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Introduction

1. Introduction

Differentiated thyroid carcinoma (DTC) is a fascinating tumor for multiple aspects.
First, from a biological point of view, DTC has many intriguing aspects. Recent
insights into the pathogenesis of DTC have revealed a clear picture of the relation
between genetic alterations and the different subtypes of DTC that all arise from
the thyroid epithelium. These insights not only have added to the understanding of
the pathogenesis of DTC, but have also provided new candidate targets for therapy.
In addition, the pathogenesis of DTC has also revealed important knowledge about
normal thyroid physiology, in particular the pathophysiology of molecules involved
in iodide metabolism, like the sodium iodide symporter (NIS) and thyroid peroxidase
(TPO). The defects in iodide metabolism in DTC that are present in advanced
tumors, offer a model to study the contribution and significance of the components
involved in iodine metabolism and may also offer targets for redifferentiation
approaches. The accomplishments of basic research in these areas may ultimately
provide valuable directions for clinical management of DTC.

Second, from a clinical point of view, DTC is fascinating because the approach to
the patient differs essentially from many non-endocrine tumors. The central role
of therapy with radioactive iodine is unique for DTC. Another special aspect is the
fact that despite the good prognosis, a substantial proportion of patients develop
metastases, that are not life threatening but may impair quality of life considerably, a
situation that is not often encountered in general oncology. The unique features of
DTC ofter opportunities for basic and clinical research and indeed insights from the
pathophysiology of DTC have often lead to a broader understanding of biological

mechanisms involved in cancer.

Despite these fascinating aspects of DTC, the diagnosis and therapy remain a
challenge to the physician. DTC has a low incidence and in general an excellent
prognosis. Therefore, intervention studies are difficult to perform because to
reach relevant endpoints high numbers of patients with long follow-up periods are
required. As a result, most protocols are based on retrospective studies. The low
incidence logically would require centralized treatment and registration of DTC
patients in order to develop optimal follow-up protocols. The problem, however, is
that treatment of DTC is often decentralized, resulting in many different follow-up
protocols. A typical example of the decentralized follow-up is the fact that many
different staging systems have been developed, which complicates the comparison of
treatment results between centers. Fortunately, in recent years, several national and
multinational guidelines have become available (published by the British, American
and European Thyroid Associations)(1;2). Although these guidelines agree in many
aspects, they are still based on moderate evidence levels, leaving many questions to
be answered. Prominent questions are the diagnostic criteria of DTC, the optimal
follow up strategies in DTC patients and strategies to improve radioiodide (Ral)
therapy.

Chapter 1



The present thesis is focused on several clinical questions involved in treatment and
follow-up of patients with DTC. In this chapter a general overview of DTC will be
provided and the questions addressed in this thesis will be introduced.

2. Characterization of thyroid carcinomas

DTC has a low incidence, varying from 2-10/100.000 (3-6) with a female to male
preponderance of 2:1. In general, 80% of newly diagnosed thyroid carcinomas are
differentiated tumors with a median age at diagnosis of 45 to 50 years (7). DTC has
a relatively favourable prognosis with a 10-yr survival of 90-95% (Table 1).

Table 1. Clinico-pathological features of thyroid cancer (adapted from ref.2)

: Sex ratio ' Lymph-node Distant Survival rate
Tumour type Prevalence (female:male) Age (years) metastasis metastasis (5 year)
Papillary thyroid carcinoma 85-90% 2:1-4:1 20-50 <50% 5-7% >90%
Follicular thyroid carcinoma <10% 2:1-3:1 40-60 <5% 20% >90%
Poorly differentiated are7% 041211 50-60  30-80% 30-80% 50%
thyroid carcinoma
Undifferentiated W% 15:1 60-80  40% 20-50% 1-17%
thyroid carcinoma
Medullary thyroid carcinoma 3% 11-1.2:1 30-60 50% 15% 80%

Mixed medullary and

. . rare
follicular-cell carcinoma

This high survival rate is the result of the biological behaviour of most of these
tumors and the efficacy of primary therapy, consisting of surgery and Ral therapy.
However, when distant metastases occur, the prognosis is worse because the results
of Ral therapy, which is virtually the only curative treatment option, are moderate.
Although these metastases are rarely life threatening, they may affect quality of life
for years depending on the localization and size.

The tumor-node-metastases (TNM) classification system is based primarily on
pathologic findings and separates patients into four stages, with progressively poorer
survival with increasing stage (Table 2) (8). Recently, the 6™ edition of the TNM
system has become available (9). The most important difference with he 5% edition is
the fact hat the dimension of T'1 has been extended to 2 cm, which has implications
for the prognosis of DTC (10). Therefore, some experts propagate to continue the
use of the 5" edition. In this thesis the 6™ edition of he TNM staging system is used

(11).
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Table 2. Postoperative TNM stage of Differentiated Thyroid Carcinomas (6th Edition, Ref. 9)

TO No primary tumor

T1 Tumor diameter < 2 cm
T2 Tumor diameter 2- 4 cm
T3 Tumor diameter > 4 cm, limited to the thyroid or with minimal extrathyroid extension

Tumor of any size extending beyond the thyroid capsule to invade subcutancous soft tissues, larynx,

T4a trachea, esophagus or recurrent laryngeal nerve

T4b  Tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels
NO No metastatic nodes

Nla  Metastases to level VI (pretracheal, paratracheal and prelaryngeal lymph nodes)
NIb  Metastases to unilateral, bilateral, contralateral cervical or superior mediastinal nodes

MO No distant metastases

M1 Distant metastases

3. Pathogenesis of DTC
3.1 Molecular Pathogenesis

Human thyroid tumors originate from epithelial follicular cells or from parafollicular
C-cells. Follicular cell-derived tumors represent a wide spectrum of lesions, ranging
from benign adenomas to differentiated (follicular and papillary) and undifferentiated
(anaplastic) carcinomas, thus providing a good model for finding a correlation
between specific genetic lesions and histological phenotype.

Recentdevelopments have provided a detailed map of the role of the genetic alterations
involved in the pathogenesis of thyroid neoplasms and DTC. The dissection of the
genetic alterations has important implications not only for the diagnosis, but also for
the understanding of the molecular (patho)physiology of thyroid disorders (12-14).
Follicular adenomas and carcinomas frequently have mutations in one of the three
RAS genes . Mutations of Gscx protein (GSP) and thyroid-stimulating hormone (TSH)
receptor genes are associated with benign hyperfunctioning thyroid nodules and
adenomas. The understanding of the molecular pathogenesis of papillary carcinoma
(PTC) has improved considerably by the recent identification of mutations in B-RAF,
which are present in 40-60% of the carcinomas. B-RAF is a component of the RET,
RAS, RAF cascade that activate MAP kinase. Indeed, mutations and rearrangements
of B-RAF, RAS, RAF and TRK (neurotrophic tyrosine kinase receptor) account
for almost all cases of PTC. Translocations of RET observed in DTC result in a
chimeric protein consisting of an activated RET tyrosine kinase domain. (13;15-30).
MET (receptor-tyrosine kinase) overexpression in DTC is thought to be regulated
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by transcriptional or post-transcriptional mechanisms as a secondary effect (31).
The situation in follicular thyroid carcinoma (FTC) is less clear (32), but a very
interesting observation has been the presence of a rearrangement of the PAX-8 and
PPARy genes (33), a unique combination of genes that traditionally is associated
with thyroid development (the transcription factor PAX-8) and cell differentiation
and metabolism (PPARy). The chimeric protein acts as a dominant negative
competitor for PPARy. Indeed, in experimental models of DTC, downregulation
of the PPARy signaling route has been observed (34). Anaplastic carcinomas are
frequently associated with mutations in the p53 tumor suppressor gene (35). This is
in contrast with many other tumors in which p-53 mutations play a role eatly in the
process of tumorigenesis.

In the pathogenesis of thyroid carcinoma, it is believed that the genetic alterations
lead to both proliferations via multiple pathways, and the loss of thyroid specific
protein expression. The disappearance of the functional expression of thyroid specific
proteins is a complex chain of events, in which the mechanism is incompletely
understood. From many observations, it is believed that there is a sequential
disappearance of specific proteins. The disappearance of thyroid peroxidase (TPO)
is believed to be an eatly event, followed by NIS. TSH receptor (TSHR) expression
and thyroglobulin (Tg) expression are usually still present in advanced stages
(36;37;37;38). The mechanisms involved in the decreased expression of thyroid
specific proteins may be genetic, involving the absence of thyroid transcription
factors, epigenetic changes (observed for NIS and TSHR), mutations (not frequently
observed) or by post-translational regulation (NIS) (39).

3.2 Sodinm iodide symporter and iodide metabolism

The main treatment option for recurrent or metastatic thyroid carcinoma is therapy
with radioiodide (Ral). The discovery and molecular cloning of the rat and later NIS
have contributed greatly to the understanding of the physiology and pathophysiology
of iodide uptake by the thyroid gland (40;41). NIS resides at the basolateral
membrane of thyroid epithelial cells and is responsible for the uptake of iodide from
capillaries into the thyroid epithelial cell. The relation between decreased Ral uptake
in thyroid carcinoma and decreased NIS activity has been well established. However,
controversy exists on the mechanism. There is evidence that genetic alterations in
DTC lead to decreased NIS mRNA and protein expression (42). Indeed, the causal
chromosomal rearrangements in PTC have been demonstrated to inactivate NIS
expression by decreased expression of the transcription factors TTF-1 and PAX-8
(43). TTF-1 and PAX-8 are involved in the gene expression of important thyroid
proteins, including NIS. In contrast, experimental gene transfer with PAX-8 lead
to re-expression of NIS in a dedifferentiated thyroid cell-line (44;45). In other
studies however, a defect in targeting of NIS to the cell membrane is reported,
which is accompanied by an intra-cytoplasmatic overexpression of NIS in about
80% of thyroid tumors (39). These differences have important consequences for
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interventions aimed at increasing NIS expression.

The ultimate dose of radioactivity in thyroid tumors (expressed in Gray (Gy)) is not
only determined by the amount (activity) of Ral administered to the tumor (specific
activity), the rate of uptake but also by the tumor volume and the effective half life
of Ral, which on its turn is determined by the physical half life and the biological half
life (46). The exact mechanism of iodide efflux remains elusive. Although candidate
molecules for apical iodide efflux (pendrin) (47) have been discovered, their exact
role in apical iodide transport has not been determined yet. The putative apical
iodide symporter (48) has been proven not to transport iodide (49). In addition to
iodide efflux, organification of iodide by TPO together with the three dimensional
architecture of the thyroid is also likely to contribute to the dose of Ral achieved.

4. Initial diagnosis of DTC

Despite the increasing standards of imaging techniques like ultrasound, fine needle
aspiration (FNA) is the procedure of choice in patients presenting with thyroid
enlargement. The sensitivity of FNA for DTCin mostseries is 90-95%. The specificity
of FNA is lower, 60-80% when all patients with a non-benign FNA are referred
for surgery (50). As a consequence, the frequency of FTC in hemi-thyroidectomies
performed after suspicious results from FNA is only 20-30%. The problem is that
the distinction of benign and malignant follicular neoplasms is difficult to make
by FNA, as the crucial criterion for FTC vs. adenoma (FA) is capsular invasion,
which cannot be determined by cytology. In addition, the distinction between FA
and Follicular variant of PTC (FVPTC) is also difficult, because the crucial criterion
here is the aspect of the nuclei. The implication is that 70-80% of the patients with
suspicious results from FNA, who undergo thyroid surgery have a benign tumor
(51). Therefore, approaches to improve the accuracy of FNA are warranted (51).
Candidate molecular markers for diagnosis and prognosis can be distinguished in 3
groups: 1) gene mutation or chromosomal rearrangements; 2) lack of thyroid specific
protein expression and 3) markers associated with malignant transformation:

1) Genomic instability in DTC

As chromosomal alterations have only recently been identified, their place in the
diagnosis of DTC is still limited. B-RAF mutations can be identified in FNA and
would facilitate the diagnosis of PTC, which is however, usually not difficult.
Unfortunately, B-RAF mutations are uncommon in FVPTC (52). The detection of
a PPARy/PAXS rearrangement in 75% of follicular carcinoma’s and not in papillary
carcinoma and follicular adenomas (33), suggested that this rearrangement could be
a used as a diagnostic tool. However, in a recent study (53) the rearrangement was
observed in 13% of follicular adenomas, which weakens the diagnostic value of this
marker.
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2) Thyroid specific proteins that lose expression during thyroid dedifferentiation

Absence of TPO has been reported to be a specific marker both in cytology and
histology of thyroid malignancies. In the process of dedifferentiation, TPO appears
to be the first protein with diminished expression. Clinically, this leads to decreased
organification of iodine, which may have consequences for Ral therapy. In studies
originally initiated by De Micco et al, a cut-off value of 80% of thyroid epithelial
cells staining positive with the anti-TPO antibody MoAb47 has been found to have
superior sensitivity (100%) and specificity (up to 99%) for follicular carcinoma in
surgical specimens (54). Later studies, mostly from the same center, confirmed
the diagnostic value of TPO immunostaining in FNA. In the distinction between
follicular adenoma and carcinoma, sensitivity is reported around 100%, specificity
varying from 61-99% (55;56). However, most of these observations have come from
one group, suggesting that the technique (both antibody and staining procedures)
may be relatively complicated.

3) Markers associated with malignant transformation in general

From the non-thyroid specific markers, galectin-3 has been a promising marker. The
galectins are carbohydrate binding proteins involved in cell adhesion, cell growth and
cell death. Galectin-3 (Gal-3) has been considered a marker with a high diagnostic
potential to identify FTC (55-65), but in recent publications Gal-3 staining was also
reported in benign lesions (66;67). Other immunohistochemical markers that have
been reported of various use are HBME-1 (Hector Battifora mesothelial) (68-72) and
Cytokeratin-19 (73-78). Other molecular markers that have been investigated include
telomerase activity. Telomerase is an enzyme that adds nucleotides to telomeres,
DNA sequences at the ends of chromosomes that enhance chromosomal stability.
Assessment of telomerase in thyroid FNA reveals telomerase in 14-38% of follicular
adenoma and in 75% of follicular carcinoma (79;80), indicating that these assays
alone have insufficient diagnostic properties as compared with TPO and Gal-3.

The introduction of high-throughput techniques in molecular biology has opened
new potential perspectives for the identification of novel diagnostic molecular
markers for thyroid carcinoma (81-85). Recent studies based on cDNA expression
arrays have identified immunohistochemical markers for the differentiation between
thyroid neoplasms. Markers emerging from these studies are Gal-3, Fibronectin-1
(FN-1) and CITED-1 (CBP/p300-Interacting Transactivators with glutamic acid
JE] and aspartic acid /D/-rich C-terminal domain) were found to be overexpressed
in PTC (85). In most of these studies fixed cut-off levels for positive staining are
used and with the exception of Casey et al (75), de Matos et al (76) and Prasad et al
no panels of antibodies are studied.

The introduction of tissue micro-array (TMA) facilitates a comprehensive expression
analysis of thousands of genes at the protein level in a given tissue. Maximal
standardization of the procedure is a major strongpoint of the TMA methods as
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all tissues analyzed are located on one glass section and treated under absolutely
identical conditions. Most TMAs have been used in cancer research to investigate
the prevalence of molecular changes and their associations with tumor progression
and/or prognosis (86;87).

We decided to evaluate the diagnostic value of Gal-3, HBME-1, CK-19, CITED-1,
FN-1,NIS and PPARy ina TMA containing a large panel of thyroid neoplasms, using
receiver operator curve (ROC) analyses to calculate cut-off levels and evaluating the
diagnostic accuracy of panels identified by hierarchical cluster analysis Chapter 2.

5. Initial therapy of DTC

The guidelines for the initial therapy of TC have been extensively reviewed in the
guideline papers mentioned above. In all patients with DTC except unifocal T1 (5%
edition TNM (11)) PTC, initial therapy consists of near-total thyroidectomy followed
by Ral ablative therapy of thyroid remnants. Although there is still some controversy
about the extent of thyroid surgery, there are strong arguments in favor of total or
near-total thyroidectomy (leaving only as limited thyroid tissue as is necessary to
keep vital structures intact) in all patients (88). Total or near-total thyroidectomy
results in a lower recurrence rate than more limited thyroidectomy, because many
papillary carcinomas are multifocal and bilateral. Furthermore, total thyroidectomy
facilitates total ablation with Ral and reveals a higher specificity of Tg as a tumor
marker (89-93).

Although controversy exists about the routine application of Ral ablation of thyroid
remnants, many clinics follow this procedure. Postoperatively Ral therapy is given
for three reasons. First, it destroys any remaining normal thyroid tissue, thereby
increasing the specificity of detectable serum Tg and positive whole-body scintigraphy
as markers for persistent or recurrent tumour (7;89;94). Second, Ral therapy may
destroy occult microscopic carcinomas, thereby decreasing the long-term risk of
recurrent disease (89;95-97). Third, the use of a large amount of Ral for therapy
permits post ablative scanning, a test for detecting persistent carcinoma (98;99).

However, in a recent meta-analysis (100) the beneficial effect of Ral ablation to
prevent recurrence or death was doubtful. A beneficial effect was only shown in
patients with a high risk or irradical surgery (91;95;101;102). In addition, doubts have
arisen about the safety of routine Ral ablation, a recent paper suggesting a relation
between excess non-thyroidal malignancies and Ral (103). This has led to a more
careful positioning of Ral ablation in recent papers (2;104). In conclusion, there
is consensus about the efficacy of Ral ablation therapy in patients with: (i) tumor
stages T2-4; (ii) evidence for remaining thyroid tumor remnants and (iii) metastases
(105;105;100).

The efficacy of Ral therapy depends on the effective radiation dose delivered to
the thyroid remnant or tumor (46). The radiation dose is negatively affected by

Chapter 1



decreased uptake and the shorter effective half-life of Ral in tumor tissue compared
with normal thyroid tissue (37;42;107).

Strategies to increase Ral uptake include the establishment of high TSH levels,
either by thyroid hormone withdrawal or by therapy with recombinant human TSH
(108;109). Another method to increase Ral uptake is to deplete the plasma inorganic
iodine pool before Ral therapy. Low plasma iodine concentrations may increase
the expression of the sodium iodine transporter (hNIS) leading to a higher specific
activity of Ral which can be achieved by limiting iodide intake through a low-iodine
diet (110).

6. Follow-up of patients with DTC

The purpose of follow-up protocols in DTC is to detect and prevent persistent or
recurrent DTC. Recurrences are usually detected during the eatly years of follow-
up but may be detected later, even after more than 15 years after initial treatment.
Most patients during follow up have been cured definitely, and, as a consequence,
have a low pre-test probability for recurrent disease. Therefore, the sensitivity of
the diagnostic test must be adequate to detect the few patients with evident thyroid
carcinoma, whereas specificity must also be high to avoid unnecessary treatments
in patients without recurrent disease. In addition, the burden of diagnostic tests for
the patient should be kept at a minimum. The most important tools in follow up
protocols are serum measurements of Tg, diagnostic whole body Ral scintigraphies
and neck-ultrasound.

Numerous studies have been performed on the diagnostic value of Tg measurements.
The consensus is that the TSH stimulated Tg measurements have superior diagnostic
value in DTC (111). The interpretation of many studies and consequently of the
guidelines on Tg performed so far is difficult because the analytical aspects of Tg
measurements are complicated.

6.1 Thyroglobulin

Tg is a glycoprotein that is produced only by normal or neoplastic thyroid follicular
cells. It should not be detectable in patients, who have undergone total thyroid
ablation. The presence of Tg in such patients reveals the presence of persistent and/
or recurrent disease. The type of analysis (RIA or immunometric assay) affects the
interpretation of serum Tg values (112). Currently, the clinical interpretation of serum
Tg levels is hampered by analytical and statistical problems. Analytical problems are
the lack of universal standardization, leading to significant inter-method variability
(112;113), poor inter-assay precision across the relevant concentrations used for
monitoring patients with DTC (6-12 months), “hook” effects which primarily affect
immunometric assay methods and can lead to inappropriately low- or normal range
Tg values in sera with very high Tg concentrations (113) and Tg auto-antibody
(TgAb) interference, which can lead to under- or overestimation of the serum total
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Tg concentration, regardless of the type of method used (112;114-117). Statistical
problems are the use of fixed Tg cut-off levels without using receiver operator curve
(ROC) analyses. The application of ROC data is essential, as a chosen cut-off level
is a subjective choice based on the balance between desired percentages of missed
recurrences versus unnecessary therapies. Therefore, in a recent European consensus
papet, it was recommended to define institutional Tg cut-off levels (118). In addition
to diagnostic purposes, Tg could also be used as a prognostic factor in DTC. The few
studies that were published on the prognostic significance of Tg measurements used
fixed cut-off levels, contained selected subgroups of patients and included either Tg
measurements at one time point or at undefined time points (119-123).

In Chapter 3, we describe a study on the diagnostic and prognostic value of Tg
in a homogeneous group of DTC patients with respect to initial therapy, using Tg
measurements at 5 defined time-points after diagnosis, in combination with ROC
analyses. In addition, we studied the diagnostic and prognostic value of Tg antibodies
for tumor presence or death. We also looked into the potential diagnostic use of Tg
auto-antibodies.

6.2 New serological markers

Because of the limitations of Tg, novel serological markers have been searched for.
Of interest is the demonstration of Tg mRNA in peripheral blood, which indicates
the presence of circulating Tg producing cells (e.g. thyroid cancer cells). In a number
of studies, Tg mRNA alone did not have sufficient diagnostic power to discriminate
between patients with active tumor and thyroid remnants (124) or thyroid carcinoma
and healthy volunteers (125). However, the combination of Tg and Tg mRNA
allowed the identification of all patients with active disease in another study (34).

Interestingly, RT-PCR can also be applied to detect cells that produce other thyroid
specific proteins. In a study on TPO (126), RT-PCR correlated significantly with
metastatic disease.

6.3 lodine-131 total body scitigraphy

The result of iodine-131 whole body scitigraphy depends on the ability of thyroid-
cancer tissue to accumulate Ral in the presence of high serum TSH concentrations.
The sensitivity of diagnostic Ral scintigraphies is much lower than that of ultrasound
and Tg measurements and consequently, the routine use of Ral scintigraphy in the
diagnostic follow-up of DTC patients is no longer recommended (2;127).

6.4 Ultrasound

In recent publications, ultrasound combined with FNA had the highest sensitivity
(even higher than Tg) for local recurrent DTC and lymphnode metastases (128-130).
This has led to an important place for ultrasound in he follow up of DTC.

11
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6.5 18-F Flunorodeoxcyglucose-positron emission tomography (FDG-PET)

The diagnostic accuracy of FDG-PET in patients suspected of recurrent DTC is
not well defined. Many studies are biased by selection of patients or have other
methodological problems (131). The general idea is hat FDG-PET may be useful in
patients with elevated serum Tg levels in whom no Ral is observed after diagnostic
or post-therapeutic scintigraphy. The sensitivity of FPG-PET is better when serum
Tg levels are higher (132). FDG-PET during TSH stimulation may be more sensitive
than during suppressive therapy (133).

6.6 Somatostatin Receptor Scintigraphy (SRS)

The expression of somatostatin receptors (SSTR3 and SSTR5) by DTC is the basis
for SRS imaging and therapy. Interestingly, in a considerable proportion of DTC,
SRS imaging shows pathological lesions, which has diagnostic and therapeutic
consequences (134;135).

6.7 Thyroxine withdrawal versus recombinant human TSH (rhTSH)

Serum Tg measurements, thyroid ablation, diagnostic scintigraphies with Ral during
follow-up and Ral therapy for recurrent disease are based on the responsiveness of
DTC to TSH (130).

High serum TSH levels can be realized by conventional thyroxin withdrawal or
more recently by recombinant human TSH (thTSH), which has advantages with
respect to quality of life (137). The first indication for thTSH has been diagnostic
Ral scintigraphy and Tg measurements (108;109;128;130;138-143). thTSH has also
been used for Ral therapy in active DTC (144-148). Although these studies suggest
a comparable efficacy with thyroxine withdrawal, no randomized studies have been
performed. A good indication for thTSH for Ral therapy is when contraindications
are present for withdrawal. rthSH has also been registered for the ablation of thyroid
remnants (149-151). Tg measurements during thTSH have comparable accuracy
with thyroxine withdrawal (111;139). Some authors, however, have observed a lower
sensitivity of diagnostic Ral scintigraphies performed after thTSH (152;153). The
efficacy of Ral therapy after thTSH may be comparable with withdrawal, but no
randomized studies have been performed to allow a direct comparison (144;154).
Efficacy of Ral ablation after thTSH was comparable after thyroxin withdrawal
in a recent randomized trial (151), although eatlier studies with lower activities
of Ral showed a lower efficacy (155). One of the possible explanations for the
supposedly decreased Ral uptake during thTSH may be that triiodothyronin (T3)
directly influences iodine uptake in the thyroid. This may be relevant as patients with
rhTSH will continue thyroxine therapy and have consequently higher T3 levels. We
therefore studied the in vitro effects of T3 on iodide uptake in Chapter 4.
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6.8 TSH-suppressive L-thyroxine therapy

Although the rationale for this therapy is evident, it is not clear if all patients benefit
from suppressed TSH levels, to what extent TSH should be expressed and for how
long. In a retrospective study, a lower relapse-free survival was found in patients
with a consistently suppressed TSH than in patients with TSH > 1 mU/L (156).
In a large study with a median follow-up of 5 years, the level of TSH suppression
(undetectable vs. normal) was a significant prognostic factor in high risk papillary
carcinoma only (157). In a meta-analysis the role of TSH suppression in the follow-
up of DTC was also not clear (158). The routine use of TSH suppression is limited
by the supposed disadvantages of TSH suppression, like osteoporosis (159) and
cardiac side effects (160;161).

7. Therapy in metastatic disease

Distant metastases, usually in the lungs and bones, occur in 10 to 15 % of patients
with DTC. Lung metastases are most frequent in young patients with papillary
carcinomas. In general, bone metastases are more common in older patients and in
those with FTC.

In case of residual disease or metastases, surgery can be attempted when the lesion is
accessible. In other cases, Ral therapy will be given to patients with metastases that
accumulate Ral. The remission rate in pulmonary metastases treated with iodine -131
is ~50%, varying from 90% in patients with microscopic metastases to only 10% in
macronodular disease (106;162;163). The remission rates of bone metastases in the
same studies are worse, varying between 7-20 %. A major problem in this category
of patients is the diminished or lost ability of thyroid cancer cells to accumulate
Ral, indicated by negative post-therapeutic whole body scintigraphy. In these cases
the prognosis is poor, as alternative treatment options (external radiotherapy or
chemotherapy) have limited success (164).

Strategies to improve therapeutic options can be distinguished in 1) Therapies
to improve Ral therapy or 2) Identification of new targets for therapeutic
intervention.

7.1 Strategies to improve Radioiodide T'herapy

Approaches to improve Ral therapy are subdivided in 1) Tumors that still accumulate
iodide and 2) Tumors that do not.

7.1.1 Tumors that accumulate iodide

In tumors that still accumulate iodide, improving Ral therapy is essentially aimed
at increasing the dose of Ral, which is determined by the factors mentioned above.
Attempts to improve Ral can be aimed at all these factors. The specific activity of
Ral presented to the tumor can be improved by a low iodide diet (110). The uptake
rate can be influenced by high TSH levels, either by withdrawal of thyroxine or by
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rhTSH. The half-life of Ral in DTC is an important factor. The loss of follicular
architecture, and probably decreased activity of TPO may contribute to a decreased
effective half life and thus by a lower tumor dose (46;165). Several attempts have
been reported to improve half-life. Transfection with TPO did not result in an
increased iodide retention (1606). Another possibility reported in the literature to
increase the effective half-life of Ral in DTC is to use a pharmacological approach
with lithium salts.

7.1.1.1 Lithium

Lithium salts have been associated with an increased trapping of iodide by the thyroid
gland (167;168). This property of lithium led to the assumption that lithium may
enhance the dose of Ral in benign and malignant thyroid disorders. Indeed, lithium
therapy increased Ral retention in Graves hyperthyroidism (169;170), although this
could not be confirmed in other studies (171;172). Reports in DTC have indicated a
positive effect of lithium as well (167;173-176). The design of these studies, however,
does not allow a definite conclusion, as they contain small numbers of patients, vary
in the time course of lithium application and used a sequential design resulting in
higher TSH levels during lithium therapy (171;176) (167;169;173). Although in the
study of Koong et al (170) it was advised to add lithium to Ral therapy in patients
with metastatic DTC, no studies have been published to our knowledge in which
the effects of the addition of lithium to Ral on the clinical course of patients was
investigated. We, therefore, studied the clinical effects of Ral without and with
lithiumcarbonate in 12 patients with proven metastatic DTC in Chapter 5.

In addition, the mechanism of the supposed beneficial effect of lithium salts is
unclear. In the literature, however, variable effects of lithium salts on iodide uptake
in vitro or in animal studies are reported. (177-184,185). We therefore studied the
in vitro effects of lithium salts on iodide metabolism in a background of normal
thyroid physiology, in a non-thyroid background and in the background of thyroid
carcinoma, which is also reported in Chapter 5.

7.1.2 DTC with absent iodide nptake

When iodide uptake is completely lost in DTC, attempts to improve Ral should
be targeted at the re-induction of functional NIS expression. These attempts are
indeed complicated by he current uncertainty about the mechanism of decreased
functional NIS expression in DTC which may involve both genetic defects (42) and
post-translational (trafficking)(39) defects.

Genetic studies to reinduce NIS expression have been reported. NIS gene transfer in
DTC cell lines and animal studies has been proven to restore the susceptibility to Ral
therapy (4;186). Interestingly, gene transfer with PAX-8 also leads to re-expression
of NIS in a dedifferentiated thyroid cell-line (44;45). Although these approaches are
fascinating from a conceptual viewpoint, a potential clinical application appears not
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to be within reach.

Therefore, medical approaches aimed at redifferentiation, or re-induction of thyroid
specific proteins have gained much interest. Compounds that have been reported
to reinduce NIS expression are retinoids, demethylation inducing compounds and
histone-deacetylase inhibitors.

7.1.2.1 Epigenetic therapies

One of the mechanisms by which cells can block the expression of certain genes is
by enzymes that methylate these genes or de-acetylate the histones that envelope a
particular gene. These mechanisms also play a role in the silencing of genes in cancer.
Therefore, compounds that can reverse methylation or inhibit histone deacetylation
may lead to the re-expression of genes that are silenced in cancer.

Demethylation therapy has been proven successful in leukemia. In an in-vitro study
in thyroid carcinoma, the demethylating agent 5-azacytidine led to re-induction of
NIS expression, accompanied by Ral uptake in thyroid cancer cell lines (187). In
parallel, the histone deacetylase inhibitor depsipeptide has been reported to reinduce
NIS mRNA expression and Ral uptake in DTC (188;189), although toxicity may be
a serious problem (190).

7.1.2.2 Retinoids

Retinoids ate derivatives of vitamin A (i.e. retinol). Beneficial effects of retinoids
have been reported in promyelocytic leukaemia and several types of carcinoma (191-
193). In vitro studies have reported that retinoids have beneficial effects in DTC
(194-197) including increased NIS mRNA expression and iodide uptake in some
thyroid cancer cell lines (194). Interestingly, the promoter of the NIS gene has a
retinoic acid response element (198). A limited number of human studies have been
performed on the effects of retinoids on I-131 uptake with mixed results (199-203),
all using the RAR agonist 13-cis retinoic acid. However, recent studies indicated
a differential expression of both RAR and the retinoid receptor RXR in thyroid
carcinoma cell-lines and tissues (204;205), which corresponded to the responsiveness
to ligands for these receptors. The importance of RXR expression with respect to
responsiveness to retinoid treatment was demonstrated in the latter study (205). We,
therefore, decided to perform a prospective controlled clinical trial to investigate
the efficacy of the novel ligand Bexarotene (Targretin, Ligand Pharmaceuticals,
San Diego), in 12 patients with metastases of DTC and decreased or absent 1-131
uptake. Bexarotene is an RXR agonist, which also induces RAR by transcriptional
activation. The antineoplastic potential has been demonstrated in cutaneous T-cell
lymphoma, but also in other malignant tumors (206-208). This study is described in
Chapters 6 and 7.
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7.2 Strategies aimed at non-thyroid specific targets

Over the last decade, exciting developments have taken place in the identification
and molecular dissection of novel pathways involved in cancer. The avalanche of
new approaches has lead to a considerable number of promising compounds. One
of the disadvantages of DTC is that this low prevalent tumor is usually not included
in initial clinical trials with these therapies. However, successtul strategies that have
survived these initial trials may well become available for thyroid carcinoma.

7.2.1 Conventional Chemotherapy

Although differentiated thyroid carcinoma is a low prevalent malignancy, many
chemotherapeutic protocols that have been developed over the last decades for more
common malignancies have been tried in progressive thyroid carcinoma. Overall,
these approaches have been disappointing. Of the classical chemotherapeutic agents,
adriamycin, alone or combined with cisplatin and bleomycin may induce temporary
remissions or stationary disease in about 30-50% of the patients (164;209;20;21).
The same has been reported for paclitaxel (210). Most remissions however, last
only a few months and at the cost of a considerable reduction in quality of life, thus
leading to the recommendation that there is no place in principle for chemotherapy
(2;127).

7.2.2 Neovascularization

Molecular pathways involved in neovascularization have been demonstrated in
DTC (211). The cascade of approaches to target tumor-induced neovascularization
has led to a number of promising compounds that are now being tested in clinical
trials in prevalent tumors. Reports have been published on beneficial effects of anti-
VEGF antibodies in thyroid carcinoma cell-lines (212) and endostatin in animal
experiments (213). A recently published clinical trial, including DTC patients was
also successful (214).

7.2.3 Tyrosine kinase inhibitors

Another intriguing development is the advent of tyrosine kinase inhibitors. The
development of imatinib mesylate (Gleevec) is prototypical for the innovative design
of modern drugs with the molecular pathogenic defect as a starting point. Following
imatinib, other small molecules have been developed, aimed at other tyrosine kinase
activated pathways such as the epithelial growth factor receptor (EGFR) activated
pathway (13;215). Activation of tyrosine kinase pathways is relevant for thyroid
carcinoma. Several studies have been published reporting successful treatment with
the tyrosine kinase inhibitors aimed at RET, VEGF or the EGFR (216-218).

7.2.4 PPAR y agonists

An interesting new class of drugs is agonists of PPARy. These drugs have been
introduced as anti-diabetic agents. Their proposed mechanism is the differentiation
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of pre-adipocytes into adipocytes, thereby increasing the fatty-acid storing capacity
of adipose tissue. The involvement of PPARy in differentiation processes extents
beyond the area of adipose tissue. Indeed, altered expression of PPARy and in
vitro beneficial effects of PPARy agonists have been described in a number of
malignancies. In DTC, these compounds influence differentiation (219) induced
apoptosis in thyroid tumors and prevented their growth in nude mice (220). In a
recently published clinical study, rosiglitazone induced Ral uptake in DTC (219).

7.2.5 Radionnclide therapy

The expression of somatostatin receptors by DTC makes these tumors candidates
for SRS based therapy. Recent studies have reported moderate effects of indium
labeled octreotide (221) and promising effects of lutetium octreotate (222).

8. Scope of the present thesis

In the present thesis, questions regarding the diagnosis, follow-up and therapy of
DTC will be addressed. These questions arise from the imperfections of current
practice in DTC in which the lack of a centralized approach together with the low
incidence and good prognosis have until recently prevented the introduction of
optimalized diagnostic, therapeutic and follow-up protocols.

In Chapter 2 we describe a study aimed at the improvement of the microscopic
distinction between follicular thyroid lesions using antibodies against Galectin-3
(Gal-3), HBME-1, cytokeratin (CK)-19, CITED-1, Fibronectin (FN)-1, PPARy and
cytoplasmic NIS (cNIS). We therefore studied 156 thyroid tissues, using Receiver
Operator Curve (ROC) analysis and the use of hierarchical cluster analysis.

In Chapter 3 we describe an investigation aimed at the optimalization of serum
Tg measurements in the follow up of DTC by defining institutional cut-off levels
in 366 consecutive patients with DTC, who had all been treated according to the
same protocol for initial therapy and follow-up. In addition, the prognostic values
of serum Tg for cure and death, measured at fixed time points after initial therapy
were studied as well.

In Chapter 4 we investigate the effects of triiodothyronin (T3) on iodine uptake
and expression of the sodium iodide symporter (NIS) in the rat thyroid cell line
FRTL-5. This study was conducted, because some reports suggest that Ral uptake
after thTSH is inferior to thyroid hormone withdrawal.

In Chapter 5 we evaluate the additional value of lithium therapy on the clinical
outcome of Ral in 12 patients with insufficient effects of Ral. In addition, we studied
the potential mechanism of he supposed beneficial effect of lithium salts on the
uptake of Ral in the benign rat thyroid cell line FRTL-5, in the polarized non-thyroid
MDCK cell-line stably transfected with hNIS to study lithium in a non-thyroid
background and the human follicular thyroid carcinoma cell line FTC133-hNIS to
study lithium effects in a background of DTC.
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In Chapter 6 we describe the results of an open prospective intervention study
involving 12 patients with metastases of DTC, to evaluate the effects of 6-weeks
treatment with the RXR agonist Bexarotene on the uptake of Ral.

In Chapter 7 we describe the results of subsequent high dose Ral therapy in the
patients in whom the diagnostic study with Bexarotene revealed increased Ral
uptake. Eight patients received 7400 MBq Ral. The results of Ral were evaluated 6
months later, using CT scans and Tg measurements as outcome parameters.

Finally, in Chapter 8 the results of the present thesis are summarized and put into
perspective, which is also translated into Dutch in Chapter 9.
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Abstract

Background: The microscopic distinction between benign and malignant thyroid
lesions is often difficult because in particular follicular lesions share many
histological features.

Aim: This study was performed to evaluate the diagnostic value of Galectin-3
(Gal-3), HBME-1, cytokeratin (CK)-19, CITED-1, Fibronectin (FN)-1, PPAR-
gamma (PPARy) and cytoplasmic NIS (cNIS) staining in a large panel of thyroid
neoplasms. Our study differed from carlier ones with regard to the identification
of optimal semi-quantitative cut-off levels using Receiver Operator Curve (ROC)
analysis and the use of hierarchical cluster analysis.

Methods: We used tissue arrays consisting of normal thyroid tissue (64), Graves
disease (10), multinodular goiter (MNG, 14), follicular adenoma (FA, 12), papillary
thyroid carcinoma (PTC, 53), follicular thyroid carcinoma (FTC, 13) and follicular
variant of PTC (FVPTC, 11). Antibody staining was scored semi-quantitatively
and differential expression was analysed in 2x2 tables and with hierarchical cluster
analysis.

Results: In general, we found overexpression of FN-1, CITED-1, Gal-3, CK-19,
HBME-1 and cNIS in malignant thyroid lesions. Gal-3, FN-land ¢NIS had the
highest accuracy in the differential diagnosis of follicular lesions. A panel of Gal-3,
FN-1 and cNIS, identified by hierarchical cluster analysis had a 98% accuracy to
differentiate between FA and malignant thyroid lesions. HBME-1 was found to be
useful in the differentiation between FA and FVPTC (accuracy 88%).

Conclusion: A combination of antibodies increases the diagnostic value in the
differential diagnosis of thyroid neoplasms. The combination of FN-1, Gal-3
and cNIS had the best accuracy (98%) whereas HBME-1 may be useful in the
differentiation of FVPTC from FA.
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Introduction

Although thyroid nodules are common, few are malignant and require surgical
treatment. In particular, the microscopic distinction between follicular adenoma
(FA), follicular thyroid carcinoma (FTC) and follicular variant papillary thyroid
carcinoma (FVPTQ)) is difficult because these follicular lesions share overlapping
histological features. This is underscored by substantial inter-observer variability in
the pathological and cytological assessment of thyroid nodules (1;2). As a result, up
to 85% of patients with suspicious cytology who subsequently undergo surgery have
benign lesions (3). Therefore, the identification of markers to distinguish benign
from malignant tumours is important to avoid unnecessary surgery. In recent years,
several immunohistochemical markers have been studied to improve the differential
diagnosis of thyroid lesions.

The galectins are carbohydrate binding proteins involved in cell adhesion, cell
growth and cell death. Galectin-3 (Gal-3) has been considered a marker with a high
diagnostic potential to identify FTC (4-8), but in recent publications Gal-3 staining
was also reported in benign lesions (9;10). HBME-1 (Hector Battifora mesothelial),
is a monoclonal antibody developed against an unknown epitope of the microvillous
surface of mesothelial cells and has been reported to be useful in the diagnosis
of malignant thyroid tumours (11-15). Cytokeratins are intermediate filament
proteins that are specific for epithelial cells. CK-19 has been found to be strongly
and diffusely expressed in PTC, whereas it is heterogeneously expressed in FTC
and absent or focally expressed in FA. However, CK-19 expression has also been
reported in normal thyroid epithelium, Hashimoto's thyroiditis, and benign thyroid
tumors (16-21).

RecentstudiesbasedoncDNA expressionarrayshaveidentifiedimmunohistochemical
markers for the differentiation between thyroid neoplasms. One study confirmed
the differential expression of Gal-3 and also identified the extracellular matrix
component Fibronectin-1 (FN-1) as a specific marker for PTC (22). In another
study, Gal-3, FN-1 and the nuclear protein CITED-1 (CBP/p300-Interacting
Transactivators with glutamic acid /E/ and aspartic acid /D/-rich C-terminal domain)
were found to be overexpressed in PTC (23). A combined approach using a panel
of HBME-1, Gal-3 and CK-19 was followed by Casey et al (18), de Matos et al (19)
and Prasad et al (24). In the study of de Matos et al, this combination had limited
value. In contrast, in the study of Prasad et al (24) this panel had a high sensitivity
and specificity for carcinomas.

In most of the before mentioned studies, fixed cut-off levels for positive staining
are used. Therefore, we decided to evaluate the diagnostic value of Gal-3, HBME-
1, CK-19, CITED-1, FN-1, the sodium iodide symporter (NIS) and peroxisome
proliferator activated receptor gamma (PPARy) in a large panel of thyroid
neoplasms. We calculated cut-off levels for positive staining for each antibody using
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receiver operator curve (ROC) analyses. We not only analyzed the diagnostic value
of each individual antibody, but also the diagnostic accuracy of panels identified
by hierarchical cluster analysis. We decided to include NIS and PPARy because
intracellular overexpression of NIS has been reported in a considerable percentage of
malignant thyroid tumors (25). Apart from the pathophysiological implications, this
expression pattern, if confirmed, may be helpful in the distinction between benign
and malignant lesions. In the pathogenesis of thyroid tumors, decreased expression
of PPAR-y has been reported (26-28). Apart from the pathogenetic significance,
PPAR vy may therefore also be used as a diagnostic marker.

Material and methods

Patients

One hundred and seventy seven histological samples from surgically removed
thyroid lesions, representing 7 different histological thyroid disorders and adjacent
normal thyroid tissue were obtained from the pathological archive of the Leiden
University Medical Center, the Netherlands. We selected normal thyroid tissue (64),
Graves disease (10), MNG (14), FA (12), PTC (53), FTC (13, minimally invasive 5)
and FVPTC (11).

Tissue microarrays

Ten percent formalin-fixed, paraffin-embedded blocks routinely prepared from
surgical specimens of thyroid tumours were selected for this study. Representative
areas containing tumor or adjacent normal tissues were identified by a pathologist
(HM). Triplicate tissue cores with a diameter of 0.6 mm were taken from each
specimen (Beecher Instruments, Silver Springs, MD, USA) and arrayed on a recipient
paraffin block, using standard procedures (29).

Tmmmunobistochemistry

Four pm consecutive tissue sections were cut from each arrayed paraffin block
and prepared on pathological slides. The sections were deparaffinised in xylene
followed by 0.3% hydrogen peroxide methanol at room temperature for 20 minutes
for blocking endogenous peroxidase. After rehydration, except for Gal-3, antigen
retrieval treatment was done for CK-19, HBME-1, FN-1, CITED-1, NIS and
PPAR-y immunostaining by microwave treatment in 0.01 M citrate buffer at pH 6.0.
After 2 hours cooling down, endogenous avidin activity blocking was performed for
NIS immunostaining by incubation with egg-white for 5 minutes followed by biotin
for 15 minutes. The sections were incubated with primary antibodies (specified in
Table 1) in PBS with 1% bovine serum albumin overnight at room temperature. The
negative controls were stained with the primary antibody omitted. Next, sections

34



Diagnostic molecules of DTC

Z4o1dvqD

35

srewua( ‘dnnso[o) ‘vonewolfHodr(q 0021 asnojy-nue-qqey (7)
yrewua( ‘dnmsorn) ‘vonewof)oseq 00%'1 Nqqey-Nue-2uImg (1)
SIIPOqNUY AFepuoddg

ON ON 1 [euopA[O yrewua(J ‘dnnso[n) ‘vonewolf)ode(] 0011 613D

ON Sunvay 27EN1)-eN I [euopA[og (960519¥) SN ©5prquir) ‘wWeaqy 001°1 I-AA.LID

ON Suneay 21en1)-eN 1 [euopA[oq (Spzov) yrewua(q ‘dnnsopn) ‘vonewolf)oose(] 00021 UTAVOII,]

ON Suneay 21en1)-eN 7 [eUO[20UOT (G0SeN) yrewua( ‘dnmso[o) vonewolf)odse(] 051 I-INGH

ON ON 7 [EuOPOUORN CTVO-TIN) N O[ISLIOMIN “BHISEIOAON 0021 ¢-UNIALD)

ON Suneay 21e1)-EN 4 [EUOPOUORN (¢L2/-98) VSN ‘“eruogifen) ‘znmriueg 0¢] Agvdd
32019

£11ATI0® UTPIAY  SUNEaY 2LNI)-EN 1 TeuopA[oq VSN AN ‘oasexrer) LoueN 4q pareuo(] 0021 SIN
snousSopur]

a4npaood ea1x3 [esasmay uadnuy  Apoqnuy Arepuodag adAy, JIIMOEJNULIA uonnyIq Apoqnue Arewrrg

sarpoqnuy Jo uopedyadg [ [qe T,



were incubated for 30 minutes with either the biotinylated rabbit-anti-mouse
conjugate (Dako, Glostrup, Denmark, 1:200) or swine-anti-rabbit (1:400), followed
by incubation for 30 minutes with the streptavidin-biotin-peroxidase conjugate
(Dako, Glostrup, Denmark 1:100). This step was by a 10-minute incubation with
3,3’-diaminobenzidinetetrachloride substrate in a buffered 0.05 M Ttis/HCI (pH 7.06)
solution containing 0.002% hydrogen peroxide. The sections were counterstained
with haematoxylin.

Scoring

A semi-quantitative assessment of immunohistochemical scoring was performed
according to both the intensity of staining and the percentage of positive cells.
The criteria are summarized in Table 2. Score results for triplicate samples were
summarized in one total score. The resulting score ranged from 1 — 6.

Table 2. Immunohistochemistry staining score levels according to proportion of positive
cells and staining intensity

Cells with positive staining 0 10 30 50 100
(%)
Intensity Score
Faint 0 1 2 3
Moderate 0 3 5
Intense 0 3 4 5
Statistical analyses

Statistical analyses were performed using SPSS 12.0. Staining scores were summarized
and expressed as median and ranges and proportion of samples with scores above
the cut-off level. Analyses of significant differences in staining scores were analyzed
on a 2x2 base using the Kruskall-Wallis test. Optimal cut-off values for each antibody
were identified using Receiver Operator Curve (ROC) analysis for each individual
marker. Diagnostic validity was expressed using Bayesian statistics as sensitivity,
specificity and accuracy.

In addition to individual protein markers, analysis of the diagnostic accuracy of
panels of antibodies was performed using hierarchal clustering analysis of tissue
microarray data using Cluster and TreeView (Cluster and TreeView 2.11, Eisen Lab,
University of California at Berkely, California). A p value of <0.05 was considered
significant.
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Results

Protein expression in thyroid lesions

Because a distinct intracellular distribution was observed for some antibodies, their
staining scores were categorized according to these patterns: NIS staining was
differentially categorized as membranous (mNIS) or cytoplasmic (cNIS). Accordingly,
FN-1 was also categorized as mFN-1 and ¢cFN-1. Gal-3 was categorized as cGal-3
or nuclear Gal-3 (nGal-3).

The median values, ranges of expression of the proteins and the proportion of
samples with staining scores above the cut-off levels are given in Table 2. Statistically
significant differences in protein expression between all categories of thyroid tissues
were investigated in 2x2 tables, the results of which are given in Table 3. Examples
of staining patterns are given in Figure 1 (see color image at page 150).

In general, malignant tumors showed overexpression of Gal-3 (predominantly PTC),
cFN-1 (all carcinomas), CK-19 (mostly PTC), HBME-1 (mostly PTC and FTC) and
cNIS (mostly PTC and FTC). In contrast, expression of PPAR-y and membranous
NIS (mNIS) were low or absent in thyroid carcinomas.

In Graves disease, expression of mNIS was abundant as expected. PPAR-y was also
higher in adjacent normal tissues and benign thyroid lesions.

In general the most prominent differences were observed in PTC in comparison with
benign lesions and adjacent normal thyroid tissues: PTC showed high expression
levels of ¢cFN-1 (median level 5, 96% of tumors), cGal-3 (median level 5, 92% of
tumors), cNIS (median level 4, 83% of tumors), HBME-1 (median level 3, 74% of
tumors), CITED-1 (median level 5, 98% of tumors) and CK-19 (median level 3,
78% of tumors) and absence of PPARy and mNIS.

CK-19, Gal-3 and HBME-1 were differentially expressed between PTC and FTC.

FN-1, CK-19, Gal-3, HBME-1 and cNIS were differentially expressed between PTC
and FVPTC (Table 4).

FTC had high expression levels of cFN-1 (median level 5, 86% of tumors), CITED-
1 (median level 5, 86% of tumors) and cNIS (median level 4, 67% of tumors). In
the comparison between FT'C and FA, proteins differentially expressed were cFN-1
and cNIS (Table 4). No significant differences were observed in staining patterns
between minimally invasive FTC and widely invasive FTC. In the comparison
between FT'C and FVPTC, the only differentially expressed protein was HBME-1
(Table 4).

FVPTC had a hi