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he incidence of thyroid can-

cer, the most common can-

cer of the endocrine system,

has been steadily increasing
since the mid-1990s (American Can-
cer Society [ACS], 2012). In 2012, it is
estimated there will be approximately
56,460 new diagnoses of thyroid cancer
(43,210 in women and 13,250 in men)
and approximately 1,780 deaths (1,000
women and 780 men) (ACS, 2012).
There are three main types of thyroid
cancer: differentiated (including papil-
lary, follicular, and Hiirthle cell), med-
ullary, and anaplastic.

Medullary thyroid cancer (MTC)
accounts for about 4% of all thyroid
cancers and is derived from calcitonin-
secreting parafollicular C cells (Hun-
dahl et al., 1998). Eighty percent of
MTC cases are sporadic and 20% are
hereditary (Khan, 2011). The heredi-
tary form of MTC, as well as about 10%
of the sporadic form of MTC, results
from a mutation in the RET (rearranged
during transfection) proto-oncogenes
(ACS, 2011).

The 10-year overall relative sur-
vival rate for MTC is 75% (Hundahl,
Fleming, Fremgen, & Menck, 1998).
The US Food and Drug Administra-
tion (FDA) recently approved vande-
tanib (Caprelsa) for the treatment of
symptomatic or progressive MTC in
patients with unresectable locally ad-
vanced or metastatic disease (Astra-
Zeneca, 2011).

Pharmacology

Vandetanib is an oral tyrosine ki-
nase inhibitor shown to have activity
against the epidermal growth factor
receptor family, vascular endothelial
growth factor (VEGF) receptors, RET,
protein tyrosine kinase 6 (BRK), ty-
rosine kinase with immunoglobulin
and EGF domains-2 (TIE2), members
of the ephrin (EPH) receptor kinase
family, and members of the Src fam-
ily of tyrosine kinases (AstraZeneca,
2011). In vivo vandetanib administra-
tion reduced tumor cell-induced an-
giogenesis, tumor vessel permeabil-
ity, and inhibited tumor growth and
metastasis in mouse models of cancer
(AstraZeneca, 2011). Vandetanib has
a median plasma half-life of 19 days
with steady state achieved at approxi-
mately 3 months. Vandetanib has slow
oral absorption with peak plasma con-
centrations achieved at a median of 6
hours. It is 90% bound to alpha-1-acid-
glycoprotein and albumin, undergoes
hepatic metabolism via cytochrome
P450 3A4 (CYP3A4), and is excreted
in feces (44%) and urine (25%) (Astra-
Zeneca, 2011).

Vandetanib is available in 300- and
100-mg tablets. The recommended
daily dose of oral vandetanib is 300 mg
once daily. Vandetanib may be taken
with or without food. If a patient misses
a dose, the missed dose should not be
taken if it is less than 12 hours before the
next dose. For patients who have diffi-
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culty swallowing the vandetanib capsules whole,
the capsules should not be crushed. The tablets can
be dispersed in a glass containing 2 ounces of non-
carbonated water and stirred for approximately 10
minutes until the tablet is dissolved; the mixture
should be swallowed immediately. See the package
insert for more information (AstraZeneca, 2011).
Table 1 provides dosage recommendations for pa-
tients with renal or hepatic impairment and those
in whom QTcF (QT interval with Fridericia correc-
tion) prolongation or other toxicities occur. Due
to metabolism via CYP3A4, use of concomitant
strong inducers and inhibitors of CYP3A4 should
be avoided. However, no interaction was found be-
tween itraconazole, a strong CYP3A4 inhibitor, and
vandetanib in healthy subjects. The risk of drug
interactions with other CYP3A4 inhibitors is un-
known, so precautions should be taken. In addition,
drugs known to prolong the QT interval should be
avoided while taking vandetanib (Table 2).

Key Clinical Studies

Two open-label, single-arm, phase II studies
were conducted to assess the efficacy of vande-
tanib in adult patients with unresectable locally
advanced or metastatic MTC. In both studies, pa-
tients with brain metastases were included if they
had been treated with radiation therapy or were
clinically stable without corticosteroid treatment
for 1 week (Wells et al., 2010; Robinson, Paz-Ares,
Krebs, Vasselli, & Haddad, 2010).

In the study conducted by Wells et al. (2010),
30 patients received oral vandetanib 300 mg daily.
Of those patients, 29 (97%) had distant metastases.
The objective response rate (ORR) was 20% (95%
confidence interval [CI] = 8%-39%); all responses
were partial (PR). Stable disease (SD) > 24 weeks
was achieved in 16 (53%) patients with an observed
disease control rate (DCR), defined as PR + SD
> 24 weeks, of 73% (95% CI = 54%-88%). The me-
dian duration of response was 10.2 months (range,
1.9 to 16.9 months; 95% CI = 8.0-13.2 months), and
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Use your smartphone to access
information and enrollment
forms for the Caprelsa REMS
program.

progression-free survival (PFS) at the time of data
cutoff was 27.9 months (95% CI not estimable). Re-
ductions in calcitonin and carcinoembryonic anti-
gen (CEA) levels ranged from 73% to 99% and 82%
to 91%, respectively. The most common adverse
events observed were diarrhea (70%), rash (67%),
fatigue (63%), and nausea (63%). Dosage reduc-
tions or interruptions occurred in 24 patients, most
commonly due to diarrhea (Wells et al., 2010).

In the study conducted by Robinson et al.
(2010), 19 patients received oral vandetanib 100
mg daily; 18 (95%) of these patients had metastat-
ic disease. Four patients increased their dose to
300 mg daily after disease progression. The ORR
(all partial responses) was 16% (95% CI = 3.4%-—
39.6%). Stable disease for 24 weeks or longer was
observed in 10 (53%) patients, yielding a DCR of
68% (95% CI = 43.4%-874%). Reductions in cal-
citonin levels ranged from 1.4% to 89.4% and met
a biochemical PR in 3 (16%) patients. Reductions
in CEA levels ranged from 6.9% to 87.9%. Diar-
rhea (47%), fatigue (42%), rash (26%), and con-
stipation (26%) were the most commonly report-
ed adverse events (Robinson et al., 2010).

In a phase I1I, randomized, double blind, pla-
cebo-controlled trial, 331 patients with unresect-
able, measurable, locally advanced or metastatic,
hereditary or sporadic MTC were treated with
either vandetanib 300 mg (n = 231) or placebo
(n = 100) daily. Most of the patients in both the
vandetanib (94%) and placebo (97%) arms had
metastatic disease, of which 87% and 92% in-
volved two or more organs, respectively. The
majority of patients (61% and 58%, respective-
ly) had never received systemic therapy for the
treatment of their MTC. A statistically significant
difference in PFS was observed favoring van-
detanib (hazard ratio 0.46, 95% CI = 0.31-0.69;
p <.001). The median PFS in the vandetanib group
had not been reached at the time of analysis, but
was estimated to be 30.5 months compared with
19.3 months in the placebo group. In addition,
ORR (vandetanib 45%; placebo 13%; odds ratio
5.48,95% CI = 2.99-10.79; p < .001) and DCR (van-
detanib 87%; placebo 71%; odds ratio 2.64, 95%
CI =1.48-4.69; p = .001) were both favored in the
vandetanib group.

The median duration of treatment was 90.1
weeks with vandetanib and 39.9 weeks with pla-
cebo. The most common adverse events occurring
in the vandetanib and placebo arms were diarrhea
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able 1. Vandetanib Dosage Recommendations

Clinical status

Renal impairment
Moderate (creatinine clearance > 30 to < 50 mL/min)
and severe (< 30 mL/min)
End-stage renal disease requiring dialysis

Hepatic impairment
Moderate (Child-Pugh B) or severe (Child-Pugh C)

QTcF > 500 ms

CTCAE grade 3 or greater toxicity

Dose adjustment

Reduce to 200 mg daily and monitor QT interval closely

No information

Vandetanib not recommended; safety and efficacy not
established

Interrupt dosing until QTcF returns to < 450 ms, then
resume at a reduced dose

Interrupt dosing until toxicity resolves or improves to
CTCAE grade 1, then resume at a reduced dose?

Adapted from AstraZeneca (2011).

Note. CTCAE = Common Terminology Criteria for Adverse Events; QTcF = QT interval with Fridericia correction.

aThe 300-mg daily dose can be reduced to 200 mg and then to 100 mg for CTCAE grade 3 or greater toxicities.

(56% vs. 26%), rash (45% vs. 11%), nausea (33% vs.
16%), and hypertension (32% vs. 5%), with 12% and
3% of patients, respectively, discontinuing therapy
due to intolerable toxicity (Wells et al., 2012).
Vandetanib is one of many tyrosine kinase in-
hibitors being studied in MTC. Sorafenib (Nexa-
var) has been shown to reduce symptoms due to
metastases and elevated calcitonin levels (Kober,
Hermann, Handler, & Krotla, 2010). In addition,
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able 2. Vandetanib Drug Interactions

Avoid strong inducers of CYP3A4
Dexamethasone

Phenytoin

Carbamazepine
Rifampin/rifabutin/rifapentine
Phenobarbital

St. John’s wort

Avoid drugs that prolong QT interval

Anti-arrhythmic drugs

*« Amiodarone

* Disopyramide

¢ Procainamide

* Sotalol

* Dofetilide
Other
Chloroquine
Clarithromycin
Dolasetron
Granisetron
Haloperidol
Methadone
Moxifloxacin
Pimozide

Note. Adapted from AstraZeneca (2011).

/

motesanib (AMG-706)—an investigational agent
that is an antagonist of VEGF receptors 1, 2, and 3;
platelet-derived growth factor receptor; and c-kit
(stem cell factor receptor)—has proven to be effec-
tive with a stable disease rate of 82% and a median
PFS of 48 weeks (Schlumberger et al., 2009). A
number of phase IT and I11I trials studying sorafenib,
sunitinib (Sutent), cabozantinib (XL184), and pa-
zopanib (Votrient) in advanced medullary carcino-
ma (National Institutes of Health [NIH], 2012) are
under way. Vandetanib is being studied as combi-
nation therapy with the proteasome inhibitor bort-
ezomib (Velcade) in patients with locally advanced
or metastatic MTC (NIH, 2012).

Adverse Events

The most commonly reported (> 20%) ad-
verse events that have occurred in patients taking
vandetanib include diarrhea, rash, acne, nausea,
hypertension, fatigue, decreased appetite, and
abdominal pain (Table 3). Laboratory abnormali-
ties such as hypocalcemia, hypoglycemia, and
elevated alanine aminotransferase can also oc-
cur. Practitioners should consider monitoring
these parameters more closely if they develop or
if there is a concern regarding potential develop-
ment (AstraZeneca, 2011).

In clinical trials, vandetanib caused QT prolon-
gation in 14% of patients. The drug should not be
initiated in patients with a QTc interval greater than
450 ms or given to patients with a history of torsades
de pointes, congenital long-QT syndrome, bradyar-
rhythmias, or uncompensated heart failure. Vande-
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tanib has also been associated with photosensitivity
and serious skin reactions, such as Stevens-Johnson
syndrome. Patients should be advised to wear sun-
screen during vandetanib therapy and for up to 4
months after completion of treatment. Mild to mod-
erate skin reactions can be managed with topical
or systemic corticosteroids, oral antihistamines, or
topical or systemic antibiotics (AstraZeneca, 2011).

Other rare serious adverse reactions reported
with vandetanib include interstitial lung disease,
ischemic cerebrovascular events, serious hemor-
rhagic events, heart failure, hypothyroidism, hy-
pertension (including hypertensive crisis), and
reversible posterior leukoencephalopathy syn-
drome. Adverse reactions to vandetanib may not
resolve quickly due to its long half-life of 19 days
(AstraZeneca, 2011).

Role in Therapy

Surgery is the current standard treatment for
patients with newly diagnosed, localized MTC. Ra-
dioactive iodine therapy is not recommended for
the treatment of MTC because MTC cells do not
accumulate radioiodine (National Comprehensive
Cancer Network [NCCN], 2011; Kloos et al., 2009).

Very few treatment options are available for
patients with locally advanced, metastatic, or
recurrent MTC. Prior to the FDA approval of
vandetanib, treatment options included surgical
resection, external beam radiation therapy, da-
carbazine-based chemotherapy, regional ablation
via radiofrequency or embolization, or enroll-
ment in a clinical trial (NCCN, 2011; Kloos et al.,
2009). No treatment strategy was clearly favored
due to the minimal benefit gained; enrollment in
a clinical trial was preferred. Vandetanib is now a
viable treatment option for patients with locally
advanced, metastatic, or recurrent MTC. It is the
first tyrosine kinase inhibitor to be approved for
this indication after showing a beneficial response
rate and improved PFS over placebo in a phase I11
randomized clinical trial (Wells et al., 2012).

Given its manageable adverse event profile,
vandetanib is a reasonable treatment option in pa-
tients with progressed MTC. It is recommended
that vandetanib be utilized in patients with meta-
static, recurrent, or persistent disease that has be-
come symptomatic or is growing (NCCN, 2011).
Therapy should be continued until disease pro-
gression or until patients have intolerable toxicity
from treatment (AstraZeneca, 2011). Vandetanib

N

Table 3. Adverse Events Associated With
Vandetanib

Vandetanib 300 mg
Event All grades Grades 3/4
Diarrhea/colitis 57% 1%
Rash 53% 5%
aDcer:(ranatitis/a(:neiform/ 35% 29
Nausea 33% 1%
E;lgs:tteer?ssii\?;érisis S e
Headache 26% 1%
Fatigue 24% 6%
Decreased appetite 21% 4%
Abdominal pain 21% 3%
Dry skin 15% 0%
Vomiting 15% 1%
Asthenia 15% 3%
QT prolongation 14% 8%
|I’Dehaoctt(i)cs)ir1sitivity 12% 2%

Cote. Adapted from AstraZeneca (2011). j

should not be started in asymptomatic patients
with detectable elevations of their laboratory
markers, such as calcitonin or CEA (NCCN, 2011).

Implications for the Advanced
Practitioner

Patients being considered for treatment with
vandetanib should have the following baseline
parameters checked: electrocardiogram (ECG),
serum potassium, calcium, magnesium, and
thyroid-stimulating hormone. These parameters
should be checked again at 2 to 4 weeks, at 8 to 12
weeks, and every 3 months routinely after start-
ing treatment with vandetanib. Serum potassium
levels should be maintained at 4 mEq/L or high-
er, and serum magnesium and serum calcium
should be kept within the normal range to reduce
the risk of QT prolongation.

Diarrhea is one of the main adverse reactions
associated with vandetanib. Due to the risk of di-
arrhea causing electrolyte imbalances and vande-
tanib’s risk of QT prolongation, patients should
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be counseled on the appropriate use of antidiar-
rheal agents to prevent more serious complica-
tions. Serum electrolytes and ECGs should be
monitored in patients who experience diarrhea.
If severe diarrhea develops, vandetanib should be
discontinued until diarrhea improves.

Approximately one-third of patients taking
vandetanib develop hypertension or hypertensive
crisis. Patients should be routinely checked for the
development of hypertension and encouraged to
monitor their own blood pressure. Hypertension
should be controlled as appropriate; dose reduc-
tions or interruptions may be necessary. In patients
who develop high blood pressure that cannot be
controlled, vandetanib should be discontinued.

Although the incidence of pulmonary tox-
icities (interstitial lung disease and pneumoni-
tis) and heart failure are low, deaths have been
reported in patients taking vandetanib. Patients
should be monitored for signs and symptoms of
heart failure and pulmonary toxicities.

Due to the risk of QT prolongation, torsades
de pointes, and sudden death, the FDA has re-
quired the implementation of a Risk Evaluation
and Mitigation Strategy (REMS) program. Under
the Caprelsa REMS program, only prescribers and
pharmacies enrolled in the program can prescribe
and dispense vandetanib (AstraZeneca, 2011). In
order to prescribe vandetanib, prescribers must
read a Healthcare Provider (HCP) letter; review
a HCP Education Pamphlet or HCP REMS Edu-
cation Slide Set and the vandetanib full prescrib-
ing information; complete the Prescriber Training
Program; and complete the Prescriber Enrollment
form. Vandetanib is not available at retail pharma-
cies and can only be dispensed through a restrict-
ed distribution program managed by Biologics,
Inc. Individual patient prescription forms must be
completed and submitted to Biologics, Inc., which
then reviews insurance coverage and arranges
drug delivery to the patient. Enrollment informa-
tion is available at www.caprelsarems.com

Summary

Vandetanib is a well-tolerated oral agent for
the treatment of symptomatic or progressive
MTC in patients with unresectable locally ad-
vanced or metastatic disease that has demonstrat-
ed improved PFS compared to placebo. Due to the
risk of QT prolongation, torsades de pointes, and
sudden death, prescribers must enroll in the Cap-

relsa REMS program in order to prescribe vande-
tanib. Vandetanib requires routine monitoring of
ECGs and electrolytes and careful observation for
the development of other toxicities.
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