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Background: Vandetanib is the most widely used tyrosine kinase inhibitor for the treatment of patients with advanced medullary 
thyroid cancer (MTC). However, only limited data regarding its use outside clinical trials are available. We aimed to evaluate the ef-
ficacy and safety of vandetanib in patients with advanced MTC in routine clinical practice.
Methods: In this multicenter retrospective study, 12 patients with locally advanced or metastatic MTC treated with vandetanib at 
four tertiary hospitals were included. The primary outcome was the objective response rate (ORR) based on the Response Evaluation 
Criteria in Solid Tumors. The progression-free survival (PFS), overall survival (OS), and toxicities were also evaluated. 
Results: Eleven patients (92%) had distant metastasis and 10 (83%) had disease progression at enrollment. Partial response was ob-
served in five patients (ORR, 42%) and stable disease lasting ≥24 weeks was reported in an additional five patients (83%). During the 
median 31.7 months of follow-up, disease progression was seen in five patients (42%); of these, two died due to disease progression. 
The median PFS was 25.9 months, while the median OS was not reached. All patients experienced adverse events (AEs) which were 
generally consistent with the known safety profile of vandetanib. Vandetanib was discontinued in two patients due to skin toxicity. 
Conclusion: Consistent with the phase III trial, this study confirmed the efficacy of vandetanib for advanced MTC in terms of both 
ORR and PFS in the real-world setting. Vandetanib was well tolerated in the majority of patients, and there were no fatal AEs.
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INTRODUCTION 

Medullary thyroid cancer (MTC) originates from the parafollic-
ular C cells of the thyroid gland and represents 5% of all thyroid 
cancers [1]. MTC is a relatively indolent tumor, and the 10-year 
overall survival (OS) rate is approximately 75% to 80% [2]. 
However, patients with unresectable, locally advanced or meta-
static MTC have limited therapeutic options, and their 10-year 
OS rate is reported to be 40% or less [2]. Owing to limited re-
sponsiveness to non-surgical treatments (radioactive iodine 
therapy, external radiotherapy, and conventional chemotherapy), 
targeted therapy with tyrosine kinase inhibitors (TKIs) has 
emerged as an important therapeutic option for patients with ad-
vanced MTC [3-6]. 

Vandetanib is the most widely used TKI for advanced MTC, 
targeting the RET oncogene, vascular endothelial growth factor 
receptor (VEGFR), and epidermal growth factor receptor 
(EGFR) [6]. Based on the encouraging results of the interna-
tional, multicenter, randomized phase III clinical trial (ZETA 
trial), vandetanib was approved by the Food and Drug Adminis-
tration and the European Medical Agency for the treatment of 
patients with symptomatic, unresectable, locally advanced or 
metastatic MTC [7]. In the ZETA trial, vandetanib showed a 
significant prolongation of progression-free survival (PFS) and 
a high objective response rate (ORR) compared with placebo 
[7]. Although the ZETA trial showed the efficacy and safety of 
vandetanib, only limited data regarding its use outside clinical 
trials are available [7,8]. In this multicenter cohort study, we 
aimed to evaluate the efficacy and safety of vandetanib in pa-
tients with locally advanced or metastatic MTC, when vande-
tanib was administered in routine clinical practice.

METHODS

Patients and study design 
In this multicenter, retrospective cohort study, 12 patients with 
advanced MTC who were treated with vandetanib from May 
2015 to December 2019 at four tertiary hospitals in Korea were 
included. Eligible patients were aged >18 years and had mea-
surable, unresectable, locally advanced or metastatic MTC. Pa-
tients who were not assessable for the objective tumor response 
rate by the Response Evaluation Criteria in Solid Tumors (RE-
CIST) or who were deemed candidates for local treatment mo-
dalities were excluded. All patients were pathologically con-
firmed to have MTC and were treated with vandetanib at a start-
ing dose of 300 mg daily. This study protocol was approved by 

all the relevant institutional ethical committees (Asan Medical 
Center, 2019-1399; Chonnam National University Hwasun 
Hospital, CNUHH-2020-051; Pusan National University Hos-
pital, 1910-010-083; and Seoul St. Mary’s Hospital, KC20RI-
DI0362). Written informed consent by the patients was waived 
due to a retrospective nature of our study.

Evaluation of efficacy
Tumor responses were evaluated based on investigator assess-
ment at 2 to 3-month intervals during treatment. The primary 
objective of this study was to assess the ORR with vandetanib, 
which was defined as the proportion of patients who show com-
plete response (CR) or partial response (PR) as the best re-
sponse, according to RECIST, version 1.1 [9]. Additionally, we 
assessed the disease control rate (DCR), biochemical response 
rate, PFS, and OS. DCR was defined as the percentage of pa-
tients who achieved CR, PR, or stable disease (SD) for ≥24 
weeks. Biochemical response was determined by changes in se-
rum levels of calcitonin and carcinoembryonic antigen (CEA) 
and was defined as follows: CR, complete normalization of se-
rum levels after treatment; PR, ≥50% decrease from baseline, 
maintained for a minimum of 4 weeks; SD, <50% decrease or 
≥20% increase from baseline, maintained for at least 4 weeks; 
or progressive disease, >20% increase from baseline, main-
tained for at least 4 weeks [10]. PFS was defined as the time 
from vandetanib administration to the date of the first documen-
tation of disease progression according to RECIST version 1.1, 
and OS was defined as the time from the first dose of vande-
tanib until death from any cause.

Safety and tolerability
Safety and tolerability were assessed throughout the administra-
tion of vandetanib. For safety assessment, adverse events (AEs); 
vital signs; results of clinical chemistry, hematology, and urinal-
ysis; electrocardiograms (ECGs); and Eastern Cooperative On-
cology Group (ECOG) performance status were monitored at 
baseline and at every visit during follow-up. AEs were graded 
based on the National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0. If a causal relation be-
tween AEs and vandetanib could not be ruled out, events were 
classified as treatment-related AEs. 

Statistical analysis 
Statistical analysis was performed using the R program version 
3.5.1 (R Foundation for Statistical Computing, Vienna, Austria; 
http://www.R-project.org). Continuous variables were presented 
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as medians with interquartile ranges (IQRs) and categorical 
variables were presented as numbers with percentages. Percent 
changes in the total sum of target lesion diameters were calcu-
lated and PFS and OS curves were drawn using Graph Pad 
Prism version 5.0 (GraphPad Software, SanDiego, CA, USA; 
http://www.graphpad.com). Estimates of median PFS and OS 
were obtained using the Kaplan-Meier method. 

RESULTS

Patients
Table 1 summarizes the demographics and characteristics of 12 

patients with advanced MTC who received vandetanib between 
May 1, 2015 and December 31, 2019. Median age at the initia-
tion of vandetanib treatment was 59.0 years (IQR, 54.4 to 64.2), 
and six patients (50%) were male. Most patients (n=11, 92%) 
had distant metastasis, most frequently to the lungs (67%) and 
liver (58%). Before vandetanib administration, all patients had 
undergone thyroidectomy, seven (58%) had undergone metasta-
sectomy, two (17%) had received sorafenib, and four (33%) had 
received external radiotherapy. One patient had both MTC and 
papillary thyroid cancer and had received prior radioactive io-
dine therapy. RET genetic screening was performed in nine pa-
tients (75%), and the majority of patients (8/9, 89%) were not 
carrying a RET mutation. A germline mutation in the RET gene 
(p.D878Y) was identified in one patient. At the time of vande-
tanib treatment initiation, 10 patients (83%) had progressive 
disease and three patients (25%) showed cancer-related symp-
toms. At the data cutoff (December 31, 2019), five patients 
(42%) were receiving treatment, whereas vandetanib had been 
discontinued in five (42%) and two (17%) patients because of 
disease progression and AEs, respectively. 

Efficacy
Median duration of vandetanib treatment was 25.3 months 
(range, 2.5 to 49.3), and median follow-up duration since van-
detanib initiation was 31.7 months (range, 13.1 to 49.3). Tumor 
burden according to the sum of the largest diameter of target le-
sions decreased in 10 patients (83%); median of the best percent 
change was –24.1% (Fig. 1). All patients had an evaluable ra-
diological tumor response; five (42%) and seven (58%) patients 
exhibited PR and SD, respectively (Table 2, Fig. 1). Among the 
patients who achieved SD, five had a durable response for 24 
weeks or longer (Table 2). Overall, the estimated ORR was 
42%, and the DCR was 83%. During vandetanib administration, 
we also observed reductions in calcitonin and CEA levels. Se-
rum calcitonin and CEA levels decreased by 50% or more in 
eight patients (67%). The median PFS was 25.9 months (Fig. 
2A), and the median OS was not reached at the time of data cut-
off (Fig. 2B). At the end of the follow-up, five patients (42%) 
developed progressive disease after a median of 17.1 months 
(range, 6.7 to 25.9) from vandetanib administration. Among 
them, three patients showed disease progression in target le-
sions, one showed disease progression in the form of a non-tar-
get lesion in the target organ (liver), and one showed a new met-
astatic lesion (bone) without progression in the target lesion. 
The latter two patients with cancer progression in non-target le-
sions died due to disease progression. 

Table 1. Baseline Characteristics 

Characteristic Value 

Age, yr 59.0 (54–64)
Male sex 6 (50)
Disease type
      Locally advanced  1 (8)
      Metastatic 11 (92)
         Liver 7 (58)
         Lung 8 (67)
         Bone 4 (33)
         Lymph nodes 9 (75)
         Neck 1 (8)
         Brain 3 (25)
         Pancreas 1 (8)
Prior treatment 
   Thyroidectomy 12 (100)
   Re-surgery 5 (36)
   Radioactive iodine therapy 1 (8)
   Radiation therapy 4 (33)
   Systemic chemotherapy 2 (17; sorafenib)
RET mutation 
   Positive 1 (8)
   Negative 8 (67)
   Unknown 3 (25)
Target lesions 
   Liver 7 (58)
   Lung 4 (33)
   Lymph nodes 3 (25)
   Neck 1 (8)
   Pancreas 1 (8)
Progressive disease at vandetanib initiation 10 (83)
Symptoms at vandetanib initiation 3 (25)

Values are expressed as median (interquartile range) or number (%). 
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Fig. 1. Best percent change in the total sum of target lesion diameters. PR, partial response; SD, stable disease.

Fig. 2. Kaplan-Meier plots for (A) progression-free survival (PFS) and (B) overall survival (OS).

 10 20 30 40 50  10 20 30 40 50

 12 10 6 3 1 0  12 12 8 6 3 0No. at risk No. at risk

Duration of follow-up (mo) Duration of follow-up (mo)

Median PFS=25.9 months Median OS=Undefined

A B

Table 2. Best Response to Vandetanib in Patients with Medul-
lary Thyroid Cancer

Disease response No. (%)
Complete response 0
Partial response 5 (42)
Stable disease 7 (58)
Progressive disease 0
Objective response rate 5 (42)
Disease control rate 10 (83)
Biochemical response rate: calcitonin 8 (67)
Biochemical response rate: CEA 8 (67)

Tumor response was assessed using the Response Criteria in Solid Tu-
mors, version 1.1. The objective response rate was calculated as com-
plete response (CR) plus partial response (PR). The disease control rate 
was calculated as CR plus PR plus stable disease ≥24 weeks. The bio-
chemical response was defined by decreases of 50% or more in serum 
calcitonin and CEA levels which were maintained for at least 4 weeks. 
CEA, carcinoembryonic antigen.

Safety and adverse effects 
All patients experienced AEs; the common AEs (of any grade) 
and grade 3 or higher AEs observed during the treatment are 
summarized in Table 3. With a median dose of 200 mg/day, 
vandetanib dose reduction, interruption, and discontinuation 
were required in four (33%), six (50%), and two (17%) patients, 
respectively. The frequent AEs that occurred in more than 50% 
of patients receiving vandetanib were diarrhea (92%), rash 
(83%), hypothyroidism (75%), decreased appetite (67%), and 
fatigue (67%). mucositis (50%), corrected QT (QTc) prolonga-
tion (50%), palmar-plantar erythrodysesthesia syndrome (42%), 
and abdominal pain (42%) were also common AEs. Grade 3 or 
4 AEs included rash (33%), diarrhea (25%), mucositis (17%), 
QTc prolongation (17%), decreased appetite (8%), palmar-plan-
tar erythrodysesthesia syndrome (8%), abdominal pain (8%), 
and blurred vision (8%). The baseline QTc interval prior to van-
detanib administration in all patients was <450 ms. QTc prolon-
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gation was not related to changes in plasma calcium levels, but 
the need for calcium and vitamin D replacement increased in 
one patient with established hypoparathyroidism. Skin toxicity 
led to treatment discontinuation in two patients; there were no 
fatal AEs. 

DISCUSSION

This study evaluated the efficacy and toxicity of vandetanib in 
routine practice in patients with locally advanced or metastatic 
MTC, during a median follow-up of 32 months. Almost all pa-
tients (92%) had distant metastasis and 83% of patients had pro-
gressive disease at vandetanib initiation. The ORR and DCR 
were 42% and 83%, respectively, and these values correspond 
with the results of the ZETA trial (ORR 45% and DCR 87%) 
[7]. The median PFS was 25.9 months, which was slightly 
shorter than that of patients treated with vandetanib (30.5 
months) while longer than that of patients treated with placebo 

(19.3 months) in the ZETA trial [7]. With a median dose of 200 
mg/day, vandetanib was discontinued in two patients due to skin 
toxicity. The AEs were generally consistent with the known 
safety profile of vandetanib, and most were manageable by dose 
modification and medical therapy. 

Vandetanib is the first approved TKI for advanced MTC treat-
ment that selectively targets RET, VEGFR, and EGFR [6,11]. It 
was approved based on the results of phase II and III trials, 
which demonstrated a significant durable response and prolon-
gation of PFS [7,10,12]. Thereafter, data from retrospective 
studies have supported the positive clinical impact of vande-
tanib [8,13]. A retrospective study analyzing 60 MTC patients 
receiving vandetanib outside any trial reported an ORR of 22% 
with a median PFS of 16.1 months [8]. In another retrospective 
study of 11 patients with progressive metastatic MTC, the rate 
of PR was 36% and that of SD for 6 months or longer was 27%, 
but the median PFS was not reached during the median treat-
ment duration of 7 months [13]. Recent studies have reported 
prognostic indicators predicting better and longer response to 
vandetanib in advanced MTC patients [14-17]. More advantag-
es of vandetanib therapy have been reported in MTC patients 
who are younger, have a good ECOG performance status, and 
have symptomatic disease [17]. Pre-therapeutic fluorine-18-flu-
orodeoxyglucose positron emission tomography/computed to-
mography also provides prognostic information in patients with 
advanced and progressive MTC [16]. However, the presence of 
RET mutations is not a predictor of treatment efficacy of vande-
tanib, consistent with the results previously shown in clinical 
trials [7,10,17]. Selective and highly active RET inhibitors 
which are currently under clinical trial may provide a promising 
treatment option for MTC patients with RET mutations [18]. 
Due to the limited number of patients in the current study, we 
could not identify the clinical features associated with better 
clinical outcomes after vandetanib treatment.

This study confirms the efficacy of vandetanib in patients 
with advanced MTC, as shown in the ZETA trial, outside of a 
clinical trial [7]. The study population differed between our 
study and the ZETA trial. Patients enrolled in the ZETA trial 
were required to have measurable disease but not progressive 
disease at enrollment [7]. This inclusion criterium may have al-
lowed the enrollment of many patients with indolent disease in 
the ZETA trial, as evidenced by a PFS of 19.3 months in the 
placebo group [7]. In contrast, the majority of patients (83%) 
included in our study had progressive disease at the time of van-
detanib initiation. The inclusion criteria in this study also did 
not include progressive disease at enrollment, however, these 

Table 3. Adverse Events Occurring in Patients with Medullary 
Thyroid Cancer Treated with Vandetanib

Adverse events Any 
grade

Grade 
3–4

Treatment-related adverse effects 12 (100)  6 (50)

Diarrhea 11 (92) 3 (25)

Rash 10 (83) 4 (33)

Hypothyroidism 9 (75) 0

Decreased appetite 8 (67) 1 (8)

Fatigue 8 (67) 0

Mucositis 6 (50) 2 (17)

QTc prolongation 6 (50) 2 (17)

Palmar-plantar erythrodysesthesia syndrome 5 (42) 1 (8)

Abdominal pain 5 (42) 1 (8)

Nausea 2 (17) 0

Hypertension 2 (17) 0

Acne or folliculitis 2 (17) 0

Blurred vision 1 (8) 1 (8)

Headache 1 (8) 0

Alopecia 1 (8) 0

Hypocalcemia 1 (8) 0

Gum bleeding 1 (8) 0

Values are expressed as number (%). Adverse events were classified 
based on the National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.0.
QTc, corrected QT.
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patients had disease progression, according to RECIST, within 
6 months (range, 1 to 6) before vandetanib administration. An-
other difference was the proportion of MTCs with RET muta-
tions. The association between RET mutation and vandetanib 
efficacy was inconclusive in previous studies [7,10,17], but 
MTC patients harboring the M918T mutation showed more ag-
gressive disease and better response rates to vandetanib therapy 
than those without the RET918 mutation [15]. The proportion of 
patients with cancers harboring a RET mutation was 8% in our 
study, while it was 59% in the treatment group of the ZETA tri-
al. Furthermore, in our study, patients previously treated with 
TKIs were allowed to participate, whereas the ZETA trial did 
not report data on previous TKI therapy. Despite these differ-
ences, the results of our study and the ZETA trial were similar 
with respect to the ORR and PFS prolongation.

Although the frequency of AEs in our study was higher than 
that observed in the ZETA trial, no unexpected AEs occurred 
during treatment. Additionally, most AEs were mild and man-
ageable by dose modification and medical therapies. Dose re-
duction, interruption, and discontinuation was needed in 33%, 
50%, and 17% of patients, respectively. Consistent with the 
findings of the ZETA trial, the most common AEs were diar-
rhea, rash, hypothyroidism, decreased appetite, fatigue, and QTc 
prolongation [7]. It is significant that the number of patients who 
required an increase in the daily dose of levothyroxine (75% vs. 
49%) and who developed QTc prolongation (50% vs. 14%) was 
higher in our study than in the ZETA trial. The reason this study 
has a higher frequency of QTc prolongation than the ZETA trial 
was because EGC was monitored more frequently and the defi-
nition of QTc prolongation was different. In the ZETA trial, 
scheduled ECGs were performed during screening, at 1, 2, 4, 8, 
and 12 weeks and every 3 months thereafter [7]. Meanwhile, in 
this study, ECGs were monitored at baseline and evaluated at 1 
to 2-week intervals for a month, then 1 to 2-month intervals. QTc 
prolongation was recorded according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version 4 in our study: 
grade 1, QTc interval 450 to 480 ms; grade 2, 480 to 500 ms; 
grade 3, ≥501 ms on at least two separate ECGs; and grade 4, 
≥501 or >60 ms change from baseline and torsade de pointes or 
polymorphic ventricular tachycardia or signs/symptoms of seri-
ous arrhythmia. In the ZETA trial, QTc prolongation was defined 
as a single measurement ≥550 ms or an increase of ≥100 ms 
from baseline, two consecutive measurements (within 48 hours 
of each other) that were ≥500 but <550 ms, or an increase of  
≥60 but <100 ms from baseline to a value ≥480 ms [7]. There-
fore, the ZETA trial that used this criteria to identify QTc pro-

longation may have missed some events since patients whose 
QTc interval ranged from 450 to 480 ms were not recorded. This 
evidence suggests that thyroid function, ECGs, and electrolyte 
levels should be monitored frequently after vandetanib initia-
tion, to allow for early management of AEs before they worsen. 
It is also noteworthy that cutaneous AEs led to drug discontinua-
tion in two patients in our study. The etiology of rash induced by 
vandetanib is unclear, but it is likely to be associated with the in-
hibition of EGFR [19-21]. Reduction of quality of life due to 
rash may play a significant role in adherence to the drug. There-
fore, awareness and treatment of cutaneous AEs is needed to 
improve drug compliance and to maximize the dose while en-
suring the best clinical benefits. 

Because patients with advanced MTC can present with indo-
lent disease and long life expectancy, the median OS was not 
reached during the median follow-up of 32 months. Previous 
data on the ability of vandetanib to improve survival are limited 
[7,10,12,17,22]. OS data were also immature at the data cutoff 
in the ZETA trial, and an interim analysis showed no significant 
survival benefits with vandetanib treatment, during a median 
duration of 24 months of the randomized phase [7]. These re-
sults demonstrate that once vandetanib has been started, the pa-
tient is likely to receive this drug for a long time. In addition to 
doubtful survival benefits and toxicities caused by the chronic 
use of vandetanib, it is necessary to consider the escape phe-
nomenon and rapid tumor growth after drug withdrawal while 
determining vandetanib initiation [6,22,23]. Therefore, it is cru-
cial to establish an appropriate risk stratification based on pa-
tients with advanced MTC who have benefited with vandetanib 
administration, and only a selected group of patients should be 
considered for vandetanib therapy.

The limitations of our study are mainly related to its retro-
spective nature and the small number of patients. The treatment 
duration was longer than that in the ZETA trial, but it was rela-
tively short to evaluate the median OS. Further, information on 
RET mutational status was not available in 25% of patients. De-
spite these limitations, our study is the first in Korea to evaluate 
the efficacy and safety of vandetanib in patients with advanced 
MTC in a real-world setting. 

This multicenter, real-world analysis supports the results of 
the ZETA trial in that vandetanib has clinical benefits with re-
gards to ORR and PFS in patients with advanced MTC. Al-
though all patients experienced any-grade AEs, there were no 
fatal AEs; all AEs were generally consistent with the known 
safety profile of vandetanib. In conclusion, vandetanib is an ef-
fective treatment option in routine clinical practice with signifi-
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cant efficacy and manageable safety for advanced MTC.
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