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summary Medullary thyroid cancer accounts for less than 10% of all thyroid cancers. 

Aggressive metastatic forms of this disease however, are incurable and can cause significant 

symptoms including diarrhea and pain. Hereditary and some sporadic forms of the disease 

are characterized by a mutation of the proto-oncogene RET. This results in an abnormal growth 

factor receptor that, in turn, allows the malignant cells to survive and metastasize. New tyrosine 

kinase inhibitors have been shown to effectively target RET in vitro. One of the first of these 

agents, vandetanib, has been evaluated in international Phase II and III clinical trials. In 2011, 

vandetanib became the first agent approved by the US FDA for use in metastatic medullary 

thyroid cancer. This article examines the clinical use of this agent.
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Practice Points
 � Medullary thyroid cancer is a disease characterized by mutations in the 

proto-oncogene RET.

 � Vandetanib is a receptor tyrosine kinase inhibitor of RET, EGF receptor and VEGF 

receptor.

 � Phase II and III studies have shown an improvement in progression-free survival in 

patients treated with vandetanib.

 � Future studies should concentrate on overcoming resistance, improvement of side 

effects and efficacy, as well as an estimate of cost–effectiveness of vandetanib.
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Medullary thyroid cancer (MTC) was first 
described in the 1950s [1], and accounts for less 
than 10% of the 56,460 estimated new cases per 
year of thyroid cancer [2]. Unlike differentiated 
forms of thyroid cancer, MTC is not associated 
with radiation exposure and arises from parafol‑
licular or C cells [3]. Multiple hereditary forms 
of this disease have since been described, includ‑
ing familial MTC (FMTC) and the multiple 
endocrine neoplasia syndromes (MEN 2A and 
MEN 2B) [4–7]. Although the familial syndrome 
and association with other endocrinopathies 
including pheochromocytomas and primary 
hyperparathyroidism [8] have been extensively 
researched over the last 50 years, sporadic MTC 
remains the most common variant. MTC dif‑
fers from many solid tumors in that it has reli‑
able tumor markers (calcitonin and carcinoem‑
bryonic antigen [CEA]) that can effectively be 
used to help manage the disease. Both are used 
in clinical practice and also in clinical trials to 
determine response to treatment. The present 
authors however, caution against using results of 
a blood test as the sole reason for treatment, as 
will be discussed later in the review [9].

Multivariate ana lysis has shown stage to be 
the predominant factor for survival in MTC 
(Box 1). Prior studies have shown the survival 
for patients requiring systemic therapy to be 
6–22 months [10]. Review of the Surveillance, 
Epidemiology and End Results (SEER) database 
of over 1200 cases of the disease, demonstrated a 
mean survival time after the diagnosis of MTC 
of 8.6 years (range: 0–29.6 years). Patients with 
tumors confined to the thyroid gland had a 
10‑year survival rate of 95.6%, whereas patients 
with regional stage disease had an overall survival 
rate of 75.5%. Patients with distant metastases 
at diagnosis had a poor prognosis, with only 
40% surviving 10 years and an overall survival 
of approximately 36 months [11]. Chemotherapy 
agents have been tried with limited success. 
Early studies focused on doxorubicin alone or 

in combination with cisplatin, although later 
reports have shown activity using derivatives of 
fluorouracil [12–14]. In general, early studies were 
limited by toxicity and a lack of efficacy.

Use of external beam radiation therapy may aid 
in locoregional control of metastatic disease, but 
does not prolong survival [15]. Occasional cases 
have been described where successful therapy to 
control metastatic disease has been provided with 
131I‑meta‑iodobenzylguanidine, to which a subset 
of MTC tumors are responsive [16].

Targeted therapy for MTC
Subsequent advances in drug development have 
led to the synthesis of many new targeted agents 
that are inhibitors of specific growth factors or cell 
signaling pathways involved in the pathogenesis 
of many solid tumors including MTC [17].

Mutations in specific regions of RET proto‑
oncogene have been described in patients with 
both familial and sporadic forms of MTC. It has 
also been demonstrated that the presence of a 
somatic RET mutation correlates with a worse 
outcome for MTC patients; both for persistence 
of the disease and also for a lower survival rate in 
a long‑term follow up. The presence of a somatic 
RET mutation correlates with the presence of 
lymph node metastases at diagnosis, which is 
known to be a poor prognostic factor for the 
definitive cure of MTC patients [18]. RET there‑
fore represented an obvious target for specific 
drugs to treat unresectable forms of the disease. 

Many cancers also rely on angiogenesis or the 
formation of new blood vessels to enable growth 
of the primary tumor and metastasis to distant 
sites. Angiogenesis appears to be controlled by a 
variety of proteins including the VEGF proteins 
and specific VEGF receptors (VEGFRs) on the 
cell surface. Vandetanib targets both RET and 
VEGFR and will be described in detail in this 
article.

RET proto-oncogene 
RET was first discovered in patients with 
MEN syndromes [19], although it was not until 
1985, that a new human transforming gene 
was detected by transfection of NIH 3T3 cells 
with lymphoma DNA [20]. Subsequent work 
pinpointed mutations on chromosome 10, fol‑
lowed by the identification of germline muta‑
tions in the RET proto‑oncogene, located at 
10q11.2 in patients with MEN 2A, MEN 2B 
and FMTC [21,22]. 

Box 1. Prognostic factors in medullary 
thyroid cancer.

 � Age
 � Stage
 � Clinical course
 � Persistent diarrhea
 � Metastasis and compression of adjacent tissue
 � Calcitonin doubling in less than 1 year
 � Presence of RET mutations
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RET is now thought to be one of a number of 
important receptor tyrosine kinases (RTKs) that 
are present on cancer cells. These glycoproteins, 
including RET, receive extracellular signals 
resulting in activation of growth factor path‑
ways, causing processes as diverse as cell growth, 
differentiation, survival and programmed cell 
death (Figure 1). In response to binding of extra‑
cellular ligands, RTKs generally form homodi‑
mers or heterodimers. In the case of RET, the 
glial cell line‑derived family of ligands and the 
glycosylphosphatidylinositol‑anchored glial cell 
line‑derived family a‑receptors appear to be the 
most important for activation. Potential targets 
for inhibition of RET‑associated malignancies 
include antibody inhibition of the ligand bind‑
ing site, enzymatic inhibition of the RTK and 
downstream inhibition of targets in the signal 
transduction cascades [23]. Vandetanib is an 
inhibitor of the RTK.

The VEGFR pathway
The VEGFR pathway is also important in the 
pathogenesis of MTC [24]. This too has been 
extensively studied and, like RET, involves 
activation of a RTK followed by activation of a 
downstream signal transduction cascade, result‑
ing in proliferation and invasion of malignant 
cells [25].

Vandetanib
Vandetanib (N‑(4‑bromo‑2‑f luorophenyl)‑
6 ‑methoxy‑7‑ [(1‑methylpiper id in‑4 ‑y l)
methoxy]quinazolin‑4‑amine) was developed 
by AstraZeneca under the name ZD6474, 
and was later called vandetanib, Zactima and 
finally Caprelsa™. It is an oral compound with 
a bioavailability of >50%. It competes with 
ATP binding in the catalytic domain of sev‑
eral tyrosine kinases including RET, VEGFR2, 
VEGFR 3 and EGF receptors. This inhibition 
resulted in inhibition of VEGF‑stimulated 
endothelial stimulation, inhibition of tumor cell 
growth and inhibition of tumor angiogenesis in 
preclinical models [26–28]. This profile made it 
an attractive choice for further studies of MTC.

Phase I studies
Two Phase I dose‑escalation studies evaluating 
daily vandetanib alone in advanced solid tumors 
were completed. The first was conducted in 
the USA and Australia. This study enrolled 
77 patients with a variety of tumor types in a 

dose‑escalation clinical trial [29]. Dose‑limiting 
toxicities included diarrhea, hyper tension and 
rash, and from the toxicity experienced in this 
study, the recommended dose to evaluate in 
further studies was determined to be 300 mg 
daily. This dose was well tolerated. Asymptom‑
atic QTc prolongation was also observed in 
seven patients. Pharmacokinetic studies showed 
vandetanib to be extensively distributed, with a 
half‑life of approximately 120 h and a minimum 
of 28 days continuous oral dosing required to 
achieve steady‑state plasma concentrations. The 
second Phase I study was conducted in Japan, 
enrolling 18 patients [30]. This study yielded 
similar findings and once again 300 mg was 
the recommended Phase II dose. 

Studies involving vandetanib & MTC
�� Single-arm Phase II studies

Initially it was determined that the most effica‑
cious use of vandetanib would be in patients with 
germline mutations of RET, as this represented 
one of the primary targets of the drug. There‑
fore, patients with unresectable, locally advanced 
or metastatic MTC with a confirmed clinical 
diagnosis of MEN2A, MEN2B or FMTC and a 
germline RET mutation were eligible for a study 
using this agent at an initial dose of 300 mg daily 
[31]. Patients had to have at least one measurable 
lesion according to Response Evaluation Criteria 
in Solid Tumors (RECIST) guidelines, WHO 
performance status of 0–2 and adequate cardiac, 
hematopoietic, hepatic and renal function. This 

Growth factor receptors
(RET, VEGFR and EGFR)

Vandetanib inhibits
receptor tyrosine
kinase

Inhibition of
angiogenesis

Inhibition of cell
survival promotion
of apoptosis

Inhibition of
metastasis

Figure 1. Transmembrane growth factors and the mechanism of action of 
vandetanib. 
EGFR: EGF receptor; VEGFR: VEGF receptor.
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was an open‑label, Phase II study conducted at 
seven centers. Patients received once‑daily oral 
doses of vandetanib 300 mg until disease pro‑
gression, unacceptable toxicity or withdrawal 
of consent occurred. The primary end point 
was objective response by RECIST. Addi‑
tional assessments included the duration of 
response, disease control, progression‑free sur‑
vival (PFS), safety and tolerability, and changes 
in the serum levels of polypeptide, calcitonin 
and CEA secreted by MTC cells. Between 
November 2004 and August 2006, a total of 
30 patients were enrolled. At the time of data 
cutoff (22 February 2008), seventeen patients 
were still continuing treatment. Four had disease 
progression by RECIST measurements but were 
receiving clinical benefits and allowed to remain 
on study. The remaining patients discontinued 
vandetanib because of adverse events (n = 7) dis‑
ease progression (n = 4) or withdrawal of consent 
(n = 2). The majority of patients had MEN2A 
and 29 of the 30 had evidence of metastatic dis‑
ease at presentation. A total of 20% of subjects 
(six patients) achieved a partial response, and 
another 53% had stable disease for more than 
24 weeks. The median duration of response 
was 10.2 months (range: 1.9–16.9 months; 
CI: 8–13.2 months). The majority of patients 
(80%) had reductions in their calcitonin levels 
to less than half the baseline values for at least 
4 weeks [31]. 

The eligibility criteria was similar in a sec‑
ond Phase II study using a lower dose of the 
drug (100 mg) as monotherapy in patients with 
locally advanced or metastatic familial forms 
of MTC [32]. The primary objective was again 
to assess the objective response rate with van‑
detanib according to RECIST criteria. Upon 
disease progression however, all patients that 
the investigator believed may have been obtain‑
ing clinical benefit from therapy could enter 
postprogression treatment with vandetanib 
300 mg/day until objective disease progression 
occurred at this dose, or until another with‑
drawal criterion was met. A total of 19 patients 
were recruited between August 2006 and May 
2007, all initially receiving 100 mg daily. At 
the time of data cutoff 11 were continuing on 
this dose and the rest had discontinued initial 
treatment. Four of these had disease progres‑
sion, and all entered postprogression treatment 
with vandetanib 300 mg daily. There were no 
complete responses, 3 (16%) partial responders 

and 10 patients had stable disease for 24 weeks 
or longer. In this study, disease control was seen 
in 68% of all patients (including complete and 
partial responders and those who had stable 
disease for greater than 24 weeks). Toxicities 
were manageable in both trials, with the most 
common adverse events being diarrhea, rash 
and asymptomatic QTc prolongation on ECG 
[32]. Although it could be seen from both trials 
that 100 mg daily and 300 mg daily of vande‑
tanib each had activity in this disease, no direct 
comparison of these dose levels has been con‑
ducted. The level chosen for the randomized 
placebo‑controlled study was 300 mg daily.

�� Randomized Phase III study
The encouraging results of these single‑arm tri‑
als spurred accrual onto an international ran‑
domized, double‑blind Phase III trial (known 
as the ZETA trial) comparing ZD6474 to pla‑
cebo in patients with inherited and sporadic 
forms of MTC [33]. In this large trial, 331 adults 
with unresectable locally advanced or meta‑
static MTC were randomized in a 2:1 manner 
to receive either ZD6474 (vandetanib) at a 
dose of 300 mg daily or placebo, respectively. 
Between December 2006 and November 2007, 
231 subjects were assigned vandetanib and 100 
received placebo. The majority of patients had 
sporadic disease (90%), metastatic stage (95%) 
and tumors that were positive for a RET muta‑
tion (56%). Patients were followed until disease 
progression, at which time they were unblinded 
and had the option to receive vandetanib in an 
open‑label trial; if they chose open‑label van‑
detanib, they were then followed for survival. 
The median duration of treatment was 90.1 
weeks in the vandetanib arm and 39.9 weeks in 
the placebo arm. The primary objective of the 
ZETA study was demonstration of improvement 
in PFS with vandetanib compared with placebo. 
Other end points included evaluation of overall 
survival and objective response rate. 

The 2‑year follow‑up results showed that 
37% of the patients had progression and 15% 
had died. The primary end point of the study, 
PFS, was met with the researchers reporting a 
hazard ratio (HR) of 0.46 (95% CI: 0.31–0.69). 
The median PFS was 19.3 months in the placebo 
group and had not yet been reached in the van‑
detanib arm at the time of presentation at the 
14th International Thyroid Congress in 2010. 
A significant improvement in PFS was observed 
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for patients randomized to receive vandetanib 
(HR: 0.35; 95% CI: 0.24–0.53; p < 0.0001). 
While the PFS data led to FDA approval, no sig‑
nificant overall survival difference was noted in 
the two arms because of the crossover design of 
the study. Vandetanib was also associated with 
statistically significant advantages in secondary 
end points such as objective response rate (45 vs 
13%; odds ratio [OR]: 5.4); disease control rate 
of 24 weeks or more (OR: 2.64); calcitonin bio‑
chemical response (OR: 72.9); CEA biochemi‑
cal response (OR: 52); and time to worsening 
of pain (HR: 0.61). Some of the radiological 
responses were dramatic. At this time it is not 
known whether any biochemical, radiological 
or clinical parameters significantly predict for 
response. Similarly, data is not yet available 
on whether certain metastatic sites respond 
better than others. In the placebo arm, 12 of 
13 responses occurred after the patients had 
received open‑label vandetanib. Adverse events 
were more common with vandetanib compared 
with placebo, including diarrhea (56 vs 26%), 
rash (45 vs 11%), nausea (33 vs 16%), hyper‑
tension (32 vs 5%) and headache (26 vs 9%). 
The most severe toxicity was QT prolongation, 
torsades de pointes and sudden death, which are 
addressed in a boxed warning in the prescribing 
information. A summary of the results of the 
Phase II and III trials is shown in Table 1.

Based on these results, AstraZeneca filed for 
FDA approval of the drug in the USA and the 
EMEA approval in Europe in late 2010, receiv‑
ing an orphan drug designation by the FDA on 
2 December 2010, with final approval granted 
on 6 April 2011 [101]. The approval was specifi‑
cally for patients who are ineligible for surgery 
and have disease that is growing or causing 
symptoms. The benefits of the drug on patients 
who have occult or micrometastatic disease but 
with a rapid calcitonin doubling time are not 
known.

A meta‑ana lysis of trials using vandetanib in 
all cancer patients found the incidence of all 
grade and high‑grade hypertension to be 24.2 
and 6.4%, respectively. In patients specifically 

with MTC receiving vandetanib, the incidences 
were 32.1% for all grade hypertension and 8.8% 
for high‑grade hypertension. Furthermore, 
patients with MTC who had longer treatment 
durations also had a higher incidence of all‑
grade events than patients with lung cancer or 
other cancers [34]. Investigators have also shown 
that toxicities, including QTc prolongation may 
be more common in patients with lower mean 
muscular mass (37 vs 44 cm2/m2), suggesting 
that these subjects should be monitored more 
frequently than the generally accepted follow‑up 
schedule of every 1–3 months. [35]

The severe cardiac side effects mentioned 
above are addressed in a boxed warning in the 
prescribing information. Vandetanib has a pro‑
longed half‑life of 19 days, therefore, ECGs and 
levels of serum potassium, calcium, magnesium 
and TSH should be obtained at baseline, at 
2–4 and 8–12 weeks after starting treatment 
and every 3 months subsequently. As a result of 
the FDA concern about toxicity, only US pre‑
scribers and pharmacies certified through the 
vandetanib risk evaluation mitigation strategy 
program, a restricted distribution program, are 
able to prescribe and dispense vandetanib.

Conclusion
The approval of vandetanib as a systemic treat‑
ment for patients with unresectable or meta‑
static MTC was a landmark event and repre‑
sents a new standard of care for these patients. 
However, it does not mean that everyone with 
metastatic MTC should take this medication. 
It must be remembered that, like most systemic 
treatments for metastatic cancers, this does not 
represent a cure for the disease. Careful patient 
selection must be used when deciding to use this 
medication. MTC has a 40% 10‑year survival 
even for patients with metastatic disease – from 
data that was obtained before vandetanib was 
available [9]. Therefore, many patients, especially 
the asymptomatic ones with slow growing or rel‑
atively stable disease should not be offered sys‑
temic anti‑neoplastic therapy unless one exists 
with a clear survival benefit and no or minimal 

Table 1. Studies using vandetanib for medullary thyroid cancer.

Study (year) Phase Dose of 
vandetanib (mg)

Number of 
patients

Partial/overall 
response rate (%)

Ref.

Holden et al. (2005) II 300 30 20 [29]

Tamura et al. (2006) II 100 16 16 [30]

Wells et al. (2010) III 300 331 45 [31]
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side effects. Further improvements in PFS and 
overall survival however, are considered possible 
and may be achieved with combination ther‑
apy using vandetanib and either chemotherapy 
agents or other targeted treatments, especially 
for patients with aggressive, rapidly progressing 
disease. Furthermore in our increasingly health‑
care–cost conscious society, it is likely that the 
high cost of a new tyrosine kinase inhibitors 
such as vandetanib is also likely to limit the 
number of patients who may have access to this 
medication.

If these concerns are addressed then there is a 
role for vandetanib in the treatment of aggressive 
metastatic MTC treatment. Care must be taken 
to screen patients for cardiac histories. Further‑
more, clinical trials accept only a select group 
of patients who fit stringent eligibility criteria. 
Such patients may not be representative of the 
general population of patients suffering from the 
disease. One study however, evaluated the use of 
tyrosine kinase inhibitors in patients receiving 
off‑label therapy for refractory thyroid cancers. 
Of these, 14 had MTC treated with vandetanib. 
In these patients, the partial response rate was 
36% and median PFS was 39.1 months, sug‑
gesting a similar effect to that seen in the large 
randomized trial [36].

Future perspective: the clinical utility of 
vandetanib
Resistance may arise in tumors exposed to van‑
detanib. The present authors speculate that 
there may be many reasons for this including 
new molecular abnormalities involving RET 
or other receptors such as loss of expression, 
genomic amplification or the activation of alter‑
native downstream signaling pathways. Further 
work needs to be done to elucidate which of 
these is most important. The combination of 
vandetanib and other drugs may help delay 
or overcome some resistance mechanisms. It 
appears to be safe and effective when combined 
with the proteosome inhibitor bortezomib in 
a small Phase I/II study, with 29% of patients 
achieving a partial response and 47% stable 
disease [37].

Vandetanib has been tried in many other 
malignancies with varying success rates [38–39]. 
If it is approved for use in more common cancers 
such as lung or breast cancer, then added experi‑
ence with the agent may allow different dosing 
schedules and combinations to be tried. This, 

in turn, may benefit patients with MTC who 
are unable to tolerate the recommended dosing 
of vandetanib. 

Healthcare reform and cost‑effective treat‑
ments became heavily debated political topics 
in the early 2000s. Cost‑effective research is a 
controversial area that is being addressed with 
a National Comparative Effectiveness Research 
institute [40]. Many new treatments for more 
common cancers have come under scrutiny 
because of their cost. Sipeleucel‑T (Provenge®, 
Dendreon, WA, USA) became the first vaccine 
therapy to be approved for cancer treatment in 
2010. It is an autologous dendritic cell treatment 
used in the treatment of minimally symptomatic 
castration‑resistant prostate cancer. In Phase III 
clinical trials, it resulted in an improvement in 
survival of approximately 4 months compared 
with best supportive care [41]. The cost to 
Medicare patients in the USA is approximately 
$93,000 for the course of three infusions [42]. 
Arguments for this high price tag include the 
preparation of the medication including extrac‑
tion of dendritic cells on three occasions, trans‑
portation of the sample and the manufacture 
of an individual vaccine in the only Dendreon 
processing plant currently located in New Jersey, 
USA. Other medications have a similarly high 
cost. Abiraterone (Zytiga®, Janssen, NJ, USA), 
a hormonal treatment for metastatic castration‑
resistant prostate cancer, is expected to cost 
approximately US$5000 dollars a month and 
resulted in an average survival of approximately 
15 months – a total cost of US$75,000 [43]. Van‑
detanib, like many tyrosine kinase inhibitors, is 
expected to cost approximately US$10,000 for a 
30‑day supply [44]. The improvement in survival 
seen in the ZETA trial suggests that patients 
receiving this medication may be on treat‑
ment for in excess of 30 months. It is not clear 
whether vandetanib can be used effectively in 
a maintenance or intermittent schedule, which 
would reduce costs significantly. Patient selec‑
tion is important when using this medication 
as many patients with metastatic MTC remain 
asymptomatic and often productive members of 
society. For more symptomatic patients, a reduc‑
tion of disease burden may allow them to return 
to work and offset the economic deficit caused 
by the high cost of treatment. Future economic 
models may be able to more accurately predict 
the true cost of the drug when more experience 
with it has been established.



281future science group www.futuremedicine.com

Vandetanib for aggressive & symptomatic medullary thyroid cancer | Therapy in Practice

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 

employment, consultancies, honoraria, stock ownership or 
options, expert t estimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript. 

References
Papers of special note have been highlighted as:
�� of interest
����� of considerable interest

1 Hazard JB, Hawk WA, Crile G Jr. Medullary 
(solid) carcinoma of the thyroid; a 
clinicopathologic entity. J. Clin. Endocrinol. 
Metab. 19(1), 152–161 (1959).

�� Notable as the first description of medullary 
thyroid cancer (MTC).

2 Siegel R, Naishadham D, Jemal A. Cancer 
Statistics, 2012. CA Cancer J. Clin. 62, 
10–29 (2012).

3 Carling T, Udelsman R. Thyroid tumors. 
In: Cancer: Principles and Practice of 
Oncology. DeVita VT, Hellman S, Rosenberg 
SA (Eds). Lippincott Williams & Wilkins, 
PA, USA (2011).

�� Good review of thyroid cancers.

4 Sipple JH. The association of 
pheochromocytoma with carcinoma of the 
thyroid gland. Am. J. Med. 31(1), 163–166 
(1961).

5 Steiner AL, Goodman AD, Powers SR, Study 
of a kindred with pheochromocytoma, 
medullary thyroid carcinoma, 
hyperparathyroidism and Cushing’s disease: 
multiple endocrine neoplasia, type 2. 
Medicine (Baltimore), 47(5), 371–409 
(1968).

6 Sakorafas GH, Friess H, Peros G. The 
genetic basis of hereditary medullary thyroid 
cancer: clinical implications for the surgeon, 
with a particular emphasis on the role of 
prophylactic thyroidectomy. Endocr. Relat. 
Cancer 15(4), 871–884 (2008).

7 Brandi ML et al. Guidelines for diagnosis 
and therapy of MEN type 1 and type 2. 
J. Clin. Endocrinol. Metab. 86(12), 
5658–5671 (2001).

8 Friedell GH, Carey RJ, Rosen H. Familial 
thyroid cancer. Cancer 15, 241–245 (1962).

9 Deshpande H, Morgensztern D, Sosa JA. 
Medullary thryoid cancer the past present 
and future: from bench to bedside. Expert 
Rev. Endocrinol. Metab. 6(4) 585–597 
(2011).

����� Well-written review of MTC and its 
treatment.

10 Dottorini ME, Assi A, Sironi M, Sangalli G, 
Spreafico G, Colombo L. Multivariate 
analysis of patients with medullary thyroid 
carcinoma. Prognostic significance and 
impact on treatment of clinical and pathologic 
variables. Cancer 77, 1556–1565 (1996).

11 Roman S, Lin R, Sosa JA. Prognosis of 
medullary thyroid carcinoma: demographic, 
clinical, and pathologic predictors of survival 
in 1252 cases. Cancer 107(9), 2134–2142 
(2006).

�� The largest population review of outcomes 
in MTC.

12 Scherubl, H, Raue F, Ziegler R. Combination 
chemotherapy of advanced medullary and 
differentiated thyroid cance. Phase II study. 
J. Cancer Res. Clin. Oncol. 116, 21–23 (1990).

13 Gilliam LK, Mankoff DA, Pickett CA et al. 
Potential efficacy of capecitabine (Xeloda) in 
medullary and follicular thyroid carcinoma: 
a case series. Thyroid 14, 694 (2004).

14 Shimaoka K, Schoenfeld DA, DeWys WD 
et al. A randomized trial of doxorubicin versus 
doxorubicin and cisplatin in patients with 
advanced thyroid carcinoma. Cancer 56, 
2155–2160 (1985).

15 Brierly, JD. Update on external beam 
radiation therapy in thyroid cancer. J. Clin. 
Endocrinol. Metab. 96, 2289–2295 (2011).

16 Castellani MR, Seregni E, Maccauro M et al. 
MIBG for diagnosis and therapy of medullary 
thyroid carcinoma: is there still a role? Q. J. 
Nucl. Med. Mol. Imaging 52, 430 (2008).

17 Deshpande HA, Gettinger SN, Sosa JA. Novel 
chemotherapy options for advanced thyroid 
tumors: small molecules offer great hope. 
Curr. Opin. Oncol. 20(1), 19–24 (2008).

18 Elisei R, Cosci B, Bottici V et al. Prognostic 
significance of somatic RET oncogene 
mutations in sporadic medullary thyroid 
cancer: a 10 year follow up study. J. Clin. 
Endo. Metab. 93(3) 682–687 (2008).

19 Schimke RN, Hartmann WH. Familial 
amyloid‑producing medullary thyroid 
carcinoma and pheochromocytoma. 
A distinct genetic entity. Ann. Intern. Med. 
63(6), 1027–1039 (1965).

20 Takahashi M, Ritz J, Cooper GM. Activation 
of a novel human transforming gene, RET, by 
DNA rearrangement. Cell 42(2), 581–588 
(1985).

21 Eng C. RET proto‑oncogene in the 
development of human cancer. J. Clin. Oncol. 
17(1), 380–393 (1999).

22 Eng C, Clayton D, Schuffenecker I et al. 
The relationship between specific RET 
proto‑oncogene mutations and disease 
phenotype in multiple endocrine neoplasia 
type 2. International RET mutation 
consortium analysis. JAMA 276(19), 
1575–1579 (1996).

23 deGroot JWB, Links TP, Plukker JTM et al. 
RET as a Diagnostic and therapeutic target in 
sporadic and hereditary endocrine tumors. 
Endocr. Rev. 27(5), 535–560 (2006).

24 Capp C, Wajner SM, Siqueira DR, Brasil BA, 
Meurer L, Maia AL. Increased expression of 
vascular endothelial growth factor and its 
receptors, VEGFR‑1 and VEGFR‑2, in 
medullary thyroid carcinoma. Thyroid 20(8), 
863–871 (2010).

25 Ferrara N, Gerber HP, LeCouter J. 
The biology of VEGF and its receptors. 
Nat. Med. 9(6), 669–676 (2003).

26 Wedge SR, Ogilvie DJ, Dukes M et al. 
ZD6474 inhibits vascular endothelial growth 
factor signaling, angiogenesis, and tumor 
growth following oral administration. Cancer 
Res. 62(16), 4645–4655 (2002).

27 Carlomagno F, Vitagliano D, Guida T et al. 
ZD6474, an orally available inhibitor of KDR 
tyrosine kinase activity, efficiently blocks 
oncogenic RET kinases. Cancer Res. 62(24), 
7284–7290 (2002).

28 Herbst RS, Heymach JV, O’Reilly MS, 
Onn A, Ryan AJ. Vandetanib (ZD6474): 
an orally available receptor tyrosine kinase 
inhibitor that selectively targets pathways 
critical for tumor growth and angiogenesis. 
Expert Opin Investig. Drugs 16(2), 239–249 
(2007).

29 Holden SN, Eckhardt SG, Basser R et al. 
Clinical evaluation of ZD6474, an orally active 
inhibitor of VEGF and EGF receptor 
signaling, in patients with solid, malignant 
tumors. Ann. Oncol. 16(8), 1391–1397 (2005).

30 Tamura T, Minami H, Yamada Y et al. 
A Phase I dose‑escalation study of ZD6474 in 
Japanese patients with solid, malignant tumors. 
J. Thorac. Oncol. 1(9), 1002–1009 (2006).

31 Wells SA Jr, Gosnell JE, Gagel RF et al. 
Vandetanib for the treatment of patients with 



Clin. Pract. (2013) 10(3)282 future science group

Therapy in Practice | Deshpande, Carling, Khan & Holt

locally advanced or metastatic hereditary 
medullary thyroid cancer. J. Clin. Oncol. 
28(5), 767–772 (2010).

32 Haddad RI, Krebs AD, Vasselli J, 
Paz‑Ares LG, Robinson B. A Phase II 
open‑label study of vandetanib in patients 
with locally advanced or metastatic hereditary 
medullary thyroid cancer. J. Clin. Oncol. 
26(Suppl.), S322 (2008).

33 Wells SA, Robinson BG, Gagel RF et al. 
Vandetanib in patients with locally advanced 
or metastatic medullary thyroid cancer: 
a randomized, double‑blind Phase III trial 
(ZETA) J. Clin. Oncol. 30(2), 134–141 
2012.

����� The registration study for vandetanib in 
patients with MTC.

34 Qi WX, Shen Z, Lin F et al. Incidence and 
risk of hypertension with vandetanib in 
cancer patients: a systematic review and 
meta‑analysis of clinical trials. Br. J. Clin. 
Pharmacol. 75(4), 919–930 (2013).

35 Massicotte M, Borget I, Broutin S et al. 
Muscular mass as an independent factor of 
Vandetanib plasma concentration and 
dose‑limiting toxicity in patients treated with 
vandetanib for advanced medullary thyroid 

carcinoma. Thyroid 22(Suppl. 12A), 33 
(2012).

36 Massicote M, Brassard M, Claude‑Desroches 
M et al. Off label tyrosine kinase inhibitor 
treatments in patients with metastatic thyroid 
carcinomas A study of the TUTHYREF 
network. Thyroid 22(Suppl. 12A), 47 (2012).

37 Gramza A, Wells SA, Balasubramaniam S, 
Fojo AT. Phase I/II trial of vandetanib and 
bortezomib in adults with locally advanced or 
metastatic medullary thyroid cancer: Phase I 
results. J. Clin. Oncol. 29(Suppl.), 
Abstract 5565 (2011).

38 Lee JS, Hirsh V, Park K et al. Vandetanib 
Versus placebo in patients with advanced non‑
small‑cell lung cancer after prior therapy with 
an epidermal growth factor receptor tyrosine 
kinase inhibitor: a randomized, double‑blind 
Phase III trial (ZEPHYR). J. Clin. Oncol. 
30(10), 1114–1121 (2012).

39 Hsu C, Yang TS, Huo TI et al. Vandetanib 
in patients with inoperable hepatocellular 
carcinoma: a phase II, randomized, 
double‑blind, placebo‑controlled study. 
J. Hepatol. 56(5), 1097–1103 (2012).

40 Pearson SD. Cost, coverage, and comparative 
effectiveness research: the critical issues for 

oncology. J. Clin. Oncol. 30(34), 4275–4281 
(2012).

41 Kantoff PW, Higano CS, Shore ND et al.; 
for the IMPACT Study Investigators. 
Sipuleucel‑T immunotherapy for castration‑
resistant prostate cancer. N. Engl. J. Med. 363, 
411–422 (2010).

42 New Treatments for Metastatic Prostate 
Cancer. Med. Lett. Drugs Ther. 52(1346) 
69–70 (2010).

43 Abiraterone Acetate (Zytiga) for metastatic 
castration‑resistant prostate cancer. Med. Lett. 
Drugs Ther. 53(1370) 63–64 (2011).

44 Vandetanib (Caprelsa) for medullary thyroid 
cancer. Med. Lett. Drugs Ther. 54(1381) 3–4 
(2012).

�� Website
101 US FDA. ODAC Briefing Document: Drug 

Substance Vandetanib (ZD6474) (2010). 
www.fda.gov/downloads/
AdvisoryCommittees/
CommitteesMeetingMaterials/Drugs/
OncologicDrugsAdvisoryCommittee/
UCM235092.pdf


