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Abstract
The majority of patients with differentiated thyroid cancer are cured with standard primary
treatments including surgery, radioactive iodine and TSH suppression. A small proportion of
patients who develop radioactive iodine-refractory metastatic disease have few treatment options.
Recent discovery of the molecular mechanisms that contribute to thyroid cancer tumorigenesis and
its progression have revealed key targets that are currently being evaluated in clinical trials. In the
last decade several novel targeted therapies have shown encouraging results and have brought
hope to patients with advanced disease. However, identifying the subpopulation of patients who
may benefit from systemic therapies remains a challenge as the use of these therapeutic modalities
is associated with high toxicity rates and most patients have a long indolent phase where the tumor
is stable or slowly progressive and asymptomatic. The objective of this review is to summarize the
management of patients with metastatic, radioactive iodine refractory differentiated thyroid
cancer.
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INTRODUCTION
Thyroid cancer is the most common endocrine cancer. The estimated number of new cases
for 2012 is 56,400 (13,250 males and 43,210 females) and the number of deaths from
thyroid cancer is 1,780 (780 male and 1,000 females). In women, thyroid cancer is the 5th

most common cancer, accounting for 5% of all new cancers diagnosed in 20121.

The differentiated thyroid carcinomas (DTC) include papillary (PTC), follicular, and
Hurthle cell carcinoma and they account for more than 90% of thyroid cancer cases.
Approximately 85% of patients with DTC are cured with surgery, radioactive iodine (RAI),
and TSH suppression and the majority of patients who undergo such thyroid cancer
treatment have a good prognosis. In patients with localized DTC, the 5-year relative survival
rate is 98%. However, patients with widely metastatic DTC can pose a challenge to
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oncologists and endocrinologists, especially those who see few cases of this relatively rare
presentation. While the 10-year median survival after the discovery of metastatic disease is
42%, the prognosis can be vastly different among patients and depends on the age of patient,
histology, location and size of the distant disease, as well as whether the disease takes up
and responds to RAI2. For example, younger patients (<40 years) with micronodular (<1cm)
lung disease have an excellent overall survival of 95% at 10 years, while older patients with
macronodular lung metastases or multiple bone metastases have a 14% overall survival at 10
years2.

Metastatic DTC tends to be indolent in the majority of patients whereas a minority of others
have metastatic disease that grows rapidly from the outset. Also, patients who initially had
indolent disease may later demonstrate a more aggressive course. An understanding of the
natural history and appropriate management of this disease is important so that patients are
not under or over treated. Because metastatic DTC is often slow growing and asymptomatic,
a more restrained approach, compared with other solid tumors, is needed. On the other hand,
in some cases, patients with rapidly progressive and/or symptomatic disease or disease in
areas that are life-threatening or have the potential to become life-threatening require a more
aggressive approach.

Until recently, the standard of care for DTC patients was limited to surgery and RAI and
TSH suppression. However, the recent explosion of knowledge in tumor biology and the
identification of the biologic targets in thyroid cancer have led to several clinical trials with
multi-kinase inhibitors. The aim of this paper is to discuss the treatment options for patients
with metastatic, RAI-refractory DTC.

MANAGEMENT OF METASTATIC DTC
Patients who present with newly diagnosed DTC with distant metastases should be treated
with first line, standard therapy, which consists of surgery, subsequent RAI and thyroid
hormone therapy to suppress the TSH. The thyroid and any regional disease are removed
prior to RAI in order to remove a source of large iodine uptake. Once the thyroid and
involved cervical lymph nodes are removed, RAI can be highly effective to target distant
metastatic disease. However, if the distant disease is RAI-refractory (defined in Table 1),
monitoring for pace of progression in most cases is warranted. The “watch and wait”
approach is appropriate in patients who are asymptomatic, have a low tumor burden, and/or
have a slow pace of disease progression. Consideration of local therapy or systemic
treatment with the newer tyrosine kinase inhibitors (TKIs) or cytotoxic chemotherapy is
appropriate once significant progression is documented or the patient develops symptoms
related to disease burden. Figure 1 shows the algorithm for treatment of patients who present
with metastatic disease and those who later develop metastatic disease after first line
therapy.

The management of metastatic DTC can be divided into 3 major categories: 1) watch and
wait approach, 2) local therapy, and 3) systemic therapy.

1) Watch and Wait
Dormancy of the metastatic disease is common in DTC. The events which lead to
progression likely are due to genetic and epigenetic events in the tumor which cause the
disease to become more aggressive3. The rationale for the ‘watch and wait’ approach is
based mainly on the fact that most patients with widely metastatic, RAI-refractory DTC
have a long indolent phase where the tumor is stable or slowly progressive and
asymptomatic. These patients can enjoy a good quality of life for many years before
requiring systemic therapy. Because systemic therapies have many side effects, some of
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which can be fatal, delaying therapy until the disease accelerates is prudent. TKIs, which are
cytostatic drugs, are considered chronic therapies, as stopping these drugs usually results in
progression of disease. Furthermore, the TKIs have not cured any patient thus far and it is
not clear whether they will prolong overall survival.

Distant disease limited to the mediastinum and lung that is asymptomatic and does not
threaten vital structures can usually be followed with serial imaging. Metastatic, RAI-
refractory disease to the brain, liver, and bone may indicate that the disease is more
aggressive and warrant local treatment or very close follow-up for progression and
subsequent initiation of local and/or systemic therapy. Patients should have full staging
exams to determine extent of disease and pace of progression. The association of an elevated
thyroglobulin(Tg) or thyroglobulin antibody(TgAb) level and a negative radioactive iodine
scan is an indication of non-radioiodine avid residual or recurrent disease. The imaging
modalities used to detect the non-radioiodine avid disease include: ultrasound of the neck,
thin spiral CT of the chest, and when indicated by clinical scenario MRI of the brain, spine,
pelvis, bone scan, and fluorodeoxyglucose positron-emission tomography (18FDG-PET/CT
scan).

18FDG-PET/CT is an increasingly useful imaging study used in the detection of RAI
negative, thyroglobulin positive thyroid cancer as it provides anatomical as well as
prognostic information. Patients with DTC with evidence of RAI-refractory disease usually
have higher glucose metabolism and positive FDG-PET scans. Patients with larger volumes
of FDG avid disease or higher SUVs are less likely to respond to RAI and have a higher
mortality over a 3-year follow-up compared with the patients with no FDG uptake4,5. A
recent retrospective study was conducted to compare empiric 131I WBS (whole body scan)
and FDG PET/CT in patients with normal post-ablation WBS and elevated Tg or persistent
TgAb. The patients included in this study were older with fairly aggressive histologies. The
sensitivities for the detection of individual lesions and for the diagnosis of metastatic organs
were 88% and 97% for PET/CT and 16% and 22% for WBS, respectively6. The malignant
nature of the disease should be confirmed prior to further treatment as false positive PET
scans due to granulomatous, infectious or postoperative changes are not uncommon.

Monitoring for progressive disease—Serial cross-sectional imaging with the same
modality is the most accurate way of monitoring for progression of disease. While RECIST
guidelines (Response Evaluation Criteria In Solid Tumors) 7, 8 has its limitations9 (ex.
necrosis and edema in target lesions may result in increase in tumor size), this is a
standardized method of determining progression in patients with solid tumors, including
thyroid cancer. In general, a 20% increase in target lesion tumor measurements is considered
progressive disease (PD), 30% decrease is considered a partial response (PR), and anything
in between (−29 to +19%) is stable disease (SD). RECIST versions 1.07 and 1.18 are
summarized in Table 2. One major problem with RECIST is that radiologists do not issue
their reports with this information. Therefore, endocrinologists and oncologists should not
depend solely on the radiology report. Progression can be overestimated if a standardized
method of selecting and following lesion growth over time is not implemented. For example,
a lesion that is 3 mm would not be considered a target lesion under the RECIST definition
because it cannot be accurately measured. If this lesion were to be selected and subsequently
reported as 6 mm, one may believe that this patient should start systemic treatment due to a
50% increase in tumor size. This may lead to treating a patient with systemic therapy too
soon.
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2) Local Therapies for Metastatic Disease
Patients with DTC develop distant metastases during their disease course, and distant
metastases are present at the time of diagnosis in 7–23% and 1–4%, respectively. The most
common site of metastasis is lung, followed by bone, brain, liver, and skin. The reported 10-
year survival rates after the discovery of distant metastases range from 25% to 42%2,10,11.

Treatment options for patients with RAI-refractory, metastatic disease depends on the site of
disease and tumor burden. Consideration should be given to use of local therapy when the
disease burden is localized to one area or the disease is in a potentially threatening location
such as the spinal cord.

2.1. Neck Disease—Recurrent locoregional disease in the setting of distant metastases
should be treated surgically if there is impending airway or other vital structural
compromise. Otherwise, if systemic therapy is a consideration, surgery may be delayed and
the neck can be monitored closely. Surgical wound healing is impaired by antiangiogenic
therapy so sufficient time for wound healing must be given prior to initiation of these types
of drugs.

The lack of prospective studies to assess the role of external beam radiation therapy (EBRT)
in patients with DTC who do not have other distant disease makes the recommendation for
its use very challenging. Most clinicians do not recommend EBRT for gross locoregional
residual disease control in young patients (less than 45 years of age), with microscopic
disease. EBRT is generally avoided in patients less than 45 years of age because of their
good prognosis, the potential late side effects of therapy, and further need for surgery in the
future if the tumor recurs. Although it is controversial12, EBRT may improve locoregional
control in high risk patients in the setting of unresectable gross residual disease, which is
RAI refractory. EBRT may be also used as adjuvant therapy for older patients who had a
complete resection of all visible non-RAI avid tumor in the setting of gross extrathyroidal
extension into surrounding major structures, especially if the tumor has aggressive
features13–16.

EBRT to gross disease in the neck in the setting of other progressive, distant disease (and
consequently, need for systemic therapy) is not recommended in most cases. First of all,
EBRT may delay systemic therapy due to common side effects such as esophagitis.
Furthermore, there is a theoretical risk of upper tracheo-esohpageal and tracheo-tumor
fistula formation in the setting of EBRT to the neck and antiangiogenic therapy. Airway
fistulas have been described in lung cancer patients treated with bevacizumab and
antiangiogenic therapy in the setting of EBRT. This is likely due to the poor wound healing
associated with antingiogenic drugs and chronic esophagitis from the EBRT17. It is
important to balance the risk of EBRT related complications and delay of initiation of
systemic therapy with the potential benefit in terms of local control without a clear overall
survival benefit.

2.2. Lung metastases—Lung metastases are the most common distant metastases from
thyroid cancer. Distant disease limited to the lung that is indolent and asymptomatic and
does not threaten vital structures can usually be followed with serial imaging. Pulmonary
metastases can occasionally cause symptoms such as dyspnea, obstructive pneumonia, and
hemoptysis. In selected patients with isolated or localized pulmonary metastases, surgical
resection can be considered. Radiation may be another possible treatment method however
EBRT to the mediastinum, in the setting of use of antiangiogenic drugs introduces the
potential for tracheo-esophageal fistula formation and bleeding17.
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2.3. Bone metastases—Bone metastases are the second most common site for distant
metastases after lung. They occur in 2–13% of all patients with DTC and in 44% of patients
with metastatic DTC18. The presence of bone metastases is a sign of poor prognosis in
patients with DTC, and effective treatment is challenging2,19–21. In contrast to lung
metastases, bone metastases are often symptomatic. Searching for bone metastases in
patients with musculoskeletal pain and elevated thyroglobulin should be considered, because
skeletal related events (SREs) account for increased morbidity and mortality. SREs are
defined as spinal cord compression, pathological fracture, and need for external beam
irradiation or surgery to control pain or prevent facture. In a recent retrospective review of
245 DTC patients with bone metastases, 78% of patients either presented with or developed
at least one SRE after the diagnosis of metastatic bone disease. The median time from
identification of bone metastasis to development of first SRE was 5 months. Sixty-five
percent of those patients who sustained an initial SRE developed a second SRE at a median
of 10.7 months 22. In a previous study of 146 thyroid cancer patients with bone metastases,
27% of patients suffered a pathological fracture and 14% developed cord compression19.

The treatment of metastatic bone disease in DTC has been limited to RAI, surgical excision,
and/or EBRT. Although bone lesions tend to concentrate radioiodine well, there is complete
resolution in less than 10% of the patients. Local therapy with EBRT is often considered in
two scenarios: to palliate painful metastases and to provide local control of disease when
RAI is no longer effective or rapid disease control is imperative (such as treating bony
metastatic disease in the vertebral spine). Embolization of a site of bony metastatic disease is
useful in some cases and can lead to tumor shrinkage and palliation of pain. Metastatectomy
is sometimes performed if there is only one site of disease. 131I treatment can be used after
metastatectomy if the tumor takes up RAI. A retrospective study reported that patients with
a solitary bony metastasis treated with 131I and surgery had a better prognosis than those
who did not23. Agents that inhibit osteoclast activity, such as bisphosphonates and the
RANK ligand inhibitor, denosumab, are used in patients with osteolytic bone metastases
from several neoplasms (lung, breast, prostate, kidney, and multiple myeloma), but their use
in patients with DTC were not extensively studied to date. Zoledronic acid is the most potent
bisphosphonate currently available and is the first drug in its class approved for use in all
solid tumor patients with bone metastases as well as in multiple myeloma. The
recommended dose is 4 mg infused over 15 minutes every 3–4 weeks. Based on favorable
experience in other cancers with bone metastases, the use of bisphosphonates has become an
encouraging treatment option for pain and disease control although little data in thyroid
cancer exists to support the latter. A retrospective study in patients with bony metastases
from DTC reported fewer SREs in patients receiving zoledronic acid when compared to
those without treatment24.

Denosumab is indicated for prevention of SREs in patients with bone metastases from solid
tumors. The FDA-approved dose for this indication is 120 mg subcutaneously every 4
weeks. Several phase II studies in patients with bone metastasis and advanced cancer
showed that treatment with denosumab was associated with rapid and sustained suppression
of bone turnover markers and delay of SREs25,26. The role of denosumab for the prevention
of SREs in patients with bone metastasis from solid tumors has been established in three
large phase III clinical trials. In one phase III study, the efficacy and safety of denosumab
compared with zoledronic acid in patients with solid tumors and bone metastases (excluding
breast and prostate) or with osteolytic lesions from myeloma was evaluated27. Although,
overall survival and disease progression were similar between groups, patients treated with
denosumab experienced a greater suppression of bone turnover markers compared with
zoledronic acid, demonstrating its more potent antiresorptive effects. With the every 4
weeks dosing schedule, a higher proportion of patients achieved sustained suppression of
bone turnover markers and this supports the use of the every 4 weeks regimen in phase III
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studies. In a second randomized phase III trial comparing denosumab with zoledronic acid it
was found that denosumab significantly delayed time to first on-study SRE by 18% and
reduced the risk of developing multiple SREs (time to first and subsequent SREs) by 23%
compared with zoledronic acid. Reduction in bone turnover markers was greater with
denosumab28. Clinical trials of these agents in patients with DTC and bone metastases are
needed to evaluate which agents are effective and what frequency of dosing and duration of
therapy is appropriate.

2.4. Brain metastases—Brain metastases are rare, occurring in about 0.15–1.3% of
thyroid carcinomas. Eighteen percent of patients with distant metastases from papillary
thyroid cancer develop brain metastases during their disease course11. Brain metastases are
associated with poor prognosis. The reported survival after diagnosis of brain metastases
from thyroid carcinoma is typically less than 1 year. It is not uncommon for brain metastases
to be asymptomatic. Twenty-three percent of brain metastases were discovered at
postmortem examination. Therefore, imaging of the brain should be considered prior to
proceeding with systemic therapy and should be treated with local therapy. The optimal
treatment for brain metastases is unclear. 131I is rarely used. If radioiodine imaging is
positive, consideration for radioiodine treatment with steroid prophylaxis should be taken (to
minimize tumor swelling). For solitary lesions, either neurosurgical resection or stereotactic
radiosurgery is preferred. Radiosurgery should be utilized in patients with high risk for
surgery or if surgery is not possible, and may be considered as initial therapy with later
surgical rescue if needed29. A retrospective review of 47 cases of thyroid cancer with brain
metastases found that patients treated with surgical resection had significantly longer
survival than those who did not undergo surgery for their brain metastases30. The median
disease-specific survival from diagnosis of brain metastases was 16.7 months for patients
who underwent local excision of one or more brain metastases, compared with 3.4 months
for those who did not. In a multi-institutional retrospective study of patients diagnosed with
brain metastases from thyroid cancer, patients had an overall median survival time of 20.8
months31. Patients undergoing stereotactic radiosurgery had an overall median survival time
of 37.4 months in comparison to 12.3 months for those patients who did not. Radiosurgery
provided high local control rate of 96% and prolonged progression-free periods with a mean
of 14.6 months32. Whole brain irradiation is considered in patients with extensive multifocal
metastatic disease.

2.5. Liver metastases—Liver metastases from DTC are rare, with a reported frequency
of 0.5%33. The presence of liver metastases is often a sign of widespread disease thus most
patients are treated with systemic therapy when this is the case. There are little data to
support local therapy to liver metastases from DTC. Transarterial chemoembolization is the
preferred local treatment option for patients with medullary thyroid cancer (MTC)34 but
little is known about its efficacy in DTC. There are data, albeit few, to support
radiofrequency ablation35,36 in DTC. Surgical resection of liver lesions has been reported to
prolong survival37. However the risk benefit ratio must be weighed carefully in patients
being considered for surgery as these patients likely have widely metastatic disease.

3) Systemic Therapy
RAI-refractory patients with progression within 12 months, particularly those with
symptomatic or life-threatening disease, should be considered for systemic therapy. Most
clinical trials in thyroid cancer require progression within 1 year in order to qualify for
enrollment in a trial38 and therefore this is the standard most centers use for initiating
systemic therapy in asymptomatic patients. Symptomatic patients or patients with bulky
disease that compromises organ function and who cannot be managed with local therapies
alone should initiate systemic therapy. High FDG uptake on PET scan has been considered
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as a criterion for initiating systemic therapy because these patients exhibit a more aggressive
course and are usually RAI-refractory5,39. However, it is important to prove RAI-
refractoriness prior to recommending systemic therapy. Although doxorubicin is the only
FDA approved drug for DTC, response rates are very low and short-lived and this drug has
become obsolete in thyroid cancer. Other cytotoxic agents also have failed to show
significant efficacy and therefore use of these drugs should be a last resort and limited to
patients who are not able to receive the newer systemic targeted therapies. TKIs should be
considered first because these have been shown to be efficacious in DTC. While there are no
TKIs approved for DTC, the ATA40 and NCCN guidelines41 recommend use of TKIs on a
clinical trial or “off-label” use of the commercially available anti-angiogenic TKIs.
Sorafenib, sunitinib, and pazopanib, are oral antiangiogenics approved for other indications
and are commercially available. These drugs have been used in phase II DTC trials and are
promising agents for patients with progressive, RAI-refractory disease. Although small
phase II clinical trials have reported favorable responses, to date, there are no published
results of large phase III trials in DTC. Entry into phase 2 and 3 clinical trials is usually
limited to patients with RAI-refractory, progressive disease. Phase 1 trials can be considered
for patients who do not meet entry criteria. For example, a patient with very rapidly
progressive disease who has an unresectable primary tumor in the thyroid would likely not
benefit from RAI due to the large tumor burden in the neck which is likely to take up most
of the RAI. Rather than administer a treatment known to be ineffective, this patient could be
offered a phase 1 trial. Table 3 shows the list of drugs that have been studied in DTC, their
targets, the reported responses, and progression-free survival.

3. 1. Signaling pathways—In the last decade, many studies focused on identifying the
molecular mechanisms that contribute to thyroid cancer tumorigenesis and its progression.
The recognition of the presence of oncogenic mutations in BRAF, RAS, and RET/PTC
rearrangements has prognostic implications and represents an important step towards the
development of molecularly targeted therapy in DTC. As the vascular endothelial growth
factor receptor (VEGFR) is also upregulated in patients with DTC, drugs that target VEGFR
and other important targets are currently under investigation. Figure 1 describes the
molecular pathways involved in tumorigenesis and the drugs being studied in DTC which
inhibit these pathways.

The Ras-Raf-MEK-MAP-ERK (MAPK) kinase signaling pathway plays a key role in
development of DTC. The BRAF mutation is the most common genetic alteration in
papillary thyroid cancer and is the most potent activator of the MAPK pathway. Kinase-
activating mutations in the BRAF proto-oncogene are found in a to 40% of primary PTC
tumors and up to 70% of recurrent PTC42,43. BRAF V600E is the most common mutation
found in the BRAF gene, accounting for more than 90%. The presence of BRAF V600E is
associated with more aggressive features44–47. High incidence of BRAF and BRAF plus
RET/PTC rearrangements has been reported in recurrent thyroid cancer42. RET/PTC genetic
alterations have been found in 40% and 60% of PTCs in adults and children. RAS mutations
have also been found in well differentiated, and more commonly, in poorly differentiated
DTCs. The presence of RAS mutations may confer a worse prognosis48. Activating
mutations of RAS oncogenes are more common in follicular thyroid cancer and PTC
follicular variant occurring in approximately 30% of cases49.

Researchers’ attention has focused on the BRAF mutation as a prognostic marker. Many
studies have shown that BRAF mutations correlate with adverse clinicopathological features
and earlier recurrences. In a retrospective study with 67 PTC patients, a significant
association was seen between BRAF V600E and extrathyroidal extension, advanced stage,
and cancer recurrence during a median postoperative follow-up period of 3 years. The
majority of these recurrences had no avidity for RAI. It was concluded that BRAFV600E
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may be a prognostic factor in PTC that correlates with a high risk of recurrences and less
differentiated tumors due to the loss of Na+/I− symporter-mediated 131I uptake50. In
another study, BRAF-positive status was associated with PTC that was tall cell variant, had
extrathyroidal extension, lymph node involvement, advanced stage, and disease recurrence.
In short-term follow-up (18 months), persistent or recurrent PTC occurred more likely in
patients who were both BRAF-positive and elderly (22%)51. The presence of BRAF V600E
mutation showed an independent correlation with the worst outcome in a retrospective study
of 102 PTC patients with a median follow-up of 15 years. There were a lower percentage of
survivors in the BRAF V600E-mutated group. The age at diagnosis older than 60 years,
stage, and vascular invasion were significantly correlated with the BRAF V600E
mutation43. Combined positivity for BRAF and extra-nodal extension has been shown to
have additive prognostic value in predicting disease specific survival (79% at 10 years
versus 100% at 10 years)52.

Angiogenesis is important for tumor cell growth, progression, and development of
metastases53. Vascular endothelial growth factor (VEGF), an important pro-angiogenic
factor, binds to VEGF receptors that in turn can activate MAP kinase signaling and promote
tumor growth. Thyroid tumors are highly vascular and overexpress VEGF which plays an
important role in the development and progression of thyroid cancer. VEGF expression is
associated with higher risk of recurrence and shorter disease-free survival54,55.

3.2. Systemic targeted therapies
3.2.1. Commercially available drugs: Sorafenib (Nexavar™) is currently approved in the
United States (U.S.) and Europe for advanced renal cell carcinoma and unresectable
hepatocellular carcinoma. It is an orally active multi–tyrosine kinase inhibitor with multiple
targets, including BRAF, VEGFR1, and VEGFR2. This drug affects tumor cell proliferation
and angiogenesis. The recommended daily dose is 400 mg twice daily. The most common
adverse reactions are fatigue, weight loss, rash/desquamation, hand-foot skin reaction,
alopecia, diarrhea, anorexia, nausea and abdominal pain.

Several phase II clinical trials have been performed in patients with DTC that have shown
favorable results. An open-label phase II trial was conducted to determine the efficacy of
sorafenib in patients with advanced thyroid carcinoma56. Thirty patients were enrolled in
this study and treated with sorafenib for a minimum of 16 weeks. All patients had evidence
of measurable disease by RECIST, progressive disease within 1 year before initiation of
treatment, and almost all patients (93%) had uptake on PET. Five patients had received prior
chemotherapy, all were TKI naive, and 11 patients had prior EBRT. The patient population
consisted mostly of patients with DTC; 27 of 30 patients had either papillary (18 patients) or
follicular (9 patients) subtypes. One patient had MTC and 2 patients had poorly
differentiated/anaplastic carcinoma. Seven patients (23%) had a PR lasting 18 to 84 weeks.
Sixteen patients (53%) had SD lasting 14 to 89 weeks. Median progression free survival
(PFS) time was estimated to be 18 months. Treatment with sorafenib provided a clinical
benefit (PR plus SD) rate of 77% in patients with RAI-refractory, metastatic thyroid cancer.
Six patients (20%) discontinued treatment due to adverse events. A dose reduction was
needed in 47% of patients to control toxicities. Drug holidays were required as a result of
adverse events in 63% of patients. One patient developed liver function test elevations after
8 weeks of treatment and, despite cessation of sorafenib, experienced progression and
ultimately died of liver failure 3 months later.

In another, larger phase II trial a total of 58 patients were enrolled57. The majority of
patients had PTC (41 patients, 73%); Thirty patients had classic PTC, 5 had follicular
variant, 4 had tall cell variant, 2 had poorly differentiated PTC. All patients had experienced
131I therapy failure or were not candidates to receive 131I. Of 41 PTC patients, 38 patients
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had lymph node metastasis, 40 had lung metastases, 5 bone metastases, and 5 liver, kidney
or adrenal metastases. At study entry, 5 PTC patients had symptomatic progression in the
preceding 6 months, 18 had RECIST progression in preceding 12 months, 14 had stable
disease and 4 unknown status. Of 41 PTC patients, 6 patients had a PR (15%) and 23
patients (56%) had SD longer than 6 months. Median PFS was 15 months. Dose reduction
due to toxicity was necessary in 52% of patients. The most common grade 3 adverse events
were hand or foot pain (12%), arthralgia (11%), fatigue (16%), hand foot skin reaction (7%),
musculoskeletal chest pain (7%), and asymptomatic hyponatremia (5%). BRAF mutation
was detected in 17 (77%) of 22 PTCs, which were analyzed. Four of 10 paired tumor
biopsies from PTCs showed a reduction in levels of VEGFR phosphorylation, ERK
phosphorylation, and in VEGF expression during sorafenib therapy.

A phase II study was performed in The Netherlands to assess the efficacy of sorafenib in
patients with iodine refractory metastatic DTC, focusing on the re-induction of RAI uptake
and the efficacy in patients with bone metastases58. Thirty-two patients were included in the
intention-to-treat analysis, 31 patients started sorafenib, but only a total of 22 patients
completed 26 weeks of treatment. Of 32 patients, 13 were PTC, 3 follicular variant PTC, 15
follicular, and 1 mixed papillary follicular. Tumor extent at study entry was as follows:
thyroid bed only 3%, lungs only 25%, lungs and bones only 22%, locally advanced and
distant metastases 33%, other 22%. At 26 weeks of sorafenib therapy, no re-induction of
RAI uptake at metastatic sites was observed in 20 evaluable patients. The response rates
were as follows: PR 25%, SD 34%, clinical beneficial response (PR plus SD) 59%, and PD
22%. Patients who had bone metastases responded significantly worse. Although this study
was not designed to assess PFS, estimation of median PFS was 58 weeks. PFS was 69 weeks
in patients without bone metastases and 47 weeks in patients with bone metastases. The long
term results of the above study were recently published and showed favorable results59. All
31 patients were included in this long term outcomes study. Eight patients (31%) achieved a
PR and 11 patients (42%) showed SD after a median follow-up of 25 months. Median PFS
was 18 months, which was influenced by the presence of bone metastases (20 versus 12
months). The median OS was 34.5 months, but the presence of bone metastases resulted in
worse OS (23 months). At the time of data analysis, median OS was not reached for patients
without bone metastases.

Another phase II trial was conducted in the UK60. Thirty-four patients (15 with MTC and 19
with DTC) were enrolled. In the DTC group, PR was seen in 18% of patients. Median PFS
was not reached at 19 months. Toxicity included hand–foot syndrome, diarrhea and
alopecia, and dose reductions were required in 79% of patients.

A retrospective review of 15 patients with metastatic, progressive DTC treated with off-label
sorafenib and sunitinib (13 sorafenib and 2 sunitinib) found a partial remission rate of 20%,
durable response rate of 66%, and a clinical benefit rate of 80%61. In this study lack of
response in bony metastatic disease was also reported.

A multicenter, randomized phase III trial has finished recruitment and results are expected to
be reported soon.

Sunitinib (Sutent™) is approved in the U.S. and Europe for the treatment of metastatic
renal cell carcinoma, gastrointestinal stromal tumor (GIST) and unresectable, metastatic, or
locally advanced pancreatic neuroendocrine tumors. It is a multi-targeted agent, with
antiangiogenic and antitumor properties, acting as a selective inhibitor of VEGFR 1, 2, and
3, platelet-derived growth factor (PDGFR), cKIT, and RET. The recommended dose for
GIST and advanced renal cell carcinoma is 50 mg taken once a day for 4 weeks followed by
a 2 week break before beginning the next dosing cycle. The dose for pancreatic
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neuroendocrine tumors is 37.5 mg daily continuously. Important safety information includes
hepatotoxicity, which has been observed in clinical trials and post-marketing experience.
This hepatotoxicity may be severe, and deaths have been reported.

Sunitinib has been tested in phase II clinical trials in metastatic iodine-refractory DTC,
showing promising results. To date, the largest phase II trial was performed by Carr et al62.
In this study a total of 35 patients with metastatic PET-positive, RAI-refractory recurrent or
metastatic DTC or MTC were treated with sunitinib. Seven patients had MTC, 28 patient
had DTC (18 papillary, 4 follicular, 5 Hurthle cell, 1 insular subtypes). Eight of 29 patients
with DTC and 3 of 6 patients with MTC achieved a response using RECIST criteria
(response rate 28% for DTC and 50% for MTC). There was 1 CR in target lesions (3%) and
10 PRs (28%). The patient with CR continued to have visible bony metastases63. Sixteen
patients (46%) had SD. Seventy seven percent did not have disease progression at the first
evaluation (3 months), whereas progressive disease was seen in 17%. The median time to
progression was 12.8 months and the median OS had not been reached. The median percent
change in average SUVs in 22 patients who had a repeat FDG-PET done, was −11.7%,
−13.9%, and 8.6% for patients with PR, SD, and PD, respectively. Dose reductions were
necessary in 21 of 35 patients (60%) secondary to non-hematologic adverse events. The
most common toxicities included fatigue (11%), neutropenia (34%), hand/foot syndrome
(17%), diarrhea (17%), and leukopenia (31%). The most serious complication was bleeding,
with one treatment-related death.

Two other smaller trials were previously presented at the American Society of Clinical
Oncology (ASCO) in 2008. The first trial included 17 patients (8 papillary, 4 medullary, 1
anaplastic and 4 miscellaneous)64. Fifteen patients were evaluable for response: 1 patient
had a PR, 12 patients had a SD disease65. The second trial included patients with
progressive metastatic DTC or MTC, refractory to curative treatment or RAI. Forty-three
patients (37 DTC, 6 MTC) were enrolled. Best response in 31 evaluable DTC patients who
completed 2 cycles was PR 13%, SD 68%, PD 10%, and NE 13%.

Pazopanib (Votrient™) is approved in the U.S. and Europe for the treatment of advanced
renal cell carcinoma and soft tissue sarcoma. It is a tyrosine-kinase inhibitor targeting VEGF
receptors, PDGFR, and c-KIT. Pazopanib is taken on a continuous cycle at a dose of 800 mg
daily. This drug carries a black box warning due to severe and fatal hepatotoxicity observed
in a renal cell carcinoma patient. The recommendation is to monitor hepatic function and
interrupt, reduce, or discontinue the drug in case transaminitis occurs.

Pazopanib was studied in a phase II trial on 39 patients with progressive, radioiodine-
resistant DTC66. Clinical outcomes could be assessed in 37 patients (one patient was found
to be ineligible, having had no previous treatment with RAI, and one patient withdrew
consent before treatment initiation). PR was seen in 18 patients (49%), and the median
duration of PFS was 11.7 months. PRs were seen in 8 (73%) of 11 patients with follicular, 5
(45%) of 11 patients with Hürthle cell, and 5 (33%) of 15 patients with papillary tumors.
Median OS at 1 year was 81%. The maximum plasma pazopanib concentration during
treatment cycle 1 correlated with the maximum change in tumor size. Sixteen (43%) patients
required dose reductions due to adverse events. The most frequent toxicities observed were
fatigue, skin and hair hypopigmentation, diarrhea, and nausea. Two patients discontinued
treatment due to serious hemorrhagic events (one grade 3 lower-gastrointestinal hemorrhage
and one grade 4 intracranial hemorrhage).

Vandetanib (Caprelsa™) is approved in the U.S. and Europe for the treatment of MTC in
patients with unresectable, locally advanced or metastatic disease. The approval was based
on a phase III trial showing PFS survival prolongation when compared to placebo67. It is an
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oral TKI that selectively targets RET, VEGFR, and EGFR tyrosine kinases. The
recommended dose is 300 mg daily. Important safety information includes a black box
warning for QT interval prolongation, torsades de pointes, ventricular tachycardia, and
sudden death. Treatment should not be started in patients whose QTcF interval (corrected
QT interval, Fridericia) is greater than 450 ms. Hypocalcemia, hypokalemia and/or
hypomagnesemia must be corrected prior to its administration and should be periodically
monitored. ECGs should be obtained to monitor the QT interval at baseline, at 2–4 weeks
and 8–12 weeks after starting treatment and every 3 months thereafter. Because of this risk,
vandetanib is only available through the Risk Evaluation and Mitigation Strategy (REMS)
Program. Under the CAPRELSA REMS Program, only prescribers and pharmacies enrolled
in the restricted distribution program can prescribe and dispense the drug.

A recent randomized, double-blind, phase II trial aiming to assess the efficacy and safety of
vandetanib compared to placebo in patients with locally advanced or metastatic DTC
included 145 patients (72 patients randomized to receive vandetanib and 73 placebo)68. The
randomized phase of study ended after patients had disease progression or 12 months of SD;
patients were then given the option to either discontinue study treatment or begin open-label
treatment with vandetanib. Patients treated with vandetanib were allowed to continue
treatment at the end of the randomized phase if the investigator believed that they were
obtaining a clinical benefit or until they received another anticancer treatment. Twenty-eight
(39%) of patients randomly allocated to vandetanib and 59 (81%) of patients randomly
allocated to placebo received open label vandetanib. Seventy-two percent of patients in the
vandetanib group compared with 84% in the placebo group had disease progression at data
cutoff. Median PFS for patients in the vandetanib group and the placebo group was 11.1
months and 5.9 months, respectively. For patients with PTC, median PFS was 16.2 months
and for patients with follicular or poorly differentiated carcinoma, median PFS was 7.7
months in the vandetanib group, however this difference was not statistically significant.
Although PFS was statistically significant favoring the treatment group, response rates were
surprisingly low. PRs occurred in only 8% of patients in the treatment arm (site review) and
this number decreased to 1% upon central review. There was no difference between
treatment groups in the proportion of patients who achieved an objective response. There
was also no difference in OS between the vandetanib and placebo groups, however this may
have been due to cross-over. The most common grade 3 or worse adverse events were QTc
prolongation (14%), diarrhea (10%), asthenia (7%), and fatigue (5%).

Vemurafenib (Zelboraf™) is approved in the U.S. and Europe for the treatment of patients
with unresectable or metastatic melanoma with the BRAF V600E mutation. It is a potent
inhibitor of oncogenic BRAF kinases with specific antitumor effects against the mutated
BRAF V600E gene. The recommended dose is 960 mg twice daily. Vemurafenib has no
contraindications or black box warnings. The most common adverse reactions of any grade
include arthralgia, rash, alopecia, fatigue, photosensitivity reaction, nausea, pruritus and skin
papilloma. Serious adverse events associated with vemurafenib include cutaneous squamous
cell carcinoma, new primary malignant melanoma, hypersensitivity reactions, severe
dermatologic reactions, QT prolongation, uveitis, and liver enzyme elevation.

In a phase I trial using vemurafenib, 3 patients with PTC that carried the V600E BRAF
mutation were enrolled69. One of 3 patients with PTC had a PR and 2 had SD, with the
response lasting 8 months in 1 patient (who was progression-free for 12 months) and SD
lasting 11 and 13 months in each of the other 2 patients. Vemurafenib is currently being
studied in a phase II trial in patients with BRAF-mutated papillary thyroid cancer.

Axitinib (Inlyta™) is approved in the U.S. for the treatment of advanced renal cell
carcinoma after the failure of one prior systemic therapy. It is an oral, potent, and selective
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inhibitor of VEGFRs 1, 2, and 3. There are no contraindications listed within the
manufacturer’s labeling. The most common adverse reactions in patients treated with
axitinib are diarrhea, hypertension, fatigue, decreased appetite, nausea, dysphonia, palmar-
plantar erythrodysesthesia (hand-foot) syndrome, decreased weight, vomiting, asthenia, and
constipation. Other severe adverse reactions reported in axitinib-treated patients include
hypertensive crisis, arterial and venous thrombotic events, hemorrhage, gastrointestinal
perforation and fistula formation, and reversible posterior leukoencephalopathy syndrome.

The phase I trial with axitinib included 36 patients with advanced solid tumors, 5 of whom
had thyroid cancer70. Decrease in tumor burden was noted in 1 patient with thyroid cancer,
but this did not qualify as a response by RECIST criteria. In the axitinib phase II trial, 60
patients were enrolled (30 with PTC, 15 with follicular, 11 with MTC, 2 with anaplastic, and
2 with other)71. Almost all patients (93%) had received previous treatment, including
chemotherapy (15%). PRs were observed in 18 patients (31%). SD lasting 16 weeks was
reported in 23 patients (38%) and 4 patients (7%) had PD. There was no apparent
association between response rate and histology. Fourteen out of 45 patients (31%) with
DTC had PR and 19 out of 45 (42%) had SD. Median PFS was 18.1 months. Eight patients
(13%) discontinued treatment because of adverse events and axitinib dose was reduced in 23
patients (38%) because of adverse events, most commonly fatigue, hematuria, and diarrhea.

Gefitinib (Iressa™) is approved in Europe for locally advanced or metastatic non-small cell
lung cancer. In the U.S. it was initially approved for the same indication but in 2005, the
U.S. Food and Drug Administration approved new labeling for gefitinib that limits the
indication to cancer patients who, in the opinion of their treating physician, are currently
benefiting, or have previously benefited, from gefitinib treatment. It is a small molecule
inhibitor of the EGFR tyrosine kinase that, in the presence of activating mutations of the
EGFR gene, has been shown to be effective in the treatment of NSCLC patients. A phase II
study of gefitinib enrolled 27 patients with RAI-refractory, locally advanced, or metastatic
thyroid cancer72. Histologic subtypes included papillary (41%), follicular (22%), anaplastic
(19%), medullary (15%), and Hurthle cell carcinomas (4%). There were no PRs or CRs seen
in the 25 patients available for evaluation. Eight patients (32%) had objective reductions in
measurable disease, but did not reach the threshold for a PR by RECIST criteria. After 3, 6,
and 12 months of treatment, 48%, 24%, and 12% of patients had SD, respectively. Median
PFS and OS were 3.7 and 17.5 months, respectively. Because of these disappointing results,
gefitinib is not recommended for treatment of metastatic DTC.

Everolimus (RAD001; Afinitor™) is an mTOR inhibitor. It is approved in the U.S. and
Europe for postmenopausal women with advanced hormone receptor-positive, HER2-
negative breast cancer in combination with exemestane after failure of treatment with
letrozole or anastrozole, progressive neuroendocrine tumors of pancreatic origin that are
unresectable, locally advanced or metastatic, advanced renal cell carcinoma after failure of
treatment with sunitinib or sorafenib. In addition, the drug has received approval for certain
tumors associated with the tuberous sclerosis. A phase II trial using everolimus for patients
with RAI-refractory thyroid cancer is currently underway. The goal of this clinical study is
to assess the efficacy of everolimus in controlling locally-advanced or metastatic thyroid
cancer.

3.2.2. Investigational drugs (not commercially available): Motesanib (AMG706) is
currently not commercially available. It is an oral tyrosine kinase inhibitor that inhibits
VEGFRs 1-3, PDGFR, and KIT. In a phase 1 study, treatment with motesanib resulted in
antitumor activity in patients with advanced solid cancers, including 5 patients with DTC (2
papillary, 1 follicular, 1 follicular and papillary, 1 Hurthle cell), 1 MTC and 1 anaplastic
carcinoma. Three patients with DTC (1 Hurthle cell and 2 papillary) showed PR. The
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favorable responses in thyroid cancer led to interest from the pharmaceutical company to
pursue a phase II trial in thyroid cancer. An open-label phase II study was conducted to
evaluate the efficacy and tolerability of motesanib in patients with progressive, locally
advanced or metastatic, RAI-resistant DTC73. Of the 93 patients enrolled in this trial, 57
(61%) had PTC. Confirmed objective response was achieved in 14% of the patients, all of
whom had PR. SD was achieved in 67% of the patients, with durable SD (disease that was
stable for 24 weeks or more) in 35% of the patients. Eight percent of patinets had PD. The
median PFS was 40 weeks. There was no association between BRAF V600E mutation and
the clinical outcome. Twelve patients (13%) discontinued treatment owing to adverse events
and Grade 3 events were reported in 51 patients (55%). Eighty seven patients (94%) had at
least one treatment-related adverse event during the course of the study, the most commonly
reported events being diarrhea, hypertension, fatigue, and weight loss.

A planned subanalysis of the above motesanib thyroid cancer study investigated whether
baseline levels and/or changes in specific biomarkers were associated with tumor response
and/or PFS74. The changes in the serum placental growth factor (PlGF) and soluble VEGFR
2 levels after initiation of therapy predicted response to motesanib in patients with advanced
DTC or metastatic MTC. The change from baseline in PlGF level after 1 week of treatment
correlated with best tumor response. The response rate in patients with a greater than 4.7-
fold increase in PlGF was 30% as compare with 3% below this threshold. Lower baseline
VEGF levels were associated with longer PFS.

Selumetenib (AZD6244) is a potent, selective inhibitor of the MAPK kinases, MEK 1/2. A
multicenter, open-label, phase II trial was conducted to evaluate the efficacy, safety, and
tolerability of selumetinib in iodine-refractory papillary thyroid cancer75. Thirty-nine
patients were enrolled, out of which 32 were evaluable patients for objective response. Best
responses were 1 PR (3%), 21 SD (54%), and 11 PD (28%). Median PFS was 32 weeks. The
most common drug-related adverse events included rash (77%), fatigue (49%), diarrhea
(49%), and peripheral edema (36%). Fourteen patients required dose delays,12 patients
required dose reductions and 6 patients discontinued treatment due to toxicity.

Cabozantinib (XL184) is an oral multi- kinase receptor inhibitor. Its targets include
VEGFR-2, c-MET, RET, c-Kit, FLT3, and Tie-2; thus, it targets angiogenesis, and
overexpression of MET. A phase I trial designed to investigate potential drug-drug
interactions restricted enrollment to renal cell and DTC patients. Results of the DTC cohort
presented at the 2012 ASCO meeting are encouraging76. Fifteen DTC patients were
enrolled. Fifty-three percent of the patients had a confirmed PR and 40% had best response
of SD. Disease control rate (PR plus SD) was 80% at 16 weeks. Median PFS and OS were
not reached. Grade 3 and 4 adverse events included diarrhea (20%), lipase increased (20%),
hypertension (13%) and palmar-plantar erythrodyesthesia (13%). A phase 2 trial in DTC
patients is planned. Cabozantinib is currently under review by the FDA as a treatment for
patients with progressive, unresectable, locally advanced, or metastatic MTC.

Lenvatinib (E7080) is an oral tyrosine kinase inhibitor targeting VEGFR1-3, FGFR1-4,
RET, KIT and PDGFR. In the phase I study, partial responses were observed in thyroid as
well as melanoma, endometrial, and renal cancers. A phase II trial studied the effect of
lenvatinib in 58 patients with progressive, radioiodine-resistant DTC77. PRs were observed
in 50% of patients, and median PFS was 12.6 months. Thirty-five percent of patients
required dose reduction, and 23% were withdrawn from therapy due to toxicity. The most
common adverse events were hypertension (64%), fatigue (55%), diarrhea (45%), decreased
appetite (44%), weight loss (43%) and proteinuria (39%). A multicenter, randomized,
double-blind, placebo-controlled, phase 3 trial of lenvatinib in RAI-refractory DTC is
currently underway.
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Dabrafenib (GSK2118436) is an inhibitor of BRAF kinase that is selective for mutant
BRAF. A recent phase I dose-escalation trial aimed to investigate the safety, tolerability, and
phase 2 recommended dose of dabrafenib, was conducted in patients with incurable solid
tumors, enriching for patients with BRAF-mutant cancers78. A total of 184 patients were
enrolled (28 patients with non-melanoma tumors and 156 with metastatic melanoma). In 28
patients with BRAF-mutant non-melanoma solid tumors, antitumor activity was noted in a
gastrointestinal stromal tumor, PTC, non-small-cell lung cancer, ovarian cancer, and
colorectal cancer. Of 14 patients with BRAF-mutant PTC, 4 could not be assessed because
the first restaging scan was not available, and one patient had received previous treatment
with MEK inhibitor and had PD as best response. Three of the nine (33%) remaining
patients achieved PR, 2 of which were confirmed PRs. The most common adverse events of
grade 2 or worse were cutaneous squamous-cell carcinoma (11%), fatigue (8%), and pyrexia
(6%). Dose reductions were necessary in 7% of the patients.

3.2.3. Combination therapy: The combination of sorafenib with tipifarnib has been
reported in a phase I study. In this trial were included 22 patients with metastatic DTC (16
PTC, 5 FTC, and 1 poorly differentiated) and 13 patients with MTC. All DTC patients were
RAI refractory79. PR rates were 38% and durable SD (more than 6 months) 31% in patients
with MTC. In patients with DTC, the PR rate was 4.5% and durable SD was 36%. The
median PFS in 22 DTC patients was 20 months. The median OS had not been reached, but
at 24 months, OS in the DTC patients was 79%.

The preliminary results of a phase II study of the combination of sorafenib and temsirolimus
shows promising results in patients with RAI-refractory thyroid carcinoma80. The data were
presented at the 2012 ASCO Annual Meeting. Of the 37 eligible patients, 23 were papillary,
1 follicular, 5 Hürthle cell, 6 poorly differentiated and 2 anaplastic. PRs were observed in 8
patients, including 3 with anaplastic/poorly differentiated cancer; SD in 21 patients; PD in 1
patient. Seven patients were inevaluable. The PR rate was 38% in the cohort of patients that
previously did not receive any systemic treatment. There was no correlation of response to
either BRAF or RAS mutational status.

A phase II trial of everolimus with sorafenib for patients with DTC is currently underway.

3.2.4. Sequential administration: There is minimal evidence regarding sequential
administration of the TKIs in DTC, and is not understood if a patient who had progressive
disease with one TKI may still respond to the next one. In a cohort of metastatic renal cell
carcinoma treated with sunitinib after progression through sorafenib, the response rate seen
with second line sunitinib after sorafenib was similar to that of first line81.

A small, retrospective review of metastatic, progressive DTC treated with off-label sorafenib
and sunitinib showed that patients had a clinical response to sunitinib despite progression on
sorafenib. Sorafenib was given to all 15 patients initially. Two patients discontinued
sorafenib and resumed therapy with sunitinib (one due to PD and the other due to toxicity).
The sunitinib patient previously refractory to sorafenib had a 38% reduction in tumor size61.

3.2.5. Agents to Restore Radioactive Iodine Uptake: Finding drugs to restore the ability to
concentrate radioiodine would be of great value in treating patients with advanced thyroid
cancer. Retinoic acid82, bexarotene83, desipeptide84, rosiglitazone85, and sorafenib58 have
been studied as re-differentiating agents but results are not encouraging. The most
encouraging of the drugs studied to date is selumetenib. Preclinical data showed that in
thyroid tumors carrying BRAF V600E mutations treatment with selective MEK or BRAF
inhibitors rendered the tumor cells susceptible to a therapeutic dose of RAI86. Clinical data
presented at the 2012 ASCO Annual Meeting showed that selumetenib can enhance iodine
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uptake in a subset of RAI-refractory metastatic thyroid cancer. This may be particularly
effective for RAS mutated tumors87. Twenty-four patients were enrolled in this study, of
which 20 were evaluable. Nineteen patients had tumors analyzed for BRAF and N-, K- RAS
mutations (8 were BRAF mutant and 11 were BRAF wild-type). Selumetenib increased 124I
uptake in 12 of the 20 patients (4 of 8 BRAF mutant; 8 of the 12 remaining patients). Eight
of those 12 patients achieved sufficient iodine avidity to warrant RAI therapy, including all
5 patients known to be NRAS mutated and 1 BRAF mutated patient. Of the 7 patients who
had received RAI 5 had PRs, and 2 had SD.

3.3. Treatment challenges—Patients receiving kinase inhibitors should be carefully
monitored for serious adverse events (AEs). Common side effects of sorafenib, sunitinib,
and pazopanib include hypertension, skin toxicity (rash and hand-foot syndrome), diarrhea,
weight loss and fatigue. Less common but potentially fatal AEs include congestive heart
failure, slow wound healing or wound dehiscence, bleeding, and upper airway fistula
formation. The toxicity profile of most commonly used TKIs is summarized in Table 4.

FUTURE DIRECTIONS
There remain several unmet needs in the area of thyroid cancer therapeutics. Understanding
the resistance pathways that develop with treatment will help us to better understand which
combinations of therapies should be studied. A potential mode of thyroid cancer resistance
to targeted therapy is the diminished immune response to tumor. Recent studies suggest that
the immune response associated with both primary and metastatic PTC may be
dysfunctional88,89. The functional capacity of the patient’s immune system should be
assessed in cancer therapy trials to determine whether the therapeutic drug has an effect on
the immune response thus indirectly contributing to the observed response or resistance.
Several drugs which target the tumor by enhancing the immune system are being used in
other tumor types.

Another unmet need is the management of mixed responses. An example of this is a patient
who has bony metastastic disease which is progressing on systemic therapy but has other
areas of disease which are responding. We have published one case of a patient treated
effectively with external beam radiation to the bony site of progression while on a TKI90 but
more data are needed to make such recommendations. Many patients present with only bone
metastases and are not eligible for clinical trials due to lack of RECIST target lesions. Thus,
there is little known about the best therapy for bony metastatic disease in RAI-refractory
patients. Furthermore, studies examining how non-anti-angiogenic drugs can be used in the
neoadjuvant setting could improve surgical outcomes and possibly extend survival.

SUMMARY
Recent advances in the understanding of the important signaling pathways and molecular
biology in cancer have paved the way to development of modern chemotherapeutics.
Development of targeted therapies has revolutionized therapy for many tumor types such as
gastrointestinal stromal tumors, renal cell carcinoma, chronic myelogenous leukemia, and
melanoma. TKIs hold great promise for RAI-refractory, progressive DTC but none to date
are approved for this disease. Since few DTC patients require systemic therapy, it is
important to be able to identify them so that they may initiate treatment when appropriate. In
general, only patients with progressive and/or symptomatic, RAI-refractory disease should
be started on a TKI since these treatments are chronic therapies, not curative and can have
serious side effects. Furthermore, it is unknown if the TKIs will prolong overall survival or
improve quality of life. Thus, other treatment options such as close observation for patients
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with indolent disease and local therapies for patients with few sites of metastatic disease
should be considered.
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Figure 1.
Algorithm for management of DTC patients presenting with metastatic disease and DTC
patients who develop metastatic disease
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Figure 2.
Molecular signaling pathways and drug targets in DTC: The main signaling pathways in
thyroid carcinogenesis are the Ras/Raf/MAPK and P13K-AKT pathways. Extracellular
signals activate tyrosine kinase receptors leading to activation of Ras, which in turn activates
Raf (mainly BRAF in DTC). Activated BRAF phosphorylates and activates the MEK, which
in turn phosphorylates and activates ERK. Activated ERK translocates into the nucleus,
where it regulates transcription of the genes involved in cell differentiation, proliferation,
and survival. PI3K-Akt indirectly activates mTOR and it is a key regulator of cell
proliferation and inhibitor of apoptosis. Signaling cascade is blocked with newer targeted
therapies. The key targets that are currently under evaluation in phase II and III clinical trials
in DTC are shown. *Although, no information is available to date, inhibitors of RET should
theoretically inhibit RET/PTC similarly
Abbreviations: EGFR= epidermal growth factor receptor, VEGFR=vascular endothelial
growth factor receptor, MAPK= mitogen-activated protein kinases; MEK= MAPK kinase;
ERK= extracellular signal-regulated kinase; PI3K=phosphatidylinositol 3-kinase; mTOR=
mammalian target of rapamycin.

Dadu and Cabanillas Page 23

Minerva Endocrinol. Author manuscript; available in PMC 2014 April 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dadu and Cabanillas Page 24

Table 1

Definition of RAI-refractory

Table 1: Definition of RAI-refractory (any of the following):

The disease does not take up iodine at known sites of metastatic disease

Continued growth of disease despite RAI treatment and confirmed uptake

Distant disease grows over a 1 year period after RAI

Total cumulative dose of RAI of ≥600 mCi
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Table 2

Summary of RECIST criteria versions 1.0 and 1.1 (adapted from Wahl et al91)

RECIST 1.0 RECIST 1.1

Measurability and
selection of target
lesions at baseline

1 Measurable/target lesions:

• unidimensional measurement

• All target lesions: LD only:
size with conventional
techniques ≥20 mm, with
spiral CT ≥10 mm

• Maximum number of target
lesions: 5 per organ up to 10
total [more than 1 organ])

1 Measurable/target lesions:

• unidimensional measurement

• Tumor lesions: LD only: size with
conventional techniques ≥ 20 mm,
with spiral CT ≥10 mm; nodes: short
axis ≥ 15 mm

• Malignant lymph nodes: >15 mm in
short axis

• Cystic lesions thought to represent
metastases can be considered
measurable if they meet size criteria.

• Lesions in a previously irradiated
area can be considered measurable if
progression is demonstrated and they
meet size criteria.

• Maximum number of target lesions:
2 per organ up to 5 total [more than
1 organ])

Selection of
nontarget lesions

Nontarget lesions: lesions < 1 cm, cystic lesions, bone
lesions without soft tissue component, pleural and
pericardial effusions, ascites, leptomeningeal disease,
lesions in an irradiated area.

Nontarget lesions: Lymph nodes: 10 to 15 mm nodes. Non-
lymph nodes: lesions < 1 cm, bone lesions without soft tissue
component, pleural and pericardial effusions, ascites,
leptomeningeal disease.

Objective response 1 Target lesions (change in sum of LD):
CR, disappearance of all target lesions,
confirmed at ≥4 wk; PR, ≥30% decrease
from baseline, confirmed at 4 wk; PD,
≥20% increase over smallest sum
observed (nadir) or appearance of new
lesions; SD, neither PR nor PD criteria
met

2 Nontarget lesions: CR, disappearance of
all nontarget lesions and normalization of
tumor markers, confirmed at ≥4 wk; PD,
unequivocal progression of nontarget
lesions or appearance of new lesions; non-
PD, persistence of one or more nontarget
lesions or tumor markers above normal
limits

1 Target lesions (change in sum of LDs): CR,
disappearance of all target lesions, confirmed at
≥4 wk; PR, ≥30% decrease from baseline,
confirmed at 4 wk; PD, ≥20% increase over
smallest sum observed (nadir) and overall 5-mm
net increase or appearance of new lesions; SD,
neither PR nor PD criteria met

2 Nontarget lesions: CR, disappearance of all
nontarget lesions and normalization of tumor
markers, confirmed at ≥4 wk; PD, unequivocal
progression of nontarget lesions or appearance of
new lesions; non-PD: persistence of one or more
nontarget lesions or tumor markers above normal
limits; PD must be “unequivocal” in nontarget
lesions (e.g., 75% increase in volume); PD can
also be new “positive PET” scan with
confirmed anatomic progression. Stable positive
PET is not PD if it corresponds to anatomic
non-PD

Overall Response 1 Best response is recorded in measurable
disease from treatment start to disease
progression or recurrence

2 Non-PD in nontarget lesions will reduce
CR in target lesions to overall PR

3 Unequivocal new lesions are PD
regardless of response in target and
nontarget lesions

1 Best response is recorded in measurable disease
from treatment start to disease progression or
recurrence

2 Non-PD in nontarget lesions will reduce CR in
target lesions to overall PR

3 Unequivocal new lesions are PD regardless of
response in target and nontarget lesions
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