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Abstract

There are not effective therapies for metastatic unresectable, non-radioactive iodine (RAl)-avid thyroid carcinomas. Fortunately, thyroid
carcinomas represent a promising paradigm for targeted therapy due to the presence of activating mutations of genes coding the kinase
tyrosines that are involved in all functions of cancer cells (such as growth or invasion). In this paper, an efficacy and toxicity of sorafenib, one
of the multi-kinase inhibitors in thyroid carcinomas treatment, is presented.
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Patients with metastatic unresectable thyroid cancer, which does not
concentrate radioiodine, have the limited possibilities of treatment
because there is no effective treatment options in these group of
patients. The role of external beam of radiotherapy and chemotherapy
is minimal in these cases.

Protein kinases are involved in transmitting intracellular signals that
eventuate in all biological properties for cancer cells including growth,
survival, invasion and metastasis.” Preclinical models have shown
that inhibition of main kinase steps in the mitogenic and angiogenic
signalling pathways can have antitumoural effects.

Thyroid carcinomas represent a particularly promising paradigm for
targeted therapy because of the major oncogenic events are activating
mutations of genes coding the kinase tyrosines and these occur early
in the cancer development.’

Sorafenib (BAY 43-9006) is one of the oral multi-kinase inhibitors targeting
the serine/threonine kinases RAF1 and inhibiting several tyrosine-kinase
receptors including RET and involved in tumour neovascularisation:
vascular endothelial growth factor receptors 2 and 3 (VEGFR 2
and VEGFR 3), platelet-derived growth factor receptor beta (PDGFR),
c-KIT, FIt-3.2* In addition, sorafenib inhibits wild-type and mutant
BRAF V600E.* Overexpression of VEGFR and other growth factors
is commonly found in tumours of thyroid origin particularly those
having BRAF mutations.® These findings provided the rationale
for using sorafenib in patients with metastatic, non-radioactive
iodine (RAl-avid thyroid cancer® The drug may potentially
inhibit thyroid cancer growth both through anti-proliferative and
anti-angiogenic mechanisms.?*

Sorafenib is approved as treatment for metastatic clear cell renal
carcinoma and advanced, unresectable hepatocellular carcinoma.®
Sorafenib is given orally at a dose of 400 mg twice daily until disease
progression or unacceptable toxicity.
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Results of current trials with sorafenib in patients with thyroid
carcinomas present Table 1.

Differentiated Thyroid Carcinoma

Although the prognosis for differentiated thyroid cancer is good, about
5 % to 20 % of patients develop distant metastases about half of which
does not respond to conventional therapy such as radioactive iodine
(RAI).#7# Conventional chemotherapy response rate is assessed as a
maximum 25 % and chemotherapy causes marked toxicity. For those
diagnosed under 45 years with distant metastases survival steadily
declines. Long-term survival for patients with stage IV is about 43 % and
about 86 % for those with stage | of disease.* In case of RAI-resistant
disease overall survival drops to 10 %.

All histological subtypes have similar responses for sorafenib
therapy.*?1° Radiological response is not influenced by gender, age
or the presence of BRAF V600E mutation.™ According to other authors
the effect of sorafenib seems to be more potent in patients with
papillary thyroid carcinoma than follicular or poorly differentiated
carcinoma and with BRAF mutation than with wild-type BRAE" The
response occurs in the lung, but not in the non-irradiated bone and
pleural metastases. Lymph nodes respond but less robustly.#101

Patients with bone metastases had significantly worse median
progression-free survival and median overall survival than patients
without metastases to bones.** It suggests a tissue-specific response
to therapy. These differences in response seem to be either the result
of differential expressions and different inhibitions of various VEGF
receptors or due to a non-VEGFR-mediated mechanism, such as
differences in drug level in tissues.* In a trial by Ahmed et al. partial
response after sorafenib treatment in the patients with lung or liver
metastases, but not in patients with thyroid and retrosternal masses,
was observed. The authors suggested that sorafenib might be more
effective against small volume tumours, the tumour vascularity is the
major factor in determining response.?
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Table 1: Clinical Trials with Sorafenib in Patients with Thyroid Cancers (according to

Antonelli in modification?3)

Author and Year of Study Pathway Inhibited
Kober et al., 2007 RAF, RET, VEGFR 5MTC
Gupta-Abramson et al., 2008 RAF, RET, VEGFR 30DTC
Kloos et al., 2009 RAF, RET, VEGFR 41PTC
11 FTC
4 ATC
Hoftijzner et al., 2009 RAF, RET, VEGFR 32 DTC
Lam et al., 2010 RAF, RET, VEGFR 5 HMTC
16 SMTC
Cabanillas et al., 2010 RAF, RET,VEGFR E7080, 8 PTC

VEGFR (sunitinib)

Thyroid Cancer

7 FTC (2 out of 15

Results (MPFS)
Not reported

Responses

1(20 %) -PR,
1(20 %) -CR

7 (23 %) -PR,
16 (53 %) -SD

6 (15 %) -PR, 23 (56 %) -SD
(PTC)

No response (FTC and
ATC)

8 (25 %) -PR,
11 (34 %) -SD

Prematurely terminated
HMTC

1(6 %) -PR

14 (87%) -SD

3(20 %) -PR,
9 (60 %) -SD

79 weeks

15 months

58 weeks

17.9 months

19 months

received sunitinib)

Ahmed et al., 2011 RAF, RET, VEGFR 15 MTC
19 DTC
Capdevila et al., 2012 RAF, RET, VEGFR 7 PTC
9 FTC
15 MTC
3ATC
Sawides et al., 2012 RAF, RET, VEGFR 20 ATC
Schneider et al., 2012 RAF, RET, VEGFR 26 DTC

Not reached at 19 months 24 (73 %) -SD

13.5 months DTC,
10.5 months MTC,

11 (32 %) -PR,
14 (41 %) -SD

4.4 months ATC

1.9 months 2 (10 %) -PR,
5 (25 %) -SD

18 months 8 (31 %) -PR,

11 (42 %) -SD

CR = complete response; DTC = differentiated thyroid carcinoma, FTC = follicular thyroid carcinoma; HMTC = hereditary medullary thyroid carcinoma, MTC = medullary thyroid carcinoma, PR = partial response;
PTC = papillary thyroid carcinoma, SD = stable disease; SMTC = sporadic medullary thyroid carcinoma, mPFS = median progression-free survival, VEGFR = vascular endothelial growth factor receptor.

Sorafenib appears to be a useful agent in patients with advanced,
progressive differentiated thyroid carcinoma and demonstrates well-
tolerated toxicity profile.”®' Prolonged disease stabilisation is more
commonly seen than partial response. 62101516

Papillary Thyroid Carcinoma

Most of papillary thyroid carcinomas arise as a result of a single
activating somatic mutation in one of three genes: translocation-
producing RET/PCT oncogenes, BRAF or RAS, with little overlap
between them.""7® RET/PTC oncogenes play an important role in the
pathogenesis of papillary thyroid carcinomas arising after radiation
exposure and paediatric cancers." BRAF and RET/PCT mutations are
able to activate the MEK/ERK signalling transduction pathway and
result in the activation of transcription factors that regulate cellular
proliferation, differentiation and apoptosis.”

Preclinical findings suggested that sorafenib might offer a potential
treatment strategy for papillary thyroid carcinoma sustaining oncogenic
activation of RET."

On the basis of papillary thyroid carcinoma cells line carrying the RET/
PCT1 rearrangement and BRAF mutation revealed that papillary thyroid
carcinoma cells carrying the RET/PCT1 rearrangement were more
sensitive to sorafenib than the cell-carrying BRAF mutation."”

However greater efficacy was observed in papillary carcinoma
especially with BRAF mutation than in poorly differentiated thyroid
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carcinoma. Sorafenib had no effect on iodine uptake.?® These findings
can be helpful to identify patients who most likely respond to
sorafenib therapy.

In a Phase |l trial, clinical benefit (based on partial remission and
stable disease) was six months and more in 56 % of papillary thyroid
carcinoma patients. Median duration of partial remission was 7.5
months and median progression-free survival was 15 months.'

In a Chinese study, which enrolled nine patients with radioiodine-
refractory pulmonary metastases of papillary thyroid carcinoma,
a daily dose of sorafenib was smaller (200 mg twice daily) than the
standard dose (400 mg twice daily according to drug characteristics)
was administered. The results confirmed the efficacy of smaller doses
of sorafenib. The objective partial response rate was 33 %,the stable
disease rate was 44 % and the mean progression free survival was
42 weeks.?!

Paediatric papillary thyroid carcinoma typically presents with more
advanced disease compared with adults, but the prognosis even in the
presence of distant metastatic disease is excellent.

One case with progressive RAI-refractory lung metastases from papillary
thyroid carcinoma treated with sorafenib has been described in the
medical literature so far. After two months of therapy the response
was very good. Unfortunately, there are limited data to recommend
sorafenib in this kind of tumour.?
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Follicular Thyroid Carcinoma

Activating mutations of RAS oncogenes occur in approximately 30 %
of follicular thyroid carcinomas suggesting that the Ras-Raf-MEK-MAP-
ERK kinase signalling pathway plays a role in the pathogenesis and/or
progression of most differentiated thyroid carcinomas.®

Results of follicular thyroid carcinoma treatment with sorafenib
are contradictive.

In a Phase Il trial with 11 follicular thyroid carcinoma or Hurthle cell
carcinoma patients with RAI-treatment failure, no objective responses
were observed. Progression-free survival was 4.5 months.' In another
Phase Il trial, Gupta-Abramson et al. achieved 43 % partial remission
(in three out of seven patients with follicular thyroid carcinoma).?

Medullary Thyroid Carcinoma

Medullary thyroid carcinoma is a less common, but more aggressive,
disease than differentiated thyroid carcinoma. It is treated with
total thyroidectomy with or without lymph node excision. Treatment
of regional metastatic disease is also based on surgery. It is a
RAI-resistant tumour.224

About 25-30 % of medullary thyroid carcinomas occur as an inherited
disease, the remaining cases represent the sporadic form of this
carcinoma. Hereditary medullary thyroid carcinoma can present in
three subtypes: as a part of multiple part of neoplasia type 2 (MEN
A2 or MEN B2) and as familiar medullary thyroid carcinoma. The most
common form of hereditary medullary thyroid carcinoma is MEN A2, in
which medullary thyroid carcinoma coexists with phaeochromocytoma
and hyperparathyroidism. 8252

In hereditary medullary thyroid carcinomas, germline RET mutations
are the genetic defect causing MEN A2, MEN B2 and familiar medullary
thyroid carcinoma in 98 % of cases.?*? According to another source
approximately 55 % cases of medullary thyroid carcinomas have
mutations of the RET gene, including both inherited and sporadic
cases. Tumoural RET mutations, especially M918T, are strong, negative
prognostic factors.?” RET mutations have not proven so far whether
patients will respond to multikinase inhibitors.?

For medullary thyroid carcinomas, almost all familiar forms of the
disease arise due to inheritable germline-activating mutations in RET,
and identical somatic mutations occurring in C cells commonly causing
sporadic disease.*"?

Preclinical findings suggested that sorafenib might offer a potential
treatment strategy for medullary thyroid carcinoma, thus enabling
oncogenic activation of RET."

In a small study, five patients with metastatic medullary thyroid
carcinoma were treated with sorafenib: one complete remission and
one partial remission were described and symptomatic improvement
was observed in all patients.?

Although only one partial remission was observed in patients with
sporadic medullary thyroid carcinoma, 50 % of patients demonstrated
stable disease lasting six months or longer, with tumour shrinkage
ranging from 8 to 27 % on the basis of Phase Il trial.?¢ The median
progression-free survival was 17.9 months and the median overall
survival time was not reached at the time of analysis.?
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According to data from a Phase Il UK study in medullary thyroid
carcinoma patients the radiological response rate was 25 % and the
overall survival — 100 % after 12 months.

The progression-free survival rate of two years in these patients was
84% and the overall survival rate was 90 %.?

Anaplastic Thyroid Carcinoma

Anaplastic thyroid carcinoma represents less than 2 % of all thyroid
malignant tumours, but it is responsible for up to 40 % of thyroid cancer
mortality.?»® Only 10-15 % of patients with this kind of carcinoma
lives two years. Anaplastic thyroid carcinoma is usually advanced
and unresectable at the time of diagnosis.®'#? Age, gender, presence
of distant metastasis and local extension are the most important
prognostic factors.®' Treatment of anaplastic thyroid carcinoma is not
standardised and includes surgery, radiotherapy and chemotherapy.®’

Pathogenesis of anaplastic thyroid carcinomais closely linked to mutational
activation of proteins in the RTK-RAS-MAPK pathway. Ras mutations are
more frequent in poorly differentiated and anaplastic thyroid carcinoma
(over 50 %) than in follicular or papillary carcinoma (5-10 %).%

BRAF and RAS genes code for kinases that activate signalling through
the MAPK pathway, regulating growth and function in both neoplastic
and normal cells. According to preclinical models of anaplastic
carcinoma cell lines potential efficacy of sorafenib to inhibit MAPK
signalling was presented.

In the study by Stenner et al., sorafenib has shown activity against
anaplastic thyroid carcinoma in vitro and in vivo, but monotherapy
of sorafenib was not enough to alter the course of the disease
significantly, most likely due to clonal evolution. An early relapse in
form of lymph nodes metastasis reflected sorafenib’s limited efficacy
in the BRAF exons 11 and 15 unmutated tumour. The concomitant use
with radiotherapy was found to be safe.®

In a Phase Il study, Savvides et al. assessed the efficacy and toxicity of
sorafenib in 16 pretreated patients with anaplastic thyroid carcinoma.
The disease-control rate (stable disease and partial response) was 40 %
and toxicity was manageable.®

In a Spanish trial, the response rate was 33 % (one out of three patients
with anaplastic thyroid carcinoma who were enrolled). The median
progression-free survival was 4.4 months.™

Sorafenib demonstrates an acceptable response rate in anaplastic
thyroid carcinoma and further clinical trials are warranted, but due to
the rarity of this tumour such a trial will be hard to accomplish.

Toxicity

The side effects of sorafenib differ from the typical anticancer
(cytotoxic) drugs. Appetite loss/weight loss, fatigue, hypertension, skin
lesions, diarrhoea, hypocalcaemia, hypothyroidism, mucositis and
musculoskeletal pain are the most common toxicities.?*6910.202426,36
Hand-foot reaction and maculo-papular skin rash are the most common
dermatological adverse events.>* In some cases (like other agents
inhibit BRAF) sorafenib has been also associated with development of
cutaneous squamous cell carcinomas in up to 5 % of treated patients
and a similar frequency of keratoacanthomas and other premalignant
actinic lesions.*'¢% In general, the side effects are mostly mild.”-23¢
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Haematological abnormalities including neutropoenia, lymphopenia,
thrombocytopenia are more common than anaemia during sorafenib
therapy. Grade 3 and 4 haematological toxicities seldom occur in
thyroid cancer patients receiving sorafenib.®

There are described single cases of a myocardial infarction and systolic
and diastolic congestive heart failure.’®'2% Rare adverse events such as
bleeding and liver toxicity can be fatal.* Doses are reduced in 44-56 %
of patients to improve tolerance.??%¢ Hand-foot syndrome occurs in
76-79 % of patients requiring a dose reduction and is the main dose
limiting toxicity.2'e?¢ Sorafenib holidays are required as a result of
adverse events in 63-82 % of patients.??

In the first study reporting long-term effects of sorafenib, the majority
of adverse events were seen in the first year of treatment. These side
effects were well-tolerated.™

Furthermore, treatment of all comorbid conditions (e.g. hypertension)
should be optimised and regular thyroid-stimulating hormone (TSH)
tests are necessary because of increasing TSH level during sorafenib
therapy. Oral thyroid hormonal therapy is administered as needed.?=¢

Further Investigations

Studies evaluating efficacy of sorafenib combination with other targeted
therapy have either finished or are in progress.®< One of them is a
Phase | trial in which sorafenib was combined with the selective oral
farnesyltransferase inhibitor tipifarnib. Farnesylations of Ras is the
rate-limiting step in its post-translational modification and is required
for its oncogenic activity.®

The Use of Sorafenib in Thyroid Cancer

Thirty-five patients with metastatic differentiated and medullary thyroid
carcinomas enrolled. The partial response rate was 38 % in medullary
thyroid carcinoma and 4.5 % in differentiated thyroid carcinoma. Stable
disease of at least six months was 31 % in medullary thyroid carcinoma
and 36 % in differentiated thyroid carcinoma. Median progression-free
survival was 18 months for all patients. Median overall survival has not
been reached so far. Median overall survival was 80 % at two years.
Tolerance of treatment was good.*

In another study, combination therapy sorafenib and withaferin A
(a natural withanolide) showed preclinical anticancer activity against
anaplastic and papillary thyroid carcinoma through both anaplastic
induction and cell-cycle arrest.*'

Currently, the Phase Il Study of Sorafenib in Locally Advanced or
Metastatic Patients with RAI-Refractory Thyroid Cancer (DECISION) has
been conducted to test sorafenib in terms of improving progression-
free survival. Patients with follicular, papillary, Hurthle cell and poorly
differentiated thyroid carcinoma are being randomised to receive
sorafenib or placebo. Results of this trial are eagerly anticipated.*

There are more and more published clinical cases confirming high
activity of sorafenib in thyroid carcinomas.*** We treated three patients
with metastatic differentiated thyroid carcinoma with very satisfactory
results. Among those patients, we observed a case of 58-year-old
male with metastatic lesions to the lungs with 26-month partial
response to sorafenib. According to our experience, the treatment
toxicity of sorafenib in our group of the patients was moderate and
easily manageable.
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