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Abstract

Until recently, patients with advanced thyroid cancers had limited options for systemic treatment.
With the introduction of tyrosine kinase inhibitors (TKIs) as a promising new class of targeted
therapies for thyroid cancer, suddenly patients with advanced disease were given new options to
extend survival. Guidelines worldwide have been updated to include general indications for these
newer agents, but questions remain regarding which agent(s) to select, when to begin treatment,
and how long therapy should continue. Additionally, the true impact of TKIs on overall survival
and quality-of-life in thyroid cancer patients needs further clarification. As familiarity with
approved agents and longer-term data become available, better strategies for implementation of
these targeted drugs will evolve to optimize benefit for patients living with metastatic disease.

1. Introduction

According to the American Cancer Society, an estimated 805,750 people are living with
thyroid cancer in the US, with 64,300 new cases and 1,980 thyroid-cancer related deaths
expected in 2016 [1]. While overall prognosis is excellent for most patients, outcomes
depend highly on disease histology and the presence of regional or systemic metastasis [2].
Histologically almost 95% of thyroid cancers are well-differentiated subtypes (DTC), while
2-5% may be medullary thyroid cancers (MTC), and another 1-3% will be undifferentiatied
or anaplastic thyroid cancers (ATC) [3]. DTCs originate in the thyroid follicles and include
papillary thyroid cancers (PTC), comprising 80% of DTCs, follicular thyroid cancers (FTC)
that comprise another 10-15%, and Hurthle cell cancers (HCC) making up the remainder
[3,5]. By comparison, MTCs originate in the parafollicular ‘C’ cells of the thyroid. Finally,
ATCs, while rare, are the most aggressive subtype with abysmal 5-year overall survival rates
of less than 5% [3-5,95]. Surgical thyroidectomy is the standard initial management for
patients with thyroid cancer and most patients with DTC can be fully treated with either
surgery and thyrotropin (TSH) suppression or with addition of adjuvant radioiodine ablation
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(RAI) for select patients [3,6,8]. Efficaciousness of TSH suppression and RAI depends upon
the presence of sufficiently differentiated follicular cells, and these modalities are ineffective
and not recommended for use in MTC or ATC [3,5,6,8]. In addition to its utility in the
adjuvant setting, RAI can also be used as effective systemic therapy for patients with
unresectable or metastatic DTC, so long as tumor cells maintain the ability to take up and
concentrate 1311 [3,6,8]. In 5-15% of patients with DTC, however, this ability is lost and the
tumor is classified as refractory to RAI (RAIR) [9-12]. Although outcomes in DTC are
generally excellent, with 5-year overall survival reported at 97.8 % [2], the 5-year disease
specific survival for patients with RAIR DTC is 66%, and 10-year survival is only 10% [9].
Patients with RAIR DTC and distant metastasis survive approximately 2.5 — 3.5 years
[9,94].

Poorly differentiated thyroid cancer (PDTC) is an aggressive rare form of thyroid cancer that
carries a high risk of recurrence and metastatic spread to lung and bones. Patients are often
treated with a combination of surgery, radioactive iodine and/or radiation therapy and
molecular targeted therapies as these tumors are frequently insensitive to RAI. [139]
Although anaplastic thyroid cancer (ATC) is commonly considered the most aggressive
histologic subtype of thyroid cancer with the worst mortality [5], most thyroid cancer deaths,
however, are due to advanced stage RAIR DTCs [3]. An analogous contrast in prognosis by
stage is present in MTC as well where 5-year survival for locoregional disease (Stages I to
I11) is 93% compared with 28% for distant stage IV disease [3].

The notably poor survival in late stage MTC and RAIR DTC compared with earlier stages
reflects the lack of effective durable systemic treatment options for advanced disease [13].
Until 2011, the standard of care for systemic therapy for such patients was doxorubicin,
which was approved in 1974 for advanced thyroid cancer [14-16,104]. Since then, multiple
small studies have demonstrated limited efficacy with doxorubicin used either alone or in
combination with other cytotoxic chemotherapeutic agents [13-16]. Based on this lack of
efficacy and the promising results of newer TKIs, traditional cytotoxic chemotherapy is no
longer recommended as first-line therapy in either MTC or RAIR DTC [3,6,8].

2. Approved TKIls in Advanced Thyroid Cancer

Landmark preclinical research implicating tyrosine kinase receptors (TKRs) and their
downstream signaling cascades as drivers in the proliferation of MTC and DTC led to the
development of numerous small molecule competitive inhibitors, the tyrosine kinase
inhibitors (TKIs) [11,17,18]. Four of these agents are now approved by regulatory agencies
for use in advanced thyroid cancer (Table 1) [20]. Some of the TKIs inhibit specific TKRs
associated with known genetic lesions in thyroid cancer, whereas most are multi-targeted,
affecting a variety of TKRs [10,11]. Rather than exhibiting a direct cytotoxic action, the
effect of TKR blockade is to inhibit further growth and proliferation [10,19]. In addition, a
significant portion of the anti-tumor effect exhibited by multi-targeted TKIs may be due to
anti-angiogenesis mediated by vascular endothelial growth factor receptor (VEGFR)
inhibition, with resulting tumor blood supply deprivation [11,19].
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In 2011, vandetanib, a multi-targeted inhibitor of several tyrosine kinase receptors including
RET, VEGFR2&3, and EGFR, became the first TKI to garner regulatory approval for MTC
[20,98-100]. In the randomized controlled phase 3 ZETA trial [21] involving 331 patients
with locally advanced or metastatic MTC, vandetanib demonstrated prolonged projected
median progression-free survival (PFS) of 30.5 months (m) compared to 19.3 m with
placebo (Hazard Ratio 0.46; 95% Confidence Interval (CI), 0.31 to 0.69; P < .001). Overall
response rate (ORR) in patients treated with vandetanib was 45%, compared with 13% in
patients receiving placebo. Moreover, nearly all responses in patients randomized to placebo
occurred after these patients crossed over into the open-label treatment phase of the study.
Statistically significant decreases in calcitonin and carcinoembryonic antigen (CEA) levels
were also seen in treated patients. The most common severe adverse effects (AE) were
diarrhea (11%), hypertension (9%), and QTc prolongation (8%), which prompted the FDA
to issue a “black box warning” upon vandetanib’s approval. Overall, this agent was well-
tolerated, with only a 12% rate of treatment discontinuation over a median treatment
duration of 21 m. More recently, a randomized placebo-controlled ‘registration’ trial of
vandetanib in DTC (VERIFY trial) has now also been completed, but final results had not
been published at the time of this review.

In 2012, cabozantinib, a multitargeted TKI affecting (RE-arranged during Transfection) RET
kinase, VEGFR1&2, and the tyrosine-protein kinase Met (MET), attained regulatory
approval for MTC [20,101]. This approval was predicated by favorable results from the
randomized, controlled Phase 111 EXAM trial [22] involving 330 patients with unresectable
locally advanced or metastatic progressive MTC randomized to receive either cabozantinib
or placebo. In this trial, cabozantinib-treated patients demonstrated median PFS of 11.2 m
compared to 4.0 m in the placebo group (HR 0.28; 95% CI, 0.19 to 0.40; P < .001).
Progression-free survival on cabozantinib at 1 year was 47% while only 7.2% for the
placebo group. The ORR for the cabozantinib group was 28% compared to 0% in the
placebo group (P <.001). Calcitonin and CEA levels displayed significant decreases in the
cabozantinib-treated group, compared to increases with placebo. The most common severe
AEs related to treatment with cabozantinib were diarrhea (16%), Hand-Foot Skin Reaction,
or HFSR (13%), fatigue (10%), and hypertension (8.4%). Gl perforations and fistulas were
reported in 3% and 1% of patients respectively, prompting the FDA to issue a “black box
warning” upon cabozantinib’s approval [93]. Dose interruption or modification was
necessary in 79% of patients, and 16% withdrew from treatment due to AEs.

In 2013, sorafenib, another multitargeted TKI affecting VEGFR1-3, platelet derived growth
factor receptor (PDGFR), RET, and the Rapidly Accelerated Fibrosarcoma kinase (RAF),
became the first TKI approved by regulatory agencies for RAIR DTC [20,102]. Sorafenib
had previously been approved by the US FDA for treatment of renal cell carcinoma and
hepatocellular carcinoma [20], and was the first targeted systemic agent to show promising
results in RAIR DTC. In the DECISION trial [23], a phase 3 RCT in which 417 patients
with RAIR, progressive DTC were randomized to undergo treatment with sorafenib or
placebo, patients treated with sorafenib demonstrated median progression-free survival
(PFS) of 10.8 m versus 5.8 m with placebo, with a 41% decrease in risk of disease
progression or death (HR 0.59; 95% CI, 0.45 — 0.76; p < 0.0001). ORR was 12.2% with
sorafenib, compared with 0.5% with placebo (p<0.0001). Median thyroglobulin level
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demonstrated changes in tandem with treatment response to sorafenib, compared to an
increase from baseline in the placebo arm. Subgroup analyses of patients with BRAF
mutations and Rat Sarcoma protein (RAS) mutations identified differences in PFS
associated with overall prognosis, but the presence of either mutation did not materially
affect the degree of improvement in PFS seen with treatment. Dose reduction due to AEs
was necessary in 64% of patients treated with sorafenib, and the most common reasons for
dose modifications were HFSR and diarrhea. Other severe AEs were hypertension (9.7%),
weight loss (5.8%), fatigue (5.8%), and hypocalcemia (9.2%), which required hospitalization
in one patient. Serum thyroid stimulating hormone (TSH) increase occurred in 33% of
patients. AEs leading to treatment withdrawal were reported in 18.8% of patients. Secondary
malignancy (most commonly squamous cell carcinoma of the skin) occurred in 4.3% of
patients in the treatment group, compared with 1.9% of those treated with placebo. A more
recent evaluation of quality of life (QoL) effects of sorafenib treatment showed slightly
worse QoL in patients in the sorafenib-treated arm versus those in the placebo-treated arm.
[140]

In 2015, Lenvatinib became the latest TKI to obtain regulatory approval for use in RAIR
DTC [20,96]. This approval stems from the promising results reported in the SELECT trial
[27]. Lenvatinib is a multitargeted TKI affecting VEGFR1-3, fibroblast growth factor
receptor(FGFR), PDGFR, RET, and KIT. In the phase 3 randomized controlled SELECT
trial, 392 patients with progressive RAIR DTC were randomized to receive either lenvatinib
or placebo. In this study, 24% of randomized patients had previously undergone treatment
with a different TKI regimen, most commonly sorafenib. Median PFS in patients treated
with lenvatinib was 18.3 m compared with 3.6 m with placebo (HR 0.21; 99% Cl, 0.14 to
0.31, p<0.001). At 18-months, 51.1% of patients treated with lenvatinib demonstrated no
disease progression compared with 3.8% of those treated with placebo. Analogous to results
seen with sorafenib, neither BRAF nor RAS mutation status seemed to affect the degree of
increase in PFS in patients treated with lenvatinib. Response rate in patients treated with
lenvatinib was 64.8% compared with 1.5% in the placebo arm (OR 28.9; 95% Cl, 12.46 to
66.9, p<0.001). Four of the patients treated with lenvatinib demonstrated a complete
response, which was sustained through the final data collection time point. A subgroup
analysis of patients previously treated with another TKI showed preserved improvements in
PFS of 15.2 m with lenvatinib vs. 3.6 m with placebo (HR 0.22, 95% CI 0.12-0.41) and
ORR of 62.1% vs. 3.7%, respectively. Severe treatment-related AEs were reported in 75.9%
of patients treated with lenvatinib, of which 10.1% were fatal. Severe AEs included
hypertension (43%), proteinuria (10%), and thromboembolic events (6.5%) including fatal
PE, and hemorrhagic stroke. Other AEs included prolonged QTc (8%), renal failure (4.2%),
gastrointestinal fistula (1.5%), hepatic failure (0.4%), and posterior reversible
encephalopathy (0.4%). Of patients treated with lenvatinib, 82.4% required dose interruption
and 67.8% required dose reduction, beginning at a median of 3.0 m (95% ClI, 2.7 to 3.7)
after initiation of treatment. Most AEs responded to standard clinical management or dose
modification, but 14.2% of patients required discontinuation of lenvantinib for dose-limiting
toxicities. Despite the longer median overall survival, a 2-3% increase in the rate of deaths
attributed to therapy was observed in the lenvatinib group over that of the placebo group.
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3. Adopting TKiIs into Treatment Algorithms for Thyroid Cancer

The four trials described above represent the foundational evidence supporting the
introduction of TKIs as single-agent therapy into clinical practice for advanced thyroid
cancers. Inclusion criteria in each trial limited the study population to patients with
anatomically-defined progressive disease, either metastatic or unresectable, for which
alternative therapies were not available [21-23,27]. These indications are appropriately
mirrored in treatment algorithms proposed by the American Thyroid Association (ATA) and
National Comprehensive Cancer Network (NCCN) in their recently updated guidelines
[3,6,8]. No data are yet available to support TKI use in other contexts, including neoadjuvant
treatment before surgery or as adjuvant treatment following RO or R1 resection (unlike RAI,
for instance), in response to elevated tumor markers without evidence of structural disease,
or in combination with any other therapies. Given the morbidity and treatment-related
mortality associated with TKIs, these agents should be initiated judiciously, only for
indications supported by robust evidence, or administered in the setting of a controlled
clinical trial [3,6,8,9,28].

For patients with advanced DTC, the first question that must be answered is whether the
disease is RAIR [9,28,29]. Inclusion criteria for the SELECT and DECISION trials defined
RAIR disease by either: a) the presence of at least one lesion without uptake on 13 scan, b)
at least one lesion progressing after treatment with RALI, or ¢) cumulative administered 1311
dose > 600 mCi [23,27]. In patients with RAI-responsive unresectable locoregional
recurrence or metastasis who are candidates for systemic therapy, the first-line treatment
modality still should be RAI [3,6,9,28]. There is currently no reliable evidence to support the
use of TKIs in patients with RAI-responsive DTC. A more recent update on the definition of
RAIR tumors was published by Schlumberger in 2014 noting that in addition to previous
criteria, it is controversial whether patients receiving more than 600 mCi of radioactive
iodine should be considered as RAIR, and whether radioactive iodine treatment should be
abandoned [141]. The decision whether to continue radioactive iodine treatment in such
patients should be based on their response to previous treatment courses, persistence of a
RAI uptake during the previous treatment course, low FDG uptake in tumor foci, and an
absence of significant side-effects from RAI treatment. [141] A recent study evaluated RAIR
and survival in 153 cases of metastatic DTC [142]. Here, 91 patients (59%) met criteria for
RAIR: that is, 60% (/7= 55) had at least 1 metastasis without 131| uptake; 21% (7= 19) had
progressive disease (PD) despite 1311: 19% (7= 17) had persistent disease despite a
cumulative activity of 1311 of =600 mCi. After the diagnosis of RAIR, median OS was 8.9
years (95% confidence interval [CI]); median cause-specific survival was 9.6 years (95%
Cl). In multivariate analyses, PD despite 1311 as one of the criteria for RAIR and the time
from initial diagnosis of DTC to diagnosis of RAIR <3 years were the only independent
prognostic factors for poor overall survival. The conclusion of the study was that
identification of prognostic factors for decreased survival in RAIR-DTC may improve the
selection of patients for targeted agents[142].

The target population for TKI use in thyroid cancer is inherently diverse, owing to
differences in biological behavior among individuals with advanced disease. Classification
of patients by tumor burden and pace of disease progression aids decision-making (Figure 1)
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[28]. In patients with localized recurrence, the preferred initial treatment remains surgical
resection where feasible [3,6,8,105]. Similarly, in those with oligometastatic disease,
metastasectomy for anatomically amenable lesions can be considered in patients with good
performance status. In such situations, it is advisable to demonstrate an indolent pace of
disease progression, which may be achieved with short interval active surveillance (3-12 m)
prior to finalizing the treatment recommendation, if the behavior of the tumor is not already
known. In this manner, higher morbidity procedural interventions for isolated lesions in
patients that will rapidly develop recurrence or disseminated metastases can be avoided. In
patients with oligometastatic disease not meeting criteria for surgery, local ablative therapies
such as thermal ablation (radiofrequency ablation [RFA], or cryoablation), ethanol ablation,
or external-beam radiation therapy (EBRT) can be considered in select cases for lesions in
accessible locations [3,6,8,28].

Appreciation for disease stability or pace of progression is crucial for appropriate direction
of systemic therapy in advanced thyroid cancer [9,28]. Patients with stable asymptomatic
metastatic disease may be best served by an active surveillance program with TSH
suppression [3,6,8,30]. For patients who have symptomatic, progressive metastatic disease
not amenable to RAI, TKIs have now replaced single-agent or combinatorial cytotoxic
chemotherapeutic regimens as first-line treatment (Figure 2) [3,6,8]. Symptoms in patients
with advanced disease may include focal pain or result from compression or impingement
on nearby anatomic structures from tumor mass effects. Patients with progressive,
hormonally active metastasis from MTC may have worsening diarrhea or glucocorticoid
excess due to ectopic ACTH production [3,8]. The decision to initiate systemic therapy with
TKIs should not be made solely on the basis of rising tumor markers such as calcitonin and
CEA in MTC, or thyroglobulin in DTC [3,6,8,28]. Rather, evidence of structural disease
progression is necessary, and objective criteria such as Response Evaluation Criteria in Solid
Tumors (RECIST) should be used to quantify progression [9,28]. Prior to initiating
treatment with TKIs, patient comorbidities with respect to known AEs should be carefully
considered. Alternative agents may be more appropriate in patients at higher risk for
particular treatment-related complications, and risk profile may play a role in decision-
making regarding initial or subsequent agent selection (Table 2). To date no robust
comparative evidence has established the superiority of any specific TKI over any other for
either DTC or MTC, therefore standardized recommendations for initial agent selection
cannot be made. Both cabozantinib and vandetanib are supported by phase 3 trials in
advanced MTC, while sorafenib and lenvatinib are each supported by phase 3 trials in
advanced RAIR DTC. As such, these four agents have attained regulatory approval and are
logical choices for initial treatment in accordance with guidelines published by the ATA and
NCCN [3,6,8]. The remarkable responses to lenvatinib in both the first-line and second-line
setting reported in the SELECT trial suggest that this agent be given particular
consideration, especially for patients with severe disease burden or symptoms, or for those
failing prior TKI treatment, although the frequency and severity of AEs must be considered
as well [27,97]. In recent years, Phase 2 clinical studies of several other agents in both MTC
and DTC have been completed, several of which have shown promising results and could
support the off-label use of alternative commercially-available TKIs in select patients with
contraindications to approved agents, or as second line therapies to patients with poor
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tolerance or lack of response to standard first line agents [31-45]. Practical considerations
such as institutional or regional availability, practice preferences, clinical familiarity, and
cost may also be factored into treatment decisions [28].

Defining standard intervals for surveillance and criteria for treatment response remains an
area lacking uniform guidelines and should therefore be individualized [3,6,8]. Patients
initiated on TKI treatment require close surveillance for tumor response or progression as
well as development of any AEs [9]. This should be accomplished with frequent office
visits, imaging, and tumor biomarker evaluation [3,6,8]. Patients demonstrating uniform
response or stability may be continued on their treatment regimen as long as the benefits of
therapy outweigh any AEs experienced [9]. Patients demonstrating a heterogeneous response
profile with global improvement or stability but isolated lesions with progression may
benefit from local treatments for accessible lesions. If widespread disease progression
continues despite treatment, transition to a second-line agent should be considered.
Consideration should be given for second-line targeted therapy following first-line treatment
failure based on reports of possible incremental benefit and minimal cross-resistance
between agents despite their similar mechanisms of action [27,38,42-45,50,56,97].
However, there is a paucity of robust data to guide choice of agent or to conclusively support
improved outcomes with second-line therapy in most thyroid cancers, and it is therefore
recommended that eligibility for enrollment in available clinical trials be investigated in
these circumstances [3,6,8].

Surveillance of patients undergoing treatment with TKIs is also crucial for identification and
management of AEs [9,97]. In the seminal phase 3 trials described above, severe AEs lead to
dose modification in 64-82% of patients, and agent discontinuation in 12-19% of patients
[21-23,27]. Commonly reported AEs associated with TKI use are hypertension, QTc
prolongation (especially significant with vandetanib which was given a blackbox warning
from the FDA), diarrhea, weight loss, anorexia, fatigue, HFSR, and rash (Table 2) [21-
23,27,31-37,46,47,57,58]. In addition, elevation in TSH requiring adjustment in thyroid
hormone replacement during treatment is a frequently observed phenomenon. Early
identification of AEs and aggressive symptom management are necessary for preventing
unnecessary dose modifications or treatment withdrawals [9]. Several AEs have proven life-
threatening and garnered special regulatory attention. Significant increases in QTc, as well
as torsades de pointes and sudden cardiac death have been reported with vandetanib, leading
the US FDA to approve a Risk Evaluation and Mitigation Strategy (REMS) protocol for this
agent, requiring that providers and pharmacies obtain special training and certification
before adopting its use in clinical practice [10]. Hemorrhage from the gastrointestinal tract
and skin lesions have led to mortality in patients undergoing treatment with a number of
agents, and lethal cases of abdominal sepsis from severe enteritis and colitis with perforation
have been reported as well [21-23,27,46,47].

4. Other TKIs Studied in Thyroid Cancer

Each of the approved agents discussed above has also been evaluated for use in other thyroid
cancer histotypes in earlier phase clinical studies. Most of these studies are small and open-
label in design, preventing robust conclusions and comparisons, but may still support the off-
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label use of these agents in the appropriate clinical context. Vandetanib was studied for
efficacy in RAIR DTC in a large randomized phase 2 study involving 145 patients [48]. In
this study, median PFS for patients treated with vandetanib was 11.1 m vs. 5.9 m for placebo
(HR 0.63, 60% CI 0.54 — 0.74). In a subgroup analysis, patients with PTC undergoing
treatment with vandetanib demonstrated median PFS of 16.2 m compared to 5.9 m with
placebo, whereas those with FTC or poorly differentiated thyroid cancer demonstrated a
median PFS of 7.7 m with vandetanib vs. 5.6 m with placebo, raising the question of
whether vandetanib may be more appropriate for patients with PTC specifically, rather than
FTC or poorly differentiated tumors. It should also be noted, however, that no statistically
significant difference was found in ORR between patients treated with vandetanib (8%)
compared with placebo (5%) and there was no significant reduction in thyroglobulin levels
in treated patients. These observations have led some experts to question whether vandetanib
is appropriate for use against RAIR DTC [12]. An on-going phase 3 RCT of vandetanib in
patients with RAIR DTC (the VERIFY trial, NCT01876784) is due to conclude in 2017 and
may help answer this question definitively [49]. Early outcomes data were recently
presented at the European Thyroid Association meeting in 2016 and have yet to be published
but are promising for stabilization of disease with treatment.

Cabozantinib, now approved for MTC, has also been studied in the setting of RAIR DTC,
albeit preliminarily. In a phase 1 trial performed in 15 patients with RAIR DTC, a partial
response (PR) was demonstrated in 53% (CI 27-79%) of treated patients [50]. Notably, 73%
of patients enrolled in this study had previously undergone treatment with another VEGF
pathway inhibitor, underscoring the potential for clinical benefit of second-line TKI therapy.
Two on-going phase 2 studies are more closely examining the efficacy of cabozantinib in
patients with RAIR DTC (NCT02041260, NCT01811212) [51,52].

Sorafenib, approved for RAIR DTC, has been studied in a phase 2 trial in 16 patients with
sporadic MTC, and demonstrated some degree of tumor shrinkage in all patients, however
only 1 patient (6%) met RECIST criteria for a PR [53]. Another phase 2 study of sorafenib
in 35 patients with a variety of thyroid cancer histotypes included 15 patients with MTC; in
this subgroup, a response rate of 25% was demonstrated at 1 year [54]. A third phase 2 study
of sorafenib in advanced MTC is currently on-going, with completion expected in 2017
(NCT00390325) [55].

Finally, lenvatinib, approved in RAIR DTC, was studied in a single phase 2 trial involving
59 patients with advanced MTC: an ORR of 36% (CI 24-49%) was reported, with a median
PFS of 9 m [56]. Of patients enrolled in this study, 44% had previously undergone treatment
with another anti-VEGFR agent, of which cabozantinib and sorafenib were the most
common. Remarkably, there was no difference in ORR between patients who had previously
undergone treatment with another anti-VEGFR agent compared with those who did not.

Other multi-targeted TKIs have also been evaluated for their efficacy in thyroid cancer in a
variety of phase 2 studies [31-37,57,58]. Although not yet approved by the FDA for use in
thyroid cancer, given early positive preliminary results in this disease and similar
mechanisms of action, consideration may be given for off-label use in carefully selected
patients [3,6,8]. Among the most promising and well-studied agents are axitinib, pazopanib,
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and sunitinib [31-38]. In a phase 2 study of axitinib in 60 patients, including 45 with RAIR
DTC and 11 with MTC, an ORR of 30% (95%CI 19-43) was reported, all of which were
PRs, with a 21 m median duration of response (95%CI 13-46) [34]. In another phase 2 study
of 52 patients including 45 with RAIR DTC and 6 with MTC, an ORR of 35% (95% CI 22—
49) was reported with axitinib, with a median duration of response of 17 m (95% CI 14-26)
[35]. A phase 2 study of 37 patients with RAIR DTC treated with pazopanib demonstrated
an ORR of 49% (95% CI 35-68), which were all PRs with a median PFS of 11.7 m (1 to >
23 m) [32], and an additional phase 2 trial is pending (NCT01813136) [138]. Pazopanib has
also been studied in 35 patients with MTC, demonstrating a PR rate of 14% (90% CI 5.8—
28), with a median PFS of 9.4 m [36]. Results of a phase 2 trial of sunitinib in 23 patients
with RAIR DTC were recently reported [37]. In this study, ORR was 26% with no complete
responses and median PFS was 8.0 m (3.8 to 17.2). An earlier phase 2 trial of sunitinib in a
mixed group of 35 patients (27 with DTC and 7 with MTC), demonstrated an ORR of 31%
(95%CI 16-47) [33], including one complete response. ORR was 28% for DTC and 50% for
MTC. Finally, in a retrospective analysis of 57 patients with RAIR thyroid cancer
undergoing treatment with sunitinib, a PR rate of 35% was observed [38]. The study
included 25 patients in whom sunitinib was given as a second-line agent, and ORR in these
patients was 20%, compared with 47% in the patients getting the drug as first-line therapy.
An additional phase 2 study of sunitinib in patients with either RAIR DTC or MTC is
currently ongoing and due to conclude in late 2016 (NCT00381641) [59]. Treatment-related
toxicities observed in these studies were typical of the TKI class (Table 2) [31-37,57,58].

5. Additional Targets and Strategies in Late-Stage Development

Each of the agents described above has demonstrated efficacy in clinical trials of patients
with RAIR DTC and MTC within the limitations inherent to their early phase study designs.
Several other multi-targeted TKIs have also been evaluated for use in thyroid cancer,
including imatinib and motesanib, however, early reported outcomes with these agents have
not been promising [57,58,60,61,119]. A deeper understanding of the genetic alterations in
thyroid cancer has led to an appreciation for the limited number of oncogenic mutations
involved in many cases of thyroid cancer [10]. This revelation has motivated increased
interest in selective inhibition of pathogenically altered receptors such as RET and ALK and
downstream effectors of the signaling cascade, such as RAS, MEK, and BRAF [11,12].
Most agents selective for these targets remain in early phases of development, but inhibitors
directed at several specific targets are reaching maturity [10-12]. The BRAF V600E
mutation, which is present in a significant proportion of cases of PTC [62], is the target of
the small molecule inhibitors vemurafenib and dabrafenib [39-41], which are both agents
approved by the FDA for treatment of advanced melanoma harboring this mutation [20].

The efficacy of vemurafenib in thyroid cancer was demonstrated in a recently published
phase 2 study in advanced RAIR DTC patients who were either naive (cohort 1, N=26) or
had prior exposure to a VEGFR inhibitor (cohort 2, N=25) [35]. ORR in cohort 1 was 38.5%
(95%CI 20-59), with all 10 of 26 patients having PRs. Severe AEs were noted in 65% of
cohort 1 and 68% of cohort 2 with up to 27% of these being squamous cell carcinomas of
the skin. Two patients died on study from AEs. Currently, a phase 2 study of vemurafenib
for use as neoadjuvant treatment for locally advanced PTC (T3 or T4 with lymph node
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involvement) is recruiting (NCT01709292) [63]. This study is also notable because its target
population consists of patients with potentially resectable tumors, who are earlier in their
course of disease compared with those studied in most other trials of targeted agents.

Dabrafenib was studied in a phase 1 trial primarily focused on melanoma, which included 14
patients with BRAF V600E mutated thyroid carcinoma (12 DTC, 2 poorly differentiated
tumors) [41]. An ORR was noted in 29% (95%CI 8-58), which were all PRs. No severe
treatment-related AEs occurred. Cutaneous AEs included skin papilloma (57%),
hyperkeratosis (36%), seborrheic keratosis (14%), and skin hypertrophy (14%). Remarkably,
in another study of 10 patients with BRAF V600E-mutated PTC who underwent treatment
with dabrafenib, development of new RAI uptake was demonstrated in 6 patients, 2 of whom
achieved PR after subsequent treatment with RAI, for an ORR of 20% following these serial
treatments [40]. No patients required dose modification due to AEs. New skin lesions or
changes occurred in 80%, including one patient with SCC.

In addition to dabrafenib, several other agents are undergoing evaluation for the potential to
reintroduce RAI uptake into RAIR tumors. Sorafenib was specifically evaluated for this
purpose in an earlier phase 2 study of patients with RAIR DTC, and although PRs were
promising (a clinically important effect later to be confirmed in the DECISION trial
described above), sorafenib was not found to be effective for reintroduction of RAI avidity
[64]. However, selumetinib, a specific inhibitor of MEK1/2 (a downstream target of RAF in
the MAPKinase cellular signaling cascade), has demonstrated more promising results in this
domain [65-67]. Despite a disappointing anti-tumor effect reported in a phase 2 trial of 39
patients with RAIR PTC (PR only 3%) [66], a later study of 24 patients having a mix of
PTC (65%) and poorly differentiated thyroid cancer (35%), demonstrated RAI uptake
increase in 60% of patients treated with selumetinib [67]. Of these, 67% went on to receive
RAI treatment with PR reported in 62%. Tumor genotype appeared to correlate with changes
in RAI avidity as all 5 patients with NRAS-mutant tumors had increases in uptake, and 80%
had a PR following RAI treatment, whereas results for BRAF-mutant or tumors harboring
RET/PTC translocations were less consistent. The utility of selumetinib as an adjuvant to
RAI for patients with recurrent or metastatic RAIl-avid (RAIA) thyroid cancer is currently
being evaluated in a phase 2 trial that is still recruiting participants (NCT02393690) [68]. In
addition, results of a phase 3 trial in non-metastatic DTC comparing the efficacy of RAl in
combination with selumetinib versus RAI alone are due to report soon (ASTRA trial,
NCT01843062) [69]. Demonstrated efficacy in these settings could drive treatment
algorithm changes to incorporate selumetinib as an RAI-sensitizing agent in the future,
however more clinical evidence is necessary before recommendations for current practice
can be made.

Another downstream molecular target that has generated interest is mTOR, for which two
inhibitors have been studied in thyroid cancer: everolimus, and temsirolimus. Everolimus
was evaluated in a phase 2 study of patients with locally advanced or metastatic thyroid
cancer as single-agent treatment [71]. The study included 40 patients with variety of
histotypes including DTC (60%), and MTC (22%). PR was seen in only 8% of patients with
DTC, and no responses meeting RECIST criteria for PR were noted in the other histotypes.
An improved understanding of the cross-talk between signaling cascades involving mTOR
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and other effectors discussed above has led investigators to hypothesize that early adaptive
resistance can be induced by single-agent treatment, and such an escape phenomenon has
been proposed to explain resistance observed in other studies of targeted agents as well
[10,11,19,70,108]. Investigators are therefore evaluating combinatorial treatment strategies
in an effort to thwart the development of resistance by this mechanism. Several on-going
phase 2 trials pair mTOR inhibition with other targeted agents (NCT02143726,
NCT01141309, NCT01263951, NCT01025453, NCT01625520) [72-77], and others
combine agents targeted to different receptor/effector pairs [78,82,84,85,88-92].
Additionally, early ongoing clinical studies are evaluating combinations of targeted agents or
a targeted agent paired with traditional cytotoxic chemotherapeutics [79-92]. These
combinatorial approaches are the main focus of several on-going studies in patients with
anaplastic cancers [80,83,89,124], for which effective treatment options remain elusive
despite on-going investigation with both novel and traditional therapies [5,106,107]. Finally,
a number of other exciting agents with various mechanisms of action are undergoing earlier-
phase translational study, including other MAPK-pathway inhibitors, additional TKIs,
histone deacetylase inhibitors, PPAR-y-directed agents, proteosome inhibitors,
immunotherapy strategies, farnesyl transferase inhibitors, somatostatin receptor radionuclide
therapy, and gene therapy techniques. To date, no randomized controlled clinical evidence
exists to support their use in thyroid cancer, but a role for these agents may develop as
additional data becomes available [10,11,80,82,85,108-118,119-138].

6. Summary

An improved understanding of thyroid cancer pathogenesis has lead to a remarkably rapid
change in the landscape for available systemic therapy over the last decade. Four targeted
agents (vandetanib, cabozantinib, sorafenib, and lenvatinib) have attained regulatory
approval for advanced thyroid cancer, and several other related agents are now commonly
used off-label as first- and second-line treatments for selected patients. The recommended
indications for targeted agents remain limited to patients with advanced, refractory disease.
Given the cost and potential serious toxicities of these agents, treatment decisions should be
made judiciously by experienced clinicians, and patients should undergo close surveillance
for progression and adverse events. Newer approaches to RAI resensitization and
combination strategies may prove beneficial in the years to come as the role of targeted
agents in this disease continues to evolve and several ongoing clinical studies with
neoadjuvant treatments and drug combinations to target multiple pathways report their
findings.
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KEY POINTS

Four targeted agents have attained regulatory approval for advanced thyroid
cancers and several newer agents are being used off-label in this disease.

These targeted treatments have cost and toxicity issues that need to be
factored into patient treatment decisions, which should be made by clinicians
experienced with these drugs.
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Figure 1.
Systemic Therapy Decision-Making Matrix
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Figure 2.
First-line Treatment Algorithm for Disseminated Metastasis
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Figure 3.
Algorithm for Disease Progression on TKI *Or clinical trial
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Table 1A
Tyrosine Kinase Inhibitors Approved by US FDA [21-23,27]

Agent Indication | Trial ORR vs. Placebo | Median PFS Vs. Placebo (months)
Vandetanib MTC ZETA [21] 45% vs. 13% 30.5vs. 19.3

Cabozantinib | MTC EXAM [22] 28% vs. 0% 11.2vs. 4.0

Sorafenib RAIR DTC | DECISION [23] | 12.2% vs. 0.5% 10.8 vs. 5.8

Lenvatinib RAIR DTC | SELECT [27] 64.8% vs. 1.5% 18.3vs. 3.6
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Table 2

Notable TKI Class-Related Side Effects [21-23,27,31-37,46,47,57,58]

TSH Increase

Hand Foot Skin Reaction (HFSR)
Fatigue

Diarrhea

Hypertension

QTc Prolongation *
Electrolyte Disturbance
Weight Loss

Enteriitis/Colitis/Sepsis *
Gastrointestinal Fistula
Gastrointestinal Hemorrhage
Proteinuria

Thromboembolic Events

Cytopenias

*
Significant for vandetanib with FDA Black box warning

+
Black box warning for cabozantin

ib
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