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Thyroid Cancer: 
Environment, Genes and 

Targeted Therapies 
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Learning Objectives 

1) To be aware of the current limitations in treatment options for advanced 
thyroid cancer 

2) Understand the molecular mechanisms that lead to formation of thyroid 
cancer 

3) Be able to relate how the discovery of molecular mechanisms has 
resulted in the development of novel targeted therapies 

4) To be aware of the limited use of 1-131 in low risk thyroid cancer 
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1: Introduction 

The incidence of thyroid cancer has been increasing. The Surveillance 
Epidemiology and End Results is a cancer registry through the National 
Cancer Institute. Between 1999 - 2008, thyroid cancer demonstrated a 
6.2% increase in incidence, the most of any cancer 
(http://seer.cancer.gov/). 

Reasons for this trend include increase use of imaging such as ultrasound 
and early detection. The American Cancer Association estimates 48,020 
new cases of thyroid cancer and approximately 17 40 deaths in 2011 
( www. cancer. org/CancerThyroidCancer/DetailedGuide/). 

II: Three main types of thyroid cancer 

Papillary thyroid cancer comprises 80% of well-differentiated thyroid 
cancers and tends to metastasize through the lymphatic system. 
Psammoma bodies, papillary structures, crowding and groundglass 
appearance of the nuclei with prominent nucleoli leading to Orphan Annie 
appearance are pathognomonic. Positive staining for thyroid transcription 
factor-1 and thyroglobulin noted. 

Follicular thyroid cancer accounts for 10% of well-differentiated thyroid 
cancer. Diagnosis requires capsular invasion or lymphovascular invasion 
making it difficult to differentiate between follicular adenoma versus 
follicular carcinoma on cytology from fine needle aspirate. Hematogenous 
spread is more likely with metastasis to bone or lungs. 

Anaplastic thyroid cancer is poorly differentiated and makes up - 2% of 
cancer affecting the thyroid. The cells are often unable to concentrate 
iodine making it resistant to radioactive iodine (RAI). Anaplastic cancer is 
aggressive and has variable response to conventional therapies. 
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Ill: Current management strategy for thyroid cancer 

Conventional therapies for thyroid cancer include total thyroidectomy with 
central and/or lateral neck dissection as indicated. Postoperatively, 
patients receive thyroid remnant ablation with 1-131 and undergo TSH 
suppression with levothyroxine .. Surveillance includes serial thyroglobulin 
measurements and imaging (neck ultrasounds, diagnostic whole body 
scans, PET scan). Predictors for poorer outcomes include age >45 years 
old, lymph node metastasis and distant metastasis.2 Overall, the 5-year 
survival for well-differentiated thyroid cancer is excellent for stage 1-2 
disease but tends to be worse in stage 3-4. Anaplastic thyroid cancer is 
usually considered stage 4 and has a medial survival of 8 months. (see 
table 1 ). 

Papillary Near1oo% Near1oo% 

Follicular Near1oo% Near1oo% so% 

Anaplastic 

Table 1: 5-year survival based on cancer type and staging adapted from 
http://www.cancer.org!Cancer/ThvroidCancer/Detai!edGuidel 

Modalities used to treat recurrence include the following: repeat surgical 
resection/debulking, radioactive iodine, and if recurs despite these 
interventions--then chemotherapy and external beam radiation are 
considerations.3 Chemotherapy options are limited. Doxorubicin is the only 
FDA approved agent with only 1 0-27% response rates, but with significant 
potential cardiac toxicity.4

· 
5 Paclitaxel is also being investigated for an FDA 

indication for treatment in anaplastic thyroid cancer.6 Given the limited 
options for more aggressive and radioactive iodine resistant tumors, the 
elucidation of molecular mechanisms involved in the pathogenesis of 
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thyroid cancer offers a glimpse at potential targeted therapies for this 
patient population . 

IV: Molecular mechanisms involved in thyroid cancer 

Thyroid cancer, as seen in other cancers, develops as a result of 
unregulated growth, altered apoptosis and angiogenesis. Growth factors 
activate the tyrosine kinase receptor activating downstream signaling 
pathways that are important in the regulation of cell growth, survival, and 
apoptosis. Mutations leading to thyroid cancer have been identified 
involving the tyrosine receptor, RAS, BRAF, PI3K, and PTEN (see figure 
1 ). Epigenetics research is adding further understanding into how genes 
are selectively transcribed. A closer look into each of these will be 
described in the proceeding sections. 

MAPK 
pathway 

P13K- AKT 
pathway 

Figure 1: Main signaling pathways involved in development of thyroid cancer1 

Tyrosine kinase receptor: 

Tyrosine kinase receptors include the RET (rearranged during transfection) 
and VEGF (vascular endothelial growth factor) family of receptors. The 
RET family of receptors are involved in signaling key to cellular growth, 
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differentiation and survival while the VEGF family of receptors are involved 
with angiogenesis. 

RET proto-oncogene encodes for a tyrosine kinase receptor and typically 
not expressed in follicular cells. Translocation rearrangements lead to the 
RET gene being place downstream of a housekeeping gene promoter that 
is ubiquitously expressed leading to RET expression, activation of 
downstream signaling through the MAPK pathway and development of 
papillay thyroid cancer. (see figure 2) There have been over 10 gene 
rearrangements identified. RET/PTC rearrangements have been seen in 
about 15-20% of papillary thyroid cancer.7 RET/PTC1 and RET/PTC3 have 
been described post Chernobyl. RET/PTC3 gene arrangements are 
associated with development of a solid variant papillary thyroid cancer with 
a more aggressive phenotype and tend to occur at younger ages 
compared to RET/PTC1 that follow a more typical course occurring in 
adults. 

~ rn * 
Ra~c,lr~------=~=o~--------~r--====-~j 

RFO. T'K2· 

Figure 2: PET/PTC1 and RET/PTC3 are the common rearrangements noted.8 

All tumors eventually outgrow their blood supply and in order to survive, 
produce angiogenic growth factor to promote blood vessel formation. 
VEGF pathway remains an important pathway in angiogenesis and seen 
as a therapeutic target in multiple cancers.9 

MAPK and PI3K pathways: 

The MAPK (mitogen activated protein kinase) and PI3K 
(phosphatidylinositol-3 kinase) are both important signaling pathways 
involved in regulation of growth, differentiation and survival. Mutations 
within the MAPK pathway lead to development of papillary thyroid cancer 
whereas mutations involving PI3K tend to lead to development of follicular 
or anaplastic thyroid cancer. 
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RAS mutations: 
RAS (Rat sarcoma) is a downstream signaling protein that has GTPase 
function in its active conformation with the ability to activate both MAPK 
and PI3K pathways. Point mutations leading to constitutive activity of 
RAS have been described with most common as follows: N-Ras mutation 
involving codon 61 of GTPase domains and H-and K-Ras involving 
codons 12 or 13 of GTP-binding domain.7 Mutations have found in benign 
follicular adenoma up to 26%. 10 Mutations are also common in follicular 
thyroid cancer, follicular variant and poorly differentiated papillary thyroid 
cancer. 7 Given that there is a spectrum of disease, it is unclear if this is an 
early or intermediate hit in tumorigenesis. 

BRAF mutation: 
B-Raf is a kinase downstream of RAS that potently activates the MAPK 
pathway. Though about 40 mutations have been described, the most 
common is the V600E mutation and referred to as BRAF mutation 11

: a 
thymine is substituted at the 1799 position for adenine and leads to 
replacement of a glutamine for valine at residue 600. This mutation leads 
to constitutive activation of BRAF and downstream signaling down the 
MAPK pathway leading to formation of papillary thyroid cancer and 
anaplastic thyroid cancer arising from papillary thyroid cancer.3 BRAF 
mutation has been noted to be independent clinical feature of poorer 
clinical outcomes with odds ratio of 14.63 (1.28-167.29 95% confidence 
interva1).12 Harboring these mutations portends a poorer prognosis and 
more aggressive clinical course. BRAF mutations have been associated 
with absence of tumor capsule, metastasis, and recurrence. 13 The loss of 
iodine avidity is related to decrease expression of NIS (sodium-iodine 
symporter) and thyroglobulin. Radiation can induce the formation of 
AKAP9-BRAF oncogene also leads constitutive activity of BRAF through 
loss of autoinhibitory domains.13 

P/3K mutations: 
PI3K acts through activation of Akt and downstream signaling that inhibits 
apoptosis and leads to cell proliferation. PI3K is made of heterodimers of 
the p85, a regulatory subunit, and p11 0, a catalytic subunit (the alpha-type 
is known as PIK3CA). Genetic alterations within this pathway can lead to 
thyroid cancer.7 Up to 23% of anaplastic thyroid cancers contained 
PIK3CA mutations involving exons 9 and 20. 14 Genetic copy gain has 
been shown in 24% of follicular thyroid cancer and 42% of anaplastic 
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thyroid cancer. 15
•
16 This results in PIK3CA protein overexpression with 

subsequent activation of Akt. 15 Accumulation of the PIK3CA amplifications 
leads to progression from benign thyroid adenoma to follicular thyroid 
cancer and eventual anaplastic transformation. 17 

Tumor suppressor function impairment: 

PTEN: 
PTEN is an inhibitor of the PI3K pathway and acts as a tumor suppressor. 
Somatic mutations have been shown to lead to follicular and anaplastic 
thyroid cancer. 7 PAX8 is a gene that codes for a transcription factor 
specific for the differentiation of follicular cells and gene expression 
specific to the thyroid. PPAR-y is a nuclear hormone receptor. The 
PAX8/PPAR-y chromosomal rearrangement leads to inactivation of tumor 
suppressor function of wild-type PPAR-y that in turn causes suppression of 
PTEN expression. These rearrangements are shown in follicular adenoma 
along with follicular thyroid cancer or follicular variant of papillary thyroid 
cancer. 18 

PAX8 PPAR-(1 
CExon 7> ACC TAC CCC GTG GTG GCA GAA- ATG ACC ATG GTT GAC ACA <Exon 1) 

CEllon > GGC CAG GCC CTC CTC TCA GAA- ATG ACC ATG GTT GAC AC.A (Exon 1) 
on G> ATC GCA GGC ATG GTG GCA GAA- ATG ACC ATG GTT GAC ACA CExon 1) 

y 

Figure 3: PAX8-PPAR y rearrangements 19 

p53: 
The function of p53 is to promote DNA repair by causing a transient arrest 
in cell cycle and if extensive damage, then it initiates apoptosis. Mutations 
in p53 (for example, point mutations and deletions) leading to loss of 
function have been thought to be a late hit in tumorigenesis and often seen 
in poorly differentiated papillary and anaplastic thyroid cancers. 11 
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Figure 4: Though each pathway is considered separately here, there is a lot of crosstalk 
between them as shown above.20 

Epigenetics: 

Modifications to chromatin are being investigated with an eye on cancer 
development. Epigenetic gene regulation is done by three main 
mechanisms: 1) DNA methylation, 2) chromatin remodeling, and 3) post
translational modifications of histone N-terminal21

. DNA methylation 
occurs in CpG islands. Increased methylation of these islands in 
promoters of tumor suppressor genes can lead to cancer.22 Chromatin 
remodeling requires ATP to reconfigure nucleosomes which can lead to 
changes in transcription factor expression affecting cellular differentiation 
and potential tumor development. Post-translational modifications to the 
histone N-terminus include: acetylation, methylation, phosphorylation, 
ubiquitination, SUMOylation and ADP ribosylation. 21 

Hypermethylation of the promoter of the PTEN region resulting in silencing 
of expression was seen in 47.7% of papillary thyroid cancer, 85.6% of 
follicular thyroid cancer and 83.3% of follicular adenoma.23 
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Familial thyroid cancer syndromes: 

There are familial syndromes that also provide insights into the 
pathogenesis of thyroid cancer and can be classified into two groups. 

The first group is composed of familial syndromes in which papillay thyroid 
cancer is the main feature. At least 3 first-degree relatives need to have 
the diagnosis of papillary thyroid cancer to be classified into this group of 
syndrome. Though the chromosomal loci have been elucidated, the 
candidate genes involved are still unknown and further shed light into the 
pathogenesis of thyroid cancer.24 (see table 2) 

Syndrome Inheritance Gene mutation Location Incidence of 7}'pe of thyroid cancer 
thyroid cancer 

Familial adenomatous Autosomal APCtumor Sq21 2- 12% PTC cribriform- morular variant 
polyposis dominant suppressor gone cr classical variant 
Cowden's syndrome Autosomal PTEN-tumor 10q23.2 > 10% Follicular and occasional PTC 

dominant suppressor gene 
Carney's complex Autosomal PRI<AR1 -x 2p16 4 and 60% Follicular and PTC 

dominant 17q22- 24 
Werner's syndrome Autosomal WRN gene 8pll- p12 18% Follicular anaplastic PTC 

recessive 

Abbrovialions: PRKAR1 ·x, protein klnao~o A regulatory subunit type 1-a; APC. adenomalnus polyposis coli; PTC, papillary thyroid cardooma: 
PTEN. phosphaso and tonsln; WRN. Werner. 

Table 2: Fami lial syndrome with higher incidence of thyroid cancer 

The second group of familial syndromes are characterized by other tumors 
but have an increased incidence of thyroid disorders including benign 
nodules and development of thyroid cancer. 24 (see table 3) 

Thmortype 1)rpe of study Inheritance Chromosomal Candidates 
loci genes 

PTC associated with PRN Kindreds with PTC Unknown 1q21 Unknown 
and PRN 

Familial MNG with PTC Kindreds with PTC Autosomal dominant 14q Unknown 
and MNG 

FPTC Kindmds with PTC Unknown 2q21 Unknown 

Familial TOO and without oxyphilia Kindreds with TCO Autosomal dominant 19p13.2 Unknown/ 
TOOITIMM44 

Abbrovlations: PTC, papillary thyroid cancer: PRN, Papillary ronal coli noopla ia; MNC, multinodular goiter: FPTC. familial papillary thyroid 
cancer; TCO. thyroid carcinoma with oxyphilia. 

Table 3: Familial syndromes with papillary thyroid cancer the most prominent feature 
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V: Radiation exposure 

Radiation has been associated with long-term sequela including thyroid 
cancer. In atomic bomb survivors, the incidence peaked 25 years after the 
bombings. RET/PTC mutations were associated with younger age at the 
time of the bombing (median age of 13 years), a shorter latency, and 
higher dose of radiation exposure.25 The atomic bomb was a spike of 
radiation exposure to a given population, but the risks of continued internal 
radiation was unknown until the Chernobyl incident. 

On April 26, 1986, the nuclear power reactor #4 at Chernobyl exploded. 
Annual background radiation is about 2.4 mSv, but evacuees from around 
the plant and surrounding areas were exposed to 30 mSv. Higher doses 
have been reported in liquidators (120 mSv from 1986-1990) and exposure 
to 1 minute near the nuclear reactor core (up to 5000 mSv).26 Higher total 
dose of radiation was seen in those affected by Chernobyl versus the 
atomic bombing mainly thought to be continued exposure through eating 
contaminated foods. Again, a linear response was noted between 1-131 
and thyroid cancer in childhood exposures. Iodine deficient state at the 
time of radiation exposure was associated with a two fold higher excess 
relative risk.27 Clean up of the Chernobyl nuclear power plant is only 
expected to wrap up in 2065. 

The Fukushima nuclear power plant explosions related to the tsunami in 
Japan back in March 2011 was associated with prompt evacuations and 
prophylactic potassium iodine administration. Time will tell the long-term 
effects of this nuclear incident and will be yet another distinct population to 
study, as Japan is not iodine deficient and measures were taken early to 
minimize radiation exposure. 26 

VI: Targeted therapies 

The molecular mechanisms involved in thyroid cancer development have 
led to the development of targeted therapies that are being investigated: 

Sorafenib 

Sorafenib is a mutikinase inhibitor targeting VEGFR-1 and VEGFR-2, 
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BRAF, RET, and c-Kit.28 It has been used off label for treatment of thyroid 
cancer but now undergoing formal clinical trials for FDA approval for this 
indication. At this time, two Phase II clinical trials have shown some 
promising results. 

Kloos et al evaluated 41 chemotherapy and radiation therapy na·ive 
subjects who were administered sorafenib 400mg p.o BID. Partial 
response was seen in 15% and 56% had disease stabilization. BRAF 
mutation was detected in 77% of the 22 surgical pathology specimens 
evaluated. Thyroglobulin level decreased by;::: 25%.29 

Gupta-Abramson et al recruited 30 subjects with metastatic differentiated 
thyroid cancer that has not responded to radioactive iodine .. There was a 
partial response rate of 23% and 53% had disease stablilization. Of those 
that had serial thyroglobulin level measured, 95% had a decrease in 
thyroglobulin of 70%. The medial progression free survival was 79 
weeks.30 

Side effects include the following: Gl side effects (nausea/vomiting, 
diarrhea, dyspepsia), mucositis, hand-foot skin reaction, musculoskeletal 
pain, fatigue and hypertension.29

· 
30 One subject died of liver toxicity 

despite drug withdrawal.30 

Sunitinib 

Sunitinib is another multikinase inhibitor that includes VEGFR-2 and RET. 
In preclinical studies, sunitinib has also been shown to inhibit the RET/PTC 
kinase.28 Carr et al performed a Phase 2 study of sunitinib in PET positive, 
radioactive iodine resistant differentiated thyroid cancer (28 subjects), but 
also included metastatic medullary thyroid cancer (7 subjects). Complete 
response was seen in 3% with a partial response noted in 10%. When the 
disease control was separated by histology, 78% of well-differentiated 
thyroid cancer subjects had a response to treatment. Side effects include 
the following: gastrointestinal symptoms, neutropenia, leucopenia, 
diarrhea, fatigue, and hand-foot syndrome.31 

BRAF V600E inhibitors 

BRAF inhibitors are now being evaluated. The first in this class described 
be Tsai et al is PLX4720, a derivative of 7-azaindole. It selectively inhibits 
mutant BRAF at an IC50 of 13nM inducing cell cycle arrest and apoptosis in 

12 



melanoma cell lines.32 Another pre-clinical study showed that PLX4720 
inhibits migration and invastion of BRAFv6ooE cells. PLX4720 is now being 
investigated for treatment in thyroid cancer. Nucera et al looked at human 
anaplastic thyroid cancel cell line containing BRAFv6ooE and orthotopic 
tumor transplantation into a mouse. Treatment with PLX4720 showed a 
statistically significant decrease in tumor size. An antiproliferation and 
antimigration effects of PLX4720 were also significant.33 Another BRAF 
inhibitor being investigated is PLX4032 for thyroid cancer.3 PLX4032, now 
known as vemurafenib, is now the first to be FDA approved agent in its 
class for treatment of melanoma (www.zelboraf.com). 

Motesanib 

Motesanib is another multikinase inhibitor with potent VEGFR (-1, -2, and -
3) inhibition.28 Sherman et al published results of a Phase 2 trial which 
evaluated motesanib 125mg p.o daily. Of the 93 subjects recruited for the 
study, there was a partial response in 14% with disease stabilization noted 
in 67% with 35% having stabilization for ~24 weeks. Estimated 
progression free survival was 40 weeks. Thyroglobulin level decreased in 
81% of subjects, of which 45% had a decrease of ~50%. Estimate overall 
survival at 1 year was 73%. Common side effects include the following: 
hypertension, fatigue, diarrhea, and weight loss.9 

Pazopanib 

Pazopanib is a multikinase inhibitor with action on VEGFR (-1, -2, and -3), 
PDGFR and c-Kit.28 A Phase 2 trial assessed 37 patients with metastatic, 
rapidly progressive and iodine resistant differentiated thyroid cancers with 
Pazopanib 800mg p.o daily for 4-week cycles. A response rate of 49% 
was noted. Progression free survival and overall survival at 1 year was 
47% and 81% respectively. Tumor size decreased in all histologic types 
though a there were a couple with follicular thyroid cancer that showed an 
increase. Thyroglobulin level decreased by at least 30% in 88% of the 
study participants.34 
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IMATIIUB 

Tm~acriptlon Cell 
Cyde ProoreuiOn 

Prollte111tion ............ 
Figure 5: The molecular targets of drugs that are being investigated for the use in 

refractory thyroid cancer. 35 

Fosbretabulin 

Combretastatin A4 phosphate a microtubule depolymerizing agent, 
disrupts established tumor blood supply causing necrosis.28

• 
36 Originially, 

active compound isolated from the bark of Combretum caffrum. The 
prodrug Fosbretabulin is during being studied for use in anaplastic cancer. 
Mechanism of action is not fully known but aside from microtubule 
disruption, it is also thought to interfere with endothelial and cadherin cell
cell adhesions. Phase 2 trial recruited 26 subjects with advanced or 
metastatic anaplastic cancer and fosbretabulin 45mg/m2 was given as a 
weekly infusion for 3 weeks with 1 week off. Given the aggressive nature 
of the cancer, 23 of the 26 patients were deceased by the end of the study. 
Disease stabilization occurred in 27%. Overall survival at 1 year was 23%. 
Medial survival was 4.7 months. Three patients had excellent responses 
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Agent 

and alive at 12.1+, 24.4+, and 37.9+ months. QTc prolongation has been 
reported in 15% of subjects. Most common side effects include nausea, 
vomiting, headache, and pain in tumor sites.36 

Histone deacetylase inhibitors and demethylating agents: 

Belinostat Vorlnostat Panoblnostat 
Vorinosta t (SAHA) Romidepsin" (PXOIOI) (SAHA) Romldepsln" (LBH589J Val prole acid Decltablne 

Mechanism of action Hi Slone deacetyfase Hstone HiSione Histone Histone Histone Histone Demethyta tio n 
inhibition de acetylase deacetylase de acetylase de acetylase deacetylase deacetylase 

lnhlbnion inhibition inhibition inhibition inhibition inhibition 
Testing phase Phase I Pllase I Phase I Phase II Phase II Phase II Phase II Phase II 

Recrultlngb Status Completed Completed Racru~ing Comple ted Completed Recrutlng Recruiting 
Enrolled pat ients, n 6 9 NA 16 20 NA NA NA 
Best response, 11 (%)' NA NA NA NA 
Complete response 0 0 0 0 
Partial response 1 (20) 0 0 0 
Stable disease 4 (80) 6 (80) 9(56) 10 (50) 
Progressive disease 0 0 6(38) 4 (20) 
lndeterminated 0 3 1 (6) 6 (30) 

References Keny et BJ. (2005) P1ekarz e1 a/. IWIIV.dinical- Woyach eta/. Sherman el Bl. WIWI.dtnical· IWIW .clin ica I· WIIW. dlnlcaltrials .gov 
(2008) trials.gov (2000) (2009) trials .gov trials.gov 

NA, nee available. 
' Also knov.n as depsipoptldo or FK228 or FR90122B. 
"Two phase U lrtals 
' Evaluated according to rosponse O\-a lJatJon cniOrla in solid lumors (AECIST). 

atients who did not 111001 any response cnterla. 

Table 4: Clinical trials involving agents modifying epigenetics are underway 

VII: Use of Radioactive iodine 

Follicular cells of the thyroid concentrate iodine. As a result, radioactive 
iodine (RAI) ablation with 1-131 has remained a mainstay in the treatment 
for well-differentiated thyroid cancer. Side effects of radioactive iodine can 
include transient myelosuppression, altered taste, and sialadenitis. There 
is an increased risk of secondary malignancies including leukemia. The 
risk benefit ratio may be acceptable in stage 3 and 4 cancer but is being 
reconsidered in T1 NO thyroid cancers that are at low risk for recurrence. A 
recent study showed that there was a standard incidence ratio of 1.21 for 
secondary primary malignancy. There was an increased risk of salivary 
gland, hematologic and renal malignancies. In this study, there was also a 
report of melanoma37

. This further supports the revised American Thyroid 
Association guidelines released in 2009 that does not recommend RAI 
ablation in T1 a thyroid cancers and selective use for high-risk histology in 
T1 b cancers2 (see table 5). 
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. MAJOR FAcroRS IMrACTINC DEciSION MAKING IN RADIOIODINE REMNANT ABLATION 

Expt'ctai wuefit 

DeCit'tlSI'd Decrm d May focr/ita/1' RAI ab/alimt /rt'IIJIIIr 
risk tf rrsk of iuitial sta.~ m.~ ttsually 

ror:£rJCt' factors Descriplio11 dt>at/r ftciiiTt'IICt' arrd follow-up rtcommeuded 

T1 1 an or less, intrathyroidal or No No IS No E 
microscopic multifocal 

1-2an, inlrathyroidal No Conflicting data~ Yes Selective usc~ I 
2 >2 em, intrathyroidal No Conflicting data~ Yes lective usc• c 

T3 >4cm 
<45 )'!<Irs old . No Conflicting data• Yes Yes B 
~45 'Car; old Yes Yes Yes Yes B 
Any izc, nny age, minimal No Inadequate data4 Yes lective lL'iC~ 
extr.l thyroidal extension 

T4 Any ize with gr Yes Yes Yc; Yes B 
extro thyroidal cxteru ion 

N ,NO No metastatic nod documented No No Yes No I 
Nl <45 years old No Conflicting data• (S Selective usc• c 

>45 years old Conflicting data Conflicting data• Yes Selective usc~ c 
Ml Distant meta! ~a~ · present Yes Yes Yes Yes A 

•13ecau,., of e ither canllicting or inadequate data, we cannot remmmend either mr or again<;! RAI ablation fnr thl entire subgroup. 
llowe\'el', selected patient• within this ubgrwp with higher risk features may benefit from RAJ ablation (see modifying fuctors in the text). 

Table 5: Revised American Thyroid Association Guidelines 

VIII: Conclusions 

Thyroid cancer is increasing in incidence. While well-differentiated stage 1 
and 2 thyroid cancer tends to have an excellent 5-year survival. However, 
stage 3 and 4 or tumors that have lost iodine-avidity do not respond well to 
conventional therapies. Multiple pathways including the MAPK and PI3K 
signaling cascade play a role in pathogenesis of thyroid cancer. These 
insights have led to the development of targeted therapies to treat the 
specific aberrations that cause malignant transformation. Many new drugs 
are now under investigation and can hopefully provide much needed 
treatment options for advanced, metastatic thyroid cancer. 

16 



References 

1. Nikiforov YE, Nikiforova MN. Molecular genetics and diagnosis of thyroid 
cancer. Nat Rev Endocrinol. Aug 30. 

2. Cooper DS, Doherty GM, Haugen BR, et al. Revised American Thyroid 
Association management guidelines for patients with thyroid nodules and 
differentiated thyroid cancer. Thyroid. Nov 2009;19(11):1167-1214. 

3. Nucera C, Goldfarb M, Hodin R, Parangi S. Role ofB-Raf(V600E) in 
differentiated thyroid cancer and preclinical validation of compounds against 
B-Raf(V600E). Biochim Biophys Acta. Apr 2009;1795(2):152-161. 

4. Gutterman JU, Mavligit G, Gottlieb JA, et al. Chemoimmunotherapy of 
disseminated malignant melanoma with dimethyl triazeno imidazole 
carboxamide and bacillus calmette--guerin. N Eng/] Med. Sep 19 
1974;291(12):592-597. 

5. Shimaoka K, Schoenfeld DA, DeWys WD, Creech RH, DeConti R. A randomized 
trial of doxorubicin versus doxorubicin plus cisplatin in patients with 
advanced thyroid carcinoma. Cancer. Nov 11985;56(9):2155-2160. 

6 . Ain KB, Egorin MJ, DeSimone P A. Treatment of anaplastic thyroid carcinoma 
with paclitaxel: phase 2 trial using ninety-six-hour infusion. Collaborative 
Anaplastic Thyroid Cancer Health Intervention Trials (CATCHIT) Group. 
Thyroid. Jul2000;10(7):587-594. 

7. Xing M. Genetic alterations in the phosphatidylinositol-3 kinase/ Akt pathway 
in thyroid cancer. Thyroid. Jul;20(7):697-706. 

8. Unger K, Zitzelsberger H, Salvatore G, et al. Heterogeneity in the distribution 
of RET /PTC rearrangements within individual post-Chernobyl papillary 
thyroid carcinomas.] Clin Endocrinol Metab. Sep 2004;89(9):4272-4279. 

9. Sherman SI, Wirth LJ, Droz JP, et al. Motesanib diphosphate in progressive 
differentiated thyroid cancer. N Eng/] Med. Jul3 2008;359(1):31-42. 

10. Cantara S, Capezzone M, Marchisotta S, et al. Impact of proto-oncogene 
mutation detection in cytological specimens from thyroid nodules improves 
the diagnostic accuracy of cytology.] Clin Endocrinol Metab. Mar;95(3):1365-
1369. 

11. Legakis I, Syrigos K. Recent advances in molecular diagnosis of thyroid 
cancer.] Thyroid Res.2011:384213. 

12. Elisei R, Ugolini C, Viola D, et al. BRAF(V600E) mutation and outcome of 
patients with papillary thyroid carcinoma: a 15-year median follow-up study. 
] Clin Endocrinol Metab. Oct 2008;93(10):3943-3949. 

13. Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer. Jun 
2005; 12(2):245-262. 

14. Garcia-Rostan G, Costa AM, Pereira-Castro I, et al. Mutation of the PIK3CA 
gene in anaplastic thyroid cancer. Cancer Res. Nov 15 2005;65(22):10199-
10207. 

17 



15. Wu G, Mambo E, Guo Z, et al. Uncommon mutation, but common 
amplifications, of the PIK3CA gene in thyroid tumors.] Clin Endocrinol Metab. 
Aug 2005;90(8):4688-4693. 

16. Liu D, Mambo E, Ladenson PW, Xing M. Letter re: uncommon mutation but 
common amplifications ofthe PIK3CA gene in thyroid tumors.] Clin 
Endocrinol Metab. Sep 2005;90(9):5509. 

17. Hou P, Liu D, Shan Y, et al. Genetic alterations and their relationship in the 
phosphatidylinositol 3-kinase/ Akt pathway in thyroid cancer. Clin Cancer 
Res. Feb 15 2007;13(4):1161-1170. 

18. Baylin SB, Herman JG. DNA hypermethylation in tumorigenesis: epigenetics 
joins genetics. Trends Genet. Apr 2000;16(4):168-174. 

19. Kroll TG, Sarraf P, Pecciarini L, et al. PAX8-PPARy1 fusion oncogene in human 
thyroid carcinoma [corrected]. Science. Aug 25 2000;289(5483):1357-1360. 

20. Cully M, You H, Levine AJ, Mak TW. Beyond PTEN mutations: the PI3K 
pathway as an integrator of multiple inputs during tumorigenesis. Nat Rev 
Cancer. Mar 2006;6(3):184-192. 

21. Russo D, Damante G, Puxeddu E, Durante C, Filetti S. Epigenetics of thyroid 
cancer and novel therapeutic targets.] Mol Endocrino/.46(3):R73-81. 

22. Kass SU, Pruss D, Wolffe AP. How does DNA methylation repress 
transcription? Trends Genet. Nov 1997;13(11):444-449. 

23. Alvarez-Nunez F, Bussaglia E, Mauricio D, et al. PTEN promoter methylation 
in sporadic thyroid carcinomas. Thyroid. Jan 2006;16(1):17-23. 

24. Nose V. Familial thyroid cancer: a review. Mod Pathol. Apr;24 Suppl2:S19-33. 
25. Hamatani K, Eguchi H, Ito R, et al. RET /PTC rearrangements preferentially 

occurred in papillary thyroid cancer among atomic bomb survivors exposed 
to high radiation dose. Cancer Res. Sep 1 2008;68(17):7176-7182. 

26. Peplow M. Chernobyl's legacy. Nature. Mar 31;471(7340):562-565. 
27. Cardis E, Hatch M. The Chernobyl accident--an epidemiological perspective. 

Clin Oneal (R Col/ Radio/). May;23(4):251-260. 
28. Perez CA, Santos ES, Arango BA, Raez LE, Cohen EE. Novel molecular targeted 

therapies for refractory thyroid cancer. Head Neck. May 4. · 
29. Kloos RT, Ringel MD, Knopp MV, et al. Phase II trial of sorafenib in metastatic 

thyroid cancer.] Clin Oneal. Apr 1 2009;27(10):1675-1684. 
30. Gupta-Abramson V, Troxel AB, Nellore A, et al. Phase II trial of sorafenib in 

advanced thyroid cancer.] Clin Oneal. Oct 10 2008;26(29):4714-4719. 
31. Carr LL, Mankoff DA, Goulart BH, et al. Phase II study of daily sunitinib in 

FDG-PET -positive, iodine-refractory differentiated thyroid cancer and 
metastatic medullary carcinoma of the thyroid with functional imaging 
correlation. Clin Cancer Res. Nov 1;16(21):5260-5268. 

32. Tsai J, Lee JT, Wang W, et al. Discovery of a selective inhibitor of oncogenic B
Raf kinase with potent antimelanoma activity. Proc Nat/ Acad Sci US A. Feb 
26 2008;105(8):3041-3046. 

33. Nucera C, Nehs MA, Nagarkatti SS, et al. Targeting BRAFV600E with PLX4720 
displays potent antimigratory and anti-invasive activity in preclinical models 
ofhuman thyroid cancer. Onco/ogist.16(3):296-309. 

18 



34. Bible KC, Suman VJ, Molina JR, et al. Efficacy of pazopanib in progressive, 
radioiodine-refractory, metastatic differentiated thyroid cancers: results of a 
phase 2 consortium study. Lancet Oneal. Oct;11(10):962-972. 

35. Capdevila J, Argiles G, Rodriguez-Frexinos V, Nunez I, Tabernero J. New 
approaches in the management of radioiodine-refractory thyroid cancer: the 
molecular targeted therapy era. Discov Med. Feb;9( 45):153-162. 

36. Mooney CJ, Nagaiah G, Fu P, et al. A phase II trial of fosbretabulin in advanced 
anaplastic thyroid carcinoma and correlation of baseline serum-soluble 
intracellular adhesion molecule-1 with outcome. Thyroid. Mar 
2009;19(3):233-240. 

37. Iyer NG, Morris LG, Tuttle RM, Shaha AR, Ganly I. Rising incidence of second 
cancers in patients with low-risk (T1NO) thyroid cancer who receive 
radioactive iodine therapy. Cancer. Mar 22. 

19 


