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Thyroid cancer is the most common endocrine
malignancy (1). The incidence of thyroid cancer has been
steadily increasing in the past four decades, primarily
due to the use of more sensitive diagnostic tools. Other
factors such as increased obesity rates may play a role (2-4).
Approximately 64,300 patients were newly diagnosed with
thyroid cancer in the United States of America in 2015
but only 1,980 deaths were reported. Thyroid cancers are
divided into several pathological categories, including well
differentiated papillary thyroid carcinomas (PTC), follicular
thyroid carcinomas (FT'C), medullary thyroid carcinomas
(MTC), Hiurthle cell carcinomas (HTC), and poorly
differentiated or anaplastic thyroid carcinomas (ATC).
PTC accounts for 80% to 90% of all thyroid cancers (1).
BRAF V600E mutation occurs approximately in 40% to
60% of PTC, up to 80% of recurrent PTC, and 25% of
ATC (5). BRAF mutation is associated with more aggressive
clinicopathologic characteristics, including increased rate
of local invasion and distal metastasis, advanced stage at
diagnosis, decreased radioiodine uptake, and increased
mortality (5). While most PTC patients can be cured by
surgery, suppression of thyroid stimulating hormone, and
radioiodine, 15-20% of patients develop recurrent and
metastatic disease. Recurrent thyroid cancer tends to be
refractory to radioactive iodine therapy. Patients with
a recurrent disease have an overall 10-year survival of
approximately 10% to 20% (6).

Doxorubicin, the only chemotherapy approved by
the Food and Drug Administration (FDA) for treating
metastatic and refractory differentiated thyroid cancer,
has a low efficacy largely due to its low response rate (1).
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Sorafenib, a non-specific vascular endothelial growth factor
(VEGF) receptor (VEGFR) and Raf multikinase inhibitor,
yields a median progression-free survival duration of
10.8 months in advanced disease versus placebo group
(5.8 months) (6). The partal response rate in the sorafenib
and placebo-treated groups are 12.2% and 0.5%,
respectively, but 42% of patients have stable disease for
at least 6 months (6). Sorafenib exerts its antitumor effect
largely by inhibiting VEGFR tyrosine kinase activity since
thyroid cancers with or without BRAF mutations respond
almost equally well to sorafenib. In addition, sorafenib lacks
efficacy in treating BRAF-mutated melanomas (6).

Vemurafenib and dabrafenib, two US FDA-approved
mutant B-Raf kinase-specific inhibitors, exhibited superior
efficacy in treating BRAF-mutated melanoma but have
marginal or no effect in BRAF-mutated colorectal cancer (7).
Unfortunately, melanomas develop drug resistance
approximately after 6-month of treatment (8), due to NRAS
and MEK mutations, activation of upstream growth receptor
tyrosine kinases, splicing variants of BRAF V600E gene
etc. (6,9). Studies by Montero-Conde and colleagues (10)
revealed that thyroid cancer cell lines develop drug
resistance to vemurafenib by up-regulating HER3
expression and by increasing the secretion of its ligand,
neuregulin-1 (NRG1). Vemurafenib in combination with
trametinib, a MEK inhibitor, overcomes drug resistance to
vemurafenib and achieves a better therapeutic outcome (10).
Numerous phase 1 clinical trials targeting B-Raf kinase for
treating BRAF-mutated thyroid cancer are under the way (6).
Its efficacy, adverse effects, and drug resistance in vivo
remain to be fully investigated (6,11,12).
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Brose and colleagues (13) recently reported the outcome
of an open-label, non-randomized, phase 2 clinical
trial of vemurafenib in 51 patients with BRAF-mutated
differentiated thyroid cancer. All patients had recurrent or
metastatic papillary thyroid cancers that were refractory to
radioiodine therapy. Among them, 26 patients had never
received sorafenib (cohort 1), whereas 25 had previously
received it (cohort 2). The dose of vemurafenib was 960 mg,
twice a day, orally. The median duration of treatment
in cohort 1 was 63.6 weeks. Ten of 26 patients (38.5%)
achieved a partial response, 9 of 26 patients achieved stable
disease for at least 6 months. After a median follow-up
of 18.8 months, 13 of 26 patients had a progression-free
event. The median progression-free survival in cohort 1 was
18.2 months, whereas the median duration of response was
16.5 months. In cohort 2, the median duration of treatment
was much shorter (27.6 weeks) than that in cohort 1. Six
of 22 patients (27.3%) (3 patients were excluded from the
study for various reasons), achieved a partial response, and 6
other patients had stable disease for at least 6 months. After
a median follow-up of 12 months, 12 of 22 patients had
died. The median progression-free survival in cohort 2 was
7.4 months, whereas the median duration of response was
14.4 months.

This is the first prospective phase 2 trial aimed at using
vemurafenib to target mutant B-Raf kinase for thyroid
cancer treatment. Compared to several phase 1 trials
reported earlier (6,11,12), this phase 2 trial enrolled a
relatively large number of patients, 51. The trial has several
important findings. First, cohort 1 patients treated with
vemurafenib achieved the best overall response (38.5%)
and progression-free survival (18.2 months). This efficacy
is comparable to that of other kinase inhibitors (vandetanib,
sorafenib, motesanib, axitinib, pazopanib, cabozantinib,
and lenvatinib) whose response rates range from 8-65%
and progression-free survival (9.2-18.7 months) in phase
2 and phase 3 trials (6). Since patients’ characteristics
and enrollment cross studies are different, the direct
comparisons cannot be made. However, considering that
thyroid cancer with BRAF gene mutations tends to be more
aggressive, and that patients with BRAF-mutated thyroid
cancer are older and generally have a poorer prognosis
than those without BRAF mutations, the response rate
and progression-free survival achieved by vemurafenib are
remarkable. It will be interesting to know if the overall
survival in patients treated with vemurafenib will be
comparable or superior to those treated with clinically
approved multikinase inhibitors. The second highlight from
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this clinical trial is that in cohort 2 patients, vemurafenib
achieved a response rate of 27.3 [95 confidence interval
(CD), 10.7-50.2] and median progression-free survival of
8.9 months (95% CI, 5.5-NE), which are comparable to
other kinase inhibitors previously studied in phase 2 and
phase 3 trials. It should be noted that patients in cohort 2
had been heavily treated with other agents before being
treated with a multikinase VEGFR inhibitor, and that these
patients had exhausted all treatment options.

Brose et al. (13) note a couple of limitations in their
trial. The number of participants enrolled in their
study is relatively small. There is no direct historical
comparison of overall survival for patients treated with
vemurafenib. Regardless, this clinical trial has important
clinical implications: (I) the therapeutic outcome in this
phase 2 trial is very promising. Unlike BRAF-mutated
colorectal cancer which has a dismal response rate to
vemurafenib, BRAF-mutated thyroid cancer responded
modestly to vemurafenib; (II) if the therapeutic outcome
in this phase 2 trial can be confirmed in future phase 3
trials, vemurafenib will offer a new therapeutic option for
patients with refractory thyroid cancer, in particular for
those who have exhausted all treatment options including
the multikinase VEGFR inhibitor; (III) BRAF-mutated
thyroid cancer can be potentially treated with a B-Raf
inhibitor plus a MEK kinase inhibitor to achieve a better
therapeutic outcome. An ongoing clinical trial is testing
the efficacy of dabrafenib in combination with trametinib
for treating patients with recurrent thyroid cancer (6); (IV)
a recent in vitro study revealed that insensitivity of BRAF-
mutated thyroid cancer cell lines to vemurafenib is largely
due to the relief of suppression of HER3 expression and
increased secretion of the ligand, NRG (10). Vemurafenib
in combination with HER3 inhibitors such as lapatinib
achieved a synergistic effect in suppressing thyroid tumor
growth in a xenograft model (10). An ongoing clinical trial
is testing the synergistic effect of dabrafenib in combination
with lapatinib for treating refractory thyroid cancer (6);
(V) inhibition of B-Raf kinase activity leads to the re-
differentiation of thyroid cancer and increased iodine
uptake in a BRAF-mutated mouse thyroid cancer model (14).
Vemurafenib may enhance radioiodine incorporation into
BRAF-mutated refractory thyroid cancer; (VI) terminal
reverse transcriptase (7ERT) mutation is associated with
BRAF mutation in PTC (15,16). Thyroid cancer patients
with double mutations of BRAF and TERT have a worse
prognosis than those with a single mutation (15,16).
Patients with BRAF-mutated thyroid cancer can be stratified
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into the TERT wild-type and mutant groups to determine if
TERT mutation will confer a poor response to vemurafenib.

While the results from vemurafenib trial are
encouraging (13), there are several challenges in applying
vemurafenib to successfully treat thyroid cancer: (I) the
mechanisms of drug resistance to vemurafenib in patients
have not been investigated (13). Whether thyroid cancer
confers drug resistance via HER3 up-regulation and
increased NRG1 secretion is not known. Whether chronic
use of vemurafenib acquires drug resistance by KRAS G12D
activating mutation (17), HER3 amplification (18) or c-Met
reactivation (19) is also not known; (II) ATC represents
the most difficulty cancer to be treated. Current trials of
Raf kinase inhibitors did not include patients with BRAF-
mutated ATC (13); (III) thyroid cancer patients treated
with vemurafenib develop adverse effects similar to those
that occurred in melanoma patients (13). These side effects
include dermatologic (keratosis-pilaris-like eruptions,
panniculitides, and photosensitization), neoplastic (actinic
and verrucous keratoses and squamous cell carcinoma),
gastrointestinal (nausea, dysgeusia, anorexia, and diarrhea),
constitutional (arthralgias, headache, fatigue, and fever),
and hematologic (anemia) effects (13). These adverse effects
need to be monitored closely by multidisciplinary expertise.

Overall, data from this first phase 2 clinical trial (13)
suggest that targeting mutant B-Raf kinase with vermurafenib
to treat refractory thyroid cancer is feasible. Unlike BRAF-
mutated colorectal cancer (20), BRAF-mutated thyroid
cancer responds modestly to vemurafenib but is less
sensitive than BRAF-mutated melanomas (8). Further
investigation in double-blinded, randomized clinical trials is
warranted to compare the efficacy of B-Raf kinase inhibitors
and to evaluate the synergistic effect of a B-Raf kinase
inhibitor in combination with a MEK or HER3 inhibitor
or with radioactive iodine. Future clinical trials should also
include patients with poorly differentiated PTC or ATC.
The mechanisms of in vivo drug resistance and the loss of
sensitivity to vemurafenib should also be studied.

Acknowledgments

Funding: The work related to thyroid cancer research in
the laboratory of X Xu is supported by National Natural
Science Foundation of China (81672643) and the Priority
Academic Program Development of Jiangsu Higher
Education Institutions.

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

S$1463

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Chengzhong Cai
(National Center for Toxicological Research, Food and
Drug Administration, USA; Shanghai 10th People’s
Hospital, Tongji University, Shanghai, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.12.70). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Fagin JA, Wells SA Jr. Biologic and clinical perspectives
on thyroid cancer. N Engl ] Med 2016;375:1054-67.

2. Kitahara CM, Gamborg M, Berrington de Gonzalez A, et
al. Childhood height and body mass index were associated
with risk of adult thyroid cancer in a large cohort study.
Cancer Res 2014;74:235-42.

3. Rahib L, Smith BD, Aizenberg R, et al. Projecting cancer
incidence and deaths to 2030: the unexpected burden of
thyroid, liver, and pancreas cancers in the United States.
Cancer Res 2014;74:2913-21.

4. Marcello MA, Cunha LL, Batista FA, et al. Obesity and
thyroid cancer. Endocr Relat Cancer 2014;21:T255-71.

5. Xing M. BRAF mutation and thyroid cancer recurrence. J
Clin Oncol 2015;33:2482-3.

6. Cabanillas ME, Patel A, Danysh BP, et al. BRAF
inhibitors: experience in thyroid cancer and general review
of toxicity. Horm Cancer 2015;6:21-36.

Transl Cancer Res 2016;5(Suppl 7):S1461-S1464


http://dx.doi.org/10.21037/tcr.2016.12.70
http://dx.doi.org/10.21037/tcr.2016.12.70
https://creativecommons.org/licenses/by-nc-nd/4.0/

S1464

10.

11.

12.

13.

Mandal R, Becker S, Strebhardt K. Stamping out RAF and
MEK1/2 to inhibit the ERK1/2 pathway: an emerging
threat to anticancer therapy. Oncogene 2016;35:2547-61.
Fiskus W, Mitsiades N. B-Raf inhibition in the clinic:
present and future. Annu Rev Med 2016;67:29-43.

Atiq R, Hertz R, Eldad S, et al. Suppression of
B-Raf(V600E) cancers by MAPK hyper-activation.
Oncotarget 2016;7:18694-704.

Montero-Conde C, Ruiz-Llorente S, Dominguez JM, et
al. Relief of feedback inhibition of HER3 transcription

by RAF and MEK inhibitors attenuates their antitumor
effects in BRAF-mutant thyroid carcinomas. Cancer
Discov 2013;3:520-33.

Dadu R, Shah K, Busaidy NL, et al. Efficacy and
tolerability of vemurafenib in patients with BRAF(V600E)
-positive papillary thyroid cancer: M.D. Anderson Cancer
Center off label experience. ] Clin Endocrinol Metab
2015;100:E77-81.

Kim KB, Cabanillas ME, Lazar AJ, et al. Clinical responses
to vemurafenib in patients with metastatic papillary thyroid
cancer harboring BRAF(V600E) mutation. Thyroid
2013;23:1277-83.

Brose MS, Cabanillas ME, Cohen EE, et al. Vemurafenib
in patients with BRAF(V600E)-positive metastatic

or unresectable papillary thyroid cancer refractory to
radioactive iodine: a non-randomised, multicentre, open-
label, phase 2 trial. Lancet Oncol 2016;17:1272-82.

Cite this article as: Xu X, Prinz RA. Targeting B-Raf kinase

for thyroid cancer treatment: promise and challenge. Transl
Cancer Res 2016;5(Suppl 7):S1461-S1464. doi: 10.21037/
tcr.2016.12.70

© Translational Cancer Research. All rights reserved.

14.

15.

16.

17.

18.

19.

20.

tcr.amegroups.com

Xu and Prinz. Thyroid cancer clinical trial with vemurafenib

Cheng W, Liu R, Zhu G, et al. Robust thyroid

gene expression and radioiodine uptake induced by
simultaneous suppression of BRAF V600E and histone
deacetylase in thyroid cancer cells. J Clin Endocrinol
Metab 2016;101:962-71.

Liu R, Xing M. TERT promoter mutations in thyroid
cancer. Endocr Relat Cancer 2016;23:R143-55.

Xing M, Liu R, Liu X, et al. BRAF V600E and TERT
promoter mutations cooperatively identify the most
aggressive papillary thyroid cancer with highest recurrence.
J Clin Oncol 2014;32:2718-26.

Prager GW, Koperek O, Mayerhoefer ME, et al.
Sustained response to Vemurafenib in a BRAFV600E-
mutated anaplastic thyroid carcinoma patient. Thyroid
2016;26:1515-6.

Hanly EK, Tuli NY, Bednarczyk RB, et al. Hyperactive
ERK and persistent mTOR signaling characterize
vemurafenib resistance in papillary thyroid cancer cells.
Oncotarget 2016;7:8676-87.

Byeon HK, Na HJ, Yang Y], et al. c-Met-mediated
reactivation of PI3K/AKT signaling contributes to
insensitivity of BRAF(V600E) mutant thyroid cancer to
BRAF inhibition. Mol Carcinog 2016;55:1678-87.
Hyman DM, Puzanov I, Subbiah V, et al. Vemurafenib
in multiple nonmelanoma cancers with BRAF V600
mutations. N Engl ] Med 2015;373:726-36.

Transl Cancer Res 2016;5(Suppl 7):S1461-S1464



