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Abstract
Thyroid cancer is the most common malignancy of the endocrine system. There are several variants,
ranging from well-differentiated cancers, such as papillary carcinomas, to poorly differentiated types,
which carry a worse prognosis. Many patients with well-differentiated thyroid cancers are cured by
surgical intervention alone, while others require adjuvant therapy. For those patients with more
aggressive tumors, such as metastatic and anaplastic thyroid cancers, surgery rarely offers a definitive
cure and alternative treatment methods such as chemotherapy do not improve survival. Due to the
difficulty in treating aggressive thyroid cancers, other novel therapies are needed. In this paper, we
will review current strategies for managing the various types of thyroid carcinomas. We will also
address many of the studied genetic pathways and new therapeutic drug targets for treating individual
thyroid malignancies.

Introduction
Thyroid cancers account for approximately 2% of all new cancer diagnoses (1). The worldwide
incidence of thyroid cancer varies, with estimates of 12 cases per 100,000 in North America
to areas of Europe seeing 5.6 new cases per 100,000 (Fig. 1) (2). The incidence of thyroid
cancer has also doubled over the last 30 years, due to improved imaging modalities (3). The
majority of thyroid cancers are of the well differentiated type. Cancers arising from follicular
epithelial cells include papillary carcinoma, follicular carcinoma, and Hurthle cell carcinoma.
Papillary cancers account for up to 85% of thyroid cancers, follicular carcinomas comprise
another 10%, and Hurthle cell carcinoma up to 3% (4). Medullary thyroid carcinoma arises
from parafollicular c-cells and accounts for another 3–5% of thyroid cancers (5). Anaplastic
thyroid carcinoma, an undifferentiated type of thyroid cancer, only accounts for 1% of all types
of thyroid cancer (6).

The less differentiated cancers tend to be more aggressive and carry a worse prognosis. A study
of nearly 16,000 patients in the United States estimated the survival rates for the various types
of cancer to be 98% for papillary, 92% for follicular, 80% for medullary, and 13% for anaplastic
(7). As with most cancers, tumor size, lymph node involvement and widespread metastases
may indicate a worse prognosis. Increased age at the time of diagnosis is also an important
prognostic indicator in differentiated thyroid cancer (8). Many studies have found that the
prognosis for those with differentiated thyroid cancer is improved for those younger than 40–
45 years of age (8,9). This is widely accepted and age is included in the familiar TNM staging
system for differentiated thyroid cancer (Table 1).

There are several treatment options available for patients with thyroid carcinoma. Surgical
resection, radioactive iodine ablation, and TSH suppression therapy are all well accepted
treatment modalities for differentiated thyroid cancers by the medical community. Yet, in spite
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of the multiple treatments that exist for differentiated thyroid cancer, survival rates have not
improved over the last few decades (6). In contrast, undifferentiated thyroid cancer is much
more aggressive and surgery provides little benefit to these patients. Chemotherapy and
radiation treatment have been utilized to treat anaplastic cancer, but with minimal effectiveness
(11). The need to develop new treatment options for both differentiated and undifferentiated
thyroid carcinoma is of paramount importance.

Current management strategies
Primary surgical management

Differentiated Cancer—The standard of care for the initial treatment of papillary, follicular,
and Hurthle cell carcinomas is thyroidectomy (12). The American Thyroid Association
recently released guidelines for the management of differentiated thyroid cancer, which
includes goals for initial therapy of the disease (Fig. 2).

It is widely accepted that if the primary tumor is greater than 1cm in size, there are nodules
present in the contralateral lobe or the patient has a history of head and neck radiation, a total
thyroidectomy should be performed (14). Increased extent of the initial surgery may increase
survival for both high and low risk patients (14,15,16). Thyroid lobectomy may be adequate
in patients with a papillary carcinoma <1cm in size that is unifocal (13).

In patients with papillary carcinoma anywhere from 20–90% will have regional lymph node
metastases at the time of diagnosis (17,18). In contrast, follicular thyroid cancers rarely present
with lymph node metastases. Sanders and colleagues reviewed survival rates in over 1000
patients with differentiated thyroid cancer and noted no significant difference among survival
in low risk patients with and without nodal metastases (9). While there are studies that confirm
the findings of the Sanders’ study, others have demonstrated an increased risk of local tumor
recurrence when positive lymph nodes were noted on initial presentation (6,19). More recently,
a study of the Surveillance, Epidemiology, and End Results (SEER) database found that lymph
node metastases was a significant predictor of a poor outcome in patients with papillary thyroid
cancer (20). Given these findings, many centers now perform ipsilateral modified radical neck
dissections and central neck dissections for clinically evident lymph node metastases.

Medullary Thyroid Cancer—A total thyroidectomy with bilateral central neck dissection
is the recommended initial treatment for clinically evident medullary thyroid carcinoma. It has
been demonstrated that addition of bilateral central neck dissection at the initial surgery can
increase the cure rate for these patients (21). Some surgeons advocate the removal of all four
parathyroid glands during the central neck dissection to insure that all disease has been
eliminated (22). The parathyroid tissue can then be reimplanted in the sternocleidomastoid if
the patients have sporadic or familial medullary thyroid carcinoma or MEN-2B. If the patients
have been diagnosed with MEN-2A, then the parathyroid needs to be reimplanted in the
forearm due to the risk of subsequent hyperparathyroidism. However, some surgeons advocate
a more conservative approach for the parathyroid glands, leaving them in-situ.

Anywhere from 14–80% of patients diagnosed with medullary thyroid cancer will have
ipsilateral lateral lymph node metastases at presentation (23,24). Due to the high incidence of
lymph node disease, some surgeons advocate performing a bilateral neck dissection at the time
of thyroidectomy regardless of tumor size, while others prefer a more conservative approach
(23). Many surgeons will agree that if physical exam or pre-operative imaging (ultrasound or
CT) suggest the presence of lateral lymph node metastases, an ipsilateral lateral
lymphadenectomy can be performed (22).
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Prophylactic surgery is recommended for family members carrying a RET mutation (25). The
age at which to perform prophylactic surgery for patients with hereditary medullary thyroid
cancer is based on the type of RET mutation that is present (Table 2).

For those diagnosed with MEN-2A, thyroidectomy is advocated prior to age 6 (26). Although
everyone agrees that all patients should prophylactically undergo a total thyroidectomy,
controversy exists whether a central neck dissection should also be performed. Proponents of
prophylactic central neck dissection state that the incidence of occult lymph node disease is
too high not to perform lymphadenectomy, but opponents argue that the incidence of occult
disease in children under the age of 10 is rare and therefore does not warrant central neck
dissection (22).

Anaplastic Thyroid Carcinoma—Patients with anaplastic thyroid carcinoma usually
present with local invasion or distant metastases, making surgical resection with a chance for
cure highly unlikely (27). When surgical resection is possible, studies have shown that adjuvant
radiotherapy and chemotherapy improves survival (28). Unfortunately, for most patients their
disease is beyond the extent of resection at presentation and median survival ranges from 3 to
7 months (27). In many patients death occurs due to upper airway obstruction and surgery can
be performed for palliative purposes. Thus, most patients with anaplastic thyroid cancer are
treated with radiation and/or chemotherapy.

131 I adjuvant therapy
There are three reasons for using adjuvant radioiodine ablation therapy after thyroidectomy
for papillary and follicular carcinomas. The first is to destroy any residual cancer, the second
is to eliminate uptake of 131 I by normal tissue, therefore making detection of recurrent disease
easier, and finally to allow for measurement of serum thyroglobulin as a serum marker. Multiple
studies have demonstrated that radioiodine ablation reduces disease specific mortality in
patients whose tumors are greater than 1 cm, have capsular or soft tissue invasion, or are
multicentric (6,29). Others have shown no benefit of radioiodine ablation in preventing
recurrence in patients with microscopic papillary carcinoma (30,31). Radioiodine ablation has
also been shown to have minimal effectiveness for patients with hurthle cell carcinoma (32).
It is also of no benefit to patients with medullary thyroid cancer since C cells do not take up
iodine.

Thyroid-stimulating hormone suppression therapy
Thyroid-stimulating hormone (TSH) suppression therapy is used as an adjuvant treatment for
differentiated thyroid carcinomas. The rationale for its use stems from studies that have
demonstrated that thyroid cell growth is dependent on TSH (33). Investigators have also shown
that by suppressing TSH with LT4 in high-risk thyroid patients, disease progression and
recurrence rates are decreased (34). The level of TSH suppression required to achieve a benefit
remains controversial. In order to suppress TSH, patients develop a subclinical thyrotoxicosis
that can lead to bone and cardiac disease (35). A study evaluating patients undergoing TSH
suppression found that those patients with a greater degree of suppression (TSH ≤0.05mU/L)
had a longer relapse free survival (36). Yet another study done by Cooper and colleagues
demonstrated that greater degrees of suppression did not improve outcomes for low risk
patients and demonstrated questionable benefit for high risk patients (37). After taking these
various studies into consideration, the American Thyroid Association in their 2009 guidelines
on the management of thyroid cancer recommended initial TSH suppression to below 0.1mU/
L in high and intermediate risk patients and maintenance of TSH at below the lower limit of
normal (0.1–0.5mU/L) in low risk patients (13).
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Novel molecular therapeutic strategies
According to the National Cancer Institute’s SEER database over the last decade there has been
a 6.2% increase in the incidence of thyroid cancer in the United States (38). It is in this same
time period that survival rates have remained unchanged. In order to improve upon the
treatments available for patients with thyroid cancer researchers have been working to uncover
the molecular pathways that lead to the development of well differentiated, medullary, and
anaplastic thyroid cancers. One of the most promising pathways involves the RET receptor
tyrosine kinase (RTK). Multiple researchers have demonstrated its importance in the
development of both papillary and medullary thyroid cancer (39). Another important area of
study involves the B-type Raf kinase (BRAF) gene and its role in papillary thyroid cancer
(40). Cell cycle progression of differentiated thyroid cancers is thought to be regulated in part
by epidermal growth factor receptor (EGFR) activation (41). Other pathways involved include
activation of glycogen synthase kinase 3-β, overexpression of the Notch 1 intracellular domain,
and mutations of genes such as PPARy (42,43,44). Research into these various pathways has
lead to the initiation of multiple clinical trials testing the efficacy and safety of numerous drugs
in the treatment of thyroid cancer.

RET receptor tyrosine kinase (RTK)
The RET gene codes for a cell membrane receptor kinase. In medullary thyroid cancer it is
activated by a point mutation, which can be found in nearly all patients with familial forms of
the disease. In MEN 2A and familial medullary thyroid cancer, mutations are found the
cysteine-rich extracellular domain (45). In MEN 2A 90% of the mutations affect codon 634,
while in familial medullary thyroid cancer the mutations are evenly distributed (46). These
mutations have been shown to lead to unpairing of the cysteine residues, which then leads to
activation of RET kinase (47). In MEN 2B, most of the mutations occur in codon 918 in the
intracellular domain of RET leading to phosphorylation and subsequent activation of
intracellular proteins (47). RET somatic mutations have also been found in sporadic medullary
thyroid cancers.

In papillary thyroid carcinoma RET is activated by a chromosomal rearrangement known as
RET/PTC. The most common rearrangements that have been discovered have been named
RET/PTC1 and RET/PTC3. Each is formed by fusion with another gene leaving the tyrosine
kinase domain of the RET receptor intact and activating the RAS-RAF-MAPK cascade
downstream (48). Several studies have demonstrated that RET/PTC requires the presence of
a functional BRAF kinase in order to be oncogenic (49,50). In general RET/PTC rearrangement
is found in patients presenting at a younger age and having a higher rate of lymph node
metastases (51).

Many tyrosine kinase inhibitors directed specifically at RET kinase have been tested as
treatments for thyroid cancer. ZD6474 (Vandetanib) is a tyrosine kinase inhibitor that also
inhibits vascular endothelial growth factor receptor 2 (VEGFR-2) (52). ZD6474 has been
shown to block phosphorylation in the most common MEN2A and MEN2B mutations in vitro
and to inhibit growth in papillary cancer cell lines with the RET/PTC1 mutation (53,54). A
phase II clinical trials of patients with metastatic familial medullary thyroid carcinoma
demonstrated confirmed partial response in 17% of patients and stable disease in another 33%
at 24 weeks (55). Multiple phase II clinical trials testing the efficacy of ZD6474 in patients
with metastatic medullary thyroid cancer, as well as metastatic papillary and follicular cancer
are currently underway (55).

AMG 706 (Motesanib) is another tyrosine kinase inhibitor that targets VEGF receptors and
has been shown to decrease autophosphorylation of RET in vitro (56). A phase I study
confirmed that of 6 patients enrolled who had thyroid cancer, 3 experienced at least a 30%
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reduction in tumor size (57). Based on those findings a phase II trial was initiated for patients
with advanced differentiated thyroid cancers and medullary thyroid cancer (58). Of the patients
with differentiated thyroid carcinoma, 14% were considered partial responders and another
35% had stable disease after 24 weeks on motesanib. Only 2% of patients with medullary
thyroid cancer partially responded, but 47% experienced stable disease at 24 weeks.

BRAF mutations
BRAF is a serine/threonine kinase belonging to the family of RAF proteins, that when activated
turn on MEK, ERK, and the MAPK cascade (39). Mutations of this gene are most commonly
found in papillary thyroid carcinoma (59). The mutations involve a valine-to-glutamine
substitution at residue 600 (V600E) that leads to activation of the BRAF kinase (60).
Importantly, many studies have demonstrated that BRAF mutations correlate with aggressive
tumor characteristics such as lymph node and distant metastases (61,62). The BRAF V600E
has also been found to be a predictor of tumor recurrence, possibly due to the decreased ability
of the tumors to trap radioiodine (63,64). BAY 43-9006 (Sorafenib) is a multikinase inhibitor
of RTK and VEGFR, also shown to inhibit BRAF signaling and reduce growth of all thyroid
cell lines carrying the BRAF mutation (65). This drug has been shown to have a partial response
in some patients with progressive papillary carcinoma (66,67). Currently, phase II clinical trials
are underway using BAY 43-9006 in the treatment of anaplastic and metastatic medullary
thyroid cancer (39).

Targeting over-expression of EGFR
The epidermal growth factor receptor (EGFR) family consists of four structurally similar
receptors. Her2/neu, one of the better known receptors, and EGFR or Her 1, are most often
found in thyroid cancers (68). The over-expression of EGFR correlates with a worse prognosis
in differentiated thyroid cancers and Her2/neu has been associated with a poor prognosis in
solid tumors (69). Specifically, the EGFR pathway, once activated, leads to cell cycle
progression, but when blocked cells are arrested and undergo apoptosis, resulting in decreased
metastases (68).

Antibodies have been developed against both EGFR and Her2/neu. Anti-EGFR antibodies bind
to the extracellular domain, decreasing the number of available receptors for activation. Two
studies have examined the use of anti-EGFR antibodies in thyroid cancer cell lines and both
showed a reduction in growth (70,71). Herceptin is an anti-Her2/neu antibody that has been
shown to decrease the growth of cancer cells, but no trials testing it on thyroid cancer have
been performed (72).

Notch 1 signaling pathway
Notch 1 is a membrane receptor involved in cell differentiation, proliferation, and survival
(73). Notch 1 plays both the role of an oncogene and tumor suppressor, depending on tumor
type. In pancreatic, colon, and non-small cell lung cancers it is upregulated, but in
neuroendocrine tumors such as carcinoids and medullary thyroid carcinomas it has been shown
to be downregulated or absent (43).

Notch is cleaved into its active Notch intracellular domain (NICD) after binding with one of
its ligands. NICD then translocates to the nucleus, resulting in activation of target genes. In a
study done by Kunnimalaiyaan, et al, they created a doxycycline-inducible NICD in a
medullary thyroid cancer cell line (74). When these cells were treated with doxycycline, Notch
1 protein levels increased and tumor markers were reduced in a dose dependent fashion. In this
study, medullary thyroid cancer cell growth was also markedly inhibited. From this work, other
Notch 1 activators, such as valproic acid (VPA) and suberoyl bis-hyrdroxamine acid (SBHA)
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have been studied and found to inhibit growth and decrease the expression of neuroendocrine
markers (75,76).

The role of the Notch 1 activation has also been studied in papillary and follicular cancers.
Xiao and colleagues demonstrated that although there was minimal Notch 1 expression in the
papillary and follicular cancer cell lines they studied, but transfection with a Notch 1 plasmid
led to growth inhibition (77). When the cells were treated with either VPA or SBHA, cell
growth was inhibited in a dose dependent manner and Notch 1 protein expression was induced.

Inactivation of glycogen synthase kinase-3β (GSK-3β)
Glycogen synthase kinase-3β (GSK-3β) is a serine/threonine protein kinase that has previously
been shown to regulate cellular metabolism, cell fate determination, proliferation, and survival
(78). Inhibition of GSK-3β has been shown to decrease tumor growth in several cancers,
including pancreas, colorectal, and prostate adenocarcinomas. Studies have demonstrated that
unlike most kinases, GSK-3β is active in the non-phosphorylated state and becomes inhibited
when phosphorylation occurs at a single serine residue (Ser9) (79). Kunnimalaiyaan and
colleagues demonstrated that in medullary thyroid cancer cells (TT cells) activation of the raf-1
signaling pathway resulted in phosphorylation of GSK-3β (42). They found that by treating
TT cells with lithium chloride (LiCl) and SB216763, both well known inhibitors of GSK-3β,
suppressed growth both in vitro and in vivo. Both drugs also caused a reduction in
neuroendocrine tumor markers, human-achaete-scute complex-like 1 (ASCL 1) and
chromogranin A (CgA). They were also able to demonstrate that growth inhibition occurred
due to cell cycle arrest in the medullary thyroid cancer cells. Due to these findings phase II
clinical trials with lithium chloride for medullary thyroid cancer are now ongoing.

More recently, researchers at utilized the antifungal antibiotics, tautomycetin and tautomycin
to suppress growth of medullary thyroid cancer cells via inhibition of GSK-3β (80). They found
that these drugs decreased hormonal secretion, reduced neuroendocrine markers, and inhibited
growth via apoptosis. Given the findings of inhibition by both cell cycle arrest and apoptosis
it appears that GSK-3β regulates growth of medullary thyroid cancer via multiple mechanisms.

Mutations of RAS
The RAS genes encode for G-proteins located on the cell membrane that play a crucial role in
the transduction of signals from both tyrosine kinases and G-protein coupled receptors. When
inactivated RAS is bound to guanosine diphosphate (GDP), but when activated it binds
guanosine triphosphate (GTP) and activates downstream signaling pathways. RAS-GTP
quickly becomes inactivated due to an intrinsic GTPase that converts GTP back to GDP. When
point mutations of the RAS gene occur, it remains in the active, RAS-GTP, position, and
consequently, the downstream signaling pathway is permanently switched on.

One are of research directed at inhibiting the RAS pathway revolves around antisense
compounds. These compounds are engineered DNA sequences that are complementary to a
target mRNA sequence and can block gene expression, ribosomal assembly, and protein
synthesis (68). Two of these drugs, ISIS 2503 and ISIS 5132, showed promise in being able
to interfere with the RAS pathway. One trial, found decreased RAS mRNA levels in patients
treated with ISIS 2503 who had advanced solid tumors, but no patient demonstrated a partial
or complete response to treatment (81).

Mutations of PAX8-PPARγ
The PAX8- PPARγ mutation occurs due to a translocation that results in fusion of the PAX8
gene to the peroxisome poliferator-activated receptor (PPARγ) (82). PAX8-PPARγ has been
shown to occur in approximately 35% of follicular carcinomas and in Hurthle cell cancers as
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well (44,83,84). The downstream effects of this mutation are not yet fully understood, but
research has shown that there is excess PPARγ protein present (82). Some researchers have
demonstrated that this translocation results in inhibition of normal PPARγ function (82,85),
while others have shown increased activation of known PPAR targets (86). One area of study
that appears to be consistent is the rare development of both RAS and PAX8-PPARγ mutations
in the same follicular carcinoma, signifying that these cancers develop through at least two
different molecular pathways (44).

A study was undertaken to evaluate the role of PPARγ agonists in patients with metastatic
disease (87). Rosiglitazone, a known PPARγ agonist, was administered to 10 patients in the
hopes that it would re-establish radioiodine uptake. Of the 10 patients, 4 had an increase in
uptake, but with a limited clinical response.

Conclusion
Although many thyroid cancers, such as papillary and follicular types, have good prognoses,
survival rates for the various subtypes have not improved over the last two decades. Surgery
and radioactive iodine ablation have been the mainstays of treatment, with radiation therapy
being used as an adjunct for unresectable disease. Chemotherapy has played a minor role in
the palliative treatment of patients with undifferentiated or anaplastic carcinomas. Thus, novel
therapeutic strategies addressing the various molecular pathways by which these cancers
develop are a necessity.
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Figure 1.
Age-standardized incidence rates of thyroid cancer, 2002 estimates (2). (adapted from
www.cancerresearchuk.org)
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Fig. 2.
ATA goals of initial therapy for differentiated thyroid cancer (13)

Zarebczan and Chen Page 13

Minerva Chir. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zarebczan and Chen Page 14

Table 1
Staging of Differentiated Thyroid Carcinoma (10)

STAGING: TUMOR, NODE, METASTASIS STAGING SYSTEM FOR DIFFERENTIATED THYROID
CARCINOMA (PAPILLARY AND FOLLICULAR TYPES)

Stage Age < 45 years Age > 45 years

I Tany Nany M0 T1 N0 M0

II
Tany Nany M1 T2 N0 M0

T3 N0 M0

III
T4 N0 M0
Tany N1 M0

IV Tany Nany M1

T1, ±1 cm; T2,>1 cm,±4 cm; T3, >4 cm; T4, extrathyroidal extension; N0, no nodal involvement; N1, regional nodal metastases; M0, no distant
metastases; M1, distant metastases.
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Table 2

Recommendations for Prophylactic Surgery in Hereditary MTC

Risk level for
MTC

Codon
mutation

Age of
prophylactic
surgery

Level 3
(highest)

883
918
922

Within the first
6 months of life
(preferably in
the first month)

Level 2
(higher)

611
618
620
634

By age 5

Level 1 (high) 609
630
768
790
791
804
891

By age 5–10

Adapted from Brandi ML, et al: Guidelines for Diagnosis and Therapy of MEN type 1 and type 2. J Clin Endocrinol Metab 86:5658–5671, 2001.
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