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Abstract
On April 6, 2011, the U.S. Food and Drug Administration approved vandetanib (Caprelsa tablets;
AstraZeneca Pharmaceuticals LP) for the treatment of symptomatic or progressive medullary thyroid cancer
in patients with unresectable, locally advanced, or metastatic disease. Vandetanib is the first drug approved
for this indication, and this article focuses on the basis of approval. Approval was based on the results of a
double-blind trial conducted in patients with medullary thyroid carcinoma. Patients were randomized 2:1
to vandetanib, 300 mg/d orally (n ¼ 231), or to placebo (n ¼ 100). The primary objective was demonstration
of improvement in progression-free survival (PFS) with vandetanib compared with placebo. Other endpoints included evaluation of overall survival and objective response rate. The PFS analysis showed a marked
improvement for patients randomized to vandetanib (hazard ratio ¼ 0.35; 95% confidence interval, 0.24–
0.53; P < 0.0001). The objective response rate for the vandetanib arm was 44% compared with 1% for the
placebo arm. The most common grade 3 and 4 toxicities (>5%) were diarrhea and/or colitis, hypertension
and hypertensive crisis, fatigue, hypocalcemia, rash, and corrected QT interval (QTc) prolongation. This
approval was based on a statistically significant and clinically meaningful improvement in PFS. Given the
toxicity profile, which includes prolongation of the QT interval and sudden death, only prescribers and
pharmacies certified through the vandetanib Risk Evaluation Mitigation Strategy Program are able to
prescribe and dispense vandetanib. Treatment-related risks should be taken into account when considering
the use of vandetanib in patients with indolent, asymptomatic, or slowly progressing disease. Clin Cancer
Res; 18(14); 1–9. 2012 AACR.

Background
Medullary thyroid cancer (MTC) is a rare tumor arising
from the parafollicular C cells of the thyroid. MTC represents approximately 3% to 5% of all thyroid cancers, and the
estimated number of new cases of MTC in 2010 is extrapolated to be 1,300 to 2,200 patients in the United States (1).
Seventy-five percent of MTC cases are sporadic, whereas the
remaining 25% are hereditary and are part of the autosomal
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dominant disorder multiple endocrine neoplasia type 2
(MEN2). Mutations in the rearranged during transfection
(RET) proto-oncogene are found in more than 90% of
patients with MEN2A or MEN2B and in familial MTC,
which although inherited, is not associated with other
endocrine disorders (2). Somatic mutations in RET are
found in 40% to 50% of tumors of patients with sporadic
MTC (3). A range of point mutations have been found in
RET with mutations in codon 918, found in both hereditary
and sporadic MTC, associated with a poorer outcome (4).
MTC has no hallmark symptoms, and patients most often
initially present with a thyroid nodule or mass. Patients with
localized symptoms, such as dysphagia, dyspnea, or hoarseness, are more likely to have persistent disease following
surgery. Systemic symptoms, such as bone pain or diarrhea,
most often occur in patients with distant metastases (5). The
etiology of diarrhea may be related to the secretion of
calcitonin (CTN), which is produced by the parafollicular
C cells of the thyroid (6). CTN levels are useful in predicting
residual disease after surgery, and the doubling time of CTN
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may have prognostic implications (7). High levels of CTN,
as seen in patients with disseminated metastases, do not
usually cause derangements of calcium metabolism (6).
Hypocalcemia, however, may be seen in patients with MTC
as a result of postsurgical hypoparathyroidism (8).
Early-stage disease can be treated surgically with curative
intent, and patients known to be at risk for the hereditary
forms of the disease often undergo prophylactic thyroidectomy. The overall prognosis of MTC is favorable, with a
10-year overall survival rate for patients with tumors confined to the thyroid gland of approximately 95%. However,
for patients with distant metastases present at diagnosis,
the 10-year overall survival rate is estimated to be only 40%
(9). Surgery is the mainstay of treatment, even with the
presence of distant metastases. Other modalities that are
used for disease control include radiation therapy, radiofrequency ablation, embolization, and radiolabeled antibodies (5, 10).
Until the approval of vandetanib, no systemic agents
were approved for the treatment of unresectable MTC.
Historically, chemotherapy has been used for advanced
disease; however, the experience has largely been limited
to case series or case reports. The best-described agent is
doxorubicin, with response rates reported to be in the
range of 10% to 25% (11, 12). Other chemotherapy
agents with reported activity include 5-fluorouracil, capecitabine, cisplatin, and darcarbazine (12–14). Because of
the natural history of the disease and the side-effect
profile of these cytotoxic agents, it is recognized that
patients with metastatic disease may survive years without
systemic treatment and that systemic therapy is usually
reserved for patients with rapidly progressive distant
metastasis (15, 16).
Several clinical trials have reported the use of kinase
inhibitors with in vitro activity against RET and VEGF
receptors (VEGFR) in early-phase clinical trials in MTC.
These agents include vandetanib, sorafenib, sunitinib,
motesanib, and XL184. Phase II studies in patients with
MTC have shown response rates of 6.3% for sorafenib
(17) and 35% for sunitinib (18). Also, a relatively large
phase II study in MTC (91 patients) of motesanib, which
inhibits wild-type RET but not mutant RET, showed only
a 2% response rate, whereas a small study (17 patients) of
XL184 showed a 53% response rate (19, 20). Two singlearm phase II studies have been conducted with vandetanib in patients with hereditary MTC with response rates
of 20% and 16%, seen with a 300-mg daily dose and a
100-mg daily dose, respectively. The results of the phase
III trial of vandetanib in MTC were published following
U.S. Food and Drug Administration (FDA) approval
(21–23).
Chemistry
Vandetanib is chemically described as N-(4-bromo-2fluorophenyl)-6-methoxy-7-[(1-methylpiperidin-4-yl)
methoxy]quinazolin-4-amine and has a molecular weight
of 475.36. Vandetanib exhibits pH-dependent solubility,
with increased solubility at lower pH.
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Pharmacology and toxicology
Vandetanib is a multikinase inhibitor of the VEGFR,
epidermal growth factor receptor (EGFR), and RET kinase.
Additional kinases identified as targets in these experiments
include protein tyrosine kinase 6 (BRK), TIE2, and members
of the EPH kinase and Src family tyrosine kinase families.
The N-desmethyl metabolite of vandetanib was found to
have similar inhibitory activity to vandetanib for inhibition
of VEGFRs (KDR and Flt-1), EGFR, and basic fibroblast
growth factor receptor (24).
In vivo effects of vandetanib were shown using angiogenesis assays and human tumor xenograft models in nude
mice. In a study on VEGF165-induced angiogenesis with
matrigel plugs in athymic nude mice, treatment with vandetanib decreased the number of vessel nodes and vessel
length compared with vehicle. Vandetanib has also been
shown to inhibit tumor growth in a variety of human cancer
xenografts. A dose of 150 mg/m2 of vandetanib inhibited
VEGFR2 phosphorylation and phosphorylated EGFR staining in 2 distinct tumor xenograft models. These studies
provide some evidence that vandetanib has in vivo activity
against VEGFR and EGFR (24).
Vandetanib was not mutagenic in vitro in the bacterial
reverse mutation (Ames assay) or clastogenic in the in vitro
cytogenic assay using human lymphocytes or in the in vivo
rat micronucleus assay. Given the long natural history of
MTC and the potential for prolonged vandetanib use,
carcinogenicity studies are being done as postmarketing
requirements.
Results of embryo-fetal development studies in the rat
showed that vandetanib is embryotoxic, fetotoxic, and teratogenic to rats at exposures equivalent to or lower than
those expected at the recommended dose of 300 mg/d. When
administered during organogenesis, vandetanib caused malformations of the heart vessels and delayed ossification of the
skull, vertebrae, and sternum at all doses tested. The reproductive and developmental toxicology studies suggest that
administration of vandetanib may also impair fertility. Vandetanib was assigned pregnancy category D.
In an animal model of wound healing, mice dosed with
vandetanib had reduced skin-breaking strength compared
with controls. The appropriate interval between discontinuation of vandetanib and subsequent elective surgery,
required to avoid the risks of impaired wound healing, has
not been determined.
Repeat dose toxicity studies showed damage to the kidneys, spleen, and thymus in both the rat and dog. Additionally, toxicities were observed in the adrenal gland, bile
duct, heart, kidneys, lungs, mesenteric lymph nodes, pancreas, skin, and teeth in the rat and gastrointestinal tract in
the dog. Nodular masses were observed in multiple organs
in the 6-month toxicology study in the rat. Masses were
palpable during clinical assessments and were associated
with hemorrhagic or inflammatory findings. Dose-dependent prolongation of the corrected QT interval (QTc) and
increased blood pressure were observed in dogs after they
received a dose of vandetanib that approximates the clinical dose on an mg/m2 basis.
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Clinical pharmacology
A population pharmacokinetic analysis of vandetanib
was conducted in 231 patients with MTC following daily
oral administration of the 300-mg dose. The pharmacokinetics of vandetanib are characterized by a mean clearance
of approximately 13.2 L/h, a mean volume of distribution
of approximately 7,450 L, and a median plasma half-life of
19 days.
Absorption of orally administered vandetanib is slow,
with peak plasma concentrations achieved at a median of
6 hours, with a range of 4 to 10 hours, after dosing.
Vandetanib accumulates approximately 8-fold on multiple dosing with steady state achieved in approximately
3 months. Vandetanib binds to human serum albumin and
a1-acid-glycoprotein with in vitro protein binding being
approximately 90%. In ex vivo plasma samples from patients
with colorectal cancer at steady-state exposure after 300 mg
once daily, the mean percentage protein binding was 93.7%
(range, 92.2%–95.7%).
Both urine and fecal excretion are the major routes of
elimination of vandetanib. In the human Absorption, Distribution, Metabolism, and Excretion (ADME) study, 44% and
25% of the administered radioactive dose (800 mg 14C-vandetanib) was recovered in feces and urine, respectively.
Vandetanib is a substrate of CYP3A4. Drugs that are
CYP3A4 inducers can alter vandetanib plasma concentrations. The concomitant use of known strong CYP3A4 inducers should be avoided while receiving vandetanib therapy.
St. John’s wort may decrease vandetanib exposure unpredictably and should be avoided. In healthy subjects, no
clinically significant interaction was shown between vandetanib and the potent CYP3A4 inhibitor itraconazole.
Vandetanib is a weak inhibitor of CYP2D6 and 2C8. It is
not an inducer of CYP enzymes.
No effect of mild hepatic impairment was observed on
model-estimated clearance of vandetanib. However, as data
are limited in patients with moderate and severe hepatic
impairment, vandetanib is not recommended for use in
patients with moderate and severe hepatic impairment.
For the moderate and severe renal impairment groups,
increases in area under the curve were 39% and 41%,
respectively. In these subjects, exposure to the N-desmethyl
and N-oxide metabolites was increased up to 2-fold and 4fold, respectively. This increased exposure may be a consequence of a shift to an increased metabolic clearance of
vandetanib, which compensates for some of the reduced
intrinsic clearance due to renal impairment. A dose reduction to 200 mg for patients with moderate and severe renal
impairment is recommended.

Clinical Studies
Study design
Approval of vandetanib was based primarily on the
results of a single double-blind, randomized, placebo-controlled phase III trial (study 58) comparing vandetanib,
300 mg daily administered orally (n ¼ 231), with placebo
(n ¼ 100) in patients with unresectable, locally advanced, or
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metastatic MTC. Patients were treated until investigatordetermined progression. Eligibility required measurable
disease; however, no criteria specified the pace of disease
or the need for treatment. This lack of criteria is an important concern in MTC, in which it is recognized that the
natural history of the disease makes observation an acceptable option, even in the setting of metastatic disease.
Objectives
The primary objective of this study was to show an
improvement in progression-free survival (PFS) with vandetanib compared with placebo in patients with unresectable, locally advanced, or metastatic MTC.
Key secondary endpoints included overall response rate,
duration of response, overall survival, CTN and carcinoembryonic antigen (CEA) responses, and time to worsening
pain. PFS and response rates were based on centralized,
independent review of patient scans.
Patient baseline characteristics
The treatment arms were balanced with respect to age, sex,
and race. This international trial enrolled 331 patients in 23
countries. Almost all patients were Caucasian, and 22% of
patients were enrolled in the United States. Ninety-five
percent of patients had stage IVc disease at entry. The
majority of patients had a history of prior thyroidectomy
and lymphadenectomy. Approximately 80% of patients
had a history of radiation therapy, and 20% of patients
had prior cytotoxic chemotherapy, such as doxorubicin
and/or cisplatin, whereas 10% of the patients had prior
targeted therapy.
The median time from diagnosis of MTC to enrollment in
the trial was 6 years. The median time from last documented
disease progression was approximately 2 months, but 30%
of the patients had a progression-free interval of greater than
6 months prior to entering the trial. No information was
available on the pace of disease.
Study 58 efficacy results
The result of the PFS analysis, based on the independent
assessment, showed a statistically significant improvement
for patients randomized to vandetanib [hazard ratio (HR) ¼
0.35; 95% confidence interval (CI), 0.24–0.53; P < 0.0001].
The median PFS was not reached for the vandetanib arm,
compared with a 16-month median PFS for the placebo arm
(Fig. 1). Ninety-six percent of the patients on trial were
WHO performance status 0 or 1. Because symptoms of pain
or diarrhea may occur, a post hoc analysis of symptomatic
patients versus asymptomatic patients was done using the
following definition of asymptomatic: patients with a WHO
performance status of 0 AND a stool frequency less than 4
times per day AND no pain on average at baseline of any
type. The effect of vandetanib on PFS was consistent in both
subsets (HR 0.38; 95% CI, 0.2–0.75 for asymptomatic
versus HR 0.31; 95% CI, 0.19–0.53 for symptomatic
patients). Likewise, the HRs were consistent for all patient
subsets, including patients grouped according to last documented progression, time from diagnosis, and baseline
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Figure 1. Kaplan-Meier curves of PFS from study 58.

tumor burden, and for prespecified subgroup analyses of
gender, WHO performance status, and prior therapy.
At the time of the primary analysis of PFS, 15% of the
patients had died, and no significant difference in overall
survival was found between the 2 treatment groups.
Although this study is not powered for overall survival, a
final analysis of this endpoint will occur at 50% of events,
which is anticipated to be in 2013. The objective response
rate for patients randomized to vandetanib was 44% compared with 1% for patients randomized to placebo. All
objective responses were partial responses. The median
duration of response for patients treated with vandetanib
was not reached.
A key secondary endpoint is the time to worsening pain,
which is based on patient opioid use and patient questionnaires. However, a large amount of data were missing,
and thus, the results were insufficient to draw any conclusions about this endpoint.
Tumors were assessed for RET mutations; however, 41%
of tumors could not be completely assessed for RET mutations, and tumors derived from only 8 patients (2%) could
be definitively labeled as RET-mutation negative. Due to
the limitations of the RET mutation assay, evidence is insufficient to determine a relationship between the efficacy
of vandetanib and RET mutations (25).
The FDA conducted an exploratory analysis of exposureresponse relationships in study 58. The trough concentrations at day 56 were divided into quartiles, and a Kaplan–
Meier analysis was conducted to assess PFS in patients
achieving different concentrations of vandetanib at steady
state. The PFS curves of patients in different quartiles were
not significantly different from each other, indicating a lack
of relationship between steady-state plasma concentrations
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and PFS over this range. However, it was noted that the
quartile with the highest trough concentrations at day 56
showed the worst PFS among the quartiles (Fig. 2; ref. 26).
Safety
Safety data were primarily derived from the phase III trial
but were supplemented by adverse event information from
other clinical studies using vandetanib. The phase III trial
included safety assessments at baseline, weekly for the first
2 weeks, then at 4, 8, and 12 weeks after randomization,
and then every 12 weeks thereafter. Safety assessments
included medical, oncologic, and surgical history, physical
examination, laboratory values (hematology, chemistries,
liver function, CTN and CEA, and 24-hour urinalysis),
assessment of WHO performance status, 12-lead electrocardiography (ECG), and assessment of concomitant medications. Ophthalmologic examinations were done at
screening and at 9 months after patients began receiving
treatment. Patients who complained of visual symptoms
underwent an ophthalmologic examination at the time
the symptom was noted. Only 63.7% of patients underwent an examination during randomized treatment.
Adverse reactions resulting in death in patients receiving
vandetanib (n ¼ 5, 2%) were respiratory failure, respiratory
arrest, aspiration pneumonia, cardiac failure with arrhythmia, and sepsis. Adverse reactions resulting in death in
patients receiving placebo (2%) were gastrointestinal hemorrhage (1%) and gastroenteritis (1%). In addition, 1
sudden death and 1 death from cardiopulmonary arrest
occurred in patients receiving vandetanib after data cutoff.
Within the vandetanib clinical program, the most common
cause of death in patients who received vandetanib was
pneumonia.
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Figure 2. Kaplan-Meier estimates of PFS for the vandetanib arm (n ¼ 226) by quartiles of steady-state concentration (Css; day 56) and for the placebo
arm (n ¼ 100) of study 58. Quartile of Css, day 56, was expressed as median (range) in the legend. All patients (n ¼ 100) in the placebo arm are included in the
Kaplan–Meier curve, regardless of follow-up to day 56 or not.

Treatment discontinuations due to adverse reactions
occurred in 12.1% of patients who received vandetanib
and 3% of patients on placebo. The most common adverse
reactions leading to treatment discontinuation on the vandetanib arm were gastrointestinal disorders (3.0%), which
included diarrhea (0.9%), dysphagia (0.4%), nausea
(0.4%), pancreatitis (0.4%), peritonitis (0.4%), small intestinal perforation (0.4%), and vomiting (0.4%); asthenia
and fatigue (2.6%); skin and subcutaneous disorders
(1.7%), including rash (1.3%), eczema (0.4%), photosensitivity reactions (0.4%), and pruritis (0.4%); QTc prolongation (0.9%); elevated creatinine (0.9%); and hypertension (0.9%).
Dose reductions or dose interruption were reported in
49.4% of vandetanib-treated patients and 15.2% of placebo
patients. Eighty-one patients (35.1%) on the vandetanib
arm were dose reduced to 200 mg, and further dose reduction to 100 mg was required in an additional 32 patients
(13.9%). The most common reasons for dose reductions
were diarrhea, QTc prolongation, and rash. Dose delays
were reported in 47.2% of vandetanib-treated patients and
15.2% of placebo-treated patients.
Serious adverse events occurred in 30.7% of patients on
the vandetanib arm and 13.1% of patients on the placebo
arm. Serious adverse events in 2% or more of patients in the
vandetanib arm included diarrhea, intestinal perforation,
pneumonia, and hypertension. Grade 1 to 4 adverse events
in more than 10% of patients are shown in Table 1. Grade 3
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to 4 adverse events were seen in 55.4% of patients in the
vandetanib arm.
Table 2 provides the frequency and severity of laboratory abnormalities reported for patients with MTC. Alanine aminotransferase (ALT) elevations occurred in 51%
of patients on vandetanib. Grade 3 to 4 ALT elevations
were seen in 2% of patients, and no patients had a
concomitant increase in bilirubin. Elevations in ALT have
resulted in temporary discontinuation of vandetanib.
However, 16 of 22 patients with a grade 2 elevation in
ALT continued on a 300-mg dose of vandetanib. Seven
patients who continued vandetanib had a normal ALT
within 6 months of continued treatment. In the protocol,
ALT was monitored every 3 months and more frequently
as indicated.
Thyroid-stimulating hormone (TSH) was elevated in
78% of patients receiving vandetanib versus 21% on placebo, and 27% of patients had TSH values greater than 5
times the upper limit of the reference range while on
treatment, compared with 3% on placebo. The majority of
patients were noted to have increased TSH on their day 28
visit; however, it was noted as early as day 14 and as late as
day 84. Increases in the dose of the thyroid replacement
therapy were required in 49% of the patients randomized to
vandetanib, compared with 17% of the patients randomized to placebo. Hypocalcemia was seen in 57% of the
patients randomized to vandetanib, compared with 25%
on placebo.
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Table 1. Adverse reactions in 10% or more of patients on vandetanib during randomized treatment
Vandetanib, 300 mg (n ¼ 231)

Placebo (n ¼ 99)

Preferred term

All grades

Grade 3–4

All grades

Grade 3–4

Diarrhea and/or colitis
Rasha
Dermatitis acneiform and/or acne
Nausea
Hypertension/hypertensive crisis/accelerated hypertension
Headache
Fatigue
Decreased appetite
Abdominal painb
Dry skin
Vomiting
Asthenia
ECG QT prolongedc
Photosensitivity reaction
Insomnia
Nasopharyngitis
Dyspepsia
Hypocalcemia
Cough
Pruritus
Weight decrease
Proteinuria
Depression

132 (57%)
123 (53%)
81 (35%)
77 (33%)
76 (33%)
59 (26%)
55 (24%)
49 (21%)
48 (21%)
35 (15%)
34 (15%)
34 (15%)
33 (14%)
31 (13%)
30 (13%)
26 (11%)
25 (11%)
25 (11%)
25 (11%)
25 (11%)
24 (10%)
23 (10%)
22 (10%)

26 (11%)
11 (5%)
2 (1%)
2 (1%)
20 (9%)
2 (1%)
13 (6%)
10 (4%)
6 (3%)
0
2 (1%)
6 (3%)
18 (8%)
4 (2%)
0
0
0
4 (2%)
0
3 (1%)
2 (1%)
0
4 (2%)

27 (27%)
12 (12%)
7 (7%)
16 (16%)
5 (5%)
9 (9%)
23 (23%)
12 (12%)
11 (11%)
5 (5%)
7 (7%)
11 (11%)
1 (1%)
0
10 (10%)
9 (9%)
4 (4%)
3 (3%)
10 (10%)
4 (4%)
9 (9%)
2 (2%)
3 (3%)

2
0
0
0
1
0
1
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0

(2%)

(1%)
(1%)

(1%)
(1%)

a

Includes rash, rash erythematous; generalized, macular, maculo-papular, papular, pruritic, and exfoliative rash; dermatitis; dermatitis
bullous; generalized erythema; and eczema.
b
Includes abdominal pain, upper abdominal pain, lower abdominal pain, and abdominal discomfort.
c
69% had QT prolongation > 450 ms, and 7% had QT prolongation > 500 ms by ECG using Fridericia correction.

QT prolongation
Vandetanib is proarrhythmic. In the phase III clinical
trial, vandetanib was associated with sustained plasma
concentration-dependent QT prolongation. Based on the
exposure-response relationship, the mean (90% CI) QTc
change with Fridericia correction (QTcF) from baseline
(DQTcF) was 35 (33–36) ms for the 300-mg dose. The
DQTcF remained above 30 ms for the duration of the trial
(up to 2 years). The sustained, higher QTc prolongation is
likely to be associated with the long half-life of vandetanib
(19 days). In addition, about 36% of the patients in the
vandetanib arm experienced a greater than 60-ms increase
in QTc interval. A higher percentage of patients with
changes in QTc greater than 60 ms or with a QTc greater
than 480 ms was observed in patients with mild-to-moderate renal function compared with patients with normal
renal function. Although no cases of Torsades de pointes
(TdP) were found in the randomized trial, 2 cases of TdP
were captured in the safety database.
Other toxicities of concern
The majority of the severe adverse events seen with both
EGFR and VEGFR inhibitors have been reported with van-
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detanib, such as rash, including Stevens–Johnson syndrome, ischemic arterial events, interstitial lung disease,
intestinal perforations, and reversible posterior leukoencephalopathy syndrome. Although Stevens–Johnson syndrome is uncommon, lethal reactions have occurred. Risk
factors for evolution of rash into Stevens–Johnson syndrome are unclear, with 8 of 21 patients receiving radiation
prior to development of Stevens–Johnson syndrome.
Cerebrovascular events seem to be increased with vandetanib. During the randomized portion of the phase III study,
cerebrovascular events (cerebral ischemia, transient ischemic attack) occurred in 1.3% of patients in the vandetanib
group and in no patients in the control arm, whereas
coronary occlusion was reported in 1 (0.4%) patient in the
vandetanib arm and in no patients in the control arm. This
increase in cerebrovascular events seems to be consistent
across the randomized trials (26).
Interstitial lung disease and pneumonitis have also been
reported more frequently in patients receiving vandetanib
than in those randomized to placebo. In a large study of
patients with non–small cell lung cancer, interstitial lung
disease and pneumonitis were reported in 3.5% of patients
receiving 100-mg vandetanib þ docetaxel and in 2.0% of

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on June 19, 2018. © 2012 American Association for Cancer
Research.

Published OnlineFirst June 4, 2012; DOI: 10.1158/1078-0432.CCR-12-0411
FDA Approval Summary of Vandetanib in Medullary Thyroid Cancer

Table 2. Laboratory abnormalities in patients with MTC
Vandetanib, 300 mg (n ¼ 231)
Laboratory parameter
Chemistries
Calcium decreased
ALT increased
Glucose decreased
Creatinine increased
Bilirubin increased
Magnesium decreased
Calcium increased
Potassium decreased
Potassium increased
Glucose increased
Magnesium increased
Hematologic
WBC decreased
Hemoglobin decreased
Neutrophils decreased
Platelets decreased

Placebo (n ¼ 99)

All grades

Grade 3–4

All grades

Grade 3–4

132 (57%)
118 (51%)
55 (24%)
38 (16%)
29 (13%)
17 (7%)
16 (7%)
15 (6%)
13 (6%)
12 (5%)
6 (3%)

13 (6%)
4 (2%)
0
0
0
1 (<1%)
2 (1%)
1 (<1%)
1 (<1%)
4 (2%)
0

25 (25%)
19 (19%)
7 (7%)
1 (1%)
17 (17%)
2 (2%)
9 (9%)
3 (3%)
4 (4%)
7 (7%)
4 (4%)

3
0
1
0
0
0
1
0
2
0
0

45 (19%)
31 (13%)
21 (10%)
18 (9%)

0
1 (<1%)
1 (<1%)
0

25 (25%)
19 (19%)
5 (5%)
3 (3%)

0
2 (2%)
2 (2%)
0

(3%)
(1%)

(1%)
(2%)

Abbreviations: WBC, white blood count.

those treated with docetaxel alone (26). Overall, 23 patients
have been reported to have grade 3 to 4 interstitial lung
disease or pneumonitis, with at least 8 patients receiving
prior radiation to the chest. Although the overall number of
patients is small, the number of patients with dyspnea or
hypoxia is much larger. For example, whereas grade 3 to 5
interstitial lung disease and/or pneumonitis was reported in
23 patients, dyspnea and/or hypoxia was reported in 392
(13.0%) patients in the vandetanib safety database and was
grade 3 to 4 in 108 (3.6%) patients.
Blurred vision was more common in patients who
received vandetanib versus patients who received placebo
for MTC (9% versus 1%, respectively). Scheduled slit lamp
examinations have revealed corneal opacities (vortex keratopathies) in treated patients, which can lead to halos and
decreased visual acuity. It is unknown if these symptoms
will improve after discontinuation.

Discussion
The FDA’s Orphan Drug Designation program provides
orphan status to drugs and biologics that are defined as
those intended for the safe and effective treatment, diagnosis, or prevention of rare diseases and/or disorders that
affect fewer than 200,000 people in the United States. The
FDA remains committed to advancing and evaluating new
therapies for small populations. The study in MTC shows
the ability to conduct well-designed trials even in small
populations.
The recommendation for approval was based on the
single randomized clinical trial in which vandetanib
showed a clinically and statistically significant PFS advan-

www.aacrjournals.org

tage compared with placebo in patients with locally
advanced or metastatic MTC. However, treatment with
vandetanib was also associated with frequent and serious
side effects. Because of vandetanib’s toxicity profile, treatment should be reserved for patients with symptomatic or
progressive disease that is not amenable to surgery or other
localized therapy. This approach is consistent with the
current management strategy and use of systemic agents in
the treatment of patients with MTC.
The mean increase in QTcF with 300 mg of vandetanib is
35 ms. This level of increase is consistent with that seen in
antiarrhythmic drugs such as sotalol. Clinical trials infrequently capture TdP, even with drugs known to have significant proarrhythmic effects. In a study conducted in
Sweden of patients receiving any proarrythmic drug, the
incidence of TdP was estimated at approximately 4 cases per
100,000 (27). In the vandetanib clinical development program, 2 cases in approximately 3,000 patients were found.
Few TdP events in a clinical trial do not provide reassurance
of safety, and the fact that 2 events were seen in such a
limited patient population reveals that there is a significant
safety signal.
The proarrhythmic potential of vandetanib is a major
concern in the MTC population. Patients with MTC are at
higher risk of electrolyte imbalances that may predispose
them to a prolonged QT interval, TdP, or sudden death.
These imbalances may be a result of prior parathyroidectomy, which can lead to hypocalcemia; chronic diarrhea,
often a sequela of increased CTN levels; or treatment with
vandetanib, which can lead to both hypocalcemia and
chronic diarrhea. In addition, bradycardia, which may arise
with increases in TSH level, as was seen with vandetanib
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treatment, may place the patient with MTC at risk for serious
cardiac arrhythmias and events. Management of QT prolongation may be complicated by the 19-day half-life of
vandetanib.
Because of the risk of QT prolongation, TdP, sudden
death, and the natural history of the disease, vandetanib
was approved with a Risk Evaluation and Mitigation Strategy (REMS) to include Elements to Assure Safe Use. Only
prescribers and pharmacies certified with the vandetanib
REMS Program will be able to prescribe and dispense
vandetanib. The goal of the REMS is to reduce the incidence
of TdP and sudden death by educating prescribers and
patients about the risks of QT prolongation, the appropriate
monitoring of the QT interval and of electrolytes, and the
management of QT prolongation, given the long half-life of
vandetanib. In addition, the applicant has been required to
conduct postmarketing studies evaluating a lower dosage of
vandetanib, ejection fraction, and eye abnormalities.
The relationship between drug concentration efficacy
and toxicity remains to be explored. For unclear reasons,
the highest steady-state concentrations at day 56 showed
the worst PFS among the various quartiles examined. On the
other hand, patients who had their doses reduced to 200 mg
or 100 mg by day 84 showed comparable PFS to those
consistently dosed with 300 mg of vandetanib, suggesting
that lower doses may also provide effective therapy. Given
the small number of patients in each quartile, it is impossible to make any sweeping conclusions about what these

findings suggest; however, the concern about the use of a
lower dose in this patient population will be addressed in a
separate postmarketing trial.
The FDA’s approval of vandetanib is the first approval
for systemic therapy in MTC and is the first molecularly
targeted agent approved for this disease. This therapy provides a new treatment option for patients with symptomatic, progressive advanced MTC.
Disclosure of Potential Conﬂicts of Interest
No potential conflicts of interest were disclosed.
The opinions expressed in this article do not necessarily reflect those of the
FDA or the U.S. Government. This is a U.S. Government work. There are no
restrictions on its use with the exception of any previously printed figures and
tables.

Authors' Contributions
Conception and design: K. Thornton, G. Kim, B. Gehrke, R. Pazdur
Development of methodology: K. Thornton, G. Kim, V.E. Maher, B. Gehrke
Acquisition of data: K. Thornton, G. Kim, B. Gehrke, J. Duan
Analysis and interpretation of data: K. Thornton, G. Kim, V.E. Maher, S.
Chattopadhyay, S. Tang, Y.J. Moon, P. Song, A. Marathe, S. Balakrishnan, H.
Zhu, C. Garnett, Q. Liu, B. Booth, B. Gehrke, R. Dorsam, L. Verbois, W.
Wilson, J. Duan, A. Ibrahim, R. Pazdur
Writing, review, and/or revision of the manuscript: K. Thornton, G. Kim,
S. Chattopadhyay, S. Tang, Y.J. Moon, P. Song, S. Balakrishnan, H. Zhu, C.
Garnett, Q. Liu, B. Booth, B. Gehrke, R. Dorsam, L. Verbois, D. Ghosh, W.
Wilson, S.P. Miksinski, A. Ibrahim, A. Murgo, R. Pazdur
Administrative, technical, or material support: K. Thornton, G. Kim, H.
Zhu, B. Gehrke, L. Verbois, H. Sarker, L. Skarupa
Study supervision: K. Thornton, V.E. Maher, B. Booth, B. Gehrke, A. Murgo
Received February 6, 2012; revised May 11, 2012; accepted May 16, 2012;
published OnlineFirst June 4, 2012.

References
1.
2.

3.

4.

5.

6.
7.

8.

9.

OF8

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J
Clin 2010;60:277–300.
Eng C, Clayton D, Schuffenecker I, Lenoir G, Cote G, Gagel RF, 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 1996;276:1575–9.
€ ppner W, et al.
€rck J, Sinn HP, Clemens A, Otto HF, Ho
Schilling T, Bu
Prognostic value of codon 918 (ATG!ACG) RET proto-oncogene
mutations in sporadic medullary thyroid carcinoma. Int J Cancer
2001;95:62–6.
Ciraﬁci AM, Salvatore G, De Vita G, Carlomagno F, Dathan NA, Visconti
R, et al. Only the substitution of methionine 918 with a threonine and
not with other residues activates RET transforming potential. Endocrinology 1997;138:1450–5.
Kebebew E, Ituarte PH, Siperstein AE, Duh QY, Clark OH. Medullary
thyroid carcinoma: clinical characteristics, treatment, prognostic
factors, and a comparison of staging systems. Cancer 2000;88:
1139–48.
Austin LA, Heath H 3rd. Calcitonin: physiology and pathophysiology. N
Engl J Med 1981;304:269–78.
 re
 F, Chatal JF GTE Study Group.
Barbet J, Campion L, Kraeber-Bode
Prognostic impact of serum calcitonin and carcinoembryonic antigen
doubling-times in patients with medullary thyroid carcinoma. J Clin
Endocrinol Metab 2005;90:6077–84.
Rosato L, Avenia N, Bernante P, De Palma M, Gulino G, Nasi PG, et al.
Complications of thyroid surgery: analysis of a multicentric study on
14,934 patients operated on in Italy over 5 years. World J Surg
2004;28:271–6.
Roman S, Lin R, Sosa JA. Prognosis of medullary thyroid carcinoma:
demographic, clinical, and pathologic predictors of survival in 1252
cases. Cancer 2006;107:2134–42.

Clin Cancer Res; 18(14) July 15, 2012

10. Terezakis SA, Lee NY. The role of radiation therapy in the treatment of
medullary thyroid cancer. J Natl Compr Canc Netw 2010;8:532–40,
quiz 541.
11. Matuszczyk A, Petersenn S, Bockisch A, Gorges R, Sheu SY, Veit P,
et al. Chemotherapy with doxorubicin in progressive medullary and
thyroid carcinoma of the follicular epithelium. Horm Metab Res
2008;40:210–3.
12. Shimaoka K, Schoenfeld DA, DeWys WD, Creech RH, DeConti R. A
randomized trial of doxorubicin versus doxorubicin plus cisplatin in
patients with advanced thyroid carcinoma. Cancer 1985;56:2155–60.
13. Gilliam LK, Kohn AD, Lalani T, Swanson PE, Vasko V, Patel A, et al.
Capecitabine therapy for refractory metastatic thyroid carcinoma: a
case series. Thyroid 2006;16:801–10.
14. 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 Calcitonine (GETC). Br J
dacarbazine. Groupe d'Etude des Tumeurs a
Cancer 2000;83:715–8.
15. Kloos RT, Eng C, Evans DB, Francis GL, Gagel RF, Gharib H, et al.
American Thyroid Association Guidelines Task Force. Medullary thyroid cancer: management guidelines of the American Thyroid Association. Thyroid 2009;19:565–612.
16. Pacini F, Castagna MG, Cipri C, Schlumberger M. Medullary thyroid
carcinoma. Clin Oncol (R Coll Radiol) 2010;22:475–85.
17. Lam ET, Ringel MD, Kloos RT, Prior TW, Knopp MV, Liang J, et al.
Phase II clinical trial of sorafenib in metastatic medullary thyroid
cancer. J Clin Oncol 2010;28:2323–30.
18. DeSouza JABN, Zimrin A. Phase II trial of sunitinib in medullary thyroid
cancer (MTC). J Clin Oncol 2010;28:5504.
19. Schlumberger MJ, Elisei R, Bastholt L, Wirth LJ, Martins RG, Locati LD,
et al. Phase II study of safety and efﬁcacy of motesanib in patients with

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on June 19, 2018. © 2012 American Association for Cancer
Research.

Published OnlineFirst June 4, 2012; DOI: 10.1158/1078-0432.CCR-12-0411
FDA Approval Summary of Vandetanib in Medullary Thyroid Cancer

20.

21.

22.

23.

progressive or symptomatic, advanced or metastatic medullary thyroid cancer. J Clin Oncol 2009;27:3794–801.
Kurzrock R, Sherman SI, Ball DW, Forastiere AA, Cohen RB, Mehra R,
et al. Activity of XL184 (Cabozantinib), an oral tyrosine kinase inhibitor, in
patients with medullary thyroid cancer. J Clin Oncol 2011;29:2660–6.
Robinson BG, Paz-Ares L, Krebs A, Vasselli J, Haddad R. Vandetanib (100 mg) in patients with locally advanced or metastatic
hereditary medullary thyroid cancer. J Clin Endocrinol Metab
2010;95:2664–71.
Wells SA Jr, Gosnell JE, Gagel RF, Moley J, Pﬁster D, Sosa JA, et al.
Vandetanib for the treatment of patients with locally advanced or
metastatic hereditary medullary thyroid cancer. J Clin Oncol 2010;
28:767–72.
Wells SA Jr, Robinson BG, Gagel RF, Dralle H, Fagin JA, Santoro M,
et al. Vandetanib in patients with locally advanced or metastatic
medullary thyroid cancer: a randomized, double-blind phase III trial.
J Clin Oncol 2012;30:134–41.

www.aacrjournals.org

24. Pharmacology/toxicology NDA/BLA review and evaluation for
vandetanib for unresectable locally advanced or metastatic
medullary thyroid cancer. 2010. [cited 2012 June 14]. Available
at: http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/
022405Orig1s000PharmR.pdf
25. Vandetanib (ZD6474) tablets Oncologic Drugs Advisory Committee
(ODAC) meeting brieﬁng document. 2010. [cited 2012 June 14].
Available at: http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/
UCM235092.pdf
26. Clinical review for vandetanib for unresectable locally advanced or
metastatic medullary thyroid cancer. 2010. [cited 2012 June 14].
Available at: http://www.accessdata.fda.gov/drugsatfda_docs/nda/
2011/022405Orig1s000MedR.pdf
27. Brell JM. Prolonged QTc interval in cancer therapeutic drug development: deﬁning arrhythmic risk in malignancy. Prog Cardiovasc Dis
2010;53:164–72.

Clin Cancer Res; 18(14) July 15, 2012

Downloaded from clincancerres.aacrjournals.org on June 19, 2018. © 2012 American Association for Cancer
Research.

OF9

Published OnlineFirst June 4, 2012; DOI: 10.1158/1078-0432.CCR-12-0411

Vandetanib for the Treatment of Symptomatic or Progressive
Medullary Thyroid Cancer in Patients with Unresectable
Locally Advanced or Metastatic Disease: U.S. Food and Drug
Administration Drug Approval Summary
Katherine Thornton, Geoffrey Kim, V. Ellen Maher, et al.
Clin Cancer Res Published OnlineFirst June 4, 2012.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-12-0411

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/early/2012/06/26/1078-0432.CCR-12-0411.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on June 19, 2018. © 2012 American Association for Cancer
Research.

