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Abstract Medullary thyroid cancer (MTC), an uncommon
and slow-growing tumor, is difficult to eradicate when metas-
tasis or recurrence develops. This review describes therapeutic
approaches to patients with recurrent sporadic MTC, manage-
ment of advanced cases ofMTC, and future treatment options.
A literature review of treatment of MTC in humans was
conducted. Surgery is currently the only potentially curative
treatment for MTC; complete tumor resection and removal of
suspicious nodes is the most important initial treatment to
prevent recurrence and metastasis. When recurrence or meta-
static MTC develops, the decision for continued observation
or initiation of systemic therapy is based on the degree of
tumor aggressiveness. Lymph node involvement, calcitonin
doubling time, types of RET mutation, and tumor stage are
factors that help determine the need for further treatment.
Therapeutic options for aggressive and inoperable MTC pri-
marily include tyrosine kinase inhibitors, external beam radi-
ation therapy, or other medications. Among tyrosine kinase
inhibitors, vandetanib is the first drug that is FDA approved
for treatment of MTC. Focused external beam radiation ther-
apy can be reconsidered for patients with cervical node in-
volvement. Although other targeted drug therapies have been
tried, definitive clinical studies are lacking. In recurrent or
advanced MTC, when systemic therapy is warranted, vande-
tanib is available for use in treatment; however, side effects of

this drug can be problematic, and impact on overall survival is
presently unknown. Newer therapeutics are being studied with
the goal of balancing control of tumor growth with maintain-
ing the patient’s quality of life.

Introduction

Medullary thyroid carcinoma (MTC) is a rare malignancy
arising from unregulated replication of parafollicular C cells
of the thyroid gland. Accounting for only approximately 5% of
thyroid malignancies, MTC can occur in a hereditary form
(multiple endocrine neoplasia 2a [MEN2a], MEN2b, familial
MTC syndrome) or sporadically. In the hereditary forms and in
a subset of sporadic variants, the underlying genetic defect is a
missense mutation in the rearranged during transfection (RET)
proto-oncogene. The purpose of this review is to discuss the
adjuvant therapies either currently available or undergoing
trials for the treatment of patients with recurrent or advanced
disease in cases of medullary thyroid carcinoma.

Current Treatment Strategy

Surgical Procedure Determines the Outcome of MTC

Currently, surgery is the only potentially curative treatment for
MTC as MTC is generally unresponsive to external beam
radiotherapy (EBRT), radioiodine-131, and classic chemo-
therapy. Although a few studies have shown that partial thy-
roidectomy may be sufficient for a specific population of
patients, it is generally accepted that total thyroidectomy with
lymph node dissection is required. Based on current American
Thyroid Association (ATA) guidelines, the extent of surgery
should be determined by the presence or absence of local or
distant metastasis [1]. With appropriate surgery, a biochemical
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cure rate of 42.9 % may be achieved [2]. The extent of lymph
node dissection remains controversial. During surgical neck
exploration, lymph node metastases are common and reported
in 55 % of patients [3]. The presence of cervical lymph node
involvement predicts ipsilateral and contralateral nodal dis-
ease, local recurrence, and distant metastasis [3–6]. Therefore,
preoperative neck imaging, including the central compartment
nodes, is crucial. The presence of nodal disease or a serum
calcitonin level greater than 400 pg/ml requires neck comput-
ed topography (CT), chest CT, liver protocol CT, or magnetic
resonance imaging (MRI) as recommended by the ATA guide-
lines [1]. Remnant tumor tissue following surgical resection
can be a source for recurrent or metastatic disease as it may
contain premature embryonic components [7, 8], as well as
the RET proto-oncogene mutation [9]. Despite data clearly
demonstrating an association of long-term outcomes with
adequacy of tumor resection, variable practice patterns exist
in the USA. Patient characteristics (age <65, female gender),
geographic location, and tumor size predict for discordance
between the extent of surgery and lymph node dissection the
patient received and that recommended by ATA guidelines
[10]. Those receiving surgery that differs fromATA guidelines
had statistically lower survival rates [10]. It is therefore rec-
ommended that patients with MTC, whether familial or spo-
radic, have a total thyroidectomy with appropriately
aggressive lymph node dissection as first-line therapy.

Selection of Patients for Drug Therapy

Since MTC is generally slow growing, most patients can be
observed without aggressive treatment even in the presence of
metastasis. How can we determine which patients are candi-
dates for additional systemic treatment or clinical trials? Table 1
lists prognostic factors in aggressive MTC. The presence of
these characteristics can help to identify patients that may
benefit frommore aggressive therapy. In the absence of locore-
gionally confined MTC, prediction of survival outcome using
tumor and clinical characteristics becomes important in deter-
mining the role of systemic therapies after surgical resection.
The most important predictors of outcome are stage of disease
and age at time of diagnosis. If metastases are present at the
time of diagnosis, the 10-year survival rate is 40 % contrasted
with 95.6 % in those with disease confined to the thyroid gland
[11]. For each additional year of age, there is a 5.2% increase in
risk of death with prognosis in those over age 65 being espe-
cially poor [11]. Another means of predicting survival includes
the use of serum calcitonin doubling time. When the doubling
time was longer than 2 years, no deaths were reported; howev-
er, when doubling time was less than 6 months, the 5-year
survival rate was 25 % [12]. Caution must be exercised when
using doubling time, as fluctuations in serum calcitonin levels
may mimic worsening or improving MTC [13]. Radiographic
features can also predict progressive disease. An increase in the

sum of the long diameter of target lesions of 20 % or more in
less than 1 year is considered as progressive (Response Eval-
uation Criteria In Solid Tumors (RECIST) criteria), and in this
setting, additional therapy may be considered. Although mis-
sense in the RET proto-oncogene underlies the majority of
MTC cases, all RET mutations do not confer the same risk of
poor outcomes. The ATA guidelines categorize the highest risk
in germline mutation of RET to be A918T, A883F, and the rare
combination of V804M with second sites in the RET gene
(Table 1). These mutations are seen only in patients with
MEN2b. The second highest risk involves mutations at codon
634 in exon 11: C634R, C634G/F/S/W/Y [1]. Surprisingly,
somatic mutations were present in 43 % of patients with
sporadic MTC; mutation A918T occurs in 79 % of those with
a mutation [14]. The presence of somatic mutations correlated
with poorer clinical course and survival [14]. Once survival
outcome is determined, additional therapies including addition-
al surgery, drug therapy, or EBRT can be considered.

Table 2 summarizes treatment methods applied to patients
with MTC. The efficacy of each treatment and adverse events
grade 3 or higher are listed, since serious drug side effects
have to be clearly recognized. Drugs having a low response
rate (e.g., doxorubicin) are not listed.

Novel Therapies

Patients with aggressive MTC are candidates for further
treatment with medical therapy including tyrosine kinase

Table 1 Prognostic factors in aggressive medullary thyroid carcinoma

Clinical course

Persistent diarrhea

Painful metastasis

Compression symptoms by tumor

Calcitonin/CEA doubling time less than 1 year

Increasing tumor size more than 20 % within 1 year

Progressive disease by RECIST criteria

Presence of germline or somatic mutations of RET

Germline mutations

The highest risk (MEN 2B)

A918T (Exon 16)

A883F (Exon 14)

V804M+E805K (Exon 14)

V804M+Y806C (Exon 14)

V804M+S904C (Exon 14/15)

Second highest risk (FMTC/MEN 2A)

C634R (Exon 11)

C634G/F/S/W/Y (Exon 11)

Somatic mutations

A918T: poor prognosis
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inhibitors, radiotherapy, and chemotherapy. The currently
available drugs for treatment or use in clinical trials are the
tyrosine kinase inhibitors (TKI).

Tyrosine Kinase Inhibitors

The constitutively activated RET proto-oncogene and
vascular endothelial growth factor receptor (VEGFR)
are the primary targets of tyrosine kinase inhibitors in
the treatment of MTC. Overexpression of VEGFR 1 and
2 has been shown to be present in MTC tissue [15].
Interestingly, tyrosine kinase inhibitors demonstrate in-
dividual specificity towards the type of RET mutation in
vitro; this suggests that mutation-specific therapies may
be applicable in the treatment of MTC [16]. Various kinase

inhibitors, their efficacy, and grade 3 or higher side effects are
shown in Table 2.

Vandetanib

In April 2011, vandetanib (Caprelsa from AstraZeneca Phar-
maceuticals LP, Wilmington, DE) became the first US FDA-
approved tyrosine kinase inhibitor for treatment of progres-
sive or symptomatic MTC. This drug selectively inhibits
RET proto-oncogene, VEGFR-2, and EGFR-dependent sig-
naling. In its phase II study, 30 patients with germline
mutations (hereditary MTC) received oral vandetanib start-
ing at 300 mg/day with dose adjustments based on clinical
response and drug toxicity [17]. At study entry, 29 patients
had distant metastases to the liver, lymph nodes, and lung.

Table 2 Efficacy anxd adverse events of tyrosine kinase inhibitors used in the treatment of advanced medullary thyroid carcinoma

Drug Stable disease (%) Partial response (%) Median PFS Grade 3 or higher adverse event

Vandetanib

Phase II trial (n030) [17] 53 20 27 months Diarrhea (10 %), nausea (10 %),
fatigue (7 %), hypertension (7 %),
vomiting (7 %)

Phase II trial (n019) [18] 16 None

Phase III trial (n0331) [19] 45 30 months None

Axitinib

Phase II trial (n011/60) [20] 27 18 18.1 monthsa Hypertension (12 %), fatigue (5 %),
proteinuria (5 %), diarrhea (3 %),
headache (3 %)

Motesanib

Phase II trial (n091) [22] 81 2 48 weeks Diarrhea (13 %), hypertension (10 %),
fatigue (8 %), gallbladder disease (7 %)

Cabozantinib

Phase I trial (n037/85) [23] 41 29 HFSR, diarrhea

Sorafenib

Phase II trial (n016) [24] 87.5 6.3 17.9 months HFSR (14 %), diarrhea (10 %),
hypertension (10 %), infection (10 %)

Phase I trial (n035) [26] 31 38 15 months Elevated lipase (22 %), rash (10 %),
lymphopenia (6 %), squamous cell
carcinoma (3 %), hypophosphatemia
(3 %), fatigue (3 %), anorexia (3 %),
diarrhea (3 %), duodenal perforation (3 %)

Sunitinib

Phase II trial (n023) [27] 57 35 Lymphopenia (25 %), neutropenia
(21 %), PPE (17 %)

Phase II trial (n07) [28] 50 Neutropenia (34 %), leukopenia (31 %),
diarrhea (17 %), HFSR (17 %), fatigue
(11 %), supraventricular tachycardia (6 %),
anemia (6 %), thrombocytopenia (3 %),
dehydration (3 %), mucositis (3 %), laryngeal
edema (3 %), hypocalcemia (3 %),
peripheral neuropathy (3 %), infection (3 %)

The numbers in parentheses indicate number of patients

PFS progression-free survival, HFSR hand–foot skin reaction, PPE palmar–plantar erythrodysesthesia
a Not determined by histology
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Objective tumor response was determined at 12-week inter-
vals through serial imaging with either MRI or CT. Twenty
percent of participants achieved partial response at study
cutoff, with a median duration of 10.2 months, and 53 %
achieved a durable disease state (i.e., stable disease for
≥24 weeks). The overall disease control rate was 73 %,
and expected progression-free survival was 27 months. Al-
most all patients showed reduction in serum calcitonin and
CEA levels. Drug-related side effects were common with
56 % incidence of grade 3 side effects [17]. In a second
phase II study, Robinson et al. evaluated the efficacy of
using a lower dose of vandetanib (100 mg) in 19 patients
with hereditary MTC [18]. A 16 % objective tumor response
rate with median duration of 6 months was observed. Me-
dian progression-free survival (PFS) could not be deter-
mined. No patients developed grade 3 or higher adverse
events; however, two patients discontinued the study due
to drug-related side effects, and two patients required a
reduced dose. In addition, only 16 % of patients showed at
least 50 % decrease in calcitonin from baseline [18]. In the
phase III trial (ZETA), 331 patients with germline or un-
known mutation status were randomized to receive either
vandetanib 300 mg daily (n0231) or placebo (n0100) for
24 months [19]. In addition, at data cutoff, 93 eligible
patients, from both treatment and placebo arms, with pro-
gressive disease entered open-label treatment with vandeta-
nib. A 54 % reduction in risk of progression with estimated
median PFS of 30 months was seen in the vandetanib arm.
In addition, results for progression-free disease at 6 months
showed 83 % survival in the treatment group compared to
63 % in the placebo groups. Analysis of intention to treat
initially included data from the 93 patients who participated
in the open-label study; however, after exclusion of these
patients, the PFS hazard ratio was 0.27 (p<0.0001). Objec-
tive tumor response rate was 45 % compared to 13 % in the
placebo arm, but after exclusion of the open-label data,
tumor response rate was 44 and 1 %, respectively. Overall,
survival rate at time of data cutoff was not statistically
different between either arm with HR of 0.89 and 95 % CI
of 0.48–1.65. Whereas 69 % of those on vandetanib
achieved a minimum of 50 % decrease in calcitonin and
52 % achieved reduction in CEA, only 3 and 2 %, respec-
tively, in the placebo arm achieved these measures. Nearly
all patients randomized to vandetanib reported at least one
side effect with more than half reporting grade 3 or higher
events. The most common symptoms were diarrhea, rash,
hypertension, nausea, and fatigue. Of the grade 3 or higher
events, QT prolongation was reported in 8 % of patients
receiving vandetanib compared to 1 % on placebo. Because
of the significant cardiac toxicities of vandetanib, baseline
electrocardiogram should be obtained to evaluate for
conduction anomalies that may predispose to fatal cardiac
arrhythmia [19].

Axitinib

Axitinib is an oral selective inhibitor of VEGFR 1, 2, and 3 as
well as a less potent inhibitor of platelet-derived growth factor
(PDGF) and c-KIT. Unlike other TKIs, axitinib does not have
activity against RET. In a phase II trial, 60 patients with
thyroid cancer received axitinib initiated at 5 mg twice daily
with either uptitration of dose if well tolerated or reduced dose
in the setting of greater than or equal to grade 2 toxicity [20].
Only 2 (18 %) of 11 patients with metastatic MTC showed a
partial response, and only three (27 %) patients achieved
stable disease. PFS was not determined for each histiologic
subtype, but overall median PFS was 18.1 months. The most
common side effects reported included diarrhea, nausea, an-
orexia, fatigue, hypertension, stomatitis, weight loss, and
headache. Grade 3 or higher adverse events were relatively
commonwith 32% reporting at least one event. Three patients
developed a grade 4 adverse event (stroke, reversible posterior
leukoencephalopathy syndrome, or proteinuria); however, in
all cases, toxicity was resolved [20].

Motesanib

Motesanib is a potent inhibitor of c-KIT, PDGF, and VEGFR
1, 2, and 3 with activity against wild-type RET in vitro as
demonstrated by studies in mice. In a phase I trial, one patient
with MTC was enrolled and achieved a partial response [21].
In its phase II trial, 91 patients with MTC received a self-
administered oral daily dose of 125 mg motesanib for up to
48 months [22]. Eighty-four percent of patients had sporadic
MTC, and 93 % had metastatic disease. A low rate of partial
response (2 %) was observed; however, a high rate of stable
disease (81 %) and durable stable disease ≥24 weeks (48 %)
was observed. Median PFS was 48 weeks. Tumor size reduc-
tion was seen in 76 %. Reduction in serum calcitonin and
CEA occurred in 83 and 75 %, respectively. The majority of
patients (88 %) developed at least one adverse effect with
41 % developing a grade 3 or 4 adverse event. Common side
effects reported include fatigue, hypertension, nausea, anorex-
ia, and diarrhea [22].

Cabozantinib

Cabozantinib is an oral multikinase inhibitor of VEGFR 2,
RET, and MET. In a phase I trial, 85 patients were enrolled to
determine the safety of the drug and its maximum tolerable
dose [23]. Thirty seven of 85 patients had a diagnosis of
advanced MTC with 71 % having sporadic disease. Con-
firmed partial response was seen in 29 % of patients, and
stable disease of at least 6 months’ duration was seen in
41 %. Median PFS could not be determined at time of data
analysis. Reduction in calcitonin was variable, ranging from 3
to 99 %; for those in which data for CEA were available, a
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reduction from 13 to 94 % was seen. The majority of patients
reported at least one drug-related adverse effect with 43 %
reporting grade 1 or 2 events. The most frequently reported
events included diarrhea, nausea, anorexia, fatigue, rash, pal-
mar–plantar erythrodysesthesia, increased AST, and mucosi-
tis. One grade 4 event (pulmonary embolism) was reported
[23]. A phase III study, drug vs. placebo, is currently ongoing.

Sorafenib

Sorafenib is currently FDA approved for use in the treatment of
renal cell and hepatocellular carcinomas. It has a wide range of
inhibitory activity against Raf, platelet-derived growth factor
receptor B, FLT-3, c-kit, VEGFR 2 and 3, as well as RET. In
both in vivo and in vitro models, sorafenib has demonstrated
inhibition of both wild-type and mutant RET kinases and
growth of MTC cells. In a phase II trial, 21 patients with
MTC, of which 16 had sporadic disease, with evidence of
metastasis or advanced local disease received sorafenib
400 mg twice a day [24]. The median duration of therapy
was 15 months. Unfortunately, due to slow accrual, the hered-
itary MTC study arm was prematurely terminated. Of the 16
sporadic MTC cases, 1 patient showed partial response (6.3 %)
and 14 patients achieved stable disease (87.5 %) of which
8 patients achieved durable stable disease for ≥15 months.
Although overall survival was not reached at time of data
analysis, the mean PFS was 17.9 months. In all patients with
A918T somatic mutation, sorafenib maintained a stable disease
state. Among the group, tumor shrinkage was variable from
8 to 27 %. However, the majority of patients experienced a
decrease in calcitonin, CEA, or both. Although sorafenib was
reasonably well tolerated, with low-grade adverse effect rates
similar to other TKIs, rare but serious toxicities (e.g., bowel
perforation) and one death were reported [24]. In another phase
II trial, 34 patients, of which 15 had locally advanced or
metastatic MTC, were started on sorafenib 400 mg twice daily
until disease progression with median duration of follow-up of
19 months [25]. Within the MTC subgroup, three had germline
RET mutations and six had RET mutation without genomic
alteration; in six, RET status was unknown. Overall, radiologic
response rate for theMTC subgroup at 6 and 12months was 13
and 25%, respectively. Partial response and stable disease rates
were not reported based on histology. Median PFS and overall
survival were not determined at time of data analysis; however,
at 1 year, PFS was 93 % and overall survival was 100 %. The
mean calcitonin level decreased by greater than 50% in the first
month, which increased and reached a plateau in months 2 to 3.
CEA levels also initially decreased but increased after 9months.
Seventy-nine percent of patients required a 50 % dose reduc-
tion while a third of patients required dose reduction to 400 mg
every other day. The majority of patients developed dermato-
logic complications including 79 % developing hand–foot
syndrome (HFS). Other grade 3 or 4 adverse events included

diarrhea, fatigue, infection, mucositis, arthralgia, constipation,
hypertension, depression, headache, anemia, fever, and myal-
gias. An idiosyncratic effect of sorafenibwas a rise in TSH seen
in 12 % of patients. Although the exact mechanism remains
unclear, inference from prior studies suggests that sorafenib
interferes with metabolism of T4 and T3 [25]. In a phase I trial
of sorafenib in combination with tipifarnib, 35 patients includ-
ing 13 with MTC were given sorafenib 400 mg in the morning
and 200 mg in the evening with tipifarnib either 200 or 100 mg
twice daily [26]. Sorafenib and tipifarnib were dosed on a
schedule of 21 days on and 7 days off. Three of the 13 MTC
patients had determined germline RET mutations. The partial
response rate was 38%, and stable disease of at least 6 months’
duration was achieved in 31 %. Median PFS was 15 months,
and overall survival at 24 months was 88 %. All patients with a
partial response demonstrated a decrease in calcitonin. Grade 3
or higher adverse events included rash, fatigue, diarrhea, and
elevation in lipase and amylase and were responsible for dose
reduction in 6 of 14 patients [26].

Sunitinib

Sunitinib is an oral kinase inhibitor of RET, VEGFR 2, PDGF,
FLT3, and c-KIT. It is currently FDA approved in the treatment
of renal cell carcinoma and gastrointestinal stroma tumors. In a
phase II trial of 23 MTC patients with progressive disease, 11
patients had RET mutations (eight somatic and three germline
mutations). Fifty milligrams of sunitinib was given on an inter-
mittent dosing schedule with 4 weeks on and 2 weeks off [27].
A partial response was achieved in 35 % and stable disease in
57 % of patients. Seven of nine patients having A918T muta-
tion showed either partial response or stable disease. Although
median PFS was not determined, the median time to progres-
sion was 12.8 months. The most common treatment-related
adverse events were fatigue, lymphopenia, neutropenia, nausea,
diarrhea, mucositis, and palmar–plantar erythema (PPE) [27].
In another phase II trial of seven patients with FDA-PET-
positive metastatic MTC, sunitinib 37.5 mg daily was given
continuously unless disease progression, unacceptable toxicity,
or patient withdrawal occurred [28]. Fifty percent of patients
achieved RECIST response. Grade 3 or 4 event rates were
significant; gastrointestinal bleeding and hemoptysis with one
treatment-related death were the most serious and may be
related to concomitant use of anticoagulation [28].

Summary and Practical Use of TKI for Patients
with MTC

The development of tyrosine kinase inhibitors has brought
new hope for the management of aggressive MTC. In MTC,
the effect of TKIs appears to be primarily mediated by
inhibition of VEGF signaling and, to a slightly lesser extent,

222 HORM CANC (2012) 3:218–226



inhibition of RET. In most cases, use of TKIs resulted in
attaining a stable disease state more often than regression of
disease; however, in the phase III trial of vandetanib, an
objective tumor response was seen in 45 % of patients [19],
making this the current TKI of choice in advanced MTC.
TKIs have shown promise in prolonging the PFS, although
overall survival rates at 5 or 10 years have yet to be deter-
mined. Use of TKIs is currently limited by their significant
adverse drug profiles with most patients experiencing grade
1–2 adverse events and, in the rare cases, grade 3 or higher
event. As the pathogenesis of MTC is better understood, TKIs
and other targeted gene therapies may come to play a more
prominent role in the treatment of aggressive MTC. In the
meantime, surgery remains the cornerstone of therapy.

Capecitabine

In general, chemotherapeutic agents are not overwhelmingly
effective in the treatment of MTC [29]. There are, however,
sporadic case reports of successful control of metastatic MTC
with use of capecitabine [30–32]. Capecitabine is currently
FDA approved for use in patients with metastatic breast cancer.
Capecitabine is a carbamate derivative of doxifuridine that is
converted into 5-fluorouracil in the presence of thymidine
phosphorylase at the tumor site, resulting in inhibition of
DNA synthesis. Since it is active on rapidly proliferating tumor
cells, it is feasible that capecitabinemay have a therapeutic role
in aggressive MTC. Common grade 3 side effects of capecita-
bine are hand–foot syndrome and diarrhea.

Indomethacin

Indomethacin, a nonselective cyclooxygenase inhibitor of pros-
taglandin synthesis, has demonstrated antitumor effects in var-
ious cancer cell lines [33–37]. In particular, the anti-
proliferative effect of indomethacin has been shown on MTC
cells in nude mice models [38, 39]. In a MTC cell line,
indomethacin reduces S phase progression by inhibiting phos-
phorylated Rb protein expression [40]. Although in vitro stud-
ies of indomethacin have been promising, clinical experience
with use of indomethacin in patients with recurrent or meta-
static MTC has been limited to three cases. In two patients with
widely metastatic disease, indomethacin therapy for 3 or
4 months caused marked reduction in tumor mass as well as
calcitonin level; however, in a third patient with MEN IIa and
metastatic disease to the lungs, therapy with indomethacin did
not result in a clinical response [13]. The efficacy of indometh-
acin inMTC patients has yet to be determined by clinical trials.

External Beam Radiation Therapy

Poor survival rates initially reported with EBRT made this
therapeutic modality unfavorable in the treatment of MTC

[41]. Further evaluation of previous reports, however,
revealed a lack of information regarding the particular surgical
procedure employed prior to radiation therapy. As stated
previously, the extent of surgical resection determines the
clinical course in the treatment of MTC [10]. Martinez et al.
revisited the efficacy of EBRT on selected patients with MTC
from the Surveillance, Epidemiology and End Results data-
base; they chose 66 patients who received EBRT following
total thyroidectomy and lymphadenectomy [42]. In the uni-
variate analysis, there was no significant improvement in
overall survival after 12 years in those patients receiving
EBRT when compared with those without EBRT; however,
a survival benefit was seen in patients with positive neck
nodes. In the multivariate analysis of node-positive patients,
EBRT did not influence overall survival [42]. In retrospective
studies, EBRT did not show survival benefit in high-risk
patients probably because of the high rate of microscopic
metastasis in high-risk patients. EBRT did, however, demon-
strate improvement in locoregional disease control in patients
at high risk for locoregional relapse with a 5-year relapse-free
rate of 87 % and 5-year survival rate of 56 % [43]. In addition
to the lack of survival benefit of EBRT in MTC, concern for
toxicity has limited the use of adjuvant conventional EBRT.
With advances in EBRT namely intensity-modulated radiation
therapy (IMRT), it is possible to deliver high doses of radia-
tion to the thyroid bed with sparing of normal surrounding
tissues. Most patients undergoing IMRT have reported acute
radiotherapy toxicity; however, these side effects are manage-
able [44]. Based on current data, EBRT should also be con-
sidered in patients at high risk for metastatic neck node
recurrence when extensive surgical resection is not possible.
As per ATA guidelines, patients with incomplete tumor resec-
tion despite optimal surgery should be considered for adjuvant
EBRT to the neck and mediastinum (grade B recommenda-
tion) [1]. In addition, patients with moderate- to high-volume
central compartment involvement with either unilateral or
bilateral level 2A-V nodal disease should also be considered
for EBRT following optimal surgery if microscopic positive
margins are present (grade C recommendation) [1].

Radioimmunotherapy

In a study by the French Endocrine Tumor Group, 29
patients with advanced and progressive MTC received a
biospecific anti-CEA monoclonal antibody followed by
an 131I-labeled hapten compared to 39 high-risk untreat-
ed patients [45]. Overall survival did not differ between
the treatment and control groups; however, in the sub-
group analysis of patients with calcitonin doubling times
<2 years, significant improvement in overall survival was
observed (110 vs. 61 months; p<0.03). Toxicity was mostly
hematologic and associated with bone marrow involvement
[45].
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Receptor Radionuclide Therapy

MTC cells originate from the neural crest that secretes a
number of proteins including somatostatin, CEA, calcitonin,
neuron-specific enolase, chromogranin, and gastrin-
releasing peptide. Yttrium 90-labeled somatostatin analog
[90Y-DOTATOC] has been tried for patients with advanced
MTC. The rationale for this treatment is that MTC cells not
only produce somatostatin but also express corresponding
receptors on their membrane [46, 47]. Thus, uptake of radio-
labeled somatostatin analog through somatostatin receptors
should cause beta irradiation in MTC cells. Bodei et al. gave
7.5 to 19.2 GBq of 90Y-DOTATOC in two to eight cycles to
21 patients with advanced MTC [48]. Complete response
was seen in 2 of the 21 patients (10 %), and stabilization of
disease was seen in 57 % patients based on tumor image
analysis. The response rate was dependent on degree of
octreotide receptor expression, tumor size, and calcitonin
level. With the exception of one patient who developed a
grade 3 hematological side effect, 90Y-DOTATOC was well
tolerated [48].

Perspectives for the Future

The treatment for recurrent or advanced MTC remains an
area for further research. There is a need for effective drugs
with minimal side effects and for a better understanding of
the role of radiotherapy. In developing new therapeutics, the
patient’s quality of life is an important factor to consider.
One area to be explored is that of immunotherapy or cyto-
kine therapy. Local injection of free IL-2 into cancer tissues
has been described in humans with some success. Direct
injection of free IL-2 into tumor tissue leads to hemorrhagic
necrosis and subsequent activation of tumor immunity by
lymphocyte stimulation [49]. This may, in the future, be
appropriate for use in patients with MTC who require rapid
reduction in tumor burden. Another cytokine-directed ther-
apy includes leukemia inhibitory factor (LIF). LIF is a
multifunctional cytokine of the interleukin-6 family depen-
dent on Ras/Raf activation for induction and secretion [50].
In papillary thyroid carcinoma, activation of Ras/Raf leads
to cancer cell proliferation. In contrast, activation of Ras/Raf
inhibits MTC cell growth by secretion of LIF which down-
regulates the RET proto-oncogene [51]. Recombinant LIF
appears to be safe for use in humans [52] and may in the
future prove effective in treatment of MTC.

Two additional prospective agents include atrial natriuret-
ic hormone (ANP) derivatives and tetraiodothyroacetic acid.
In cell culture, ANP derivatives have demonstrated rapid
reduction in MTC cell volume [53]. The antitumor effects of
ANP derivatives appear to be inhibition of angiogenesis and
induction of tumor suppressor gene Rb [54]. Although

ANPs have been used in humans [55], this agent has not
been tried in patients withMTC. Tetraiodothyroacetic acid is a
deaminated analog of L-thyroxine. In a preclinical trial, tet-
raiodothyroacetic acid inhibitedMTC cell growth by inducing
apoptosis [56].

Conclusions

Initial management of MTC continues to be surgical resection
with appropriate nodal dissection to avoid recurrence and
metastasis. Once inoperable metastasis occurs, determination
of whether patients can continue with observation or require
systemic treatment is based on the calcitonin doubling time
and tumor progression using the RECIST criteria. If patients
require systemic treatment, vandetanib is now FDA approved
for use in the treatment of advanced MTC. Although other
TKIs, chemotherapy, radiotherapy, and radioimmune and ra-
dionuclide therapies have shown effects against MTC cells
either in vitro or in vivo, more effective therapies with fewer
side effects remain to be established.
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