoperative complications consisted of hypoparathyroidism 
(five patients, 7.8%; three after reoperation), palsy of the spinal accessory nerve (two 
patients, 3%; one after reoperation) and dissection of the thoracic duct (one patient, 
1.6%; following reoperation) which resolved after ligation of the duct. There was no 
significant difference in postoperative complication rate between patients who had 
initial standard surgery and patients who had a less extended initial procedure (p=Lo). 

EBRT 
A total of 41 patients (64%) postoperatively had biochemical evidence of disease 
and positive resection margins, multiple lymph node metastases (two or more 
compartments involved) or evidence of extrathyroidal or extranodal spread. 
Locoregional EBRT was only administered to 23 patients (56%) whereas 18 (44%) 
did not receive EBRT. EBRT doses ranged from 52-66 Gy. 

In 13 of 23 patients (57%) locoregional recurrence occurred following EBRT, 
whereas 10 patients (43%) remained locally tumor-free. Eleven of the 18 patients 
(51%) who did not receive EBRT had loco regional recurrence whereas seven (39%) 
remained locally tumor-free. There was no significant difference in the development 
oflocoregional recurrence in patients with and without EBRT (p=Lo). 

Discussion 

Regarding the extent of initial surgery, our results demonstrate that patients who 
are initially treated with less than TT and CCD have a higher risk oflocoregional 
recurrence and reoperation compared to patients who are initially treated by standard 
surgery. Although not significantly, cure was achieved more frequently in patients 
who had standard TT and CCD as compared to less extensive surgery, particularly 
in patients presenting with a single palpable thyroid lesion (5o% versus 23%, 
respectively). 
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Our results also show that, even when patients undergo initial standard surgery, 
normalization of postoperative serum calcitonin is uncommon and locoregional 
recurrences frequently occur, especially in areas of the neck that have not been 
dissected previously. Furthermore, lymph node metastases frequently occur 
bilaterally in patients presenting with either a single palpable thyroid nodule or 
palpable lymph nodes. Therefore, bilateral and (upper) mediastinal neck dissection 
in the treatment of patients with palpable MTC is indicated. 

The relatively low cure rate underlines that patients who are initially treated with 
standard surgery still do not receive optimal treatment. Nodal micrometastases are 
likely already present early in the disease. When MTC presented as a single palpable 
thyroid nodule, nodal metastases developed in one third of the patients in the central 
compartment, and in rs% to 25% in other compartments. Generally, only one or 
two compartments were involved. A more elaborate initial surgical procedure with 
elective dissection of all four compartments might have led to improved cure rates. 
Several groups that routinely employed central and bilateral lymph node dissection 
reported cure rates of 33% to 6r%. 12"15 However, although the cure rate still was 
33%, only Moley et al. included merely patients with true palpable MTC. 13 On the 
other hand, more elaborate lymph node dissection likely could not have cured most 
patients presenting with palpable lymph nodes. More than half of these patients 
had metastases in more than two compartments, which rules out cure even after 
dissection of all cervical compartments. 17 Critics of extended surgical procedures 
for MTC therefore favor a conservative approach based on the observation that 
many patients with evidence of persistent hypercalcitoninemia have a long survival. 4 

Even so, a more extensive initial surgical procedure could have led to better 
locoregional tumor control, especially in patients with palpable lymph nodes at 
presentation, since the majority of recurrences occurred in areas of the neck that 
had not been dissected before. Moreover, the lack of effective adjuvant therapies 
and the observation that patients with completely resected disease do better than 
those with residual disease make an aggressive surgical treatment warranted. 13-15-'8 

Mediastinal lymph node dissection might be used more liberally to obtain better 
locoregional tumor control, particularly in patients with (macroscopic) evidence of 
nodal metastases. The high number of mediastinal metastases found in the present 
study corresponds with data from other investigators. 19 Unfortunately, superiority 
of elective mediastinal dissection in terms of disease-free survival is not well established 
since investigators who performed elective median sternotomy have rarely seen the 
serum calcitonin become undetectable.20.22 Still, dissection of the upper mediastinal 
compartment can be performed through a cervical incision without the morbidity of 
a sternotomy and seems justified in patients who present with palpable MTC. 

The extent oflymph node metastases is somewhat underestimated in this study. 
Ideally, every compartment should have been dissected routinely irrespective of 
the tumor stage. Alternatively, limiting the analysis exclusively to patients with 
resection of all four compartments would set up a bias towards higher rates of 
lymph node metastases, since these patients had more advanced tumors. 

The use of reoperative elective surgery by a bilateral compartment-oriented dissection 
in patients with elevated serum calcitonin levels without evident foci of MTC may 
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achieve biochemical cure or limit disease progression.6·•3·•P0•23 We could cure two 
patients after reoperation, but this number might have been higher when we had 
performed elective bilateral compartment-oriented reoperations. However, selecting 
patients that will benefit from elective reoperation remains very difficult. We performed 
extensive medical imaging, including CT or MRI, ultrasound, DMSA and (since 
1998) FDG-PET but the results were far from optimal. Moley et al. do routine 
laparoscopic liver examination preoperatively, which can identify metastases in patients 
with normal CT or MRI imaging and seems to be more sensitive than medical 
imaging.24 Although, this procedure is invasive and detects only liver metastases, it 
seems the best method yet available to select patients for cervical reoperation. 

Patients with thyroid cancer should be referred to an experienced thyroid 
surgeon25 but even in specialized centers complications associated with 
compartment-oriented lymph node dissection, particularly for reoperative surgery, 
are considerable. Palsy of the recurrent laryngeal nerve (o% to 5% of patients) and 
hypoparathyroidism (2% to 17% of patients) are the most frequently reported 
treatment-related complications.3·7·•�-�4·•8 The complication rate observed in this 
study corresponds with the observations of others; persistent recurrent laryngeal 
nerve palsy occurred in r.8% of patients and permanent hypoparathyroidism in 
7.8%. 

The value ofEBRT in patients with MTC is not well established and seems limited 
in patients presenting with palpable MTC although previous investigators found 
improved locoregional disease control in high-risk MTC patients receiving 
EBRT.26•27 Due to the retrospective nature of the study, the lack of a standard 
protocol and since EBRT was only performed in patients with advanced cervical 
disease; this study did not provide sufficient data to support the use of EBRT. 

In conclusion, adequate surgical treatment in MTC patients is important to prevent 
locoregional recurrence and offers a chance of cure. However, even with 
recommended standard surgery, locoregional recurrence rates are high. Therefore, 
we advocate TT in combination with CCD and elective bilateral and upper 
mediastinal neck dissection, preferably as a one-stage procedure, in patients with 
palpable MTC. 
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Abstract 

In medullary thyroid cancer (MTC) age is considered an important prognostic 
factor but survival has never been properly adjusted for baseline mortality in 
the general population. We aimed to identify prognostic factors by analyzing 
patients with MTC regarding life expectancy. We described a retrospective 
cohort study with a median follow-up of8 (range r-35) years. We included 120 
consecutive patients of whom 66 (55%) had sporadic MTC. Malejfemale ratio 
was r:r ;  median age was 45 (range 3-83) years. Main outcome measures were 
overall and disease-specific survival and life expectancy expressed as survival 
adjusted for baseline mortality rate in the general population. Overall and 
disease-specific ro-year survival was 65% and 73%, respectively. After ro years, 
29% of patients were biochemically and 63% clinically cured. Median overall 
life expectancy was 0.58 (95%CI o.37-o.8o). Detectable recurrence occurred 
in 6o patients after a median of 36 months (range 5-5r8). On multivariate 
regression analysis only stage of disease and extra thyroidal extension predicted 
recurrence-free life expectancy. Extrathyroidal extension was the only 
independent predictor of overall life expectancy. Persistent biochemical MTC 
did not independently affect life expectancy. Patients without detectable 
recurrences after initial treatment had a life expectancy similar to the general 
population. In MTC patients, extrathyroidal extension and stage at diagnosis 
are the only independent predictors of (recurrence-free) life expectancy. Patients 
diagnosed in an early stage of disease and patients without detectable recurrence 
have favorable recurrence-free and overall life expectancy independently of 
biochemical cure. 
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Introduction 

Approximately 5-10% of all thyroid cancers encompass medullary thyroid carcinoma 
(MTC). MTC occurs in sporadic and hereditary clinical settings and, although the 
clinical course varies, it is usually considered relatively indolent.1-3 The hereditary 
forms ofMTC occur as part of familial MTC (FMTC) or multiple endocrine neoplasia 
type 2 ( M EN 2A and MEN 2B) .4·5 These syndromes are caused by germline 
mutations in the RET gene (REarranged during Transfection). 

MTC is characterized by an early spread to locoregional lymph nodes, often even 
before the primary tumor is diagnosed.1 Nevertheless, the overall survival of patients 
with MTC ranges from 78% to 91% at five years follow-up and is about 75% (ranging 
from 6r% to 88%) at ro years follow-up.2•6-8 Previous studies have suggested a 
number of factors influencing survival, such as age and sex of the patient, type 
MTC (sporadic versus hereditary) , tumor stage, and extent of the tumor at 
presentation2•6·8-16 but their relative importance on life expectancy is not clear. 
Furthermore, despite the relatively high survival rates, only about 34% to 44% of 
patients are biochemically cured by surgery as indicated by undetectable serum 
calcitonin levels) Persistently elevated calcitonin levels indicate occult MTC and 
can be a source of anxiety in both the patient and the clinician. However, it is as 
yet unknown whether the high prevalence of persistent hypercalcitoninemia 
adversely affects life expectancy since patients can coexist with MTC for many 
years) In addition, commonly used survival curves express survival in years 
irrespectively of age. To study life expectancy, age at diagnosis has to be considered 
as well. 

Since disease-specific mortality in MTC is relatively low and age at diagnosis 
varies considerably, long-term survival should be adjusted for the baseline mortality 
rate in the general population and statistical analysis on survival ought to include 
methods of age adjustment. The standard used Kaplan-Meier plots do not give 
insight in the decline of cumulative proportions of survival, both disease-specific 
and overall with advancing age at diagnosis. Therefore, we employed a new method 
to study survival, which combines proper adjustment for age at diagnosis with the 
capability of graphical presentation of the risk distribution unbiased by age.17 This 
new method is called standardized survival and depicts the age and gender matched 
life expectancy of the study population relative to the general population. Aim of 
this study was to analyze a cohort of 120 patients diagnosed with MTC with respect 
to their life expectancy and to compare this with commonly applied survival analysis. 
Furthermore, we aimed to address the influence of several prognostic factors, in 
particular persistent hypercalcitoninemia regarding life expectancy. 

Patients and Methods 

Patients 
We registered data on all patients with MTC from January 1970 onward. Until 
January 2003, 130 patients with MTC were identified. Ten patients were excluded: 
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one patient was lost to follow-up, seven patients only had C-cell hyperplasia, and 
in two patients MTC was detected on postmortem examination. Data on the 
remaining 120 subjects were used for survival analysis. 

The diagnosis ofMTC was confirmed by histology of resected specimens. Patients 
were considered to have sporadic MTC when they had no germline mutation in 
the RET gene or, before the introduction of RET analysis, a negative family history 
of MEN 2 or MTC. MEN 2A was defined by the presence of a germline RET 

mutation or a first-degree relative with MEN 2A or the presence of MTC with 
pheochromocytoma andfor hyperparathyroidism. MEN 2B  was defined by the 
presence of a germline RET mutation or MTC in combination with typical 
phenotypic features (e.g. marfanoid body habitus, mucosal neuromas, and intestinal 
ganglioneuromatosis) with or without pheochromocytoma. 

Since 1994 we have used DNA analysis to screen for germline RET mutations 
in exons ro, n, 13, 14, 15 and r6. 

From 1970 to 1992 serum calcitonin was measured by a home-made 
radioimmunoassay (RIA). From 1992 to 2000 a commercially available RIA (Nichols 
Institute Diagnostics, San Juan Capistrano CA, USA) was used. From that time 
onwards we used an enzyme-linked immunosorbent assay (Biosource Europe SA, 
Nivelles, Belgium until 2001, and thereafter Sangui Biotech, Inc., Santa Ana CA, 
USA) .  CEA (carcino-embryonic antigen) levels were determined by 
chemilumnescent micropartide immunoassay (Abbott Laboratories, Abbott Park 
IL, USA). 

Total thyroidectomy was performed in n8 patients (98%), the two others 
underwent tumor debulking. In 94 patients (78%) , dissection of the central 
compartment from the hyoid bone to the innominate vein, and laterally to the 
jugular veins was also performed. This procedure was combined with an unilateral 
selective neck dissection oflevels II-V according to Robbins18 in 29 patients (24%), 
a bilateral selective neck dissection in 14 patients (12%) and an upper mediastinal 
dissection in 22 patients (r8%) at the time of thyroidectomy. Adjuvant external 
beam radiotherapy was given to 43 patients (36%) with advanced disease at 
presentation (roo% nodal metastases, 84% invasion of the thyroid capsule) .  

Within 12 weeks postoperatively, basal serum calcitonin and CEA were measured 
to assess the outcome of surgery. In case of normal basal calcitonin levels, a 
pentagastrin stimulation test was performed. In patients with sustained 
postoperative elevated serum calcitonin and for CEA levels, various techniques like 
99mTc(V)dimercaptosunnic acid (DM SA) , 111In-octreotide, Magnetic Resonance 
Imaging (MRI), Computed Tomography (CT) and ultrasonography were utilized 
to detect residual MTC depending on the used protocol during a specific time 
period. In case of no anatomical substrate for hypercalcitoninemia, imaging was 
performed when calcitonin levels further increased, generally once or twice a year. 
Since 1998, 18F-fluoro-2-deoxy-D-glucose positron emission tomography (FDG
PET) was also used in the follow-up. 

Pathological findings and stage of disease are depicted according to the tumor 
node metastasis (TNM)-dassification.19 Briefly, To means no cancer; Tr, tumor 
confined to the thyroid, �I em; T2, tumor confined to the thyroid, >I em, =4 em; 
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T3, tumor confined to the thyroid, >4 em; T 4, extrathyroidal invasion of the tumor_ 
In addition, No means node negative; N1, node positive and Mo means no distant 
metastases, M1 distant metastases. Stage I disease corresponds with TI, stage II  
with T2·4, stage III with any T, N1 and stage IV any T, any N, M1. 

Persistent biochemical MTC refers to patients with postoperative stimulated 
andfor basal elevated serum calcitonin levels. Persistent clinical MTC refers to 
detectable macroscopic disease after surgery because of irresectable MTC or distant 
metastases. Recurrence was defined as the emergence of clinically detectable (by 
at least one of the imaging methods we used) , biopsy proven MTC in patients 
without persistent clinical MTC after surgery. Patients with undetectable basal and 
stimulated calcitonin levels were considered cured. 

Statistical analysis 
In all tests a p-value <0.05 was considered significant and 95% Confidence Intervals 
(CI) are given when appropriate. The influence of prognostic variables was assessed 
from the time of diagnosis to the last follow-up date. The standardized survival (life 
expectancy) was calculated as described earlier.17 The median residual lifetime was 
derived from the reports by the Dutch Central Office of Statistics (www.CBS.nl). 
Differences in various parameters were evaluated using the Mann-Whitney rank
sum test (for continuous variables) , the Fisher exact test and the X2 test with 
continuity correction (for categorical data), as appropriate. The Kaplan-Meier method 
was used to estimate overall and disease specific survival. Differences in 
(standardized) survival were tested by Cox regression analysis with relative risks 
calculated as the quotient of the ratio of observed events and extent of exposure. 
Patients were censored at the end of follow-up, unless an event happened before 
that date. To examine the impact of clinicopathological variables, we used the 
following events as end-points: sustained normal serum calcitonin levels (for 
biochemical disease free interval), clinical disease recurrence (for recurrence free 
interval), death due to MTC (for disease specific survival) and death (for overall 
survival) .  The Cox regression model was used in multivariate analysis to study the 
different clinicopathological variables as an independent risk factor. 

Results 

Patient characteristics 
Characteristics of the 120 patients are listed in Table 1. The life expectancy at age 
of diagnosis ranged from 7 to 78 years. Median follow-up since diagnosis was 8 
(range 1-35) years. 

Of the 54 patients with hereditary MTC, 56% were female, whereas 40% of the 
66 patients with sporadic MTC were female. Patients with hereditary MTC were 
younger at diagnosis (median age 28 years, range 3-74) than patients with sporadic 
MTC (median age 57 years, range 20-83; p<o.oool) .  Of the 54 patients with 
hereditary MTC, 40 (74%) were detected by screening (either genetic or biochemical 
or both) . Furthermore, patients with hereditary MTC, which was detected by 
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screening, were significantly younger (median age 23.5 years, range 3-56) than 
patients with MTC not detected by screening (median age 4I years, range n-74; 
p<o.ooOI). A total of 26 patients (48%) with hereditary MTC had stage I disease, 
I2 (22%) stage II ,  IS (28%) stage III  and one (2%) had stage IV MTC. 

Table 1. Clinical characteristics of patients with sporadic and hereditary MTC 

Number of patients % 

Male 60 50 
Female 60 50 
Median age at diagnosis (years) (range) 45 (3-83) 
Cl inical presentation 

Lump in the neck 86 72 
Screening 34 28 

Sporadic MTC 66 55 
MEN 2-associated MTC 54 45 
Stage 

T1 28 23 
T2 36 30 
T3 1 6  1 3  
T4 33 28 
Tx 7 6 

Multifoca l tumor 628 52 
N 1 nb 60 
M1 8 7 

"Of 14 patients ( 12%1 no data were available on multifocality of the initial tumor 
bQf 6 patients (5%1 no data were available on the presence of lymph node metastases at presentation 

Overall and disease-free survival 
Overall Io-year survival in all I20 patients was 65% and the disease specific survival 
was 73% (Figure IA). Median survival in the whole cohort was 20 years. After IO 
years 35 (29%) patients were alive and cured as indicated by undetectable serum 
calcitonin levels whereas 76 (63%) patients were clinically disease-free as indicated 
by the absence of detectable MTC. In the remaining 9 patients (8%) MTC could 
be detected by one or multiple imaging methods we employed. 

Life expectancy in Medullary Thyroid Carcinoma 
Overall and disease-free life expectancy for the entire cohort is depicted in Figure 
IB .  The median standardized survival time was 0.58 (95%CI o.37-o.8o). The 
cumulative proportion of death at half standardized survival time was 0.42 (95%CI 
o.3I-o.56), which is above the proportion of maximally o.Io in the age-matched 
general population. At a standardized survival of I, three quarters of all patients 
had died. Of them about 6o% passed away from MTC. 
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Overall Survival 

0.0 

'·' 

'·' 

... 

'·' 

'·' 

0,3 

'·' 

'·' 

· �---------------------� 

'·' 

'·' 

� 0,1 
·;: ;. u  
� : 0.5 
'i 
I o .• . , 

'·' 

0,1 

0 10 15 N M 30 � � 45 � 
Y11r1 1het DiiJMilt 

OveraiiMortality 

0 D I D 2 D,J D,4 0 5 0 1 0 7 D I D !I  1 1 1 J,Z I,l l,t 1,5 
S11nd1rdh:ed Survival Time 

[--Overall 
• • • Specific 

A 

-- Over•U 

· · - · Specific 

--Expected 

B 

Figure 1. [A] Disease specific and overall Kaplan-Meier survival curves of a cohort of 1 20 
patients with MTC. [B] Cumulative proportions of death, both overall and disease specific, 
against standardized survival ( l ife expectancy) of a cohort of 1 20 patients with MTC. Life 
expectancy for the age and gender matched general Dutch population is depicted as 
'Expected'. 

Persistent disease after initial treatment 
Seventy-nine patients (66%) had persistent MTC after initial surgery (71 only 
biochemical and eight also clinical) . Of note, in two patients (one male with 
hereditary MTC operated at age 16 and one female with sporadic MTC operated at 
age 38) postoperative basal and stimulated calcitonin was normal, but became 
elevated again during follow-up (after 185 months and 7 months, respectively) . 
Including these two patients, an anatomical substrate for the serum calcitonin 
elevation was never found in 19 patients despite an extensive diagnostic approach 
and long-term follow-up (median 143 months, range 6-339). 
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Clinically detectable recurrence 
All patients who developed a clinically detectable recurrence had persistent 
biochemical MTC after surgery. During follow-up a recurrence was detected in Go 
patients. Clinically detectable recurrence occurred after a median of 3G (range s
sr8) months since initial treatment. Physical examination and for various imaging 
techniques detected recurrences in all these patients. In 54 patients locoregional 
(cervical andjor mediastinal) recurrence was detected and in 38 patients distant 
metastases were detected. Both locoregional and distant metastases were detected 
in 23 patients. 

In 28 of the Go patients (47%) with clinically detectable recurrence no additional 
therapy with curative intent was given because of advanced disease or patient refusal. 
Symptomatic therapy such as EBRT on bone metastases was given when indicated 
and six patients had palliative experimental chemotherapy without any appreciable 
effect on tumor volume. Treatment oflocoregional recurrence included surgery in 
all cases. A total of 32 patients underwent 40 reoperations for locoregional recurrence 
(sometimes patients had more than one reoperation). In two of the 32 patients (G%) 
cure could be achieved by reoperation. 

Death of other cause 
A total of 54 patients died. Twenty patients (37%) died from another cause than 
MTC, six were cured and 14 had evidence of persistent biochemical MTC at latest 
visit (12 had also clinical MTC). Five patients (25%) died from a second primary 
tumor (breast, lung, colon, bladder and sarcoma),  eight (40%) died from a 
cardiovascular cause (three cerebrovascular accidents, five cardiac deaths), three 
(15%) from pulmonary cause, three (15%) from the hemodynamic consequences 
of a pheochromocytoma and one patient (5%) committed suicide. Therefore, of the 
48 patients that died with persistent biochemical MTC, 14 (29%) did not die from 
MTC. Eight patients (six that were cured and two with biochemical persistent MTC) 
died without any clinical evidence of disease. 

Prognostic factors 
Regarding prognostic factors for biochemical cure, Odds Ratios (ORs) for female 
gender (p=o.o21), hereditary MTC (p=o.oo2), the presence of multifocality (p=0.91), 
extrathyroidal growth (p<o.ooOI) ,  lymph node metastases (p<o.ooo1) and 
extranodal growth (p<o.ooor) were 0 .37 (95%CI o.r7-o.82), 0.27 (95%CI o.r2-
0.55) . 0.91 (95%CI 0.41-2.02), 12.70 (95%CI 2.84-5G.Go). 25.50 (95%CI 8.oo-8r.9o) 
and 24.78 (95%CI 3·53-174.15). respectively. 

In univariate analysis, all factors depicted in Table 2 except multifocality of the 
tumor were found to be significant predictors regarding clinically detectable 
recurrence-free survival and standardized survival. However on multivariate 
regression analysis only stage of disease at presentation remained a prognostic factor 
for detectable recurrence (Table 2). Plots depicting proportion of clinically detectable 
recurrence against standardized survival time by stage of disease at presentation are 
given in Figure 2. Univariate relative risks for overall survival and standardized 
survival in the total cohort are provided in Table 3· Only age and the presence of 
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extrathyroidal growth remained an independent predictor of survival. However when 
standardized survival was used correcting for basal mortality in the general 
population, only extra thyroidal growth remained an independent predictor (Figure 
3). Median standardized survival time was 0.77 (95% CI o.74·0.8I) in patients without 
extrathyroidal growth versus 0.20 (95% CI o.o5-0.35) in patients with extrathyroidal 
growth. This indicates that patients with extra thyroidal growth at presentation have 
a poor prognosis. However, this also means that patients with, for instance, stage 
III disease without extra thyroidal growth at presentation likely develop a detectable 
recurrence but still live for a considerable time and reach 77% of their life expectancy. 

Table 2. Evaluation of clinicopathological variables as risk factors for cl inica lly detectable 
recurrence 

Age 

Sex (male) 

Type MTC 
(Sporadic) 
TNM stage 

I I 

I l l  

IV 
Unifocality 

Capsular 
invasion (T4) 
Nodal 
Metastases 
Extranodal 
growth 
Persistent 
disease 

Univariate Multivariate 

Survival Standardized 
survival 

Survival 

HR 
(95% C l )  

1 .03 
(1 .01-1 .04) 

1 .96 
( 1 . 1 5-3.36) 

2.84 
( 1 .59-5.07) 

4.83 
( 1 .06-22.00) 

1 9.70 
(4.73-82.00) 

23.8 
(4.47-124.0) 

0.94 
(0.59-1 .50) 

4.92 
(2.80-8.60) 

7.64 
(3.86-1 5.1 0) 

4.65 
(2.64-8. 1 8) 

7 . 10  
(3.03-1 6.00) 

p HR 

0.001 1 .01 
(0.99-1 .02) 

0.014 1 .62 
(0.95-2.76) 

0.000 1 .78 
(1 .02-3.1 2) 

0.042 5 . 14 
( 1 . 1 4-23.20) 

0.000 1 5.70 
(3.75-65.70) 

0.000 1 6.40 
(3.1 6-85.70) 

p HR p 

0.428 

0.077 

0.043 

0.033 4.68 0.047 
(1 .02-21 .30) 

0.000 14.90 0.000 
(3.48-64.00) 

0.001 22.30 0.001 
(3.88-1 28 0) 

0.784 1 .08 0.7 49 

0.000 

0.000 

0.000 

(0.67-1 .50) 
3.79 

(2.20-6.53) 
5.61 

(2.88-1 0.90) 
3.1 5 

( 1 .82-5.45) 

0.000 

0.000 

0.000 

0.000 5.83 0.000 
(2.49-13.70) 

2 . 19 
( 1 . 1 7-4.08) 

0.014 

Standardized 
survival 

HR p 

5. 1 4  0.033 
( 1 . 1 4-23.20) 

1 5.70 0.000 
(3.75-65.70) 

1 6.40 0.001 
(3.1 6-85.70) 

HR. Hazard Rat1o, MTC, medullary thyroid cancer: TNM. tumor, node metastasis 
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Figure 2. Cumulative proportions of clinica lly detectable recurrence against standardized 
survival time by stage of disease. Life expectancy for the age and gender matched general 
Dutch population is depicted as 'Expected'. Patients with stage I MTC rarely develop a 
detectable recurrence and have a detectable recurrence-free life expectancy that is similar 
to the age and gender matched life expectancy of the general population. In contrast, half of 
the patients with stage I l l  MTC will develop a recurrence within 1 4% of their life expectancy. � Overoll Mortolity 
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Figure 3. Cumulative proportions of death against standardized survival time by extrathyroidal 
growth ofthe primary tumor. T4, extrathyroidal growth; <T4, no extrathyroidal growth. Life 
expectancy for the age and gender matched general Dutch population is depicted as 
'Expected'. Patients presenting with extrathyroidal growth have a bad prognosis, since 50% of 
patients have died within 20% of their life expectancy. Patients presenting without extrathy
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Chapter 7 1 07 



Part 3: Prognosis and follow-up of MTC 

Table 3. Evaluation of clin icopathological variables as risk factors for overall survival 

Univariate Multivariate 

Survival Standardized Survival Standardized 
survival survival 

HR p HR p HR p HR p 
(95% Cl )  

Age 1 .07 0.000 1 .03 0.001 1 06 0.001 
(1 .05-1 . 1 0) ( 1 .01 -1 .05) (1 .04-1 .09) 

Sex (male) 1 .81 0.046 1 .33 0.346 
(1 .01 -3.23) (0.7 4-2.40) 

Type MTC 4.61 0.000 3.31 0.001 
(Sporadic) (2.31 -9.20) ( 1 .64-6.68) 
TNM stage 1 .31 0.670 1 .40 0.594 

I I  (0.38-4.50) (0.41 -4.80) 
5.04 0.002 4.01 0.0 10  

I l l ( 1 .77-14.30) ( 1 .40- 1 1 .50) 
20.7 0.000 1 1 .20 0.000 

IV (5.91 -72.50) (3.22-38.90) 
Unifocality 0.90 0.706 1 .05 0.859 

(0.53-1 .54) (0.61 - 1 .82) 
Capsular 8.08 0.000 7.89 0.000 6.1 6  0.000 7.89 0.000 
invasion (T 4) (4.36-15.00) (4.21 -1 4.80) (3. 1 8-1 1 .90) (4.21 -1 4.80) 
Nodal 4.45 0.000 3.54 0.000 
Metastases (2.25-8.80) ( 1 .78-7.05) 
Extranodal 6.74 0.000 4.72 0.000 
growth (3.44-13.20) (2.41 -9.24) 
Persistent 4.88 0.000 4.21 0.001 
disease (2.07-1 1 .50) ( 1 .76-1 0.1 0) 

HR. Hazard Ratio; MTC, medullary thyro1d cancer; TNM, tumor, node metastasis 

The good prognosis for patients without clinical MTC is further illustrated in Figure 
4· In Figure 4, mortality in all patients without clinically detectable MTC is shown. 
Of the eight patients that have died, two patients had persistent disease and six 
patients were cured but none of these patients died of MTC. Survival pattern was 
similar to that of the general population indicating no excess mortality during the 
clinical disease-free period. 

1 08 



1,1 
1.1 

'·' 

1,1 

Prognostic factors in Medullary Thyroid Cancer 

Mert1lity Durin1 Clinic• I Recunence·h .. lnlarnl 

I 1.1 1.2 l,l I,& 1,1 l,l l,l 1,1 1.1 I 1,1 1,2 1,3 I,& U 

Sl•n••r•iz_. Survi'lll 

Figure 4. Cumulative proportions of death against standardized survival time in al l  patients 
without evidence of cl inical ly detectable recurrence (with both elevated and undetectable 
calcitonin levels). All patients were included in this analysis until clinica lly detectable MTC 
was detected. Life expectancy for the age and gender matched general Dutch population is 
depicted as 'Expected'. No deaths in this patient group were related to MTC. Since the 
curve for life expectancy of the patient population and the curve for the general population 
overlap, no excess mortality is caused by hypercalcitoninemia per se. 

Discussion 

In the present study we, for the first time, described the influence of several 
epidemiological and pathological variables on survival in MTC patients corrected 
for baseline mortality in the general population. In our cohort, I a-year overall and 
disease-specific survival in MTC was 65% and 73%, respectively and life expectancy 
was reduced to a median standardized survival of 0.58. Predictors of persistent 
biochemical MTC were advanced stage of disease, presence of lymph node 
metastases and extra thyroidal growth. However, this study shows that biochemical 
cure after initial treatment is not an independent predictor of overall and recurrence
free survival (life expectancy) in patients with MTC. The only independent prognostic 
factor for life expectancy on multivariate analysis was extrathyroidal extension of 
the primary tumor reflecting aggressive behavior of the disease. On multivariate 
analysis stage at diagnosis was also significant for detectable recurrence-free life 
expectancy. These data indicate that both stage of disease and extra thyroidal growth 
at presentation are the only independent predictors of clinical behavior and life 
expectancy in patients affected by MTC. 

The present cohort corresponds well with other cohorts reported. z,6,8,ro·rz,I4·I6 
Ten-year overall and disease-specific survival in MTC was slightly better in our 
series compared to other series reported. The mean age at diagnosis in our cohort 
is similar to that in these other studies although we do have a fairly high proportion 
of hereditary cancers comparable to the number reported by Modigliani et al. and 
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Kebebew et al. z.B The higher proportion of hereditary MTC most likely reflects a 
referral bias and may explain to some extent the better survival in our cohort. 
However, all patients in our cohort had MTC and therefore, this should not interfere 
with the identification of prognostic factors. Moreover, the use of DNA screening 
since 1993 has resulted in earlier identification of patients with hereditary MTC 
resulting in a higher frequency of hereditary MTC, which was detected at an early 
stage (stage I and II), in contemporary series. 

Nevertheless, the results of this study should be interpreted keeping in mind that 
there are some possibilities for error since the sample size is small. 

As we have demonstrated, patients with stage I disease have a detectable 
recurrence-free life expectancy that is comparable to the general population 
underscoring the importance of early detection of MTC. These findings confirm 
the results of a previous study from Sweden15, in which the authors investigated 
relative survival (the ratio between observed and expected survival) and found that 
patients with stage I and II MTC have a relative survival that does not differ from 
that of the general population. 

In accordance with the results from the study of Bergholm et al.15 we show that 
postoperative elevated calcitonin per se does not likely affect long-term prognosis. 
We found that patients without clinical signs of recurrence have a life expectancy 
that is roughly similar to that of the general population, indicating that 
hypercalcitonemia does not lead to excess mortality. However, patient numbers are 
small so the results should be interpreted with caution. Nevertheless, about 30% 
of deaths in the cases with persistent biochemical disease are not due to MTC and 
some patients with persistent MTC have a standardized survival time above 1. This 
illustrates the mild clinical course in a subset of these patients. 

It seems that persistent disease has a very high sensitivity for clinical recurrence 
since all patients who developed a detectable recurrence had persistent disease. 
However, the specificity is not very high as 24% of patients with persistent elevated 
calcitonin remained clinically disease-free even after long-term follow-up and since 
some patients (around 3%) will develop recurrences when they are considered 
biochemically cured.zo Therefore, persistent elevated calcitonin is not an 
independent prognostic factor for overall and recurrence-free survival and life 
expectancy and especially when no clinical sign of relapse is present, patients may 
have a normal residual life span. 

Both stage of disease and extrathyroidal growth independently predicted the 
occurrence of clinically detectable recurrence in our cohort. Patients with stage III 
and IV have the highest risk of developing detectable recurrence and are only rarely 
cured. Pellegriti et al. zr found that postoperative basal calcitonin levels and pT were 
independent prognostic factors for imaging detected relapse. Only stage and 
extrathyroidal growth remained independent prognostic factors upon multivariate 
analysis in our study because of a strong interrelation between stage of disease, 
extrathyroidal growth and elevated postoperative calcitonin levels. In practice, for 
a male patient diagnosed at the age of so with stage I I I  MTC (and a normal life 
expectancy of 29 years) this would mean that he most likely will develop a clinical 
recurrence within 14% of his life expectancy (since so% of patients with stage III 
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MTC will develop a recurrence within this percentage of their life expectancy, Figure 
2) . In this particular case this corresponds with four years. 

Similar to most other studies2•6·8·9·II,IJ,IP6, age at diagnosis affected overall 
survival in the present study. However the standardized survival time, reflecting 
life expectancy, was not significantly affected by age on multivariate analysis. This 
means that the increase in death rate is proportional to the age-dependent death 
rate in the general population and that older patients do not necessarily have a more 
aggressive form ofMTC as suggested by Hyer et aU6 Therefore, age should not be 
used as an independent risk factor in prognostic scoring systems. 

It is often difficult to identify the stage of disease appropriately since imaging 
methods frequently miss microscopic metastases to regional lymph nodes or distant 
organs.22 In our cohort, elective lateral lymph node dissection was not performed 
and therefore the stage of disease may be somewhat underestimated. Lymph node 
metastases very often occur bilaterally and for that reason routine central and 
bilateral lymph node dissection is warranted. In particular in patients presenting 
with a palpable neck mass. 1•23·24 It is conceivable that the rate of clinically detectable 
locoregional recurrences would decrease and the cure rate would increase when 
central and bilateral neck dissections are performed routinely. However, given the 
results of our multivariate analysis, it remains to be seen whether the improved 
cure rate actually improves overall and recurrence-free survival. Extensive initial 
surgery minimizes (but does not exclude20) locoregional recurrences and associated 
morbidity (particularly morbidity associated with reoperations) without an obvious 
increase in surgical complications.1•23·24 However, the occurrence of detectable 
distant metastases may not be affected by initial treatment in patients with a high 
risk for detectable recurrence, probably because micrometastases are already present. 
Nevertheless, even patients who will eventually develop detectable distant metastases 
benefit from an aggressive initial surgical approach since locoregional control is 
optimized by meticulous primary surgery in these patients that may live for many 
years as already emphasized by Van Heerden et al.25 

In conclusion, risk factors for persistent biochemical MTC after initial surgery are 
stage, lymph node metastases and extrathyroidal growth. Independent prognostic 
factors for recurrence-free life expectancy are stage of disease and extrathyroidal 
extension of the primary tumor. The only independent prognostic factor for overall 
life expectancy is extrathyroidal extension. Additional therapeutic options are needed 
for patients with stage III  or IV MTC andfor extrathyroidal growth since surgery 
alone will not be sufficient for a high percentage of this patient group. Furthermore, 
patients without detectable recurrences after initial treatment for MTC have a 
favorable prognosis and a life expectancy that seems roughly similar to that of the 
general population. These findings can be reassuring to patients with persistent 
elevated calcitonin levels after apparent curative surgery without a detectable 
anatomical substrate of MTC but also to their treating physicians. 
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in  Patients with Biochemical  Evidence of 
Recurrent or Residual  Medul lary Thyroid 
Cancer 

J.W.B. d e  Groot, T.P. Links, P.L. Jager, T .  Kahraman. J .T.M. Plukker 

Ann Surg Onco/ 2004; 1 1  :786-794 

Abstract 

Conventional imaging such as with 99mTc(V)dimercaptosunnic acid (DMSA), 
mln-octreotide scintigraphy, computed tomography (CT), and magnetic 
resonance imaging (MRI) rarely localizes occult medullary thyroid cancer (MTC). 
The role ofl8F-fluoro-2-deoxy-D-glucose Positron Emission Tomography (FDG
PET) is not well defined. The aim of this study was to examine the usefulness 
of postoperative FDG-PET in localizing MTC metastases. FDG-PET was 
performed in 26 patients with elevated serum tumor markers after total 
thyroidectomy with central compartment dissection and additional neck 
dissection on indication. Patient- and lesion-based results were compared with 
the findings of conventional nuclear imaging and validated by morphological 
imaging (CT, MRI, ultrasonography), including bone scintigraphy and pathology 
when possible. Clinical impact was evaluated. FDG-PET detected foci in 50% 
of patients with lesion-based sensitivity of 96%. mln-octreotide detected foci 
in 19% with sensitivity of 41%, and 99mTc(V)DMSA scintigraphy and 
morphological imaging detected foci in 21% and 40%, respectively, with 
sensitivity of 57% and 87%. No lesions were found in II patients (42%). Positive 
FDG-PET findings led to surgical intervention in nine patients (35%). They all 
underwent surgery for removal of residual tumor or metastases. One patient 
achieved disease-free status. In all patients who underwent surgery, serum 
calcitonin levels were reduced by an average of 58 ± 31%. We conclude that, for 
detection of occult MTC lesions, FDG-PET is superior to conventional nuclear 
imaging and the best detection method yet available. FDG-PET in the 
postoperative follow-up has clinical value and may be used for guiding re
operation and additional morphological imaging preoperatively. 
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Introduction 

Medullary thyroid carcinoma (MTC) is a rare calcitonin- and carcino-embryonic 
antigen (CEA)-secreting tumor of the parafollicular C-cells of the thyroid. It accounts 
for 3% to ro% of all thyroid malignancies. 1·3 MTC occurs sporadically or is hereditary, 
with an autosomal dominant pattern of inheritance. In 35% of the patients with 
MTC, cervical and mediastinal node metastases are already present at the time of 
initial diagnosis.4 Surgical resection of all the tumor manifestations still remains 
the only effective treatment with curative intent in these patients. The effect of 
radiotherapy is minimal and limited to a selected group of patients) The effect of 
chemotherapy remains disappointing, and it may induce severe toxicity.S·6 

Recurrent or occult disease is a frequently encountered problem, particularly in 
patients with advanced primary tumors, even after adequately performed dissection. 
These cases are difficult to manage but are clinically the most relevant group, since 
correct localization of resectable disease can result in remission with local tumor 
control, and patients with distant metastases who will not benefit from extensive 
re-operation can be identified. Current detection methods commonly fail to identify 
residual or recurrent disease, despite elevated serum calcitonin levels. Standard 
employed conventional imaging methods such as scintigraphic examination with 
thallium-2or chloride {201Thallium) , 131I-meta-iodobenzylguanidine (MIBG), 
pentavalent technetium-99mdimercaptosuccinic acid (99mTc(V)DMSA) and min
octreotide have limited sensitivity.7·17 Currently, 99mTc(V)DMSA scintigraphy seems 
to be the best imaging method. However the reported sensitivity varies between 
33% and 95%.9·11-IS ,IB Positron emission tomography (PET) with 18F-fluoro-2-deoxy
D-glucose (FDG) as radiopharmaceutical tracer to investigate tumor metabolism 
has been used to visualize recurrent and metastatic MTC. The first results were 
promising, but these studies included small numbers of patients19·20 patients with 
less extensive primary surgical treatment/8·21'22 or patients in whom a smaller area 
of the body was scanned. 21 

The aim of this study was to investigate the potential use of FDG-PET in the 
detection of minimal residual or recurrent MTC in patients with biochemical 
evidence of disease after total thyroidectomy with central compartment dissection 
and additional selective neck dissection on indication and to compare the findings 
with those by the traditional detection methods. In addition, since FDG-PET is not 
routinely used in patients with MTC, the clinical impact of the use ofFDG-PET in 
the treatment of these patients is described. 

Patients and Methods 

Patients 
All patients with histologically proven MTC with increased serum calcitonin or 
CEA levels after adequate initial surgical treatment were prospectively included 
after written informed consent and approval of the local medical ethics committee 
were obtained. Patients who presented with palpable lesions suspected to be 
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recurrent tumors were not included. Data were gathered from January 1998 until 
February 2002 from 26 consecutive patients (15 men and I I  women) . All these 
patients underwent a FDG-PET scan after initial total thyroidectomy with central 
compartment dissection and additional selective neck dissection on indication 
(unilateral, n=14; bilateral, n=4) , after a median follow-up of 54 (range, 2-359) 
months. The median age was 50.5 years (range, 15-75). All patients had elevated 
serum calcitonin levels (mean, 8582 ngfL; range, 7-85ooo ng/L). CEA levels were 
abnormal in 20 patients (77%), with values between 5 jlg/L and 2265 jlgfL. The 
population consisted of 14 patients with sporadic MTC, II with multiple endocrine 
neoplasia (MEN) syndrome 2A and one with MEN 2B. Clinical characteristics of 
the individual patients are listed in table I. 

Methods 
Basal serum calcitonin levels (reference level, <50 ng/L) were measured by 1251 
radioimmunoassay (Nichols Institute Diagnostics, San Clemente CA. USA) until 
November 2ooo; from that time until May 2001, they were measured by an enzyme
linked immunosorbent assay from Biosource Europe SA (Nivelles, Belgium; 
reference level, <5 ngfL) . From May 2001 until January 2002 the levels were 
measured by enzyme-linked immunosorbent assay from Sangui Biotech, Inc (Santa 
Ana CA, USA; reference level, <12 ngfL). CEA value (reference level, <4.5 jlg/L) 
was determined by luminometry. Depending on the preference of the treating 
physician, patients with MTC and elevated serum calcitonin andfor CEA levels 
underwent at least two other imaging procedures besides FDG-PET. In our hospital, 
magnetic resonance imaging (MRI) of the neck is performed instead of ultrasound 
examination. 99mTc(V)DMSA scintigraphy was performed on 25 patients; for one 
patient, 99mTc(V)DMSA scintigraphy was performed more than 18 months prior 
to FDG-PET, and therefore the results were not included. mln-octreotide 
scintigraphy was performed on 21 patients, MRI or computed tomography (CT) of 
the neck and mediastinum was performed on 25 patients, CT of the lungs and CT 
and for ultrasonography of the abdomen were performed on all patients, and bone 
scintigraphy andfor MRI of a bone lesion was performed on 17 patients. In this 
study FDG-PET was performed additionally. All diagnostic imaging examinations 
of the same patient were completed within an 18-month interval and were performed 
at least two months after any therapy. The results were confirmed by histology 
when possible. Clinical interventions based on the result of FDG-PET were 
documented. 

Imaging Protocol 
FDG-PET. All patients were studied after a six-hour fast. Data acquisition started 
about 90 minutes after injection of 400 MBq FDG intravenously. An ECAT 951/31 
or an ECAT HR+ positron camera (SiemensfCTI, Knoxville, USA) was used for 
data acquisition. The 951/31 device has a 56 em diameter patient aperture and 
acquires 31 planes simultaneously over a 10.8 em axial field of view. The HR+ 
camera has a 56 em diameter patient aperture and acquires 63 planes simultaneously 
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Table 1. Clinical characteristics of the study population 

Patient Age Type MTC Calcitonin/CEA Time between FOG-PET Positive foci with Validation 

No (years)/Sex (ng/L/Jlg/L) and Surgery (mo) (result) 
� 

99mTc(V)OMSA 1 1 1 J n-Octreotide FOG-PET 
-c � Q) 

co :::1. 
� 
-c 

59/m s 65{1 1 9  Ml (-) a 
cc 

=> 
2. 70/f s 64/2 37 MJ (-) � 
3a 57/m s 1 1 800/35 2 + + MI/BS/H (+/+/+) u;· 

Q) 
4 33/f s 82/5 1 1  Ml (-) 

=> 
+ c. 

5 49/f MEN 2A 61/5 240 np Ml (-) £ 0 
6 53/m s 1 25/3 98 MI/H (+/-) :;: 
7 33/f MEN 2A 1 1 3/8 96 MI/BS (-/-) c:: "0 
a• 66/m s 300{10 2 + np + BS/H (-/+) s. 
9 40/m s 1 639/31 276 MJ (-) s: + --i (") 
1 0  36/f MEN 2A 1 24/1 85 np + MI/BS/H (+/-/-) 
1 1  1 5/m MEN 2A 1 51/3 7 + MI/H (+/+) 
1 2  64/m s 85000/2265 27 + + MI/BS/H (+/-/+) 
1 3  1 9/f MEN 2A 66/1 28 Ml (-) 
1 4  64/m s 1 7820/488 67 + + MI/BS/H (-/-/-) 
1 5  51/m MEN 2A 2034{12 196 np Ml!BS (-/-) 
1 68 50/m s 341 00/51 7 203 + np + MI/BS (+/+) 
1 7  59/f MEN 2A 35400/1 725 323 np + + MI/BS/H (+/+/+) 
1 8  72/f s 1 656{17 16 1  + + + MI/BS/H (+/-/+) 
1 9  64/m MEN 2A 1 1 29/27 41 + MI/BS/H (+/-/+1 
20 27/f s 1 054/1 1 21 MI/BS (-/-) 
21 45/m s 31 0/9 3 MI/BS (-/-) 
22 38/f s 7b/6 3 + MI/H (-/+) 
23 48/m MEN 2A 34Cj3 31 Ml (-) 
24 76/f s 459c/31 108 MI/BS (-/-) 
25 72/m MEN 2A 1 840c/6 359 MI/BS (-/-) 
26 67/f MEN 2A mooc/207 348 + + + MI/BS/H (+/-/+) 

8Palients died dunng follow-up 
�Serum calcilonin reference evel < 1 2 ng/L; 

'Serum calcitonin reference level < 5 ng/L; in olher patients serum calcitonin reference level <50 ng/L 

m, male, S, sporadic; Ml, morphological imaging; f. female, BS, bone scintigraphy; H. histology; MEN, multiple endocnne neoplasia; np, not performed. 
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over a 15-8 em axial field of view_ System spatial resolution was 5-7 mm FWHM 
(for reconstructed transaxial images) . Scanning was performed from the level of 
the femur to the head (crown). Emission (five minjbed position) and transmission 
scans (two minjbed position) were made alternating over the same positions. Total 
scanning time (emission and transmission scans) was approximately 6o minutes. 
An iterative reconstruction method was used. The whole body scans were displayed 
in both projection and volume views, the latter using coronal, sagittal and transaxial 
views. 

1111n-octreotide and 99mTcMDMSA scintigraphy. Patients were injected with 
200 MBq mln-octreotide (Mallinckrodt, Petten, The Netherlands) and 24-48 hours 
after injection, whole body and (when indicated) SPEer images were acquired with 
a Multispect 2 (Siemens, Hoflinann Estates, IL, USA) double-headed gamma camera 
equipped with a medium energy collimator. For 99mTc(V)DMSA scintigraphy we 
used 500 MBq and an injection-image interval of two hours. 

Morphological imaging. Morphological imaging was performed with standard 
protocols. CT scanning was performed with a Tomoscan SR 7000 (Philips, 
Eindhoven, The Netherlands) scanner. A slice thickness of 5 mm was used from 
the base of the scull to the apex of the lung. For the rest of the body we used a slice 
thickness of ro mm. 

MRI was performed with a r.sT Magneton permanent magnetic system (Siemens 
Medical Systems, Erlangen, Germany) with gadolinium to improve resolution. MRI 
was performed with a body coil in the supine position. Sagittal, horizontal, and 
coronal images were obtained with two different pulse sequences: T2.-weighted 
images and short T1 inversion recovery images. 

Interpretation of the data 
Two experienced readers from a group of three (with consensus reading by the third) 
independently interpreted the images on an image display. The FDG-PET scans 
were scored without knowledge on the outcome of other imaging data. The readers 
were aware of the elevated serum calcitonin levels after primary surgical treatment 
for MTC. When both independent observers reported higher uptake of FDG than 
in the surrounding normal tissue that could not be explained physiologically or by 
another explanation, the finding was considered pathological. Differences were 
resolved by consensus reading. The regions of metastasis or recurrence were divided 
into four areas: regional, lung, liver and bone. Two other investigators blinded for 
the FDG-PET results scored mln-octreotide and 99mTc(V)DMSA images similarly. 
Lymph nodes of>r em in short diameter, detected by morphological imaging, were 
considered pathological. All FDG-PET findings were compared with other performed 
staging techniques such as mln-octreotide and 99mTc(V)DMSA scintigraphy and 
morphological imaging (including bone scintigraphy) . 

Because not all lesions could be histologically validated, we used noninvasive 
imaging techniques to confirm the lesions in these cases. Bone metastases were 
confirmed with bone scintigraphy or MRI, and lung, cervical, and mediastinal 
metastases were confirmed with CT andjor MRI. Lesions that were detected with 
either FDG-PET, mln-octreotide or 99mTc(V) DMSA scintigraphy and validated 
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morphologically or with bone scintigraphy had to be visible in at least two 
consecutive morphological scans or with at least two different imaging methods. 
Sensitivity and specificity of the individual procedures was analyzed on a patient 
and on a localization basis. 

By means of X2-analysis, FDG-PET findings were compared with those from 
99mTc(V)DMSA and mln-octreotide scintigraphy and with those from morphological 
imaging, including bone scintigraphy using. Two sided P values <o.os were 
considered significant. 

Resu lts 

For 17 of the 26 patients (65%) , both readers independently reached the same 
conclusion in interpreting the FDG-PET scans. For the remaining nine patients, 
differences were resolved by consensus reading, and all concerned cases with weakly 
positive or negative primary tumor uptake. 

There were no instances in which there was no agreement among the three 
readers. 

Patient-based analysis 
In 5 of 24 patients (21%), positive foci were seen with 99mTc(V)DMSA scintigraphy. 
mln-octreotide scintigraphy showed hot spots in 4 of 21 patients (19%). 
Morphological imaging (CT, MRI ,  or ultrasound) in combination with bone 
scintigraphy revealed lesions in 10 patients (40%). Suspected lesions were identified 
in 13 of the 26 patients (5o%) examined by FDG-PET. Figures I and 2 show examples 
of true-positive metastases in patients with morphologically and histologically 
proven metastases detected with FDG-PET. 

• 
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Figure 1. FOG-PET whole body projection image of patient 1 7  
showing multiple lesions in the neck, liver and  pelvic bone 
(arrows) al l  confirmed to be metastases of medullary thyroid 
cancer. 

Figure 2. N ormal 99mTc(V)OMSA planar image (left) and 
abnormal FOG-PET projection image (right) in patient 1 1 . FOG
PET shows subtle asymmetry with increased uptake in the 
right neck (arrow), histologically confirmed to be a metastasis. 
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In II patients (42%) all imaging techniques failed to depict lesions, despite the 
elevated calcitonin levels in all patients. Elevated CEA-levels ranging from 5-31 !lg/L 
were found in all but four patients (patients 2, 6, 13, and 23) with CEA levels of 
<4- !lg/L. In all these patients, the results ofFDG-PET, 99mTcMDMSA scintigraphy, 
mln-octreotide scintigraphy, morphological imaging and bone scintigraphy were 
considered false negative. 

The patient-based analysis of our data demonstrated a sensitivity of 41% for FDG
PET, 17% for 99mTc(V)DMSA scintigraphy, 14% for mln-octreotide scintigraphy, 
and 30% for morphological imaging in combination with bone scintigraphy. Positive 
predictive values for FDG-PET, 99mTc(V) DMSA scintigraphy, mln-octreotide 
scintigraphy, and morphological imaging in combination with bone scintigraphy 
were 82%, 8o%, 75% and 67%, respectively. Negative predictive values could not 
be determined, since all patients had biochemical evidence of MTC, and 
consequently there were no true negative patients. 

Detailed lesion analysis 
A total of i3o lesions were detected by FDG-PET, 99mTc(V)DMSA scintigraphy, 
mln-octreotide scintigraphy, bone scintigraphy and morphological imaging. 
Histological validation was obtained for 32 lesions in 13 patients. In 27 lesions the 
results of the functional imaging could be confirmed by histology. These lesions 
were considered true-positives. In five lesions no malignancy was found; these 
lesions were considered false-positives. In one patient (patient 14) the positive 
findings were due to sarcoidosis; in the other patients (patient 4, 6, and 10), histology 
revealed osteoid osteoma, postradiation inflammation, and normal thymus tissue, 
respectively. The results of the detailed lesion analysis are shown in table 2. 

Of the nuclear imaging methods investigated FDG-PET detected the highest 
number of lesions (n=53) followed by 99mTc(V)DMSA scintigraphy (n=26) and 
mln-octreotide scintigraphy (n=I2). Morphological imaging procedures and bone 
scintigraphy detected 38 lesions. On average 99mTc(V)DMSA scintigraphy detected 
I lesion per patient; mln-octreotide scintigraphy, 0.5 per patient; FDG-PET, 2.1 per 
patient; and morphological imaging with bone scintigraphy, 1.5 per patient. There 
is a significant difference (P<o.os) between conventional nuclear imaging methods 
(99IDTcMDMSA scintigraphy, mln-octreotide scintigraphy), morphological imaging 
(CT. MRI, ultrasonography) in combination with bone scintigraphy, and FDG-PET. 
Of these four imaging methods FDG-PET shows the most lesions. 

Table 3 illustrates the relationship between FDG-PET, 99mTc(V)DMSA, and mln
octreotide scintigraphy, and morphological imaging including bone scintigraphy. 
FDG-PET depicted nine previously unknown lesions in seven patients. Lymph node 
metastases were found in all patients. In three patients, no histological validation 
was obtained. Two patients had disseminated disease and did not undergo surgery, 
and one patient declined surgery. In the remaining four patients the FDG-PET 
results were histologically validated. In patient 10 the lesion proved to be benign. 
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Table 2. Results of detailed lesion analysis for al l  localizations 

Method Site Total True False True False Not 
lesions (%) Positive Positive Negative Negative validated 

99mTc(V)DMSA Regional 
• Cervical 7 (27) 7 0 2 1 1  0 
• Mediastinal 4 ( 1 5) 3 0 1 2 

Liver 4 ( 1 5) 4 0 0 2 0 
Lung 1 (5) 0 1 0 0 
Bone 1 0 (38) 9 0 3 0 
Total 26 (1 00) 24 4 1 8  

1 1 1 1n-Octreotide Regional 
• Cervical 1 (8) 1 0 9 0 
• Mediastinal 2 ( 1 8) 2 0 2 0 

Liver 4 (33) 4 0 0 5 0 
Lung 1 (8) 0 0 0 0 
Bone 4 (33) 4 0 1 0 0 
Total 1 2  ( 1 00) 1 1  1 3 1 6  0 

FOG-PET Regional 

• Cerv1cal 20 (38) 1 5  0 2 2 5 
• Mediastinal 9 ( 1 7) 8 1 1 0 0 

Liver 9 ( 1 7) 9 0 0 0 0 
Lung 2 (5) 1 0 0 0 
Bone 1 3  (25) 1 3  0 0 0 
Total 53 (1 DO) 46 2 4 2 5 

MI+BS Regional 

· Cervical 1 4  (37) 1 3  1 4 0 
• Mediastinal 9 (24) 7 2 0 

Liver 9 (24) 9 0 0 0 0 
Lung 1 (3) 1 0 1 0 0 
Bone 5 ( 13) 4 1 0 0 0 
Total 38 (1 00) 34 4 3 5 0 

MI. morphological imaging (CT/MRI and US). BS, bone scintigraphy 
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Table 3. Relationship between the different imaging procedures on a patient basis and on a 
lesion basis 

FOG-PET + 

99mTc(V)DMSA 
+ 

5 (24)8 

1 (2) 

7 (22) 

1 2  

1 1 1 1 n-Octreotide 
+ 

4 (1 2) 

0 

6 (1 8) 

1 1  

MI. morphological imaging (CT. MAl and USI; BS. bone scintigraphy 

"Number of lesions in parentheses. 

Ml + BS 
+ 

9 (44) 

2 (3) 
3 (9) 
1 1  

The lesion-based analysis of our data demonstrated a sensitivity of 96% for FDG
PET, 57% for 99mTc(V)DMSA scintigraphy, 41% for rnln-octreotide scintigraphy, 
and 87% for morphological imaging in combination with bone scintigraphy. Positive 
predictive values for FDG-PET, 99mTc(V)DMSA scintigraphy, mln-octreotide 
scintigraphy and morphological imaging including bone scintigraphy were 96%, 
92%, 92%, and 89%, respectively. Negative predictive values were 67%, 18%, 16%, 
and 38%, respectively. 

Clinical impact 
Figure 3 shows the clinical findings in respect to FDG-PET for all patients. In 
patients with a negative FDG-PET scan no MTC was detected by any imaging 
procedure. 

Positive FDG-PET findings led to surgical intervention in nine patients (Table 
4). All nine patients underwent surgery for removal of residual tumor or metastases, 
and MTC was histologically confirmed in eight. One patient (patient 22) achieved 
disease-free status after repeated unilateral selective neck dissection with a follow
up interval of 24 months. In one patient (patient 10) histology revealed normal 
thymus tissue without MTC. In all patients serum calcitonin levels were reduced 
by an average of 58 ± 31% after surgery. Postoperative serum calcitonin values were 
not determined in one patient (patient 8) because of technical factors. This patient 
died of non MTC-related cause before another sample could be collected. The u 

patients in whom no metastases were found continued to be carefully followed-up. 
At the time of writing, regardless of the imaging procedures used, they were alive 
or had died (one patient, of cerebrovascular accident) without detectable metastases. 
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Table 4. Results of re-operation due to positive FOG-PET findings 

Patient 
N o  

3 

8 

1 0  

1 1  

1 2  

1 7  

1 8  

1 9  

22 

Previous surgery 

TI + CCD + 

Unilateral SLND 

TI + CCD + 
Unilateral SLND 

TI + CCD 

TI + CCD 

TI + CCD + Uni lateral 
SLND 

TI + CCD + Unilateral 
SLND 

TI + CCD + Bilateral 
SLND 

TI + CCD 

TI + CCD + Unilateral 
SLND 

Type of Calcitonin 
re-operation before surgery 

(ng/L) 

Unilateral SLND 1 9200 

(contralateral) 
MD 

Uni lateral SLND 300 

(contralateral) 
Moa 1 24 

Bilateral SLND 680b 

RFA 85000 

RFA 35400 

Re-exploration neck 1 650 

and mediastinum 

Bilateral SLND 649 

MD 
Unilateral 7 

re-exploration and 
neck dissection 

• Histology revealed normal thymus tissue and no MTC. 
bStimulated serum calcitonin levels. 

Calcitonin 
after surgery 

(ng/L) 

5400 

Not determined 

1 20 

1 1 8b 

68600 

9505 

650 

56 

3 

% Calcitonin 
reduction 

72 

3 

83 

1 9  

73 

61 

91 

57 

TI. total thyroidectomy; CCD. central compartment dissectiOn; SLND. selective neck dissection. MD. 

mediastinal dissection; RFA. radiofrequency ablation of liver metastases. 

Discussion 

This study shows that FDG-PET is superior to conventional 99mTc(V)DMSA and 
IIIJn-octreotide scintigraphy and morphological imaging in combination with bone 
scintigraphy for detecting occult MTC lesions. FDG-PET appears to be valuable in 
the follow-up ofMTC, since extra lesions were detected in addition to conventional 
imaging in seven of the 26 patients (27%). FDG-PET led to surgical intervention 
in 35% of our study population, and in seven patients (27%) these interventions 
were with curative intent. This resulted in complete remission in one patient and 
a substantial decline in serum calcitonin levels in the other patients. Early 
identification of recurrent or persistent tumor are useful because re-operation for 
residual MTC may avoid prevent local symptoms or distant metastases, even in 
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patients who cannot be cured.23 In patients with metastatic disease, locoregional 
control may prevent airway obstruction or invasion into great vessels.24 Although 
patients with persistent hypercalcitoninemia after curative primary surgery may 
have a Io-year survival up to 86%,25 these findings point out the clinical relevance 
of FDG-PET. 

According to our data, the use of conventional nuclear imaging in patients with 
occult MTC is hard to justify, since the results of these methods are disappointing 
and FDG-PET can replace these conventional diagnostic tools, probably with 
comparable costs. Furthermore, our results indicate that in cases of negative FDG
PET, subsequent morphological imaging has limited additional value, since it was 
positive in only two patients and even these detected lesions proved to be false 
positive. Morphological examination can be performed when there is clinical 
evidence of recurrent MTC, for better anatomical localization and determination 
of the extent of disease. When FDG-PET shows regional hot spots with negative 
morphological imaging surgical intervention could be still a good option. We would 
recommend morphological imaging in FDG-PET-positive cases to guide therapeutic 
actions. 

Compared with 99mTc(V)DMSA and mln-octreotide, FDG-PET detected more 
lymph node and organ metastases. This corresponds with previous findings.22•26 

Compared with morphological imaging in combination with bone scintigraphy, 
FDG-PET detected equal numbers of lymph node metastases and metastases to 
liver and lung but more bone metastases. These findings are in keeping with the 
findings of Nakamoto et al.27 The reported sensitivity of99mTcMDMSA scintigraphy 
varies between 33% and 95%,9·n·1s'18 which agrees with the findings on a lesion 
basis in the present study. The uptake mechanism of 99mTc(V)DMSA in tumor 
cells, however, is still not clear. More specific radiopharmacons, such as the 
somatostatin analogue mln-octreotide, have low reported sensitivities of 25% to 
34%. 14'17·24 On a lesion-based analysis we found sensitivity of 41%, and in a patient
based analysis sensitivity was 14% with m In-octreotide scintigraphy. The relatively 
low number oflesions detected with mln-octreotide scintigraphy could be explained 
by the assumption that the number of somatostatin receptors with high affinity for 
octreotide in MTC is insufficient. It is known that mln-octreotide has high affinity 
only for the somatostatin receptor subtype II and has affinity to a lesser extent to 
the somatostatin receptor subtype I I I  and V. 17 Furthermore, in vitro studies have 
shown that only about 40% of MTCs express these receptors.28 

On the basis of the results of functional imaging, we performed morphological 
imaging to validate identified lesions suitable for surgery. We believe that FDG
PET can lead to improved detection of MTC by guiding morphological imaging 
with better interpretation of the results. Wang et al.29 reported a sensitivity of74% 
and a specificity of 98% in detecting primary MTC and regional metastasis to the 
lymph nodes with MRI, but without previous functional imaging procedures. Diehl 
et al.18 reported a pooled sensitivity of CT and MRI of 67%. On a lesion basis, we 
noted higher sensitivity with morphological imaging in combination with bone 
scintigraphy. Morphological imaging procedures like MRI and CT appear to be 
sensitive for large lesions, usually larger than I cm.3°·31 Although MRI has a reported 
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sensitivity of 74% to 98% and specificity of 67% to 98%,18•29 it relies on 
morphological differences between normal tissue and metastases. Benign lesions 
cannot be reliably differentiated from malignant changes on the basis of morphology, 
and the uptake of contrast medium and small lesions often are not detected; 
therefore, true specificity is most likely not very high. 

The sensitivities of the methods used in this study have often been determined 
by comparison with morphological imaging, which obviously has some limitations. 
We tried to minimize this data bias by comparing functional imaging methods 
with multiple consecutive morphological scans and by adding bone scintigraphy 
in several cases. However, since histologic data could not be obtained for so% of 
the patients, tumor lesions that did not take up any of the radiopharmacons used 
and were smaller than 1 em in diameter could still have been missed. 

Since cervical and mediastinal lymph nodes are the first to be involved in 
metastatic MTC, the number of lymph node metastases in patients participating 
in this study is relatively low. In respect to the populations in other studies,I8-22 
primary surgery in our study group was extensive, including total thyroidectomy 
with central compartment dissection and additional selective neck dissection on 
indication. This could be a plausible explanation for the observed low numbers of 
node metastases after the initial surgical procedure, especially since the numbers 
of metastases at sites beyond the influence of the surgeons' skills in this study and 
in each of the reports involving a substantial number of patients were even higher 
(Table 5). 

Table 5. Number of organ metastases detected with FOG-PET in patients with MTC 

Study (reference) Number of True positive False positive Total positive 
patients 

Pooled data from 1 5  6 D 6 

Gasparoni et al. ( 1 9) 

and Musholt et a/. (20) 

Brandt-Mainz eta!. (21 )a 20 4 5 

Diehl et a/. ( 18) 85 Not determined Not determined Not determined 

Szakall et a/. (22) 40 1 2  2 1 4  

Present study 26 23 24 

8FDG-PET scans were only made from the neck and chest 

Despite all efforts, almost half of our patients showed no pathological uptake of 
any of the radiopharmacons used, and MTC lesions did not meet the morphological 
criteria for malignancy as well. A weakness ofFDG-PET in the diagnosis and follow
up of MTC is the slow growth rate and low proliferation index of neuroendocrine 
tumors, resulting in usually normal glucose metabolism.26·32 This may explain the 
inability to detect small foci ofMTC with FDG-PET in patients with only biochemical 
evidence of disease. If all the limitations of the different detecting procedures are 
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considered, it seems that the lesions responsible for elevated serum calcitonin and 
CEA levels are too small to be identified with current imaging methods. In a study 
performed by Tung et al.,33 laparoscopic liver examination revealed metastases that 
were not detected by CT or MRI in 22% of patients. Musholt et al.20 reported five 
liver metastases in one patient that were not detected by FDG-PET, and Esik et al)4 
reported an 89% prevalence of multiple small hypervascular hepatic metastases 
that were not detected by CT, MRI and FDG-PET in patients with elevated serum 
calcitonin levels. Although laparoscopic inspection of the liver appears to be more 
sensitive than FDG-PET in identifying small metastatic foci in patients with negative 
functional and morphological imaging, it remains an invasive detection method 
associated with additional morbidity in these relatively difficult to manage, small 
lesions. 15·31 ·33 

Our data indicate that FDG-PET is the most feasible non-invasive method yet 
available for detection of recurrent or residual disease in the follow-up of MTC. 
FDG-PET is a better detection method than 99mTc(V)DMSA and mln-octreotide 
and can guide direct diagnostic and therapeutic actions. However, FDG-PET may 
still be false positive, since FDG is also accumulated in inflammation, leading to 
unnecessary surgery.35 Therefore, we still need additional information acquired 
through CT or MRI .  

Although FDG-PET plays a role in detecting foci of MTC in patients with 
biochemical evidence of disease, the encouraging results are still far from optimal. 
Using other radiopharmacons like F-DOPA-PET may yield even better results than 
FDG-PET. The first report is promising,26 but further research needs to be 
performed. 

In conclusion, we recommend FDG-PET in patients with postoperative elevated 
serum calcitonin and CEA levels in order to detect foci of residual or recurrent MTC 
and to select those patients who might benefit from re-operation with curative 
intent. FDG-PET in the postoperative follow-up has clinical value and may be used 
for guiding re-operation and additional morphological imaging preoperatively. 
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Abstract 

Activating mutations in the RET gene, which encodes a tyrosine kinase receptor, 
often cause medullary thyroid carcinoma (MTC). Surgical resection is the only 
curative treatment; no effective systemic treatment is available. We evaluated 
imatinib, a tyrosine kinase inhibitor currently used to treat chronic 
myelogenous leukemia and gastrointestinal stromal tumors as a potential drug 
for systemic treatment of MTC, in two MTC derived cell lines expressing 
Multiple Endocrine Neoplasia associated mutant RET receptors. We determined 
RET expression and Y1062 phosphorylation using western blot analysis and 
quantitative polymerase chain reaction. We determined the effects on cell 
proliferation by a 3-(4,s-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 
assay and we used fluorescence-activated cell sorter analysis using annexin 
V fpropidium iodide staining to study imatinib-induced cell cycle arrest, 
apoptosis and cell death. Imatinib inhibited RET Y1062 phosphorylation in a 
dose-dependent manner after 1.5 hours of exposure. After 16 hours both RET 
Y1o62 phosphorylation and protein expression levels were affected. Dose
dependent decreases in cell proliferation of both cell lines after exposure to 
imatinib with inhibitory concentration of so% levels of 23 ± 2 J.!M and 25 ± 
4 J.!M were seen. These values are high compared to those for chronic 
myelogenous leukemia and gastrointestinal stromal tumors. We further could 
show that imatinib induced cell cycle arrest, and apoptotic and non-apoptotic 
cell death. lmatinib inhibits RET-mediated MTC cell growth affecting RET 
protein levels in vitro in a dose-dependent manner. The concentration of 
imatinib necessary to inhibit RET in vitro, however, makes it impossible to 
conclude that imatinib monotherapy will be a good option for systemic therapy 
of MTC. 
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Introduction 

Surgery is at this moment the only adequate curative intended treatment in 
medullary thyroid carcinoma (MTC) consisting of a total thyroidectomy with at 
least a central compartment dissection. 1•2 Clearance of all neoplastic tissue in the 
neck may improve disease-free survival with normalization of calcitonin levels. 
Unfortunately, more than 50% of the patients will have persistent or recurrent 
disease after initial surgery and are prone to developing distant metastases for 
which there is no adequate systemic treatment available.3·6 The clinical presentation 
of MTC depends on the presence of specific mutations in the RET gene (REarranged 
during Transfection), located on wqu. The RET gene encodes a receptor tyrosine 
kinase with an extracellular ligand binding domain and a cysteine rich domain, a 
single transmembrane domain and an intracellular domain containing the catalytic 
tyrosine kinase domain.? Oncogenic activation of receptor tyrosine kinases can 
occur by chromosomal translocation (as found in papillary thyroid carcinomas) and 
by single point mutations. Mutations in the extracellular cysteine rich domain of 
the RET protein are encountered in patients having the cancer syndrome multiple 
endocrine neoplasia type zA (MEN zA) and familial MTC (FMTC), while mutations 
in the tyrosine kinase domain are found in patients with FMTC and MEN 2B.8·10 
In MEN zA, the most frequently found mutation is C634R whereas in MEN zB, 
the most frequently observed activating mutation in RET is Mg18T.10 This mutation 
is also found in approximately 40% of sporadic MTC cases.10'rr These mutations 
and translocations lead to ligand-independent RET autophosphorylation, resulting 
in a constitutively active RET receptor. In the hereditary form of MTC, RET 
mutations always are observed and RET expression is characteristic for both the 
sporadic and hereditary type of MTC. 

Small molecule drugs that can inhibit tyrosine kinases selectively have proven 
to be useful in the systemic treatment of a number of neoplastic diseases. Recently 
the selective tyrosine kinase inhibitor 571 (STI 571, imatinib, Glivec, Gleevec, 
CGP57148B; Novartis Pharma AG, Basel, Switzerland) has been developed. It 
belongs to the 2-phenylaminopyrimidine class and is proven to target BCR-ABL, 
platelet derived growth factor receptor (PDGFR) 12•13 and c-kit receptor tyrosine 
kinases. 14·15 Currently, imatinib is clinically used to treat chronic myelogenous 
leukemia (CML) and gastrointestinal stromal tumors as well as dermatofibrosarcoma 
protuberanS. 16"21 

Because both c-kit and RET belong to the same subfamily of tyrosine kinase 
receptors we investigated whether RET tyrosine kinase (RET-TK) can be inhibited 
by imatinib as well. Dose-dependent growth inhibition induced by imatinib in the 
human MTC cell line TT has been reported.22 However, others could not reproduce 
these data.23 Furthermore, it remains unclear whether the antiproliferative effect 
of imatinib is caused by inhibition of RET autophosphorylation, or by induction of 
apoptosis, or through other mechanisms: several questions have been raised 
concerning the relatively high concentrations of imatinib used. 23·24 In addition, 
only one MTC derived cell-line has been used in previous studies. 
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Aims of this study were: (I] to investigate whether imatinib can inhibit the activity 
of oncogenic RET mutants in vitro at clinical achievable serum levels [2] to determine 
whether imatinib induces growth arrest andfor cell death in two MTC cell lines: 
TT a cell line reported to be derived from a sporadic MTC carrying a C634W RET 

mutation2P6 and MZ-CRC-I, a cell line derived from a malignant pleural effusion 
from a patient with metastatic sporadic MTC carrying a M9I8T mutation26•27 and 
[3] to determine whether there is specificity of imatinib for particular RET mutations 
associated with MEN 2A and MEN 2B. 

Materials and Methods 

The human MTC cell line MZ-CRC-I was a gift of A. Knuth; the human MTC cell 
line TT and the human hepatocellular carcinoma cell line HepG2 were obtained 
from the American Type Culture Collection (Manassas, Va). RPMI-I64o medium, 
Dulbecco's Modified Eagle Medium (DMEM), trypsin-EDTA, L-glutamine and 
penicillin-streptomycin were purchased from Gibco (Invitrogen Corp, Breda, The 
Netherlands) and Fetal Calf Serum from Integro BV (Zaandam, The Netherlands). 
Antibodies against RET (H3oo) , PY-RET (Y1062) and actin (C4) were used in 
dilutions of I : Iooo, I :250 and I:IOooo, respectively. Anti-rabbit IgG-HRPO 
peroxidase conjugated antibodies were used in dilutions of I:2ooo. All antibodies 
were purchased from Santa Cruz Biotechnology Inc (Santa Cruz, Calif) except anti
actin, which was obtained from ICN Biomedicals (Aurora, Ohio) . Imatinib was 
kindly provided by Novartis Pharma AG (Basel, Switzerland) and dissolved in 
dimethyl sulfoxide (DMSO).  MGI32 was purchased from Calbiochem (Merck 
Biosciences, Nottingham, UK) and dissolved in DMSO. 

Cell culture 
MZ-CRC-I cells were cultured in DMEM supplemented with 10% (vfv) FCS, IOO 
U fmL penicillin, Ioo jlgfmL streptomycin and 2mM L-glutamine. TT cells were 
cultured in RPMI-I64o supplemented with IS% (vfv) FCS, Ioo U fmL penicillin 
and Ioo jlgfmL streptomycin. HepG2 cells were maintained in DMEM 
supplemented with 10% (vfv) FCS,  IOO UfmL penicillin and IOO jlgfmL 
streptomycin. Cells were maintained under a fully humidified atmosphere of 95% 
air and 5% C0

2 
at 37 oc. 

Western blot analysis 
Z-CRC-I cells and TT cells were grown at a density of5x105 cellsfwell for 48 hours 
and treated with different concentrations of imatinib for 90 minutes. Cells were 
washed with ice-cold phosphate buffered saline (PBS) and lysed with Ioo IlL of 
lysis buffer (20 mM HEPES pH 7·4· 2 mM EGTA, I mM DTT, I mM Na

2 
V0

3 
(ortho) ,  1% Triton XIoo, 10% glycerol, IO jlgfmL leupeptin, 30 !lg/mL aprotinin 
and 0.4 mM PMSF).  Protein concentration was determined according to the 
Bradford method prior to SDS-polyacrylamide gel electrophoresis.28 Forty jlg of 
total cell lysates were analyzed by Western blotting. Cell lysates were boiled in 
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Laemmli buffer (4% SDS,  250 mM Tris-Cl pH 6.8,  20% glycerol, o.oi% 
bromphenol blue and ro% 2-mercaptoethanol) before loading. Then they were 
separated on I2% SDS-polyacrylamide gels and electro blotted in Tris-glycine buffer 
(39 mM glycine, 48 mM Tris-Cl, 0.037% SDS,  20% methanol) onto 0.20 JlM 
nitrocellulose membranes (Bio-Rad Laboratories, Hercules, Calif). 

Membranes were incubated in blocking solution (5% nonfat-milk in TBS-T [25 mM 
Tris-Cl pH 8.o, I37 mM NaCl, 5 mM KCl, o.o5% Tween]) for I hour at 22 •c, followed 
by incubation with anti-RET (H3oo), anti-PY-RET (Yro62), or anti-actin (C4) in fresh 
blocking solution at 4 •c overnight. The membranes were then washed in TBS-T 
and incubated with a I:2ooo dilution of the indicated HRPO-conjugated secondary 
antibody for 2 hours at 22 ·c. Membranes were then washed with TBS-T. Antibody 
detection was performed with an enhanced chemiluminescence reaction (Pierce 
Chemical Co, Rockford, Ill) according to the manufacturer's recommendations. 

RNA extraction, preparation of eDNA and quantitative PCR 
TT cells were cultured for 24 hours in RPMI I64o supplemented with Io% FCS, 
and subsequently treated with or without I5 (JlM imatinib for I6 hours. Total RNA 
was isolated using the RNeasy Mini Kit (Qiagen GmBH, Hilden, Germany) 
according to the manufacturer's protocol. The RNA concentration was determined 
by spectrophotometry (Nanadrop) . Thereafter, I Jlg of total RNA was transcribed 
in first-strand eDNA using the RTG First Strand eDNA kit (Amersham Biosdences, 
's Hertogenbosch, The Netherlands) according to the manufacturer's protocol. The 
eDNA synthesis was primed by the pd(N)6 Random Hexamer (Amersham). Relative 
changes in transcript level were determined on the !cycler (Bio-Rad) using Quantitect 
SYBR Green PCR Kit (Qiagen), according to the manufacturer's instructions. 

Primer sequences used in this study were as follows: hypoxanthine 
phosphoribosyltransferase (HPRT)-for: cgcccaaagggaactgatagtc; HPRT-rev: 
agttctgtggccatctgcttag; glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-for: 
cacccactcctccacctttg; GAPDH-rev: ccaccaccctgttgctgtag; RET-for: tgggaattccctcggaagaa; 
RET-rev: tactccacgatgaggaggagc. 

The PCR efficiencies for all primers used were between 96% and 99%. Data are 
expressed as fold induction corrected for GAPDH and HPRT. All experiments were 
performed in duplicate. 

Proliferation assay 
To determine cell proliferation, we used a 3-(4, 5-methylthiazol-2-yl)-2, s-diphenyl
tetrazolium bromide (MTT) assay (Roche Diagnostics, Almere, The Netherlands). 
Briefly, cells were seeded at a density of Ixro5 cellsjwell in 96-well microtiter plates, 
grown overnight and exposed to different concentrations ofimatinib or o.I% DMSO 
as a control. After I, 2, 3, 4· and 5 days of incubation, respectively, IO JlL of MTT 
reagent was added to each well and incubated at 37 ·c for 4 hours. Formazan 
products were solubilized with roo JlLfwell of the supplied detergent buffer and 
the plate was incubated overnight at 37 •c. The optical density was determined at 
595 nm wavelength. To determine the inhibitory concentration of 50% (IC50

) of 
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imatinib (the concentration that causes so% growth inhibition), a concentration 
range ofimatinib was added to the wells (quadruplicates) and IC50 was determined 
using linear interpolation at r = o.s. All experiments were performed in triplicate. 

Cell cycle and apoptosis analysis 
For fluorescence-activated cell sorting (FACS) analysis cells were cultured 
subconfluent and treated with IS �M imatinib for 24, 48, 72 and 96 hours. The 
percentage of apoptotic cells was assessed using an annexin V staining kit (IQ 
Products, Groningen, The Netherlands) according to the manufacturer's 
recommendations. Briefly, cells were harvested, resuspended in 100 �l 
calciumbuffer (2.6 mgjmL HEPES,  0.28 mgjmL CaCl

2
, 8 .I8 mgjmL NaCl) 

containing s �L of annexin V and incubated for 20 minutes at 4 •c in the dark. 
Cells were washed with s mL calcium buffer and subsequently incubated in 300 �L 
calciumbuffer containing 2.s �L of propidium iodide (PI) for 10 minutes in the 
dark. Finally, binding of fluorescein-conjugated annexin V (apoptotic death) and 
PI (necrotic death) was measured by FACS (FACSCalibur, Becton Dickinson, 
Sunnyvale, Calif). For assessing cell cycle distribution, cells were harvested, washed 
with PBS and incubated in PI solution (o.I �g/�L Rnase A, 0.96 mgjmL Sodium 
citrate-dihydrate, o.o2 �g/�L PI ,  0.1 % Triton X-100) for 20 minutes at room 
temperature. Binding of PI was measured using FACS and cell cycle analysis was 
performed with the use ofModFit LT. 

Statistical analysis 
Values shown are depicted as mean ± standard deviation. The relationship between 
continuous variables was analyzed using the Student's t-test. In all tests p<o.os 
was considered significant. 

Results 

lmatinib inhibits RET autophosphorylation in MZ-CRC-1 and TT cells in a dose
dependent manner 
Lysates prepared from MZ-CRC-I and TT cells treated with imatinib for 90 minutes 
were analyzed by Western blotting with an anti-PY-RET (Y1062) antibody. Inhibition 
of RET Y1062-autophosphorylation was observed in a dose-dependent manner, 
with complete inhibition observed at concentrations higher than IS �M in both cell 
lines (Figure I) .  

To exclude that the observed reduction in RET Y1062 phosphorylation was caused 
by decreased RET protein levels, we stripped and repro bed the membrane with an 
anti-RET primary antibody. The total amount of expressed RET did not change after 
exposure to imatinib for 90 minutes indicating that imatinib inhibits RET 
autophosphorylation but does not affect the expression level of the RET protein 
(Figure I). 
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Figure 1. Dose-dependent inhibition of RET autophosphorylation in MZ-CRC- 1 and TT cells 
after 90 minutes exposure. MZ-CRC-1 cells and TT cells were grown at a density of 5x1 05 

cells/well for 48 hours and treated with different concentrations of imatinib for 90 minutes. 
Forty 11g of total cell lysates were Western blotted; blots were probed with anti-PY-RET 
(Y1062), stripped and probed with anti-RET. Loading controls were done by stripping the blot 
again and probing for actin. 

Long-term exposure to imatinib reduces RET oncoprotein levels 
To investigate the effects of extended exposures to imatinib on RET expression and 
phosphorylation levels in MZ-CRC-1 and TT cells; we prepared cell lysates after 16 
hours of exposure to imatinib and analyzed them using Western blotting. Complete 
inhibition of RET Y1062 autophosphorylation was observed at concentrations higher 
than 10 11M in both cell lines (Figure 2). Reprobing the membrane with an anti
RET antibody showed that RET protein levels were also reduced by long-term 
imatinib treatment, indicating that reduced RET Y1062 phosphorylation levels are 
caused by reduced RET protein levels. In MZ-CRC-1 cells expression levels of RET 
protein decreased dramatically and in TT cells RET could not be detected at 
concentrations of is and 20 11M (Figure 2). To determine whether equal amounts 
of protein were loaded, the blots were stripped and repro bed with an anti-actin 
antibody and the total amount of actin did not change after exposure to imatinib. 

a RET 
aPY-RET 

aActin 

a RET 
aPY-RET 

aActln 

MZ-CRC-1 

TT 

Figure 2. lmatinib inhibits both autophosphorylation and protein levels of RET in MZ-CRC-1 
and TT cel ls after 16 hours exposure. MZ-CRC-1 and TT cel ls were g rown at a density of 
5x1 05 cells/well for 48 hours and treated with different concentrations of imatinib for 1 6  
hours. Forty 11g of total cel l lysates were Western blotted and blots were probed with anti
PY-RET (Y1062), stripped and probed with anti-RET. Loading controls were done by stripping 
the blot again and probing for actin. 
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We used the proteasome inhibitor MG132 to determine if RET was degraded by 
the proteasome-ubiquitin pathway under the influence of imatinib by adding 10 JlM 
MG132 to MZ-CRC-1 and TT cells in combination with increasing concentrations 
of imatinib. Cells were treated for 16 hours and whole cell lysates were Western 
blotted and developed with an anti-RET antibody. In both cell lines, RET expression 
levels were still reduced by imatinib (Figure 3). MG132 did not have any influence 
on RET protein levels and transcription was not altered by imatinib. 

a RET 
aActin 

a RET 
aActin 

0 1 5 10  15 20 JJM lmatinib 

MZ-CRC-1 

TT 

Figure 3. lmatinib treatment does not induce proteasomal RET degradation. MZ-CRC-1 and 
n cells were grown at a density of 5x105 cells/well for 48 hours and treated with different 
concentrations of imatinib and 10 JlM of the proteasome inhibitor MG132 for 16 hours. Forty 

Jlg of total cel l lysates were western b lotted and blots were probed with anti-RET, stripped 
and probed with anti-actin as a loading control. 

Therefore, we studied the effects of imatinib on RET gene expression by means of 
quantitative PCR (qPCR; Figure 4). Treatment ofTT cells with 15 JlM imatinib for 
16 hours did not result in a decreased synthesis at the transcription level. [.40 

.20 

.oo 

G i 0,80 

·! 0,60 
! 0,40 

0,20 

o.oo 

No imatinib lmatinib 15�M 

l 
G1 RET/GAPOH 

• RET/HPRT 

D RET/average GAPOH 
and HPRT 

Figure 4. Long-term treatment with imatinib does not decrease RET transcription. TI cel ls 
were grown in RPMI 1 5% FCS for 48 hours and subsequently treated with 1 5  JlM imatinib or 
only RPMI 1 5% FCS for 1 6  hours. RET mRNA was quantified using quantitative PCR. Data are 
expressed as fold induction corrected for hypoxanthine phosphoribosyltransferase (HPRT) 
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and obtained from two inde
pendent experiments. PCR, polymerase chain reaction. 
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Therefore, we conclude that imatinib does not decrease RET expression by 
enhancing protein degradation through the proteasome-ubiquitin pathway or 
inhibition of RET gene transcription. 

lmatinib inhibits proliferation of MZ-CRC-1 and TT cells 
The effect of imatinib on cell growth of MTC derived cell lines was measured by 
means of an MIT assay. MZ-CRC-r and IT cells were incubated with increasing 
concentrations ofimatinib for up to five days (Figure 5). A dose-dependent decrease 
in cell proliferation in both MZ-CRC-r and IT cells was observed. In contrast, in 
HepG2 cells that do not express RET, imatinib had no effect on the proliferation 
in concentrations lower than 20 11M. To determine the IC 0 of imatinib in MTC 
cell lines, MZ-CRC-r and IT cells were grown in normal F2s containing medium 
and exposed to increasing concentrations ofimatinib (Figure 6). The concentrations 
ofimatinib required inhibiting cell growth by so% were 23 ± 2 11M for MZ-CRC-r 
cells and 25 ± 4 11M for IT cells. 
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Figure 5. lmatinib inhibits prolifera
tion of MZ -CRC-1 and TT cells in a 
dose-dependent manner. MZ-CRC-1 
cells were seeded in DMEM 1 0% 
FCS (A] and TT cells were seeded in 
RPM I 1 5% FCS [B)  at a density of 
1 x1 05 cells/well and treated with 
different concentrations imatinib. 
HepG2 cells were seeded in DMEM 
1 0% FCS [C) in a density of 5000 
cells/wel l  and served as a negative 
control .  Cell proliferation was 
measured on subsequent days by 3-
(4, 5-methylthiazol-2-yl)-2, 5-
diphenyl-tetrazolium bromide assay. 
Results presented here are repre
sentative of three independent 
experiments and are presented as 
mean ± SEM. 
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lmatinib promotes cell cycle arrest and apoptosis 
We evaluated the contribution of cytotoxic and cytostatic components to imatinib
induced growth inhibition. First, simultaneous annex:in V f PI staining was employed 
to determine whether cell death occurred and to clarify the nature of cell death in 
the treated cultures. F ACS cell cycle analysis showed that treatment with imatinib 
increased apoptotic cell death after 3 days of treatment (Figure 7A). The fraction of 
apoptotic cells is, however, relatively small. Second, we determined the distribution 
over the different cell cycle phases of MZ-CRC-1 cells treated with imatinib. For 
these experiments only MZ-CRC-r cells were used as these proved to be diploid 
(data not shown) in contrast to 1T cells which were described as aneuploid 
(http:/ jwww.biotech.ist.unige.itjcldbjtotcl490r .html) . As shown in Figure 7B,  
imatinib treatment increased the percentage ofMZ-CRC-1 cells in the G0/G1-phase 
of the cell cycle. This increase of cells in the G0/G

1
-phase is accompanied with a 

reduced number of cells in the S-phase, supporting the observations obtained with 
the MIT assay. The analysis did reveal considerable significant (p<o.ool for increase 
in S-phase and p=o.oo3 for changes in G0fG1-phase) changes in the cell cycle 
distribution pattern after 24 hours of incubation when compared to untreated cells. 
In conclusion, these data show that the main mechanism of imatinib-induced 
growth inhibition in vitro is through cell cycle arrest in the G0/G

1
-phase, although 

induction of apoptosis plays a (small) role as well. 

Chapter 9 1 39 



Part 4: New treatment options for MTC 

12 
10 

untrettad 

MI---. 

Untreated 
96 hours 

MI---. 
M3 

Phase % 
Gll/GI 77.3 
GUM 0 70 
s 22.0 

Phase ,., 
Gll/GI 85.5 
GUM 1 1 6  
s 2.9 

...----.... .._ M2 

48 hours 

l 
o apoptos:J 

• otharce, daad'l 

A 

.. 
.. 

Phase .,. 
GD/GI 83.0 
GUM 2.1 
s 14.9 

t MI---. 

M3 

C�uotii iHI A 'I·Alnl 

96 hours 

.. 

• 
MI---. 

• 
• 
• 

M3 ...----.... 
A..-

Chuoh tHJ A ,. Alttl 

24 hours 

Phase 
Gll/GI 
GUM 
s 

M3 ._.... 

.,. 
85 .9 
2.2 
9 

I 
I. 

M2 

• 
...... ..-

M2 

Phase % 

- - -
ChuolotflJ.,t,.,l .t.t�ol 

72 hours 

Gll/GI 94 8 
GUM 3.9 

s 1.3 

.._ M2 

B 

Figure 7. lmatinib promotes cell cycle arrest and apoptosis. MZ-CRC-1 cells were treated 
with 20 J..lM imatinib for 0, 24, 48, 72 and 96 hours. [A) Annexin VIP I staining revealed 
( relatively small) increasing percentages of apoptotic cells with increasing time of imatinib 
incubation. [B) Cell cycle analysis showed increased percentages of cells in GofG1 -phase 
upon longer treatment with imatinib. Furthermore, the percentage of cells in S-phase 
declined dramatically upon longer treatment with imatinib. Ml  represents GofG, .  M2 
represents GiM and M3 represents S-phase. 
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Discussion 

The increasing knowledge of the critical signaling pathways responsible for the 
growth of malignancies has lead to the development of specific inhibitors of these 
pathways as new tools in cancer therapy. Treatment of patients with CML, 
gastrointestinal stromal tumor and dermatofibrosarcoma protuberans with imatinib 
is an example of the positive clinical effects of the increasing knowledge of cancer
specific signal transduction inhibition and the use of specific signal transduction 
inhibitors.16"21 

A tumor for which no systematic treatment is yet available is MTC. MTC is a 
malignancy that is caused by mutations in the RET gene, which result in a 
constitutive active receptor tyrosine kinase ( RET-TK) . Recent reports have 
demonstrated that inhibition of constitutive active RET-TK has cytostatic or cytotoxic 
effects on MTC cells.22•29-JZ As the tyrosine kinase domain of RET shows high 
homology with that of the tyrosine kinases which can be inhibited by imatinib, we 
tested the effects of imatinib on RET. 

Our analyses demonstrate that imatinib indeed has a dose-dependent inhibitory 
effect on cell proliferation ofboth MZ-CRC-I and TT cell lines, the only two available 
MTC cell lines. In addition imatinib does inhibit RET specifically since RET Y1062 
autophosphorylation of both cell lines is selectively inhibited after 90 minutes of 
exposure to imatinib whereas RET protein levels are not affected. As reduction of 
phosphorylation of RET was seen in both cell lines, imatinib seems not to be selective 
for the particular RET mutations present in these cell lines (C634W and M9I8T). 

Skinner et al. 23 recently reported no significant inhibition ofTT cell proliferation 
at IO !J.M ofimatinib. In the present study, proliferation ofboth MZ-CRC-I and TT 
cells is inhibited by IO !J.M of imatinib; similar results were obtained by Cohen et 
al.22 These discrepancies are possibly caused by differences in experimental 
procedures employed by the different research groups. Another possibility could 
be that imatinib is not as effective after more than five days and that the effect is 
reversible. 

We observed that in concentrations higher than 20 !J.M MZ-CRC-I and TT cells 
stop proliferating. This phenomenon was also observed in cell lines that are not 
dependent on constitutive tyrosine kinase activity, such as HepG2 (Figure I) .  
Probably imatinib's effects on cell growth are due to general cytotoxicity. 

Although we proved that RET is a direct target of imatinib we also have reason 
to believe that this inhibitor has other targets in TT and MZ-CRC-1. This conclusion 
is based on observed clear differences in concentration necessary to inhibit RET 
phosphorylation, compared with the concentration needed to inhibit cell 
proliferation. The concentration of imatinib that is able to decrease 
autophosphorylation and RET content was above IO and IS !J.M, respectively. 
However, cell proliferation was already inhibited with I and 5 !J.M imatinib. This 
difference suggests that cell proliferation in MTC is probably not entirely dependent 
on RET-TK activity implying that imatinib acts on other cellular pathways as well. 

When MTC cells are exposed to imatinib for a longer period, not only reduced 
Y1062 phosphorylation but also reduced levels of RET protein were observed. This 
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might indicate that the observed reduction in Y1062 phosphorylation after r6 hours 
of treatment is a consequence of reduced RET expression levels. The studies we 
performed with the proteasome inhibitor MGrp show that RET protein is not 
subjected to proteasomal degradation. Carniti et alY demonstrated that PPr 
inhibitors induce degradation of RET oncoproteins through proteasomal targeting. 
Imatinib, however, induces RET degradation through other means. Another possible 
mechanism for this loss of RET could be a diminished RETexpression. We, however, 
could show by qPCR that the expression was not altered after r6 hours of treatment 
with imatinib. The mechanism by which the inhibition of RET phosphorylation 
could give rise to such a drastic effect on RET expression levels is, therefore, yet 
unknown. Possible explanations for the reduced RET expression are interference 
at translation level or increased proteolysis of the RET protein. 

The main mechanism of imatinib-induced growth inhibition is that of cell cycle 
arrest. In cell cycle analysis we observed that imatinib induced a change in the 
distribution of cells over different cell cycle phases, primarily a G0/G

1
arrest (Figure 

6B). Induction of apoptosis plays a (small) role as well. It should be noted that the 
population of MZ-CRC-r and TT cells decreases after five days of exposure to 
imatinib (data not shown) . It could be that non-apoptotic pathways play a role in 
cell death as well since after four days of treatment with imatinib only around 9% 
of cells were apoptotic after four days of treatment with imatinib. It should be noted 
that, in these experiments, cells have been used that grow in culture for many years. 
It is possible that primary MTCs respond differently to imatinib. 

The proliferation data show dose-dependent inhibition of cell growth by imatinib 
with IC50 of 23 ± 2 and 2S ± 4 J.LM in MZ-CRC-r and TT cells, respectively. These 
concentrations are relatively high compared to the concentrations sufficient for the 
inhibition of BCR-ABL and c-kit in other cancers (Figure 8).33"42 Plasma 
concentrations of imatinib inducing hematologic and cytogenetic responses in 
patients with CML were in the range of o.q-s.68 J.LM. These patients were treated 
with 2s-6oo mg imatinib per day.16 The maximal achievable plasma levels of 
imatinib in patients are no higher than 6.78 J.LM at maximal administered doses 
of 6oo mg daily. Higher doses of imatinib in clinical practice are difficult to achieve 
because of adverse effects that are hard to tolerate for the patients.42 Moreover, the 
lethal effects ofimatinib on BCR-ABL expressing Ks62 cells are only observed when 
greater than so% of the cellular BCR-ABL kinase activity is inhibited. r3 This finding 
suggests that a clinically relevant dose of imatinib needs to inhibit at least so% of 
the target kinase activity. The I C 0 of imatinib for RET is around four times higher 
than the clinically relevant plasma concentrations. Therefore, the plasma 
concentrations that can be achieved are not likely to inhibit RET activity enough to 
be beneficial in patients with MTC although MTC can behave different in an in 
vivo model and plasma levels of imatinib do vary to a great extent among patients. 
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Figure B. IC50 concentrations of imatinib in different cancer cell lines in comparison to 
imatinib plasma concentrations. References are in parenthesis. When multiple cell l ines 
were used, the average IC50 was used. TC = thyroid cancer, CML = chronic myelogenous 
leukemia. 

Specific inhibition of the RET-TK is a very attractive treatment option for patients 
with MTC. Recently the kinase inhibitors ZD647429, CEP-701 and CEP-7513° and 
PP131·32 have been shown to inhibit RET-TK at clinically achievable levels. ZD6474, 
an inhibitor of the vascular endothelial growth factor (VEG F) receptor-2, has a 
reported IC 0 of 100 nM for RET. The indolocarbazole compounds CEP-701 and 
CEP-751 ,  inhibitors of the Trk receptor tyrosine kinases, have also been shown to 
directly inhibit RET at nanomolar levels. PP1 shows similar IC50 (8o nM) for RET, 
but inhibits other kinases at similar or lower concentrations i:han RET as wellY 
None of these agents, however, have been used in large-scale placebo controlled 
trials in humans and side effects are not yet known. Furthermore, in MTC, 
prolonged administration of these inhibitors is probably necessary. It would be 
preferable to use a tyrosine kinase inhibitor specific for RET to minimize the 
potential side effects. 

In conclusion, we have shown that imatinib inhibits MTC cell proliferation and 
RET Y1062-phosphorylation leading to decreased RET expression in cell-lines 
harboring MEN 2A and MEN 2B associated RET mutations. The concentration of 
imatinib necessary to inhibit RET in vitro, however, makes it impossible to conclude 
that imatinib monotherapy will be a good option for systemic therapy of MTC. In 
vivostudies will be necessary to make firm conclusions concerning the clinical 
application of this tyrosine kinase inhibitor as an effective treatment for MTC. 
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Discussion and future perspectives 

Over the last years, considerable improvements have been made in diagnosis, 
treatment and follow-up of patients with medullary thyroid cancer (MTC) in 
both the hereditary as well as sporadic variants. However, there is still room 
for improvement. Next, (our contribution to) the current viewpoints and future 
perspectives regarding these issues in patients with MTC will be discussed. 

Diagnosis and treatment of MTC 
Hereditary MTC. Since all hereditary cases of MTC are caused by germline 
RET (REarranged during Transfection) mutations, mutation analysis can now 
serve both as a confirmation of the clinical diagnosis and as a predictive test 
for multiple endocrine neoplasia type 2 (MEN 2).  In the hereditary setting, 
MTC follows an orderly pattern of development, beginning as C-cell 
hyperplasia, progressing to microscopic MTC and then to a visible focus. 
However, the time to occurrence of locoregional or distant metastases is 
unknown. The finding that MTC is an inevitable consequence of early 
malignant transformation resulted in the recommendation that in MEN 2 
carriers thyroidectomy should be performed during childhood to prevent occult 
metastasis before resection (chapter 2, 3 and 5) .  In this thesis we demonstrate 
that the results of prophylactic thyroidectomy in childhood are good with 
respect to cure and that surgical complications rarely occur (chapter 5) .  Despite 
the good results of preemptive thyroid surgery in carriers of a germline RET 
mutation, timing and extent of surgery remains controversial. Regarding the 
most common mutated codon in MEN 2A, codon G34, the youngest age of 
occurrence of MTC is one year. I There is an appreciable time lag between the 
emergence of node-negative MTC and the evolution oflymph node metastases, 
estimated at G.G years for carriers of RET mutations in codon G34. I From the 
international literature it has become apparent that nodal metastases are 
extremely uncommon before the age of 10 years in patients with mutations 
in RET codons G3o and G34I·2, and before the age of 20 years in RET codons 
Gog, Gn, G18, G2o, 7G8, 7go, 7g1, 8o4 and 8g1.2 However, the literature 
clearly documents that children with mutations in RET codons Gog and 8o4H 
have had metastasis at the ages of five and six years, respectively. These 
examples illustrate how unreliable individual predictions of phenotype can be 
when these are based solely on RET genotype. Furthermore, an increasing 
number of novel, very rare, gerrnline mutations have recently been discovered 
for which the clinical behavior is poorly known. These observations highlight 
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the problem that confronts clinicians. Should the decision regarding thyroidectomy 
be based on the average behavior of MTC in MEN 2 kindred with a particular 
mutation or on the earliest reported age at which cancer or metastasis occurs? At 
present, there is little understanding of genetic modifiers that may affect the age 
at presentation. Similarly, several polymorphisms of RET have been proposed as 
modifiers of the transformation process although none convincingly. Therefore, 
further multicenter research to the biological behavior of the less common genotypes 
and genetic modifiers is imperative. 

For now, clinicians should plan a course that balances the risks of early metastasis 
and the small risks of surgery in young children, such as recurrent laryngeal nerve 
damage and hypoparathyroidism, against the biologic behavior of MTC in other 
mutation carriers (and family members). Consequently, planning of time and extent 
of preemptive surgery must be more than DNA-based only. Preoperative 
determination of basal and stimulated serum calcitonin levels in carriers of a RET 

mutation can identify individuals at risk of early metastasis and it is a necessary 
diagnostic step irrespective of the individual type of mutation. The risk for the 
presence of nodal metastases is lowest, but unfortunately not zero, in case of normal 
preoperative stimulated calcitonin levels. 2 Therefore, calcitonin determination can 
not only be helpful in timing but also in deciding on the extent of surgery. With 
normal basal and stimulated calcitonin levels preoperatively, a thyroidectomy without 
central compartment dissection seems justified. 

Sporadic MTC. Most patients with sporadic MTC or de novo MEN 2 present with 
a lump in the neck (a palpable thyroid nodule andfor palpable lymph nodes). The 
diagnosis is often made by fine needle aspiration cytology (FNAC). If FNAC does 
not yield a diagnosis it is advisable to measure basal serum calcitonin prior to a 
diagnostic surgical procedure to exclude the presence of MTC. In case the basal 
calcitonin is elevated, a pentagastrin stimulation test should be performed to confirm 
the presence ofC-cell disease and, consequently, the appropriate, extensive surgical 
strategy should be followed. 

Based on the high prevalence of lymph nodes in the lateral compartments, the 
high recurrence rate and the relatively low cure rate in patients presenting with 
palpable MTC, we adapted our standardized surgery protocol (chapter 6). Previously, 
in case of palpable MTC a total thyroidectomy in combination with central 
compartment dissection and selective lateral neck dissection oflevels 1 1-V in case 
of lymph node metastases or suspicious nodes was performed. Nowadays, a total 
thyroidectomy with routine central and bilateral lymph node dissection is performed 
in those cases. It is however, still unknown whether elaborate initial surgery has 
beneficial effects on survival. Irrespective of the influence on cure and survival, the 
high prevalence of ipsilateral and contralateral node metastases warrants elective 
lateral dissection. The extent of surgery may be further individualized by preoperative 
basal serum calcitonin levels5, although recommendations regarding cut-off values 
are hard to give in light of the different assays employed around the world. 
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Decision making in the follow-up of MTC 
In case primary surgery results in normal calcitonin levels as tested by pentagastrin 
stimulation, the patient is considered cured. In this thesis several adverse prognostic 
factors affecting overall and detectable disease-free life expectancy, including 
extrathyroidal growth and stage I I I  and IV disease were identified (chapter 7). In 
the absence of these adverse prognostic factors follow-up can be conservative 
consisting of annual physical examination and measurement of serum calcitonin 
and CEA. Unfortunately, even with elective bilateral lymph node dissection, patients 
frequently have occult persistent or sometimes even recurrent disease following 
primary surgery indicated by elevated calcitonin andfor CEA levels.6·7 If the primary 
operation is a procedure less than total thyroidectomy with central and bilateral 
lymph node dissection, it is regarded inadequate and, in the absence of distant 
metastases, an elective completion reoperation is warranted. This particularly holds 
true for patients with stage III MTC who, as demonstrated in this thesis, are at risk 
for development of detectable recurrence that is predominantly located in the neck 
(chapter 7). Even without identifiable distant metastases, however, reoperative 
surgery for MTC seldom results in (biochemical) cure. This is probably because 
small metastatic foci in especially the liver and lungs are missed by medical 
imaging.8·9 Nevertheless, reoperations may limit disease-progression and improve 
locoregional control. 10 However, decisions on when to operate must take several 
factors into account. In case of adequate initial surgical treatment (total 
thyroidectomy and central and bilateral selective lymph node dissection) and the 
absence of clinically detectable disease, a wait-and-see policy is justified since these 
patients still have a good residual life span that is comparable with the life expectancy 
of the general population (chapter 7). An indication for reoperation in these cases 
is the presence oflocoregional disease in particular when vital structures (trachea, 
carotid artery, jugular vein) are endangered.n·I4 

Improving detection methods for recurrent disease may lead to better 
identification of patients with a bad prognosis. In this thesis we compared 18F

fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) with 
conventional (nuclear) imaging such as pentavalent technetium-99mdimercapto
succinic acid (99mTc(V)DMSA) and 1 1 1 In-octreotide and morphological imaging 
such as computed tomography (CT) and magnetic resonance imaging (MRI) . It 
can be concluded that the best non-invasive method for detection of residual or 
recurrent MTC thus far is FDG-PET (chapter 8). Unfortunately, FDG-PET failed 
to detect MTC in so% of patients with biochemical evidence of residual MTC. In 
this thesis the biochemical features ofMTC were clarified and a considerable part 
of MTCs appeared to be capable of synthesizing catecholamines, serotonin and 
histamine metabolites (chapter 4). The presence of catecholamine synthesis and 
uptake mechanisms in MTC make 6f8F]-fluoro-L-3o4-dihydroxyphenylalanine 
(F-DOPA)-PET a promising tool in imaging residual or recurrent MTC. Up to 8o% 
of MTCs concentrate F-DOPN5 so F-DOPA-PET may be more feasible than FOG
PET. 
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New strategies in the treatment of MTC 
Once MTC has metastasized, there are no curative therapeutic options. 16 External 
beam radiotherapy may only be beneficial in selected patients with inoperable 
disease or gross residual tumor load postoperatively. 17 Additionally, 131I therapy has 
not been demonstrated to be of significant value18 and although some reports show 
a response rate of approximately 40% after treatment with 131I-meta
iodobenzylguanidine (MIBG), only a minority of patients shows a significant uptake 
(reviewed in Orlandi et al.16) Several chemotherapeutic regimen also have 
demonstrated no obvious tumor response (reviewed in Orlandi et al. 16 and Vitale 
et al.19) . Therefore, it is important to develop new approaches to treat metastasized 
MTC. 

In theory, RET is a candidate for the design of molecular targeted therapy. 
Oncogenic signaling of mutated RET results in autophosphorylation of the tyrosine 
kinase domain. Although tyrosine kinases play a critical role in diverse physiological 
processes recent successes in targeting a variety of tyrosine kinases in cancer20 

have drawn attention to RET as a possible therapeutic target. 
The emergence of imatinib as the prototype of designer tyrosine kinase inhibitors 

demonstrated that tyrosine kinase inhibition can be more or less specific and 
effective. Over the last several years, a couple of tyrosine kinase inhibitors have 
been demonstrated to inhibit RET activity. In this thesis evidence is presented that 
imatinib displays inhibitory activity against RET by inhibiting autophosphorylation 
and causing a decrease in cell proliferation in MTC-derived cell lines but the IC50 
(the concentration that causes so% growth inhibition) of imatinib necessary to 
inhibit RET in vitro is high (25-37 11M; chapter 9). Other tyrosine kinase inhibitors 
exhibit higher activity against RET. The 2-indolinone derivative RPI-1 inhibited 
RET with an IC 0 in the low micromolar range and showed also antitumor effects 
in nude rnice.21·h The closely related compound SUn248 (sunitinib) is also a highly 
active inhibitor of RET and currently evaluated in clinical trials for GIST and renal 
cell carcinoma.24·25 The pyrazolopyrimidines PP1 and PP2 inhibited enzymatic 
activity and transforming ability of almost all types RET fMEN 2A and RET fMEN 
2B as well as RETjPTC1 and RETjPTC3 with an IC 0 in the nanomolar range.26· 
29 In addition, the pyrrolopyrimidine AEE788, which is a potent inhibitor (IC50 in 
the low nanomolar range) of vascular endothelial growth factor receptor (VEG FR) 
and epidermal growth factor receptor (EGFR), has a RET IC50 of 740 nM.3° The 
indolocarbazole derivatives CEP-701 and CEP-751 inhibited RET at concentrations 
lower than 100 nM. Moreover CEP-751 inhibited tumor growth in nude miceY The 
selective inhibitor of the VEGFR-2 tyrosine kinase ZD6474 is a member of the 
anilinoquinazoline family. ZD6474 targets the enzymatic activity of both MEN 2 
and PTC-related oncogenic RET and has an IC50 of 100 nM. In addition, the 
compound inhibits tumor growth in RETfPTC-transformed cell xenograftsY 
Because ZD6474 inhibits the VEGFR-2, it has anti-angiogenic capacities as well. 
Moreover, it has proven to have little side effects despite the lack of selectivity for 
a certain kinase.33 The results of an ongoing phase II study with ZD6474 in MTC 
will be awaited. 
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Discussion 

Although most of the tyrosine kinase inhibitors examined lack selectivity for RET 
(or any other kinase) , adverse effects are generally acceptably low and manageable 
although unexpected side effects do occur.34 Therefore, tyrosine kinase inhibitors 
might soon become the therapy of choice for RET-associated thyroid cancer. 
However, resistance to tyrosine kinase inhibitors may occur due to mutation and 
amplification of the target kinase, which leads to interference with binding of the 
inhibitor. In RET, replacing valine at codon 8o4 with the amino-acids leucine or 
methionine indeed mediated resistance to pyrazolopyrimidines and 
anilinoquinazolines.z9 Combining different (kinase) inhibitors may overcome this 
resistance. 

Activated tyrosine kinases induce numerous downstream events and initiate 
different signaling pathways. Several inhibitors can target the rat sarcoma oncogene 
(RAS)fextracellular signal-regulated kinase (ERK) pathway for instance (reviewed 
in Dancey and Sausville35 and Melisi et al.36) .  Of particular interest in RET-associated 
tumors is the bi-aryl urea BAY 43-9006 (sorafenib) . BAY 43-9006 is an oral multi
kinase inhibitor initially developed as a specific inhibitor of BRAF, which is a protein 
encoded by v-raf murine sarcoma viral oncogene homolog B1 (BRAF) and a key 
mediator in the RASfERK pathway. However, subsequent studies revealed that 
BAY 43-9006 also inhibits other (receptor) kinases. In addition, we lately discovered 
that the compound also inhibits RET (Hofstra et al. unpublished data) . Recently it 
was demonstrated that BRAF is a key mediator of the intracellular signaling of 
oncogenic RET in follicular thyroid cells.37 The simultaneous action at two levels 
of the same signaling pathway (RET and BRAF) in endocrine tumors may offer 
perspective and a potential mechanism to circumvent the development of treatment 
resistance. 

These promising developments regarding treatment options targeting RET may 
warrant identification of somatic mutations in the tumor tissue. However, despite 
these encouraging developments, it is still uncertain whether RET inhibitors will 
be useful for the systemic therapy in approximately so% of sporadic MTC patients 
whose tumors lack RET mutations. Therefore, other systemic treatment modalities 
are needed. 
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1 1  
Summary 

Medullary thyroid cancer (MTC) is a very rare neuroendocrine tumor 
originating from the calcitonin secreting C-cells of the thyroid and accounts 
for 3% to 10% of all thyroid malignancies. In occurs in a sporadic form (in 
about 7S% of cases) and a hereditary form (in about 2S% of cases). Hereditary 
MTC is part of the endocrine cancer syndromes multiple endocrine neoplasia 
type 2A (MEN 2A), MEN 2B or familial MTC (FMTC). Patients with MEN 2A 
will always develop MTC, whereas pheochromocytoma (a tumor originating 
from the adrenal chromaffin cells) and parathyroid hyperplasia will occur in 
about so% and 20%, respectively. MEN 2B is characterized by MTC (in all 
patients) , pheochromocytoma (in about so% of patients) ,  ganglioneuromatosis 
(neuronal tumors on the tongue, lips and alimentary tract) and a tall, slender 
(Marfanoid) appearance (in all patients). FMTC is characterized by familial 
occurrence of MTC. 

The primary treatment of MTC is surgical removal of the thyroid and affected 
lymph nodes. Because MTC is such a rare malignancy, however, much is 
unknown regarding optimal treatment and follow-up. Furthermore, besides 
surgery, there is no effective curative treatment. Physicians treating patients 
with MTC are confronted with several clinical problems with respect to initial 
treatment and management of recurrent or residual disease. By addressing 
issues concerning the genetic and biochemical features of sporadic and 
hereditary MTC, the primary treatment of patients with MTC, the prognosis 
and follow-up, and the identification of new treatment options, this thesis deals 
with a number of these problems. 

The thesis is divided into four parts: the first part handles the genetic and 
biochemical background of MTC and MTC-associated hereditary endocrine 
cancer syndromes, the second part covers the primary treatment of patients 
with MTC, the third part addresses prognostic factors and follow-up and, finally, 
the fourth part describes new treatment options for MTC. 

Part one: Genetic and biochemical background of MTC 

Chapter 1 provides a short introduction in the anatomy of the thyroid and 
pathological features, tumor markers and genetic abnormalities in MTC. 
Furthermore, the outline and aims of this thesis are described. 

In chapter 2 the role of the RET (REarranged during Transfection) gene in 
the development, diagnosis and management of endocrine tumors including 
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MTC, is reviewed. RET encodes a receptor tyrosine kinase which plays a key role 
in regulating cell proliferation, migration, differentiation and survival during 
embryogenesis. RET mutations induce oncogenic activation of RET tyrosine kinase 
via different mechanisms. Dysfunction of RET leads to the development of several 
inherited and non-inherited endocrine diseases including sporadic MTC, papillary 
thyroid cancer (PTC), Hiirthle cell thyroid cancer, MEN 2A. MEN 2B, and FMTC. 
The prominent role of RET in the development of MEN 2A, MEN 2B and FMTC 
has resulted in genetic screening of patients at risk for MEN 2 and FMTC and, 
when a RET mutation is present, prophylactic thyroidectomy. 

Hirschsprung disease (HSCR) can be found in association with MEN 2A and 
FMTC. Similar to MEN 2A and FMTC, HSCR can be caused by germline RET 

mutations. MEN 2A or FMTC-associated RET mutations have been identified in a 
small subset of patients with HSCR. Whether patients with HSCR and a MEN 2A 
or FMTC RET mutation without a family history of hereditary endocrine tumors 
have a high risk of developing MTC is unclear. In chapter 3 such a patient with 
HSCR who developed MTC in later life is described. This case implicates that 
patients with HSCR and a MEN 2A or FMTC-associated RET mutation actually are 
at risk for developing MTC and should be screened for MEN 2A-tumors and undergo 
prophylactic thyroidectomy. 

In chapter 4 the biochemical characteristics of MTC are investigated. Based on 
the Amine Precursor Uptake and Decarboxylation (APUD) concept, neuroendocrine 
tumors have the same embryologic origin and share biochemical features with each 
other. An example of a neuroendocrine tumor is carcinoid. Carcinoids give rise to 
increased excretion of catecholamines, serotonin and histamine metabolites as well 
as several co-segregated polypeptides such as chromogranin A. Therefore it is 
conceivable that MTC has a comparable excretion profile. We found that MTCs 
indeed are able to excrete products from the catecholamine, serotonin and histamine 
synthesis pathways. However, clinical relevance of these products seems limited 
and they cannot be used as reliable tumor markers. Calitonin and carcino-embryonic 
antigen (CEA) are still the most reliable indicators of disease progression. 
Chromogranin A can be useful in patients whose tumors have weak calcitonin and 
CEA producing capacities. 

Part two: Primary treatment of patients with MTC 

Chapter 5 describes the evaluation of the surgical treatment of 20 children who 
were proven carriers of MEN 2-associated RET mutations. MTC occurred already 
at the age of 3 years. Lymph node metastases were found in 15% of patients with 
elevated serum calcitonin levels, all older than ro years. Complications of surgery 
were rare. At follow-up, all patients were clinically free of disease but the patients 
with metastases still had biochemical evidence of MTC. Analysis of the literature 
identified types of RET mutations that cause (very) early occurrence of MTC. In 
patients with these high-risk mutations, prophylactic thyroidectomy is recommended 
before the age of one or two years since surgery may then be limited to total 
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Summary 

thyroidectomy. In patients with other RET mutations, thyroidectomy can be 
performed before the age of 5 or 10 years depending on the type of mutation. In 
patients over the age of 10 or with elevated calcitonin levels total thyroidectomy in 
combination with lymph node dissection (central compartment dissection) is 
warranted irrespective of mutation type. 

The optimal initial treatment for patients presenting with a palpable MTC remains 
a matter of debate. This particularly holds true for the extent of lymph node 
dissection. Aim of the study described in chapter 6 was to evaluate the surgical 
treatment in 69 patients initially presenting with palpable MTC. Patients with less 
than standard initial surgery (total thyroidectomy with central compartment 
dissection and (ipsi)lateral neck dissection in case of suspicious lymph nodes or 
lymph node metastases) had more locoregional recurrences and more reoperations 
for persistent MTC. However, even after standard surgery, locoregional control was 
still not optimal since lymph node metastases frequently developed in remote areas 
of the neck such as the contralateral neck and the mediastinum. Therefore, a central, 
bilateral and upper mediastinal neck dissection is warranted, preferably as a one
stage procedure. 

Part three: Prognosis and fol l ow-up of patients with MTC 

Patients with MTC can live for many years but their prognosis is variable. Several 
investigators have tried to determine prognostic factors that could predict overall 
and disease-free survival. However, life expectancy expressed as standardized survival 
adjusted for the baseline mortality rate in the general population has never been 
investigated in MTC. In chapter 7 results are presented for a cohort of 120 patients 
with MTC treated over the past 35 years. Median follow-up was eight years. Overall 
and disease specific 1o-year survival was 65% and 73%, respectively and median 
overall life expectancy was 0.58 (95%CI o.37-o.8o). On multivariate regression 
analysis only stage of disease at presentation and extra thyroidal extension of the 
primary tumor were prognostic factors for detectable recurrence-free life expectancy. 
Extrathyroidal extension was the only independent predictor of overall life 
expectancy. Extrathyroidal extension is therefore the most important determinant 
of prognosis in patients with MTC. Patients that are diagnosed in an early stage of 
disease and patients without detectable recurrence have favorable recurrence-free 
and overall life expectancy. 

Residual or recurrent MTC after initial treatment is indicated by elevated serum 
calcitonin and CEA levels. However, it is often very difficult to localize residual or 
recurrent MTC. Therefore, the usefulness ofl8F-fluoro-2-deoxy-O-glucose positron 
emission tomography (FDG-PET) to detect the source of calcitonin and CEA 
production was investigated. Chapter 8 describes the results of a study in which 
FOG-PET was performed in 26 patients with elevated tumor markers and compared 
to conventional imaging methods including 99mTc(V)dimercaptosunnic acid 
(OMSA) and min-octreotide scintigraphy, computed tomography (CT) and magnetic 
resonance imaging (MRI). Of all the imaging methods studied, FOG-PET had the 
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highest lesion-based sensitivity. In nine patients (3S%), the FDG-PET findings led 
to reoperation and one patient was subsequently cured. However, in so% of patients 
the source of calcitonin and CEA production could not be identified. These results 
show that FDG-PET is superior to conventional nuclear imaging and, although far 
from optimal, the best imaging method yet available for detection of occult MTC. 

Part four: Novel treatment options for patients with MTC 

Thus far, there is no effective systemic treatment for patients with metastasized 
MTC. MTC is frequently caused by RET mutations leading to a constitutively active 
RET receptor. Since RET is a receptor tyrosine kinase, inhibition of RET with a 
tyrosine kinase inhibitor seems an attractive therapeutic option, especially since 
tyrosine kinase inhibitors are already being used in the treatment of other cancers. 
In chapter 9 we used an in vitro model to determine the effects of the tyrosine 
kinase inhibitor imatinib on cellular effects in MTC cells including RET activation 
(phosphorylation). We observed a dose-dependent decrease of cell proliferation and 
RET phosphorylation. However, the IC50 values (the concentration that causes so% 
growth inhibition) ofimatinib for MTC are high compared to those for other tyrosine 
kinases that cause cancer. The concentration of imatinib necessary to inhibit RET 
in vitro makes it therefore yet impossible to conclude that imatinib monotherapy 
will be a good option for systemic therapy of MTC. 

Chapter 10 is a general discussion on diagnosis and treatment, decision making 
in the follow-up and possible new therapeutic options in MTC. It is crucial that 
patients with MTC are treated in specialized centers with demonstrable 
multidisciplinary experience. Patient care may be individualized by further 
elucidation of the genotype-phenotype relationship regarding genetic modifiers 
that may affect the age of onset of hereditary MTC. Furthermore, patients with a 
bad prognosis may be better identified by employing new molecular imaging 
modalities to detect occult metastases. Thus far, there is no curative treatment for 
these patients. Recent successes in targeting a variety of tyrosine kinases in cancer 
have drawn attention to the RET as a possible therapeutic target. Hopefully, a 
successful tyrosine kinase inhibitor targeting RET will emerge in the (near) future. 
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1 2  
Samenvatti ng 

Medullair schildkliercarcinoom (MSC) i s  een zeer zeldzame kwaadaardige 
(maligne) neuroendocriene tumor die uitgaat van de calcitonine producerende 
C-cellen in de schildklier. MSC omvat ongeveer 3% tot 10% van aile maligne 
schildkliertumoren en kan in een sporadische (in 7S% van de gevallen) en een 
erfelijke variant (in 2s% van de gevallen) voorkomen. Erfelijk MSC maakt deel 
uit van de endocriene kankersyndromen multipele endocriene neoplasieen 
type 2A (MEN 2A), MEN 2B of familiair MSC (FMSC). Patienten met MEN 
2A ontwikkelen altijd MSC. Bovendien zal ongeveer so% een feochromocytoom 
(een tumor die uitgaat van de chromaffiene cellen in de bijnier) en 20% 
bijschildkliertumoren ontwikkelen. MEN 2B kenmerkt zich door MSC (in aile 
patienten) en feochromocytoom (in so% van de patienten). MEN 2B heeft vaak 
bijzondere kenmerken: knobbeltjes op de punt van de tong, op de lippen en 
in de slijmvliezen van de maag of de darm. Verder is er bij MEN 2B een 
kenmerkende licbaamsbouw: lang, slank en weinig spierontwikkeling. Dit 
wordt een Marfanacbtig uiterlijk genoemd. FMSC kenmerkt zicb door bet 
familiaire voorkomen van MSC. 

De primaire bebandeling van MSC is cbirurgiscbe verwijdering van de 
scbildklier (tbyreoidectomie) en aangedane lymfklieren. Omdat MSC zo 
zeldzaam is, is er echter weinig bekend over de optimale bebandeling en follow
up. Artsen die patienten met MSC bebandelen worden dan ook regelmatig 
geconfronteerd met problemen betreffende de bebandeling van de primaire 
tumor of recidiverende ziekte. Door aandacht te besteden aan de genetische 
kenmerken die ten grondslag liggen aan sporadiscb en erfelijk M SC, de 
biocbemische eigenscbappen van MSC, de bebandeling, prognose en follow
up van patienten met MSC en nieuwe mogelijkheden voor systemiscbe 
bebandeling, worden diverse van deze klinische problemen in dit proefschrift 
bebandeld. 

Dit proefschrift is in vier delen onderverdeeld. Het eerste deel bebandelt de 
genetiscbe en biocbemiscbe kenmerken van M S C  en de aan MSC 
geassocieerde erfelijke endocriene kankersyndromen, bet tweede deel gaat 
over de initiele bebandeling van patienten met MSC, bet derde deel beschrijft 
de follow-up en factoren die de prognose van deze patienten bepalen en, tot 
slot, wordt in bet vierde deel een potentiele nieuwe systemiscbe therapie 
beschreven. 

1 59 



Deel een: Genetische en biochemische kenmerken van MSC 

Hoofdstuk 1 is een korte introductie in de anatomie van de schildklier en de 
genetische, pathologische en biochernische kenmerken van MSC. Verder worden 
de doelstellingen beschreven en wordt in grote lijnen aangegeven waar dit 
proefschrift over gaat. 

In hoofdstuk 2 wordt een overzicht gegeven van de rol van het RET (REarranged 
during Transfection) gen in de ontwikkeling, diagnose en behandeling van 
endocriene tumoren zoals MSC. RET codeert voor een receptor tyrosine kinase die 
een cruciale rol speelt in celproliferatie, -rnigratie, -differentiatie en -overleving 
gedurende de embryogenese. RET mutaties induceren maligne activatie van het 
RET tyrosine kinase wat op zijn beurt weer kanker veroorzaakt. Het disfunctioneren 
van RET leidt tot de ontwikkeling van diverse erfelijke en niet-erfelijke aandoeningen 
waaronder sporadisch MSC, papillair schildkliercarcinoom (PSC), Hiirthle eel 
schildkliercarcinoom, MEN 2A, MEN 2B en FMSC. De prorninente rol van RET 
in de erfelijke endocriene tumorsyndromen heeft geleid tot het genetisch screenen 
van patienten die risico lopen op MEN 2 en FMSC en, indien de mutatie is bevestigd, 
profylactische thyreoidectornie. 

De ziekte van Hirschsprung (HSCR) kan samen met MEN 2A en FMSC 
voorkomen. HSCR kan, net als deze syndromen, worden veroorzaakt door 
kiembaanmutaties in RET. MEN 2A ofFMSC RETmutaties zijn bij een klein deel 
van de patienten met HSCR gevonden. Het is echter nog onbekend of deze patienten 
met een familieanamnese die negatief is voor MEN 2A of FMSC een hoog risico 
op MSC lopen. In hoofdstuk 3 wordt een HSCR patient met een dergelijke RET 
kiembaanmutatie die MSC ontwikkelde, beschreven. Deze ziektegeschiedenis 
impliceert dat patienten met HSCR en een MEN 2A of FMSC RET mutatie 
inderdaad risico lopen op de ontwikkeling van MSC. Daarom moeten deze patienten 
worden gescreend voor MEN 2A tumoren en is een profylactische thyreoidectomie 
geindiceerd. 

In hoofdstuk 4 worden de biochernische kenmerken van MSC onderzocht. Op 
basis van het zogenaamde Amine Precursor Uptake and Decarboxylation (APUD) 
concept wordt verondersteld dat neuroendocriene tumoren embryologisch verwant 
zijn en daarom biochernische eigenschappen met elkaar gemeen hebben. Een 
voorbeeld van een neuroendocriene tumor is het carcinoid. Carcinoiden veroorzaken 
een verhoogde productie van catecholarnines, serotonine en histamine metabolieten 
evenals diverse polypeptides zoals chromogranine A. Het is dus denkbaar dat MSC 
een vergelijkbaar excretieprofiel heeft. Het blijkt dat M SC inderdaad producten van 
de catecholamine, serotonine en histamine synthese cascade produceert, maar de 
klinisGhe relevantie van deze producten lijkt beperkt en deze stoffen zijn geen 
betrouwbare tumormerkers. Calcitonine en carcino-embryogeen antigeen (CEA) 
zijn de meest betrouwbare indicatoren voor ziekteprogressie. Chromogranine A 
kan van nut zijn in de follow-up van MSCs die nauwelijks calcitonine en CEA 
produceren. 
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Dee I twee: ln itiele behandeling van patienten met MSC 

Hoofdstuk 5 beschrijft de behandeling van 20 kinderen met bewezen MEN 2A RET 

mutaties. MSC was zelfs al op driejarige leeftijd aanwezig. Lymfkliermetastasen 
(uitzaaiingen) werden gevonden bij drie patienten (15%) die allen verhoogde 
calcitoninewaarden hadden en ouder waren dan tien jaar. Complicaties traden 
zelden op. Bij de laatste follow-up waren aile patienten klinisch tumorvrij, maar de 
patienten met kliermetastasen hadden nog steeds biochernische aanwijzingen voor 
occult MSC. Analyse van de literatuur identificeerde bepaalde types RET mutaties 
die zeer vroeg optreden van MSC veroorzaken. Voor patienten met deze hoogrisico 
mutaties wordt profylactische thyreoidectornie aanbevolen voor de leeftijd van twee 
jaar aangezien chirurgie dan beperkt kan blijven tot een totale thyreoidectornie. Bij 
patienten met een verhoogd calcitonine is een totale thyreoidectomie met 
verwijdering van lymfklieren centraal in de hals (centrale compartimentsdissectie) 
wenselijk. 

De optimale initiele behandeling voor patienten die zich met een palpabel MSC 
presenteren, met name de uitgebreidheid van lymfklierdissectie, blijft controversieel. 
Het doel van de studie die in hoofdstuk 6 is beschreven, was het evalueren van de 
chirurgische behandeling van patienten die zich presenteerden met palpabel MSC. 
Standaard chirurgische behandeling was totale thyreoidectomie met centrale 
compartimentsdissectie en (ipsi)laterale halsklierdissectie in het geval van verdachte 
klieren ofkliermetastasen. Patienten die initieel een procedure hadden ondergaan 
die rninder uitgebreid was dan de standaard chirurgie hadden meer locoregionale 
reddieven en meer reoperaties voor persisterend MSC dan patienten die wei volgens 
de standaard waren behandeld. Zelfs na standaard chirurgie, was de locoregionale 
controle niet optimaal aangezien veel patienten kliermetastasen in verafgelegen 
gebieden van de hals ontwikkelden zoals de contralaterale hals en het mediastinum. 
Daarom is een centrale en een bilaterale halsklierdissectie in combinatie met een 
dissectie van het bovenste mediastinum, bij voorkeur in dezelfde zitting, 
gerechtvaardigd. 

Deel drie: Prognose en fol low-up van patienten met MSC 

Patienten met MSC kunnen jaren Ieven na het stellen van de diagnose, maar de 
prognose varieert. Verschillende onderzoekers hebben geprobeerd om prognostische 
factoren, die totale en ziektevrije overleving kunnen voorspellen, te bepalen. 
Nochtans is levensverwachting, uitgedrukt als gestandaardiseerde overleving 
gecorrigeerd voor mortaliteit in de totale populatie, nog nooit onderzocht bij 
patienten met MSC. In hoofdstuk 7 worden de resultaten gepresenteerd van een 
cohort van 120 patienten met MSC die gedurende de afgelopen 35 jaar zijn 
behandeld. De mediane follow-up was acht jaar. Totale en ziektevrije 10-jaars 
overleving waren 65% en 73% en de mediane levensverwachting was o.58 (95% 
betrouwbaarheidsinterval o.37-o.8o). Na multivariate regressieanalyse waren het 
stadium van de ziekte bij presentatie en de aanwezigheid van extrathyreoidale groei 
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prognostische factoren voor detecteerbaar recidiefvrije levensverwachting. 
Extrathyreoidale groei was de enige onafhankelijke voorspeller van totale 
levensverwachting en is daarom de belangrijkste bepaler van de prognose in 
patienten met MSC. Patienten die in een vroeg stadium zijn gediagnosticeerd en 
patienten zonder detecteerbaar recidiefhebben een gunstige totale en recidiefvrije 
levensverwachting. 

Patienten met postoperatief verhoogde calcitonine- en CEA waarden hebben 
aanwijzingen voor persisterend of recidiverend MSC. Het is vaak moeilijk om de 
bran van calcitonine en CEA productie te localiseren. De bruikbaarheid van18F

fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) voor het 
detecteren van persisterend of recidiverend MSC werd daarom onderzocht. 
Hoofdstuk 8 beschrijft de resultaten van een studie waar FDG-PET werd verricht 
bij 26 patienten met verhoogde tumormerkers en vergeleken met conventionele 
beeldvormende technieken zoals 99mTc(V)dimercaptosunnic acid (DMSA) en min
octreotide scintigraphy, computed tomography (CT) en magnetic resonance imaging 
(MRI). FDG-PET had de hoogste sensitiviteit op basis van gedetecteerde laesies en 
negen patienten (35%) ondergingen een reoperatie op basis van de FDG-PET 
resultaten. Daardoor kon uiteindelijk een van deze patienten worden gecureerd. 
In de helft van de patienten kon de bran van calcitonine en CEA productie echter 
niet worden opgespoord. FDG-PET is daarom wel superieur aan de conventionele 
beeldvormende technieken, maar nog zeker niet een optimale techniek voor de 
detectie van occult MSC. 

Deel vier: Nieuwe behandelingsmogel ijkheden voor patienten 
met MSC 

Vooralsnog is er geen effectieve systemische behandeling beschikbaar voor patienten 
met gemetastaseerd MSC. M SC wordt vaak veroorzaakt door RET mutaties die 
leiden tot een continu actieve RET receptor. Aangezien RET een receptor tyrosine 
kinase is, lijkt remming van RET met behulp van een tyrosine kinaseremmer een 
aantrekkelijke therapeutische optie. Voomamelijk omdat tyrosine kinaseremmers 
al worden gebruikt bij de behandeling van andere vormen van kanker. In hoofdstuk 
9 is een in vitro model gebruikt om de effecten van de tyrosine kinaseremmer 
imatinib op bijvoorbeeld RET activiteit (fosforilering) in MSC cellen te bepalen. 
Een dosisafhankelijke afname van celproliferatie en RET fosforilering werd 
geobserveerd, maar de IC50 waarde (de concentratie die 50% groeiremming 
veroorzaakt) van imatinib voor RET was hoog vergeleken bij de IC50 voor andere 
tyrosine kinases die kanker veroorzaken. Het is dus onmogelijk om op basis van 
de concentratie imatinib nodig om RET in vitro te remmen te concluderen dat 
imatinib monotherapie een goede optie is voor systemische behandeling van MSC. 

Hoofdstuk 10 is een algemene discussie over de diagnose en behandeling, 
beslissingen in de follow-up en mogelijke nieuwe therapeutische opties voor het 
MSC. Het is van cruciaal belang dat patienten met MSC worden behandeld in 
gespecialiseerde centra met bewezen multidisciplinaire ervaring op het gebied van 
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M SC. De zorg voor de patient zou verder kunnen worden geindividualiseerd door 
verdere opheldering van de genotype-fenotype verhouding op het gebied van 
genetische kenrnerken die de leeftijd van presentatie van MSC kunnen beinvloeden. 
Bovendien zouden patienten met een slechte prognose beter kunnen worden 
geidentificeerd door het gebruik van nieuwe modaliteiten op het gebied van de 
moleculaire beeldvorming. Tot nu toe is er echter geen effectieve systemische 
therapie voor de behandeling van gemetastaseerd MSC. Recente successen in het 
specifiek aanpakken van diverse tyrosine kinases in kanker, hebben de aandacht 
op RET als mogelijk therapeutisch aangrijpingspunt gevestigd. Hopelijk komt er 
in de nabije toekomst een tyrosinekinase remmer beschikbaar die aangrijpt op RET 
en effectief is voor patienten met MSC. 
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Dankwoord 

"Promoveren voordat je bent afgestudeerd? Dat kan niet ... " 

Vaak heb ik de bijzondere situatie waarin ik verkeerde moeten uitleggen. Het bewijs 
dat het wei degelijk kan, ligt voor u. Aile inspanningen van de laatste jaren hebben 
uiteindelijk geresulteerd in dit proefschrift; voor mij een bijzondere mijlpaal en 
een afsluiting van een leuke en leerzame periode. Een aantal personen hebben een 
belangrijke rol gespeeld op de weg die heeft geleid tot het afronden van dit 
promotietraject en die wil ik in het bijzonder bedanken. 

Allereerst natuurlijk mijn co-promotoren en promotoren. Het medullair 
schildkliercarcinoom is een tumor die zich op het raakvlak van vele specialismen 
bevindt. Dit wordt dan ook weerspiegeld door de drie mensen die aan de basis van 
dit proefschrift stonden. Ik voelde me vaak als een spin in het MTC-web en heb, 
niet aileen medisch-inhoudelijk, ontzettend veel van jullie geleerd. 

Dr. J.T.M. Plukker, beste John, ik kwam bij jou als derdejaars student aan met 
de vraag "of er nog onderzoek te doen was." Jij introduceerde me bij Thera en 
Robert en hield, ondanks dat ik aanvankelijk mijn draai nog moest vinden, 
vertrouwen in de goede afloop. Het bespreken van stukjes duurde steevast Ianger 
dan gepland. Meestal, omdat een van ons weer een nieuw ideetje had waarover 
natuurlijk even gefilosofeerd moest worden. Bedankt voor je  stimulerende 
begeleiding. 

Dr. T.P. Links, beste Thera, patientenzorg is mensenwerk. Als geen ander heb 
je mij daarvan doordrongen. Opvallend genoeg speelt voetbal ook een grote rol in 
jouw Ieven. Ik meet me graag eens met jouw mannen. Je waakte steeds over de 
leesbaarheid van mijn schrijfsels wat de kwaliteit van dit proefschrift absoluut ten 
goede is gekomen. We zijn heiden gegrepen door de neuroendocriene tumoren en 
wat nu is opgestart zal zeker een vervolg krijgen. 

Prof. Dr. T. Wiggers, beste Theo, als eerste promotor verloor je de essentie niet 
uit het oog. Bedankt voor de vrijheid en steun die je me hebt gegeven en voor je 
heldere commentaren op de manuscripten. Zeker in de laatste fase heeft jouw 
doelgerichte bijdrage geleid tot een soepele afronding van dit boekje. 

Prof. Dr. R.M.W. Hofstra, beste Robert, dankzij jou heb ik een jaar waardevolle 
labervaring kunnen opdoen en enig inzicht in de complexe wereld van de 
moleculaire genetica gekregen. J ouw vermogen om de meest complexe problematiek 
zo uiteen te zetten dat iedereen het snapt, is bewonderenswaardig. Ik had me geen 
betere begeleider tijdens mijn eerste stappen binnen het translationele onderzoek 
kunnen wensen. RET is een fascinerend gen en ik hoop dat we de studies die in 
dit proefschrift zijn beschreven nog een leuk vervolg kunnen geven. 

Prof. Dr. B.H.R. Wolffenbuttel, beste Bruce, als doelman heb je het spel vaak 
voor je en is ingrijpen geboden bij een uitbraak van de tegenstander. We kunnen 
daar allebei over meepraten. Als derde promotor heb je mijn doel bewaakt en 
ingegrepen als ik een gaatje in mijn verdediging liet vallen. Ook wil ik je bedanken 
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voor de mogelijkheid om mijn onderzoek af te ronden op de afdeling Endocrinologie 
en je hulp bij het verkrijgen van mijn opleidingsplaats. 

Hooggeleerde leden van de beoordelingscommissie, Prof. Dr. H. Dralle, Prof. Dr, 
H. Hollema en Prof. Dr. E.G.E. de Vries, dank voor het toetsen van mijn 
wetenschappelijke arbeid. Dear Professor Dralle, I am honored by your presence. 
Thank you for your willingness to take part in my thesis defence. 

De veelzijdigheid van het medullair schildkliercarcinoom blijkt wel uit de diversiteit 
van de in dit proefschrift beschreven studies en het grote aantal disciplines die 
vertegenwoordigd zijn als medeauteur. Allen die een bijdrage leverden wil ik 
bedanken, maar enkelen wil ik toch afzonderlijk noemen. Dr. R.H. Sijmons, beste 
Rolf, bedankt voor het in kaart brengen van de MEN 2A families en je bijdrage aan 
een tweetal hoofdstukken. Drs. T. Kahraman, beste Turgay, bedankt voor je aanzet 
tot de MTC database zoals die nu is. Dr. C.W. Rouwe, beste Catrienus, dank voor 
je deskundige commentaar. Dr. J.E. van der Wal, beste Jacqueline, bedankt voor 
de benodigde pathologische achtergrondinformatie en de mooie plaatjes. Dr. P.L. 
Jager, beste Piet, het geworstel met het FDG-PET-stuk bleek uiteindelijk niet voor 
niets. Misschien kunnen we met een andere tracer nog mooiere afbeeldingen 
maken. Dr. I .P.  Kema, beste I do, als link tussen laboratorium en kliniek 
introduceerde je me in de wereld van de biochemie. Zeker op het gebied van de 
behandeling van neuroendocriene tum oren speel je een onmisbare rol. Dr. E. Van 
der Veer, beste Eveline, dank voor je uitleg over de calcitonine-assays. Henk 
Breukelman en anderen van het klinisch chemisch lab ben ik veel dank verschuldigd 
voor de talloze bepalingen die ze er "even" bij moesten doen. Dr. W.J. Sluiter, beste 
Wim, als jij de statistiek uitlegde, snapte ik het zowaar eventjes. Helaas was ik het 
meestal na een paar uur al weer kwijt. Dank voor je geduld. De methode Sluiter is 
inmiddels een begrip in Groningen en omstreken, nu nog daarbuiten. 

Een jaar had ik het voorrecht om bij de afdeling Ontwikkelingsgenetica op de 
faculteit Biologie onder leiding van Dr. B.J.L. Eggen mijn labskills op peil te brengen. 
Beste Bart, bedankt voor de nuttige adviezen, je redactionele bijdrage, de koffie 
waar je op moest kauwen en bovenal de plezierige tijd die ik bij jou op het lab heb 
mogen doorbrengen. Verder wil ik Loes Drenth-Diephuis bedanken. Beste Loes, 
dank voor je hulp als ik weer eens met mijn twee linkerhanden werd geconfronteerd. 
Ivan Plaza-Menacho, Jan Osinga en Hein Schepers ben ik veel dank verschuldigd 
voor hun hulp en tips. Susanne, Roelien, J oris, Roelof en J ianhua bedankt voor de 
gezelligheid. Ik heb de kliniek bijna niet gemist. 

Een groot deel van dit onderzoek werd uitgevoerd op de afdeling Endocrinologie 
van het Universitair Medisch Centrum Groningen. Ik wil iedereen bedanken voor 
de plezierige tijd en de, soms ongevraagde, feedback die ik kreeg. Beste Joost, Inge 
en Anny, als kamergenoten herinnerden jullie me er af en toe aan dat er meer was 
dan promoveren aileen. Jammer dat de thuistap er nooit is gekomen. 
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Dankwoord 

Mijn collega's in de Isala Klinieken in Zwolle dank ik voor de prettige werksfeer 
en oprechte belangstelling. 

Zonder het unieke MDfPhD-traject van de Junior Scientific Masterclass zou dit 
boekje er nooit zijn geweest. Prof. Dr. T.H. The en zijn opvolger, Prof. Dr. J.C. 
Kluin-Nelemans, wil ik bedanken voor het mogelijk maken van mijn proefschrift. 
Dank voor uw inspanningen om trent dit project. 

Mijn vrienden en familie wil ik bedanken voor de broodnodige afleiding, 
relativering en belangstelling. Promoveren tijdens de co-schappen kan ten koste 
gaan van een sociaal leven. Ik ben blij dat dit, wat mij betreft, tot een minimum is 
beperkt. Vrienden en vriendinnen van de mooiste voetbalclub van Nederland, 
G.S.V.V. The Knickerbockers, bedankt voor de sportieve en bovenal sociale 
hoogtepunten. Ik ben met jullie de wereld rond geweest en zelfs degradatie was 
geen reden om niet even een biertje te doen. 

Het voetbalavontuur heeft een aardig vervolg gekregen bij de vv Helpman. 
Helpemezen, dank voor de afleiding en gezelligheid op de velden. 

De borrels van d'Oude Bocken dien(d)en keer op keer weer voor de gelegenheid 
bij uitstek om oude en nieuwe sterke verhalen op de dissen. Gelukkig kunnen we 
het nog steeds. Erik en Niels, bedankt dat jullie vandaag aan rnijn zijde willen staan. 

Lieve papa en mama, Carolien en Marieke, jullie zijn mijn wortels en een vangnet 
waarop ik steeds kan terugvallen. Thuis in Almere is er altijd een plek waar ik me 
goed en geborgen voel. Dankzij jullie ben ik diegene die ik nu ben. Lieve Michelle, 
telkens realiseer ik me hoe geweldig jij bent en hoe goed we bet samen hebben. Ik 
hou van je! 
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