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Abstract: Despite the development of novel diagnostic, surgical, and chemotherapeutic approaches to
differentiated thyroid cancers (DT Cs), the diagnosis and management of these tumors remains controversial.
The most recent American Thyroid Association (ATA) guidelines, released in 2015, reflect a recent shift
towards less aggressive management for patients with DTCs. However, many clinicians have expressed
concern that more conservative management will put patients at risk for disease recurrence and metastasis.
In particular, the management of indeterminate nodules on fine needle aspiration (with special attention
to genetic and epigenetic markers of malignancy), the extent of surgery for known differentiated cancers,
the role of adjuvant radioactive iodine (RAI) therapy, and novel targeted treatments with tyrosine kinase
inhibitors (TKIs) represent current areas of uncertainty and opportunities for future research. In this review,

we examine the current state of the art in these areas, and address some of the questions that remain.
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Introduction

Thyroid cancer is the most common endocrine gland
malignancy worldwide and has increased in incidence over
the past few decades (1,2). In fact, thyroid cancer is now
the fifth most common cancer diagnosis in women; it is
expected to become the second most common malignancy
in women and ninth most common in men by the year
2030 (2). Despite the marked increase in incidence,
especially of early/smaller lesions, there has been no change
in thyroid cancer mortality (1,2). This suggests that we may
be over-diagnosing and over-treating thyroid tumors that
may never lead to symptoms or death (2). As a result, the
latest guidelines for the diagnosis and treatment of thyroid
cancers from many international societies have shifted to

focus on limiting unnecessary screening and treatment
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(2-5). The most recent American Thyroid Association
(ATA) Management Guidelines for Adult Patients with
Thyroid Nodules and Differentiated Cancer—considered
the standard for the diagnosis and management of thyroid
cancer in the US—were released in 2015 (4). Approximately
70% of these guidelines remain unchanged from the prior
version released in 2009; however, there were key changes
that were intended to directly alter clinical practice.
These changes have resulted in controversy and represent
opportunities for future research (2).

It has long been known that differentiated thyroid
cancers (DTCs), especially papillary thyroid cancers (PTCs),
typically follow a more slow-growing and indolent course
than many other malignancies, and historically a large
number of these tumors were only diagnosed on autopsy
following death by other causes (2,6). Taken together,
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the increasing incidence of thyroid cancer, especially of
smaller tumors, and unchanged mortality have triggered a
re-evaluation of the treatment for DTC. Accordingly, for
those patients requiring surgical intervention, the extent
of surgical resection and whether any adjuvant therapy is
necessary remains controversial.

Currently, much of the research on DTC has focused on
several key areas where the optimal algorithm for diagnosis
and treatment remains unclear: the management of patients
with indeterminate cytopathology on fine needle aspirate
(FNA); the extent of surgical resection required for those
with differentiated cancer; the role of adjuvant radioactive
iodine (RAI) therapy; and novel adjuvant therapies for
locally advanced or metastatic disease.

Management of indeterminate nodules on FNA
cytopathology: role of molecular testing

The Bethesda grading system for thyroid nodule FNAs,
introduced in 2007, standardized the reporting of
cytopathology results, and successfully and reliably stratifies
thyroid nodules based on their risk of malignancy (7,8).
Bethesda V lesions carry a 60-75% risk of malignancy,
and there is largely a consensus recommendation for
surgery for these patients (4,8). However, anywhere from
15-40% of FNA samples are scored either as Bethesda
III or IV indeterminate lesions (9). These lesions carry a
15-30% risk of malignancy (8). Originally, repeat biopsy
was recommended for Bethesda III lesions and diagnostic
hemithyroidectomy was recommended for Bethesda IV
lesions (10). However, the majority (70-85%) of surgical
specimens from patients who undergo hemithyroidectomy
for Bethesda III and IV lesions are ultimately benign,
therefore resulting in seemingly non-therapeutic
surgeries (11). Furthermore, hemithyroidectomy is not
without consequences as up to 43% of patients will develop
hypothyroidism requiring lifelong thyroid hormone
supplementation (12).

Consequently, much research has been focused
on further characterizing these Bethesda III and IV
indeterminate lesions to better identify patients at risk for
underlying malignancy and to avoid unnecessary surgery
in those with benign nodules. Although there is evidence
that specific cytopathologic features of these lesions that
may indicate a higher risk of malignancy (13), the 2015
ATA guidelines focus on molecular testing as a novel
supplemental diagnostic tool (4). This is in large part
due to recent data that demonstrates that certain genetic
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alterations, such as BRAF""" and RAS mutations, and
rearranged during transfection (RET)/PTC and PAXS/
peroxisome proliferator-activated receptor gamma-1
(PPARYy) translocations, have been shown to be predictive
of malignancy (14-25). Additional progress has been made
using gene expression of mRINA and microRNA to predict
malignancy, and these assays have also been shown to
improve our ability to distinguish malignant and benign
lesions using FNA.

Genetic alterations: BRAF ", RAS, RET/PTC, and
PAXE8/PPARy

B-type RAF kinase is a serine-threonine kinase involved
in the RAS-MAPK cell signaling cascade that is activated
by phosphorylation of Thr598 and Ser601 (19,20,25).
In approximately 40% of PTCs, a mutant form of the
protein with glutamine substituted for valine at residue
600 (BRAF"") mimics the activated wild-type protein
and triggers constitutive phosphorylation of ERK1/2
and alteration of associated transcription factors leading
to malignancy (20). Multiple studies have demonstrated

V600OE .
F mutation and a more

association between BRA
aggressive phenotype; a recent meta-analysis demonstrated
that the mutation was associated with an increased rate
of lymph node metastasis, extrathyroidal extension,
resistance to RAI therapy, and even decreased overall
survival (26). Other studies have shown a decreased disease-
free survival (27). However, it remains to be seen whether
preoperative knowledge of BRAF mutation status will affect
operative planning and decision making (28). Regardless,
the mutation is diagnostic of PTC, and can be used as
an adjunct test in otherwise indeterminate thyroid FNA
samples (19,20). BRAF"™" testing is presently included in
many commercially available gene-based tools for diagnosis
of thyroid cancer.

The second most common group of genetic mutations
in DTCs involve the RAS family of proteins, specifically
KRAS, NRAS, or HRAS (22). Mutations in the RAS genes
are found in less than 5% of all thyroid nodules (29), but
are detectable in FNA specimens (23), and when present
are nearly always associated with a follicular cytologic
pattern (30) (see Tuble 1). RAS mutations are found in
benign follicular neoplasms, and tumors with isolated
RAS mutations are usually associated with less aggressive
features and a more indolent course (23). However, despite
their occurrence in benign lesions, a recent meta-analysis
demonstrated that RAS mutations have a 93% specificity for
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Table 1 Common genetic alterations in differentiated thyroid cancers and their associated characteristics
Al imate risk of
Gene(s) Type Frequency pproxma ensko Associated features References
malignancy
BRAFY®™® Point mutation 40-45% of PTCs; 100% Classical variant PTC, (19,20,25-27)
60-70% of cPTCs aggressive features
RAS Varied mutations <5% of all thyroid 82% Follicular neoplasms, possibly  (18,22,23,29,30)
nodules less aggressive features
RET/PTC Translocation 5-40% of PTCs 87% Classical and solid variant PTC, (27,31-41)
radiation exposure
PAX8/PPARy Translocation 30-35% of FTCs 71-100% Follicular neoplasms (14-17,21,42-44)

Approximate risk of malignancy based on positive predictive values (PPV) reported either in a recent meta-analysis (RAS and RET/PTC) (34),
or in individual studies (BRAF"*** and PAX8/PPARy) (14,15,19,20,27). PTCs, papillary thyroid cancers; cPTCs, classical variant PTCs.

malignancy (22). This has not translated to a reliable single-
gene marker for malignancy, as the positive and negative
predictive values (PPV and NPV) in the same analysis were
only 78% and 64%, respectively (22). Still, when combined
with analysis of other genetic mutations, the RAS family
of genes has become a useful data point in clarifying the
risk of malignancy of indeterminate lesions. In fact, there
is evidence that the risk of malignancy varies with the form
of RAS that is mutated. One group demonstrated that
the specific isoform of RAS that was mutated in follicular
neoplasms determined the relative risk of malignancy,
with 100% of KRAS mutant tumors being malignant, as
compared to 74% for NRAS, and 56% for HRAS (18).

In addition to genetic mutations, certain translocations
have also been identified. The most common translocations
known to occur in PTCs involve the RET gene, which
codes for a tyrosine kinase that is normally not expressed
in thyroid tissues (31,32). There are at least 13 different
RET translocations identified in PTCs to date, and all are
thought to trigger activation of the MAPK pathway leading
to malignancy (33). A meta-analysis by Rodrigues er al.
in 2012 found presence of a RET/PTC translocation had
a 87% PPV for malignancy (34). The two most common
translocations, RET/PTCI and RET/PTC3, have both
been shown to be strongly associated with PTCs, and are
thought to be nearly mutually exclusive with BRAF and RAS
mutant tumors (32,33,35). Tumors with the RET/PTC3
translocation are noted to more commonly be solid variant
PTC and occur more frequently in patients with a history
of radiation exposure (33,36-38). Earlier studies seemed
to show an association between RET/PTC translocations,
especially RET/PTCI translocations, and a favorable
prognosis (39-41). Recently, however, several studies have
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noted an association between RET/PTC3 translocation
and distant metastases (27,36), and patients with RET/PTC
positive tumors have been shown to have a disease pattern
similar to patients with the BRAF """ mutation (27). As
our understanding of the prognostic impact of RET/PTC
translocations becomes clearer, we expect that the marker
will be increasingly important in the management of PTC.

PAX8/PPARYy translocations are the second most
common translocations in thyroid cancers, and involve
the fusion of the PPARy gene with the thyroid specific
transcription factor PAX8 (21). These translocations are
found in up to 35% of follicular thyroid cancers, but also
found in 2-13% of follicular adenomas and in 1-5% of
PTCs—nearly always follicular variant (15-17,42,43). In a
recent retrospective analysis by Armstrong er /., 1.1% of
PTCs were found to have this translocation. 16 patients
were identified on pre-operative FNA, all of them were
diagnosed as either benign or indeterminate lesions on
FNA, however all were subsequently diagnosed with cancer;
a 100% PPV (14). However, the translocation occurs with
variable frequency in benign adenomas, obscuring it’s utility
as a single molecular marker of malignancy (44).

Genetic testing: ThyroSeq® and ThyGenX®

In the US, these four genes have been combined with
other, less common genetic alterations to form the basis of
commercially available next generation sequencing assays.
The developers of the ThyroSeq® assay demonstrated
that the most recent iteration of the test, ThyroSeq® v.2,
had a PPV of 77% in a population with a 28% incidence
of malignancy in Bethesda IV lesions (45). However,
as the authors note, there is still room for substantial
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Table 2 Commercially available molecular diagnostic tests for thyroid FNA samples in the US

References

Approximate
cost ($)

PPV (%) NPV (%)

Sensitivity Specificity
(%)

Distinctive features
(%)

Clinical use

Molecular
basis

Company

Brand name

(11,47-49)

39 95 300

38-49

90

Performed at

Rule-out

Veracyte™ Inc. mRNA

Afirma®

centralized facility only

malignancy

(45,49)

93* 83* 6* 850 per nodule

90"

Potentially provides

Rule-in and
rule-out

DNA

CBL Path Inc.

ThyroSeq® v.2

without insurance;
4,600 per nodule
with insurance

prognostic information

malignancy

(46,49)

5,675

80-91 68-82 91-97

82-94

Combined DNA and

Rule-in and
rule-out miRNA assays

DNA/

Interpace®

ThyGenX®/ThyraMIR™
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miRNA

Diagnostics

malignancy

(50,51)

3,700

74 43 92

74

Performed on

Rule-out

miRNA

Rossetta

RossettaGX Reveal™

previously fixed slides

malignancy

Genomics™

*, Bethesda IV nodules only. Sensitivity, specificity, positive predictive values (PPV), and negative predictive values (NPV) are taken from validation cohorts on Bethesda llI
and IV nodules. Approximate cost reflects patient out-of-pocket expense estimates obtained via telephone from company representatives for US patients without insurance

coverage in New York State in August 2017. FNA, fine needle aspirate.
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improvement. Similarly, ThyGenX® is a seven-gene
mutation panel that has been shown to have PPV and NPV
of 71% and 85%, respectively. ThyGenX® is combined
with ThyraMIR™, a reflex microRNA based assay run on
patient samples with an indeterminate ThyGenX® result (46)
(see Table 2).

. . ®
Gene expression alterations: Afirma

The Afirma® gene expression classifier is a proprietary
gene expression assay first made publicly available in the
US in 2010 by Veracyte™ Inc. In centers that perform
Afirma® testing, two samples are often collected at the
time of FNA, one for cytopathological examination, and
another for Afirma®. The Afirma® vial is discarded if the
cytopathology is diagnostic of either a benign or malignant
lesion. If the lesion is indeterminate, RNA is isolated from
the second sample and tested using a proprietary microarray
assay (47). The assay is designed to classify nodules found
to be indeterminate on traditional cytology reports as either
“benign” (>95% NPV) or “suspicious” (approximately
40% risk of malignancy) based on the RNA expression
pattern (11,47). Use of Afirma® testing has been shown to
dramatically decrease the rate of diagnostic thyroidectomy
and thyroid lobectomy; one study found that for every two
Afirma® tests run on indeterminate nodules one surgery
was avoided (11). However, in a large validation study by
Alexander et a/. in 2012, the PPV of Afirma® testing was
found to be only 38% (48). Therefore, Afirma® may be
a good “rule out” test for malignancy when the result is
negative, but a positive result can still lead many patients to
undergo a potentially unnecessary operation.

MicroRNA alterations

MicroRNAs, or miRNAs, are small (usually 20-30
nucleotides), non-coding, regulatory RNA molecules which
downregulate expression of target messenger RNAs (52).
These molecules are differentially expressed in malignancy,
and numerous studies have shown that malignant and
benign thyroid tissues have differential miRINA signatures
(52-56). Our group identified four such miRNAs (72iR-222,
miR-21, miR-181a, and miR-146b) that are differentially
expressed in PTC, and prospectively demonstrated that
these four miRNAs can be used to predict malignancy in
indeterminate thyroid nodules with 100% sensitivity and
86% specificity (56). Others have suggested miRNA panels
consisting of upwards of 15 miRNAs could be used to
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diagnose cancer in indeterminate cytology, although that
model has yet to be tested prospectively on a large scale (57).

Presently, there are commercially available miRNA
assays for thyroid cancer available in the US, and two have
been recently validated for diagnostic use: ThyGenX®/
ThyraMIR™ and RosettaGX Reveal™. ThyraMIR™ is
only offered in combination with ThyGenX®. Tt assesses
levels of 10 miRNAs and has been shown to have an
independent sensitivity of 57% and specificity of 92%.
When combined with the DNA-based ThyGenX® assay,
the test achieved 89% sensitivity and 85% specificity,
with 74% and 94% PPV and NPV, respectively (46). The
RosettaGX Reveal™ assay is unique in that it is designed
to be performed on FNA slides, so that it can be ordered
as an additional test even after cytopathology results
have returned, without the need for additional tissue
samples (50). Using 24 miRNAs, the creators of the
assay were able to demonstrate a >95% sensitivity and
>70% specificity (depending on number of available
thyrocytes) on 106 cytopathology specimens (51). These
tests are expensive—often thousands of US dollars (49)
(Table 2), but may be of increasing clinical importance as
recommendations for surgical management of thyroid
nodules continues to evolve.

Ultimately, the PPV and NPV of any molecular test
is highly dependent on the pre-test probability of cancer.
These assays are imperfect tests, but they have shown
benefit in detecting malignancy and reducing unnecessary
surgery for patients with thyroid nodules (11,45,48,58,59)
(see Tuble 2).

Extent of surgery for differentiated tumors

Many of the changes in the 2015 ATA guidelines involve
recommendations regarding the surgical management of
patients with biopsy proven DTC. These include a new
recommendation for preoperative cross-sectional imaging
for patients with clinically advanced disease, and include
hemithyroidectomy as an acceptable option for malignant
nodules 1-4 cm in diameter (2).

Previously, complete neck ultrasound was considered
sufficient for preoperative staging prior to planned
thyroidectomy for cancer (2,4). However, the latest
ATA guidelines recommend cross-sectional imaging—
preferably CT scan with IV contrast—as an adjunct to
complete neck ultrasound to improve identification of
cervical lymphadenopathy for patients with “clinical
suspicion of advanced disease”, such as palpable regional
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lymphadenopathy (4). Additionally, the ATA no longer
recommends adjuvant treatment solely for lymph node
micrometastases (<0.2 cm, less than 5 involved nodes). It
is now known that micronodal metastases are common
in thyroid cancer but have little to no effect on long-
term prognosis (60). This has increased the importance
of preoperative imaging and staging in order to better
detect macrometastases (>0.2 cm) to prevent under-staging.
Recently, multiple studies have demonstrated improved
preoperative staging with the addition of CT scans (61-63).
There remains little evidence for the benefit of performing
prophylactic central neck lymph node dissection in cases
where both ultrasound and CT show no evidence of lymph
node involvement (4). Thus, preoperative CT scans may
prevent unnecessary prophylactic central neck dissections.
The current ATA recommendations suggest prophylactic
central neck dissection only in cases of papillary carcinoma
where the tumor is either T3 or T4 or there is clinical
evidence of lateral neck lymphadenopathy (4). Follicular
cancers are considered lower risk for lymph node
metastasis and thus these guidelines are largely addressing
PTCs (64,65).

Perhaps the most controversial change in the 2015
recommendations is the addition of language that suggests
that hemithyroidectomy is equivalent to total thyroidectomy
for low risk cancers between 1-4 cm in diameter (2). The
previous recommendation for total thyroidectomy for
these patients was based partially on retrospective studies
demonstrating improved survival (66) and decreased local
recurrence rates (67,68) for patients undergoing total
thyroidectomy. Bilimoria et #/. examined 52,173 patients in
the National Cancer Database that underwent either total
thyroidectomy or lobectomy for PTC from 1985-1998
and found a higher risk of both recurrence and death in
the lobectomy group for patients with tumors >1 cm (66).
However, data were not available to determine how many
of these patients in the lobectomy group had high risk
features that would have made them better candidates for
total thyroidectomy. A follow-up study by Adam ez 4/. in
2014 analyzed 61,775 patients from the same database
undergoing thyroidectomy or lobectomy from 1998
to 2006. When adjusted for high risk features such as
extrathyroidal extension and nodal or multifocal disease,
a multivariate analysis showed equivalent overall survival
between the two groups (69). Furthermore, multiple recent
studies have offered additional evidence that for low risk
tumors between 1-4 cm, lobectomy may be equivalent to
total thyroidectomy for the treatment of PTC (70-74).
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This recommendation has already been called into
question, however. One of the major concerns regarding
the equivalence of lobectomy and thyroidectomy for low
risk tumors is the fear that many of these patients will
need a second surgery for completion thyroidectomy. This
concern stems from the fact that some low risk patients
will ultimately have microscopic high-risk features on final
pathology; these patients are recommended to undergo
adjuvant treatment with RAI that can only be given after
completion thyroidectomy. Kluijthout et 4/. retrospectively
analyzed 394 patients with ATA low or low-to-intermediate
risk DTCs from 1-4 cm who underwent either a hemi or
total thyroidectomy from 2000-2010 at their institution.
They found that 25.6% of the patients who underwent
hemithyroidectomy would ultimately benefit from RAI per
the ATA guidelines (75).

Further criticism of the recommendation has been
centered on the risk of contralateral malignancy that would
be left behind with hemithyroidectomy. Historically,
studies have demonstrated that up to 50% of patients with
PTC have bilateral cancers (76,77). A recent retrospective
analysis by Kim ez /. found 29.4% of patients with classical
type PTC between 1-4 cm had contralateral cancers at the
time of surgery. Importantly, patients who underwent only
hemithyroidectomy were excluded from the study, and the
authors do not state how many, if any, of these patients
would have been eligible for hemithyroidectomy under
the ATA guidelines (78). Notably, many of the features
denoted as high risk by the ATA are strongly associated
with multifocality (77,79-81); suggesting that these patients
would have undergone total thyroidectomy under the
current guidelines.

In light of these findings, our practice is to discuss
elective total thyroidectomy with patients who have
contralateral nodules on preoperative imaging. Those
patients who elect to undergo hemithyroidectomy are
educated about the possible need for a completion
thyroidectomy should there be aggressive features on final
pathology. Additionally, preoperative consent is obtained
for total thyroidectomy in the event that advanced disease is
discovered intraoperatively.

Adjuvant RAI therapy
RAI therapy for patients at moderate risk of recurrence

RAI therapy has been shown to reduce recurrence rates
and improve disease free survival in patients with locally
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advanced or even metastatic disease (82-84) and has
been in use to treat thyroid cancers in the US since the
mid-1940s (85). RAI was originally recommended for all
patients with DTC, but it is associated with potentially
permanent side effects, including salivary, lacrimal, and
gonadal dysfunction, and risk of secondary malignancy
(86-88). Therefore, much research and debate over the
past 5-10 years has focused on identifying those patients
who stand to benefit the most from RAI. The most recent
guidelines from the Society of Nuclear Medicine and
Molecular Imaging [2012] and from the British Thyroid
Association [2014] continue to recommend consideration
of RAI for all patients with DTCs greater than 1 cm in
diameter (89,90). In contrast, the latest ATA guidelines
recommend adjuvant RAI therapy only for patients
with either intermediate or high risk of recurrence
(according to the ATA Risk of Recurrence Stratification)
after total thyroidectomy (4). Similarly, the European
Thyroid Association (ETA) guidelines separate patients
into very-low-risk, low-risk, and high-risk patients,
recommending RAIT for the high-risk group only; this
latter group represents patients that would be separated
into intermediate and high risk under the ATA guidelines.
These recommendations are based on an increasing
volume of research that demonstrates that patients with
low-risk tumors do not receive any benefit from RAI (5).
However, there remains controversy over which patients of
intermediate risk benefit from adjuvant RAI therapy.

The recommendation to continue RAI for patients with
intermediate risk is based on recent studies demonstrating
a small, yet statistically significant, difference in overall
survival for patients in the intermediate risk group
(4,91-93). Ruel ez al. examined 21,870 patients in the SEER
database that met ATA criteria for intermediate risk DTC
and found improved overall survival for those who received
post-operative RAI treatment. These authors noted a 29%
overall reduction in the risk of death for patients treated
with RAI, and importantly a 36% reduction for patients
younger than age 45 years (91). A more recent analysis
by Zhang et al. in 2017 confirmed the OS benefit from
RAI therapy; however, these authors also analyzed disease
specific survival and found no benefit. They concluded,
therefore, that patients with intermediate risk cancers might
not benefit from RAI therapy (94). Similarly, in a recent
review of almost nine thousand South Korean patients
from 1997-2015, Kim et 4l. demonstrated that there
was no decrease in loco-regional recurrence for patients

V600E
F

undergoing RAI, even in patients with BRA positive,
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multifocal, or larger (>1 cm) tumors, or those with regional
lymph node metastasis or extrathyroidal extension (95).

RAI dosing for remnant ablation

RAI following thyroidectomy is used for three distinct
primary clinical goals: (I) to ablate remnant thyroid
tissue in order to facilitate monitoring for recurrence
after thyroidectomy; (II) as adjuvant therapy to decrease
the likelihood of locoregional recurrence or distant
metastasis; and (III) as therapy for residual, unresectable
primary or metastatic disease (4). Different doses are
currently recommended for each of these indications,
and recent trends have been towards decreasing the
dose of RAI, especially for remnant ablation (5). Mallick
et al. found that lower doses of I"'" were equally effective
at successful remnant ablation post-thyroidectomy as
higher doses and reduced the rate of adverse events (96).
Similarly, Schlumberger ez 4/. demonstrated that for low-
risk tumors, low dose RAI was effective and sufficient for
remnant ablation (97). However, other studies have found
contradictory results: one group found that lower 1"
doses were not as successful at remnant ablation, although
higher doses were associated with more adverse events (98).
Another study noted that patients receiving a lower initial
dose more frequently needed a second dose to achieve
successful ablation (99). While the ATA guidelines have
sided with studies demonstrating that lower RAI doses
may be as effective as higher doses with less adverse events,
there remains disagreement in the literature, and further
randomized trials are necessary to better identify those
patients who may be safely treated with a lower dose.

Adjuvant therapies for RAl-resistant and/or
locally advanced and metastatic disease

Advanced and metastatic DTCs show minimal response to
traditional cytotoxic chemotherapies (100-102), historically
leaving clinicians few options for adjuvant therapy, especially
for RAI-resistant disease. Recently, however, novel drugs
known as tyrosine kinase inhibitors (TKIs) have been
approved for the treatment of advanced DTCs (103,104).
These drugs are non-specific inhibitors of various proteins
in the MAPK pathway, the principal pathway activated in
many DTCs (105). Many of these drugs have activity against
BRAF, RET/PTC, and other targets downstream of the RAS
proteins, and they have shown promise in slowing disease
progression for patients with advanced cancers. Lenvatinib
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and sorafenib are the two TKIs currently approved by the
US Food and Drug Administration for use in DTC, but
others, including cabozantinib and vandetanib have been
used to treat DTC as well (105-109). However, resistance
to these drugs can develop quickly (110-112), and their use
is limited by occasionally severe adverse events (113).

Presently, lenvatinib is increasingly being used as first
line therapy for patients with advanced RAI-resistant DTC
(104,105,114). The SELECT Trial, a phase III, multi-
institutional trial, compared treatment of patients with
advanced, RAI-resistant D'T'C with placebo and assessed
progression free survival, overall survival, response rate,
and safety. Median progression free survival was five
times greater in the treatment group (18.3 compared to
3.6 months) with a response rate of 64.8%. The endpoint
of overall survival was not reached. Adverse events
were common, with greater than 97% of the treatment
group experiencing some side effects (most commonly
hypertension, diarrhea, fatigue, and anorexia and weight
loss), but they were typically not severe enough to limit
treatment (115). This trial was one of the most recent in
a series of randomized trials that demonstrated a dramatic
effect of lenvatinib in DTC, and led to its approval by
the FDA.

As TKI use becomes more common in thyroid cancer,
resistance to the drugs may become a more clinically
important issue in the future. Resistance to TKIs has been
demonstrated in a variety of other cancers, including non-
small cell lung cancers, leukemias, melanomas, gliomas,
and others (111,116-118). Compared to their use in other
cancers, TKI use for thyroid cancer is relatively new, and
there are correspondingly few studies addressing resistance
to these drugs in DT'C. A recent review of the mechanisms
of resistance to TKIs in melanoma by Johnson ez 4/. noted
that data suggests that the primary mechanism of acquired
resistance to these drugs is escape via related but alternate
kinase pathways that become activated upon blockade of the
target pathway. This mechanism, termed “adaptive kinase
reprogramming” can be combatted by combining TKIs to
target additional proteins, with the goal of either restored
efficacy or delayed onset of resistance (111). Beadnell
et al. demonstrated that thyroid cancer cells can acquire
resistance to dasatinib 7z vitro via activation of the MAPK
pathway, and that the addition of a MEK1/2 inhibitor
restored sensitivity (119). These studies suggest that in the
future, drug cocktails may become necessary for very high-
risk patients.

Finally, TKIs may be able to restore RAI sensitivity in
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Sensitizing TKI therapy

‘ Radioactive iodine therapy ‘

Clinical surveillance

"
Recurrence or
metastasis

A g

Adjuvant TKI therapy &
surgical resection (if possible)

No evidence
of disease

Figure 1 Possible algorithm for post-operative management of
patients with intermediate and high-risk DTCs with addition of
sensitizing TKI therapy. TKI, tyrosine kinase inhibitor; DTCs;

differentiated thyroid cancers.

V600E .
F mutation has been shown

select patients. The BRA
to alter sodium-iodide symporter (NIS) expression and
cytologic location and decrease response to RAI therapy
in some patients (25,120-122). Gao et al. performed a
retrospective review of 109 patients with classical PTC
and found that BRAF"™" mutation was associated with
significantly decreased NIS expression (120). Yang
et al. reviewed 73 PTC patients with distant metastases
and found that patients with BRAF"*"""
much more likely to have non-iodine avid metastases:
84.2% compared to only 5.6% of patients without the

mutations were

mutation (123). Our group showed that BRAF silencing
with siRNA coupled with TSH stimulation induced TSH
receptor and NIS expression in vitro in a BRAF™" mutant
thyroid cell line (121). Other studies have demonstrated
that TKIs can increase or restore NIS expression and/
or RAI sensitivity in patients and mice with DTC
(122,124,125). Ho et al. treated RAI resistant patients
with selumetinib, an MEK1/2 inhibitor, and were able to
restore RAI uptake (as measured by 1'** PET) in 12/20
patients; 4/9 with BRAF mutations and 5/5 with NRAS
mutations. Eight of these 12 reached the uptake threshold
for treatment with I'’', with 5/8 achieving partial response
and the remaining three with stable disease (122).
Although this is a small study, it illustrates the potential
for the use of TKIs to restore RAI sensitivity or increase
its effectiveness in patients with mutations in the MAPK
pathway, see Figure 1.
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Conclusions and future directions

DTC is becoming increasingly common, yet fortunately,
few people will die of the disease. Recent changes in
the management of thyroid cancer have focused on
de-escalating care. For example, the ATA no longer
recommends biopsy of thyroid lesions smaller than
lcm, even those with worrisome features on ultrasound
imaging (4). One type of tumor that was previously
considered malignant, encapsulated follicular-variant PTC,
is now classified as benign noninvasive follicular thyroid
neoplasm with papillary-like nuclear features (NIFTP),
based on the excellent prognosis for these patients (126).
Identifying those patients with aggressive disease becomes
increasingly important as clinicians continue to advocate
for fewer and less aggressive interventions for patients
with DTCs.

Molecular markers offer promise for the diagnosis of
malignant lesions on FNA biopsy, and potentially will help
to differentiate aggressive and indolent disease in the future.
It has been well documented that tumors with BRAF*""
mutations tend to be more aggressive, but that knowledge
has yet to affect clinical decision making on a large scale.
Similarly, RET/PTC translocations may portend a more
aggressive clinical course and offer a potential therapeutic
target. There are already commercially available TKIs with
RET targeting activity, such as cabozantinib, but these are
also not yet approved for use in thyroid cancer.

RAI therapy offers a unique treatment option for DTC
patients, but even after decades of use, it remains unclear
which patients benefit most and what the optimal dosing
regimen is for ablative therapy. Randomized trials have
shown mixed results, and many have raised concerns that
lower doses of RAI may be ineffective or insufficient. In
order to determine optimal dosing and treatment regimens
of RAI, a large, multicenter randomized trial with long-
term follow-up is required. Until such data becomes
available, clinicians must base their decisions on conflicting
data from smaller studies in variable patient populations.

Targeted TKI therapy may offer new hope in terms of
prolonging disease-free survival for those rare patients with
RALI resistant and/or unresectable disease. Lenvatinib has
shown promise in treating patients with thyroid cancer,
and other drugs might soon gain FDA approval in the US.
In the future, genetic analysis might allow targeting to
each patient’s tumor specific genetic profile—for example,
treating BRAF mutant tumors with dabrafenib or RET/
PTC translocated tumors with cabozantinib. However, as
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these treatments become more widely available and more
frequently used, we may find more patients with tumors
that become resistant to TKIs. Furthermore, while many
patients demonstrate partial response to TKI treatment,
very few are clinically cured of their disease. These drugs
potentially have an additional benefit that is unique to
thyroid cancer, that is, restoring RAI sensitivity in otherwise
resistant tumors. Selumetinib has been shown to potentially
increase or restore RAI sensitivity (122), and larger-scale
studies are currently underway using other TKIs hoping to
do the same.

Ultimately, the future of the diagnosis and treatment
of thyroid cancer lies in differentiating those aggressive
tumors that will lead to clinically persistent or metastatic
disease from those that will not. As our understanding of
the molecular biology and biochemistry of these cancers
improves, perhaps more tumor types will follow the path of
encapsulated follicular-variant PT'C and begin to be treated
as benign lesions. It is with this in mind that many have
advocated for fewer screening ultrasounds and biopsies and
less aggressive treatment for D'T'Cs. However, in order for
that trend to safely continue, we must demonstrate that
not only can we reliably and repeatedly identify aggressive
tumor subtypes, but that we also have effective, targeted
treatments to offer those patients in the event that decreased
screening delays diagnosis. This pendulum between over-
and under-treatment is what drives much of the controversy
surrounding the current management of thyroid cancer, and
will continue to be the focus of future research.
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