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Targeted therapy with vemurafenib
in BRAF(V600E)-mutated anaplastic thyroid
cancer
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Abstract

Background Anaplastic thyroid cancer (ATC) is one of the most aggressive malignancies, representing less than 5%
of all thyroid carcinomas. The median survival is limited to months due to the resistance of ATC to surgery, radioio-
dine therapy, radiotherapy and chemotherapy. This review will cover novel agents involving several cellular signaling
pathways including the BRAF pathway. The BRAF inhibitor vemurafenib improves survival among patients with meta-
static melanoma, hairy-cell leukemia and intracranial neoplasms with BRAF gene mutations. The frequency of a BRAF
(V600E) mutation in ATC is about 25%.

Case presentation \We report the first case of a marked partial response to adjuvant first line monotherapy with
vemurafenib in BRAF V600E-mutated ATC. The 78-year-old man showed a sustained response for 7 months, thereafter
scans revealed progressive disease and the patient died 10 months after first diagnosis. This case report is accompa-
nied by a comprehensive review of current strategies and tools for ATC treatment.

Conclusions This case and the review of current data confirm the benefit of BRAF inhibition in BRAF-mutated ATC,

limited by acquired resistance to targeted therapy.

Keywords Anaplastic thyroid carcinoma, Vemurafenib, BRAF-inhibitor, Adjuvant targeted therapy, BRAF(V600E)-

mutation, Review

Background

Anaplastic thyroid cancer (ATC) is a highly virulent
malignant condition. Although it represents only 2-5%
of all thyroid tumors, it is responsible for up to 40% of
thyroid carcinoma-related deaths [1, 2]. ATC cells do
not retain any of the biological features of the original
follicular cells, such as uptake of iodine and synthesis
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of thyroglobulin, contributing to the poor prognosis of
this malignancy. ATC patients have a median survival of
3—6months and a 20% 1-year survival rate [2-8].

Nearly all patients with ATC present with a cervical
mass. However, regional or distant spread is apparent at
the time of initial diagnosis in 90% of cases [9, 10] The
lungs are the most common site of distant metasta-
ses (90%). Approximately 5-15% of patients have bone
metastases and 5% brain metastases [10]. All patients are
classified as TNM stage IV (A, B, or C) at presentation.
T-stadium was formerly classified as T4, regardless of
their size and overall tumor burden [2], but is staged like
other thyroid cancers since 2016 (UICC 8th edition) [3,
11,12].

Treatment of patients diagnosed with ATC is not well
standardized and for many years the feasible options
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included surgery, radiotherapy, chemotherapy. The
combination of these treatment modalities may maxi-
mize the clinical outcome, in terms of both local and
systemic disease control, but doesn’t improve survival
[11-14]. Surgery followed by chemoradiotherapy can sig-
nificantly prolong the survival of patients carrying small,
intrathyroidal tumors, but this kind of presentation is
very unusual for this cancer [15]. Although up to 80%
of the patients may initially respond to radiation, most
have local recurrences [16]. Doxorubicin +/— Cisplatin
is the most commonly used chemotherapy against ATC,
but results have been disappointing [17-20]. Paclitaxel
or docetaxel has shown some improvement in response
in regionally confined ATC but not in regards to survival
[21-23]. In patients with advanced disease, palliation of
symptoms is of high priority [24]. Consequently, there
is a critical need to develop novel systemic therapeutic
approaches.

Clinical trials of kinase inhibitors in anaplastic thyroid
cancer

As ATC at the molecular level is highly pleiotropic with
multiple mutations of oncogenes and tumor suppressor
genes, a large number of proteins involved in critical cel-
lular functions are over- or underexpressed [25]. There-
fore targeted agents might represent a viable therapeutic
option. Several targeted agents have been tried in ATC,
with some evidence of activity (Tables 1, 2).
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Tyrosine kinase inhibitors other than vemurafenib
Imatinib can specifically inhibit c-Kit, Bcr-Abl tyros-
ine kinases and platelet-derived growth factor (PDGF)
receptors, which are overexpressed in ATC. Ha
et al. [26] treated 8 patients with advanced ATC with
imatinib (400 mg bid); among them 2 obtained a partial
response (120 and 694 days respectively) and 4 stable
disease. The rate of 6-month progression-free survival
(PFS) was 36% and the rate of 6-month overall survival
was 45%.

Sorafenib is a tyrosine kinase inhibitor (TKI) of the
Raf-1 protein kinase receptor, vascular endothelial
growth factor receptor (VEGFR2,3) and PDGFp and
displays strong antiangiogenic activity. Savvides et al.
[27] assessed the activity of sorafenib in a phase II
study, in 20 patients with advanced ATC (400 mg bid).
Two of the 20 patients had a partial response (10 and
27 months respectively), and 5 had stable disease. The
6-month PFS was 15% and the 6-month survival was
30%.

Pazopanib is a potent inhibitor of c-Kit, VEGFR1,2,3
and PDGFRa/f, fibroblast growth factor receptor 1 and
3 (FGFR1,3), and demonstrates evidence of in vivo anti-
tumor activity in ATC [28] and enhances the cytotoxic
effects of paclitaxel in vitro and in vivo in preclinical
ATC models [43]. However, a phase II multicentre trial
assessing pazopanib in ATC patients was quite disap-
pointing revealing no responses. The treatment had to
be discontinued due to disease progression or severe

Table 1 Molecular targets of the kinase inhibitors and antibodies mentioned in text

TKI/Ab RET BRAF RAF-1 mTOR cMET c-Kit VEGFR1

VEGFR2 VEGFR3 PDGFRa PDGFRB EGFR MEK BCR/ABL NTRK

Axitinib X
Imatinib X X
Sorafenib X X

Sunitinib X X X
Pazopanib X X
Vandetanib  x

Erlotinib

Gefitinib

Dabrafenib x?

Vemurafenib X
Cobimetinib
Trametinib

Everolimus X

Cetuximab

Bevacizumab X
Lenvatinib X X X
Larotrectinib

X

>

xX X X

X

>
>

x X

TKI Tyrosine kinase inhibitor, Ab Antibody
2 Mutant BRAF(V600E)
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Table 2 Clinical studies with targeted therapies in patients with anaplastic thyroid cancer

Drug Patients CR PR SD Median Median 6mo-0S Author (Reference)
(n) n (%) n (%) n (%) PFS oS
(months) (months)

Imatinib 8 2 (25%) 4 (50%) 6 (36%) 45% Ha et al,, JCO, 2010 [26]
Phase Il

Sorafenib 20 2 (10%) 5(25%) 19 39 30% Sawvides et al., Thyroid,
2013 [27] Phase Il

Pazopanib 15 0 0 2.0 36 13% Bible et al,, JCEM 2012
[28] Phase Il

Everolimus 7 0 3(43%) 22 25 0% Lim et al,, Ann Oncol,
2013 [29] Phase I

Everolimus 7 0 0 43 Schneider et al. J Clin
Endocrinol Metab. 2017
[30] Phase Il

Everolimus 7 1 (14%) 1 (14%) 22 46 Hanna et al. Clin Cancer
Res. 2018 [31] Phase Il

Fosbretabulin 3 1 (33%) 0 Dowlati et al.,, Cancer Res,

(CA4P) CR>30mo 2002 [32] Phase |l

Fosbretabulin 26 0 7 (27%) 3(23%) 47 34% Mooney et al., JCO 2006
[33] Phase Il

Fosbretabulin/carbo- 80 20% 40% 33 52 26% (1y)  Sosa et al, Thyroid, 2014

platin/paclitaxel [34] Phase Il

Axitinib 2 1 (50%) Cohenetal, JCO 2014
[35] Phase Il

Gefitinib 1 1 (100%, >4 mo) Fury et al, Cancer Chem-
other Pharmacol 2007
[36] Phase |

Gefitinib 5 0 1 (20%, >12 mo) Pennell et al, Thyroid,
2008 [37] Phase |l

Larotrectinib 7 2 (29%) 1(14%) Cabanillas et al, Ann
Oncol 2020 [38] Phase |l

Sunitinib 4 0 1 (25%) 9.8 Ravaud et al. Eur J Cancer
2017 [39] Phase |l

Lenvatinib + Pem- 6 4 (66%) 1(16%) 16.5 185 83% Dierks et al. Thyroid 2021

brolizumab [31] retrospective data

Dab- 16 1 (6,2%) 10 (62%) 3(19%) 62% Subbiah et al. JCO 2018

rafenib 4+ Trametinib [40] Phase Il

Pembrolizumab (1 pat 13 16% ORR 1.9 44 38% (1y) Hatashima Thyroid 2022 [

Nivolumab) 41] Case series

Dab- 17,4 6.4 14.5 De la Fouchardiére Ann

rafenib 4+ Trametinib,
Vemurafenib

Endocrin 2022 [42] retro-
spective data

CR Complete response, PR Partial response, SD Stable disease, PFS Progression free survival, OS Overall survival, ORR Overall response rate, mo Months, y Year, CA4P

combretastatin A4 phosphate

toxicity [28]. The median PFS was 62days and the
median survival 111 days. McLarnon et al. also showed
that pazopanib alone is not effective against ATC [44].
Sunitinib is a multi-targeted inhibitor of VEGFR1,2,3,
PDGFRa/p and RET. Preclinical studies showed little or
no effect on the growth or differentiation of ATC cells
[45]. However, Grande et al. reported an anecdotal expe-
rience of sunitinib in ATC, where the treatment induced
an almost complete regression of the neck tumor mass
despite having no impact on distant metastases [46]. The
patient died as a result of a massive upper gastrointestinal

bleeding 5months after the start of sunitinib and while
the patient was still on treatment [46]. A long-term sur-
vival with sunitinib (>12months) in an ATC patient has
additionally been reported by Koussis et al. [47]. Finally,
Schoenfeld et al. [48] reported on prolonged survival
(> 18 months) and complete response in a patient with
significant residual ATC in the neck following surgery,
who was treated with chemoradiation with docetaxel
along with concurrent and maintenance sunitinib. One
clinical trial with sunitinib [39] reported a stable disease
in one out of four patients with ATC.
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Crizontinib is an anaplastic lymphoma kinase (ALK)-
specific inhibitor. ALK is an oncogene, a member of the
insulin receptor subfamily of receptor tyrosine kinases
[49]. ALK-rearrangement has been recently described by
Hamatani et al. [50] in 10 of 19 patients (atomic bomb
survivors) with radiation exposed papillary thyroid carci-
noma, with no detectable gene alterations in BRAF, RET,
NTRKI, or RAS. A 71-year-old patient with ALK-rear-
ranged ATC and no history of exposure to ionizing radia-
tion demonstrated an excellent partial response (90%) to
crizotinib (250 mg bid) for at least 6 months.

Everolimus is an allosteric inhibitor of the mammalian
target of rapamycin (mTOR), the main kinase among the
PI3K downstream effectors. It selectively suppresses the
proliferation of ATC cells in preclinical setting [51]. In a
phase II study in locally advanced or metastatic thyroid
cancer of all histologic subtypes, everolimus achieved
SD in five out of six patients, and marked tumor shrink-
age in one of them. The latter patient had a near-com-
plete response that lasted for 18 months. Whole-exome
tumor sequencing in this patient revealed a somatic
nonsense mutation (Q1178*) in the tumor-suppressor
gene TSC2 that inactivates the gene, allowing for activa-
tion of the mTOR pathway [52]. Once resistance emerged
in this patient, the mechanism of acquired resistance to
everolimus was identified as a mutation in mTOR that
prevented everolimus from binding to mTOR [52]. Inac-
tivating mutations in the tumor-suppressor genes TSC1,
TSC2, and STK11 are described as targets of TOR inhibi-
tors in hamartoma syndromes [53] and in urothelial car-
cinoma [54].

Larotrectinib is a selective inhibitor of 3-tropomysin
receptor kinase protein (TRK). It is approved by FDA and
EMA for various cancers harboring a TRK fusion. 7 ATC
patients with a NTRK fusion were treated, the overall
response rate was 29% [38].

Anti-angiogenic drugs

Fosbretabulin (formerly combretastatin A4 phosphate,
CA4P) is a novel vascular-disrupting agent that targets
existing tumor neovasculature, and causes an acute
reduction in tumor blood flow and has antitumor activ-
ity against ATC cell lines [55]. One patient with ATC
who received fosbretabulin monotherapy in a phase I
study with advanced solid tumors experienced a dura-
ble complete response (>30 months) however, the drug
was found to be associated with significant cardiovas-
cular side effects [32]. In a phase II study of fosbretabu-
lin in 26 patients with ATC no patient experienced an
objective response; the best response to treatment was
stable disease in 7 patients, however median survival
was about 5months with 34 and 23% alive at 6 and
12 months, respectively [56]. In a study of fosbretabulin
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in combination with carboplatin/paclitaxel, one patient
experienced a partial response and a second experi-
enced stable disease for more than 4 months [57]. In a
randomized study testing this combination therapy in
80 patients with ATC (carboplatin/paclitaxel (CP) ver-
sus CP/ fosbretabulin) median overall survival (OS) was
5.2months for the CP/fosbretabulin arm and 4 months
for the CP arm (p=0.22). One-year survival for CP/
fosbretabulin was 26% versus 9% for CP. There was no
significant difference in PFS between the two arms [34].

Axitinib is a potent and selective inhibitor of VEGFRs
(1, 2 and 3) [58, 59]. A phase II clinical trial was con-
ducted in 60 patients with various types of advanced
thyroid cancer (two with ATC), with an objective
response in one of the two patients [35, 60]. Responses
were noted in all histological subtypes.

Anti-epidermal growth factor receptor (EGFR) drugs

EGFR is a transmembrane receptor tyrosine kinase
which is overexpressed in ATC cell lines [61]. The activ-
ity of EGFR-inhibitors is tested mainly in preclinical
trials [62]. Gefitinib is an EGFR inhibitor that blocks
EGFR-mediated downstream signal transduction. In a
phase I trial of Gefitinib in 18 patients with advanced
solid tumors the only patient with ATC experienced a
significant partial response for approximately 4 months
before coming off study due to pulmonary embolism
[36]. Because of the preclinical data, an open-label
phase II study was initiated to examine the effective-
ness of gefitinib in a mixed cohort of thyroid cancer
patients [37]. Although there were no complete or par-
tial responses in the 25 patients evaluated, one patient
with ATC had stable disease beyond 12months of
therapy.

Erlotinib is an EGEFR tyrosine kinase inhibitor with
recently reported in vitro and in vivo antiproliferative
effects in ATC [63, 64]. Several individual patients with
partial response to erlotinib are reported [25, 65, 66].
A 65-year-old patient with EGFR-mutated ATC showed
marked clinical response to erlotinib and remained
progression free for more than 6 months [66].

Cetuximab is a human-murine chimeric monoclonal
antibody against EGFR. In preclinical trials, Kim et al.
[67] observed that combination therapy with cetuxi-
mab/irinotecan inhibits the growth and progression of
orthotopic ATC xenografts in nude mice. A 61-year-
old patient with EGFR-mutated ATC showed partial
response to cetuximab in combination with intensity
modulated radiation therapy. Her response lasted for
12 months; after local progression she received erlo-
tinib and died of locoregional complications after
3 months [25].



Lang et al. Thyroid Research (2023) 16:5

Case presentation
A 78-yr-old man presented in March 2014 with a 5-week
history of an enlarged neck mass, neck pain and B symp-
toms. A mass at the left thyroid lobe and unilateral
cervical lymphadenopathy were detected on physical
examination and by cervical ultrasound. The fine needle
aspiration biopsy showed a low differentiated pleomor-
phic carcinoma with a proliferation rate (Ki-67 index) of
75%. Neck ultrasound (US, Fig. 1), magnetic resonance
imaging (MRI) and computed tomography (CT) con-
firmed the cervical mass on the left side with no clear
demarcation from the thyroid gland and the sterno-
cleidomastoid muscle, due to a large, partially hemor-
rhagic lymph node. The mass surrounded the left internal
carotid artery and compressed the left internal jugular
vein. Additionally disseminated intrapulmonary nodules
were detected. For tumor debulking, thyroidectomy and
resection of the left internal jugular vein were performed.
Intraoperatively a locally advanced tumor with infiltra-
tion of the trachea was detected. In order to save the tra-
chea, a R2 resection without further resection of lymph
nodes was performed. Histology (Fig. 2) showed an ana-
plastic thyroid carcinoma (TNM: pT4b Nx M1; V1; stage
IVc) and components of a papillary thyroid carcinoma
with a positive BRAF-mutation (c.1799T > A; p.V600E).
Postoperatively no recurrent laryngeal nerve paralysis or
hypoparathyroidism was detected. A postoperative CT-
scan, 20days after surgery, showed a rapid and marked
progression of the pulmonary metastases as well as the
locoregional, cervical, hilar and mediastinal lymph nodes.
In May 2014, we initiated a first line adjuvant therapy
with the oral BRAF inhibitor vemurafenib (960 mg bid).
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The condition of the patient improved rapidly, and he
was discharged on day 7 after starting vemurafenib. A
CT-scan on day 36 showed a significant partial remis-
sion of the cervical residual tumor, the lymphatic and
pulmonary metastases (Fig. 3). Within 5months, follow-
up scans showed an almost complete regression of the
pulmonary and lymph node metastases and consistent
regression of the residual tumor in the neck. A single
pulmonary nodule in segment 6 of the left lung showed
a continuous progression (from initially 1.1 cm to 4.3 cm).
During treatment the patient developed a xerosis cutis,
an itchy eczema, and sporadic papulopustular lesions,
treated with a consistent skin moisturizing regimen and
antihistamines. Because of B symptoms and fatigue a sip
feed nutrition with high energy density was initiated. The
patient also developed an acute-on-chronic renal fail-
ure. In the overall constellation, we reduced the dose of
vemurafenib (720mg bid). After 7months of sustained
response to vemurafenib, scans revealed progressive dis-
ease with new cerebral metastases and new soft tissue
metastasis in the right upper arm. The patient received
radiotherapy and died in January 2015 6days after the
last radiation and 10 months after first diagnosis.

Discussion and conclusion

TKIs are considered the most suitable systemic treat-
ment for iodine-refractory differentiated thyroid cancer
(DTC) [68] and advanced, progressive medullary thy-
roid cancer (MTC) [69]. The role of TKIs in ATC is an
evolving field. Based on the results of a safety trial on len-
vatinib this drug got approved by Japanese authorities for
the treatment of ATC [70]. Consecutive trials reported

LN5-12/Nahfeld/FPS15D/7.0cm/Pen./MI0.51/ TIw0.1/14-04-2014 10:17:41

Fig. 1 Ultrasound imaging: large left sided mass with inhomogeneous tissue, ill defined borders, and infiltration of muscle. For a video clip see

supplementary file
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Fig. 2 A Pleomorphic tumor cells with intermixed tumor giant cells with prominent nucleoli arranged in a loose pattern with admixed
inflammatory cells. B The tumor cells reveal a variable expression of keratin 18. CTTF1 is detected in tumor cell nuclei. D Tumor cells are positive
after incubation with a mutation specific BRAFY5% antibody. Note, negativity of admixed inflammatory cells. Original magnification each 200-fold

disappointing results [71], one phase 2 trial was halted for
futility as the minimum overall response rate threshold
of 15% was not met upon interim analysis [72]. A recent
German retrospective analysis [31] shows very promising
data of 66% complete responses with the upfront com-
bination of lenvatinib and pembrozilumab, an immune
checkpoint inhibitor targeting programmed cell death
protein 1 (PD-1). As ATC have a high PD-Ligand 1 (PD-
L1) expression, a response could be expected. As the
response time of checkpoint inhibitors alone is more than
8weeks, its effect is limited by the rapid tumor growth of
ATC. A phase II trial is initiated [73].

The effect of many targeted agents such as ubiquitin-
proteasome inhibitors (bortezomib) and aurora kinase
inhibitors (tozasertib, barasertib) has been evaluated in a
series of ATC carcinoma lines. The major concern about
these studies is that only few of them have been repro-
duced in vivo [74, 75]. Other drugs such as AEE788 or
vandetanib (dual EGFR and VEGER inhibitors) and angi-
ogenic compounds such as bevacizumab (a monoclo-
nal antibody against VEGF) have also been evaluated in
preclinical in vitro and in vivo studies [76—78]. The dual
MEK- and mTOR-inhibition (selumetinib, rapamycin)
has also been tested in ATC lines and xenograft models
[79]. The antitumor activity of these agents against ATC,
eventually in combination with chemotherapeutic agents,

makes them attractive candidates for further clinical
development for the treatment of ATC.

To date, anecdotal experiences and small-sample clini-
cal studies have been published on the effects of TKIs
in ATC. Imatinib, Axitinib, Sorafenib, CA4 and other
targeted agents have been tested in clinical trials, with
encouraging activity. However, the median overall sur-
vival in these trials doesn’t exceed 6 months, and only
30-40% of the patients are alive after 6 months and 20%
after a year [26, 27, 35, 56, 80]. Marked tumor shrinkage
has been observed in a few case reports with targeted
therapy after molecular tumor sequencing [52, 65, 66,
81].

BRAF is a serine- or threonine-specific protein kinase
in the mitogen-activated protein kinase pathway, which
regulates cell division and survival. The activating
mutant protein BRAF (V600E) is detected in cutaneous
melanoma, classic hairy-cell leukemia and papillary thy-
roid cancer [82, 83]. The BRAF inhibitor vemurafenib
(PLX4032) improves survival and induces a response
among patients with metastatic melanoma [84] and
hairy-cell leukemia [85]. Cases of successful treatment
have been also reported in progressive BRAF-mutated
anaplastic pleomorphic xanthoastrocytoma and glioma
in pediatric patients [86, 87].

Frequency of a BRAF (V600E) mutation in anaplas-
tic thyroid carcinoma, which is thought to be derived
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Fig. 3 CT-scan, left sided thyroid tumor; A initial situation, tumor size 65 x 37 mm. B postoperative status on day 20; tumor size 44 x 26 mm. C
status 2 months after initiation of vemurafenib; tumor size 35 x 22 mm. D status 5 months after initiation of vemurafenib; tumor size 33 x 16 mm. E
status 7 months after initiation of vemurafenib; tumor size 33 x 16 mm
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mainly from papillary carcinoma by multi-step carcino-
genesis, is about 25% - much lower than that in papillary
carcinomas [83]. In a mouse model, the BRAF inhibitor
PLX4720 suppressed growth of mutated human anaplas-
tic thyroid cancer [88]. If downregulation of BRAF with
BRAF inhibitors also causes sodium iodide symporter
upregulation, as suggested by in vitro data, it could be
expected that patients treated with BRAF inhibitors may
undergo both reduction of tumor size/invasiveness and
possible redifferentiation [88, 89]. A first case report pub-
lished 2013 in NEJM [4], described a dramatic benefit
of BRAF inhibition with vemurafenib in BRAF mutated
ATC, while others observed a rapid progression after
2months of therapy [90]. A phase II basket study includ-
ing 7 ATC patients reports one complete response and
one partial response, while in one patient follow up data
were missing and four others had disease progression
[91]. All patients had at least one prior systemic therapy
and six prior radiation.

Our report describes the first complete case with
marked response to first line adjuvant vemurafenib in
ATC, followed by relapse after 7months of therapy and
a fatal outcome. Since resistance emerged in this patient,
possibly combined targeted therapy respectively addi-
tional MEK inhibition may have improved the outcome,

McFadden et al. [92] have genetically engineered a
mouse model of BRAF-mutant ATC and demonstrated
that combination treatment with MEK (PD0325901) and
BRAF inhibitors (PLX4720) results in enhanced anti-
tumor activity as compared to treatment with a BRAF
inhibitor alone, suggesting that this combination could
be useful as a component of treatment regimens also in
human. Combined BRAF and MEK inhibition has shown
promising data in BRAF-mutated metastatic mela-
noma patients. Cobimetinib (GDC-0973, XL-518) and
trametinib are MEK inhibitors. A phase III trial showed
that cobimetinib in combination with vemurafenib
increased the rate of complete/partial response as well
as the progression-free survival in BRAF-mutated mela-
noma patients compared to vemurafenib alone [93]. An
ongoing clinical trial aims to assess this combination in
ATC, the primary completion date being estimated for
July 2023 [94].

A combination of the BRAF inhibitor dabrafenib and
trametinib improved the rate of progression-free sur-
vival in previously untreated patients who had metastatic
melanoma [95] or ATC [40] with BRAF(V600E) muta-
tions. Since May 2018 this combination has been FDA-
approved in ATC. Nevertheless, the majority of patients
face progressive disease even when treated with a com-
bination of these agents. Recent french data suggest
comparable efficacy of vemurafenib and dabrafenib plus
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trametinib, with a median overall survival of 14 months
[42]. Mechanisms of resistance to BRAF inhibition have
been extensively investigated, whilst less is known about
the specific mechanisms of resistance to combined ther-
apy [96].

The development and the utilization of multiple can-
cer-targeting agents are emerging strategies for ATC
treatment. To date the BRAF pathway and checkpoint
inhibition of PD1 are the two most promising therapeu-
tic options. Vemurafenib has been the first drug to show
a dramatic response in ATC patients. Our case report
of an ATC patient is the first to show the postoperative
benefit of vemurafenib in a first line setting, resulting in
a marked improvement in quality of life. The effect was
limited by acquired resistance to targeted therapy. Com-
bined BRAF and MEK inhibition may give more benefi-
cial results, although recent data on ATC do not support
this assumption. Further molecular characterization and
investigation of mechanisms of resistance is mandatory
in this field. Ongoing clinical trials will further define the
role of TKIs, checkpoint inhibitors, and the impact of
BRAF and MEK inhibition on ATC.

Abbreviations

AJCC American Joint Committee on Cancer
ALK Anaplastic lymphoma kinase

ATC Anaplastic thyroid cancer

CA4P Combretastatin A4 phosphate

cT Computed tomography

cpP Carboplatin/paclitaxel

DTC Differentiated thyroid cancer

EGFR Epidermal growth factor receptor
FGFR Fibroblast growth factor receptor

MRI Magnetic resonance imaging

MTC Medullary thyroid cancer

NTKR Neurotrophic tyrosine kinase receptor
oS Overall survival

PDGF Platelet-derived growth factor (PDGF)
PFS Progression free survival

PR Partial response

SD Stable disease

TKI(s) Tyrosine kinase inhibitor(s)

TRK Tropomyosin receptor kinase

us Ultrasound imaging

VEGFR Vascular endothelial growth factor receptor

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513044-023-00147-7.

[ Additional file 1. }

Acknowledgements
Not applicable.

Authors’ contributions

ML and CA contributed equally to the manuscript and performed the
ultrasound imaging. TL performed the histological and immunohistological
examinations and contributed the corresponding texts and the microscopic
images. The author(s) read and approved the final manuscript.


https://doi.org/10.1186/s13044-023-00147-7
https://doi.org/10.1186/s13044-023-00147-7

Lang et al. Thyroid Research (2023) 16:5

Funding

Open Access funding enabled and organized by Projekt DEAL. For the publica-
tion fee we acknowledge financial support by Deutsche Forschungsgemein-
schaft within the funding programme "Open Access Publikationskosten" as
well as by Heidelberg University.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This report is based on an individual therapeutic attempt, not a study. The
need for ethical approval was waived.

Consent for publication
The patient gave informed consent for this publication.

Conflict of interest
The authors declare that there is no conflict of interest.

Competing interests
The authors declare that they have no competing interests.

Received: 31 May 2022 Accepted: 8 January 2023
Published online: 01 March 2023

References

1. Perri F, Lorenzo GD, Scarpati GD, Buonerba C. Anaplastic thyroid
carcinoma: a comprehensive review of current and future therapeutic
options. World J Clin Oncol. 2011;2:150-7.

2. Chiacchio S, Lorenzoni A, Boni G, Rubello D, Elisei R, Mariani G. Anaplastic
thyroid cancer: prevalence, diagnosis and treatment. Minerva Endocrinol.
2008;33:341-57.

3. Bible KC, Kebebew E, Brierley J, Brito JP, Cabanillas ME, Clark TJ Jr, et al.
2021 American Thyroid Association guidelines for management of
patients with anaplastic thyroid cancer. Thyroid. 2021 Mar;31(3):337-86.

4. Rosove MH, Peddi PF, Glaspy JA. BRAF V60OE inhibition in anaplastic
thyroid cancer. N Engl J Med. 2013;368:684-5.

5. Smallridge RC, Copland JA. Anaplastic thyroid carcinoma: pathogenesis
and emerging therapies. Clin Oncol. 2010;22:486-97.

6. Deleo S, Trevisan M, Fugazzola L. Recent advances in the management
of anaplastic thyroid cancer. Thyroid Res. 2020;13(1):17. https://doi.org/10.
1186/513044-020-00091-w.

7. Lang M, Seibel MJ, Zipf A, Ziegler R. Influence of a new protease inhibitor
on the stability of osteocalcin in serum. Clin Lab. 1996;42:5-10.

8. Yuan J, Guo Y. Targeted Therapy for Anaplastic Thyroid Carcinoma:
Advances and Management. Cancers. 2022;15(1):179. https://doi.org/10.
3390/cancers15010179.

9. Mclver B, Hay ID, Giuffrida DF, Dvorak CE, Grant CS, Thompson GB, et al.
Anaplastic thyroid carcinoma: a 50-year experience at a single institution.
Surgery. 2001;130:1028-34.

10. Tan RK, Finley RK 3rd, Driscoll D, Bakamjian V, Hicks WL Jr, Shedd DP.
Anaplastic carcinoma of the thyroid: a 24-year experience. Head Neck.
1995;17:41-7 discussion 7-8.

11. Filetti S, Durante C, Hartl D, Leboulleux S, Locati LD, Newbold K, et al. ESMO
guidelines committee. Thyroid cancer: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2019;30(12):1856-83.

12. Brierley JD, Gospodarowicz MK, Wittekind C. UICC TNM classification of
malignant Tumours. 8th ed. Oxford: John Wiley & Sons Inc,; 2016.

13. Busnardo B, Daniele O, Pelizzo MR, Mazzarotto R, Nacamulli D, Devido D,
et al. A multimodality therapeutic approach in anaplastic thyroid carci-
noma: study on 39 patients. J Endocrinol Investig. 2000;23:755-61.

14. Kim JH, Leeper RD. Treatment of locally advanced thyroid carcinoma with
combination doxorubicin and radiation therapy. Cancer. 1987,60:2372-5.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 9 of 11

Ito K, Hanamura T, Murayama K, Okada T, Watanabe T, Harada M, et al.
Multimodality therapeutic outcomes in anaplastic thyroid carcinoma:
improved survival in subgroups of patients with localized primary
tumors. Head Neck. 2012;34:230-7.

. Junor EJ, Paul J, Reed NS. Anaplastic thyroid carcinoma: 91 patients

treated by surgery and radiotherapy. Eur J Surg Oncol. 1992;18:83-8.

. Derbel O, Limem S, Segura-Ferlay C, Lifante JC, Carrie C, Peix JL, et al.

Results of combined treatment of anaplastic thyroid carcinoma (ATC).
BMC Cancer. 2011;11:469.

. De Crevoisier R, Baudin E, Bachelot A, Leboulleux S, Travagli JP, Caillou B,

et al. Combined treatment of anaplastic thyroid carcinoma with surgery,
chemotherapy, and hyperfractionated accelerated external radiotherapy.
Int J Radiat Oncol Biol Phys. 2004;60:1137-43.

. Shimaoka K, Schoenfeld DA, DeWys WD, Creech RH, DeConti R. A rand-

omized trial of doxorubicin versus doxorubicin plus cisplatin in patients
with advanced thyroid carcinoma. Cancer. 1985;56:2155-60.

Sherman EJ, Lim SH, Ho AL, Ghossein RA, Fury MG, Shaha AR, et al.
Concurrent doxorubicin and radiotherapy for anaplastic thyroid cancer:
a critical re-evaluation including uniform pathologic review. Radiother
Oncol. 2011;101:425-30.

Foote RL, Molina JR, Kasperbauer JL, Lloyd RV, Mclver B, Morris JC,

et al. Enhanced survival in locoregionally confined anaplastic thyroid
carcinoma: a single-institution experience using aggressive multimodal
therapy. Thyroid. 2011;21:25-30.

Higashiyama T, Ito Y, Hirokawa M, Fukushima M, Uruno T, Miya A, et al.
Induction chemotherapy with weekly paclitaxel administration for ana-
plastic thyroid carcinoma. Thyroid. 2010,20:7-14.

Ain KB, Egorin MJ, DeSimone PA. Treatment of anaplastic thyroid carci-
noma with paclitaxel: phase 2 trial using ninety-six-hour infusion. Col-
laborative anaplastic thyroid cancer health intervention trials (CATCHIT)
group. Thyroid. 2000;10:587-94.

Smallridge RC, Ain KB, Asa SL, Bible KC, Brierley JD, Burman KD, et al.
American Thyroid Association guidelines for management of patients
with anaplastic thyroid cancer. Thyroid. 2012,22:1104-39.

Smallridge RC. Approach to the patient with anaplastic thyroid carci-
noma. J Clin Endocrinol Metab. 2012;97:2566-72.

Ha HT, Lee JS, Urba S, Koenig RJ, Sisson J, Giordano T, et al. A phase Il
study of imatinib in patients with advanced anaplastic thyroid cancer.
Thyroid. 2010;20:975-80.

Savvides P, Nagaiah G, Lavertu P, Fu P, Wright JJ, Chapman R, et al. Phase
I trial of sorafenib in patients with advanced anaplastic carcinoma of the
thyroid. Thyroid. 2013;23:600-4.

Bible KC, Suman VJ, Menefee ME, Smallridge RC, Molina JR, Maples

WJ, et al. A multiinstitutional phase 2 trial of pazopanib monotherapy
in advanced anaplastic thyroid cancer. J Clin Endocrinol Metab.
2012;,97:3179-84.

Lim SM, Chang H, Yoon MJ, Hong YK, Kim H, Chung WY, et al. A mul-
ticenter, phase Il trial of everolimus in locally advanced or metastatic
thyroid cancer of all histologic subtypes. Ann Oncol. 2013;24:3089-94.
Schneider TC, de Wit D, Links TP, van Erp NP, van der Hoeven JJ, Gelder-
blom H, et al. Everolimus in patients with advanced follicular-derived
thyroid Cancer: results of a Phase Il clinical trial. J Clin Endocrinol Metab.
2017;102(2):698-707 PMID: 27870581.

Dierks C, Seufert J, Aumann K, Ruf J, Klein C, Kiefer S, et al. Combina-
tion of Lenvatinib and Pembrolizumab is an effective treatment option
for anaplastic and poorly differentiated thyroid carcinoma. Thyroid.
2021;31(7):1076-85 PMID: 33509020.

Dowlati A, Robertson K, Cooney M, Petros WP, Stratford M, Jesberger

J, etal. A phase | pharmacokinetic and translational study of the novel
vascular targeting agent combretastatin a-4 phosphate on a single-dose
intravenous schedule in patients with advanced cancer. Cancer Res.
2002;62:3408-16.

Cooney MMSP, Agarwala S, Wang D, Flick S, Bergant S, Bhakta S, et al.
Phase Il study of combretastatin A4 phosphate (CA4P) in patients

with advanced anaplastic thyroid carcinoma (ATC). J Clin Oncol.
2006;24(185):A5580.

Sosa JA, Elisei R, Jarzab B, Balkissoon J, Lu SP, Bal C, et al. Randomized
safety and efficacy study of fosbretabulin with paclitaxel/carboplatin
against anaplastic thyroid carcinoma. Thyroid. 2014;24:232-40.

Cohen EE, Tortorici M, Kim S, Ingrosso A, Pithavala YK, Bycott P. A
Phase Il trial of axitinib in patients with various histologic subtypes


https://doi.org/10.1186/s13044-020-00091-w
https://doi.org/10.1186/s13044-020-00091-w
https://doi.org/10.3390/cancers15010179
https://doi.org/10.3390/cancers15010179

Lang et al. Thyroid Research

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

(2023) 16:5

of advanced thyroid cancer: long-term outcomes and pharmacoki-
netic/pharmacodynamic analyses. Cancer Chemother Pharmacol.
2014;74:1261-70.

Fury MG, Solit DB, Su YB, Rosen N, Sirotnak FM, Smith RP, et al. A phase
I trial of intermittent high-dose gefitinib and fixed-dose docetaxel in
patients with advanced solid tumors. Cancer Chemother Pharmacol.
2007;59:467-75.

Pennell NA, Daniels GH, Haddad RI, Ross DS, Evans T, Wirth LJ, et al. A
phase Il study of gefitinib in patients with advanced thyroid cancer.
Thyroid. 2008;18:317-23.

Cabanillas ME, Drilon A, Farago AF, Brose MS, McDermott R, Sohal D,
et al. Larotrectinib treatment of advanced TRK fusion thyroid cancer.
Ann Oncol. 2020;31(Suppl 4):1916P.

Ravaud A, de la Fouchardiére C, Caron P, Doussau A, Do Cao C, Asse-
lineau J, et al. A multicenter phase Il study of sunitinib in patients with
locally advanced or metastatic differentiated, anaplastic or medullary
thyroid carcinomas: mature data from the THYSU study. Eur J Cancer.
2017;76:110-7 PMID: 28301826.

Subbiah'V, Kreitman RJ, Wainberg ZA, Cho JY, Schellens JHM, Soria JC,
et al. Dabrafenib and Trametinib treatment in patients with locally
advanced or metastatic BRAF V600-mutant anaplastic thyroid Cancer. J
Clin Oncol. 2018;36(1):7-13 PMID: 29072975.

Hatashima A, Archambeau B, Armbruster H, Xu M, Shah M, Konda

B, et al. An evaluation of clinical efficacy of immune checkpoint
inhibitors for patients with anaplastic thyroid carcinoma. Thyroid.
2022;32:926-36.

De La Fouchardiere C, Jannin A, Giudici F, Wassermann J, Hadoux J,

et al. BRAF mutated anaplastic thyroid carcinoma: clinical characteris-
tics and outcome under BRAF inhibitors and chemotherapy in real life
practice, a multicentric retrospective study of the French ENDOCAN
TUTHYREF network. Ann Endocrinol. 2022;83(5):289.

Isham CR, Bossou AR, Negron 'V, Fisher KE, Kumar R, Marlow L, et al.
Pazopanib enhances paclitaxel-induced mitotic catastrophe in ana-
plastic thyroid cancer. Sci Transl Med. 2013;5:166ra3.

McLarnon A. Thyroid cancer: Pazopanib alone is not effective against
anaplastic thyroid cancer. Nat Rev Endocrinol. 2012;8:565.

D'Agostino M, Voce P, Celano M, Sponziello M, Moretti S, Maggisano V,
et al. Sunitinib exerts only limited effects on the proliferation and dif-
ferentiation of anaplastic thyroid cancer cells. Thyroid. 2012;22:138-44.
Grande E, Capdevila J, Diez JJ, Longo F, Carrato A. A significant
response to sunitinib in a patient with anaplastic thyroid carcinoma. J
Res Med Sci. 2013;18:623-5.

Koussis H, Maruzzo M, Scola A, Ide EC, Fassina A, Marioni G, et al. A case
of anaplastic thyroid cancer with long-term survival. Anticancer Res.
2010;30:1273-8.

Schoenfeld JD, Odejide OO, Wirth LJ, Chan AW. Survival of a patient with
anaplastic thyroid cancer following intensity-modulated radiotherapy
and sunitinib--a case report. Anticancer Res. 2012;32:1743-6.

Morris SW, Kirstein MN, Valentine MB, Dittmer K, Shapiro DN, Look AT,

et al. Fusion of a kinase gene, ALK, to a nucleolar protein gene, NPM, in
non-Hodgkin's lymphoma. Science. 1995,267:316-7.

Hamatani K, Mukai M, Takahashi K, Hayashi Y, Nakachi K, Kusunoki Y. Rear-
ranged anaplastic lymphoma kinase (ALK) gene in adult-onset papillary
thyroid cancer amongst atomic bomb survivors. Thyroid. 2012;22:1153-9.
Papewalis C, Wuttke M, Schinner S, Willenberg HS, Baran AM, Scherbaum
WA, et al. Role of the novel mTOR inhibitor RAD0OO1 (everolimus) in ana-
plastic thyroid cancer. Horm Metab Res. 2009;41:752-6.

Wagle N, Grabiner BC, Van Allen EM, Amin-Mansour A, Taylor-Weiner A,
Rosenberg M, et al. Response and acquired resistance to everolimus in
anaplastic thyroid cancer. N Engl J Med. 2014;371:1426-33.

Davies DM, de Vries PJ, Johnson SR, McCartney DL, Cox JA, Serra AL,

et al. Sirolimus therapy for angiomyolipoma in tuberous sclerosis and
sporadic lymphangioleiomyomatosis: a phase 2 trial. Clin Cancer Res.
2011;17:4071-81.

lyer G, Hanrahan AJ, Milowsky MI, Al-Ahmadie H, Scott SN, Janakiraman
M, et al. Genome sequencing identifies a basis for everolimus sensitivity.
Science. 2012;338:221.

Dziba JM, Marcinek R, Venkataraman G, Robinson JA, Ain KB. Combret-
astatin A4 phosphate has primary antineoplastic activity against human
anaplastic thyroid carcinoma cell lines and xenograft tumors. Thyroid.
2002;12:1063-70.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

68.

69.

70.

71

72.

73.

74.

75.

Page 10 of 11

Mooney CJ, Nagaiah G, Fu P, Wasman JK, Cooney MM, Savvides PS, et al.
A phase Il trial of fosbretabulin in advanced anaplastic thyroid carcinoma
and correlation of baseline serum-soluble intracellular adhesion mol-
ecule-1 with outcome. Thyroid. 2009;19:233-40.

Akerley WL, Schabel M, Morrell G, Horvath E, Yu M, Johnsson B, et al. A
randomized phase 2 trial of combretastatin A-4 phosphate (CA4P) in
combination with paclitaxel, carboplatin to evaluate safety, efficacy in
subjects with advanced imageable malignancies. J Clin Oncol 2007 ASCO
Ann Meeting Proc. 2007;25:616s Abstract no 14060.

Mancuso MR, Davis R, Norberg SM, O'Brien S, Sennino B, NakaharaT, et al.
Rapid vascular regrowth in tumors after reversal of VEGF inhibition. J Clin
Invest. 2006;116:2610-21.

Hu-Lowe DD, Zou HY, Grazzini ML, Hallin ME, Wickman GR, Amund-

son K, et al. Nonclinical antiangiogenesis and antitumor activities of
axitinib (AG-013736), an oral, potent, and selective inhibitor of vascular
endothelial growth factor receptor tyrosine kinases 1, 2, 3. Clin Cancer
Res. 2008;14:7272-83.

Cohen EE, Rosen LS, Vokes EE, Kies MS, Forastiere AA, Worden FP, et al. Axi-
tinib is an active treatment for all histologic subtypes of advanced thyroid
cancer: results from a phase Il study. J Clin Oncol. 2008;26:4708-13.
Bergstrom JD, Westermark B, Heldin NE. Epidermal growth factor receptor
signaling activates met in human anaplastic thyroid carcinoma cells. Exp
Cell Res. 2000;259:293-9.

Schiff BA, McMurphy AB, Jasser SA, Younes MN, Doan D, Yigitbasi OG,

et al. Epidermal growth factor receptor (EGFR) is overexpressed in ana-
plastic thyroid cancer, and the EGFR inhibitor gefitinib inhibits the growth
of anaplastic thyroid cancer. Clin Cancer Res. 2004;10:8594-602.
Landriscina M, Piscazzi A, Fabiano A, Maddalena F, Costantino E, Farese A,
et al. Targeting epidermal growth factor receptor 1 signaling in human
thyroid-stimulating hormone-independent thyroid carcinoma FRO

cells results in a more chemosensitive and less angiogenic phenotype.
Thyroid. 2009;19:629-37.

Antonelli A, Fallahi P, Ulisse S, Ferrari SM, Minuto M, Saraceno G, et al. New
targeted therapies for anaplastic thyroid cancer. Anti Cancer Agents Med
Chem. 2012;12:87-93.

Hogan T, Jing Jie Y, Williams HJ, Altaha R, Xiaobing L, Qi H. Oncocytic,
focally anaplastic, thyroid cancer responding to erlotinib. J Oncol Pharm
Pract. 2009;15:111-7.

Masago K, Miura M, Toyama Y, Togashi Y, Mishima M. Good clinical
response to erlotinib in a patient with anaplastic thyroid carcinoma
harboring an epidermal growth factor somatic mutation, L858R, in exon
21.J Clin Oncol. 2011;29:e465-7.

. Kim'S, Prichard CN, Younes MN, Yazici YD, Jasser SA, Bekele BN, et al.

Cetuximab and irinotecan interact synergistically to inhibit the growth

of orthotopic anaplastic thyroid carcinoma xenografts in nude mice. Clin
Cancer Res. 2006;12:600-7.

Brose MS, Nutting CM, Jarzab B, Elisei R, Siena S, Bastholt L, et al. Sorafenib
in radioactive iodine-refractory, locally advanced or metastatic differenti-
ated thyroid cancer: a randomised, double-blind, phase 3 trial. Lancet.
2014;384:319-28.

Wells SA Jr, 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 Il trial. J Clin Oncol.
2012;30:134-41.

Tahara M, Kiyota N, YamazakiT, et al. Lenvatinib for anaplastic thyroid Can-
cer. Front Oncol. 2017;7:25.

Higashiyama T, Sugino K, Hara H, Ito K|, Nakashima N, Onoda N, et al.
Phase Il study of the efficacy and safety of lenvatinib for anaplastic thy-
roid cancer (HOPE). Eur J Cancer. 2022 Sep;173:210-8.

Wirth LJ, Brose MS, Sherman EJ, Licitra L, Schlumberger M, Sherman SI,

et al. Open-label, single-arm, multicenter, phase Il trial of lenvatinib for
the treatment of patients with anaplastic thyroid cancer. J Clin Oncol.
2021;39(21):2359-66 ClinicalTrials.govldentifier:NCT02657369.

Phase I, Open-label, Studie an Patienten mit anaplastischen (ATC) und
schlecht-differenzierten Schilddriisenkarzinomen (PDTC) zur Untersu-
chung der klinischen Effektivitat und Sicherheit einer Kombinationsthera-
pie aus Lenvatinib und Pembrolizumab, DRKS-ID: DRKS00013336.

Elisei R. Anaplastic thyroid cancer therapy: dream or reality? Endocrine.
2012;42:468-70.

Mitsiades CS, McMillin D, Kotoula V, Poulaki V, McMullan C, Negri J, et al.
Antitumor effects of the proteasome inhibitor bortezomib in medullary



Lang et al. Thyroid Research

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

ot

92.

93.

94,

95.

(2023) 16:5

and anaplastic thyroid carcinoma cells in vitro. J Clin Endocrinol Metab.
2006;91:4013-21.

Kim S, Schiff BA, Yigitbasi OG, Doan D, Jasser SA, Bekele BN, et al. Targeted
molecular therapy of anaplastic thyroid carcinoma with AEE788. Mol
Cancer Ther. 2005;4:632-40.

Gule MK, ChenY, Sano D, Frederick MJ, Zhou G, Zhao M, et al. Targeted
therapy of VEGFR2 and EGFR significantly inhibits growth of anaplas-

tic thyroid cancer in an orthotopic murine model. Clin Cancer Res.
2011;17:2281-91.

Prichard CN, Kim S, Yazici YD, Doan DD, Jasser SA, Mandal M, et al. Concur-
rent cetuximab and bevacizumab therapy in a murine orthotopic model
of anaplastic thyroid carcinoma. Laryngoscope. 2007;117:674-9.

JinN, Jiang T, Rosen DM, Nelkin BD, Ball DW. Dual inhibition of mitogen-
activated protein kinase kinase and mammalian target of rapamycin in
differentiated and anaplastic thyroid cancer. J Clin Endocrinol Metab.
2009;94:4107-12.

Sosa JA, Balkissoon J, Lu SP, Langecker P, Elisei R, Jarzab B, et al. Thyroid-
ectomy followed by fosbretabulin (CA4P) combination regimen appears
to suggest improvement in patient survival in anaplastic thyroid cancer.
Surgery. 2012;152:1078-87.

Godbert Y, Henriques de Figueiredo B, Bonichon F, Chibon F, Hostein |,
Perot G, et al. Remarkable response to Crizotinib in woman with ana-
plastic lymphoma kinase-rearranged anaplastic thyroid carcinoma. J Clin
Oncol. 2015;33(20):e84-7.

Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA, Basolo F,
et al. BRAF mutations in thyroid tumors are restricted to papillary carci-
nomas and anaplastic or poorly differentiated carcinomas arising from
papillary carcinomas. J Clin Endocrinol Metab. 2003;88:5399-404.
Takano T, Ito Y, Hirokawa M, Yoshida H, Miyauchi A. BRAF V600E mutation
in anaplastic thyroid carcinomas and their accompanying differentiated
carcinomas. Br J Cancer. 2007;96:1549-53.

Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J, et al.
Improved survival with vemurafenib in melanoma with BRAF V60OE
mutation. N Engl J Med. 2011,364:2507-16.

Dietrich S, Glimm H, Andrulis M, von Kalle C, Ho AD, Zenz T. BRAF inhibi-
tion in refractory hairy-cell leukemia. N Engl J Med. 2012;366:2038-40.
Lee EQ, Ruland S, LeBoeuf NR, Wen PY, Santagata S. Successful treat-
ment of a progressive BRAF V600E-mutated anaplastic pleomorphic
Xanthoastrocytoma with Vemurafenib monotherapy. J Clin Oncol.
2016;34(10):e87-9.

Bautista F, Paci A, Minard-Colin V, Dufour C, Grill J, Lacroix L, et al.
Vemurafenib in pediatric patients with BRAFV600E mutated high-grade
gliomas. Pediatr Blood Cancer. 2014;61:1101-3.

Nehs MA, Nucera C, Nagarkatti SS, Sadow PM, Morales-Garcia D, Hodin
RA, et al. Late intervention with anti-BRAF(V600E) therapy induces tumor
regression in an orthotopic mouse model of human anaplastic thyroid
cancer. Endocrinology. 2012;153:985-94.

Riesco-Eizaguirre G, Rodriguez |, De la Vieja A, Costamagna E, Carrasco N,
Nistal M, et al. The BRAFV600E oncogene induces transforming growth
factor beta secretion leading to sodium iodide symporter repression and
increased malignancy in thyroid cancer. Cancer Res. 2009;69:8317-25.
Marten KA, Gudena VK. Use of vemurafenib in anaplastic thyroid carci-
noma: a case report. Cancer Biol Ther. 2015;16(10):1430-3.

Hyman DM, Puzanov |, Subbiah V, Faris JE, Chau |, Blay JY, et al. Vemu-
rafenib in multiple nonmelanoma cancers with BRAF V600 mutations. N
Engl J Med. 2015;373(8):726-36 PMID: 26287849.

McFadden DG, Vernon A, Santiago PM, Martinez-McFaline R, Bhutkar A,
Crowley DM, et al. p53 constrains progression to anaplastic thyroid car-
cinoma in a Braf-mutant mouse model of papillary thyroid cancer. Proc
Natl Acad SciU S A. 2014;111:E1600-9.

Larkin J, Ascierto PA, Dreno B, Atkinson V, Liszkay G, Maio M, et al. Com-
bined vemurafenib and cobimetinib in BRAF-mutated melanoma. N Engl
JMed. 2014;371:1867-76.

Atezolizumab With Chemotherapy in Treating Patients With Anaplastic
or Poorly Differentiated Thyroid Cancer. https://www.ClinicalTrials.gov.
Identifier: NCT03181100.

Long GV, Stroyakovskiy D, Gogas H, Levchenko E, de Braud F, Larkin J,

et al. Combined BRAF and MEK inhibition versus BRAF inhibition alone in
melanoma. N Engl J Med. 2014;371:1877-88.

Page 11 of 11

96. Queirolo P, Picasso V, Spagnolo F. Combined BRAF and MEK inhibition
for the treatment of BRAF-mutated metastatic melanoma. Cancer Treat
Rev. 2015;41(6):519-26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ClinicalTrials.gov

	Targeted therapy with vemurafenib in BRAF(V600E)-mutated anaplastic thyroid cancer
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Clinical trials of kinase inhibitors in anaplastic thyroid cancer
	Tyrosine kinase inhibitors other than vemurafenib
	Anti-angiogenic drugs
	Anti-epidermal growth factor receptor (EGFR) drugs

	Case presentation
	Discussion and conclusion
	Acknowledgements
	References


