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Purpose: Vandetanib is a once-daily oral inhibitor of vascular endothelial growth factor receptor-2
and epidermal growth factor receptor tyrosine kinases that also inhibits rearranged during trans-
fection kinase activity. Vandetanib (300 mg/d) has previously demonstrated antitumor activity in
patients with advanced hereditary medullary thyroid cancer (MTC). This study investigated the
efficacy and safety of 100 mg/d vandetanib in patients with advanced hereditary MTC.

Patients and Methods: Eligible patients with unresectable, measurable, locally advanced, or met-
astatic hereditary MTC received 100 mg/d vandetanib. Upon disease progression, eligible patients
could enter postprogression treatment with 300 mg/d vandetanib until a withdrawal criterion was
met. The primary objective was to assess the objective response rate by response evaluation criteria
in solid tumors.

Results: The study comprised 19 patients (13 males, six females; mean age 45 yr). Confirmed objective
partial responses were observed in three patients, yielding an objective response rate of 16% (95%
confidence interval 3.4–39.6). Stable disease lasting 24 wk or longer was reported in a further 10
patients (53%);thediseasecontrolratewastherefore68%(95%confidenceinterval43.4–87.4).Serum
levels of calcitonin and carcinoembryonic antigen showed a sustained 50% or greater decrease from
baseline in 16% (three of 19) and 5% (one of 19) of patients, respectively. Adverse events were pre-
dominantly grade 1 or 2 and consistent with previous vandetanib monotherapy studies.

Conclusions: Vandetanib at a once-daily dose of 100 mg has clinically relevant antitumor activity
in patients with locally advanced or metastatic hereditary MTC and an overall acceptable safety
profile. (J Clin Endocrinol Metab 95: 2664–2671, 2010)

Medullary thyroid cancer (MTC), a malignancy of the
parafollicular C cells of the thyroid, accounts for

up to 10% of all thyroid cancer cases (1) but accounts for
a disproportionate number of thyroid cancer-related
deaths (2). MTC occurs in both sporadic and hereditary
settings, the latter accounting for approximately 25% of
MTC cases. The hereditary form of MTC occurs as a com-

ponentof theautosomal, dominantly inherited cancer syn-
dromes multiple endocrine neoplasia (MEN) type 2A,
MEN2B, and familial MTC (3) and is the most common
cause of death in patients with these syndromes.

The only effective form of therapy is early thyroid re-
section when the disease is localized, with a 10-yr overall
survival estimated at approximately 75–80% (4). How-
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ever, there are limited treatment options for patients with
disseminated disease (1). In this setting, neither systemic
chemotherapy nor radiotherapy has been shown to pro-
long survival (5), underlining the importance of develop-
ing new approaches to treatment.

Vandetanib (AstraZeneca, Wilmington, DE) is a once-
daily oral agent that selectively targets vascular endothelial
growth factor receptor (VEGFR), epidermal growth factor
receptor (EGFR) and RET (rearranged during transfection)
signaling (6, 7). Both RET and VEGFR are rational thera-
peutic targets in MTC. The protein product of the RET pro-
tooncogene is a cell membrane receptor tyrosine kinase that
is known to play a key role in MTC pathogenesis (8). Mu-
tations in RET are found in virtually all patients with hered-
itary MTC and in up to 50% of sporadic cases (9, 10). These
mutations result in the constitutive activation of the kinase
function of RET and, in turn, the activation of a number of
downstreamkinasepathways thatdrive theneoplastic trans-
formation of parafollicular C cells in the thyroid. Agents that
inhibit RET kinase activity have been shown to decrease the
proliferation of MTC cell lines (11). Increased expression of
vascular endothelial growth factor, a potent proangio-
genic factor, is characteristic of thyroid tumors (including
MTC) and is associated with increased tumor growth and
invasiveness (12). In addition, EGFR-dependent signaling
may have a potential role in thyroid cancer (13, 14) and as
such represents an additional potential therapeutic target
in MTC.

Phase I studies conducted in advanced solid tumors dem-
onstrated that vandetanib monotherapy was well tolerated
atdosesup to300mg/dand that thepharmacokineticprofile
supported once-daily dosing (15, 16). A phase II open-label
study (study code 6474IL0008) demonstrated that vandet-
anib 300 mg/d (the maximum tolerated dose) has clinical
antitumor activity and a manageable adverse event profile in
patients with advanced hereditary MTC (17). In the present
study (study code D4200C00068), the clinical activity of
vandetanib 100 mg/d was evaluated in patients with ad-
vanced hereditary MTC.

Patients and Methods

Patients
Eligible patients had histologically confirmed, unresectable,

measurable, locally advanced, or metastatic hereditary MTC
with a confirmed diagnosis of MEN2A, MEN2B, or familial
MTC by either germline RET mutation or family history. All
patients had a World Health Organization performance status of
0–2; life expectancy 12 wk or longer; age 18 yr or older; and
adequate cardiac, hematopoietic, hepatic, and renal function.
Brain metastases were permitted if treated at least 4 wk before
entry and clinically stable without steroid treatment for 1 wk.
Patients who had received chemotherapy, radiotherapy, or ma-

jor surgery less than 4 wk before the start of study therapy were
excluded. The trial was approved by all relevant institutional
ethical committees or review bodies and was conducted in ac-
cordance with the Declaration of Helsinki, good clinical practice,
and the AstraZeneca policy on bioethics. Each patient provided
written informed consent.

Study design and treatment
In this open-label, single-arm study, patients received once-

daily oral doses of vandetanib 100 mg until disease progression,
unacceptable toxicity, or withdrawal of consent. The primary
objective of this study was to assess the objective response rate
with vandetanib 100 mg/d monotherapy according to modified
response evaluation criteria in solid tumors (RECIST) (18). Ad-
ditional assessments included progression-free survival, disease
control rate (percentage of subjects who have a best response of
complete response, partial response or stable disease �24 wk),
safety and tolerability, and biochemical response, as determined
by the effect of vandetanib 100 mg/d on serum levels of calcitonin
(CTN) and carcinoembryonic antigen (CEA).

Upon disease progression, all patients that the investigator
believed may have been obtaining benefit from therapy could
enter postprogression treatment with vandetanib 300 mg/d until
objective disease progression occurred at this dose, or until an-
other withdrawal criterion was met.

Assessments
Objective tumor assessments were conducted using modified

RECIST and based on site-reviewed computed tomography or
magnetic resonance imaging scans obtained at baseline and every
12 wk (�2 wk), while the patient was receiving vandetanib 100
mg/d treatment. Patients who entered postprogression treatment
with vandetanib 300 mg/d had RECIST assessments performed
every 24 wk (�2 wk), with the scan from the 100 mg discon-
tinuation visit serving as a new baseline assessment for postpro-
gression treatment. An objective complete or partial response
was confirmed by repeat imaging at least 4 wk after the date of
first response. If new hypointense or hypodense lesions appeared
during one of the first two scheduled follow-up RECIST assess-
ments, the baseline scans were reexamined. Isodense or isoin-
tense lesions identified in the same location during retrospective
review of the baseline scans were recorded as nontarget lesions
at baseline and followed up for progression. These lesions were
recorded as new lesions if no isodense or isointense lesions were
identified during retrospective review of the baseline scans.

Adverse events were assessed using National Cancer Institute’s
Common Terminology Criteria for Adverse Events (CTCAE; ver-
sion 3). Dose adjustments were made as defined in the protocol for
CTCAEgrade3or4toxicity.Twelve-leadelectrocardiogramswere
performed during screening, at wk 1, 2, 4, and 8 and then every 12
wk thereafter. Assessment of the corrected QT (QTc) interval using
Bazett’s correction was evaluated at each site and by central review,
with prolongation defined as a single measurement of 550 msec or
greater or an increase of 100 msec or greater from baseline; or two
consecutivemeasurements (within48hofeachother) thatwere500
msec or greater but less than 550 msec or an increase of 60 msec or
greater but less than 100 msec from baseline to a value 480 msec or
greater.

Blood samples for CTN and CEA analysis were collected at
baseline and throughout the study. Determination of serum CTN
and CEA levels was performed at a central laboratory. Serum
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CTN levels were determined by an immunochemiluminescent
method (Quest Diagnostics Nichols Institute, San Juan Capist-
rano, CA); serum CEA measurements were performed using a
commercially available microparticle enzyme immunoassay
(Abbott Diagnostics, Abbott Park, IL). For CTN and CEA anal-
ysis, a patient’s best response was defined as follows: complete
response, complete normalization of serum levels after treatment
and confirmed with a repeat assessment; partial response, 50%
or greater decrease from baseline levels maintained over a min-
imum of 4 wk; stable disease, between �50% and �50% change
from baseline levels maintained for at least 4 wk; progressive
disease, 50% or greater increase from baseline, maintained for at
least 4 wk.

Statistical considerations
There was a target sample size of 15 evaluable patients in this

study. This was selected on the basis that if no response was
observed in 15 patients, the probability that the true objective
response rate was 20% or greater would be less than 0.05. The
primary assessment of objective response rate with associated
95% confidence intervals (CIs) was based on the 100-mg com-
ponent of the study. All patients who received one dose or more
of vandetanib were included in the safety and efficacy analyses.
Estimates of progression-free survival (time from first dose of
study drug to progression or death by any cause within 3 months
of last tumor assessment) with associated 95% CIs were ob-
tained using the Kaplan-Meier method. Median duration of re-
sponse (interval between first confirmed objective response and
evidence of progressive disease) and disease control rate (patients
who had a best response of complete response or partial response
or stable disease 24 wk or longer) were summarized with asso-
ciated 95% CIs.

Results

Patients
Nineteen patients recruited between August 2006 and

May 2007 received initial treatment with vandetanib 100
mg/d. Patient demographics and characteristics are sum-
marized in Table 1. All patients had undergone prior thy-
roidectomy. Eighteen patients had metastatic disease and
one patient had locally advanced disease to the lymph
nodes. At the time of data cutoff (January 31, 2008), 11
patients were continuing to receive vandetanib 100 mg/d.
The remaining patients had discontinued initial treatment
because of withdrawal of consent (n � 1), adverse events
(n � 3), or disease progression (n � 4). One patient re-
ceived only one dose of vandetanib 100 mg owing to vol-
untary discontinuation from the study and was not evalu-
able for tumor response. All four patients with disease
progression entered postprogression treatment with van-
detanib 300 mg/d, and three of these patients were receiv-
ing vandetanib 300 mg/d at data cutoff. As of January
2010, 12 patients were still receiving vandetanib, includ-
ing five at the increased dose of 300 mg/d.

Efficacy
Assessment of RECIST best response is summarized in

Table 2. According to investigator assessments, three pa-
tients (16%) met the criteria for having an objective partial

TABLE 1. Demographic and baseline characteristics of
patients

Characteristics n
Number of patients 19

Male 13
Female 6

Mean age (yr) (range) 45 (22–79)
Mean time since diagnosis (yr) (range) 13 (5–33)
Disease stage

IVa (%) 1 (5)
IVc (%) 18 (95)

Metastatic sites
Adrenal 1
Bone 8
Gastrointestinal 1
Hepatic 16
Lymph nodes 8
Neck 4
Respiratory 8
Other 1

World Health Organization performance
status

0 (normal activity) 16
1 (restricted activity) 1
2 (in bed �50% of the time) 2

Associated endocrinopathies 17 (90)
MEN2A (%) 1 (5)
MEN2B (%) 1 (5)
Familial MTC (%)

Codon location of RET germline
mutation (%)

380 1 (5)
608 1 (5)
618 2 (11)
620 2 (11)
634 9 (47)
768 1 (5)
918 1 (5)
Unknown 2 (11)

TABLE 2. Tumor assessment (RECIST best response)

Best RECIST response
All patients

(n � 19)
Assessment of best response

Complete response (%) 0
Confirmed partial response (%) 3 (16)
Stable disease 24 wk or longer (%) 10 (53)
Stable disease 8 wk or longer, less

than 24 wk (%)
2 (11)

Progressive disease (%) 3 (16)
Not evaluable (%) 1 (5)

Objective response rate (CR � PR)
(%) (95% CI)

16 (3.4–39.6)

Disease control rate (CR � PR � SD
� 24 wk) (%) (95% CI)

68 (43.4–87.4)

CI, Confidence interval; CR, complete response; PR, partial response;
SD, stable disease.
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response, defined as a 30% or greater decrease in the sum
of longest diameter measurements by RECIST. The me-
dian duration of response (from onset of response) at the
time of data cutoff was 168 d. Stable disease 24 wk or
longer was reported in 10 patients (53%); the disease con-
trol rate (complete response � partial response � stable
disease 24 wk or greater) was therefore 68% (13 of 19
patients). Three patients had progressive disease as a best
response. Figure 1 shows the maximum reduction (or
smallest increase) from baseline in the sum of the longest
diameters of target lesions for each evaluable patient.
Eleven patients (58%) experienced some tumor shrinkage
during vandetanib 100 mg/d treatment.

At the time of data cutoff, five patients (26%) had pro-
gressed (RECIST defined progression, n � 4; death within
3 months of last RECIST assessment, n � 1) and 14 pa-
tients had no progression and were alive at the time of
analysis; the estimated median progression-free survival
could not be determined due to the insufficient number of
progression events during follow-up.

Of the four patients who received vandetanib 300 mg/d
during the postprogression period, one patient had a doc-
umented RECIST progression and completed the study.
The remaining three patients had not experienced RECIST
progression in the postprogression period at data cutoff
and continued to receive vandetanib 300 mg/d. None of
the four patients had experienced an objective response
during the postprogression period.

There were no symptomatic diarrhea responses among
the patients in the study who were evaluable for symp-
tomatic response (abnormal stool at baseline).

Analysis of serum tumor markers and RET
germline mutation status

Decreases from baseline in serum levels of CTN and
CEA met the criteria for a biochemical partial response in
three patients (16%) and one patient (5%), respectively. A
comparison of RECIST best response with best CTN and
CEA responses is shown in Table 3. Although only one of
the patients with a CTN partial response also had a con-
firmed objective partial response by RECIST (the other
two patients had stable disease), all three patients with a
confirmed partial response experienced a greater than
42% reduction from baseline in serum CTN. The patient
with a CEA partial response also met the criteria for CTN
partial response but not objective response (best RECIST
response of stable disease �8 wk, �24 wk). A marked
upward trend in both serum CTN and CEA levels was
noted in the three patients with a best objective response
of progressive disease. Changes in serum CTN and CEA
levels over time for individual patients, grouped according
to best RECIST response, are shown in Fig. 2 and Sup-
plemental Fig. S1, published as supplemental data on The
EndocrineSociety’sJournalsOnlinewebsiteathttp://jcem.
endojournals.org, respectively. There was no apparent as-
sociation between RET germline mutation and clinical
outcome in this study (Table 3).

Safety and tolerability
The mean duration of vandetanib 100 mg treatment

was 262 d (range 1–501); the duration of therapy for the
300 mg (postprogression) treatment was 80 d (range 14–
177). Vandetanib 100 mg/d dosing was interrupted and
then reduced in two patients because of adverse events.
One patient had a dose interruption for asymptomatic
QTc prolongation (�500 and �500 msec on two consec-
utive occasions), which occurred on d 173 of vandetanib
100 mg/d treatment. QTc prolongation resolved 4 d after
dose interruption, and the patient was restarted at a lower
dose of vandetanib 100 mg every other day. The remaining
patient had a dose interruption and subsequent reduction
(vandetanib 100 mg every other day) due to the develop-
ment of diabetes insipidus. This patient, who had a history
of hypertension, subsequently discontinued vandetanib
treatmentdue to renal insufficiency,whichwas considered
by the investigator to be vandetanib related. Two other
patients discontinued vandetanib 100 mg/d treatment due
to an adverse event. One patient experienced muscle
weakness that led to the discontinuation of vandetanib
and that was considered by the investigator to be vandet-
anib related. The remaining patient died due to aspiration
pneumonia, which was considered to be unrelated to
vandetanib.

FIG. 1. Maximum reduction from baseline (or smallest increase from
baseline for patients with no reductions) in target lesion size. Baseline
radiographic measurements of target lesions were compared with
measurements over the course of the study to determine the
best change in target lesion size for each patient with data; one
nonevaluable patient is not shown. Each bar represents one patient.
The dashed line represents the threshold for partial response. *, Four
patients with a best response of 0% change from baseline (all stable
disease �24 wk).
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The majority of adverse events for patients receiving
vandetanib 100 mg were reported as CTCAE grade 1 or 2.
Table 4 summarizes the most common adverse events,
which included diarrhea (nine patients, 47%), fatigue
(eight patients, 42%), rash (five patients, 26%), and con-
stipation (four patients, 21%). Six patients (26%) expe-
rienced seven CTCAE grade 3 adverse events [muscular
weakness, hypertension, myalgia, phaeochromocytoma,
asymptomatic QTc prolongation, diplopia, visual distur-
bance each (n � 1)], and there was one CTCAE grade 4
adverse event (diabetes insipidus). These events were gen-
erally manageable with symptomatic treatment, dose in-
terruption, or reduction.

Elevations in TSH and hypothyroidism have been pre-
viously noted in patients receiving tyrosine kinase inhib-
itors, and these patients require thyroid hormone replace-
ment (19, 20). All 19 patients receiving vandetanib in this
study had undergone prior thyroidectomy and were re-
ceiving thyroid hormone replacement before entering
study. Baseline TSH data were available for 17 patients,
and in these patients an increase in TSH levels was ob-
served, reaching a maximum by d 84 after the start of
vandetanib treatment [5.1-fold (mean) and 7.3-fold
(median) increases over baseline]. No patients were re-
ported to have symptomatic hypothyroidism, but thy-
roid hormone replacement therapy was increased in two
patients.

Discussion

There is a lack of effective therapy for patients with met-
astatic MTC and new treatment options are urgently
needed. Targeted therapy may represent a new therapeutic
approach for advanced MTC, and several early-phase
clinical studies have investigated the utility of targeted
agents in thyroid cancer (21–24). The current study dem-
onstrates that vandetanib 100 mg/d has antitumor activity
in patients with locally advanced or metastatic hereditary
MTC. Durable confirmed objective partial responses were
observed in three of 19 patients (16%), and a further 10
patients experienced long-term stable disease. In an open-
label phase II study of vandetanib 300 mg/d in advanced
MTC patients, 20% of patients (six of 30) experienced
a confirmed partial response and a further 53% (16 of
30) experienced long-term stable disease (17). Taken
together, these two studies demonstrate that both the
100 and 300 mg/d dose levels of vandetanib have anti-
tumor activity in this setting. These studies were open-
label, single-arm trials, and no direct comparison of the
efficacy at each dose level has been conducted. There-
fore, no conclusions can be made with regard to the
relative efficacy of the 100 and 300 mg/d doses in MTC.
The 300 mg/d dose has been considered appropriate for
evaluation in a further phase III study, and the results
from the current study demonstrate that antitumor ac-

TABLE 3. Comparison of RECIST best response with best CTN/CEA response and RET germline mutation status

Patienta
Best tumor response (largest
percent change in tumor size)

Best CTN response
(percent change from

baseline)b

Best CEA response
(percent change from

baseline)b

RET
germline
mutationc

1 Confirmed PR (�54.0) SD (�42.3) SD (�16.4) C380R
2 Confirmed PR (�40.0) PR (�89.4) SD (�83.7) E768D
3 Confirmed PR (�33.3) SD (�43.0) SD (�4.4) C634R
4 SD � 24 wk (�28.1) PR (�66.8) SD (�28.0) C634R
5 SD � 24 wk (�21.4) SD (�36.8) SD (�24.6) C620R
6 SD � 24 wk (�20.0) SD (�24.6) SD (�32.4) C634L
7 SD � 24 wk (�18.8) SD (�7.1) PD (�72.0) C618S
8 SD � 24 wk (�9.5) SD (�9.7) SD (�9.63) NE
9 SD � 24 wk (�1) SD (�37.0) SD (�4.7) C620R

10 SD � 24 wk (0) SD (�31.8) SD (�6.9) M918T
11 SD � 24 wk (0) SD (�45.8) SD (�25.1) C634R
12 SD � 24 wk (0) SD (�27.8) SD (�10.4) C634Y
13 SD � 24 wk (0) PR (�65.4) PR (�62.1) C634R
14 SD � 8 wk, �24 wk (�18.2) SD (�15.7) SD (�37.8) C608S
15 SD � 8 wk, �24 wk (�3.2) SD (�1.4) SD (�32.9) NE
16 PD (�17.2) SD (�3.2) SD (�26.2) C618S
17 PD (�20.3) PD (�57.0) SD (�44.2) C634R
18 PD (�28.1) PD (�64.0) SD (�37.6) C634R

NE, Not evaluable; PR, partial response; SD, stable disease.
a One patient not evaluable for objective response (RECIST).
b CTN and CEA response criteria: PR, 50% or greater decrease from baseline levels maintained over a minimum of 4 wk; SD, between �50% and �50%
change from baseline levels maintained over a minimum of 4 wk.
c Codon and amino acid substitution.
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tivity may still be observed in patients requiring dose
reductions to 100 mg/d.

Preliminary results suggest that multikinase inhibitors
that share the ability to inhibit RET and VEGFR kinases
have efficacy in MTC (21, 25, 26). However, the relative
contribution of RET and/or VEGFR inhibition (as well

as activity vs. other targets) is currently unknown and
merits further investigation. Specifically, vandetanib is
a selective inhibitor of RET, VEGFR, and EGFR and
activity vs. each of these targets could contribute to the
antitumor effects of this agent observed in patients with
advanced MTC (11–14).

Serum CTN and CEA levels are routinely used as an
indicator of tumor progression in MTC because they are
believed to be a useful indicator of tumor burden (2, 27).
A clear association between serum CTN and CEA marker
response and objective response based on RECIST criteria
was difficult to define in this study.

Vandetanib 100 mg/d was well tolerated in the majority
of patients in this study. Two patients discontinued the
study due to a vandetanib-related adverse event, and van-
detanib 100 mg dosing was interrupted and then reduced
in two patients because of adverse events. The duration
of treatment for the 11 patients remaining on vandet-
anib 100 mg at data cutoff ranged from 212 to 501 d,

TABLE 4. Adverse events, irrespective of causality,
reported in three or more patientsa

Adverse event
Total (n � 19

patients)
Diarrhea, n (%) 9 (47)
Fatigue, n (%) 8 (42)
Rash, n (%) 5 (26)
Constipation, n (%) 4 (21)
Anorexia, n (%) 3 (16)
Back pain, n (%) 3 (16)
Nausea, n (%) 3 (16)
Photosensitivity reaction, n (%) 3 (16)

a All of these events were CTCAE grade 1 or 2.

FIG. 2. Serum CTN levels [percent change from baseline (BL)] in patients with a best objective response (RECIST) of partial response (n � 3) (A), stable
disease (n � 12) (B), and progressive disease (n � 3) (C).
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with three patients receiving more than a year of treat-
ment. Most adverse events were CTCAE grade 1 or 2
and were manageable. Diarrhea, fatigue, and rash were
the most common adverse events reported in this study,
and these are consistent with previous vandetanib mono-
therapy studies (28, 29).

In conclusion, vandetanib 100 mg/d has clinical anti-
tumor activity in patients with advanced or metastatic he-
reditary MTC. An international, randomized, placebo-
controlledphase III trial (ZETA;6474IL0058)ofvandetanib
300 mg/d in patients with locally advanced or meta-
static MTC (hereditary or sporadic) has completed re-
cruitment and is being analyzed.
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A, Troalen F, Dromain C, Lumbroso J, Baudin E, Schlumberger M

2008 Progression of medullary thyroid carcinoma: assessment with
calcitonin and carcinoembryonic antigen doubling times. Eur J Endo-
crinol 158:239–246

28. Kiura K, Nakagawa K, Shinkai T, Eguchi K, Ohe Y, Yamamoto N,
Tsuboi M, Yokota S, Seto T, Jiang H, Nishio K, Saijo N, Fukuoka
M 2008 A randomized, double-blind, phase IIa dose-finding study
of Vandetanib (ZD6474) in Japanese patients with non-small cell
lung cancer. J Thorac Oncol 3:386–393

29. Natale RB, Bodkin D, Govindan R, Sleckman BG, Rizvi NA, Capó
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