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Abstract

Objective: To describe the tumor response and adverse events in patients with advanced medullary thyroid
carcinoma (MTC) treated with vandetanib at the National Cancer Institute in Bogota, Colombia.

Materials and methods: Case series including five patients with advanced MTC treated with vandetanib from
April 2011 to August 2018 and a minimum follow-up of 6 months.

Results: 5 patients met the inclusion criteria, including 3 women. The mean age was 49 years. A total of 4 patients
underwent total thyroidectomy prior to starting vandetanib. The main indication for vandetanib was progression of
liver metastasis (4 patients). Regarding treatment response, 3 patients presented stable disease, 1 patient showed
partial response, and 1 had disease progression. The mean treatment duration was 16.5 months. Grade 3 or 4 adverse
events were observed in three patients, 1 with diarrhea, 1 with hypertension, and 1 with rash. All symptoms improved
with dose reduction or temporary suspension of vandetanib.

Conclusions: The management of advanced MTC with vandetanib allows for prolonged disease control (stable
disease or partial response). Although adverse events are frequent, most are mild and severe cases are manageable.
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Introduction

Medullary thyroid carcinoma (MTC) accounts for 1-2% of all types of
thyroid cancer in the United States [1]. The disease can occur sporadically
(75%) or be inherited (25%) [2] Germline mutations of the RET oncogene
are identified in multiple endocrine neoplasia (MEN) 2A or 2B and
familial MTC [3] and are characterized by different clinical presentations
according to the variant type. Somatic mutations of this gene are found in
50% of sporadic MTCs [4]. RAS gene mutations have been described in
68-81% of the patients with MTC without mutations [5,6].

The treatment of choice for MTC is total thyroidectomy with central neck
dissection and, depending on the case, lateral neck dissection [1]. Patients
with MTC commonly present with extensive regional involvement or
distant metastatic disease at diagnosis or during follow-up, which hinders
achievement of cure with the initial surgical intervention [2]. The overall
survival at 10 years in patients with metastatic disease is 40% [7]. The
therapeutic options in cases of advanced MTC include palliative surgery,
radiotherapy, locoregional therapies, and systemic treatment with tyrosine
kinase inhibitors (TKIs) such as vandetanib [1].

In the current research, we present 5 patients with advanced MTC who
required therapy with vandetanib and progressed with disease control

Auctores Publishing — Volume 5(1)-065 www.auctoresonline.org
ISSN: 2640-1045

(stable disease and partial response). We also report the adverse events
(AEs) observed with therapy.

Methods

The study included patients with a diagnosis of MTC confirmed by the
pathology service at the National Cancer Institute, with either hereditary
or sporadic disease. Presence of advanced disease defined by the
occurrence of distant metastases with progression in the previous year
according to the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 [8], who were managed with vandetanib and had a minimum
follow-up period of 6 months after treatment start. A search of medical
records was conducted between April 2011 (when the Food and Drug
Administration [FDA] approved vandetanib) and August 2018.

Diagnostic images were obtained 0-3 months before the start of
vandetanib (pre-TKI) and every 3 months thereafter. The imaging tests
included non-contrast chest computed tomography (CT), abdominal CT
with contrast, or magnetic resonance imaging (MRI) with arterial-phase
contrast enhancement, and additional studies according to specific
involvement (e.g. spinal MRI). A single INC radiologist (CCC) reviewed
the images to decrease interobserver variation. Tumor response was
evaluated according to RECIST version 1.1 [8], disease control rate
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(DCR) was defined as the proportion of patients who show, complete
response, partial response (PR) or stable disease (SD). Progression rate
was considered as the time in weeks elapsed between the last diagnostic
image showing stable disease and the image showing progression (pre-
TKI). The time (in weeks) elapsed between the diagnosis of progression
and the start of treatment was recorded.

Clinical and laboratory follow-up was carried out in the following time
points: before treatment start, week 2, month 1 and 3, and every 3 months
thereafter. Clinical follow-up was carried out by the coauthors of this
paper. Treatment-related adverse events (AEs) assessed with the
Common Terminology Criteria for Adverse Events (CTCAE ) version
5.0[9], body weight, blood pressure, and findings from physical
examination were recorded at each assessment. Body weight was
measured with a Health o Meter professional scale® (Sunbeam Products,
Boca Raton, Florida, USA) and recorded in kilograms (kg). Blood
pressure was measured with a blood pressure monitor (Vismo, Nihon
Kohden, Tokyo, Japan) and recorded in mmHg. Clinical laboratory tests
and diagnostic images were performed at the INC. Laboratory tests
requested prior to treatment start included TSH, creatinine, transaminases
(AST and ALT), complete blood count (CBC), hepatitis B surface
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antigen, hepatitis C antibodies, calcium (Ca), potassium (K), magnesium
(Mg), and electrocardiogram (ECG). Complementary tests requested
during follow-up included TSH, CBC, creatinine, AST, ALT, Ca, K, Mg,
and ECG. Bazett’s formula [10] was used to calculate the corrected QT
interval (QTc), and the result was recorded in milliseconds (ms). All
patients underwent a RET mutation analysis, and the presence or absence
of the mutation and the type of mutation were documented.

Results

Of 10 patients identified, 5 were excluded due to a follow-up period
shorter than the predetermined one or due to incomplete data for analysis.
Of the 5 patients included, 3 were women. The mean age at diagnosis was
37 years. Only one case of germline RET mutation was identified in a
patient with a diagnosis of pheochromocytoma and lichen cutaneous
amyloidosis (Patient 4: ¢634r mutation). The characteristics of the
patients in terms of staging, metastatic site, and relapse are described in
Table 1. Prior to initiating the TKI, Patients 4 and 5 had chronic diarrhea,
which was attributed to elevated serum calcitonin; however, the diarrhea
failed to improve after treatment start, despite the reduction in calcitonin
levels.

Table 1: Characteristics of the patients treated with vandetanib
Sex Age at RET Locoregion -
Patient (égfs) (Mor | diagnosis d\i;ez;ro?;s TNM Stage | germline al Dlstan;[ r:::; stases
Y F) (years) 9 mutation | recurrence Y
1 31 M 27 2014 TXNxMO | No Yes (2016) Hand P (2017)
Yes (20086, P (2006),
2 49 F 34 2003 T4aN1bMO | IVa No 2011) mediastinum
3 63 M 54 2009 T3N1aMO 1] No Yes (2011) | P (2012), H (2016)
H (2000), P (2006),
4 42 F 14 1990 TXNxMO | c634r | Yes (2012) B (2008)
P, retroperitoneal
5 60 F 57 2015 TxN1bM1 Ve No No LN, paravertebral
mass (2014)
Abbreviations: M: male, F: female, H: hepatic, P: pulmonary, B: bone, LN: lymph node.

Table 2 presents the types of treatment received by the patients before the
start of TKI and the indications for initiation of therapy. Vandetanib was
started between 1 and 27 years after the diagnosis. Patient 4, who had the
longest disease duration, received sorafenib for 8 months, 2 years before
starting vandetanib, until progression was demonstrated. In all patients,

the starting dose of vandetanib was 300 mg/day; however, due to side
effects, the dose was reduced to 200 mg/day in 3 of 5 patients. The
biochemical response (levels of calcitonin and carcinoembryonic antigen)
was irregular and showed no correlation with the structural response.

Table 2. Treatment
Time from dx | Time from
Imitial local /| Mo, Sx prior | M prior to TKI Progression | TKI final dose
Patient Radioiherapy IAE Io THIstan | progression o ,
regional Sx to THI THI indication (years) TK start (wks) rate (whs) (mg/day)
1 Yo 4 Mo Mo Mo HP 16 12 200
MP with
SVC
M |
2 Yes 2 {;ﬁitg:] No N | compressio| 13 24 60 200
n, HP, and
RE hesion
3 Yes i Mo Yes (Iver) Mo HP 8 4l 16 200
4 es Fi TL spine (3000 Yes (liver) HP ] 20 52 300
tGy)
: No No Mo PP and 16
2 None LNP i 20 300
Abbreviations. Sx: surgery, Mx: metastasectomy, TKI: tyrosine kinase inhibtor, LAE: intra-arterial embolization, dx: diagnosis, wks. weeks, cGy. centigray, HP. hepatic
progression, MP. mediastinal progression, SVIC: superior vena cava, RE: right breast, TL: thoracolumbar, PP pulmonary progression, LNP: lymph node progression
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The mean treatment duration with vandetanib was 16.5 months (6 to 27
months). Patient 2 had the longest follow-up (27 months) and presented
stable disease at the time of data collection for the present study, although
it should be noted that the size of the lesions increased by 14% at month
24 compared with baseline. A total of 3 patients presented stable disease,

1 patient had partial response, and 1 had progression of liver lesions 12
months after beginning treatment. Table 3 shows the tumor response by
patient. Figure 1 shows the abdominal MRI of Patient 1, showing stable
response at month 12 at the hepatic level. Figure 2 shows partial response
at month 24 in Patient 5.

Table 3:Tumor response with vandetanib (RECIST 1.1)
Month 3 Month 6 Month 12 Month 18 Month 24 Best tumor
Patient response response response response response response
1 Stable Stable Stable Stable Stable Stable
Stable
2 Stable Stable Stable Stable 14% growth
Stable Stable
Stable decrease Progression Decrease 18%
18% until month 12
4 Stable Stable Stable Stable Stable
Partial
decrease
5 30% Partial Partial Stable Partial
Baseline Month 3 Month 6 Month 12

Figure 1 Abdominal T1-weighted gadolinium-enhanced MR image in chronological order A. Hepatic metastases left lobe. B. Hepatic
metastases right lobe. C. Conglomerate nodal metastatic gastrohepatic ligament (red circle). Response stable (RECIST 1.1)
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Figure 2. Axial thorax CT with contrast upper lobes. Masses and nodules with soft tissue density
and metastasis are identified, with a partial response (RECIST 1.1) comparatively between
baseline and month 12, the partial response is maintained until month 24, a decrease in the

number and size of lesions is observed.

The most frequent AEs, mean time for emergence of AEs after TKI start,
and mean duration of symptoms are shown in Table 4. Most AEs were
grade 1 or 2. The most frequent AEs observed in the first 8 weeks post-
TKI were diarrhea (2 patients), creatinine elevation (2 patients), and TSH
elevation (4 patients). The most frequent dermatological symptoms were
acne (patient 1), hand-and-foot syndrome and rash (patient 2), and
photosensitivity (patients 3 and 4). Figure 3 shows the photosensitivity
reaction presented by patient 3. The patients with dermatological AEs

received topical management recommended by a dermatologist. Grade 3
or 4 AEs included diarrhea (1 patient), hypertension (1 patient), and rash
(1 patient). Patient 3 presented grade 3 diarrhea (10 to 15 episodes daily),
which started 4 weeks post-TKI and resolved after a decrease in
vandetanib dose. Patient 2 presented grade 3 hypertension at 2 weeks
post-TKI, which was controlled with antihypertensive drugs and a
reduction in TKI dose.

Table 4: Adverse events
Mean (wks) from Mean duration

AE Frequency all grades | Grade 3/4 TKI startt (wks)?
Diarrhea 2/5 (40%) 1/5 (20%) 6 10
Hypertension 2/5 (40%) 1/5 (20%) 10 20
Photosensitivity 2/5 (40%) 0/5 42 16
Rash 1/5 (20%) 1/5 (20%) 8 32
Acne 1/5 (20%) 0/5 8 8
Hand-and-foot syndrome 1/5 (20%) 0/5 2 40
Headache 1/5 (20%) 0/5 8 24
Elevation transaminases 1/5 (20%) 0/5 8 28
Elevation creatinine 2/5 (40%) 0/5 2 22
Hypermagnesemia 1/5 (20%) 0/5 16 8
Hypercalcemia 1/5 (20%) 0/5 2 6
Hyperkalemia 1/5 (20%) 0/5 52 16
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Increase in TSH 4/5 (80%)

0/5 2 28

Prolonged QTc 1/5 (20%)

0/5 24 12

Abbreviations: AE: adverse event, wks: weeks, TKI: tyrosine kinase inhibitor.
1 Mean (in weeks) presentation of the AE after TKI start.
2 Mean duration of AE.

Figure 3. Patient 2 photosensitivity reaction with vandetanib

Discussion

Advanced MTC comprises locally aggressive disease that is not
susceptible to surgical resection along with metastatic disease [2,11].
Locoregional involvement is associated with a decrease in 5-year
recurrence-free survival, rates of 75% with localized thyroid
disease versus 66% with regional involvement [12] and decreased overall
survival with an increase in the number of lymph nodes involved; the rates
of overall survival according to the number of lymph nodes involved (in
parentheses) are 76% (1-5), 74% (6-10), 61% (11-15), and 69% (>
16) [13]. All our patients had regional lymph node involvement, which
was evident at diagnosis in three patients.

Metastatic disease can be detected at diagnosis in 4-17% of the patients
and during follow-up in 18-38% of them. The metastases usually affect
the liver (67-69%), lung (54-60%), and bone (34-51.1%) and less
frequently the brain, breast, and soft tissues [2]. The most frequent
metastatic sites in our patients were the lungs in 5 patients and liver in 4
patients, and in all except one patient (patient 5), the metastases were
detected during follow-up. In contrast to higher rates of bone metastases
described in the literature, only one patient in our study presented bone
involvement. One patient had metastases to the breast, which are rare, as
mentioned above. Metastatic disease can be asymptomatic or may present
with symptoms related to local involvement or increased hormonal
production (diarrhea, flushing, and less frequently, ACTH-dependent
Cushing’s syndrome) [2]. Two patients in this case series presented
calcitonin-associated diarrhea and did not respond to management with
TKI.
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The objectives of treatment in locally aggressive MTC are pain control,
prevention of upper airway involvement, maintenance of phonation and
swallowing, and preservation of parathyroid function and shoulder
mobility [1]. In these cases, the decision to perform a surgical procedure
must be based on the impact of the disease on vital structures (airway
and/or digestive tract), with the objective of preserving the functionality
of these organs and reducing complications [1,14]. This was the case in
Patient 1, who had a mediastinal mass resected due to compression of
cranial nerves IX and X, and in Patient 2, in whom there was a risk of
vascular compression.

Pulmonary metastases are often micronodular and multiple [1,2]. None of
our patients received local therapy due to metastatic pulmonary
involvement. Hepatic metastases are generally multiple; thus, surgery is
not feasible in most cases. In Patient 3, metastasectomy was performed
taking into account a very localized metastatic disease, but the patient
developed progression 1 year after the procedure. Local therapies such as
ablation, transarterial embolization or chemoembolization, may be useful
in selected cases [1],as in Patient 4, who underwent intra-arterial
embolization to decrease the secretory burden of the tumor and achieved
disease control for 4 years. Among bone metastases, the most frequent
ones are to the spine (92%), pelvis (69%), and ribs (53%) [15]. Bone
metastases may be managed with surgery, radiofrequency ablation, or
radiotherapy [2]. Antiresorptive agents, like bisphosphonates or
denosumab, improve pain and have an impact on decreasing the
emergence of related skeletal events [15]. Radiotherapy of the neck
and/or mediastinum allows for local control of the tumor in cases with a
high probability of recurrence or when surgical excision cannot be
performed or is incomplete, improving relapse-free survival but with no
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impact on overall survival [1,16]. Patient 2 received mediastinal
radiotherapy due to a risk of compression of vital structures 5 years after
initial mediastinal resection and had an adequate response for 5 years,
when TKI was then recommended.

Systemic therapy such as TKIs or chemotherapy, has a positive impact on
progression-free survival (PFS) in patients with MTC and has been
associated with partial response or stable disease. This type of therapy
should be considered in case of progression and high tumor
burden [11,17], butis not recommended in patients with detectable
calcitonin without imaging-confirmed metastasis, non-measurable
disease (less than 1 cm), or in cases of stable or slow-progressive
disease [2,17].

TKIs are used in advanced MTC considering the association of the disease
with germline and somatic activating mutations of the RET gene and
overexpression of vascular endothelial growth factor receptor (VEGFR)
1-2-3, vascular endothelial growth factor (VEGF)-A, fibroblast growth
factor receptor 4 (FGFR-4), platelet-derived growth factor receptor
(PDGFR), epidermal growth factor receptor (EGFR), and hepatocyte
growth factor (HGF) [18]. While TKIs may decrease calcitonin levels, the
decrease not always correlate with a reduction in tumor size. In our
patients, the biochemical response was irregular despite an adequate
structural response. Currently, the only TKIs that have demonstrated
longer PFS and reduction in pain and in symptoms of increased hormonal
secretion in randomized, placebo-controlled clinical trials and which are
approved by the FDA for treatment of advanced MTC are vandetanib
(2011) and cabozantinib (2012) [1]. Vandetanib is a multikinase inhibitor
with effects on RET, VEGFR-2, VEGFR-3, and EGFR [18,19]. The
effectiveness and safety of vandetanib have been demonstrated in two
phase 2 studies of hereditary MTC [20,21]. Robinson et al. [20] reported
partial response in 16% and stable disease in 53% of their patients for 24
weeks using a vandetanib dose of 100 mg/day. Wells et al. [21], using a
vandetanib dose of 300 mg/day in 30 patients with advanced MTC,
reported partial response (PR) in 20% and stable disease (SD) in 53% of
the cases, with a median PFS of 27.9 months (95% confidence interval
[CI] 19.4-not reached). The ZETA study [22] was a phase 3, multicenter,
randomized, double-blind, placebo-controlled, cross-over trial of
vandetanib 300 mg/day in 331 patients with hereditary and sporadic
advanced MTC with stable or progressive disease. The PFS was
statistically significant (hazard ratio [HR] 0.46; 95% CI 0.31-0.69; p <
0.0 1) and was estimated at 30.5 months compared with 19.3 months with
placebo. Partial response was 44% with vandetanib, and the mean
duration of response was 22 months. Ramos et al. [23], analyzed the
response to vandetanib in 21 patients with use over 48 months (long-
term), finding a complete response 3/21 (14.3%), PR in 15/21 (71.4%),
SD in 3/21 (14%) and mean PFS of 73.2% months. Kim et al. [24], in a
recent cohort study of 12 patients with advanced MTC, found five (42%)
and seven (58%) patients with PR and SD, respectively. The estimated of
DCR was 83%.

The indication for vandetanib treatment in our patients was disease
progression, and the medication obtained DCR in 4 of our 5 patients, 1
patient with partial response and 3 with stable disease. One patient
developed progression after 12 months of stable response. In subgroup
analyses, response with vandetanib has been demonstrated regardless of
the presence of RET mutation, metastasis location, or baseline tumor
burden. A post hoc analysis of the ZETA study in patients with
progression and  symptoms, 127  patients treated  with
vandetanib versus 57 treated with placebo, reported a median PFS of
21.43 months (HR 0.43; 95% CI, 0.28-0.64; p < 0.0001) and objective
response of 43.7% [25]. No statistically significant differences were
found in the subgroup of progression without symptoms. The mean
treatment duration in our patients was 16.5 months (6 to 27 months),
which was lower than the corresponding mean duration in the ZETA trial
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(22 months), although in the ZETA trial, treatment extended until disease
progression or study withdrawal. The longest follow-up duration was in
patient 2 (27 months), who had stable disease at the moment of data
collection for the present study.

In the ZETA trial, the most common AEs were diarrhea (56%), rash
(45%), nausea (33%), hypertension (32%), headache (26%), and fatigue
(24%). A QT interval prolongation of 35 ms compared with baseline was
observed in 90% of the participants, while a prolongation of 60 ms was
observed in 36% of them [22]. In our study, one of the patients presented
grade 1 QT prolongation, with a maximum increase of 44 ms and
normalization after reduction of the vandetanib dose to 200 mg/day.

The most common causes of grade 3 or greater toxicity were diarrhea
(11%), hypertension (9%), and QT prolongation (8%) [22]. Grade 3 AEs
in our series occurred in 3 patients (diarrhea, hypertension, and rash).

While the recommended dose of vandetanib is 300 mg/day, 3 of our
patients required a dose reduction to 200 mg/day due to side effects,
which did not affect their treatment response. Data are limited in terms of
the efficacy of vandetanib 100 mg [20]. A phase 4 study is underway
comparing vandetanib 150 mg versus 300 mg in patients with advanced
progressive or symptomatic MTC [26].

Cabozantinib inhibits c-MET, VEGFR-2, RET, AXL, FLT-3, and Tie-2,
and its effectiveness in MTC was demonstrated in the EXAM study
[27],a multicenter, randomized, placebo-controlled phase 3 trial of
cabozantinib 140 mg day that included 330 patients with advanced
progressive MTC (previous 14 months). The median PFS with
cabozantinib was 11.2 months compared with 4 months in the placebo
group (HR 0.28; 95% CI 0.19-0.4; p < 0.0001). Partial response was
28%, and the estimated response duration was 14.6 months. The most
frequent causes of grade 3 or greater toxicity were diarrhea (16%),
palmoplantar erythrodysesthesia (12.6%), and fatigue (9.3%). Other AEs
were hypertension, bleeding, fistula formation, and gastrointestinal
perforation. This medication is not approved in Colombia to MTC.

The EXAM trial [27] (cabozantinib) included only patients with
progressive MTC, as opposed to the ZETA trial (vandetanib), which
included patients with progressive and stable disease. This could explain
why PFS was greater in the ZETA trial compared with the EXAM ftrial.
None of these studies demonstrated impact of both these TKIs on overall
survival; this was possibly related to the slow progression of advanced
MTC, which hindered the evaluation of overall survival in the described
studies. There are no studies directly comparing cabozantinib with
vandetanib, in a real world study of forty-eight patients of which 25
patients received vandetanib as first-line treatment. The PR, SD>24
weeks and PD in patients taking vandetanib was 26%, 34% and 21%
respectively compared to the PR, SD >24 weeks and PD in patients
taking cabozantinib of 22%, 13% and 35% respectively. Median PFS
from vandetanib was 17 months and cabozantinib was 4 months. The
lower response rates of cabozantinib treated patients is likely due that was
mainly used as a second-line treatment after PD on vandetanib. Both TKIs
demonstrted similar efficacy in second-line setting (PR around 30% of
patients) [28].

Phase 2 studies have found a positive impact of sunitinib 27 and
sorafenib 28 in patients with MTC who progressed with vandetanib or
cabozantinib, demonstrating rates of partial response of 38% and stable
disease of 35% with sunitinib. With sorafenib, rates of partial response
have been described at 6.3% and stable disease at 87.5%. Phase 2 studies
have also used lenvatinib [29][30] and everolimus [31], but none of these
medications has yet been approved for treatment of MTC.
Chemotherapeutic agents like dacarbazine, 5-fluorouracil, cisplatin, and
doxorubicin, either alone or in combination, have demonstrated partial
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response or stable disease rates ranging from 10-20%, with a short
duration of effect [17,32].

Conclusions

The management of advanced progressive MTC with vandetanib allows
for prolonged disease control (stable disease or partial response). While
mild AEs are frequent, severe cases resolved without complications after
dose adjustment.
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