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 Methods of Development of Evidence-Based 

Guidelines 

 The European Thyroid Association (ETA) Executive 
Committee launched a taskforce to produce guidelines 
on the treatment of metastatic medullary thyroid cancer 
(MTC). A chairperson was selected to lead the task force 
(M.S.). M.S. then identified the other 5 members of the 
panel based on clinical expertise, scholarly approach and 
representation of endocrinology, nuclear medicine, on-
cology and surgery. Members of the task force were sub-
sequently endorsed by the ETA Guidelines Board and the 
ETA Executive Committee, and each panel member de-
clared whether he had any potential conflict of interest. 
The task force functioned without any financial or com-
mercial support.

  Relevant articles were identified by searching 
 MEDLINE at Pubmed (NLM) using the following search 
terms: ‘medullary carcinoma’ OR ‘medullary thyroid 
cancer’ OR ‘medullary thyroid carcinoma’ before June 
2011, and recommendations were developed based on the 
literature including the recent ATA guidelines  [1]  and ex-
pert opinion where appropriate. A preliminary docu-
ment and a series of recommendations were generated by 
the chairperson and then critically reviewed by the mem-
bers of the taskforce. The panel agreed recommendations 
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 Abstract 

Distant metastases are the main cause of death in patients 
with medullary thyroid cancer (MTC). These 21 recommenda-
tions focus on MTC patients with distant metastases and a 
detailed follow-up protocol of patients with biochemical or 
imaging evidence of disease, selection criteria for treatment, 
and treatment modalities, including local and systemic treat-
ments based on the results of recent trials. Asymptomatic pa-
tients with low tumor burden and stable disease may benefit 
from local treatment modalities and can be followed up at 
regular intervals of time. Imaging is usually performed every 
6–12 months, or at longer intervals of time  depending on the 
doubling times of serum calcitonin and carcinoembryonic 
antigen levels. Patients with symptoms, large tumor burden 
and progression on imaging should receive systemic treat-
ment. Indeed, major progress has recently been achieved 
with novel targeted therapies using kinase inhibitors direct-
ed against RET and VEGFR, but further research is needed to 
improve the outcome of these patients.  
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would be based on consensus of the panel. Task force de-
liberations took place mostly through electronic commu-
nication. The draft guidelines were then posted on the 
ETA website for 6 weeks for all members to review. All 
suggestions and comments were considered for incorpo-
ration into the text.

  The ETA Executive Committee elected to rate the rec-
ommendations according to the system developed by the 
Grading of Recommendations, Assessment, Develop-
ment, and Evaluation Group ( table 1 )  [2–4] .

  The strength of a recommendation is indicated by the 
number 1 or 2. Grade 1 indicates a strong recommenda-
tion (for or against). In contrast, grade 2 indicates a weak 
recommendation or a suggestion that may not be appro-
priate for every patient, depending on context, patient 
values and preferences. 

  Grading the quality of the evidence took into account 
study design, study quality, consistency of results and di-
rectness of the evidence. The quality of the evidence is 
indicated by plus signs at three levels  [4] .

  Each recommendation is preceded by a description of 
the evidence.

  The final document was approved by the ETA in De-
cember 2011.

  Introduction 

 Medullary thyroid carcinoma (MTC) accounts for less 
than 5% of all thyroid cancers  [1, 5] . Distant metastases 
are observed at presentation in 7–23% of MTC patients  [1, 
5]  and can be imaged with standardized protocols  [6] . 
Symptomatic clinical disease will occur in one to two 
thirds of MTC patients with any evidence of persistent 
disease after initial treatment at different time intervals 
during the subsequent 10 years after surgery, depending 
on the persistent tumor volume and progression rate  [7–
9] . Recurrent disease in the neck and mediastinum is fre-
quently amenable to surgery, with either curative or pal-
liative intent, and some patients may also benefit from 
external beam radiation therapy (EBRT). Distant metas-
tases are the main cause of MTC-related death. In retro-
spective series, survival after the discovery of distant me-
tastases was around 25% at 5 years and 10% at 10 years, 
but may be recorded higher in recent series due to earlier 
discovery of metastatic disease  [1, 5] . 

  The patients discussed in the present recommenda-
tions are those MTC patients with biochemical or imag-
ing evidence of metastatic disease. This document does 
not address end-of-life discussions or palliative care.

  Distant Metastases: Presentation and Diagnosis 

 Distant metastases often affect multiple organs in-
cluding lungs, bones and liver, and more rarely brain, 
skin and breast, and are frequently associated with per-
sistent disease in the neck  [6] . In patients with recurrent 
disease, an acceptable quality of life can usually be main-
tained for months or even years, but diarrhea may be de-
bilitating. Slow tumor growth is common, and distant 
metastases limited to a single organ may be considered 
for curative surgical resection or another local treatment 
modality. Patients with distant metastases and persistent/
recurrent disease in the neck may benefit from treatment 
of neck disease depending on the extent of both neck and 
distant disease and of disease progression rate. Only pa-
tients with significant tumor burden and those with 
symptomatic or progressive disease according to the 
 RECIST (Response Evaluation Criteria in Solid Tumor) 
criteria are candidates for systemic treatment. 

  Distant metastases may be discovered at presentation 
or during follow-up of patients with persistent elevated 
serum calcitonin (Ct) or carcinoembryonic antigen (CEA) 
levels. In fact, serum markers remain detectable after ini-
tial treatment in a significant percentage of patients, and 

Table 1.  Type of grading and definition of grades

Grading 
type

Definition 

Strength of the recommendation
Grade 1 Strong recommendation (for or against)

Applies to most patients in most circumstances
Benefits clearly outweigh the risk (or vice versa)

Grade 2 Weak recommendation (for or against)
Best action may differ depending on circumstances or 
patient values
Benefits and risks or burdens are closely balanced, or 
uncertain

Quality of the evidence 
+++ High quality; evidence at low risk of bias, such as 

randomized trials showing consistent results directly 
applicable to the recommendation

++ Moderate quality; studies with methodological flaws, 
showing inconsistent or indirect evidence

+ Low quality; case series or unsystematic clinical 
observations
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more frequently in those with large thyroid tumors, tu-
mor extension beyond the thyroid capsule and extensive 
lymph node involvement. Distant metastases are rarely 
detected in patients with a serum Ct level  ! 150 pg/ml, and 
the risk increases with higher serum Ct levels  [1, 6] . How-
ever, patients with poorly differentiated and aggressive 
metastatic MTC may have low Ct levels or discrepantly 
high serum CEA levels. Imaging should identify all clini-
cally relevant sites of disease, including those tumors large 
enough to be serially assessed to determine response to 
therapy, as well as those that may require additional local 
interventions prior to systemic treatment. Patients who 
have only biochemical disease (elevation of serum Ct and/
or CEA levels) and no demonstrable tumor foci may have 
a long life expectancy with a good quality of life and do 
not require systemic treatment  [7–9] . They are followed 
with serum tumor marker measurements, and imaging is 
repeated at regular time intervals, depending on the se-
rum marker level and doubling time  [1, 10–14] .

  Imaging procedures in metastatic MTC patients may 
include contrast-enhanced spiral CT scan or MRI of the 
brain, ultrasonography of the neck and liver, contrast-
enhanced spiral CT scan of the neck and chest, triple-
phase CT scan or preferably contrast-enhanced MRI of 
the liver (because liver metastases may be difficult to vi-
sualize with CT scan during treatment with antiangio-
genic agents), bone scintigraphy and contrast-enhanced 
MRI of the spine and pelvis  [6] . Fluorodeoxyglucose 
(FDG)-uptake on PET scan is usually low, and for this 
reason FDG-PET scan usually is poorly sensitive and 
cannot be used to assess tumor progression or response 
to treatment  [6, 15, 16] . PET scan with F-DOPA may pro-
vide additional information on tumor localization and 
differentiation; however, it is expensive and there is no 
general agreement for its routine use  [17, 18] .

  In the absence of indication for treatment, standard-
ized imaging (CT scan of the neck, chest and abdomen 
and other imaging modalities according to known ab-
normalities) is repeated every 6–12 months or either at 
longer intervals of time in patients with long doubling 
times of Ct and CEA or more frequently in patients with 
short doubling times of serum Ct and CEA ( ! 6 months), 
and the progression rate is assessed using RECIST  [19, 
20] . Patients with measurable lesions and documented 
progression on imaging, defined as at least a 20% increase 
in the sum of the longest diameters of measured lesions 
or the appearance of one or more new lesions in a given 
time interval (between 6 and 12 months) should be con-
sidered candidates for systemic treatment. Progression 
rate can be evaluated by serum Ct and CEA doubling 

times, which are usually related to tumor progression on 
imaging  [10–14] , but disease progression should always 
be confirmed by imaging before initiation of any treat-
ment  [19, 20] .

  Recommendation 1 
(a)  Imaging should use multiple imaging modalities to 

identify all clinically relevant sites of disease. Grade: 
quality of evidence (QOE) = ++; strength of recommen-
dation (SOR) = grade 1.

 (b)  Progression rate may be assessed by determining 
doubling times of tumor markers (Ct and CEA), but pro-
gression should be confirmed by imaging using RECIST. 
Grade: QOE = +++; SOR = grade 1.

 (c)  Patients with elevated serum marker levels with no 
tumor foci on imaging should undergo repeated serum 
marker measurements every 6–12 months, or either at 
longer intervals of time or more frequently depending on 
doubling times of serum Ct and CEA, without medical 
intervention. When biochemical progression is observed, 
imaging should be repeated. Grade: QOE = ++; SOR = 
grade 1.

 (d)  Patients with known metastases who do not receive 
any systemic treatment because metastases are asymp-
tomatic or small in size and have no demonstrated pro-
gression should undergo repeated imaging every 6–12 
months and either at longer intervals of time or more fre-
quently according to doubling times of serum Ct and 
CEA. Grade: QOE = ++; SOR = grade 1.

 (e)  Patients with small volume distant metastases with 
no evidence of progression and with neck tumor foci 
should be considered for treatment of neck disease (sur-
gery and/or external beam radiation therapy). Decision 
can only be made on an individual basis. Grade: QOE = 
+; SOR = grade 2.

 (f)  Only patients with significant tumor burden and 
those with symptomatic or progressive disease according 
to RECIST are candidates for systemic treatment. Grade: 
QOE = +++; SOR = grade 1.

  Local Treatment Modalities for Distant Metastases 

 Because progression rate is often low, local treatment 
procedures targeting predominant lesion(s), although not 
curative, may provide benefits in terms of quality of life 
for long periods of time and may delay the initiation of 
systemic treatments. This is the reason why local treat-
ment modalities of metastases are first reviewed for each 
potential site of distant metastases.
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  Brain Metastases 
 Clinically overt brain metastases from MTC are un-

common (about 1–5% of MTC patients with local or met-
astatic disease), but brain metastases are probably more 
prevalent than has been reported due to the lack of rou-
tine imaging of the central nervous system. Brain metas-
tases are most often suspected in patients with residual or 
recurrent MTC and neurologic symptoms in the setting 
of extensive distant metastases; brain imaging should be 
performed before initiation of systemic therapy  [21–23] . 
The discovery of small asymptomatic lesions without 
edema may not necessarily indicate active treatment, but 
rather clinical and imaging follow-up. In retrospective 
studies in thyroid carcinoma and nonthyroid carcinoma, 
it has been suggested that surgical resection in patients 
with solitary or limited number of brain metastases may 
be associated with improved quality of life  [21–24] .

  Recommendation 2 
 Brain imaging should be performed in patients with 

neurologic symptoms and also before initiation of any 
systemic treatment. Patients with isolated or limited 
brain metastases should be first considered for surgical 
resection or stereotactic radiosurgery. Whole brain EBRT 
is indicated for clinically overt brain metastases. Grade: 
QOE = ++; SOR = grade 1.

  Bone Metastases 
 Bone metastases occur in 45% of MTC patients with 

local or metastatic disease  [6] . Bone metastases may be 
found on anatomic or functional tumor imaging. Some 
patients present with painful bone lesions, fracture, or 
spinal cord compression. Experience with bone metasta-
ses from tumors other than MTC have demonstrated that 
percutaneous methods of treatment such as cementoplas-
ty (image-guided injection of polymethyl metacrylate ce-
ment in bones), thermal ablation (radiofrequency or 
cryotherapy) and arterial embolization followed by sur-
gery, or a combination of these methods, have been asso-
ciated with pain reduction and bone consolidation  [25–
32] . Isolated bone metastases may be surgically resected 
or treated with percutaneous methods, but it is extreme-
ly uncommon for these patients to be rendered free of 
disease. In some studies in differentiated thyroid carci-
noma, it has been suggested that surgery is worthwhile 
when 5 or less bone metastases are present  [33, 34] . It is 
not known if these results can be expanded to MTC. 
EBRT may lead to considerable reduction in pain in 80% 
of patients, which may last for months  [35] .

  Intravenous bisphosphonates are prescribed by many 
specialists for painful bony metastases and to prevent 
progression of existing osseous metastases from other 
primary malignancies with some success, but there is no 
substantial experience in MTC  [36] . In addition, con-
cerns about side effects from high doses of bisphopho-
nates, like osteonecrosis of the jaw, in particular during 
treatment with an antiangiogenic drug, may restrict its 
use.

  Recommendation 3  
(a)  Patients with spinal cord compression require ur-

gent glucocorticosteroid therapy and surgical evaluation, 
and postoperative EBRT should be considered. If not 
amenable to surgery, primary EBRT should be performed. 
Grade: QOE = +++; SOR = grade 1.

 (b)  Surgery is indicated in weight-bearing bone metas-
tases with fracture or impending fracture. Adjuvant 
EBRT is indicated for incompletely resected bone metas-
tases. Grade: QOE = ++; SOR = grade 1.

 (c)  Minimally invasive percutaneous treatments (alone 
or in combination) should be considered to treat painful 
bone metastases and may be an alternative to surgery and 
EBRT on bone lesion with impending fracture. Grade: 
QOE = +; SOR = grade 1.

 (d)  EBRT should be considered to treat painful bone 
metastases and is indicated for clinically significant le-
sions that are not candidates for surgery or percutaneous 
treatment, especially if they are widespread/extended, 
demonstrate progression or may threaten adjacent struc-
tures in case of progression. Grade: QOE = ++; SOR = 
grade 1.

 (e)  Limited/small bone metastases that are asymptom-
atic and are not an immediate threat may be followed. 
Grade: QOE = +; SOR = grade 2.

 (f)  No recommendation is made for the use of bisphos-
phonates in the setting of MTC with bone metastases.

  Lung Metastases 
 Lung metastases occur in 33% of MTC patients with 

local or metastatic disease  [6] . They are usually multiple 
(miliary) and often associated with mediastinal lymph 
node metastases. In rare cases, dominant mediastinal le-
sions may be considered for surgical resection. More of-
ten, lung and mediastinal lesions are left untreated or 
considered for systemic treatment if the lesions are pro-
gressive. Lung or mediastinal lesions causing local com-
pression of an airway or bleeding may be considered for 
surgery or EBRT, and lesions with central airway invasion 
may be amenable to the addition of photodynamic ther-
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apy or airway stenting (when the tumor is  1 15 mm from 
the vocal cord) to improve quality of life  [37] . Radiofre-
quency ablation may be indicated in patients with few 
( ! 5, ideally  ! 3) predominantly peripheral lung metasta-
ses of  ! 40 mm in size  [38] .

  Recommendation 4  
 Patients with respiratory symptoms may benefit from 

local treatment modalities; patients with few predomi-
nant lung metastases may be treated with radiofrequency 
ablation when the metastases are peripheral,  ! 40 mm in 
diameter and slowly progressive; lung or mediastinal le-
sions that are progressive should be considered for sys-
temic therapy. Grade: QOE = ++; SOR = grade 1.

  Liver Metastases 
 Liver metastases occur in 45% of MTC patients with 

local or metastatic disease  [6] . When liver metastases are 
large or progressive, or associated with symptoms such 
as diarrhea or pain, there is a need for treatment. Single 
or limited large metastases may be surgically resected or 
treated with percutaneous radiofrequency ablation that 
may lead to prolonged symptom reduction in 90–95% of 
patients, including reduction of diarrhea. Radiofrequen-
cy ablation is less effective in lesions  1 50 mm  [39] . How-
ever, liver metastases are usually multiple and not ame-
nable to surgery and may be best treated with chemoem-
bolization or systemic treatment  [40, 41] . In a series of 11 
patients, chemoembolization induced symptomatic im-
provement in all, with transient remission or stabiliza-
tion in 60%. In another series of 12 MTC patients, 42% 
had partial response and another 42% had stabilization, 
while diarrhea improved in 40%  [42, 43] . The extent of 
liver involvement was the main predictive factor, with 
partial responses being observed only in patients with 
liver involvement  ! 30% and when metastases were  ! 30 
mm. Following a single cycle (1 or 2 courses), the dura-
tion of partial responses and stabilizations was longer 
than 1 year. When disease progression occurred, an ad-
ditional cycle of chemoembolization provided an addi-
tional partial tumor response, but of shorter duration. 
Despite these favorable responses, chemoembolization 
did not downstage patients enough to allow for subse-
quent curative surgery. Only patients with preserved liv-
er and renal function, without major bile duct dilatation 
or portal vein thrombosis are candidates for chemoem-
bolization. Toxicity was mild and transient, but care 
must be taken to exclude the presence of a pheochromo-
cytoma.

  Recommendation 5 
 Liver metastases that are progressive, large or associ-

ated with symptoms such as diarrhea or pain should be 
considered for active treatment. In case of isolated or few 
liver metastases, surgery is considered when the lesions 
are limited to one or two lobes; radiofrequency ablation 
(when there are few lesions  ! 30 mm) or chemoemboliza-
tion (when lesions are disseminated in the liver) should 
also be considered. In other cases, patients should be con-
sidered for systemic treatment. Grade: QOE = ++; SOR = 
grade 1.

  Systemic Treatment: Chemotherapy and Clinical 

Trials 

 Among cytotoxic drugs, the most frequently used test-
ed agent in MTC patients is doxorubicin, used either 
alone or in combination with cisplatinum. Response rates 
ranged from 0 to 22%, with all responses being partial 
and only lasting a few months  [44, 45] . As MTC is a well-
differentiated endocrine tumor, various combinations of 
5 � -fluorouracil, dacarbazine, streptozocin, cyclophos-
phamide and vincristine have been used, leading to re-
sponse rates of approximately 20%, with symptomatic 
improvement in a limited number of patients  [46–51] . 
Newer cytotoxic drugs, such as taxanes, gemcitabine or 
irinotecan have not been evaluated in significant series of 
MTC patients. Dendritic cell immunotherapy may be ef-
fective, but is still under evaluation  [52] .

  In the limited experience with radiolabeled molecules, 
only few responses have been reported with [ 90 yttrium -
 DOTA]-TOC in MTC patients with rising Ct levels and 
tumor uptake on  111 In-Octreoscan  [53] . With pretargeted 
radioimmunotherapy with bispecific monoclonal anti-
CEA antibody and a  131 I-labeled bivalent hapten in pa-
tients with metastatic progressive MTC (defined with Ct 
doubling time  ! 2 years), overall survival was significant-
ly longer compared to high-risk untreated historical con-
trols (median overall survival: 110 vs. 61 months; p  !  
0.03). Toxicity was mainly hematological and was associ-
ated with bone or bone-marrow tumor spread  [54] . Treat-
ment with  131 I-MIBG is generally regarded as ineffective 
for MTC  [55] . 

  A germline rearranged during transfection (RET) mu-
tation is found in most familial forms of MTC  [56] . The 
proto-oncogene encoded Ret protein is a membrane re-
ceptor with tyrosine kinase activity, and activating RET 
mutations activate its kinase function that triggers down-
stream mitogenic and survival signaling. Somatic muta-
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tions in RET are also found in 30–50% of sporadic MTC 
tumors, and among these mutations, more than 80% are 
in codon 918 (exon 16) and about 10% are in codon 634 
(exon 11), with the other mutations being located in exons 
10, 13, 14 or 15. It should be noted that mutations have 
been sought mostly in primary tumors and little is known 
on the RET status in metastatic tissue that may require 
treatment intervention some decades after the treatment 
of the primary tumor.

  Angiogenesis is critical in the development of these 
hypervascularized tumors, and provides another set of 
potential molecular targets for therapy. Various vascular 
endothelial growth factors (VEGF) and VEGF receptors 
[VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1, KDR)] are often 
overexpressed in MTC, both in tumor cells and in sup-
porting vascular endothelium  [57] . Many agents that tar-
get the VEGFR-2 kinase also target the Ret kinase.

  In recent years, several kinase inhibitors have been 
evaluated in phase I and II clinical trials, including ax-
itinib, cabozantinib (XL-184), lenvatinib (E7080), mote-
sanib, pazopanib, sorafenib, sunitinib and vandetanib 
 [58–68] . In phase II trials, several of these agents have 
demonstrated partial response rates in the range of 20–
50% with a larger number of patients demonstrating pro-
longed stable disease. In these patients, the drug may de-
crease the production of Ct and CEA in blood and this 
may occur even in the absence of beneficial effects on tu-
mor masses, and for this reason serum marker levels can-
not be used to assess the antitumor efficacy of the drug. 
Two of these agents, vandetanib and cabozantinib have 
entered phase III clinical trials.

  A phase II trial with vandetanib, targeting the kinases 
of Ret, EGFR and VEGFR, was evaluated at a maximal 
tolerated dose (300 mg/day) in 30 hereditary MTC pa-
tients. Partial response was observed in 10 patients, 
among whom 6 had a confirmed partial response and 
stable disease longer than 24 weeks was established in an-
other 16 patients  [67] . Another phase II trial with vande-
tanib (100 mg/day) included 19 hereditary MTC patients, 
and a partial response was observed in 3 patients and sta-
ble disease longer than 24 weeks in another 10 patients, 
demonstrating antitumour activity in this setting. How-
ever, it is not clear whether there is a relationship between 
dose and efficacy, as well as between dose and toxicity 
 [68] . A large randomized phase III trial comparing pro-
gression-free survival (PFS) in patients treated with van-
detanib (300 mg/day) or placebo has been completed in 
331 patients with locally advanced or metastatic MTC 
 [69] . The median PFS was significantly prolonged from 
19.3 months in the placebo arm to a predicted median of 

30.5 months (median not yet reached) in the vandetanib 
arm (HR: 0.46; p  !  10 –4 ); partial responses were observed 
in 45% of patients treated with vandetanib, with a pre-
dicted median duration of response of 22 months. The 
improvement of pain and diarrhea allowed a number of 
patients in the vandetanib arm to resume a normal social 
life. All subgroups of patients, according to tumor bur-
den, progression rate or symptoms, experienced signifi-
cant PFS benefits from treatment. Also, PFS benefits were 
observed in both patients with RET mutation and in 
those with no demonstrated somatic RET mutation; how-
ever, the number of RET-negative patients in whom all 
RET exons could be sequenced was limited. Adverse 
events, including diarrhea, fatigue, rash and folliculitis, 
photosensitization, hypertension, and prolongation of 
the QTc interval, were mainly grade 1 or 2. However, 12% 
of patients receiving vandetanib discontinued treatment 
due to toxicity and 35% required dose reduction because 
of an adverse event. Vandetanib was approved by the FDA 
in April 2011 and by the EMA in February 2012 for the 
treatment of aggressive and symptomatic MTC in pa-
tients with unresectable locally advanced or metastatic 
disease. However, further data are needed to quantify 
drug benefits in patients with no RET mutation in their 
metastatic tissue.

  A phase I trial with cabozantinib, targeting the kinas-
es of Ret, c-Met and VEGFR, included 34 evaluable MTC 
patients. Seventeen patients had a partial response, among 
whom 10 had a confirmed partial response, and another 
15 patients had stable disease  [65, 66] . Partial responses 
were observed regardless of somatic RET mutation status 
and in both treatment-naïve patients and in those who 
had previously been treated with another kinase inhibi-
tor, suggesting the absence of cross-resistance with other 
compounds. Based on these favorable results, a random-
ized phase III trial of cabozantinib (175 mg/day) versus 
placebo is ongoing in patients with progressive MTC 
(NCT00704730).

  These agents have shown the potential to provide high 
rates of disease control with durable responses and im-
proved quality of life, and a highly significant improve-
ment of PFS in the only phase III trial thus far completed 
 [69] . However, these treatments have to be given to pa-
tients as long as tumor control persists, and short-term 
toxicity is significant, with dose reduction or treatment 
withdrawal in a significant proportion of patients; long-
term toxicity needs to be investigated. There is currently 
no evidence for a higher treatment efficacy at an earlier 
than later stage when the tumor has progressed. This 
should lead to initiating these treatments only in patients 
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with significant tumor burden and documented tumor 
progression. In contrast, patients with elevated serum 
marker levels or with minimal disease on imaging may 
be followed-up at regular intervals of time. An unre-
solved issue is what should be done in patients with pro-
gressive disease after a first-line treatment, and second-
line trials are needed for these patients.

  Additionally, it is possible that other new agents, or 
combination or sequential therapy with these targeted 
agents or with conventional cytotoxic chemotherapy will 
eventually prove more effective than a single targeted 
therapy alone  [70, 71] .

  Recommendation 6 
(a)  In patients with significant tumor burden and 

symptomatic or progressive disease according to RE-
CIST, the use of standard chemotherapeutic agents should 
not be considered as first-line therapy for patients with 
persistent or recurrent MTC. Grade: QOE = ++; SOR = 
grade 2.

 (b)  Inhibitors of both Ret and VEGFR tyrosine kinas-
es appear to be the most effective treatment modality in 
these MTC patients. Grade: QOE = +++; SOR = grade 1.

 (c)  Treatment with radiolabeled molecules may be 
considered in selected patients, ideally in the setting 
of a well-designed clinical trial. Grade: QOE = +; SOR = 
grade 2.

  Symptoms, Evaluation and Treatment of 

Hormonally Active Metastases 

 Diarrhea  [72, 73] , ectopic corticotropin-releasing hor-
mone and ectopic adrenocorticotropic hormone produc-
tion that can result in Cushing syndrome  [74]  are the 
main hormonally mediated complications of MTC, most 
frequently in the setting of advanced disease and usually 
in patients with hepatic metastases. 

  The diarrhea may be hypersecretory or due to en-
hanced gastrointestinal motility, or a combination of 
both. The diarrhea can be debilitating both in terms of 
quality of life and nutrition and should be treated with 
antimotility agents (such as loperamide, diphenoxylate/
atropine and codeine)  [1] . Somatostatin analogue therapy 
either alone or in combination with interferon- �  pro-
duced no more than a modest improvement of diarrhea 
in some MTC patients  [75, 76] . Local treatment of large 
hepatic metastases using selective artery chemoemboli-
zation  [42, 43]  and treatment with tyrosine kinase inhib-
itors may improve diarrhea in some patients. 

  Cushing syndrome can be severe and debilitating, and 
is associated with poor patient survival due to the extend-
ed and progressive MTC  [74] . Even in the setting of wide-
ly metastatic MTC, control of cortisol hypersecretion 
may be achieved by debulking of large hepatic metastases 
(surgery or chemoembolization); by medical therapy us-
ing ketoconazole, mifepristone or mitotane; and/or by bi-
lateral adrenalectomy  [77] .

  Recommendation 7 
(a)  Therapy to reduce the frequency and amount of di-

arrhea in the setting of MTC should be employed. Initial 
therapy should include antimotility agents. Alternative 
therapies may include surgery or chemoembolization of 
liver metastases in selected cases and systemic treatment 
with tyrosine kinase inhibitors in patients with progres-
sive and bulky disease. Grade: QOE = ++; SOR = grade 1.

 (b)  Clinicians should maintain a heightened vigilance 
for Cushing syndrome due to paraneoplastic production 
of adrenocorticotropic hormone and/or corticotropin-
releasing hormone from MTC. While MTC patients with 
Cushing syndrome typically have a poor prognosis, treat-
ment should be considered even in the setting of widely 
metastatic MTC because the syndrome can be severe and 
debilitating. Grade: QOE = ++; SOR = grade 1. 

(c)  Cushing syndrome from MTC may be treated in a 
multimodality manner with therapy directed towards 
the tumor and medical therapy directed towards Cushing 
syndrome, or whenever feasible with bilateral adrenalec-
tomy. Grade: QOE = ++; SOR = grade 1.
 

 References   1 Kloos RT, Eng C, Evans DB, Francis GL, Ga-
gel RT, Gharib H, Moley JF, Pacini F, Ringel 
MD, Schlumberger M, Wells SA Jr: Medul-
lary thyroid cancer: management guidelines 
of the American Thyroid Association. Thy-
roid 2009;   19:   565–612. 

  2 Atkins D, Eccles M, Flottorp S, Guyatt GH, 
Henry D, Hill S, Liberati A, O’Connell D, 
Oxman AD, Phillips B, Schünemann H, Ede-
jer TT, Vist GE, Williams JW Jr, GRADE 
Working Group: Grading quality of evidence 
and strength of recommendations. BMC 
Health Serv Res 2004;   22;   4:   38 

  3 Swiglo BA, Murad MH, Schünemann HJ, 
Kunz R, Vigersky RA, Guyatt GH, Mon-
tori VM: A case for clarity, consistency, 
and helpfulness: state-of-the-art clinical 
practice guidelines in endocrinology us-
ing the grading of recommendations, as-
sessment, development, and evaluation 
system. J Clin Endocrinol Metab 2008;   93:  
 666–673. 

D
ow

nl
oa

de
d 

by
: 

82
.6

8.
24

0.
23

1 
- 

9/
23

/2
01

4 
10

:3
4:

31
 A

M



 Schlumberger et al. Eur Thyroid J 2012;1:5–1412

  4 Guyatt G, Gutterman D, Baumann MH, Ad-
drizzo-Harris D, Hylek EM, Phillips B, Ras-
kob G, Lewis SZ, Schünemann H: Grading 
strength of recommendations and quality of 
evidence in clinical guidelines: report from 
an American College of Chest Physicians 
task force. Chest 2006;   129:   174–181. 

  5 Schlumberger M, Carlomagno F, Baudin E, 
Bidart JM, Santoro M: New therapeutic ap-
proaches to treat medullary thyroid carcino-
ma. Nat Clin Pract Endocrinol Metab 2008;  
 4:   22–32. 

  6 Giraudet AL, Vanel D, Leboulleux S, Au-
périn A, Dromain C, Chami L, Ny Tovo N, 
Lumbroso J, Lassau N, Bonniaud G, Hartl D, 
Travagli JP, Baudin E, Schlumberger M: Im-
aging medullary thyroid carcinoma with 
persistent elevated calcitonin levels. J Clin 
Endocrinol Metab 2007;   92:   4185–4190. 

  7 van Heerden JA, Grant CS, Gharib H, Hay 
ID, Ilstrup DM: Long-term course of patients 
with persistent hypercalcitoninemia after 
apparent curative primary surgery for med-
ullary thyroid carcinoma. Ann Surg 1990;  
 212:   395–400, discussion 400–401.  

  8 Pellegriti G, Leboulleux S, Baudin E, Bellon 
N, Scollo C, Travagli JP, Schlumberger M: 
Long-term outcome of medullary thyroid 
carcinoma in patients with normal postop-
erative medical imaging. Br J Cancer 2003;  
 88:   1537–1542. 

  9 Fialkowski E, Debenedetti M, Moley J: Long-
term outcome of reoperations for medullary 
thyroid carcinoma. World J Surg 2008;   32:  
 754–765. 

 10 Saad MF, Fritsche HA Jr, Samaan NA: Diag-
nostic and prognostic values of carcinoem-
bryonic antigen in medullary carcinoma of 
the thyroid. J Clin Endocrinol Metab 1984;  
 58:   889–894. 

 11 Miyauchi A, Onishi T, Morimoto S, Takai S, 
Matsuzuka F, Kuma K, Maeda M, Kumahara 
Y: Relation of doubling time of plasma calci-
tonin levels to prognosis and recurrence of 
medullary thyroid carcinoma. Ann Surg 
1984;   199:   461–466. 

 12 Tisell LE, Dilley WG, Wells SA Jr: Progres-
sion of postoperative residual medullary 
thyroid carcinoma as monitored by plasma 
calcitonin levels. Surgery 1996;   119:   34–39. 

 13 Giraudet AL, Al Ghulzan A, Aupérin A, Le-
boulleux S, Chehboun A, Troalen F, Drom-
ain C, Lumbroso J, Baudin E, Schlumberger 
M: Progression of medullary thyroid carci-
noma: assessment with calcitonin and car-
cinoembryonic antigen doubling times. Eur 
J Endocrinol 2008;   158:   239–246. 

 14 Barbet J, Campion L, Kraeber-Bodere F, 
Chatal JF: Prognostic impact of serum calci-
tonin and carcinoembryonic antigen dou-
bling-times in patients with medullary thy-
roid carcinoma. J Clin Endocrinol Metab 
2005;   90:   6077–6084.  

 15 Oudoux A, Salaun PY, Bournaud C, Campi-
on L, Ansquer C, Rousseau C, Bardet S, Bor-
son-Chazot F, Vuillez JP, Murat A, Mirallie 
E, Barbet J, Goldenberg DM, Chatal JF, Krae-
ber-Bodere F: Sensitivity and prognostic val-
ue of positron emission tomography with 
 F-18-fluorodeoxyglucose and sensitivity of 
 immunoscintigraphy in patients with med-
ullary thyroid carcinoma treated with anti-
carcinoembryonic antigen-targeted radio-
immunotherapy. J Clin Endocrinol Metab 
2007;   92:   4590–4597. 

 16 Ong SC, Schoder H, Patel SG, Tabangay-Lim 
IM, Doddamane I, Gonen M, Shaha AR, Tut-
tle RM, Shah JP, Larson SM: Diagnostic ac-
curacy of 18F-FDG PET in restaging patients 
with medullary thyroid carcinoma and ele-
vated calcitonin levels. J Nucl Med 2007;   48:  
 501–507. 

 17 Gourgiotis L, Sarlis NJ, Reynolds JC, Van-
Waes C, MerinoMJ, Pacak K: Localization of 
medullary thyroid carcinoma metastasis in a 
multiple endocrine neoplasia type 2A patient 
by 6-[18F]-fluorodopamine positron emis-
sion tomography. J Clin Endocrinol Metab 
2003;   88:   637–641.  

 18 Koopmans KP, de Groot JW, Plukker JT, de 
Vries EG, Kema IP, Sluiter WJ, Jager PL, 
Links TP: 18F-dihydroxyphenylalanine PET 
in patients with biochemical evidence of 
medullary thyroid cancer: relation to tumor 
differentiation. J Nucl Med 2008;   49:   524–531. 

 19 Eisenhauer EA, Therasse P, Bogaerts J, 
Schwartz LH, Sargent D, Ford R, Dancey J, 
Arbuck S, Gwyther S, Mooney M, Rubin-
stein L, Shankar L, Dodd L, Kaplan R, La-
combe D, Verweij J: New response evaluation 
criteria in solid tumours: revised RECIST 
guideline (version 1.1). Eur J Cancer 2009;   45:  
 228–247. 

 20 Therasse P, Arbuck SG, Eisenhauer EA, 
Wanders J, Kaplan RS, Rubinstein L, Verweij 
J, Van Glabbeke M, van Oosterom AT, Chris-
tian MC, Gwyther SG: New guidelines to 
evaluate the response to treatment in solid 
tumors. European Organization for Re-
search and Treatment of Cancer, National 
Cancer Institute of the United States, Na-
tional Cancer Institute of Canada. J Natl 
Cancer Inst 2000;   92:   205–216. 

 21 McWilliams RR, Giannini C, Hay ID, Atkin-
son JL, Stafford SL, Buckner JC: Manage-
ment of brain metastases from thyroid carci-
noma: a study of 16 pathologically confirmed 
cases over 25 years. Cancer 2003;   98:   356–
362. 

 22 Chiu AC, Delpassand ES, Sherman SI: Prog-
nosis and treatment of brain metastases in 
thyroid carcinoma. J Clin Endocrinol Metab 
1997;   82:   3637–3642. 

 23 Salvati M, Frati A, Rocchi G, Masciangelo R, 
Antonaci A, Gagliardi FM, Delfini R: Single 
brain metastasis from thyroid cancer: report 
of twelve cases and review of the literature. J 
Neurooncol 2001;   51:   33–40. 

 24 Kim IY, Kondziolka D, Niranjan A, Flickin-
ger JC, Lunsford LD: Gamma knife radiosur-
gery for metastatic brain tumors from thy-
roid cancer. J Neurooncol 2009;   93:   355–359. 

 25 Mont’Alverne F, Vallee JN, Cormier E, Guil-
levin R, Barragan H, Jean B, Rose M, Chiras 
J: Percutaneous vertebroplasty for metastatic 
involvement of the axis. AJNR Am J Neuro-
radiol 2005;   26:   1641–1645. 

 26 Goetz MP, Callstrom MR, Charboneau JW, 
Farrell MA, Maus TP, Welch TJ, Wong GY, 
Sloan JA, Novotny PJ, Petersen IA, Beres RA, 
Regge D, Capanna R, Saker MB, Gronemey-
er DH, Gevargez A, Ahrar K, Choti MA, de 
Baere TJ, Rubin J: Percutaneous image-guid-
ed radiofrequency ablation of painful metas-
tases involving bone: a multicenter study. J 
Clin Oncol 2004;   22:   300–306.  

 27 Simon CJ, Dupuy DE: Percutaneous mini-
mally invasive therapies in the treatment of 
bone tumors: thermal ablation. Semin Mus-
culoskelet Radiol 2006;   10:   137–44.  

 28 Masala S, Manenti G, Roselli M, Mammuca-
ri M, Bartolucci DA, Formica V, Massari F, 
Simonetti G: Percutaneous combined thera-
py for painful sternal metastases: a radiofre-
quency thermal ablation (RFTA) and cemen-
toplasty protocol. Anticancer Res 2007;   27:  
 4259–4262.  

 29 Toyota N, Naito A, Kakizawa H, Hieda M, 
Hirai N, Tachikake T, Kimura T, Fukuda H, 
Ito K: Radiofrequency ablation therapy com-
bined with cementoplasty for painful bone 
metastases: initial experience. Cardiovasc 
Intervent Radiol 2005;   28:   578–583.  

 30 Chiras J, Adem C, Vallee JN, Spelle L, Corm-
ier E, Rose M: Selective intra-arterial chemo-
embolization of pelvic and spine bone me-
tastases. Eur Radiol 2004;   14:   1774–1780.  

 31 Guzman R, Dubach-Schwizer S, Heini P, 
Lovblad KO, Kalbermatten D, Schroth G, 
Remonda L: Preoperative transarterial em-
bolization of vertebral metastases. Eur Spine 
J 2005;   14:   263–268.  

 32 Baba Y, Hayashi S, Ueno K, Nakajo M: Bone 
cement used as an embolic agent for active 
bleeding in vertebroplasty of metastatic le-
sions. Acta Radiol 2007;   48:   1024–1027.  

 33 Bernier MO, Leenhardt L, Hoang C, Aurengo 
A, Mary JY, Menegaux F, Enkaoua E, Turpin 
G, Chiras J, Saillant G, et al: Survival and ther-
apeutic modalities in patients with bone me-
tastases of differentiated thyroid carcinomas. 
J Clin Endocrinol Metab 2001;   86:   1568–1573.  

 34 Zettinig G, Fueger BJ, Passler C, Kaserer K, 
Pirich C, Dudczak R, Niederle B: Long-term 
follow-up of patients with bone metastases 
from differentiated thyroid carcinoma – sur-
gery or conventional therapy? Clin Endocri-
nol 2002;   56:   377–382.  

 35 Brierley JD, Tsang RW: External beam radia-
tion therapy for thyroid cancer. Endocrinol 
Metab Clin North Am 2008;   37:   497–509. 

D
ow

nl
oa

de
d 

by
: 

82
.6

8.
24

0.
23

1 
- 

9/
23

/2
01

4 
10

:3
4:

31
 A

M



 2012 ETA Guidelines for MTC  Eur Thyroid J 2012;1:5–14 13

 36 Vitale G, Fonderico F, Martignetti A, Cara-
glia M, Ciccarelli A, Nuzzo V, Abbruzzese A, 
Lupoli G: Pamidronate improves the quality 
of life and induces clinical remission of bone 
metastases in patients with thyroid cancer. 
Br J Cancer 2001;   84:   1586–1590.  

 37 Tsutsui H, Kubota M, Yamada M, Suzuki A, 
Usuda J, Shibuya H, Miyajima K, Sugino K, 
Ito K, Furukawa K, Kato H: Airway stenting 
for the treatment of laryngotracheal stenosis 
secondary to thyroid cancer. Respirology 
2008;   13:   632–638.  

 38 Deandreis D, Leboulleux S, Dromain C, Au-
perin A, Coulot J, Lumbroso J, Deschamps F, 
Rao P, Schlumberger M, de Baère T: Role of 
FDG PET/CT and chest CT in the follow-up 
of lung lesions treated with radiofrequency 
ablation. Radiology 2011;   258:   270–276. 

 39 Berber E, Flesher N, Siperstein AE: Laparo-
scopic radiofrequency ablation of neuroen-
docrine liver metastases. World J Surg 2002;  
 26:   985–990.  

 40 Mazzaglia PJ, Berber E, Milas M, Siperstein 
AE: Laparoscopic radiofrequency ablation of 
neuroendocrine liver metastases: a 10-year 
experience evaluating predictors of survival. 
Surgery 2007;   142:   10–19.  

 41 Wertenbroek MW, Links TP, Prins TR, Pluk-
ker JT, van der Jagt EJ, de Jong KP: Radiofre-
quency ablation of hepatic metastases from 
thyroid carcinoma. Thyroid 2008;   18:   1105–
1110.  

 42 Lorenz K, Brauckhoff M, Behrmann C, 
Sekulla C, Ukkat J, Brauckhoff K, Gimm O, 
Dralle H: Selective arterial chemoemboliza-
tion for hepatic metastases from medullary 
thyroid carcinoma. Surgery 2005;   138:   986–
993, discussion 993. 

 43 Fromigue J, De Baere T, Baudin E, Dromain 
C, Leboulleux S, Schlumberger M: Chemo-
embolization for liver metastases from med-
ullary thyroid carcinoma. J Clin Endocrinol 
Metab 2006;   91:   2496–2499. 

 44 Shimaoka K, Schoenfeld DA, DeWys WD, 
Creech RH, DeConti R: A randomized trial 
of doxorubicin versus doxorubicin plus cis-
platin in patients with advanced thyroid car-
cinoma. Cancer 1985;   56:   2155–2160. 

 45 Williams SD, Birch R, Einhorn LH: Phase II 
evaluation of doxorubicin plus cisplatin in 
advanced thyroid cancer: a Southeastern 
Cancer Study Group Trial. Cancer Treat Rep 
1986;   70:   405–407.  

 46 Orlandi F, Caraci P, Berruti A, Puligheddu B, 
Pivano G, Dogliotti L, Angeli A: Chemother-
apy with dacarbazine and 5-fluorouracil in 
advanced medullary thyroid cancer. Ann 
Oncol 1994;   5:   763–765. 

 47 Wu LT, Averbuch SD, Ball DW, de Bustros A, 
Baylin SB, McGuire WP 3rd: Treatment of 
advanced medullary thyroid carcinoma with 
a combination of cyclophosphamide, vin-
cristine, and dacarbazine. Cancer 1994;   73:  
 432–436. 

 48 Schlumberger M, Abdelmoumene N, Delisle 
MJ, Couette JE: Treatment of advanced med-
ullary thyroid cancer with an alternating 
combination of 5 FU-streptozocin and 5 FU-
dacarbazine. The Groupe d’Etude des Tu-
meurs a Calcitonine (GETC). Br J Cancer 
1995;   71:   363–365. 

 49 Bajetta E, Rimassa L, Carnaghi C, Seregni E, 
Ferrari L, Di Bartolomeo M, Regalia E, Cas-
sata A, Procopio G, Mariani L: 5-Fluoroura-
cil, dacarbazine, and epirubicin in the treat-
ment of patients with neuroendocrine tu-
mors. Cancer 1998;   83:   372–378.  

 50 Petursson SR: Metastatic medullary thyroid 
carcinoma. Complete response to combina-
tion chemotherapy with dacarbazine and 
5-fluorouracil. Cancer 1988;   62:   1899–1903. 

 51 Nocera M, Baudin E, Pellegriti G, Cailleux 
AF, Mechelany-Corone C, Schlumberger M: 
Treatment of advanced medullary thyroid 
cancer with an alternating combination of 
doxorubicin-streptozocin and 5 FU-dacar-
bazine. Groupe d’Etude des Tumeurs à Cal-
citonine (GETC). Br J Cancer 2000;   83:   715–
718.  

 52 Papewalis C, Wuttke M, Seissler J, Meyer Y, 
Kessler C, Jacobs B, Ullrich E, Willenberg 
HS, Schinner S, Baehring T, Scherbaum WA, 
Schott M: Dendritic cell vaccination with xe-
nogenic polypeptide hormone induces tu-
mor rejection in neuroendocrine cancer. 
Clin Cancer Res 2008;   14:   4298–4305.  

 53 Iten F, Müller B, Schindler C, Rochlitz C, 
Oertli D, Mäcke HR, Müller-Brand J, Walter 
MA: Response to [ 90 Yttrium - DOTA]-TOC 
treatment is associated with long-term sur-
vival benefit in metastasized medullary thy-
roid cancer: a phase II clinical trial. Clin 
Cancer Res 2007;   13:   6696–6702.  

 54 Kraeber-Bodere F, Goldenberg DM, Chatal 
JF, Barbet J: Pretargeted radioimmunother-
apy in the treatment of metastatic medullary 
thyroid cancer. Curr Oncol 2009;   16:   3–8. 

 55 Pasieka JL, McEwan AJ, Rorstad O: The pal-
liative role of  131 I-MIBG and  111 In-octreotide 
therapy in patients with metastatic progres-
sive neuroendocrine neoplasms. Surgery 
2004;   136:   1218–1226.  

 56 Wells SA Jr, Santoro M: Targeting the RET 
pathway in thyroid cancer. Clin Cancer Res 
2009;   15:   7119–7123.  

 57 Capp C, Wajner SM, Siqueira DR, Brasil BA, 
Meurer L, Maia AL: Increased expression of 
vascular endothelial growth factor and its re-
ceptors, VEGFR-1 and VEGFR-2, in medul-
lary thyroid carcinoma. Thyroid 2010;   20:  
 863–871. 

 58 Cohen EEW, Rosen LS, Vokes EE, Kies MS, 
Forastiere AA, Worden FP, Kane MA, Sher-
man E, Kim S, Bycott P, Tortorici M, Shalin-
sky DR, Liau KF, Cohen RB: Axitinib is an 
active treatment for all histologic subtypes of 
advanced thyroid cancer: Results from a 
phase II study. J Clin Oncol 2008;   26:   4708–
4713. 

 59 Nemunaitis JJ, et al: Phase I dose-escalation 
study of E7080, a multikinase inhibitor, in 
patients with advanced solid tumors. J
Clin Oncol (Meeting Abstracts) 2008;   26:  
 14583. 

 60 Schlumberger M, Elisei R, Bastholt L, Wirth 
LJ, Martins RG, Licitra L, Jarzab B, Pacini F, 
Daumerie C, Droz JP, Eschenberg MJ, Sun 
YN, Juan T, Stepan DE, Sherman SI: Phase II 
study of safety and efficacy of motesanib 
(AMG 706) in patients with progressive or 
symptomatic, advanced or metastatic med-
ullary thyroid cancer. J Clin Oncol 2009;   27:  
 3794–3801.  

 61 Bible, K.C. et al: Phase 2 trial of pazopanib in 
rapidly progressive, metastatic, medullary 
thyroid cancer. Thyroid (Meeting Abstracts) 
2009;   19:S110. 

 62 Lam ET, Ringel MD, Kloos RT, Prior TW, 
Knopp MV, Liang J, Sammet S, Hall NC, 
Wakely PE Jr, Vasko VV, Saji M, Snyder PJ, 
Wei L, Arbogast D, Collamore M, Wright JJ, 
Moley JF, Villalona-Calero MA, Shah MH: 
Phase II clinical trial of sorafenib in meta-
static medullary thyroid cancer. J Clin Oncol 
2010;   28:   2323–2330.  

 63 De Souza JA, et al: Phase II trial of sunitinib 
in medullary thyroid cancer (MTC). J Clin 
Oncol (Meeting Abstracts) 2010;   28:   5504. 

 64 Carr LL, Mankoff DA, Goulart BH, Eaton 
KD, Capell PT, Kell EM, Bauman JE, Mar-
tins RG: Phase II study of daily sunitinib in 
FDG-PET-positive, iodine-refractory differ-
entiated thyroid cancer and metastatic med-
ullary carcinoma of the thyroid with func-
tional imaging correlation. Clin Cancer Res 
2010;   16:   5260–5268. 

 65 Kurzrock R, Sherman SI, Ball DW, Forastiere 
AA, Cohen RB, Mehra R, Pfister DG, Cohen 
EE, Janisch L, Nauling F, Hong DS, Ng CS, 
Ye L, Gagel RF, Frye J, Müller T, Ratain MJ, 
Salgia R: Activity of XL184 (cabozantinib), 
an oral tyrosine kinase inhibitor, in patients 
with medullary thyroid cancer. J Clin Oncol 
2011;   29:   2660–2666. 

 66 Papotti M, Olivero M, Volante M, Negro F, 
Prat M, Comoglio PM, DiRenzo MF: Ex-
pression of hepatocyte growth factor (HGF) 
and its receptor (MET) in medullary carci-
noma of the thyroid. Endocr Pathol 2000;   11:  
 19–30. 

 67 Wells S, Gosnell J, Gagel R, Moley J, Pfister 
D, Sosa J, Skinner M, Krebs A, Vasselli J, 
 Schlumberger M: Vandetanib for the treat-
ment of patients with locally advanced or 
metastatic hereditary medullary thyroid 
cancer. J Clin Oncol 2010;   28:   767–772. 

 68 Robinson BG, Paz-Ares L, Krebs A, Vasselli 
J, Haddad R: Vandetanib (100 mg) in patients 
with locally advanced or metastatic heredi-
tary medullary thyroid cancer. J Clin Endo-
crinol Metab 2010;   95:   2664–2671. 

D
ow

nl
oa

de
d 

by
: 

82
.6

8.
24

0.
23

1 
- 

9/
23

/2
01

4 
10

:3
4:

31
 A

M



 Schlumberger et al. Eur Thyroid J 2012;1:5–1414

 69 Wells SA, Robinson BG, Gagel RF, Dralle H, 
Fagin JA, Santoro M, Baudin E, Elisei R, Jarz-
ab B, Vasselli JR, Read J, Langmuir P, Ryan 
AJ, Schlumberger MJ: Vandetanib in pa-
tients with locally advanced or metastatic 
medullary thyroid cancer: a randomized, 
double-blind phase III trial (ZETA). J Clin 
Oncol 2012;   30:   134–141.  

 70 Hong DS, Cabanillas ME, Wheler J, Naing A, 
Tsimberidou AM, Ye L, Waguespack SG, 
Hernandez M, El Naggar AK, Bidyasar S, 
Wright J, Sherman SI, Kurzrock R: Inhibi-
tion of the Ras/Raf/MEK/ERK and RET ki-
nase pathways with the combination of the 
multikinase inhibitor sorafenib and the 
farnesyltransferase inhibitor tipifarnib in 
medullary and differentiated thyroid malig-
nancies. J Clin Endocrinol Metab 2011;   96:  
 997–1005. 

 71 Hoff PM, et al: Phase I/II trial of capecitabine 
(C), dacarbazine (D) and imatinib (I) (CDI) 
for patients (pts) metastatic medullary thy-
roid carcinomas (MTC). J Clin Oncol (Meet-
ing Abstracts) 2006;   24:   13048. 

 72 Jensen RT: Overview of chronic diarrhea 
caused by functional neuroendocrine neo-
plasms. Semin Gastrointest Dis 1999;   10:  
 156–172. 

 73 Rambaud JC, Jian R, Flourie B, Hautefeuille 
M, Salmeron M, Thuillier F, Ruskone A, Flo-
rent C, Chaoui F, Bernier JJ: Pathophysiolog-
ical study of diarrhoea in a patient with med-
ullary thyroid carcinoma. Evidence against a 
secretory mechanism and for the role of 
shortened colonic transit time. Gut 1988;   29:  
 537–543.  

 74 Barbosa SL, Rodien P, Leboulleux S, Niccoli-
Sire P, Kraimps JL, Caron P, Archambeaud-
Mouveroux F, Conte-Devolx B, Rohmer V: 
Ectopic adrenocorticotropic hormone syn-
drome in medullary carcinoma of the thy-
roid: a retrospective analysis and review of 
the literature. Thyroid 2005;   15:   618–623.  

 75 Mahler C, Verhelst J, de Longueville M, Har-
ris A: Long-term treatment of metastatic 
medullary thyroid carcinoma with the so-
matostatin analogue octreotide. Clin Endo-
crinol 1990;   33:   261–269.  

 76 Lupoli G, Cascone E, Arlotta F, Vitale G, 
Celentano L, Salvatore M, Lombardi G: 
Treatment of advanced medullary thyroid 
carcinoma with a combination of recombi-
nant interferon alpha-2b and octreotide. 
Cancer 1996;   78:   1114–1118.  

 77 Kamenicky P, Droumaguet C, Salenave S, 
Blanchard A, Jublanc C, Gautier JF, Brailly-
Tabard S, Leboulleux S, Schlumberger M, 
Baudin E, Chanson P, Young J: mitotane, me-
tyrapone, and ketoconazole combination 
therapy as an alternative to rescue adrenal-
ectomy for severe ACTH-dependent Cush-
ing’s syndrome. J Clin Endocrinol Metab 
2011;   96:   2796–2804. 

  

D
ow

nl
oa

de
d 

by
: 

82
.6

8.
24

0.
23

1 
- 

9/
23

/2
01

4 
10

:3
4:

31
 A

M


