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At the beginning of the 20th century, thyroid cancer (TC)
was poorly known and had a gloomy prognosis. At that time,
Emile Theodor Kocher, thanks to his surgical experience, was
awarded the Nobel prize for Medicine (1909) for his contri-
bution to understanding and cure of pathological thyroid
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conditions. However, progress in this field was slow. Twenty-
two years later, in 1931 (i.e. 80 years ago), Clute," a surgeon
also, published in The New England Journal of Medicine one
of the first clinical observations of aspects related to TC.
Clute classified the disease into 3 groups based on histo-
logical appearance and prognosis. In group I, which would
correspond to what is now called stage | and Il differentiated
thyroid carcinoma (DTC), Clute found a 5% mortality rate.
Group Il consisted of DTCs with significant local invasion
(which would now be classified as stage Ill). The mortality
rate in this group was 24%. These patients (groups | and Il)
were recommended surgery and subsequent radiotherapy,
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which maintained patients free of disease for an average of
3 years. Finally, group Ill consisted of the most aggressive
tumors (probably anaplastic or poorly differentiated carci-
nomas that would now be classified as stage 1V), for which
neither surgery nor radiotherapy were curative. The mor-
tality rate was as high as 82%, and patients died within a
few months. In the article, Clute' stated: Since there is so
little that we can do for patients in this condition, either in
the way of palliative or curative measures, it is but natural
that for many years the general feeling amongst medical
men has been that malignancy arising in the thyroid was an
utterly hopeless condition which, fortunately, was usually
of but short duration. And things continued to be so for over
two decades.

The next qualitative advance which improved surgical
results was the advent, in the 1940s, of treatment with
radioactive iodine ('3'l). 3"l raised the survival rate of
patients with lung diseases from 25% to 75% at 10 years.?
With this therapeutic armature (scalpel and '3'l), the cure
rate approached 90-95%. Since TC affects an endocrine
gland (with its attendant unique characteristics) and usu-
ally has a good prognosis, its treatment naturally fell into
the hands of endocrinologists. Endocrinologists have diag-
nosed TC and have coordinated the work of the different
specialists involved in its treatment from the start. After ini-
tial treatment, endocrinologists have also monitored these
patients for the occurrence of relapse. TC management has
been particularly critical in the small proportion of patients
(5-10%) in whom the forecast of Clute has become a real-
ity. These are patients with advanced, progressive TC (ATC)
with metastases resistant to '3'l, who are not amenable to
surgery.

Several attempts were made over time to use addi-
tional therapeutic measures in this group of patients with
ATC. From 1975 to 1999, 15 clinical trials using cyto-
toxic chemotherapy were started in these patients. None
of these trials was able to recruit the planned number of
patients, and only 5 trials reported their results, which were
discouraging.® Treatment with doxorubicin and cisplatin
achieved complete remission in only 12% of patients with
ATC of a follicular origin. The combination of bleomycin,
doxorubicin, and cisplatin achieved a mean survival of 11
months, and response to etoposide was nil. There was a
similar occurrence in patients with ATC of a medullary ori-
gin, only 25% of whom showed partial or complete response
to treatment.* This is why oncologists, amongst others,
lost interest in this malignancy, which showed a unique
behavior. At the turn of the 20th century, in 2000, therapeu-
tic solutions available for patients with ATC were virtually
nonexistent.

Fortunately, the situation is quite different today, and
we are witnessing a new qualitative leap in the treatment
of TC. Dramatic advances in molecular medicine in recent
years have opened up new therapeutic possibilities.>¢ Such
advances have gradually disclosed some of the mechanisms
by which thyroids cells become malignant. The role of the
membrane receptors RET/PTC, EGFR, and C-MET in DTC is
now known. The occurrence of signaling defects in tumor
cells has also been traced in both the RAS-PI3K-AKT and
BRAF-MEK-ERK pathways. Thorough research has been made
on the significance of the V600E mutation of BRAF, which
usually occurs in the most aggressive variants of papillary

carcinoma (PC) or is related to epigenetic changes.”-® There
have been advances in both follicular and medullary (MC)
DTC.

Parallel discoveries have also improved our under-
standing of the molecular mechanisms implicated in the
development of many other more prevalent cancers. Based
on such advances, the pharmaceutical industry has started
to develop what have generically been called ‘‘novel
molecules’’ for the treatment of malignant diseases. Such
‘‘novel molecules’’ have as common characteristics their
actions against one or several molecular targets, their oral
administration (usually in daily schemes), and less harmful
side effects than those usually induced by chemotherapy.
Most of these new molecules are multikinase inhibitors with
diverse actions which interact (selectively or as a group)
with various proteins such as RET, BRAF, cKIT, MET, EGFR,
MAPK, PDGFRB, etc.>>¢ They also have the added advan-
tage that they markedly inhibit angiogenesis by acting upon
VEGFR-1, 2, and 3.5

As noted, these compounds (like most drugs) are not free
from side effects, but these may rapidly be detected by
routine monitoring of these patients and may usually be
managed on an outpatient basis.®® Common side effects
reported include weakness, high blood pressure, gastroin-
testinal discomfort (abdominal pain diarrhea, constipation,
vomiting, and anorexia), skin lesions (palmar-plantar ery-
throdysesthesia or hand-foot syndrome), or fatigue.®'°
Patients may also report hand and feet paresthesia, hypopig-
mentation, dizziness, blurred vision, altered taste, or
flu-like symptoms. Anemia, leukopenia, or a decreased
platelet count, with an increased risk of bleeding, has also
been reported.” Changes in liver or kidney function tests,
electrolyte changes, or severe bleeding are rare occurrences
(in less than 10% of patients).'? Adverse effects are usu-
ally dose-dependent, and therefore tend to be resolved
when the drug is temporarily suspended or its dose is
reduced.®"

Of special interest, particularly in the setting of TC, is
the fact that the use of tyrosine kinase inhibitors has been
associated with the occurrence of thyroid dysfunction.'3-"
This effect has especially occurred following the adminis-
tration of sunitinib and sorafenib.'®'” The most common
dysfunction is the development of hypothyroidism, which
has sometimes been reported after a short episode of thy-
rotoxicosis (mimicking the clinical phases of thyroiditis).
Athyroid patients usually require on average a 30% increase
in L-thyroxine dose either to maintain the suppression of
TSH levels or to preserve a euthyroid state.'® There has
been speculation that these compounds may trigger some
destructive mechanism in the thyroid gland or interact with
TSH signaling pathways, because these drugs increase T4 and
T3 metabolism, probably through the induction of type 3
deiodinase.'*' Careful and frequent thyroid function moni-
toring is therefore advised in any patient treated with these
molecules.?’

Because of their role as coordinators of TC patient man-
agement, some endocrinologists started to include patients
with ATC in clinical trials of the new molecules (as noted
above, there were virtually no therapeutic possibilities
available for these patients). The first drug tested was mote-
sanib, a multikinase inhibitor (RET, PDGFRB, FLT3, and cKIT,
VEGFR-1, 2 and 3). In 2005, Rosen et al.?' reported at
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the meeting of the American Society of Clinical Oncology
(ASCO) the results of a Phase | clinical trial of motesanib in
70 patients with solid tumors. Ten percent of these patients
had ATC in which conventional treatment had failed. One
year later, Boughton et al.? specifically addressed the same
meeting on the effect of motesanib on this subgroup of
7 patients with ATC. By a fortunate stroke of luck, the his-
tology of these tumors was diverse: there were 3 PCs, one
follicular carcinoma (FC), one Hirthle cell carcinoma,
one anaplastic carcinoma (AC), and one MC. Encourag-
ing results were found: partial response was achieved in
3 patients (one each with PC, FC, and MC), the disease stabi-
lized in another 3 patients, and disease progression occurred
in the remaining patient. These data led to 2 Phase Il clin-
ical trials with motesanib being started, one on patients
with differentiated ATC and the other on patients with MC.
The attractiveness of the proposal was shown by the fact
that 93 patients (13 more than those initially planned) were
recruited within a short time for the trial in differentiated
ATC. In 2008, Sherman et al.2® reported the results of the
international, multicenter trial. The report showed that
the disease stabilized in 67% of patients, and the effect
was maintained for a mean of 24 weeks (or longer) in 35%
of them. Results also appeared to suggest that the clin-
ical benefit was greater in patients with BRAF mutations
(33% versus 60%), but the number of patients in whom
the mutation was studied was small, and this finding did
not therefore reach statistical significance. The results
of the trial in MC patients were disclosed a few months
later.2* Overall, lower antitumor activity was seen in the
latter patients, which was related to probable pharmacoki-
netic differences for reasons which are not well understood
yet.

These results acted as an incentive for both endocrinol-
ogists and oncologists, as is shown by the following data.
From 2000 to 2005, a mean of 2.8 papers presented at
annual ASCO meetings contained in their title the words
*“thyroid cancer’’. From 2006 to date, such mean has sub-
stantially increased to 10.0 papers per ASCO meeting. This
figure is however much lower as compared to the numbers
of papers submitted by oncologists on other malignancies
such as lung (293 papers to the 2011 ASCO meeting®),
breast (653), lymphoma (125), or melanoma (113). In 2011,
11 papers on thyroid cancer were presented at ASCO. As a
comparison, 705 papers containing the term ‘‘thyroid can-
cer’’ were submitted to the 2011 meeting of the Endocrine
Society.?6

After the motesanib trials, other similar studies were
conducted in both differentiated ATC and medullary
carcinoma with similar results. New molecules are being
administered to patients with ATC virtually as soon as they
appear on the therapeutic horizon. The results of other
trials with imatinib,?” axitinib,?® sorafenib,'%?° AZD6244,3°
gefitinib,3' tipifarnib,3? vandetanib,®® sunitinib,343¢ and
more recently pazopanib,? cabozantinib (XL184),38
and lenvatinib (E7080)3° were soon reported. As the result
of ongoing research in melanoma, PC is starting to be
treated with specific BRAF inhibitors.849-42 An example of
such treatment is a Phase | trial with PLX4032 (a specific
inhibitor of the kinase activity of mutated BRAF protein in
V600E) in which encouraging preliminary results have been
found in 3 patients with PC.“>% PLX4032 does not alter

kinase activity of the wild type, or nonmutated, protein.
This decreases the risk of adverse effects derived from
the inhibition of kinases in other tissues. Because of the
good results found in melanoma and since V600E BRAF is
markedly prevalent in aggressive PCs, PLX4032 may be a
promising treatment in the future. In fact, a Phase Il trial
of this compound which will recruit patients with PC having
the V600E mutation in BRAF has already been approved.

The pooled information of the results of the clinical trials
shows that these new molecules achieve partial remission in
20-30% of patients, and that the disease stabilizes in 70-90%
of patients. No complete remissions have been reported
yet. However, a comparison of the efficacy of the different
drugs shows variable results. Thus, for example, treatment
with gefitinib provided no benefit to patients with ATC.3' It
has also been reported that there are patients resistant to
a molecule who show, however, a positive response when
treated with another drug.®> Such diversity in behavior is
probably due to the existence of multiple activation mech-
anisms and to the specificity of each compound to correct a
limited number of specific mutations, while it has no activity
against others.“¢ Gene activation cascades have pleomor-
phic characteristics and, by definition, neoplastic cells have
a heterogeneous basis. Mutations may also occur in both
parenchyma or stroma and in endothelial cells supporting
the tumor.* It should also be noted that there are added
factors, such as individual variation, that condition diver-
sity in pharmacokinetics. Overall, these findings have led to
clinical trials with combined treatments being designed and
to the consideration that the therapeutic failure of a spe-
cific molecule in one patient does not necessarily rule out
its recruitment into another clinical trial with a different
compound. 347,48

Many clinical trials are currently ongoing with these
molecules in patients with ATC. A good part of them are
actively recruiting patients, while others have already been
closed and their results are being analyzed. Their current
status, the sites where they are being conducted, and their
conditions may be consulted at http://www.cancer.gov/
clinicaltrials/ or http://clinicaltrials.gov/. Most of these are
Phase Il trials, while others have already evolved to the next
phase because of the good results achieved. This is the case
of sorafenib, which is being tested in a Phase Il trial where
patient recruitment has recently been completed. This is
a multicenter, international trial in which approximately
400 patients with ATC (excluding MC) have been recruited
and in which several Spanish sites have participated. Phase
Il clinical trials with vandetanib® and cabozantinib® in
patients with MC are also being conducted, amongst oth-
ers. Unlike with clinical trials with cytotoxic chemotherapy,
the results are being reported and published even before the
studies are closed. All of this suggests that the use of the new
molecules for the treatment of ATC will be approved and will
be a part of standard clinical practice within a short time.
We believe that specialists who coordinate TC treatment
should be prepared for this eventuality.

The recent thyroid cancer guidelines issued by the
American Thyroid Association (ATA) recommend the use of
treatments with new molecules in patients with ATC.%%0
Because of this and the historical background we have just
summarized, we believe that endocrinologists should famil-
iarize themselves with the scope and limitations of the new


http://www.cancer.gov/clinicaltrials/
http://www.cancer.gov/clinicaltrials/
http://clinicaltrials.gov/

384

J.C. Galofré et al.

molecules in order to be able to adequately decide when
they should be introduced into treatment. They should also
know how to manage the side effects of such molecules,
especially as some of them, such as hypothyroidism, directly
affect the course of TC patients.>>? Endocrinologists are
specialists who have a privileged overall view of patients
with TC, and are also the specialists involved in the inte-
gral management of the condition from diagnosis to the
end of the disease. This means that endocrinologists must
have their offices open to any patient with TC regardless of
disease prognosis or stage. In the same way as endocrinol-
ogists would not leave patients with TC with a satisfactory
course in the hands of other specialists, we think that it
would be a mistake to give up the care of patients with a
poor prognosis or to refer them to another physician merely
out of convenience. An endocrinologist who adopted a pas-
sive stance towards his or her patients in the most advanced
stages of ATC would lower the competence of the specialty,
and such an attitude would ultimately be to the detriment
of all patients. In this regard, we have been surprised by
the position statement by Spanish oncologists (SEOM) that
advocates for themselves the exclusive use of these new
oral agents. This is hardly compatible with the basic har-
mony we think should exist between the different medical
and surgical specialties to the benefit of our patients.>
We think that, just as it would be unreasonable that we
endocrinologists claimed for ourselves the exclusive use of
any hormone drug (glucocorticoids, insulin, mineralocorti-
coid inhibitors, etc.), since we understand that they are
needed by many diverse specialists who are fully qualified
to use them, so it would be unfair to consider that any given
specialty has an exclusive right to the use of any class of
drugs.

To sum up, the complexity of the management of TC
patients requires the intervention of physicians from var-
ious specialties. Adequate diagnosis depends to a great
extent on cytologists, and reports from radiologists are
often decisive. Initial treatment not only consists of tumor
resection by the surgeon or otolaryngologist, but also of
patient assessment by the specialist in nuclear medicine
to weigh the need for administering '3'l. The skills of the
pathologist who analyzes the surgical specimen from both
the morphological and the (increasingly necessary) molec-
ular viewpoints are also essential. The clinical laboratory
plays a key role in monitoring, by providing accurate mea-
surements of levels of thyroglobulin, its antibodies, and
thyroid hormones. Because of their experience in the man-
agement of hormone treatments, endocrinologists are well
qualified to calculate the dose of L-thyroxine appropriate
after thyroidectomy according to the histological types and
variants, as well as TC origin, the evolutive stage of the
disease, and patient condition, by starting either suppres-
sive or replacement therapy. Endocrinologists also adjust
hormone dosage to different conditions such as pregnancy
or patient age, and take into account any potential drug
interactions with concomitant treatments. During follow up,
a proportion of patients need repeat surgery or the qual-
ified help provided by nuclear medicine, either to have
disease extension assessed or new treatments administered.
In selected cases, the collaboration of medical or radio-
therapeutic oncology, or even surgical subspecialties such as
neurosurgery, thoracic surgery, or orthopedic surgery should

be requested. This involves endocrinologists in wide-ranging
coordination work. For this to be effective, endocrinologists
caring for patients with TC have to cooperate with all kinds
of specialists and be aware of the possibilities offered by
each specialty. It is also indispensable for them to become
familiar with these new prospects for improving the diagno-
sis, treatment, prognosis, and course of the disease which
have been opened up by research in the different areas of
medicine. It is easy to infer that in the not too distant future,
treatments with new molecules will be implemented only
after a specific diagnosis based on a molecular analysis of
tumor tissue has been made in each patient. This will serve
to determine the specific therapeutic targets that should
be repaired with the most adequate drug. The intended
objective is to implement individualized therapy specifically
directed to the pathological target. This, it is predicted, will
preserve the healthy cells while selectively killing only those
that are diseased.
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