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Differentiated thyroid carcinoma (DTC) is a highly prevalent endocrine
malignancy. The majority of DTCs are slowly progressive and, when identi-
fied at an early stage, frequently cured with adequate surgical manage-
ment and radioactive iodine-131 ablation therapy. Metastatic DTC that has
become inoperable or refractory to radioactive iodine-131, however, is
associated with a poor survival. Results of conventional treatment modali-
ties have been disappointing and, therefore, new therapies are needed.
As a result of the increasing knowledge of the biologic basis for thyroid
cancer, therapeutic agents that target involved biologic abnormalities have
been identified. Multiple clinical trials have been initiated and performed
in the past years. In this article conventional and new treatment modalities
in differentiated advanced thyroid cancer are described, with the focus on
kinase inhibitors.
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Thyroid carcinoma is the most prevalent endocrine malignancy and accounts for
94% of endocrine cancers. However it still has a low incidence of 2—10/100,000
persons per year. The incidence has increased during the last few decades, and this
trend appears to be continuing [1-3,201].

Thyroid cancer is a heterogeneous disease that is classified into differentiated thy-
roid carcinoma (DTC), medullary thyroid carcinoma (MTC) and undifferentiated
(anaplastic) thyroid carcinoma (ATC). Differentiated thyroid carcinoma is most
common (95%) and includes papillary thyroid carcinoma (PTC, 80%) and subtype
follicular variant of PTC, follicular thyroid carcinoma (FTC, 10-15%) and Hiirthle
cell carcinoma. The mean age at diagnosis is between 45 and 50 years old [4]. The
overall 10-year survival rates are approximately 90-95% s]. This is because of a
combination of the favorable biological behavior of the tumor (i.e., indolent) and
the availability of effective therapies consisting of near-total thyroidectomy followed
by radioactive iodide-131 (Ral) ablative therapy.

In the pathogenesis of thyroid carcinoma, it is believed that the genetic alterations
lead to both proliferation via multiple pathways, and the loss of thyroid-specific
proteins. The disappearance of the functional expression of thyroid-specific proteins
is a complex chain of events, in which the mechanism is incompletely understood.
Angiogenesis in the original tumor plays an essential role in the facilitation of
distant metastasis. Once distant metastases have occurred, the prognosis of DTC
becomes worse. Metastases are more prone for dedifferentiation of thyroid cancer
cells. The subsequent loss of the ability to accumulate Ral leads to unresponsive-
ness to the only curative treatment option. Metastases are not always immediately
life threatening, but may impair quality of life considerably. In this situation, only
palliative treatment options remain and include external beam radiation therapy,
resection of symptomatic metastasis or experimental therapies [6.7]. Recently,
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increasing knowledge in tumor biology has led to the
identification of potential targets and novel treatment
options with kinase inhibitors (KIs) (8.9]. These drugs
show promising results in patients with progressive
metastatic DTC, refractory for Ral.

Conventional treatment modalities in
differentiated thyroid carcinoma

= Initial therapy

Recent guidelines from the European Thyroid
Association (ETA), the Latin American Thyroid
Society (LATS) and the American Thyroid Association
(ATA) give an up-to-date overview of the treatment
strategies for DTC [10-12]. Initial therapy consists
of near-total thyroidectomy in most patients. Only
very low-risk patients (small [<1 cm] PTC, unifocal
and intrathyroidal) may be treated with hemithy-
roidectomy. In other cases, a total thyroidectomy is
recommended [13-17].

Controversy exists about the routine use of Ral
ablative therapy for thyroid remnants. Arguments
in favor are that Ral ablative therapy destroys the
remaining normal thyroid tissue, which facilitates
follow-up procedures [15,18]. The use of high-dose
Ral permits postablative scanning to detect persis-
tent carcinoma or metastatic disease [19.20] and Ral
may destroy microscopic metastasis and carcinomas,
thereby decreasing the risk of recurrence [21.22]. Ral
ablation is not indicated in very low-risk patients, but
is the treatment of choice in patients with a high risk
of recurrence/mortality, gross extrathyroidal extension
of the tumor, documented lymph node metastases,
incomplete tumor resection and distance metastases
as proposed by recent LATS, ATA and ETA guide-
lines [10-12]. Efficacy of Ral ablative therapy of thyroid
remnants is comparable between thyroxine withdrawal
and recombinant human thyroid-stimulating hormone
(TSH) [23-2¢].

After initial therapy, DTC patients used to be treated
with high doses of thyroxine aiming at suppressed TSH
levels. Thyroid cancer cells express the TSH receptor
on the cell membrane. A recent analysis indeed dem-
onstrated that TSH levels are positively associated with
thyroid cancer-associated death and relapse [27-31].
Long-term TSH suppression, however, may be associ-
ated with harmful effects on various systems including
bone metabolism [32-34], glucose metabolism [35.36), car-
diac function, including higher risk of ischemic heart
disease and, increased risk of atrial fibrillation [37-39] and
quality of life [40-42).

The European Consensus on thyroid cancer [43,44]
and ATA thyroid cancer guidelines recommend that
TSH suppression should be maintained only in high-risk
and intermediate-risk thyroid cancer patients [10].

Hoftijzer, Kapiteijn, Schneider et al.

m Conventional therapeutic strategies for
recurrent or metastatic disease

Treatment strategies for local recurrence

In case of local recurrence, surgical management is the
favored strategy. Therapeutic lateral and/or central neck
dissection should then be performed. Radioiodine is
also used adjunctively following surgical debulking if
residual Ral avid disease is present [10].

External beam radiation therapy (EBRT) can be
attempted as palliative therapy when airway obstruc-
tion is present. EBRT in addition to surgery, Ral abla-
tion and TSH suppression has shown to increase the
local relapse-free rate in patients with a high risk of
relapse in the thyroid bed [45.46). Patients with a high
risk of recurrence include patients >40 years of age
with invasive DTC, lymph node involvement and a
macroscopically irradical resection, and patients har-
boring a BRAF mutation [47]. Although cases of com-
plete remission have been described, local recurrence
rate is high. In patients with recurrent disease which is
inoperable or refractory to radioactive iodine therapy,
EBRT can be used to lower the incidence of secondary
relapses [46].

Treatment strategies for metastatic disease

Distant metastases, usually in the bones and lungs,
occur in approximately 10—15% of patients with DTC.
Lung metastases are most frequent in young patients
with PTC. Metastatic thyroid cancer that has become
inoperable or refractory to Ral therapy is associated
with a poor 10-year survival of 5-10%. Owing to the
indolent character of DTC, metastases are not imme-
diately life threatening, but may impair quality of life
considerably [48].

In case of metastases, surgery can be attempted when
the lesion is accessible. In other cases high-dose Ral ther-
apy will be given in patients that accumulate Ral. The
remission rate in pulmonary metastases treated with Ral
is approximately 50%, varying from 90% in patients
with microscopic metastases to only 10% in macronodu-
lar disease. The remission rates of bone metastases are
worse, varying between 7 and 20% [49). The major prob-
lem in this category of patients is the dedifferentiation of
thyroid cancer and, with that, reduced sodium—iodide
symporter (NIS) expression and the diminished or lost
ability to accumulate Ral. Only palliative treatment
options remain. These include EBRT and chemotherapy,
which have limited success [50].

External beam radiation therapy can be used as pal-
liative therapy to reduce the pain of bone metastases or
dyspnea in case of airway obstruction. No randomized
trials have studied the possible benefit of EBRT, so its
effectiveness can only be determined from retrospective
studies [45,51].
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Many conventional chemotherapeutic protocols have
been tried in progressive thyroid carcinoma, with disap-
pointing results overall [52]. The most frequently tested
agent is doxorubicin. Doxorubicin alone or in combina-
tion with cisplatin and bleomycin may induce tempo-
rary remissions or stationary disease in approximately
30-50% of patients [50,53]. Furthermore, responses are
typically shortlived and associated with a high degree
of toxicity [54,55].

New therapeutic strategies for local recurrent

& metastatic disease

m Experimental treatments

A number of experimental treatments have been
attempted in Ral refractory metastatic DTC. Some
therapies are focused on redifferentiation in order to
reintroduce NIS expression and, therefore, reintro-
duce Ral accumulation. Other studies focus on other
strategies to improve Ral therapy in tumors that still
accumulate iodide.

Redifferentiation therapies

When iodide uptake is completely lost, attempts to
improve Ral targeted at reinduction of functional NIS
expression have been performed.

Retinoids are derivates of vitamin A, and are impor-
tant for growth, differentiation and morphogenesis in
vertebrates [56]. Beneficial effects of retinoids have been
reported 7 vitro in thyroid carcinoma [57-61]. A lim-
ited number of human studies have been performed
on the effects of retinoids on Ral uptake and reported
variable results [62-67]. The main conclusion, however,
is that unfortunately retinoids are not able to restore
susceptibility to Ral therapy.

Other mechanisms by which cells can block the
expression of certain genes is by enzymes that methyl-
ate these genes or deacetylate the histones that envelope a
particular gene. These mechanisms also play a role in the
silencing of genes in cancer. Therefore, compounds that
can reverse methylation or inhibit histone deacetylation
may lead to the re-expression of genes that are silenced
in cancer. The orally available histone deacetylase inhibi-
tor vorinostat was studied in 16 DTC patients and three
MTC patients. The study reported that the compound
was able to reintroduce NIS mRNA expression. However
no objective responses were reported and most patients
discontinued therapy owing to adverse events [68].

Statins (e.g., lovastatin) have been shown to be
potent inhibitors of the HMG-CoA reductase. In
addition to their primary use, the anticancer activity
of statins was intensively studied and in vitro studies
have demonstrated an effect on growth and invasion of
tumor cells [(69.70]. At a dose of 25 pM, lovastatin was
able to significantly increase iodine uptake [69]. This
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redifferentiating effect, which was observed at clini-
cally achievable concentrations of lovastatin and trogli-
tazone, may be highly beneficial in patients with DTC
as iodine uptake can be lost in DTC metastases due
to dedifferentiation.

Other experimental therapies

In tumors that still accumulate iodide, improving Ral
therapy is essentially aimed at increasing the dose of Ral.
Lithium has been associated with increased trapping of
iodide by the thyroid gland, without impairing iodide
uptake, thus enhancing Ral retention. However, despite
an increase in Ral uptake in tumor deposits, there are
no data that demonstrate a better outcome of patients
treated with lithium as an adjunct to Ral therapy [71.72].

Peroxisome proliferator-activated receptor-y (PPARY)
agonists have been introduced as antidiabetic agents.
Their proposed mechanism is the differentiation of
preadipocytes, thereby increasing the fatty-acid storing
capacity of adipose tissue. Altered expression of PPARy
and in vitro beneficial effects of PPARy agonists have
been described in a number of malignancies. In general,
a decreased PPARY expression is observed in DTC (73].
Although PPARy agonists showed promising results in
preclinical models for thyroid cancer, they do not result
in a clinically beneficial response [74].

Some drugs are capable of either inhibiting angiogen-
esis or disrupting tumor vasculature. Thalidomide is a
glutamic acid derivate with an antiangiogenic effect. A
Phase II trial was set up to study the effectiveness of tha-
lidomide in patients with progressive, metastatic thyroid
carcinoma. Overall, 18% achieved a partial response
and 32% deomstrated stable disease. Partial response
or durable stable disease was seen in 38% of DTC and
15% of MTC patients [75].

Lenalidomide (CC-5103) is a thalidomide derivate
with a less toxic profile. Ain ez a/. performed a Phase 11
trial with lenalidomide in patients with rapidly progres-
sive and iodine refractory DTC patients. Median overall
survival was less than 11 months [76].

Expression of COX-2 mRNA is increased in thyroid
cancer tissue, especially in those expressing RET/PTC
mutations. In a Phase II trial, the efficacy of celecoxib,
a selective COX-2 inhibitor, was investigated in patients
with progressive metastatic DTC, however, with
disappointing results [77].

m Molecular pathogenesis in differentiated
thyroid carcinoma & kinase inhibitors

Pathogenesis

In DTC, genetic alterations that have been identified
involve kinase signaling pathways [78-80]. These include
genetic defects involving the RET, RAS and RAF protein
kinase signaling cascade (Figure 1). The RET-RAS-RAF
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Figure 1. RET-RAS-RAF cascade.

pathway is interconnected with the EFGR-activated
cascade that among others leads to VEGF and VEGF
receptor (VEGFR) synthesis. Therefore, compounds
targeting the activated RET-RAS-RAF pathway and
beyond may be effective in non-Ral avid DTC. The
RAF proteins are cytoplasmic serine/threonine protein
kinases that are downstream effector molecules of RAS.
Of these, BRAF is the most efficient at phosphorylating
MAPK and is important in proliferative as well as apop-
totic pathways [81]. The AKT pathway plays an impor-
tant role in cell proliferation and survival and has been
found by others to be aberrantly activated in thyroid
tumors [82-85]. An important player in this pathway is
the PI3KCA subunit that, in turn, is also regulated by
RAS. In an interesting series of events unraveled by Hou
et al., a progressive activation of the PI3K/AKT pathway
and associated methylation of PTEN, known to suppress
this pathway, was found in thyroid adenomas, follicular
and anaplastic thyroid cancers [86].

Based on evidence that BRAF is involved in the
development of PTC and in the progression of ana-
plastic carcinoma, BRAF is an attractive target in thy-
roid cancer [87]. BRAF V600E can induce thyroid cell
transformation 7z vitro and thyroid cancer 7 vivo, con-
firming that this mutation is an oncogene for thyroid
cancer. The BRAF V600E mutation has been found
in 29-69% of PTC [87-90]. It has been associated with

aggressive features including extrathyroidal extension,
advanced stage and VEGF overexpression, which, in
turn, is associated with increasing tumor stage and
invasiveness [91,92]. The incidence of BRAF V600E in
anaplastic carcinomas is similar to that in early-stage
well-differentiated tumors, suggesting that some ana-
plastic carcinomas develop from PTC and that BRAF
signaling may be important in this process [93].

Another common genetic abnormality in PTC,
occurring in 16-25% of cases, involves the RET proto-
oncogene via rearrangements leading to the fusion of the
tyrosine kinase domain to the 5" end of other genes that
are constitutively active in follicular thyroid cells [94.95].
This results in the generation of chimeric oncogenes
and proteins denoted RET/PTC whose expression is
under the control of promoters provided by the fused
genes, leading to ligand-independent activation of RET
in papillary thyroid cancer. To date, 12 of these chimeric
RET/PTC proteins have been described [95.96].

Up to 50% of the FTC and 12% of Hiirthle cell
malignancies harbor mutations in one of the three RAS
genes [97].

Other genetic alterations in FTC include
PAX8-PPARy rearrangement. This is a unique com-
bination of genes that traditionally are associated with
thyroid development (PAX8) and cell differentiation
and metabolism (PPARY) [98,99]. This chimeric protein
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acts as a dominant negative competitor for PPARy and is
associated with more aggressive growth and propensity
for invasion [98,99]. The follicular variant of PTC shares
some of the molecular features of follicular tumors, but
also less common BRAF mutations are reported [100].
Anaplastic carcinomas are frequently associated with
mutations of the p-53 tumor suppressor gene [101].

Kinase inhibitors

Targeted cancer therapy with tyrosine kinase inhibi-
tors (TKIs) has been of particular interest in antican-
cer drug development since the 1980s. At that time,
available anticancer drugs acted on DNA only and
these were unsuccessful in the cure of most solid can-
cers [102]. Targeted cancer therapies attempt to disrupt
pathways that are inappropriately activated in cancer
cells. The first notable successes have been with ima-
tinib in chronic myeloid leukemia and in patients with
gastrointestinal stromal tumors (78]. As a result of the
increasing knowledge of the biologic mechanisms of
thyroid cancer pathogenesis and progression, therapeu-
tic agents that could target these mechanisms have been
identified [103-107].

Sorafenib (BAY 43-9006) is the most promising
TKI in DTC. It is an orally active KI targeting BRAF,
VEGFR 1 and 2 and RET, conducting proapoptotic
and antiangiogenic actions. In a Phase II study, Gupta-
Arbramson ez al. found a partial response rate of 23%
and a stable disease rate of 53% mainly in patients with
advanced DTC (n = 30). The median progression-free
survival (PES) was 79 weeks [8]. Kloos et /. examined
the effect of sorafenib mainly in patients with metastatic
PTC (n =41). Of the PTC patients, 15% achieved a par-
tial response, whereas 56% had stable disease for at least
24 weeks. The median PES was 15 months [9). Hoftijzer
etal. performed a Phase II study investigating the efficacy
and the question of whether sorafenib could increase or
reintroduce radioiodine uptake in patients with iodine
refractory recurrent or metastatic DTC. Although no
reintroduction of radioiodine at metastatic sites was
observed, a partial response rate was reported in 23% of
patients and 39% had stable disease. The median PES was
58 weeks [108]. Currently, a Phase I1I trial of sorafenib ver-
sus placebo is performed with the possibility of crossover
in patients with advanced iodine refractory DTC.

Table 1 gives an overview of other relevant Phase 11

studies with TKIs in DTC.

Monotarget kinase inhibitors

Gefitinib (ZD1839) is an oral EGFR KI. The EGFR is
highly expressed in malignant thyroid tissue and muta-
tions of the EGFR gene have been described in thyroid
cancer. Moreover, EGFR contributes to RET activa-
tion, signaling and growth stimulation and is associated
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with poor prognosis in DTC [109]. Pennell ez a/. studied
the effectiveness of gefitinib in a Phase II trial with
a mixed cohort of thyroid cancer patients. A total of
4% of patients demonstrated disease reduction; how-
ever this did not qualify as a partial response. Overall,
24% of patients acquired stable disease lasting at least
24 weeks. Median PFS was almost 16 weeks [110].

Axitinib (AG-013736) is an oral TKI that effectively
blocks all of the VEGFRs. A Phase I trial by Cohen
et al. studied the efficacy of axitinib in advanced or
metastatic thyroid carcinoma of any histology (n = 60;
of which 45 were DTC). A partial response was seen
in 30% of the patients. Stable disease lasting at least
16 weeks was reported in 38% of the subjects. Objective
responses were noted in all histologic subtypes with a
partial response rate of 31% in patients with DTC.
Median PFS was 18.1 months [111].

AZDG6244 is a potent, selective, noncompeti-
tive inhibitor of MEK1/2 that has been studied in a
Phase I study and has shown interesting activity in two
advanced thyroid cancer patients with stable disease for
at least 5 months [112]. A multicenter Phase II trial is
ongoing in advanced DTC patients.

Multikinase inhibitors

Motesanib diphosphate (AMG 706) is an oral KI target-
ing the VEGFR 1-3, RET and ¢-KIT. In a Phase I trial
by Rosen ez al., a 50% overall response rate was observed
in patients with advanced thyroid carcinoma [113]. Based
on these results a multicenter Phase II trial was initiated,
testing the efficacy of motesanib therapy in patients with
progressive DTC and progressive or symptomatic MTC.
A partial response was confirmed in 14% of the DTC
patients, and another 35% of these previously progressive
patients maintained stable disease for at least 24 weeks.
The median response duration was 40 weeks [114].

Sunitinib (SU11248) is an oral KI of VEGFR 1-3,
RET, and RET/PTC subtypes 1 and 3. A response rate
of 8% in DTC patients was reported by Ravaud ez /.,
who performed a Phase II trial to determine the effect
of sunitinib in refractory advanced thyroid carcinoma.
Furthermore, 67% of DTC patients demonstrated dis-
ease stabilization [115]. In a second Phase II trial, Cohen
et al. reported a 13% response rate and a 68% stable
disease rate in patients with DTC [116]. Preliminary ana-
lysis from a third Phase II trial showed partial response
or stable disease for at least 12 weeks in 17% of DTC
patients [117].

Pazopanib (GW786034) is an orally bioavailable KI
that targets VEGFR 1-3 and ¢-KIT. Its antitumor activ-
ity in advanced and progressive DTC was demonstrated
in a Phase I1 trial. A total of 32 patients were enrolled.
Partial responses were confirmed in 32% of patients,
median PFS was 12 months [118].
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Table 1. Literature on tyrosine kinase inhibitors in Phase II studies in differentiated thyroid carcinoma.

Drug Target Tumor type Number of
patients

Monotarget tyrosine kinase inhibitors
Gefitinib EGFR-RET DTC + MTC 18 +4
Axitinib VEGFR DTC 45
Multitarget tyrosine kinase inhibitors
Motesanib RET-PDGF-VEGFR-KIT DTC 93
Sunitinib RET, VEGFR, PDGFR DTC + MTC 8+4

DTC 37

DTC + MTC 26 +7
Pazopanib VEGFR, PDGFR DTC 32
Sorafenib RET-RAS-RAF-VEGF- DTC 41

VEGFR-PDGF—-c-KIT DTC 30
DTC 31

Response Stable disease Progression Ref.
rate (%) (%) free survival

0 24 (>24 weeks) 16 weeks [110]
31 42 18 months [111]
14 35 (>24 weeks) 40 weeks [114]
8 67 [115-117]
13 68

32 (7 CR)

32 65 12 months [118]
15 56 (>24 weeks) 15 months [8,9,108]
23 53 79 weeks

25 34 58 weeks

CR: Complete response; DTC: Differentiated thyroid carcinoma; EGFR: EGF receptor; MTC: Medullary thyroid carcinoma; PDGFR: PDGF receptor;
VEGFR: VEGF receptor.

Small molecules

PLX 4032 is an orally administered small molecule that
specifically inhibits the V6OOE mutant BRAF kinase,
without appreciable impairment of wild-type BRAF
or other RAF kinases. Three patients with PTC and
documented V60OE BRAF mutations have been treated
in a Phase I study, with one of the three experiencing
a partial response and the other two having prolonged
stable disease [119]. No current Phase II trial is open.

XL880 is another orally bioavailable c-Met inhibi-
tor that also blocks VEGFR 1-2 at a nanomolar level,
and less potently PDGFR, KIT and FLT3. It has dem-
onstrated promising activity against thyroid cancer
patients in a Phase I clinical trial [120].

E7080 is also an inhibitor of multiple TKs, espe-
cially VEGFRs, ¢-KIT and PDGFR- stem cell factor
receptor. In animal studies, it has been shown to have
potent antitumor activity against small cell lung can-
cer and breast cancer, most likely through inhibition of
VEGEFR 2 and 3 [121.122]. A Phase II, multicenter trial
has been set up to evaluate the safety and efficacy of oral
E7080 in medullary and refractory, unresectable DTC.

Differences in response to TKIs

The mechanism behind the differences in response
rate between the multitargeted Kls is as yet unclear.
Differences in IC, | for targets plays a role (Table 2).
However, it has to be realized that these characteristics
are derived from n vitro experiments. In addition, low
IC,, values for wild-type kinase targets do not reflect
efficacy in mutated targets: indeed, motesanib has affin-
ity for RAF but not for mutated RAF. Sunitinib has a
much lower efficacy in translocated RET than in wild
type RET. Other phenomena (pharmacodynamics and

pharmacokinetics) will also contribute to differences.
In this respect, PLX 4032 (see earlier), that specifically
inhibits the V60OE mutant BRAF kinase is an interest-
ing compound. In addition, comparison of the results
of Phase Il studies with different TKIs in DTC is ham-
pered by differences in patient categories (including his-
tologies, tumor stages, sites of metastases and tumor
extent), study design and analytical methods [123].

Side effects of tyrosine kinase inhibitors

Although the toxicity of therapy with Kls is usually con-
sidered less serious than in conventional chemotherapeu-
tic schedules, the side effects are by no means mild. The
side effects in the study by Hoftijzer e a/. 98], which are
summarized in Table 3, are representative for most stud-
ies with KI in DTC. Doses had to be reduced in 56% of
the patients to control toxicities and approximately one
third of the patients discontinued treatment owing to
side effects. The most prevalent side effect is the hand—
foot syndrome, which occurs in the first few weeks of
treatment and subsides in most after dose reduction and
topical treatment. Most patients need nutritional support
for weight loss. Diarrhea is a common cause of weight
loss and also requires symptomatic treatment. Mineral
deficiencies are treated with supplementation, whereas
hypertension is treated with antihypertensive drugs. In
order to maintain serum-free T4 levels and TSH levels at
the required values, many patients will need an increase
in thyroxine dose.

Conclusion & future perspective

In this article we have described conventional and new
treatment modalities in differentiated advanced thyroid
cancer. The large majority of patients with DTC can
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be cured, and others may survive for decades despite
persistent disease. Patients with asymptomatic, stable
metastatic disease may be monitored closely on levothy-
roxine suppression therapy. However, DTC patients with
progressive, radioiodine-resistant metastatic disease have
a worse prognosis and the results of conventional treat-
ment modalities have been disappointing. These patients
should nowadays be considered for entry into clinical
trials with new agents.

The large development in the treatment of advanced
thyroid cancer is due to the unraveling of the carcinogen-
esis of thyroid cancer. Aberrations in RET/PTC-RAS—
RAF-MAPK pathway are present in a high percentage
of thyroid cancer, and there are also angiogenesis switch
alterations and involvement of other receptor tyrosine
kinases, such as EGFR or c-Met. Due to the oncogenic
roles of activated BRAF, RET and RET/PTC kinases,
the assumption was that specific targeting of these kinases
could block tumor growth and induce senescence [124].
As can be shown from multiple clinical trials in thyroid
cancer, these assumptions have appeared to be correct
with considerable percentages of clinical responses.

In DTC, sorafenib seems a promising agent, since
three Phase II trials have shown efficacy [8.9.108]. Several
issues, however, need to be resolved.

The exact risk:benefit ratio of therapy with Kls in
DTC can only be determined from Phase III studies.
As indicated, KIs have considerable side effects. As most
metastases in DTC are slowly progressive and many
times not accompanied by invalidating symptoms, the
balance between a gain in PFS at the cost of quality of
life is extremely difficult to assess and requires a highly
individualized approach. Currently, an international
Phase III trial is underway in progressive metastatic
DTC patients, who are randomized between sorafenib
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and placebo with the possibility of crossover. However,
the search for new treatment agents will still be necessary,
since patients eventually become progressive on sorafenib
or do not tolerate sorafenib.

Selection of patients is another important issue. As yet,
it is impossible to predict which category of patients will
respond to KIs. Conventional pathological classifications
of primary tumors do not predict responsiveness. Often,
metastases are inaccessible to obtain tissue, and genetic
analyses from primary tumors usually do not reflect
metastases. Ideally, kinase profiles should be obtained
from metastatic tissue to predict what kinase inhibitor
profile would be optimal.

The timing of treatment and combined treatments
is an important aspect. In most studies, patients with
advanced DTC are included who have usually had along
history of ineffective conventional therapies. Therapy
with KIs is based on the presumption that tumor pro-
liferation is oncogene addicted, for example, driven by
activated oncogenes. However, in advanced disease, this
dependency is often lost, which makes therapies tar-
geted to these oncogenes of limited use. Consequently,
it should be considered to initiate KI therapy at a much
earlier stage, in combination with Ral for high-risk
patients with irradical thyroidectomy, metastasized dis-
ease with bone or macroscopic lung metastases, with
limited Ral uptake.

Treatment schedules with KIs in DTC are not crys-
tallized. In most patients, continuous treatment is used.
As side effects may affect quality of life considerably,
drug-holidays may be an option, but it has not been
studied systematically in DTC.

For definitions of therapy response in patients with
advanced thyroid cancer, the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria are applied

Table 2. IC_ values for the most important kinase inhibitors and different targets.

Targets
VEGFR 3 RET RET/PTC3 BRAF
IC,, (M)  IC, (nM) IC,, (nM) IC,, (nM)
0.29
6 59
20 47 50 22
17 41 224
110 130 100
4
100

Other
IC,, ("M)

c-Kit 1.7
EGFR 33
c-Kit 8
c-Kit 8

EGFR 500
c-Met 1.8
BRAF-V600E 31

Compound
VEGFR 1 VEGFR 2
IC,, (NM) IC,, (NM)
Axitinib 1.2 0.25
Gefitinib
Motesanib 2 3
Sorafenib 90
Sunitinib 2 9
Vandetanib 1600 40
XL184 0.035
PLX4032
VEGFR: VEGF receptor.
Adapted from [123].
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Table 3. Adverse events of sorafenib.

Event

Fatigue
Asthenia
Weight loss
Anorexia
Fever

Diarrhea
Constipation

Nausea
Vomiting
Abdominal pain
Alopecia

Rash

Pruritus

Dry mouth
Hypertension
Headache
Anemia
Thrombopenia

Hypocalcemia

Hypothyroidism

Heart failure

Dyspnoea

Proteinuria

Hand—foot syndrome

Mucositis/stomatitis

Myocardial infraction

Rhythm disorder

Musculoskeletal pain

Hypophosphatemia

Number of patients (%)
Gefitinib[110]  Axitinib [111] Motesanib[114] Sorafenib [8] Sorafenib[108] Sorafenib [9]
9 (15) 28 (93) 21 (66) 35 (63)
30 (50) 43 (46) 19 (63) 46 (82)
10 (11)
15 (25) 37 (40) 18 (60) 18 (56) 46 (82)
3(11) 18 (30) 25 (27) 6 (20) 23 (41)
2(7)
11 (41) 29 (48) 55 (59) 22 (73) 16 (50) 42 (75)
2(7)
1(5) 20 (33) 26 (28) 9 (30) 31 (55)
8 (13) 11 (12) 10 (18)
28 (30) 38 (68)
13 43) 15 (47) 43 (77)
14 (51) 9 (15) 24 (80) 15 (47) 44 (78)
17 (57) 50 (89)
4 (13) 42 (75)
15 (25) 14 (47) 14 (44) 9 (16)
13 (14) 3(0.5)
17 (28) 52 (56) 9 (30) 13 (41) 24 (43)
13 (22) 24 (26) 2(7) 9 (16)
8 (25)
9 (28)
13 (41)
9 (28)
11 (12)
1(1) 1(3)
1(3)
7(13)
8 (27) 8 (15)
11 (18)

for the judgment of progression for the inclusion in
trials and for follow-up scans to determine treatment
effect. However, anatomical imaging alone using the
RECIST criteria has limitations. Wahl ez a/. propose
the PET Response Criteria in Solid Tumors (PERCIST)
that can serve as a starting point for use in clinical
trials and in structured quantative clinical report-
ing [125]. The premise of the PERCIST criteria is that
cancer response, as assessed by PET, is a continuous

and time-dependent variable, while RECIST uses

unidimensional measurements of target lesions and
classifies continuous data (tumor size) into four catego-
ries (complete remission, partial response, stable disease
and progressive disease), with possible loss of informa-
tion. However, the PERCIST criteria will need revisions
and enhancements in validation studies in varying dis-
eases and treatments. Until then, the RECIST criteria
(version 1.1 [126]) are the best criteria we have and they
should be applied in every clinical trial with dedicated
radiologists using them.
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Another issue is that a substantial proportion of
patients (33—50%) have stable disease of varying dura-
tion as best response in several studies. Given the indo-
lent natural history of many of these tumors, a report of
stable disease might be of limited value. In this context,
the determination of the primary end point in studies
is sometimes difficult. The objective response rate gives
information on progression, stabilization or shrinkage
of tumors within a certain period of time, but does not
correlate per se with overall survival. PES or overall sur-
vival is not always the preferred primary end points in
advanced thyroid cancer because of its indolent nature.
Furthermore, the RECIST criteria may not be the best
method for tumor evaluation in this tumor type, as was
discussed previously. In any case, only patients with
documented progressive disease should be included in
clinical trials. However, if there are beneficial effects

Executive summary

m Thyroid cancer is a common endocrine malignancy.

Review: Clinical Trial Outcomes

of therapy on tumor response, they must always be
weighed against the side-effects of targeted therapies
and hence its influence on quality of life.

In conclusion, the developments in the treatment of
advanced thyroid cancer are intriguing. The unraveling
of the molecular pathways in thyroid cancer has played
a pivotal role in the development of targeted therapy
for thyroid cancer.

Financial & competing interests disclosure

The authors have no relevant affiliations or financial involvement
with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the
manuscript. This includes employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants or patents
received or pending, or royalties. No writing assistance was utilized

in the production of this manuscript.

m The incidence has increased during the last few decades.

m The overall 10-year survival is 90-95%, due to indolent behavior of the tumor as well as the availability of effective therapy.

m Once distant metastases have occurred, the prognosis of differentiated thyroid carcinoma (DTC) becomes worse as a result of
dedifferentiation and subsequent loss of the ability to accumulate radioactive iodide-131 (Ral).

m Recently, increasing knowledge in tumor biology has led to the identification of potential targets and novel treatment options
with tyrosine kinase inhibitors, including sorafenib and sunitinib.

Conventional treatment modalities in differentiated thyroid carcinoma

m In most cases initial therapy consists of near-total thyroidectomy and Ral ablative therapy followed by thyroid-stimulating
hormone suppressive therapy.

m Conventional therapeutic strategies for metastatic disease, such as external beam radiation and chemotherapy, give
disappointing results; effects are short-lived, with high toxicity and recurrence rates.

m Experimental therapeutic options like lithium, retinoids, proliferator-activated receptor-y agonists and statins have led to
promising in vitro results, but overall clinical results have been disappointing.

Kinase inhibitors in differentiated thyroid carcinoma

m New treatment modalities in thyroid carcinoma are based on the increasing knowledge of the pathological development and
progression of thyroid carcinoma.

m Monotarget kinase inhibitors gefitinib and axitinib already demonstrated a promising response in DTC; however, multikinase
inhibitors sorafenib and sunitinib have proven to be beneficial for patients with metastasized DTC, both in three Phase II studies.

= An international Phase Il trial is currently being performed in progressive metastatic DTC patients, who are randomized between
sorafenib and placebo.

Future perspective

m The risk—benefit balance of kinase inhibitors should be determined in Phase III studies.

m Strategies for patient selection and stratification for optimal treatment modalities should be developed.

m The efficacy of kinase inhibitors as an extended initial therapy in combination with Ral for high-risk patients should be explored.
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