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Background: Clinical benefit from cytotoxic chemotherapy for metastatic papillary thyroid carcinoma (PTC) is
disappointing, and effective therapeutic approaches for these patients are urgently needed. Because kinase-
activating mutations in the BRAF proto-oncogene commonly occur in advanced PTC, and inhibition of
BRAFV600E has shown promising clinical activity in melanoma, BRAF inhibitor therapy may be an effective
strategy to treat metastatic PTC.
Methods: The dose escalation portion of a first-in-human, phase I study of vemurafenib, a selective RAF in-
hibitor, included three patients with metastatic PTC harboring the BRAFV600E mutation. Vemurafenib was
initially dosed at 240–360 mg twice a day, later escalated to 720 mg twice a day. Response evaluation was
performed every 8 weeks per Response Evaluation Criteria in Solid Tumors (RECIST).
Results: Among the three patients, one had a confirmed partial response with reduction of pulmonary target
lesions by 31%, and the duration of response was 7.6 months before the disease progressed in the lungs and the
bones. The time to progression was 11.7 months. The other two patients had stable disease, and the time to
progression was 13.2 and 11.4 months, respectively.
Conclusions: Vemurafenib appears to have a promising clinical activity in patients with metastatic PTC, and our
data suggest that the BRAFV600E mutant kinase is a relevant target for therapy in this patient population. Further
investigation of inhibitors of mutated BRAF kinase in patients with PTC in a phase II study is warranted.

Introduction

Thyroid carcinoma is an increasingly common can-
cer, currently the fifth most frequently diagnosed malig-

nancy in the United States in women (1). Among different
variants of thyroid cancer, papillary thyroid carcinoma (PTC)
is the most common histologic type, accounting for nearly
80% of all cases. Despite a favorable prognosis in a majority of
patients, about 10%–20% of the patients with PTC will de-
velop metastatic disease (2,3), and at least a half of these pa-
tients with advanced disease will not respond to conventional
therapy such as radioactive iodine and thyrotropin (TSH)
suppressive thyroid hormone therapy. Patients with radio-
active iodine–refractory disease have a poor overall prognosis
with a long-term overall survival rate of approximately 10%
(4). Cytotoxic systemic therapy plays a very limited role in
durable disease control of PTC (5). Recently, molecularly

targeted therapy for PTC, especially small molecules targeting
the vascular endothelial growth factor receptor (VEGFR),
have been evaluated in clinical trials with great promise and
are emerging as standard of care for patients with progres-
sive, radioactive iodine–refractory disease (6–12). However,
other kinases that drive the growth, invasion, and survival of
PTC cells and facilitate resistance to VEGFR targeting drugs
may be appropriate targets for therapy as well.

Among several known genetic aberrations of PTC, kinase-
activating mutations in the V-raf murine sarcoma viral oncogene
homolog B1 (BRAF) proto-oncogene are the most frequent
event, found in nearly half of all PTCs, and the incidence
rate of these mutations approaches 80% in recurrent or met-
astatic PTCs (13–15). A single amino acid substitution, from
valine to glutamic acid at codon 600 (V600E), accounts
for approximately 90% of all BRAF mutations (13–16). This
mutation mimics activated BRAF kinase protein, leading
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to phosphorylation of the downstream extracellular signal-
regulated kinase kinase (MEK) and extracellular signal-
regulated kinase (ERK1/2), tumor cell proliferation, and
potentially loss of differentiated functions (17–19). In addi-
tion, BRAF mutations predict for poorer clinicopathologic
outcomes (extrathyroidal extension, capsular invasion, lymph
node metastasis), persistence/recurrence of tumor after sur-
gery, and death (13,14,20,21). In vitro treatment of PTC cell
lines containing mutant BRAF with a selective BRAF kinase
inhibitor dephosphorylates MEK and subsequently ERK1/2,
blocks cell cycle progression, and inhibits tumor xenograft
growth (22,23). Therefore, it is plausible to hypothesize that
inhibition of BRAFV600E kinase would clinically benefit pa-
tients with PTC harboring this mutation.

Vemurafenib (also known as PLX4032 or RG7204) is a po-
tent kinase inhibitor of BRAFV600E with an IC50 of 31 nM and
V-raf-1 murine leukemia viral oncogene homolog 1 (CRAF)
with an IC50 of 48 nM; potency against wild-type BRAF kinase
is considerably less (24). In a first-in-human phase I study of
vemurafenib, 81% of patients had a significant tumor reduc-
tion with a confirmed response rate of 56% among patients
with metastatic melanoma harboring the BRAFV600E muta-
tion, who received treatment in a dose-extension cohort at the
960 mg twice daily dose (25). The median progression-free
survival duration was at least 7 months. This clinical efficacy
among melanoma patients with the relevant mutated BRAF
kinase drastically contrasts with a complete absence of clinical
response among those lacking the BRAFV600E mutation (25).
These results underscore the importance of selecting patients
whose tumors bear the appropriate molecular target for the
success of molecularly targeted drugs. A recently reported
randomized phase III trial demonstrated improved overall
survival, progression-free survival, and response rate following
treatment with vemurafenib for patients with previously un-
treated BRAFV600E-mutant melanoma, compared with da-
carbazine, and has led to the drug’s recent approval (26).

With the demonstrated efficacy of this selective RAF in-
hibitor in melanoma, interest has arisen in the evaluation of
the clinical activity of RAF inhibitors in nonmelanoma ma-
lignancies with a BRAFV600E mutation (27). Here we report
expanded clinical details and long-term follow-up of three
patients with advanced PTC harboring BRAFV600E mutation
who were treated with vemurafenib in the phase I clinical trial
at The University of Texas MD Anderson Cancer Center, early
results of which were previously published (25).

Patients and Methods

Patients

In a multicenter, first-in-human phase I study of vemur-
afenib, patients with histologically confirmed solid tumors
that were refractory to standard therapy or for which stan-
dard or curative therapy did not exist, were eligible. They had
to be 18 years of age or older and had to have Eastern Co-
operative Oncology Group performance status 0 to 1 with
adequate hematologic, hepatic, and renal function.

In the dose-escalation phase of the study, patients of any
tumor type were eligible regardless of the BRAF mutation
status, and in the dose-extension cohort, only patients with
melanoma harboring BRAFV600E mutation were eligible be-
cause of promising clinical activity to vemurafenib in this
subtype during the early phase of the study. Among 55 pa-

tients treated with highly bioavailable, microprecipitated
bulk powder formulation of vemurafenib during the dose-
escalation phase, three patients had metastatic PTC. Archived
tumor tissues of these three patients were analyzed for the
presence of a BRAF gene mutation by Clinical Laboratory
Improvement Amendments–certified, polymerase chain
reaction–based pyrosequencing technique performed at the
Molecular Diagnostic Laboratory at MD Anderson Cancer
Center.

Treatment

In the dose-escalation phase, vemurafenib was adminis-
tered orally at a range of 160 to 1120 mg twice a day (BID)
without interruption, and a cohort of three to six patients were
treated at each dose level until the maximum tolerated dose
was determined at 960 mg BID (25). One cycle was defined as
4 weeks of treatment. Intrapatient dose escalation to the next
dose level was permitted for patients who had not experi-
enced grade 3 or higher toxicity, but only when safety and
tolerability had been established in the separate cohort of
three to six patients treated for 28 days at that higher dose
level.

Study assessments

Safety evaluations, including physical examination, elec-
trocardiogram, laboratory tests comprising of complete blood
counts, and clinical chemistry and urinalysis, were performed
weekly during the first cycle, and then every 4 weeks after-
wards. The Common Terminology Criteria for Adverse
Events (version 3.0) were used to assess adverse events.

Clinical response was assessed every two cycles according
to the Response Evaluation Criteria in Solid Tumors (RE-
CIST), version 1.0 (28). Progression-free survival was defined
as the time from the first day of treatment to the date of the
first documented disease progression or date of death,
whichever occurred first.

The study protocol was approved by the Institutional Re-
view Board; all patients provided written informed consent
including disclosure of potential conflicts of interest.

Results

Three patients with metastatic papillary thyroid cancer
were initially treated with vemurafenib at 240, 360, and
360 mg BID, respectively. Pyrosequencing analysis of the ar-
chived tumor tissues from three patients was performed prior
to treatment and identified the BRAFV600E mutations in each.
Among these three patients, one had a confirmed partial re-
sponse, and the other two patients had stable disease as their
best initial response to therapy. The times to disease pro-
gression among the three patients were 11.4, 11.7, and 13.2
months, and the overall survival durations were 15, 21,
and at least 31.7 months. The adverse events were similar to
those reported in a phase I study of patients with metastatic
melanoma and reversible upon treatment discontinuation
(25). The clinical courses of these patients are described as
follows.

Patient 1

Patient 1 was a 57-year-old white man who was diagnosed
with PTC in March 1999. He had a total thyroidectomy with
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central and left neck node dissections, followed by radioac-
tive iodine treatment 2 months later. Between 2000 and 2007,
he had multiple invasive recurrences involving bilateral
neck, right supraclavicular, and superior mediastinal lymph
nodes, for which he underwent extensive lymph node dis-
sections of involved regions; subsequent review at our in-
stitution of a pathology specimen from a 2002 resection
confirmed classical PTC without poorly differentiated fea-
tures. In April 2008, a computed tomography (CT) scan re-
vealed an enlarging tumor mass in the thyroid bed encasing
the trachea with questionable endoluminal spread along the
right anterior subglottis and also approximating the com-
mon carotid and vertebral arteries. Left neck and mediasti-
nal lymphadenopathy and bilateral pulmonary nodules
were also concerning for metastatic disease. After providing
informed consent, he started vemurafenib treatment in May
2008 with 240 mg BID, and the dose was increased to 360 mg
BID after six cycles, and then to 720 mg BID after 11 cycles as
tolerated. He tolerated therapy well, except for requiring
surgical resection of multiple cutaneous keratinocytic erup-
tions diagnosed as invasive squamous cell carcinomas
(SCCs), which appeared beginning 8 months after starting
therapy. His best overall response was stable disease by
RECIST with 9% reduction of the target lesions. The thyro-
globulin level at baseline was 105 ng/mL, subsequently
fluctuated between 126 and 567 ng/mL, and at the time of
disease progression was 185 ng/mL. Although his pulmo-
nary and mediastinal lesions remained stable, his tumor
progressed in the thyroid bed after 14 cycles. He underwent
surgical resection of a thyroid bed mass requiring laryn-
gectomy in February 2010 followed by external beam radi-
ation therapy in May 2010. He was lost to follow-up
subsequently. The time to progression was 13.2 months and
the overall survival duration after initiation of vemurafenib

was at least 31.7 months as of the last follow-up in January
2011.

Patient 2

Patient 2 was a 48-year-old white woman who was diag-
nosed with a 2.5 cm PTC with extrathyroidal extension, and
she underwent thyroidectomy in September 2001 followed by
adjuvant radioactive iodine treatment. However, in March
2003, she had regional recurrence of PTC, which was man-
aged surgically followed by adjuvant external beam radiation
therapy. Histologic review of the recurrent tumor demon-
strated regions of squamoid changes with strong expression
of EGFR (Fig. 1). With enlarging pulmonary metastases that
demonstrated no radioiodine uptake on multiple diagnostic
131I scans, treatment was initiated with sorafenib 400 mg BID
in October 2007 with initial disease stabilization. However,
disease progression in the lungs bilaterally was noted in May
2008 and treatment was discontinued. After providing in-
formed consent, she started vemurafenib treatment in July
2008 with 360 mg BID, with dose escalation to 720 mg BID
after eight cycles. She tolerated therapy well, except for re-
quiring resection of cutaneous keratinocytic eruption diag-
nosed as invasive SCC from her right lateral chest, which
developed after 6 months of therapy. The thyroglobulin level
at baseline was 140 ng/mL, which decreased to 102 ng/mL
after three cycles. However, thyroglobulin levels subse-
quently fluctuated between 109 and 96 ng/mL. After four
cycles of treatment, she had a partial response in the lungs
with approximately 31% reduction of target lesions. But, after
12 cycles of treatment, progression was noted, with marked
and irregular enlargement of a small tumor in the right lower
lobe lung that had been present at the time of initiation of
vemurafenib therapy; further evaluation revealed right hilar

FIG. 1. Histologic evalua-
tion for patient 2. (A) Hema-
toxylin and eosin (H&E,
200 · ) stained section show-
ing classical papillary thyroid
carcinoma arising within the
thyroid (initial surgery, 2001);
higher power showing nu-
clear clearing, elongation and
grooving (inset, 400 · ) posi-
tive for BRAFV600E mutation.
(B) Recurrent papillary thy-
roid carcinoma involving
peritracheal soft tissue with
squamoid features (2003)
(H&E, 200 · and inset 400 · )
and nuclear hyperchromasia.
(C) Biopsy of the lung mass in
2009 with squamous features
(H&E, 200 · ) and hyperchro-
matic nuclei (inset, 200 · ), also
positive for BRAFV600E muta-
tion. (D) Strong, diffuse EGFR
expression by immunohisto-
chemical evaluation was
present in this recurrent
tumor (100 · , inset 400 · ).
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adenopathy and new lytic lesions in the left eighth rib and the
left distal femur. It was noted that the patient had no history of
cigarette smoking. At the time of radiographic disease pro-
gression, her serum thyroglobulin level was stable, 84.5 ng/
mL. Pathologic examination of a thoracoscopic biopsy speci-
men of the right lower lung mass showed carcinoma most
consistent with squamous cell carcinoma with strong ex-
pression of cytokeratin 5/6 (CK5/6) and p63, but absent
thyroid transcription factor-1 (TTF-1), thyroglobulin, and
mucin expression (Fig. 1). The molecular sequencing of this
progressing squamous carcinoma in the lung showed the
presence of the BRAFV600E mutation, analogous to her pri-
mary thyroid tumor, and suggesting that this lesion re-
presented progression of her underlying thyroid disease since
squamous cell carcinoma may be a form of dedifferentiated
thyroid carcinoma. She was subsequently treated with radi-
ation therapy to the symptomatic rib and left distal femur
lesions, and further chemotherapy was recommended, but
she died in October 2009. The duration of response was 7.6
months, time to progression was 11.7 months per RECIST,
and the overall survival duration after starting vemurafenib
was 15 months.

Patient 3

Patient 3 was a 63-year-old white man diagnosed with bi-
lateral, multifocal tall cell variant of PTC (without foci of
undifferentiated tumor) in July 2005 when he underwent a
total thyroidectomy and left modified neck dissection. The left
lobe primary tumor was at least 2.2 cm in diameter invading
the adjacent skeletal tissue and fat. In September 2005, he
received adjuvant radioactive iodine treatment. However, his
disease recurred in the left neck and mediastinum, for which
he underwent a second surgical resection of the left neck with
mediastinal dissection in May 2007 and radioactive iodine
treatment 2 months later. He underwent a paratracheal neck
dissection for another recurrence in March 2008, but 3 months
later, an enlarging, unresectable left superior paratracheal
recurrence was identified. After providing informed consent,
he started vemurafenib treatment in August 2008 at a dose of
360 mg BID. After two cycles, his serum alanine aminotrans-
ferase level increased to 307 IU/L (normal range 7–56 IU/L)
from 23 IU/L 4 weeks earlier; therefore, the dose was reduced
to 240 mg BID without further elevation in the serum trans-
aminase level. The dose of vemurafenib was again increased
to 360 mg BID after the sixth cycle and then to 720 mg BID
after the eighth cycle with good tolerance, except for the de-
velopment of a 5 mm cutaneous keratinocytic eruption, di-
agnosed as verruca, resected from his left shoulder after 7
months of therapy. His best overall response was stable dis-
ease by RECIST with 16% reduction of the target lesions. His
left supraclavicular adenopathy, although initially stable,
progressed after 12 cycles, and the treatment was dis-
continued. The thyroglobulin level was, unfortunately, not
measured at baseline, and it was 0.4 ng/mL at the end of two
cycles. His thyroglobulin level steadily increased to 9.1 ng/
mL by the eighth cycle, but decreased to 5.7 ng/mL 4 weeks
after dose escalation from 360 to 720 mg BID. However, the
thyroglobulin level increased to 21.4 ng/mL by the time of
disease progression after 12 cycles. After being taken off
protocol, he was subsequently treated with sorafenib for 9
months and then sunitinib for 2 months without disease re-

sponse. He died in September 2010 due to rapid disease
progression with anaplastic transformation involving the
lungs, liver, and bones. The time to progression was 11.4
months, and the overall survival duration after starting ve-
murafenib was 24.9 months.

Discussion

This is the first detailed report to describe clinical response
to selective BRAF kinase inhibitor therapy in patients with
progressive, metastatic PTC bearing the BRAFV600E mutation.
Unfortunately, on-therapy biopsies of metastatic lesions were
not performed, and thus the hypothesis that the observed
results are due to therapeutic targeting of the BRAFV600E

mutant kinase is based only on the agent’s known greater
selectivity of inhibition. Additionally, the number of patients
with PTC treated in this phase I study is quite small. None-
theless, partial response observed in one patient with distant
metastatic disease and the prolonged stabilization of loco-
regional and distant disease in the other two patients suggests
that further study of treatment with vemurafenib in
BRAFV600E mutant PTC is warranted.

Response to therapy with other, less selective BRAF in-
hibitors has been described previously. In published reports
from two phase II trials, sorafenib therapy yielded partial
response rates of 15% and 23%, respectively, and may have
prolonged the time to tumor progression as much as threefold
in a retrospective series (29–31). However, this agent has been
described as a weak in vivo inhibitor of BRAF kinase, and is
more likely to exert its primary effects through inhibition of
VEGFR, consistent with the responses seen with multiple
other anti-VEGFR tyrosine kinase inhibitors (9). Prolonged
stable disease but no objective response has been prelimi-
narily reported in 6 of 12 PTC patients treated in a phase I trial
of the pan-BRAF inhibitor XL281 (32). Notably, however,
tumor BRAF mutation status was not prospectively and uni-
formly determined in these studies, was not used to deter-
mine eligibility for treatment, and has not clearly correlated
with clinical outcomes. Therefore, studies with these less se-
lective agents do not necessarily support the contention that
targeting mutant BRAF protein in PTC is an effective strategy.

The development of cutaneous keratinocytic eruptions in-
cluding SCC and keratoacanthoma (KA) in patients treated
with both nonselective and selective BRAF inhibitors has been
well described previously and recently reviewed by Robert
et al. (33). In larger series, the frequency of such secondary
cutaneous neoplasms is 15%–30%. In the recent phase III mel-
anoma trial, cutaneous KA and SCC were reported in 8% and
12%, respectively, of vemurafenib-treated patients, compared
with fewer than 1% during dacarbazine therapy (26). Of note,
cutaneous keratinocytic eruptions diagnosed as SCC appeared
in two of our PTC patients during vemurafenib therapy and a
verruca appeared in the third. Examination of larger cohorts of
patients with PTC on BRAF inhibitors will be necessary to
evaluate if patients with PTC may potentially harbor a higher
susceptibility to development of keratinocytic eruptions during
treatment when compared to non-PTC patients on similar
therapy. In future trials of vemurafenib therapy for BRAFV600E

mutant PTC, prospective dermatologic monitoring for cuta-
neous keratinocytic eruptions is clearly warranted.

The rapidly enlarging lung tumor of squamous histology
during vemurafenib therapy in patient 2 is notable. Molecular
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genotyping identified a BRAFV600E mutation in a biopsy of the
lesion, similar to her primary thyroid lesion. The BRAFV600E

mutation has been reported to occur with low frequency in
adenocarcinoma of the lung and possibly limited to patients
with smoking histories (34); in contrast, this mutation was not
identified in 104 cases of primary squamous cell cancers of the
lung in two recent series (35,36). Although BRAF mutations
can be uncommonly observed in metastatic squamous carci-
nomas arising from the upper aerodigestive tract, imaging
studies never demonstrated evidence of an appropriate pri-
mary lesion. The clinical course along with mutational and
immunohistochemical findings are therefore evidence that the
lung lesion was more likely to be a progressive, dediffer-
entiating metastasis from the original PTC, rather than a
secondary lung malignancy. Squamous metaplasia may be
encountered in an otherwise well-differentiated thyroid car-
cinoma, but there is no known association with squamous
metaplasia progressing to squamous carcinoma in the thy-
roid. Nonetheless, patients with PTC showing squamous
metaplasia may warrant cautious consideration prior to en-
rollment in future trials of vemurafenib. Further, the rapid
progression of dedifferentiated tumor in two patients, in the
form of the lung metastasis of squamous cell carcinoma
(considered by many as a form of anaplastic thyroid carci-
noma) in one patient during vemurafenib therapy, and clear
anaplastic transformation with numerous metastases in an-
other patient after multiple sequential kinase inhibitor thera-
pies, may highlight the limitations of any single drug for
treatment in the setting of dedifferentiating disease.

It has been proposed that BRAF kinase inhibitors can
stimulate proliferation in cells lacking mutant BRAF by par-
adoxical activation of signaling of the RAF-MEK-ERK1/2
pathway in the presence of upstream activation of RAS, thus
possibly explaining the development of cutaneous SCC (37–
39). In contrast, the growth of a squamous metastasis in this
patient’s lung is not readily explained by this hypothesis of
paradoxical activation of signaling in wild-type BRAF cells,
given the BRAF mutation found in her tumor. Unfortunately,
the available amount of the patient’s lung tumor was insuf-
ficient for further molecular analyses. It is possible that other
mutations were present or subsequently developed that trig-
gered rapid growth and spread, including changes in RAS or
in cell surface receptors, such as EGFR or IGFR that signal
downstream through RAS, or additional activating mutations
(e.g., MEK1 mutations) in the MAPK signaling pathway (40).

In summary, treatment with vemurafenib of three patients
with progressive BRAFV600E mutant PTC yielded a partial
response in one and prolonged stabilization of disease in the
others in this phase I trial. On the basis of these results, a phase
II trial of vemurafenib has recently been initiated in patients
with progressive metastases from BRAFV600E mutant PTC
(ClinicalTrials.gov number NCT01286753).
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