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Abstract

Thyroid cancer incidence is increasing all over the world — mostly due to an increase in the
detection of small tumors that were previously undetected. A small percentage of these
tumors lose the ability to uptake and/or to respond to radioiodine (RAI) therapy, especially
in metastatic patients. There are several new therapeutic options that have emerged in the
last 5 years to treat RAI refractory thyroid cancer patients, however, it is very important
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to properly identify RAI refractory patients and to clarify those appropriate for these
treatments. In this review, we discuss the RAIl refractory definitions and the criteria that have
been suggested based on RAI uptake in the post therapy scan, as well as the response after
RAI therapy and the possible molecular mechanisms involved in this process. We offer

a review of the therapeutic options available at the moment and the therapeutic
considerations based on a patient'’s individualized personal characteristics, primary tumor

histology, tumor burden and location and velocity of lesion growth.

Endocrine-Related Cancer
(2015) 22, R301-R310

Introduction

In 2012, ~300000 new cases of thyroid cancer were
estimated worldwide and ~40 000 deaths from its cause
(http://globocan.iarc.fr/Pages/fact_sheets_population.
aspx, accessed on 10th August 2015). The 10-year survival
rates in patients with differentiated thyroid cancer (DTC)
are considered excellent, ranging from 80 to 95%; on the
higher end are those patients with papillary thyroid cancer
(PTC) with 93-95% survival, while cases of follicular
carcinoma are a little lower, ranging between 80 and
85%. (Hundahl et al. 1998, Links et al. 2005). However,
there is a small group of patients that may have 10-year
survival rates as low as 47%, such as in the cases of
follicular carcinoma and stage IV distant metastasis (based
on the TNM classification of malignant tumors (TNM)

from the American Joint Commission on Cancer (AJCC)/
Union for International Cancer Control (UICC); Jonklaas
et al. 2006). In fact, between 7 and 23% of thyroid cases
develop into distant metastases and from those around
60% become iodine refractory during follow-up.
(Anderson et al. 2013, Brose et al. 2014).

In many malignancies, the risk of recurrence and the
risk of disease-specific mortality are closely linked. In
thyroid cancer, this is often not the case and it is common
to have patients at a high risk of recurrence but who have
a very low disease-specific mortality (e.g., young patients
with well-DTC; Mazzaferri & Kloos 2001). In these young
thyroid cancer patients, staging systems developed to
predict disease-specific mortality might inaccurately
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predict the risk of recurrence. On the other hand, patients
who were initially at intermediate or low risk of recurrence,
according to the American Thyroid Association (ATA)
guidelines (Cooper et al. 2009), but remain with structural
disease after 6-24 months of initial therapy can have the
initial risk of recurrence doubled or tripled in some cases
(Vaisman et al. 2011). This is especially important in
patients with metastatic disease that becomes iodine
refectory during follow-up. Some studies have already
shown that the overall survival of this subgroup of patients
can be significantly lower in comparison to patients who
had some iodine uptake (10% vs 29-92% in 10 years
respectively; Durante et al. 2006). In the last 5 years, a
significant amount of research has been dedicated to better
identify these patients and to find alternatives to radio-
iodine (RAI) treatment that can increase overall survival,
progression-free survival, and improved quality of life.

The aim of this review is to discuss the molecular
mechanisms that may be involved in iodine refractivity,
the clinical criteria used to classify a patient as no longer a
candidate for iodine therapy due to resistance to treatment
and the management of these patients.

Molecular mechanisms of iodine refractivity

In the case of DTC, the detection of cancer relapse by
whole body scanning and treatment of the cervical
remnant, locoregional, and distant metastasis with RAI is
possible due to the residual ability of tumor cells to
accumulate iodine. The effectiveness of RAI therapy
depends on both the radiation dose delivered to the
tumor tissue and the iodine concentrating ability of the
cells (Carvalho & Ferreira 2007).

The importance of the sodium iodide symporter (NIS)
for the diagnosis and treatment of thyroid diseases has
raised a series of questions regarding the mechanisms
underlying not only the control of NIS expression but also
the regulation of its function in the plasma membrane.
In thyroid cells, iodide transport through NIS is stimulated
by thyrotropin (TSH) and inhibited by the well-known
classic competitive inhibitors thiocyanate (SCN7) and
perchlorate (ClOz) (Dai et al. 1996, Smanik et al. 1996,
Eskandari et al. 1997, Dohan et al. 2001, 2003). Apart from
these classic mechanisms of NIS regulation, in more recent
years other intracellular pathways that modulate NIS
expression have been described in thyrocytes (Zaballos
et al. 2008, De Souza et al. 2010, Andrade et al. 2011).
Interestingly, these novel pathways have been shown to
be activated during thyroid cancer progression (Faustino
et al. 2012, Phay & Ringel 2013, Vidal et al. 2013).
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Although DTC retains most of the biochemical
properties that are typical of normal thyroid follicular
cells, a variety of abnormalities have been demonstrated.
Malignant tumors show up as hypofunctioning areas on
thyroid scintigraphy, indicating that the loss of iodide
uptake ability is hallmark of thyroid carcinogenesis.
In fact, several previous studies reported a lower
expression of NIS mRNA in samples of thyroid carcinomas
compared to normal tissues (Smanik et al. 1997, Arturi
et al. 1998, Lazar et al. 1999, Ringel et al. 2001), which
could be responsible for the thyroid’s inability to
concentrate iodine; however, immunohistochemistry
studies demonstrated that NIS is actually overexpressed
in some thyroid cancer samples. In fact, some data showed
that NIS localization is predominantly intracellular in
some tumors, suggesting that abrogated targeting of NIS to
the plasma membrane could explain the decreased iodide
uptake ability (Saito et al. 1998, Dohan et al. 2001).

TSH stimulates iodide accumulation by positively
regulating NIS expression at the protein and mRNA levels
via the cAMP pathway (Dohan et al. 2003). In cells
responding normally to TSH, NIS is active and inserted
at the basolateral membrane of thyrocytes; though upon
TSH withdrawal, NIS protein half-life decreases from 5 to
3 days, and it is suggested that the protein translocates
from the plasma membrane to intracellular compartments
(Riedel et al. 2001), which was also reported in some
thyroid cancers (Dohan et al. 2001).

The mechanisms regulating the subcellular distri-
bution of NIS and its function have only been partially
elucidated. Our group has recently demonstrated that
NIS protein content is acutely down regulated in the
absence of TSH by the stimulation of the energy sensor
AMP-activated protein kinase (AMPK) pathway, leading to
NIS lysosomal degradation (Andrade et al. 2011, Cazarin
etal. 2014) and that the expression and activity of AMPK is
increased in PTCs (Vidal et al. 2013). These novel findings
highlight the possible role of AMPK in thyroid cancer
control and NIS regulation.

In thyrocytes, the phosphatidyl-inositiol-3-kinase
(PI3K) pathway has been shown to hold a central role in
controlling both cell proliferation and differentiation and
has been reported to be activated during thyroid cancer
progression (Phay & Ringel 2013). Activated in thyrocytes
by many growth factors such as insulin/insulin-like growth
factor 1, hepatocyte growth factor, or epidermal growth
factor (Kimura et al. 2001), the activation of PI3K leads to
Akt phosphorylation and NIS down regulation in thyro-
cytes (Zaballos et al. 2008). It thus follows that it might also
be involved in the NIS dysfunction in cancer cells.

http://erc.endocrinology-journals.org
DOI: 10.1530/ERC-15-0300

© 2015 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.


http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0300

Endocrine-Related Cancer

Noteworthy, the serine-threonine protein kinase
mammalian target of rapamycin (mTOR) is a critical
regulator of cellular metabolism, growth, and prolifer-
ation. These processes contribute to tumor formation, and
many cancers are characterized by aberrant activation of
mTOR. Although activating mutations in mTOR itself
have not been identified, activation of the mTOR pathway
is prevalent in thyroid cancer (Faustino et al. 2012). The
prototypic mechanism of mTOR regulation in cells is
through the activation of the PI3K/Akt pathway, yet it is
important to note that mTOR receives input from multiple
signaling pathways. In 2010, we showed that mTOR
activation led to decreased NIS expression in thyrocytes
(De Souza et al. 2010), which in thyroid cancers would
likely be involved in NIS down regulation in tumor cells.

The BRAFY°°F mutation is frequent in RAI refractory
and fluorodeoxyglucose (FDG)-positron
tomography (PET) positive recurrent metastatic tumors,
and this mutation is associated with a lower NIS expression
and lower radioactive iodine uptake, both invitro and in vivo
(Ricarte-Filho et al. 2009, Chakravarty et al. 2011). These
findings allowed the design of the Selumetinib (MEK
inhibitor) study (Ho et al. 2013) and the development of
trials with BRAF inhibitors (vemurafenib and dabrafenib)
(Daduetal. 2015, Rothenbergetal. 2015). However, thyroid
tumor cells bearing the BRAFY®0°F
1 and the human epidermal growth factor receptor 3
(HER3) signaling pathway when treated with RAF or MEK
inhibitors, a phenomenon that leads to drug resistance
(Montero-Conde et al. 2013). Thus, the association of MEK
or RAF inhibitors with the HER3 inhibitor lapatinib or the
anti-HER3 MAB might be a valuable therapeutic approach.
Future studies are needed to determine the possible clinical
benefit of these associations.

The crucial role of RAI therapy for thyroid carcinomas
stimulated the search for drugs that could also enhance
functional NIS expression in tumors and, in turn, iodine
accumulation, such as retinoic acid (Coelho et al. 2005)
and more recently mTOR, BRAF, and MEK inhibitors
(Ho et al. 2013, Plantinga et al. 2014, Rothenberg et al.
2015). These drugs that inhibit the intracellular kinases
responsible for both tumor progression and NIS disap-
pearance benefit the patient by both tumor stabilization
and RAI treatment, with the internal radiation killing
tumor cells resistant to the kinase inhibitors. This strategy
could be more effective in the control of advanced thyroid
cancer by decreasing the appearance of tumor lesions
resistant to drugs.

Thyroid cancer research continues to explore the
interplay among the intracellular pathways involved in

emission

over express neuregulin
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cancer progression, drug resistance and NIS regulation to
improve the benefit garnered from RAI treatment.

Clinical criteria of RAI refractivity

The most recent guidelines (Tuttle et al. 2014) and studies
(Xing et al. 2013, Brose et al. 2014, Schlumberger et al.
2015) for the management of thyroid cancer defined
iodine refractory tumors as tumors that show no uptake in
the post therapy scan after RAI therapy; patients with
more than one metastatic lesion with at least one target
lesion not showing uptake of RAI in the post therapy scan;
patients whose tumors have structurally progressed
shortly after RAI therapy despite having uptake in the
post therapy scan (12-16 months after treatment); and
patients submitted to an accumulated 600 mCi or more
(or 22.3 GBQq) of RAI with no sign of remission.

However, it is important to explore the clinical data
that support this definition and the reason for not giving
additional RAI for this subset of patients.

Tumors with no uptake of RAI in all lesions or in at least
one target lesion in the post therapy scan

Around two-thirds of known metastatic lesions seen in
cross-section imaging studies will lose the ability to uptake
RAI; thus it seems reasonable to assume that RAI is no
longer an option to treat these cases. Some recent studies
have also found that progression-free survival rates in
patients with a negative diagnostic scan and known
metastatic disease (seen in other image modalities) are
not benefited by empiric doses of RAI (Sabra et al. 2012).

Itis important to note that the therapy and/or the scan
be performed in the proper conditions without iodine
contamination and/or inadequate TSH elevation. A com-
bination of a low-iodine diet (<50 mg iodine/day) and a
modified diuretic program increases the RAI uptake and
retention in tumor tissue (Ma et al. 2005). Urinary iodine
levels can take up to 2 months to normalize depending on
the iodine overload (Nimmons et al. 2013). Even when
properly prepared, RAI uptake can be heterogeneous both
in different lesions and within the same metastatic lesion.
Studies performed with '?*I PET/computed tomography
(CT) were able to show this pattern of uptake. If one lesion
does not concentrate iodine well enough, a minimum of
cytotoxic absorbed activity will not be achieved when RAI
is administered and, thus, the standard treatment is
unlikely to work (Ho et al. 2013).

Negative post therapy scans can result from improper
preparation of the patient (Leger et al. 1998), iodine
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contrast used for CT, high iodine content diet or the use of
medication that has iodine in its composition, such as
amiodarone. In cases in which iodine contamination is
suspected, serum and urinary iodine should be measured
and a whole body scan (WBS) should be repeated 4-6
weeks after an iodine-depletion regimen is considered.
The other important issue regarding proper preparation
for iodine treatment and/or scan is the serum TSH levels. It
is established that TSH levels should be >30 mUI/1 at the
time of RAI administration (Guimaraes & DeGroot 1996).
This can be achieved by levothyroxine replacement
withdrawal (so-called endogenous hypothyroidism) or by
the administration of recombinant human TSH (Meier
et al. 1994).

Tumors that structurally progressed shortly after RAI
therapy despite having uptake in the post therapy scan
(12-16 months after treatment)

It is widely accepted that the peak of *'I therapy action is
between 6 and 12 months with most ablated patients
having no evidence of disease or demonstrating some
response to this therapy in this time frame (Comtois et al.
1993). Even in cases in which prolonged action of RAI was
suggested, the first 6-12 months after therapy, there is
some response detected and continues to improve over-
time (Carhill & Vassilopoulou-Sellin 2012, Vaisman et al.
2012). Thus, it is well within reason that patients who
show structurally progressive metastatic disease within the
first 16 months after RAI therapy should be considered as
non-responders and classified as RAI refractory, ruling out
RAI as a therapeutic option (Tuttle et al. 2014).

600 mCi (or 22.3 GBq) or more of RAIl as cumulative
activity with no response

RAI therapy had been thought to be innocuous for many
years in the past. As the follow-up of these patients became
longer and physicians found the expected adverse effects
reported more frequent, this notion has been reconsidered.
Several studies agree that most side effects are dependent
on the given activity of RAI and that high activities are
more likely to cause side effects, specially salivary and
lacrimal dysfunction (Grewal et al. 2009, Almeida et al.
2011, Mallick et al. 2012, Schlumberger et al. 2012,
Rosario & Calsolari 2013). Some studies also suggested
that high RAI administration activities could be associated
with the appearance of a second primary tumor in the
long term (Rubino et al. 2003, Iyer et al. 2012) and that
this risk becomes significant for cumulative activity of
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more than 600 mCi (or 22 GBq) (Rubino et al. 2003).
Durante et al. (2006) further showed that patients who
would achieve a complete response (meaning no more
evidence of disease after RAI therapy) needed no more than
600 mCi cumulative activity and the administration of
more than this should be considered on an individual basis.
Currently, most guidelines reflect these findings and
recommend that activities over 600 mCi should be
avoided, and when there is no response or progression at
this activity, an alternative therapy to RAI should be
considered (Tuttle ef al. 2014).

Useful test and markers to predict iodine
refractory in clinical practice

There are several staging systems designed to predict
cancer-specific mortality and some to predict recurrence.
The more aggressive tumors usually occur in older people
with locally invasive tumors at presentation and with
distant metastasis (Byar et al. 1979, Cady & Rossi 1988,
Degroot et al. 1990, Hay et al. 1993, Shaha et al. 1995,
Cooper et al. 2009, Sobin et al. 2009). In clinical practice,
there are some useful tools that can help predict who is
likely to become RAI refractory during the follow-up,
especially when combined with the classic prognostic
factors (Table 1).

The role of "®F-FDG-PET/CT

FDG-PET/CT is an important diagnostic and prognostic
imaging modality for many malignancies, Its use has been
extensively studied in thyroid malignancies over the last
decade. Guidelines suggest that the FDG-PET/CT may be
useful in patients who, after initial therapy, continue with
high serum levels of thyroglobulin (Tg) or show an
increasing Tg trend with all cross-sectional imaging results
negative (Cooper et al. 2009, Rosario et al. 2013, Tuttle
et al. 2014). While having a high sensitivity (ranging from

Table 1 Clinical factors to predict RAI refractory at early
evaluation

Patients characteristics Older age (>40 years)

Tumor characteristics and Aggressive histology, local invasion,
clinical presentation and presence of metastases

Images FDG-PET/CT positivity, no iodine
uptake
Markers Tg doubling time <1 year

FDG-PET/CT, '8F-fluorodeoxyglucose—positron emission tomography-
computed tomography; Tg, thyroglobulin.
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85 to 100%), its specificity is low (around 75%) and is
dependent on the tumor burden (Kuba et al. 2007,
Leboulleux et al. 2007).

More recently, FDG-PET/CT has been used for a
prognostic purpose. Wang et al. (2001) showed that
patients with tumor lesions that were positive on FDG-
PET/CT were less likely to respond to high doses of RAIL
The same group went on to show that metastatic patients
with a positive FDG-PET/CT had a worse prognosis than
those with a negative scan, independent of the RAI avidity
(Robbins et al. 2006). This so-called flip-flop phenomenon
describes the condition of when the tumor is no longer
able to uptake iodine or this uptake is low and lesions are
FDG-avid due to intense glucose uptake and metabolism.
These tumors tend to be larger, more invasive (Esteva et al.
2009) and with more aggressive histology (Rivera et al.
2008) and have a higher prevalence of mutations such as
BRAF, HRAS, and NRAS compared with FDG-negative
tumors (Ricarte-Filho et al. 2009). Nowadays, FDG-PET/CT
is considered a useful tool to predict RAI refractory.

The molecular mechanisms involved in the metabolic
shift that leads to higher glucose uptake by tumor cells are
poorly defined. Recently, we described that the AMPK
plays an important physiological role in the thyroid gland
by regulating uptake of both iodide and glucose (Andrade
etal. 2011, 2012). In fact, AMPK activation in the normal
thyrocyte induces a dramatic reduction of iodide uptake
that is accompanied by a higher glucose uptake and
glycolytic pathway utilization. Until now, few studies
have analyzed the AMPK pathway in thyroid cells, but
recent studies report that metformin treatment induces
thyroid tumor cell apoptosis (Chen et al. 2012, Han et al.
2015, Plews et al. 2015); however, interestingly, the
expression and activity of AMPK has been shown to
increase in PTC (Vidal et al. 2013).

Histology

PTC is the most common histologic type of thyroid cancer
all over the world, corresponding to 80-85% of all cases
(Sherman & Gillenwater 2003, Lastra et al. 2014). While
this tumor has a very good prognosis with an overall
survival rate above 95% for small intrathyroidal tumors
(Siegel et al. 2013), some rare variants of PTC can be more
aggressive and also more likely to be RAI refractory. The
tall-cell variant of PTC is the most common aggressive
variant. This variant has been reported to have a more
aggressive genetic profile (such as BRAF and TERT
mutations) associated with RAI refractory and worse
prognosis (Liu et al. 2013). Other aggressive variants of
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PTC include columnar-cell, diffuse sclerosing, solid, Hob-
nail, and the widely invasive follicular variant. These seem
to have a worse prognosis due to their genetic profile,
aggressive initial presentation and lack of response to RAI
therapy (Lastra et al. 2014, Omur & Baran 2014).

Tg doubling time

Tg is a cornerstone in thyroid cancer management and
follow-up. This marker is used to determine remission
(when TSH is suppressed or not) and also to diagnose the
persistence of the disease despite therapy. Recently, some
authors have proposed that its rate of increase, i.e., the
doubling time, could be useful to identify those more
likely to develop new metastasis despite RAI or die from
the disease. Miyauchi et al. showed that patients with a Tg
doubling time of <1 year were more likely to have local
recurrence, develop new metastatic lesions and die from
the disease even when treated with RAI Patients with
positive Tg antibodies were excluded from this analysis
(Miyauchi et al. 2011).

Therapeutic approach

Overall survival rates are known to be lower in patients
with RAI refractory disease. With RAI no longer a
therapeutic modality for this group, follow-up should
address not only the right time to start other therapies but
also which therapy to offer in each case. A complete
remission is often extremely unlikely to happen in these
cases, therefore careful consideration should be made for
real benefits vs side effects as many therapies will have a
basic palliative purpose.

Active surveillance

Despite being RAI refractory, some patients will have
stable metastatic disease for several years even without
additional therapy (Vaisman et al. 2011). Two important
factors influence this treatment decision: tumor burden
and rate of progression. Tumors with <1-2cm or low
tumor burden, in most cases, should be followed actively
without additional therapy (Cooper et al. 2009). Several
studies suggest that small (<1cm) metastatic lymph
nodes and also thyroid bed nodules can be safely followed
for years with ultrasound (Rondeau et al. 2011, Guy et al.
2014, Urken et al. 2014, Tufano et al. 2015). Small soft
tissue metastasis can also be followed with cross-sectional
images. Depending on the site, some stable and/or very
slow progressive lesions (i.e., no progression within
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Table 2 Summary of the main results of the phase Ill trials of FDA- and EMA-approved drugs for the treatment of RAI refractory

progressive thyroid cancer

Parameter

DECISION trial (sorafenib, Brose et al. 2014)

SELECT trial (lenvatinib, Schlumberger et al. 2015)

PFS months (drugs vs placebo)
ORR (drugs vs placebo)

CR (drugs vs placebo)

PR (drugs vs placebo)

SD (drugs vs placebo)

Serious AE (drugs vs placebo)

OvsO

10.8 vs 5.8*
54.1% vs 33.8%*

12.2% vs 0.5%*
41.8% vs 33.2%*
37.2% vs 26.3%*

18.3 vs 3.6*
80% vs 41.2%*
1.5% vs 0*
63.2% vs 1.5%*
15.3% vs 39.7%*
51% vs 24%*

*P<0.001; PFS, progression-free survival; ORR, objective response rate; AE, adverse events; CR, complete response (disappearance of all target lesions.
Any pathological lymph nodes (whether target or non-target) must have reduction in short axis to <10 mm); PR, partial response (at least a 30% decrease in
the sum of diameters of target lesions, taking as reference the baseline sum diameters); SD, stable disease (target lesions remain the same size or shrunk

<30% or grew <20% of the initial greater diameter).

12-16 months) can also be actively followed, with the
exception of when a lesion is located near important
structures and is likely to become symptomatic even with
a very small growth rate (Tuttle ef al. 2014).

Localized therapy

Localized therapy should be considered when there is only
one metastatic site and/or there are only a few progressive
lesions. Surgery is still the best therapeutic option when
feasible for metastatic lesions. Another option that can be
used alone or in combination with other treatment
modalities (such as surgery or systemic therapy) is external
beam radiation, commonly used with bone and CNS
metastasis (Tuttle et al. 2010).

Other therapeutic modalities also can play arole in this
scenario. Embolization and radiofrequency ablation has
been described for liver (Fromigue et al. 2006, Wertenbroek
et al. 2008), bone (Hoffmann et al. 2008) and some other
soft tissue metastasis with local disease control.

Systemic therapy

The most difficult challenge nowadays is to properly select
patients for systemic therapy. A large number of molecules
are being tested, most of which are tyrosine Kkinase
inhibitors (TKIs). The main goal of these molecules, until
now, is to stop progression, though in some cases lesion
shrinkage (20-30%) has also been seen (Capdevila et al.
2012). Unfortunately, studies have not yet shown an
improved overall survival in these cases, mainly because
all of the studies allowed patients to crossover to the drug
arm once they documented progression. They did,
however, prove that this approach could significantly
improve progression-free survival rates when compared to
placebo (Brose et al. 2014, Schlumberger et al. 2015).

As mentioned earlier, the life expectancy for this
group is significantly lower with symptoms usually
appearing in an advanced stage of the disease, and
although these drugs offer new options, they often carry
a profile of innumerous side effects that can have a large
impact on quality of life (Brose et al. 2014). It is this point
in which the paradox lies and a considerate analysis of the
risks and benefits should be weighed.

Most authors agree that the candidates for these
therapies are symptomatic patients with large tumor
burdens, a rapidly progressive disease (within 12-16
months) and/or a high risk of local complications
(Schlumberger et al. 2014). The Federal Drug Adminis-
tration (FDA) has recently approved some of these drugs to
be considered for treatment with this group of patients
(Table 2).

Future perspectives

An exciting emerging field in thyroid cancer research is
TKIs that are able to enhance iodine uptake and make RAI
a more effective therapy. In this case, patients previously
considered RAI refractory due to poor response could be
again treated with RAI. Currently, this is not yet available
outside of clinical trials (Ho et al. 2013).

Some promising ongoing phase II trials with new
drugs for first and second line use (such as BRAF inhibitors,
including dabrafenib, vemurafenib, or nintedanib, which
is a triple angiogenesis inhibitor that inhibits receptors of
VEGF, FGF, and PDGF) or combining drugs that act in
different pathways (such as sorafenib plus temsirolimus)
(http://www.clinicaltrial.gov, accessed on 10th August
2015) may add new concepts to the ideal approach of
iodine refractory thyroid cancer patients. In this case, two
tumor growth pathways would be inhibited but with
greater side effects.
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Figure 1
Therapeutic approach for RAI refractory disease.

Most recently, other potential therapeutic targets
involved in cell cycle, apoptosis, and activation of
proliferation pathways are being tested such as heat
shock protein 90 inhibitor, MABs against HER, micro-
tubule destabilizing agents, and proteasome inhibitors
among others (http://www.clinicaltrial.gov, accessed on
10th August 2015). Probably, in the future, some of these
will be added to the therapeutic options, associated with
other drugs that are currently available today.

Closing remarks

There has been an increasing interest in thyroid cancer
shown by the large number of recent published papers
regarding RAI refractory thyroid cancer patients. These
patients represent the minority of thyroid cancer patients
seen in clinical practice; however, they need to be properly
identified and treated as their mortality is much higher
and they require more intensive care.

It is important to note that while patients are classified
as RAI refractory, meaning RAI is not a therapeutic option
anymore, a great number will remain stable with no need
for additional therapy, using the so-called active surveil-
lance approach.
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Consider
systemic therapy
w/TKI

others)

The greatest challenge remaining is to balance the
decision to start therapy with an appropriate evaluation of
the clinical benefit it will offer. The two major factors —
initial size and location of the target lesion — need to be
taken into account along with the pace of growth when
considering whether it is best treated with local treatments
such as surgery or external beam radiation, or systemic
therapy with oral agents or if it is best to continue to
observe (Fig. 1).

Declaration of interest
F Vaisman is part of the advisory board and speaker of Bayer and researcher
of Astrazeneca. D P Carvalho and M Vaisman have nothing to declare.

Funding
This review did not receive any specific grant from any funding agency in
the public, commercial or not-for-profit sector.

References

Almeida JP, Sanabria AE, Lima EN & Kowalski LP 2011 Late side effects of
radioactive iodine on salivary gland function in patients with thyroid
cancer. Head & Neck 33 686-690. (doi:10.1002/hed.21520)

http://erc.endocrinology-journals.org
DOI: 10.1530/ERC-15-0300

© 2015 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.


http://www.clinicaltrial.gov
http://dx.doi.org/10.1002/hed.21520
http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0300

Endocrine-Related Cancer

F Vaisman et al.

Anderson RT, Linnehan JE, Tongbram V, Keating K & Wirth LJ 2013
Clinical, safety, and economic evidence in radioactive iodine-refractory
differentiated thyroid cancer: a systematic literature review. Thyroid
23 392-407. (doi:10.1089/thy.2012.0520)

Andrade BM, Araujo RL, Perry RL, Souza EC, Cazarin JM, Carvalho DP &
Ceddia RB 2011 A novel role for AMP-kinase in the regulation of the
Na™/I~ symporter and iodide uptake in the rat thyroid gland.
American Journal of Physiology. Cell Physiology 300 C1291-C1297.
(doi:10.1152/ajpcell.00136.2010)

Andrade BM, Cazarin J, Zancan P & Carvalho DP 2012 AMP-activated
protein kinase upregulates glucose uptake in thyroid PCCL3 cells
independent of thyrotropin. Thyroid 22 1063-1068. (d0i:10.1089/
thy.2012.0041)

Arturi F, Russo D, Schlumberger M, du Villard JA, Caillou B, Vigneri P,
Wicker R, Chiefari E, Suarez HG & Filetti S 1998 Iodide symporter gene
expression in human thyroid tumors. Journal of Clinical Endocrinology
and Metabolism 83 2493-2496. (doi:10.1210/jcem.83.7.4974)

Brose MS, Nutting CM, Jarzab B, Elisei R, Siena S, Bastholt L, de la
Fouchardiere C, Pacini F, Paschke R, Shong YK et al. 2014 Sorafenib
in radioactive iodine-refractory, locally advanced or metastatic
differentiated thyroid cancer: a randomised, double-blind, phase 3 trial.
Lancet 384 319-328. (d0i:10.1016/S0140-6736(14)60421-9)

Byar DP, Green SB, Dor P, Williams ED, Colon J, van Gilse HA, Mayer M,
Sylvester R] & van Glabbeke M 1979 A prognostic index for thyroid
carcinoma. A study of the E.O.R.T.C. Thyroid Cancer Cooperative
Group. European Journal of Cancer 15 1033-1041. (do0i:10.1016/
0014-2964(79)90291-3)

Cady B & Rossi R 1988 An expanded view of risk-group definition in
differentiated thyroid carcinoma. Surgery 104 947-953.

Capdevila J, Iglesias L, Halperin I, Segura A, Martinez-Trufero ], Vaz MA,
Corral J, Obiols G, Grande E, Grau JJ et al. 2012 Sorafenib in metastatic
thyroid cancer. Endocrine-Related Cancer 19 209-216. (do0i:10.1530/
ERC-11-0351)

Carhill AA & Vassilopoulou-Sellin R 2012 Durable effect of radioactive
iodine in a patient with metastatic follicular thyroid carcinoma.

Case Reports in Endocrinology 2012 1-5. (doi:10.1155/2012/231912)

Carvalho DP & Ferreira AC 2007 The importance of sodium/iodide
symporter (NIS) for thyroid cancer management. Arquivos Brasileiros de
Endocrinologia e Metabologia 51 672-682. (doi:10.1590/S0004-
27302007000500004)

Cazarin J, Andrade B & Carvalho D 2014 AMP-activated protein kinase
activation leads to lysome-mediated NA(+)/I(—)-symporter protein
degradation in rat thyroid cells. Hormone and Metabolic Research 46
313-317. (doi:10.1055/5-0034-1371803)

Chakravarty D, Santos E, Ryder M, Knauf JA, Liao XH, West BL, Bollag G,
Kolesnick R, Thin TH, Rosen N et al. 2011 Small-molecule MAPK
inhibitors restore radioiodine incorporation in mouse thyroid cancers
with conditional BRAF activation. Journal of Clinical Investigation 121
4700-4711. (doi:10.1172/JCI46382)

Chen G, Xu S, Renko K & Derwahl M 2012 Metformin inhibits growth of
thyroid carcinoma cells, suppresses self-renewal of derived cancer stem
cells, and potentiates the effect of chemotherapeutic agents. Journal of
Clinical Endocrinology and Metabolism 97 510-520. (doi:10.1210/
jc.2011-1754)

Coelho SM, Vaisman M & Carvalho DP 2005 Tumour re-differentiation
effect of retinoic acid: a novel therapeutic approach for advanced
thyroid cancer. Current Pharmaceutical Design 11 2525-2531.
(doi:10.2174/1381612054367490)

Comtois R, Thériault C & Del Vecchio P 1993 Assessment of the efficacy of
iodine-131 for thyroid ablation. Journal of Nuclear Medicine 34
1927-1930.

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel S],
Mazzaferri EL, Mclver B, Pacini F, Schlumberger M et al. 2009 Revised
American Thyroid Association management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid 19
1167-1214. (doi:10.1089/thy.2009.0110)

Radioiodine refractory thyroid 22:6 R308

cancer

Dadu R, Shah K, Busaidy NL, Waguespack SG, Habra MA, Ying AK, Hu MI,
Bassett R, Jimenez C, Sherman SI et al. 2015 Efficacy and tolerability of
vemurafenib in patients with BRAF(V600E)-positive papillary thyroid
cancer: M.D. Anderson Cancer Center off label experience. Journal of
Clinical Endocrinology and Metabolism 100 E77-E81. (doi:10.1210/jc.
2014-2246)

Dai G, Levy O & Carrasco N 1996 Cloning and characterization of the
thyroid iodide transporter. Nature 379 458-460. (d0i:10.1038/
379458a0)

Degroot LJ, Kaplan EL, MCcormick M & Straus FH 1990 Natural history,
treatment, and course of papillary thyroid carcinoma*. Journal of
Clinical Endocrinology and Metabolism 71 414-424. (doi:10.1210/jcem-
71-2-414)

Dohan O, Baloch Z, Banrevi Z, Livolsi V & Carrasco N 2001 Rapid
communication: Predominant intracellular overexpression of the
Na™/I~ symporter (NIS) in a large sampling of thyroid cancer cases.
Journal of Clinical Endocrinology and Metabolism 86 2697-2700.
(doi:10.1210/jcem.86.6.7746)

Dohan O, De La Vieja A, Paroder V, Riedel C, Artani M, Reed M, Ginter CS &
Carrasco N 2003 The sodium/iodide symporter (NIS): characterization,
regulation, and medical significance. Endocrine Reviews 24 48-77.
(doi:10.1210/er.2001-0029)

Durante C, Haddy N, Baudin E, Leboulleux S, Hartl D, Travagli JP, Caillou B,
Ricard M, Lumbroso JD, De Vathaire F et al. 2006 Long-term outcome of
444 patients with distant metastases from papillary and follicular
thyroid carcinoma: benefits and limits of radioiodine therapy. Journal of
Clinical Endocrinology and Metabolism 91 2892-2899. (doi:10.1210/jc.
2005-2838)

Eskandari S, Loo DD, Dai G, Levy O, Wright EM & Carrasco N 1997 Thyroid
Na™*/I~ symporter. Mechanism, stoichiometry, and specificity.
Journal of Biological Chemistry 272 27230-27238. (doi:10.1074/jbc.272.
43.27230)

Esteva D, Muros MA, Llamas-Elvira JM, Jiménez Alonso J, Villar JM, Lopez
de la Torre M & Muros T 2009 Clinical and pathological factors related
to '8F-FDG-PET positivity in the diagnosis of recurrence and/or
metastasis in patients with differentiated thyroid cancer. Annals of
Surgical Oncology 16 2006-2013. (doi:10.1245/s10434-009-0483-8)

Faustino A, Couto JP, Pépulo H, Rocha AS, Pardal F, Cameselle-Teijeiro JM,
Lopes JM, Sobrinho-Simdes M & Soares P 2012 mTOR pathway
overactivation in BRAF mutated papillary thyroid carcinoma. Journal of
Clinical Endocrinology and Metabolism 97 1139-1149. (doi:10.1210/jc.
2011-2748)

Fromigue J, De Baere T, Baudin E, Dromain C, Leboulleux S &
Schlumberger M 2006 Review: Chemoembolization for liver metastases
from medullary thyroid carcinoma. Journal of Clinical Endocrinology
and Metabolism 91 2496-2499. (doi:10.1210/jc.2005-2401)

Grewal RK, Larson SM, Pentlow CE, Pentlow KS, Gonen M, Qualey R,
Natbony L & Tuttle RM 2009 Salivary gland side effects commonly
develop several weeks after initial radioactive iodine ablation. Journal of
Nuclear Medicine 50 1605-1610. (doi:10.2967/jnumed.108.061382)

Guimaraes V & DeGroot L] 1996 Moderate hypothyroidism in preparation
for whole body '*'I scintiscans and thyroglobulin testing. Thyroid 6
69-73. (doi:10.1089/thy.1996.6.69)

Guy A, Hirsch D, Shohat T, Bachar G, Tirosh A, Robenshtok E, Shimon I &
Benbassat CA 2014 Papillary thyroid cancer: factors involved in
restaging N1 disease after total thyroidectomy and radioactive iodine
treatment. Journal of Clinical Endocrinology and Metabolism 99
4167-4173. (d0i:10.1210/jc.2014-2511)

Han B, Cui H, Kang L, Zhang X, Jin Z, Lu L & Fan Z 2015 Metformin inhibits
thyroid cancer cell growth, migration, and EMT through the mTOR
pathway. Tumour Biology 36 6295-6304. (doi:10.1007/s13277-015-
3315-4)

Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR & Grant CS 1993 Predicting
outcome in papillary thyroid carcinoma: development of a reliable
prognostic scoring system in a cohort of 1779 patients surgically treated

http://erc.endocrinology-journals.org
DOI: 10.1530/ERC-15-0300

© 2015 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.


http://dx.doi.org/10.1089/thy.2012.0520
http://dx.doi.org/10.1152/ajpcell.00136.2010
http://dx.doi.org/10.1089/thy.2012.0041
http://dx.doi.org/10.1089/thy.2012.0041
http://dx.doi.org/10.1210/jcem.83.7.4974
http://dx.doi.org/10.1016/S0140-6736(14)60421-9
http://dx.doi.org/10.1016/0014-2964(79)90291-3
http://dx.doi.org/10.1016/0014-2964(79)90291-3
http://dx.doi.org/10.1530/ERC-11-0351
http://dx.doi.org/10.1530/ERC-11-0351
http://dx.doi.org/10.1155/2012/231912
http://dx.doi.org/10.1590/S0004-27302007000500004
http://dx.doi.org/10.1590/S0004-27302007000500004
http://dx.doi.org/10.1055/s-0034-1371803
http://dx.doi.org/10.1172/JCI46382
http://dx.doi.org/10.1210/jc.2011-1754
http://dx.doi.org/10.1210/jc.2011-1754
http://dx.doi.org/10.2174/1381612054367490
http://dx.doi.org/10.1089/thy.2009.0110
http://dx.doi.org/10.1210/jc.2014-2246
http://dx.doi.org/10.1210/jc.2014-2246
http://dx.doi.org/10.1038/379458a0
http://dx.doi.org/10.1038/379458a0
http://dx.doi.org/10.1210/jcem-71-2-414
http://dx.doi.org/10.1210/jcem-71-2-414
http://dx.doi.org/10.1210/jcem.86.6.7746
http://dx.doi.org/10.1210/er.2001-0029
http://dx.doi.org/10.1210/jc.2005-2838
http://dx.doi.org/10.1210/jc.2005-2838
http://dx.doi.org/10.1074/jbc.272.43.27230
http://dx.doi.org/10.1074/jbc.272.43.27230
http://dx.doi.org/10.1245/s10434-009-0483-8
http://dx.doi.org/10.1210/jc.2011-2748
http://dx.doi.org/10.1210/jc.2011-2748
http://dx.doi.org/10.1210/jc.2005-2401
http://dx.doi.org/10.2967/jnumed.108.061382
http://dx.doi.org/10.1089/thy.1996.6.69
http://dx.doi.org/10.1210/jc.2014-2511
http://dx.doi.org/10.1007/s13277-015-3315-4
http://dx.doi.org/10.1007/s13277-015-3315-4
http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0300

Endocrine-Related Cancer

F Vaisman et al.

at one institution during 1940 through 1989. Surgery 114 1050-1057
(discussion 1057-1058).

Ho AL, Grewal RK, Leboeuf R, Sherman EJ, Pfister DG, Deandreis D,
Pentlow KS, Zanzonico PB, Haque S, Gavane S et al. 2013 Selumetinib-
enhanced radioiodine uptake in advanced thyroid cancer. New England
Journal of Medicine 368 623-632. (doi:10.1056/NEJM0a1209288)

Hoffmann RT, Jakobs TF, Trumm C, Weber C, Helmberger TK & Reiser MF
2008 Radiofrequency ablation in combination with osteoplasty in the
treatment of painful metastatic bone disease. Journal of Vascular and
Interventional Radiology 19 419-425. (doi:10.1016/j.jvir.2007.09.016)

Hundahl SA, Fleming ID, Fremgen AM & Menck HR 1998 A National
Cancer Data Base report on 53,856 cases of thyroid carcinoma treated in
the U.S., 1985-1995. Cancer 83 2638-2648. (doi:10.1002/(SICI)1097-
0142(19981215)83:12<2638::AID-CNCR31>3.0.CO;2-1)

Iyer G, Hanrahan AJ, Milowsky MI, Al-Ahmadie H, Scott SN,

Janakiraman M, Pirun M, Sander C, Socci ND, Ostrovnaya I et al. 2012
Genome sequencing identifies a basis for everolimus sensitivity. Science
338 221. (doi:10.1126/science.1226344)

Jonklaas J, Sarlis NJ, Litofsky D, Ain KB, Bigos ST, Brierley JD, Cooper DS,
Haugen BR, Ladenson PW, Magner ] et al. 2006 Outcomes of patients
with differentiated thyroid carcinoma following initial therapy. Thyroid
16 1229-1242. (d0i:10.1089/thy.2006.16.1229)

Kimura T, Van Keymeulen A, Golstein J, Fusco A, Dumont JE & Roger PP
2001 Regulation of thyroid cell proliferation by TSH and other factors:
a critical evaluation of in vitro models. Endocrine Reviews 22 631-656.
(doi:10.1210/edrv.22.5.0444)

Kuba VM, Caetano R, Coeli CM & Vaisman M 2007 Utility of positron
emission tomography with fluorodeoxyglucose (FDG-PET) in the
evaluation of thyroid cancer: a systematic review. Arquivos Brasileiros de
Endocrinologia e Metabologia 51 961-971. (d0i:10.1590/S0004-
27302007000600011)

Lastra RR, Livolsi VA & Baloch ZW 2014 Aggressive variants of follicular
cell-derived thyroid carcinomas: a cytopathologist’s perspective. Cancer
Cytopathology 122 484-503. (doi:10.1002/cncy.21417)

Lazar V, Bidart JM, Caillou B, Mahé C, Lacroix L, Filetti S & Schlumberger M
1999 Expression of the Na* /I~ symporter gene in human thyroid
tumors: a comparison study with other thyroid-specific genes. Journal of
Clinical Endocrinology and Metabolism 84 3228-3234. (doi:10.1210/
jcem.84.9.5996)

Leboulleux S, Schroeder PR, Schlumberger M & Ladenson PW 2007 The role
of PET in follow-up of patients treated for differentiated epithelial
thyroid cancers. Nature Clinical Practice. Endocrinology & Metabolism
3 112-121. (doi:10.1038/ncpendmet0402)

Leger FA, Izembart M, Dagousset F, Barritault L, Baillet G, Chevalier A &
Clerc J 1998 Decreased uptake of therapeutic doses of iodine-131 after
185-MBq iodine-131 diagnostic imaging for thyroid remnants in
differentiated thyroid carcinoma. European Journal of Nuclear Medicine
25 242-246. (doi:10.1007/s002590050223)

Links TP, van Tol KM, Jager PL, Plukker JT, Piers DA, Boezen HM,
Dullaart RP, de Vries EG & Sluiter WJ 2005 Life expectancy in
differentiated thyroid cancer: a novel approach to survival analysis.
Endocrine-Related Cancer 12 273-280. (doi:10.1677/erc.1.00892)

Liu X, Bishop J, Shan Y, Pai S, Liu D, Murugan AK, Sun H, El-Naggar A &
Xing M 2013 Highly prevalent TERT promoter mutations in aggressive
thyroid cancers. Endocrine-Related Cancer 20 603-610. (doi:10.1530/
ERC-13-0210)

Ma C, Kuang A, Xie J & Ma T 2005 Possible explanations for patients with
discordant findings of serum thyroglobulin and '*'I whole-body
scanning. Journal of Nuclear Medicine 46 1473-1480.

Mallick U, Harmer C, Yap B, Wadsley J, Clarke S, Moss L, Nicol A, Clark PM,
Farnell K, McCready R et al. 2012 Ablation with low-dose radioiodine
and thyrotropin alfa in thyroid cancer. New England Journal of Medicine
366 1674-1685. (doi:10.1056/NEJMo0al109589)

Mazzaferri EL & Kloos RT 2001 Clinical review 128: Current approaches to
primary therapy for papillary and follicular thyroid cancer. Journal of

Radioiodine refractory thyroid 22:6 R309

cancer

Clinical Endocrinology and Metabolism 86 1447-1463. (doi:10.1210/
jcem.86.4.7407)

Meier CA, Braverman LE, Ebner SA, Veronikis I, Daniels GH, Ross DS,
Deraska DJ, Davies TF, Valentine M & DeGroot L] 1994 Diagnostic use
of recombinant human thyrotropin in patients with thyroid carcinoma
(phase I/1I study). Journal of Clinical Endocrinology and Metabolism 78
188-196.

Miyauchi A, Kudo T, Miya A, Kobayashi K, Ito Y, Takamura Y, Higashiyama T,
Fukushima M, Kihara M, Inoue H et al. 2011 Prognostic impact of serum
thyroglobulin doubling-time under thyrotropin suppression in
patients with papillary thyroid carcinoma who underwent total
thyroidectomy. Thyroid 21 707-716. (doi:10.1089/thy.2010.0355)

Montero-Conde C, Ruiz-Llorente S, Dominguez JM, Knauf JA, Viale A,
Sherman EJ, Ryder M, Ghossein RA, Rosen N & Fagin JA 2013 Relief of
feedback inhibition of HER3 transcription by RAF and MEK inhibitors
attenuates their antitumor effects in BRAF-mutant thyroid carcinomas.
Cancer Discovery 3 520-533. (d0i:10.1158/2159-8290.CD-12-0531)

Nimmons GL, Funk GF, Graham MM & Pagedar NA 2013
Urinary iodine excretion after contrast computed tomography scan.
JAMA Otolaryngology — Head & Neck Surgery 139 479.

Omur O & Baran Y 2014 An update on molecular biology of thyroid
cancers. Critical Reviews in Oncology/Hematology 90 233-252.
(d0i:10.1016/j.critrevonc.2013.12.007)

Phay JE & Ringel MD 2013 Metastatic mechanisms in follicular cell-derived
thyroid cancer. Endocrine-Related Cancer 20 R307-R319. (doi:10.1530/
ERC-13-0187)

Plantinga TS, Heinhuis B, Gerrits D, Netea MG, Joosten LA, Hermus AR,
Oyen WJ, Schweppe RE, Haugen BR, Boerman OC et al. 2014 mTOR
inhibition promotes TTF1-dependent redifferentiation and restores
iodine uptake in thyroid carcinoma cell lines. Journal of Clinical
Endocrinology and Metabolism 99 1368-1375. (d0i:10.1210/jc.2014-
1171)

Plews RL, Mohd Yusof A, Wang C, Saji M, Zhang X, Chen CS, Ringel MD &
Phay JE 2015 A novel dual AMPK activator/mTOR inhibitor inhibits
thyroid cancer cell growth. Journal of Clinical Endocrinology and
Metabolism 100 E748-E756. (doi:10.1210/jc.2014-1777)

Ricarte-Filho JC, Ryder M, Chitale DA, Rivera M, Heguy A, Ladanyi M,
Janakiraman M, Solit D, Knauf JA, Tuttle RM et al. 2009 Mutational
profile of advanced primary and metastatic radioactive iodine-
refractory thyroid cancers reveals distinct pathogenetic roles for BRAF,
PIK3CA, and AKT1. Cancer Research 69 4885-4893. (doi:10.1158/0008-
5472.CAN-09-0727)

Riedel C, Levy O & Carrasco N 2001 Post-transcriptional regulation of the
sodium/iodide symporter by thyrotropin. Journal of Biological Chemistry
276 21458-21463. (doi:10.1074/jbc.M100561200)

Ringel MD, Anderson J, Souza SL, Burch HB, Tambascia M, Shriver CD &
Tuttle RM 2001 Expression of the sodium iodide symporter and
thyroglobulin genes are reduced in papillary thyroid cancer.

Modern Pathology 14 289-296. (doi:10.1038/modpathol.3880305)

Rivera M, Ghossein RA, Schoder H, Gomez D, Larson SM & Tuttle RM 2008
Histopathologic characterization of radioactive iodine-refractory
fluorodeoxyglucose-positron emission tomography-positive thyroid
carcinoma. Cancer 113 48-56. (doi:10.1002/cncr.23515)

Robbins RJ, Wan Q, Grewal RK, Reibke R, Gonen M, Strauss HW, Tuttle RM,
Drucker W & Larson SM 2006 Real-time prognosis for metastatic
thyroid carcinoma based on 2-['®F]fluoro-2-deoxy-p-glucose—positron
emission tomography scanning. Journal of Clinical Endocrinology and
Metabolism 91 498-505. (doi:10.1210/jc.2005-1534)

Rondeau G, Fish S, Hann LE, Fagin JA & Tuttle RM 2011 Ultrasonogra-
phically detected small thyroid bed nodules identified after total
thyroidectomy for differentiated thyroid cancer seldom show clinically
significant structural progression. Thyroid 21 845-853. (doi:10.1089/
thy.2011.0011)

Rosario PW & Calsolari MR 2013 Salivary and lacrimal gland dysfunction
after remnant ablation with radioactive iodine in patients with

© 2015 Society for Endocrinology
Printed in Great Britain

http://erc.endocrinology-journals.org
DOI: 10.1530/ERC-15-0300

Published by Bioscientifica Ltd.


http://dx.doi.org/10.1056/NEJMoa1209288
http://dx.doi.org/10.1016/j.jvir.2007.09.016
http://dx.doi.org/10.1002/(SICI)1097-0142(19981215)83:12%3c2638::AID-CNCR31%3e3.0.CO;2-1
http://dx.doi.org/10.1002/(SICI)1097-0142(19981215)83:12%3c2638::AID-CNCR31%3e3.0.CO;2-1
http://dx.doi.org/10.1126/science.1226344
http://dx.doi.org/10.1089/thy.2006.16.1229
http://dx.doi.org/10.1210/edrv.22.5.0444
http://dx.doi.org/10.1590/S0004-27302007000600011
http://dx.doi.org/10.1590/S0004-27302007000600011
http://dx.doi.org/10.1002/cncy.21417
http://dx.doi.org/10.1210/jcem.84.9.5996
http://dx.doi.org/10.1210/jcem.84.9.5996
http://dx.doi.org/10.1038/ncpendmet0402
http://dx.doi.org/10.1007/s002590050223
http://dx.doi.org/10.1677/erc.1.00892
http://dx.doi.org/10.1530/ERC-13-0210
http://dx.doi.org/10.1530/ERC-13-0210
http://dx.doi.org/10.1056/NEJMoa1109589
http://dx.doi.org/10.1210/jcem.86.4.7407
http://dx.doi.org/10.1210/jcem.86.4.7407
http://dx.doi.org/10.1089/thy.2010.0355
http://dx.doi.org/10.1158/2159-8290.CD-12-0531
http://dx.doi.org/10.1016/j.critrevonc.2013.12.007
http://dx.doi.org/10.1530/ERC-13-0187
http://dx.doi.org/10.1530/ERC-13-0187
http://dx.doi.org/10.1210/jc.2014-1171
http://dx.doi.org/10.1210/jc.2014-1171
http://dx.doi.org/10.1210/jc.2014-1777
http://dx.doi.org/10.1158/0008-5472.CAN-09-0727
http://dx.doi.org/10.1158/0008-5472.CAN-09-0727
http://dx.doi.org/10.1074/jbc.M100561200
http://dx.doi.org/10.1038/modpathol.3880305
http://dx.doi.org/10.1002/cncr.23515
http://dx.doi.org/10.1210/jc.2005-1534
http://dx.doi.org/10.1089/thy.2011.0011
http://dx.doi.org/10.1089/thy.2011.0011
http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0300

Endocrine-Related Cancer

F Vaisman et al.

differentiated thyroid carcinoma prepared with recombinant human
thyrotropin. Thyroid 23 617-619. (d0i:10.1089/thy.2012.0050)

Rosario PW, Ward LS, Carvalho GA, Graf H, Maciel RM, Maciel LM, Maia AL
& Vaisman M 2013 Thyroid nodules and differentiated thyroid cancer:
update on the brazilian consensus. Arquivos Brasileiros de Endocrinologia
e Metabologia 57 240-264. (doi:10.1590/S0004-27302013000400002)

Rothenberg SM, McFadden DG, Palmer EL, Daniels GH & Wirth 1J 2015
Redifferentiation of iodine-refractory BRAF V600OE-mutant metastatic
papillary thyroid cancer with dabrafenib. Clinical Cancer Research 21
1028-1035. (d0i:10.1158/1078-0432.CCR-14-2915)

Rubino C, de Vathaire F, Dottorini ME, Hall P, Schvartz C, Couette JE,
Dondon MG, Abbas MT, Langlois C & Schlumberger M 2003 Second
primary malignancies in thyroid cancer patients. British Journal of
Cancer 89 1638-1644. (doi:10.1038/sj.bjc.6601319)

Sabra MM, Grewal RK, Tala H, Larson SM & Tuttle RM 2012 Clinical
outcomes following empiric radioiodine therapy in patients with
structurally identifiable metastatic follicular cell-derived thyroid
carcinoma with negative diagnostic but positive post-therapy '*'I
whole-body scans. Thyroid 22 877-883. (doi:10.1089/thy.2011.0429)

Saito T, Endo T, Kawaguchi A, Tkeda M, Katoh R, Kawaoi A, Muramatsu A &
Onaya T 1998 Increased expression of the sodium/iodide symporter in
papillary thyroid carcinomas. Journal of Clinical Investigation 101
1296-1300. (doi:10.1172/JCI1259)

Schlumberger M, Catargi B, Borget I, Deandreis D, Zerdoud S, Bridji B,
Bardet S, Leenhardt L, Bastie D, Schvartz C et al. 2012 Strategies of
radioiodine ablation in patients with low-risk thyroid cancer.

New England Journal of Medicine 366 1663-1673. (doi:10.1056/
NEJMo0a1108586)

Schlumberger M, Brose M, Elisei R, Leboulleux S, Luster M, Pitoia F &
Pacini F 2014 Definition and management of radioactive
iodine-refractory differentiated thyroid cancer. Lancet. Diabetes &
Endocrinology 2 356-358. (d0i:10.1016/52213-8587(13)70215-8)

Schlumberger M, Tahara M, Wirth L], Robinson B, Brose MS, Elisei R,
Habra MA, Newbold K, Shah MH, Hoff AO et al. 2015 Lenvatinib versus
placebo in radioiodine-refractory thyroid cancer. New England Journal of
Medicine 372 621-630. (doi:10.1056/NEJMoa1406470)

Shaha AR, Loree TR & Shah JP 1995 Prognostic factors and risk group
analysis in follicular carcinoma of the thyroid. Surgery 118 1131-1136
(discussion 1136-1138). (doi:10.1016/S0039-6060(05)80124-2)

Sherman SI & Gillenwater AM 2003 Neoplasms of the thyroid. In Cancer
Medicine, 6th edn. Eds DW Kufe, RE Pollock, RR Weichselbaum, RCB
Bast Jr, TSG Gansler, JFH Holland & E Frei III. Hamilton, Canada:

BC Decker.

Siegel R, Naishadham D & Jemal A 2013 Cancer statistics, 2013. CA:

A Cancer Journal for Clinicians 63 11-30. (doi:10.3322/caac.21166)

Smanik PA, Liu Q, Furminger TL, Ryu K, Xing S, Mazzaferri EL & Jhiang SM
1996 Cloning of the human sodium lodide symporter. Biochemical and
Biophysical Research Communications 226 339-345. (doi:10.1006/bbrc.
1996.1358)

Smanik PA, Ryu KY, Theil KS, Mazzaferri EL & Jhiang SM 1997 Expression,
exon-intron organization, and chromosome mapping of the human
sodium iodide symporter. Endocrinology 138 3555-3558. (doi:10.1210/
endo.138.8.5262)

Radioiodine refractory thyroid 22:6 R310

cancer

Sobin LH, Gospodarowicz MK & Wittekind C 2009 In TNM Classification of
Malignant Tumours. Hoboken, NJ, USA: Wiley-Blackwell.

de Souza EC, Padréon AS, Braga WM, de Andrade BM, Vaisman M,
Nasciutti LE, Ferreira AC & de Carvalho DP 2010 MTOR downregulates
iodide uptake in thyrocytes. Journal of Endocrinology 206 113-120.
(doi:10.1677/JOE-09-0436)

Tufano RP, Clayman G, Heller KS, Inabnet WB, Kebebew E, Shaha A,
Steward DL & Tuttle RM 2015 Management of recurrent/persistent
nodal disease in patients with differentiated thyroid cancer: a critical
review of the risks and benefits of surgical intervention versus active
surveillance. Thyroid 25 15-27. (doi:10.1089/thy.2014.0098)

Tuttle RM, Ball DW, Byrd D, Dilawari RA, Doherty GM, Kandeel F, Kloos RT,
Kopp P, Lamonica DM, Loree TR et al. 2010 Thyroid carcinoma. Clinical
Practice Guidelines in Oncology. Journal of the National Comprehensive
Cancer Network 8 1228-1274.

Tuttle RM, Haddad RI, Ball DW, Byrd D, Dickson P, Duh Q, Ehya H,
Haymart M, Hoh C, Hunt JP ef al. 2014 Thyroid carcinoma, version
2.2014. Journal of the National Comprehensive Cancer Network 12
1671-1680.

Urken ML, Milas M, Randolph GW, Tufano R, Bergman D, Bernet V,
Brett EM, Brierley JD, Cobin R, Doherty G et al. 2014 Management of
recurrent and persistent metastatic lymph nodes in well-differentiated
thyroid cancer: a multifactorial decision-making guide for the thyroid
cancer care collaborative. Head & Neck 55 691-696.

Vaisman F, Tala H, Grewal R & Tuttle RM 2011 In differentiated thyroid
cancer, an incomplete structural response to therapy is associated
with significantly worse clinical outcomes than only an incomplete
thyroglobulin response. Thyroid 21 1317-1322. (doi:10.1089/thy.
2011.0232)

Vaisman F, Momesso D, Bulzico DA, Pessoa CH, Dias F, Corbo R, Vaisman M
& Tuttle RM 2012 Spontaneous remission in thyroid cancer patients
after biochemical incomplete response to initial therapy. Clinical
Endocrinology 77 132-138. (d0i:10.1111/j.1365-2265.2012.04342.x)

Vidal AP, Andrade BM, Vaisman F, Cazarin J, Pinto LF, Breitenbach MM,
Corbo R, Caroli-Bottino A, Soares F, Vaisman M et al. 2013 AMP-
activated protein kinase signaling is upregulated in papillary thyroid
cancer. European Journal of Endocrinology 169 521-528. (d0i:10.1530/
EJE-13-0284)

Wang W, Larson SM, Tuttle RM, Kalaigian H, Kolbert K, Sonenberg M &
Robbins RJ 2001 Resistance of ['®F]-fluorodeoxyglucose-avid metastatic
thyroid cancer lesions to treatment with high-dose radioactive iodine.
Thyroid 11 1169-1175. (d0i:10.1089/10507250152741028)

Wertenbroek MW, Links TP, Prins TR, Plukker JT, van der Jagt EJ &
de Jong KP 2008 Radiofrequency ablation of hepatic metastases
from thyroid carcinoma. Thyroid 18 1105-1110. (doi:10.1089/thy.
2008.0080)

Xing M, Haugen BR & Schlumberger M 2013 Progress in molecular-based
management of differentiated thyroid cancer. Lancet 381 1058-1069.
(d0i:10.1016/S0140-6736(13)60109-9)

Zaballos MA, Garcia B & Santisteban P 2008 GBy dimers released in
response to thyrotropin activate phosphoinositide 3-kinase and
regulate gene expression in thyroid cells. Molecular Endocrinology 22
1183-1199. (doi:10.1210/me.2007-0093)

Received in final form 18 August 2015
Accepted 24 August 2015

Made available online as an Accepted Preprint
25 August 2015

http://erc.endocrinology-journals.org
DOI: 10.1530/ERC-15-0300

© 2015 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.


http://dx.doi.org/10.1089/thy.2012.0050
http://dx.doi.org/10.1590/S0004-27302013000400002
http://dx.doi.org/10.1158/1078-0432.CCR-14-2915
http://dx.doi.org/10.1038/sj.bjc.6601319
http://dx.doi.org/10.1089/thy.2011.0429
http://dx.doi.org/10.1172/JCI1259
http://dx.doi.org/10.1056/NEJMoa1108586
http://dx.doi.org/10.1056/NEJMoa1108586
http://dx.doi.org/10.1016/S2213-8587(13)70215-8
http://dx.doi.org/10.1056/NEJMoa1406470
http://dx.doi.org/10.1016/S0039-6060(05)80124-2
http://dx.doi.org/10.3322/caac.21166
http://dx.doi.org/10.1006/bbrc.1996.1358
http://dx.doi.org/10.1006/bbrc.1996.1358
http://dx.doi.org/10.1210/endo.138.8.5262
http://dx.doi.org/10.1210/endo.138.8.5262
http://dx.doi.org/10.1677/JOE-09-0436
http://dx.doi.org/10.1089/thy.2014.0098
http://dx.doi.org/10.1089/thy.2011.0232
http://dx.doi.org/10.1089/thy.2011.0232
http://dx.doi.org/10.1111/j.1365-2265.2012.04342.x
http://dx.doi.org/10.1530/EJE-13-0284
http://dx.doi.org/10.1530/EJE-13-0284
http://dx.doi.org/10.1089/10507250152741028
http://dx.doi.org/10.1089/thy.2008.0080
http://dx.doi.org/10.1089/thy.2008.0080
http://dx.doi.org/10.1016/S0140-6736(13)60109-9
http://dx.doi.org/10.1210/me.2007-0093
http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0300

	Outline placeholder
	Introduction
	Molecular mechanisms of iodine refractivity
	Clinical criteria of RAI refractivity
	Tumors with no uptake of RAI in all lesions or in at least one target lesion in the post therapy scan
	Tumors that structurally progressed shortly after RAI therapy despite having uptake in the post therapy scan (12-16 months after treatment)
	600mCi (or 22.3GBq) or more of RAI as cumulative activity with no response

	Useful test and markers to predict iodine refractory in clinical practice
	The role of 18F-FDG-PET/CT
	Histology
	Tg doubling time

	Therapeutic approach
	Active surveillance
	Localized therapy
	Systemic therapy
	Future perspectives

	Closing remarks
	Declaration of interest
	Funding
	References


