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Background: The tyrosine kinase inhibitors (TKI) vandetanib and cabozantinib are
approved as targeted therapies in advanced medullary thyroid carcinoma (MTC) with
symptoms or high tumour burden. Only recently, toxicity in long-time TKI usage was
analysed. However, little is known about the impact of TKI discontinuation on MTC
disease course after longer-term therapy. Here, we report our experience in a series of 7
MTC patients with vandetanib treatment of up to 87 months followed by discontinuation
for concerns of toxicity or due to side-effects. The discontinuation of TKI therapy is a
relevant clinical scenario. To our knowledge we present the largest single center series on
an important aspect of TKI management.

Methods: Retrospective analysis of MTC patients with continued discontinuation of
vandetanib treatment in a tertiary referral endocrine tumour centre. Analysis included a
review of patients’ records for TKI indication, and treatment response as well indications
for continued TKI discontinuation and follow-up by clinical assessment, calcitonin and
CEA doubling times as well as imaging (ultrasound, CT).

Results: Seven MTC patients [6 sporadic MTC, 1 Multiple Endocrine Neplasie Type 2a
(MEN2a)] with previous vandetanib treatment (median: 41 months; range 7-87 months)
and continued TKI discontinuation were identified out of 161 analysed MTC files. TKI
treatment was initiated due to high tumour burden and symptoms or RECIST (Response
Evaluation Criteria In Solid Tumors) progression in all patients. Two patients (29%)
remained stable after discontinuation of vandetanib until now (follow-up of 47 and 61
months). Both patients had been on TKI therapy for 73 and 58 months. Five patients
(71%) developed progressive disease after TKI discontinuation. In 2 patients, vandetanib
was restarted after 45 and 52 months resulting again in disease control. One patient was
enrolled in a new RET kinase inhibitor trial after 45 months of vandetanib discontinuation.
Two patients declined restart of treatment due to mental health issues leading to
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discontinuation of vandetanib in the first place (after 7 and 38 months of treatment) and
both patients died of rapidly progressive disease. At time points of tumour progression,
calcitonin-doubling time (CDT) was < 2 years in all patients.

Conclusion: This case series suggests that discontinuation of long-term vandetanib
treatment with documented stable disease does not automatically result in rapid disease
progression but may be followed by prolonged “TKI free” stable disease in individual
patients. Analysis of calcitonin and CDT during discontinuation is indicated as it will
unmask tumour progression earlier than imaging. Restart with the same TKl is possible in

case of progression.

Keywords: medullary thyroid carcinoma, multiple endocrine neoplasia type 2a, tyrosine kinase inhibitor therapy,
therapy discontinuation, calcitonin doubling time

INTRODUCTION

Medullary thyroid cancer (MTC) arises from parafollicular cells
of the thyroid gland and is a rare neuroendocrine tumour (1-3).
MTC occurs sporadically in about 75% and is inherited as part of
the Multiple Endocrine Neoplasia Type 2 (MEN2) syndrome in
25% of cases (4). Both conditions are associated with genetic
alterations in the rearranged during transfection (RET) proto-
oncogen, with somatic RET mutations found in sporadic MTC
and germline RET mutations leading to MEN2 (5-10).

Calcitonin functions as a diagnostical tool and marker of
tumour burden. In addition calcitonin (CDT) as well as CEA
doubling times (CEA-DT) have been established as important
prognostic markers for MTC disease course and together with
imaging are used to assess the biological course in case of
metastasised MTC (2, 11, 12).

In Germany, two drugs, vandetanib and cabozantinib, have been
approved for targeted therapy in advanced MTC in 2012 and 2014,
respectively based on randomised phase III trials (13, 14). Since
advanced MTC can remain stable and free of symptoms over a long
period of time, treatment indication should be thoroughly evaluated
versus the concept of “wait and see”. Treatment indication has been
licensed for aggressive (high tumour burden and/or high tumour
dynamics with RECIST progression (>20%) within 6-12 months)
and symptomatic medullary thyroid cancer (MTC) in patients with
unresectable locally advanced or metastatic disease and it is
recommend to continue treatment as long as response and
patient benefit is present (15-17).

Only recently, Ramos et al. (18) reported an ensuring safety
profile of long-term TKI therapy including 76 vandetanib treated
MTC patients (overall median treatment duration was 17.6 (range:
0.7-130.6) months; 21/76 (27.6%) patients received vandetanib for
more than 48 months (classified as long-term user) with a median
treatment duration of 68.1 (range: 49.1-130.6) months) (18).
However, some patients question continued TKI treatment over
many years or may require treatment discontinuation due to severe
side effects. In these situations, little is known about the natural
course of disease. Here we report the outcome in a retrospective
analysis of MTC patients at our centre with vandetanib
discontinuation because of long-term usage, severe side-effects or
patient’s refusal to continue treatment.

MATERIAL AND METHODS

Patients included in this retrospective analysis were six sporadic
and one hereditary MTC patients of our department with
documented TKI treatment discontinuation after vandetanib
therapy either as part of a clinical trial or after vandetanib
approval (Tables 1, 3). In total, 161 MTC patient records were
analysed. Pathologic confirmation of MTC had been obtained in
all cases. RET mutation analysis was performed retrospectively in
the sporadic cases by using next-generation sequencing but were
not provided in all cases due to consistency of the tumour
sample. Patients’ files were reviewed for primary TKI
treatment indication and TKI response. Pretreatment and
follow-up staging under vandetanib included computed
tomography (CT) of neck, chest, brain and abdomen, initially
at 3 months, later at 6-12months intervals. During TKI
discontinuation patients were followed up clinically, by
imaging (ultrasound, CT) and determination of calcitonin
levels. Calcitonin levels before TKI start, before TKI
discontinuation and at the indicated endpoints (progressive
disease (PD) or end of observation (04/2021) were documented.

Vandetanib was given orally at doses of 300 mg once daily
and 200 mg daily. Patient characteristics and treatment courses
are shown in Tables 1, 3. A summary of gender, age at diagnosis,
mutation analysis and initial tumour burden is shown in Table 2.

RESULTS

In all seven patients vandetanib treatment had been initiated for
progression of MTC according to RECIST (six patients with
inoperable locoregional disease and/or distant metastasis) or due
to high tumour burden with documented progression in the past
(patient 2).

Two patients presented with progressive disease, and TKI
therapy was restarted. Two patients paused therapy due to
individual patient’s will or side effects and did not restart
therapy. Two patients remained stable after pausation.

Patient 1 was diagnosed with sporadic MTC at the age of 41.
Initial therapy comprised thyroidectomy and neck dissection (no
detailed data available before 1990). TNM stage was pT3, pN2
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TABLE 1 | Course of disease in 6 patients with sporadic medullary thyroid carcinoma (sMTC) and in 1 patient with MEN2a.

Patient TKI Status at Tumour marker prior Calcitonin- Reason for Calcitonin /CEA TKl treat- Time of TKI pausation to pro- Calcitonin/CDT and CEA at
TKi-initiation to TKl-initiation Calcitonin Level before  TKIl-pausation/ after >3 months ment gression or end of observation progression or end of
[pg/ml] /CDT (years) CEA TKI-pausation CTCAE of pausation [months] in 04/2021 [months] observation (04/2021)
[ng/ml])/ CEA-DT [years]
1 Vandetanib PD (LN) 4850/ 0.83 1532/ 11,34 Therapy 3344 73 47 SD,
CEA: n/a CEA: 29,2/ n/a  duration CEA: 44,6 9650/3,78
max. 13575
CEA: 66/3,83
2 Vandetanib High tumour burden 19361/ 4,72 6523/ 7,35 Therapy 3951 58 61 SD,
with dynamics in the CEA: 1050/ 3,42 duration CEA: 134 9397/ 7,45
past, M (hep) CEA: 326
3 Vandetanib M (pul), 526/ 2,73 175/-0,52 Psychological 270 7 9 PD,
PD M (pul) CEA: 19.1/n/a CEA: 5,3/-0,33  stress, patient's  CEA: 5,1 877/0,3
request CEA: 21,9/0,25
Death 6 months after PD; 15
months (01/15) after TKI
discontinuation
4 Vandetanib PD (LN) 1923/1,94 276/ 22,4 Therapy 946 87 45 PD (pul, oss, LN),
CEA: 10,2 /n/a CEA: 12,2/ n/a  duration CEA: 18,3 4128/ 1,57
CEA: 39,6/2,54
restart TKI, now SD
5 Vandetanib PD (LN), 26,040/ 9,64 14806/2,45 Abscess (thigh) 15,820 12 52 PD,
M (pul, cer) CEA: 372,3/ 17,84 CEA: 121.1/ CTCAE Il CEA: 522 15751/ 17,26
-1,02 patient’s request CEA: 729/ 2,1
6 Vandetanib PD M (pul, oss, cer) 216/ 1,76 38,5/ 0,66 ECOG 188 38 5 PD,
CEA: 2,7/ 0,97 CEA <2 CEA<2 188/ 0,29
CEA: <2
Death 2 months after PD;
7 months after TKI
discontinuation
7. vandetanib  PD M (pul, oss) 5087/ n/a 61,7 Meningitis & 110 36 45 PD
CEA: 154/ n/a CEA: 11,4 myocarditis CEA: 9,9 9222/ 1,1
CEA: 87/0,8

Indication for TKI therapy with vandetanib. Calcitonin level at the beginning and before TKI discontinuation as well as 3 months after TKl pausation SD, stable disease; PD, progressive disease; n/a, data not available; pul, pulmonal; oss, bone;
LN, lymphonodual; cer, cerebral, CDT, calcitonin doubling time; CEA, carcinoembryonal antigen; CEA DT, CEA doubling time; CTCAE, common terminology criteria for adverse events; ECOG, Eastern Cooperative Oncology Group

performance status.
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TABLE 2 | Patient characteristics.

Patient Gender Age at diagnosis TNM pathology RET analysis

1 Female 4 pT3, pN2(14/27), cMO, G2, pLO, pVO, RO sMTC M918T (sporadic)

2 Male 38 pT2a pN1 (3/10) cM1(oss) sMTC no material available
3 Female 45 pT3 pN1b cMO sMTC no material available
4 Female 19 pT4 pN1b MO sMTC M918T (sporadic)

5 Female 43 pT3b pNx pMx R1 sMTC no material available
6 Female 56 pT2 pNO (0/29) sMTC no material available
7 Male 23 pT1m pN1b (17/36) pM1 (hep,oss) MEN2a L790F Germline

Age of diagnosis, gender, initial TNM-classification and molecular pathology. sMTC, sporadic medullary thyroid cancer; MEN2A, Multiple Endocrine Neoplasia Type 2A.

(14/27), ¢cMO, pLO, pVO, RO. The patient underwent
recervicotomy 2 and 5 years later. Eighteen years after MTC
diagnosis, DOTATOC-PET/CT showed SSTR-positive cervical
and axillary lymph node metastases. One year later, a single liver
metastasis was resected in toto. During this time calcitonin level
rose from 371 pg/ml to 1,133 pg/ml resulting in a CTD < 2 years.
New bone lesions were diagnosed in the following year and
zoledronate treatment was commenced. In 2011, 21 years after
initial MTC diagnosis, CDT was 10 months, CEA was rising
(47,2 ng/ml), and imaging showed progressive disease (bone,
lymph nodes). The patient was enrolled in the D4200C00088
trial (“A Randomized, International, Open-Label, Multi-Centre,
Phase III Study to Assess the Effect of a Patient Outreach
Program on the Percentage of Time Patients with Locally
Advanced or Metastatic Medullary Thyroid Cancer Experience
Grade 2 or Higher Adverse Events during the First 12 Months of
Treatment with Vandetanib.”) (19). The first staging three
months after start of vandetanib showed disease stabilisation
and the patient remained on TKI therapy for 73 months with
stable disease and manageable adverse events (diarrhoea CTCAE
3, Fatigue CTCAE 2). After this time vandetanib was
discontinued as an informed patient’s decision due to long-
term disease stabilisation. The patient was closely monitored at 3
months follow-up visits. No structural progression was detected
by imaging until now over 47 months, even though calcitonin
and CEA rose from 1,532 pg/ml to max 13,575 pg/ml (CDT 3,78
years) and 29,2 ng/ml to max 66,9 (CEA-DT 3,83 years),
respectively. The patient is asymptomatic. Molecular analysis
revealed a somatic M918T mutation in the tumour tissue.
Patient 2 was diagnosed with sporadic MTC at the age of 38. His
initial therapy consisted of thyroidectomy and lymphadenectomy
(TNM stage pT2, pN1 (3/10), cM1). Postoperatively, Calcitonin-
levels persisted at 7,486 pg/ml and CEA at 292 ng/ml. Aside from
multiple bone metastases (vertebrae and pelvis), liver metastases
were detected in subsequent scans, accompanied by rise in CT and
CEA levels. In 2010, 5,5 years after diagnosis, the patient suffered a
pathological bone fracture. Seven years after diagnosis and with
substantial tumour burden the patient was enrolled in the
D4200C00088 trial (calcitonin level of 19,361 pg/ml and CEA of
1,050 ng/ml at therapy start). Under vandetanib disease
stabilisation was documented on subsequent scans and seven
months after TKI start, local treatment of bone metastases by
chemoembolisation (cervical vertebrae 7) was performed. After
58 months on vandetanib with documented stable disease, the
decision was made to pause TKI therapy, analogously to patient 1

due to - at the time - lacking information on long-term toxicity in a
young patient. Follow-Up since then showed stable disease at 61
months after vandetanib discontinuation with constant calcitonin-
levels (last follow-up 04/2021: 9,397 pg/ml and CEA 326 ng/ml.
CDT 7,45 years). No RET-protooncogene mutation was detected in
exons 11,10,13-16 in the tumour tissue.

Patient 3 was diagnosed of sporadic MTC at 45-years of age.
She underwent total thyroidectomy and neck dissection. TNM
stage was pT3, pN1b, cM0. Calcitonin level remained elevated
(64 pg/ml) postoperatively. Within the next seven years, CDT
remained >2 yrs. and imaging did not show locoregioal or distant
disease. One and half year later, CT scanning showed pulmonary
and mediastinal lesions, which were histologically confirmed
MTC metastases. CDT was < 2 yrs. and due to tumour
dynamics, vandetanib therapy was initiated. Three months
later, partial response was documented. QTc prolongation
CTCAE grade 2 (480ms) was found under vandetanib
treatment. After seven months of TKI therapy, the patient
required discontinuation because of mental health issues.
Imaging after 3 and 6 months showed stable disease with an
increasing calcitonin of 270 pg/ml and 554pg/ml. Though restart
of vandetanib was strongly recommened at all visits, the patient
declined treatment. Nine months after TKI discontinuation,
imaging showed brain metastases. At this time point, the
patient again refused therapy and wished to discontinue
follow-up. She died six months later.

Patient 4 was 19 years old when sporadic MTC (pT4,
pN1b, M0) was diagnosed. Five months after thyroidectomy,
atypical lung resection was performed, along with
radical mediastinal lymphadenectomy. Three years after first
diagnosis neck dissection was performed leading to permanent
hypoparathyroidism. Seventy-four months after MTC diagnosis
the patient was enrolled in the ZETA (13) study (clin.gov.:
NCT00410761) due to locoregional progressive disease along
with increasing calcitonin (1,923 pg/ml, CDT < 2 years) and CEA
(10,2 ng/ml) levels. Stable disease was documented on imaging
under vandetanib therapy. After 87 months of TKI treatment, an
informed decision was made to pause therapy due to lack of
knowledge on long-time cytotoxicity. Four months after
vandetanib discontinuation calcitonin increased from
258 pg/ml to 1,643 pg/ml) and CEA rose from 12,7 ng/ml to
20,9 ng/ml. One year later, a new suspicious lesion was detected
on ultrasound in the right thyroid bed, with calcitonin at
1,122 pg/ml and CEA at 18,8 ng/ml. No changes were
documented at 15- and 21-months follow-up. Twenty-nine
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months after re-start of TKI

concern about
toxicity

AE

Re-start vandetanib, SD in latest scan 12

>2, but CEA-DT critical

(2.1 yrs)
<2

52 (PD)

12

High / yes

87

months after re-start of TKI
Dead 2 months after PD; 7
months after TKI pausation

Re-start declined

5 (PD)

AE

38

High / yes

54

Enroliment in clinical

45 (PD) <2
trial

AE

36

High / yes

31

Indication for TKI therapy with vandetanib. Tumour burden (high: progressive distant metastasis;, moderate: progressive locoregional metastasis), therapy duration, reason to discontinue therapy, therapy pause duration until progression
or end of observation in 04/2021 along with CDT and current status are shown. SD, stable disease; PD, progressive disease; CDT, calcitonin doubling time; CEA-DT, carcinoembrionic antigen doubling time; AE, Adverse event.

months on TKI discontinuation, cholecystectomy due to
symptomatic cholecystolithiasis was performed and biopsy of a
solitary liver lesion, documented for years as “haemangioma”
was performed, which in fact turned out to be a MTC metastasis.
Further follow-up imaging did not show progressive disease until
45 months when progressive disease with mediastinal lymph
nodes, hepatic and bone metastases was diagnosed. Calcitonin
levels had risen to 4,128 pg/ml (CDT < 2 years) and CEA to 39,6.
Vandetanib treatment was restarted along with bisphosphonate
therapy resulting in partial remission after 4 months. Regular
follow-until now (29 months) showed stable disease without
severe side effects. Retrospective analysis revealed a somatic RET
MO918T mutation in the tumour tissue.

Patient 5 was diagnosed with sporadic MTC at the age of 43
with initial calcitonin of 12,700 pg/ml and CEA of 286 ng/ml.
The patient underwent thyroidectomy, TNM stage was pT3,
pNx, cM1, R1. Postoperatively, calcitonin raised to 43,466 pg/ml
and recervicotomy was performed. Calcitonin dropped to 37,313
pg/ml. Imaging showed persistend locoregional and distant
pulmonal metastases. Due to significant tumour burden with
pulmonary metastases and residual local disease, the patient was
included in the ZETA trial (13) (clin.gov.: NCT00410761). Stable
disease was documented on imaging over 87 months under study
medication until imagery revealed progressive disease with bone
metastases and a new cerebella metastasis. Unblinding revealed
that the patient was in the placebo arm, and he was then crossed
over to the vandetanib treatment arm. Three months later
vandetanib dosage was reduced to 200 mg/d due to side effects
(acne CTCAE 3, hypacusis CTCAE 2 and stomatitis, CTCAE 2).
After 12 months of treatment and disease stabilisation the patient
required TKI discontinuation due to persisting side effects like
diarrhoea and abscess formation of the thigh and axilla with
consecutive lancing and antibiotic treatment (CTCAE 3). In the
following, radiotherapy was administered for bone metastases
(lumbar (total of 3 Gy) and thoracic (total of 30 Gy) vertebrae)
and stable disease was observed over 52 months (CDT > 2 years)
until lately imaging revealed morphological progression in the
patient along with critical CEA-DT of 2.1 years. An informed
consent was obtained to restart TKI therapy, with patient’s
preference for vandetanib over cabozantinib. Imaging after
three months showed partial response and stable disease after
six months until now (12 months, last follow-up: 04/2021).

In patient 6, MTC [pT2, pNO (0/29)] was incidentally
diagnosed after hemithyroidectomy for nodular thyroid
disease. Postoperative calcitonin after completion surgery was
5,2 pg/ml and remained stable until 44 months, when calcitonin
levels increased (23 pg/ml) and imaging by ultrasound and
DOTATOC-PET/CT revealed a new suspicious cervical lesion.
Surgery failed to identify tumour tissue. Within the next 20
months, calcitonin rose and CDT dropped to 1,63 years. At this
time imaging revealed pulmonary, bone and cerebral metastases.
Radiotherapy of the brain metastasis was initiated (total of 40
Gy) along with start of vandetanib therapy. Imaging 3 months
after TKI start showed partial remission, but due to side effects
TKI dose had to be reduced to 200mg/d. Calcitonin level
dropped below 2 pg/ml. Radiotherapy of spinal vertebrae was

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 718418


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Brandenburg et al.

TKI Discontinuation Pausation in MTC

performed (total of 39,6 Gy) after 7 months. After one year on
vandatenib treatment dysesthesias in all extremities occurred.
Neurological evaluation and imaging did not show
myeloncompression and symptoms resolved spontaneously.
Besides phototoxicity CTCAE 2, no further events were
documented. After 38 months, the patient requested
discontinuation of vandetanib therapy due to mental health
issues and impaired well-being (ECOG 2-3). Five months after
discontinuation, calcitonin level had increased to 188 pg/ml and
progression of pulmonary and bone metastases was documented.
The patient declined restart of TKI therapy and died two
months later.

Patient 7 is the index patient in a MEN2 family (L790F RET
germline mutation) and was diagnosed with MTC {pT1m, pN1b
(17/36), pM1 [hep (liver), oss (bone)]} at age 23. Postoperative
calcitonin was 1,918 pg/ml and increased to 3,164 pg/ml within 6
months. Nineteen months after diagnosis, locoregional
progression and new bone metastases were diagnosed and the
patient underwent neck dissection and radiotherapy. Due to
further progressive disease including new lung metastases. 31
months after MTC diagnosis, the patient was included in the
ZETA trial (13) (clin.gov.: NCT00410761) (43). Before vandetanib
therapy start, calcitonin was 5,087 pg/ml, and CEA was 154 g/ml.
Besides acne (CTCAE 2), TKI was well tolerated. Staging after
three months showed partially remission, and imaging at 6 and 12
months revealed stable disease. Vandetanib was continued after
the end of ZETA trial, bisphosphonate therapy was added, and
treatment continued until 36 months when the patient became
severely ill and required ICU treatment for meningitis with
seizures and myocarditis. The patient had full recovery and
MTC disease remained stable despite discontinuation of
vandetanib over 37 months and increased calcitonin
(7,663 pg/ml) and CEA (51,8 ng/ml). During this time, the
patient started a family. Forty-five months after TKI pause
progressive disease was documented with a new cerebellar lesion
(calcitonin 9,222 pg/ml (CDT 1,1), CEA 87 ng/ml). The patient
received stereotactic radiotherapy and was enrolled in the BMS-
CA 627-Study (NCT02832167) (20).

DISCUSSION

Though discontinuation of TKI treatment is not recommended
in MTC patients who benefit from treatment, our retrospective
analysis shows that cessation of long-term vandetanib therapy
with documented stable disease does not automatically result in
rapid disease progression but may in fact be followed by
prolonged “TKI free” stable disease in individual patients.

So far, recent follow-up studies have mainly addressed the
outcome of continuously long-term vandetanib treated MTC
patients. For example, out of 76 patients analysed by Ramos and
colleagues (18), 21 had been given vandetanib beyond 48 months
(defined “long-term”), and 3/21 in fact discontinued therapy (one
voluntary and two due to toxicity) however their outcome was not
reported. Interestingly, the authors described severe adverse events,
like cholecystitis, acute pancreatitis, nephrolithiasis, and posterior

encephalopathy, which had newly occurred after 48 months of
therapy. Therefore, discontinuation in long-term TKI patients is an
important topic.

Additionally, Valerio (21) and colleagues analysed a collective
of 24 out of 79 patients, who received vandetanib longer than 48
months and seven patients had to pause the treatment because of
a very severe AE (i.e. heart attack, stroke, orbital edema,
hypertension, weight loss, asthenia and creatinine increase) but
again the patient outcome was not reported, indicating the need
for real-world data on MTC course upon TKI discontinuation.

In our series vandetanib was stopped in patients 1,2 and 4 due
to patients’ concerns about toxicity vs. documented stable disease
under long-term TKI therapy (58-87 months, Table 3). Patient 1
and 2 remained stable until now (follow-up of 47 and 61 months,
CDT > 2 yrs). Patient 4 developed progressive disease after 45
months (CDT < 2 yrs.), but disease stabilisation was obtained
after re-start of vandetanib therapy.

In this context, initial TNM stage and tumour mass might play a
crucial role in the respective individual outcomes since type of
progression was different in the patients when they entered the trials
with indications of tumour burden (patients 1 and 2) or rather
locoregional progressive MTC (patient 4). Valerio et al. (21)
analysed their collective for predictors of a longer and durable
response upon vandetanib therapy. In their study early treatment
with vandetanib, when patients are younger (age < 45 years), with a
good ECOG performance status and symptomatic disease, not
necessarily progressing for RECIST, seemed to be the best predictors
of a longer and durable response (21). This could additionally
explain long-term stability upon vandetanib treatment in patients
1,2 and 4 in our study, which subsequently might affect endured
stability upon therapy discontinuation (and therapy reinduction in
patient 4).

Patients 3, 5 and 6 stopped vandetanib due to personal reasons
after 7, 12 and 38 months of therapy. Progressive disease occurred
within less than 9 months in 2 patients (3 and 6) who declined
further treatment and succumbed to disease. In the other patient
(patient 5) progression was documented only after 52 months and
restart of vandetanib resulted in stabilisation again. Vandetanib had
to be discontinued in patient 7 due to a life-threatening event and
this was followed by a period of 37 months of “drug holiday” with
stable disease until eventually progression occurred. In this
subgroup, CDT was < 2 in almost all patients (in patient 5 with
critical CEA-DT instead) before radiological progression.

Taken together, our case series could stimulate discussion on an
important aspect of TKI management. Cleary a limitation is the
small sample number and further confirmation in larger series is
desirable and will be highly clinically relevant. Importantly,
monitoring CDT/CEA-DT during TKI discontinuation is of
utmost importance and in the case of disease progression, TKI re-
start led in our patients to disease stabilisation. Whether RET
mutation status plays a role is unknown. This was not feasible in
our analysis but might be interesting.

Fortunately, RET kinase inhibitors have been approved
meanwhile and provide novel options in patients that require
change in targeted therapy for personal reasons or side effects but
the issues on effective treatment duration remain open (22, 23).

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 718418


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Brandenburg et al.

TKI Discontinuation Pausation in MTC

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee University Duisburg-Essen,
Medical Faculty, Robert-Koch-Str. 9-11, 4514 Essen. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements. Written informed consent was not

REFERENCES

. Williams ED. Histogenesis of Medullary Carcinoma of the Thyroid. J Clin
Pathol (1966) 19(2):114-8. doi: 10.1136/jcp.19.2.114
2. Wells SA, Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al. Revised American
Thyroid Association Guidelines for the Management of Medullary Thyroid
Carcinoma. Thyroid (2015) 25(6):567-610. doi: 10.1089/thy.2014.0335
3. Schlumberger M, Carlomagno F, Baudin E, Bidart JM, Santoro M. New
Therapeutic Approaches to Treat Medullary Thyroid Carcinoma. Nat Clin
Pract Endocrinol Metab (2008) 4:22-32. doi: 10.1038/ncpendmet0717
4. Kouvaraki MA, Shapiro SE, Perrier ND, Cote GJ, Gagel RF, Hoff AO, et al. RET
Proto-Oncogene: A Review and Update of Genotype-Phenotype Correlations in
Hereditary Medullary Thyroid Cancer and Associated Endocrine Tumors.
Thyroid (2005) 15:531-44. doi: 10.1089/thy.2005.15.531
5. Donis-keller H, Dou S, Chi D, Carlson KM, Toshima K, Lairmore TC, et al.
Mutations in the RET Proto-Oncogene Are Associated With MEN 2a and
FMTC. Hum Mol Genet (1993) 2(7):851-6. doi: 10.1093/hmg/2.7.851
6. Carlson KM, Dou S, Chi D, Scavarda N, Toshima K, Jackson CE, et al. Single
Missense Mutation in the Tyrosine Kinase Catalytic Domain of the RET
Protooncogene Is Associated With Multiple Endocrine Neoplasia Type 2B. Proc
Natl Acad Sci U S A (1994) 91(4):1579-83. doi: 10.1073/pnas.91.4.1579
7. Hofstra RMW, Landsvater RM, Ceccherini I, Stulp RP, Stelwagen T, Luo Y,
et al. A Mutation in the RET Proto-Oncogene Associated With Multiple
Endocrine Neoplasia Type 2B and Sporadic Medullary Thyroid Carcinoma.
Nature (1994) 367(6461):375-6. doi: 10.1038/367375a0
8. Mulligan LM, Kwok JBJ, Healey CS, Elsdon MJ, Eng C, Gardner E, et al. Germ-
Line Mutations of the RET Proto-Oncogene in Multiple Endocrine Neoplasia
Type 2A. Nature (1993) 363(6428):458-60. doi: 10.1038/363458a0
9. Eng C, Smith DP, Mulligan LM, Nagal MA, Healey CS, Ponder MA, et al. Point
Mutation Within the Tyrosine Kinase Domain of the RET Proto-Oncogene in
Multiple Endocrine Neoplasia Type 2B and Related Sporadic Tumours. Hum Mol
Genet (1994) 3(2):237-41. doi: 10.1093/hmg/3.2.237
10. Marsh DJ, Learoyd DL, Andrew SD, Krishnan L, Pojer R, Richardson AL, et al. Somatic
Mutations in the RET Proto-Oncogene in Sporadic Medullary Thyroid Carcinoma. Clin
Endocrinol (Oxf) (1996) 44(3):249-57. dok: 10.1046/j.1365-2265.1996.681503x
11. Machens A, Dralle H. Biomarker-Based Risk Stratification for Previously
Untreated Medullary Thyroid Cancer. J Clin Endocrinol Metab (2010) 95
(6):2655-63. doi: 10.1210/jc.2009-2368
12. Machens A, Schneyer U, Holzhausen H-J, Dralle H. Prospects of Remission in
Medullary Thyroid Carcinoma According to Basal Calcitonin Level. J Clin
Endocrinol Metab (2005) 90(4):2029-34. doi: 10.1210/jc.2004-1836
13. Wells SA, 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(2):134-41. doi: 10.1200/JCO.2011.35.5040
14. Elisei R, Schlumberger MJ, Miiller SP, Schoffski P, Brose MS, Shah MH, et al.
Cabozantinib in Progressive Medullary Thyroid Cancer. ] Clin Oncol (2013)
31(29):3639-46. doi: 10.1200/JCO.2012.48.4659

—

obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

TB organized and designed the table, wrote the manuscript, and was
involved in primary patient’s care. VT, PM, FW, and HD were
involved in primary patient’s care, data analysis and manuscript
correction. ST and KS provided reagents, performed, and analyzed
histology, discussed the data, and corrected the manuscript. DF
initiated the series, was involved in patient care, designed, and
corrected the manuscript. All authors contributed to the article and
approved the submitted version.

15. Schlumberger M, Bastholt L, Dralle H, Jarzab B, Pacini F, Smit JWA, et al. Fax +41
61 306 12 34 E-Mail Karger@Karger.Ch 2012 European Thyroid Association
Guidelines for Metastatic Medullary Thyroid Cancer The European Thyroid
Association Task Force Methods of Development of Evidence-Based Guidelines.
Eur Thyroid ] (2012) 1:5-14. doi: 10.1159/000336977

16. Caprelsa. European Medicines Agency. Available at: https://www.ema.europa.
eu/en/medicines/human/EPAR/caprelsa.

17. Cometriq. European Medicines Agency. Available at: https://www.ema.europa.
eu/en/medicines/human/EPAR/cometriq.

18. Ramos HE, Hecht F, Berdelou A, Borget I, Leboulleux S, Baudin E, et al. Long-
Term Follow-Up and Safety of Vandetanib for Advanced Medullary Thyroid
Cancer. Endocrine (2020) 71(2):434-42. doi: 10.1007/s12020-020-02426-x

19. Bastholt L, Kreissl MC, Fithrer D, Maia AL, Locati LD, Maciel L, et al. Effect of
an Outreach Programme on Vandetanib Safety in Medullary Thyroid Cancer.
Eur Thyroid ] (2016) 5(3):187-94. doi: 10.1159/000448919

20. An Open Label Investigational Immuno-Therapy Trial of Nivolumab in Cancers
That Are Advanced or Have Spread - Study Results - ClinicalTrials.Gov . Available
at: https://clinicaltrials.gov/ct2/show/results/NCT02832167.

21. Valerio L, Bottici V, Matrone A, Piaggi P, Viola D, Cappagli V, et al.
Medullary Thyroid Cancer Treated With Vandetanib: Predictors of a
Longer and Durable Response. Endocr Relat Cancer (2020) 27(2):97-110.
doi: 10.1530/ERC-19-0259

22. Hu M, Subbiah V, Wirth L], Schuler M, Mansfield AS, Brose MS, et al. 19130
Results From the Registrational Phase I/Il ARROW Trial of Pralsetinib (BLU-
667) in Patients (Pts) With Advanced RET Mutation-Positive Medullary
Thyroid Cancer (RET+ MTC). Ann Oncol (2020) 31:51084. doi: 10.1016/
j.annonc.2020.08.1401

23. Wirth LJ, Sherman E, Robinson B, Solomon B, Kang H, Lorch J, et al. Efficacy
of Selpercatinib in RET -Altered Thyroid Cancers. N Engl ] Med (2020) 383
(9):825-35. doi: 10.1056/nejmoa2005651

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Brandenburg, Tiedje, Muchalla, Theurer, Weber, Schmid, Dralle
and Fiihrer. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 718418


https://doi.org/10.1136/jcp.19.2.114
https://doi.org/10.1089/thy.2014.0335
https://doi.org/10.1038/ncpendmet0717
https://doi.org/10.1089/thy.2005.15.531
https://doi.org/10.1093/hmg/2.7.851
https://doi.org/10.1073/pnas.91.4.1579
https://doi.org/10.1038/367375a0
https://doi.org/10.1038/363458a0
https://doi.org/10.1093/hmg/3.2.237
https://doi.org/10.1046/j.1365-2265.1996.681503.x
https://doi.org/10.1210/jc.2009-2368
https://doi.org/10.1210/jc.2004-1836
https://doi.org/10.1200/JCO.2011.35.5040
https://doi.org/10.1200/JCO.2012.48.4659
https://doi.org/10.1159/000336977
https://www.ema.europa.eu/en/medicines/human/EPAR/caprelsa
https://www.ema.europa.eu/en/medicines/human/EPAR/caprelsa
https://www.ema.europa.eu/en/medicines/human/EPAR/cometriq
https://www.ema.europa.eu/en/medicines/human/EPAR/cometriq
https://doi.org/10.1007/s12020-020-02426-x
https://doi.org/10.1159/000448919
https://clinicaltrials.gov/ct2/show/results/NCT02832167
https://doi.org/10.1530/ERC-19-0259
https://doi.org/10.1016/j.annonc.2020.08.1401
https://doi.org/10.1016/j.annonc.2020.08.1401
https://doi.org/10.1056/nejmoa2005651
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Continued Discontinuation of TKI Treatment in Medullary Thyroid Carcinoma – Lessons From Individual Cases With Long-Term Follow-Up
	Introduction
	Material and Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


