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Abstract The US Food and Drug Administration-approved
BRAF inhibitors, vemurafenib and dabrafenib, have demon-
strated superior efficacy in patients with BRAF-mutant mela-
nomas but have limited efficacy in BRAF-mutant colorectal
cancer. Little is known at this time regarding BRAF inhibitors
in thyroid cancer. Initial reports in patients with progressive,
radioactive iodine–refractory BRAF-mutant papillary thyroid
cancer suggest response rates of approximately 30–40 %. In
this review, we discuss BRAF inhibitors in the context of
thyroid cancer, the toxicities associated with BRAF inhibitors,
and the suggested management of those toxicities. The man-
agement of vemurafenib and dabrafenib toxicities is applica-
ble across all tumor types and may serve as a practical guide to
their use.

Introduction

Thyroid cancer, the most common endocrine malignancy, is
estimated to be diagnosed in nearly 63,000 new patients and
cause almost 1900 deaths in the USA in 2014 [1].

Differentiated thyroid cancer (DTC), a broad category that
includes papillary thyroid cancer (PTC), follicular thyroid
cancer, Hürthle cell thyroid cancer, and thyroid cancers with
poorly differentiated histologies, accounts for more than 90 %
of all thyroid tumors. Most DTC patients can be cured with
standard primary treatment, but the 15% of DTC patients who
develop metastatic disease have significantly shorter survival.
The 10-year median survival rate after the discovery of met-
astatic DTC is 42%, but these patients’ prognoses vary widely
according to many factors, including the age of the patient; the
histology, location, and size of distant metastases; and whether
the disease takes up radioactive iodine (RAI). For example,
patients with RAI–refractory, progressive DTC who develop
macroscopic metastases in the lungs or bones have a poor
prognosis, with a 10-year overall survival rate of approximate-
ly 10 % [2]. Although much progress has been made against
DTC in the last decade, largely owing to the increased use of
kinase inhibitors, relatively little progress has been made
against anaplastic thyroid cancer (ATC), a rare and aggressive
form of thyroid cancer.

Many studies have focused on identifying the molecular
mechanisms that contribute to thyroid cancer tumorigenesis
and progression. Because vascular endothelial growth factor
receptor (VEGFR) is upregulated in DTC patients, VEGFR-
targeting drugs have been studied extensively, and small mol-
ecule inhibitors of tyrosine kinases have shown promising
activity against DTC in phase 2 [3–11] and phase 3 [12,13]
clinical trials. Furthermore, oncogenic mutations in the BRAF,
RAS, and RET genes, in addition to RET/PTC gene rearrange-
ments, have prognostic implications for DTC patients, and
understanding these mutations represents an important step
towards developing molecularly targeted therapies against
thyroid cancer. One signaling pathway that plays a key role
in the development and progression of DTC is the RAS-RAF-
MEK-MAP-ERK, or mitogen-activated protein kinase
(MAPK), signaling pathway. The most potent activators of

M. E. Cabanillas (*) : B. P. Danysh :R. Dadu
Department of Endocrine Neoplasia & Hormonal Disorders,
The University of Texas MD Anderson Cancer Center,
1515 Holcombe Blvd. Unit 1461, Houston, TX 77030, USA
e-mail: mcabani@mdanderson.org

A. Patel
Department of Dermatology, The University of Texas MD Anderson
Cancer Center, Houston, TX 77030, USA

S. Kopetz
GI Medical Oncology, The University of Texas MD Anderson
Cancer Center, Houston, TX 77030, USA

G. Falchook
Sarah Cannon Research Institute at Healthone, Denver, CO 80218,
USA

HORM CANC (2015) 6:21–36
DOI 10.1007/s12672-014-0207-9



the MAPK pathway are BRAF mutations, the most common
genetic alteration in PTC. In particular, the BRAF V600E
mutation, which occurs in approximately 40 % of primary
PTCs, up to 80 % of recurrent PTCs, and approximately 25 %
of ATCs [14], is correlated with aggressive tumor character-
istics (e.g., extrathyroidal extension, advanced tumor stage at
presentation, metastasis to the lymph nodes or distant sites)
[15–19] and possibly increased mortality [20]. A recent re-
view suggests that the association between the BRAF V600E
mutation and poor prognosis in patients with metastatic PTC
must be reexamined; however, doing so has proven challeng-
ing owing to the inherent limitations of retrospective studies
and difficulties in identifying a sufficient number of patients
with clinically aggressive PTC in prospective studies [21].
The BRAF V600E mutation is also associated with decreased
ability of these tumors to take up RAI [22], which is the only
agent known to cure patients who have distant metasta-
tic disease.

Given these considerations, BRAF kinase inhibition may
be an important treatment strategy for patients with BRAF-
mutant thyroid cancer. In this review, we discuss the role of
BRAFmutations in thyroid cancer, the efficacy of the selective
BRAF inhibitors against thyroid cancer and other BRAF-
driven malignancies, mechanisms of resistance to BRAF-
inhibition-based treatment, and possible combination strate-
gies that may overcome such resistance. We will also describe
the toxicity profile of the BRAF inhibitors, which are current-
ly US Food and Drug Administration (FDA)-approved for
melanoma (vemurafenib and dabrafenib) and the underlying
mechanisms and suggested management of BRAF-inhibitor-
induced toxicity.

Advanced Thyroid Cancer Management

The management of ATC and that of DTC are vastly different.
A clinical suspicion or pathological diagnosis of ATC is an
urgent medical situation that requires rapid evaluation for
airway stability, disease staging, and tumor resectability. Ex-
pert thyroid pathological analysis to confirm the diagnosis is
also advisable. Although the management of ATC is beyond
the scope of this review, the American Thyroid Association
(ATA) offers excellent guidelines for treatment [23].

The initial standard treatment of advanced DTC is more
straightforward and includes surgery with or without RAI and
thyroid hormone suppression therapy. Surgery is the primary
mode of therapy; the extent of surgery varies and largely
depends on the size of the primary tumor, presence of
extrathyroidal extension, extension into the surrounding struc-
tures, or presence of nodal metastases in the central and/or
lateral compartment. The most effective adjuvant treatment
for DTC is RAI but should be reserved for intermediate- and
high-risk patients per the ATA guidelines, which are an

excellent resource. Post-thyroidectomy RAI has three uses:
(1) ablation of the remaining thyroid tissue and any possible
residual cancer, (2) treatment of known residual or metastatic
disease, and (3) imaging to evaluate for possible metastatic
disease. Treatment with thyroid hormone is required for all
patients, not only prevent hypothyroidism but also reduce
thyroid-stimulating hormone-driven stimulation of tumor
growth. The levothyroxine dose should be adjusted according
to the extent of the disease and the likelihood of recurrence.

Of the DTC patients, 7–23 % develop distant metastases
during their disease course, and 1–4 % of DTC patients
present with distant metastases. DTC patients who present
with distant metastasis should undergo surgery to remove
the source of large RAI uptake, followed by RAI to eliminate
any disease that remains. Of special consideration are patients
with BRAF-mutant tumors, which typically do not take up
RAI. Documentation of RAI avidity on pre- or post-treatment
whole-body scan is imperative for further treatment decision
making. If the distant disease is RAI non-avid or RAI–refrac-
tory, RAI treatment is not recommended by most specialists,
and monitoring for the pace of disease progression is warrant-
ed because metastatic DTC tends to be indolent inmany cases.
This “watch-and-wait” approach and monitoring with cross-
sectional images is appropriate in patients who are asymptom-
atic, have a low tumor burden, and/or have a slow pace of
disease progression. Awatch-and-wait approach is also advo-
cated because systemic therapies, which can be given indefi-
nitely if the patient is receiving benefit, have a broad range of
toxicities that may negatively affect these patients’ quality of
life [24].

Local or systemic treatments may be considered once
clinically significant progression has been documented or
the patient has developed disease-burden-related symptoms
or is at significant risk of developing disease-related morbidity
(e.g., spinal cord compression). However, identifying the sub-
population of DTC patients who may benefit from systemic
therapies and choosing the optimal drug remains a challenge.
Until recently, doxorubicin was the only drug approved by the
FDA for metastatic, RAI–refractory DTC, but it yielded a low
response rate. Sorafenib is the first oral tyrosine kinase inhib-
itor approved for progressive RAI–refractory metastatic DTC.
A double-blind, randomized, multicenter phase 3 trial was
conducted to assess sorafenib’s efficacy and safety versus
placebo in patients with progressive RAI–refractory DTC
[25]. The progression-free survival (PFS) duration of the
sorafenib-treated patients (10.8 months) was significantly lon-
ger than that of the placebo-treated patients (5.8 months;
hazard ratio, 0.59; 95 % confidence interval, 0.45–0.76;
p<0.0001). The partial response rates in the sorafenib arm
and placebo arm were 12.2 and 0.5 %, respectively, and the
rates of stable disease lasting at least 6 months were 42–33 %,
respectively. Given its inhibition profile, sorafenib has antitu-
mor activity that is most likely exerted through VEGFR
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inhibition. While sorafenib can inhibit RAF family members
in vitro, it does not appear to sufficiently inhibit the kinase
activity of BRAF in patients, as demonstrated by the lack of
benefit in melanoma. Similarly, in an analysis of DTC patients
whose tumors were tested for BRAF mutation, there was no
difference in the PFS with sorafenib for those patients with or
without a BRAF mutation [12]. In the subgroup of patients
with BRAF-mutant tumors, the PFS duration of those who
received sorafenib was substantial (20.8 months) but not
significantly different from that of those who received placebo
(9.4 months); however, this could be explained by the differ-
ent prognoses of the differing subtypes of DTC [26].

Role of BRAF in Oncogenesis

The MAPK pathway is responsible for transformational phe-
notypes in many cancers, including thyroid cancers. Under
normal conditions, the activation of the MAPK cascade is
initiated through ligand activated receptor tyrosine kinases
(RTKs) followed by guanosine-triphosphate-bound RAS
binding to RAF kinase family members, BRAF and/or CRAF
(serine-threonine kinases). This interaction repositions the
RAF kinase “activator” to the plasma membrane, where con-
formational changes and subsequent phosphorylation induces
the activator RAF kinase to form a heterodimer or homodimer
with a “receiver” RAF kinase. The activator RAF (primarily
BRAF) transactivates the bound receiver RAF (primarily
CRAF), enabling it to phosphorylate MEK [27]. ARAF can
also dimerize with its self and the other RAF molecules;
however, it has weak kinase activity relative to the other
two. It appears to be more of a scaffolding molecule in some
cells, stabilizing the interactions between BRAF and CRAF
independent of its own binding of RAS [28,29]. These RAF
dimers are integral to the activation of the MAPK signaling
cascade; however, their interactions with RAS are conse-
quently disrupted by an ERK-mediated feedback loop
[30,31]. BRAF is believed to be the key RAF molecule in
this cascade, as its participation has been shown to be essen-
tial; depletion of B-Raf in HeLa cells has been shown to
reduce epidermal growth factor-inducedCRAF kinase activity
by 90 %, whereas CRAF depletion reduces BRAF activity by
only 50%, and ARAF depletion has no significant effect [32].
In addition, BRAF can constitutively homodimerize to some
degree and thus has significantly higher basal kinase activity
than ARAF and CRAF do.

In contrast to wild-type BRAF, activating mutants of
BRAF are constitutively active and have been shown to
bypass the dimerization requirement. In melanoma, the BRAF
V600E mutation enables BRAF to signal as a monomeric
enzyme in the absence of activated Ras and upstream RTK
inputs to potentiate dimerization [33]. Activating BRAF mu-
tations occur frequently in melanoma and PTC and less

frequently in colorectal cancer, non-small-cell lung cancer,
and ovarian cancer. Interestingly, activating BRAF and RAS
mutations are mutually exclusive in all of these cancers,
including well-differentiated thyroid cancer [34]. In addition,
the stabilization of the BRAF V600E and CRAF heterodimer
by oncogenic RAS inhibits BRAFV600E-mediated activation
of the MAPK pathway in melanoma cells [35]. However, the
coexistence of mutations that activate both the MAPK and
phosphoinositide 3-kinase (PI3K)-protein kinase B pathways
is believed to contribute to the dedifferentiation and progres-
sion of thyroid cancer [36,37].

Selective Braf Inhibitors in Cancer Treatment

The prevalence of the BRAF V600E mutation in PTC, mela-
noma, and colorectal cancer and the aggressiveness of these
tumors make the BRAF V600E kinase a therapeutic target of
interest. Vemurafenib (PLX4032) and dabrafenib
(GSK2118436) are two small-molecule RAF inhibitors that
have been developed as V600 mutant specific inhibitors. Both
molecules work by competing for the modified adenosine
triphosphate binding site in the active forms of the BRAF
V600E kinase, thereby inhibiting its ability to participate in
MAPK pathway activation. In this respect, vemurafenib and
dabrafenib have been shown to be highly selective for BRAF
V600E-mutant cells that are 100- and 500-fold higher, respec-
tively, than those for cells with wild-type BRAF [38,39]. Other
BRAF inhibitors are also being tested in the clinic, but have
not been evaluated in thyroid cancer or FDA approved for
other indications [40].

Melanoma and Colorectal Cancer

Of the cutaneous melanomas, 40–60% have BRAF mu-
tations [41,42]. Vemurafenib, owing to strong preclinical
data and phase 1/2 clinical trial findings, was the first
selective BRAF inhibitor to be tested. In a phase 3 trial
comparing vemurafenib against what was then the stan-
dard of care—dacarbazine—in previously untreated
unresectable stage IIIC or IV melanoma with the BRAF
V600E mutation, vemurafenib was associated with re-
ductions in the relative risks for death and tumor pro-
gression of 63 % and 74 %, respectively. Response
rates were 48 % with vemurafenib [43] and 5 % with
dacarbazine. On the basis of these results, vemurafenib
was approved for the treatment of advanced melanoma.
In another phase 3 clinical trial, patients treated with
dabrafenib had a PFS duration (5.1 months) that was signifi-
cantly longer than that of patients treated with dacarbazine
(2.7 months). The response rate was 50 % with dabrafenib
[44] and only 6 % with dacarbazine. The results of these two
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phase 3 clinical trials demonstrated the important role of
selective BRAF inhibitors in the treatment of BRAF-mutant
melanoma. Subsequent studies demonstrated the added bene-
fit of further inhibition of the MAPK pathway with dual
BRAF and MEK inhibition. A randomized phase II study of
dabrafenib with or without the MEK inhibitor, trametinib,
resulted in higher response rates and PFS (76 vs 54 %) and
prolonged PFS (9.4 vs 5.8 months) for the combination [45].

In contrast to melanoma patients, colorectal cancer patients
harboring the BRAF V600E mutation have a very limited
response to vemurafenib. In colorectal cancer, 5–10 % of
tumors have BRAF mutations [46,47]. The efficacy of BRAF
inhibitors in BRAF-mutant colorectal cancer has been quite
disappointing, with a response rate of only about 5 % [47].
Similarly, dabrafenib and trametinib failed to demonstrate a
meaningful improvement in response rates [48].

Thyroid Cancer

The first description of using a selective BRAF inhibitor to
treat thyroid cancer was from the first-in-human phase 1 trial
of vemurafenib [49,50]. The drug elicited a partial response in
1 patient’s BRAF-mutant PTC and stable disease with tumor
regression in two other patients. These preliminary observa-
tions led to the development of an open-label phase 2 trial of
vemurafenib in patients withBRAF-mutant PTC, the results of
which were presented at the European Cancer Congress An-
nualMeeting in 2013 [51]. The trial enrolled 51 patients in the
USA and Europe. Eligible patients had RAI–refractory recur-
rent, unresectable, or metastatic progressive PTCwith a BRAF
V600 mutation. Patients were analyzed separately based on
whether they had previously been treated with a VEGFR
inhibitor. The starting vemurafenib dose was 960 mg twice
per day, and patients were treated until disease progression or
unacceptable toxicity. The primary endpoint was the response
rate in VEGFR-inhibitor-naive patients. Of the 26 patients in
the VEGFR-inhibitor-naive cohort, 9 (35 %) had a partial
response to vemurafenib, and 6 (23 %) had a best response
of stable disease for more than 6 months. There were no
complete responses. The median PFS duration was
15.6 months [95 % confidence interval, 11.20—not reached
(NR)], and the median overall survival duration had not been
reached at the time the results were reported. Of the 21 patients
who had previously received VEGFR inhibitor therapy, 6
(29 %) had a partial response, and 2 (10 %) had stable disease
for 6 months or more. Compared with the VEGFR-inhibitor-
naive patients, these patients had a significantly shorter medi-
an PFS duration (6.3 months; 95 % confidence interval,
5.38—NR). Their median overall survival duration was
9.8 months. The authors concluded that vemurafenib had
activity in VEGFR-inhibitor-naive patients and warranted
further study. The adverse events (AEs) were similar to those

reported in melanoma patients, with the most common being
rash, fatigue, weight loss, taste alteration, and alopecia. Of the
51 patients in the study, 11 (22 %) developed a cutaneous
squamous cell carcinoma (SCC), and 1 was diagnosed with an
SCC of the distal trachea.

Dadu et al. retrospectively studied a population of thyroid
cancer patients who discontinued first-line sorafenib either
because of disease progression or drug toxicity and subse-
quently received salvage treatment with a kinase inhibitor
[52]. Of the four patients treated with salvage vemurafenib,
three had a partial response. All three patients had
discontinued first-line sorafenib treatment because progres-
sive disease. Dadu et al. [53] also reported on their retrospec-
tive, off-label experience with vemurafenib in 15 PTC pa-
tients; 7 patients (41 %) had partial responses, and 8 patients
(47 %), many of whom had tumor regression, had stable
disease. The median PFS duration was 13 months. (An up-
dated report is forthcoming.)

There has been 1 case report of a patient withBRAF-mutant
ATC being successfully treated with vemurafenib [54].
Vemurafenib is not being studied in ATC at this time, and this
report should be interpreted with caution because ATC is often
mistaken for poorly differentiated thyroid cancer. Further-
more, ATC patients often have tumors with more than one
mutation; thus, targeting a single mutation in this setting may
not be fruitful.

Falchook et al. enrolled 14 patients with BRAF-mutant
thyroid cancer in the first-in-human phase 1 trial of
dabrafenib [55]. The thyroid cancer cohort was results were
recently published. The cohort consisted of 13 BRAF mu-
tant PTC and 1 BRAF mutant ATC patients. Four (29 %)
partial responses were observed, and six (45 %) achieved a
stable disease. The ATC patient had a best response of
progressive disease. Median PFS was 11.3 months.

A clinical trial of patients with BRAF-mutated PTC ran-
domized to receive dabrafenib with or without trametinib is
ongoing, and therefore, it remains to be determined if com-
bined BRAF and MEK inhibition will increase the activity of
single agent BRAF inhibition, as seen in melanoma.

Treatment with BRAF inhibitors results in tumor
redifferentiation and RAI reuptake in animal studies of
BRAFV600E-mutant thyroid cancer [56]. Thus, several stud-
ies in humans with drugs targeting the BRAF pathway (such
as selective BRAF inhibitors and MEK inhibitors [57]) in
hopes of restoring RAI uptake have been developed. The
preliminary results of a pilot trial using dabrafenib to restore
RAI uptake in patients with RAI–refractory, BRAF V600E-
mutant PTC were reported at the 2013 American Society of
Clinical Oncology Annual Meeting [58]. Of the nine patients
in the study, five (56 %) had tumors that were RAI-avid on a
diagnostic scan after 42 days of dabrafenib treatment. All five
were treated with 150 mCi of I-131 (RAI); of these patients,
one had a complete response, and three had stable disease.
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Other ongoing trials of selective BRAF inhibitors in thy-
roid cancer patients are listed in Table 1.

Mechanisms of Resistance to Braf Inhibitors

Although BRAF inhibitors are initially effective, resistance is
inevitably acquired in most patients as the cells develop alter-
native mechanisms to pathway activation. Several potential
mechanisms of acquired and intrinsic resistance within the
context of each cancer have been described (Fig. 1). In mela-
noma, resistance mechanisms include NRAS mutations, acti-
vation of upstream RTKs [e.g., insulin-like growth factor 1
receptor, platelet-derived growth factor receptorβ (PDGFRβ),
epidermal growth factor receptor (EGFR)], BRAF V600E
kinase splice variants that cannot be inhibited by BRAF inhib-
itors, transactivation of an uninhibited RAF dimer partner by
the inhibited BRAF V600 mutant, acquisition of MEK-
activating mutations, and overexpression of COT (MAP3K8).
These mechanisms result in continued signaling along the
MAPK pathway or an alternative pro-survival pathway such
as the PI3K pathway [33,59–62]. Response to BRAF inhibi-
tion differs among cell types; for example, colon and thyroid
cancer cells harboring the BRAF V600E mutation have intrin-
sic resistance mechanisms to BRAF inhibitors. EGFR expres-
sion level is a determinant in sensitivity to BRAF V600E
kinase inhibitors. Colon and thyroid cancer cells expressing
high levels of EGFR responded well to the combination of
vemurafenib and an EGFR inhibitor, but poorly to
vemurafenib alone. These cells appear to respond to
vemurafenib by deactivating EGFR-negative feedback loops
and consequently rapidly activate this RTK [63,64]. When
these colon cancer cells are treated with a combination of

vemurafenib and PI3K inhibitors, they become sensitive to
BRAF V600E kinase inhibitors, resulting in growth inhibition
[65,66].

Much of the work on the mechanisms of mutant BRAF
inhibitor resistance in thyroid cancer has been published
by Fagin et al. That group reported that, unlike in colon
cancer, EGFR activation in response to vemurafenib treat-
ment is not detectable in thyroid cancer cell lines harbor-
ing the BRAF V600E mutation. Instead, most cell lines
showed a decrease in EGFR phosphorylation (4 of 6 lines)
and an 11-fold increase in HER3 phosphorylation and
heterodimerization with HER2, thereby increasing the ac-
tivation of both the MAPK and PI3K pathways. HER2/
HER3 activation was found to be dependent on autocrine
production of neuregulin-1 (NRG1), which was expressed
at much higher levels in BRAF V600E-mutant thyroid cell
lines than in BRAF V600E-mutant melanoma or colorectal
cell lines. In addition, unlike in melanoma, activation of
PDGFRβ resulted in only modest increases in the activa-
tion of the MAPK and PI3K pathways [67]. A more
recent study demonstrated that BRAF dependent viability
did not correlate with primary BRAF inhibitor sensitivity
in a panel of BRAF V600E-mutant cell lines derived from
thyroid, colorectal, and melanoma tissues. Transient knock-
down of BRAF, but not CRAF, led to significant decrease
in cellular viability for all cell lines regardless of inhibitor
sensitivity. Interestingly, the study also found increased
levels of extracellular IL-6 in BRAF inhibitor resistant
lines compared to sensitive lines, suggesting an additional
autocrine activation loop mechanism of resistance [68].

Many clinical trials in thyroid cancer patients are designed
to determine how to overcome resistance to BRAF inhibition
(Table 1).

Table 1 Ongoing clinical trials of BRAF inhibitors in thyroid cancer patients

Trial name Main inclusion criteria Clinical trials.gov identifier

Dabrafenib with or without trametinib in treating patients
with recurrent thyroid cancer

BRAF-mutant papillary thyroid cancer NCT01723202

Dabrafenib and lapatinib ditosylate in treating patients with
refractory thyroid cancer that cannot be removed by surgery

BRAF-mutant papillary thyroid cancer NCT01947023

Re-differentiation of radioiodine-refractory BRAF V600E-mutant
papillary thyroid carcinoma with GSK2118436 (Dabrafenib)

RAI-refractory papillary thyroid cancer NCT01534897

Efficacy and safety of the combination therapy of dabrafenib and
Trametinib in subjects with BRAF V600E- mutated rare cancers

Anaplastic thyroid cancer NCT02034110

Study to determine safety, tolerability, and pharmacokinetics of oral
dabrafenib in pediatric subjects

Pediatric papillary thyroid cancer NCT01677741

Vemurafenib neoadjuvant trial in locally advanced thyroid cancer BRAF-mutant PTC requiring thyroidectomy
or neck dissection

NCT01709292

Enhancing radioiodine incorporation into BRAF-mutant, RAI-refractory
thyroid cancers with the BRAF inhibitor vemurafenib: a pilot study

RAI-refractory papillary thyroid cancer NCT02145143

Phase I/IIa study to evaluate the safety, PK, PD, and preliminary efficacy
of PLX8394 in patients with advanced cancers

Advanced BRAF-mutated cancers (including
thyroid cancer)

NCT02012231

RAI radioactive iodine, PTC papillary thyroid cancer
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Adverse Effects of BRAF Inhibitors and Suggested
Management

The most common AEs related to dabrafenib and
vemurafenib, the two selective BRAF inhibitors that are com-
mercially available, are dermatologic AEs. Other common
toxicities associated with these drugs are gastrointestinal or
constitutional AEs that include headache, pyrexia, fatigue,
nausea, and arthralgia.

Dermatologic AEs

Selective BRAF inhibitors have significant cutaneous side
effects whose prevention and treatment require a multidisci-
plinary approach. These side effects can be divided into non-
neoplastic and neoplastic dermatologic AEs. Keratosis-
pilaris-like eruptions, panniculitides, and photosensitization
are among the most common non-neoplastic AEs, whereas
actinic and verrucous keratoses and SCC are among the most
common neoplastic dermatologic AEs. These dermatologic
side effects result in dose cessation or reduction in <10 % of
patients [69].

Non-neoplastic Dermatologic AEs

Superficial keratotic plugging of the follicle results in a
keratosis-pilaris-like eruption (Fig. 2a), which is seen fre-
quently and more often asymptomatic than pruritic. In phase

2 and 3 trials of vemurafenib, 5–9 % of patients had keratosis-
pilaris-like eruptions [43,70]; however, the true incidence may
be underreported [71–73]. A case of multiple eruptive milia
on the face of a patient receiving vemurafenib therapy has also
been reported [74]. In these lesions, the follicular plugging is
more prominent and leads to the formation of tiny follicular
cysts. These lesions are often asymptomatic and left untreated.
If symptomatic, a bland emollient or emollient with urea,
salicylic acid, or lactic acid can be used.

Hair follicle changes are a common AE of both dabrafenib
and vemurafenib. Alopecia, hair changing from straight to
curly, and changes in hair color during dabrafenib treatment
have all been reported [75]. In phase 2 and 3 trials of
vemurafenib, the incidence of alopecia—typically grade 1—
ranged from 8 to 36 % [43,70].

Palmoplantar hyperkeratosis or keratoderma is the thicken-
ing of the epidermis without inflammation. It has been ob-
served in 6–19% [76,77] of patients treated with vemurafenib
and 13 % [44] of patients treated with dabrafenib. Affected
patients develop thick yellow plaques, similar to large cal-
luses, on the palms of their hands and soles of their feet. The
keratoderma is most commonly seen on the feet at pressure
points, without vesiculation. When these plaques start to
vesiculate, particularly in areas of friction, the side effect is
classified as a hand–foot skin reaction. Although more com-
mon in patients treated with multi-kinase inhibitors such as
sorafenib and sunitinib, these lesions have been reported in
patients treated with selective BRAF inhibitors [73]. We rec-
ommend that patients who develop keratoderma use a urea-

Fig. 1 Mechanisms of selective B-Raf (V600E) inhibitor resistance. a In
melanoma and colon cancer, cells are known to acquire resistance to B-
Raf (V600E) inhibitors through several mechanisms. The RAS-RAF-
MEK-ERK or PI3K-AKT pathways can be driven by (1) upregulation
or activation of receptor tyrosine kinases (RTK) such as IGF-1R,
PDGFRβ, and EGFR or (2) acquired RAS-activating mutations. (3)
BRAF splice variants with truncated RAS binding domains permit
RAS-independent activator-receiver dimerization. (4) RAS-dependent
transactivation of RAF receivers (BRAF or CRAF) by inhibitor-bound

wild-type BRAF or CRAF activators. (5) Acquired MEK-activating
mutations can act on ERK1/2 independently of RAS and RAF activity.
(6) Increased activity of downstream kinases, such as COT, can bypass
the inhibition of BRAF and directly phosphorylate MEK. b In papillary
thyroid cancer, a mechanism of resistance has been demonstrated through
neuregulin-1 (NRG1)-dependent activation of HER2/HER3. Activation
of HER2/HER3 then drives both the RAS-RAF-MEK-ERK and/or PI3K-
AKT pathways
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based moisturizer; in some cases, referral to a podiatrist to
have the calloused areas on the feet reduced is appropriate.
Punctate hyperkeratotic lesions (Fig. 2b) may be treated with
cryotherapy followed by topical retinoids.

Neutrophilic dermatoses encompass a number of cutaneous
conditions with similar histologic features. These conditions
include acute febrile neutrophilic dermatosis (Sweet’s syn-
drome), pustular vasculitis, neutrophilic dermatosis of the
dorsal hand, pyoderma gangrenosum, and neutrophilic
panniculitis. Sweet’s syndrome [78,79], mainly a dermal pro-
cess, and neutrophilic panniculitis, mainly a subcutaneous
process, have been attributed to the use of BRAF inhibitors
[78–84].

All reported cases of neutrophilic panniculitis in patients
treated with BRAF inhibitors occurred in patients with meta-
static melanoma. In our practice, we have also seen this skin
condition in thyroid cancer patients treated with the agents.
Patients present with tender, erythematous nodules on the legs
and occasionally arms that have a histology consistent with a
neutrophilic lobular panniculitis [80–84]. Of the eight patients
reported, four had arthralgias [81,83,84]. The lesions appeared
1 day to 7 weeks after drug initiation, with a median time to
occurrence of close to 4 weeks. Of the seven patients with
known outcomes, two had self-resolution of symptoms, one
had resolution with oral non-steroidal anti-inflammatories

(NSAIDs), two had resolution with NSAIDs and a short
cessation of the BRAF inhibitor treatment, and one patient
had resolution with dose cessation, dose reduction, oral ste-
roids, and oral NSAIDs [80,82–84]. The final patient had
resolution only after dose cessation [84]. In our practice, we
treat panniculitis symptomatically with NSAIDs, but these
lesions tend to disappear spontaneously over time.

Photosensitivity sunburn is commonly seen in patients
treated with vemurafenib but has not been reported in patients
treated with dabrafenib. In one trial, photosensitivity sunburn
was seen in 31 % of vemurafenib-treated melanoma patients
[77]. This phototoxic reaction has been shown to be caused by
exposure to ultraviolet A rays [85]. Patients should be advised
to use a broad-spectrum sunscreen (protecting against both
ultraviolet A and ultraviolet B rays) and protective barriers
(e.g., long sleeves, hat) when exposed to the sun. The sunburn
due to vemurafenib can happen within minutes of sun
exposure.

Radiation recall dermatitis occurs when patients develop a
dermatitis triggered by a drug that is limited to previously
irradiated body surface areas. Radiation recall dermatitis,
which is usually caused by taxanes and anthracyclines, is
thought to reveal subclinical radiation damage that occurred
previously. These areas could have been sites of severe sun-
burns or radiation therapy [86]. Boussemart et al. reported two

Fig. 2 Examples of skin
toxicities: a keratosis pilaris-like
eruptions, b hyperkeratotic
punctate lesion on the hand, c
verrucous keratoses, and d
melanocytic nevi
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patients with metastatic melanoma who had vesicular and
eczematous eruptions limited to the sites of radiation 10 and
7 days after initiating vemurafenib therapy, respectively. In
one patient, radiation therapy concluded 1 day before starting
vemurafenib, and the second patient had a 23-day latency
period. Both patients’ dermatitis resolved with topical steroid
cream [87]. Forschner described three patients with metastatic
melanoma, two of whom had a radiation recall pneumonitis
and one of whom had radiation recall dermatitis. All three
patients were treated with steroids (topical steroids for the
dermatitis and systemic steroids for the pneumonitis), and no
dose cessationwas necessary. Latency periodswere 2–4weeks
after starting the vemurafenib [86].

Pulvirenti et al. described five patients who were treated
with BRAF inhibitors and radiation therapy simultaneously.
They had severe, quickly occurring acute radiation dermatitis
that was disproportionate to the low radiotherapy doses they
received [88]. Similarly, Satzger et al. suggested that, in pa-
tients receiving concomitant radiation therapy and BRAF
inhibitor therapy, BRAF inhibition exacerbates radiation der-
matitis. The authors suggested using skin controls to better
delineate the severity of the dermatitis. Prophylactic cutaneous
therapies may be useful in these cases [89].

Increased photosensitivity, particularly in patients who are
undergoing or have undergone radiation therapy, should be
considered in patients receiving BRAF inhibitor therapy. They
can be treated prophylactically or reactively with topical ste-
roids for acute radiation or radiation recall dermatitides.

To date, dermatitis associated with stereotactic radiation of
brain metastases has not been reported and remains only a
theoretical concern. In our clinical experience, we typically
hold BRAF inhibitor therapy for two days before and after
stereotactic brain radiation, and we have not observed subse-
quent radiation dermatitis.

Traditional low-grade morbilliform drug reactions have
been seen in 4–21 % of patients receiving vemurafenib [69].
Patients may be treated with topical steroids if no skin blister-
ing occurs and the mucous membranes are not affected. These
symptoms would suggest traditional high-grade drug reac-
tions, which have been seen in patients treated with selective
BRAF inhibitors, such as Stevens–Johnson syndrome [90]
and toxic epidermal necrolysis [91], which require immediate
discontinuation of the BRAF inhibitor and medical attention.

Vitiligo [92], sarcoidosis [93,94], and exacerbation of tran-
sient acantholytic dermatosis (Grover’s disease) [95] have also
been reported in patients treated with BRAF inhibitors.

Neoplastic Dermatologic AEs

The most common neoplastic cutaneous toxicities of the
BRAF inhibitors, dabrafenib and vemurafenib, include actinic
keratosis, verrucous keratosis, and SCC of the skin. SCC and
keratoacanthomas have also been seen in patients treated with

sorafenib, another compound with inhibitory activity against
RAF kinases [26,96,97]. Squamous cell tumors in patients
treated with the BRAF inhibitors vemurafenib and sorafenib
have a distinct mutational profile that indicates a mechanism
of therapy-induced tumorigenesis in RAS-primed cells
[98,99]. The molecular mechanism of this tumorigenesis is
consistent with the paradoxical activation of MAPK signaling
and accelerates the growth of these lesions [100–102]. There-
fore, co-targeting ofMEK and RAFmay reduce or prevent the
formation of these tumors. The combination of dabrafenib and
theMEK inhibitor, trametinib, has been assessed in melanoma
patients [45], and one study revealed that the proliferative skin
lesions commonly seen in patients treated with dabrafenib
monotherapy, including cutaneous SCC, papillomas, and hy-
perkeratosis, were less frequently observed patients treated
with a combination of dabrafenib and trametinib [81]. Recent
results implicate the suppression of JNK signaling indepen-
dent of the ERK pathway as an additional mechanism of
sorafenib-induced cutaneous SCC [103]. Noncutaneous SCCs
of the head and neck and other malignancies associated with
RAS activation may occur in patients receiving vemurafenib.

Actinic keratoses are precancerous epithelial lesions typi-
cally associated with chronic sun damage. The incidence of
actinic keratoses is 6–16 % in vemurafenib-treated patients
[43,70,72] and 5–10 % in dabrafenib-treated patients
[55,75,104]. Verrucous keratoses (Fig. 2c) are papillated, hy-
perkeratotic, well-demarcated papules that are often inflamed
and appear in an eruptive nature 3–4 months after BRAF
inhibitor therapy [75]. Because these lesions demonstrate mild
epidermal dysplasia [105], they are treated as precancerous
lesions. Verrucous keratoses are not true verruca, as multiple
reports have noted that the lesions are negative for human
papilloma virus [106,107]. Prompt treatment with cryothera-
py, photodynamic therapy, curettage, and/or topical 5-
fluorouracil helps prevent both actinic and verrucous kerato-
ses from forming SCC.

SCC of the skin usually manifests as dome-shaped, well-
demarcated, hyperkeratotic, erythematous papules and nod-
ules. They grow quickly and are more prevalent in older
patients with chronic sun damage [108]. Brose et al. reported
cutaneous SCCs in 11 of 51 (22 %) thyroid cancer patients
enrolled in a phase 2 trial of vemurafenib [51]. The incidence
of SCCs reported in other trials is 4–31 % in vemurafenib-
treated patients [43,49,70] and 6–11 % in dabrafenib-treated
patients [44,55,104,109]. Sosman et al. showed that most
SCCs that occur in dabrafenib- or vemurafenib-treated pa-
tients are well-differentiated or keratoacanthoma-type SCCs,
which are less aggressive than the normal array of sun-
induced SCCs are and have a median time to occurrence of
8 weeks [70]. These lesions are not limited to sun-exposed
areas, even though the majority of patients (78%) in one study
had a history or signs of chronic sun damage [99]. Chu et al.
found that there was solar elastosis in all BRAF-inhibitor-
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induced SCCs in their study. No studies of vemurafenib or
dabrafenib have reported either drug giving rise to metastatic
SCC [110].

In two case reports, systemic retinoid therapy with acitretin
was found to reduce the incidence of benign and malignant
keratotic lesions in vemurafenib-treated patients [105,111].
Another study found that photodynamic therapy given in three
sessions over 5 months was effective against keratoacanthoma
and well-differentiated SCC in patients receiving vemurafenib.
The lesions were gently curetted, and the keratoacanthomas
were treated with 5-aminolevulinic acid for 3 h before under-
going red light activation [112]. Other studies have reported
combination therapies of topical 5-fluorouracil, photodynamic
therapy, and surgical excision [113] and intralesional 5-
fluorouracil plus acitretin [114] to be effective against BRAF-
inhibitor-induced SCCs and keratoacanthomas. This type of
multimodal therapy as well as early therapy may help reduce
the number of surgical excisions that patients receiving BRAF
inhibitors must undergo.

Changes in pigmented lesions, such as involution of nevi
and new and darkening nevi (Fig. 2d), have also been reported
in patients receiving BRAF inhibitors. New nevi have wild-
type BRAF and lack the V600E mutation and appear in 8–
14 weeks [115]. These lesions have been confirmed with
biopsy to be common nevi, dysplastic nevi, and new primary
cutaneousmelanoma. In phase 2 and 3 trials of vemurafenib, 5
of 464 patients had new primary melanoma. Zimmer et al.
[116] reported 11 newmelanomas in 10 of 19 patients; 2 of the
lesions were >1 mm in thickness and all were wild-type
BRAF. Dalle et al. reported 25 new melanoma lesions in 16
of 120 patients treated with vemurafenib; all tumors were
<1 mm in thickness and were wild-type BRAF [117]. In phase
3 clinical trials of dabrafenib, 3 of 187 patients had new
primary melanoma [44]. The reported incidence of BRAF-
inhibitor-associated melanoma varies [43,44,84,117,118].
Longer follow-up will provide more accurate incidence rates.

The numerous cutaneous side effects detailed above high-
light the importance of dermatologic care in patients receiving
BRAF inhibitor therapy. Overall, dabrafenib-treated patients
have a lower incidence of severe cutaneous reactions than
vemurafenib-treated patients do [119], but both medications
have been implicated in causing the above toxicities. Closely
monitoring patients for new and changing lesions can facili-
tate the early diagnosis of atypical keratinocytic and
melanocytic lesions and the early treatment of new cutaneous
SCCs and melanomas.

Gastrointestinal AEs

Nausea, dysgeusia, anorexia, and diarrhea are common gas-
trointestinal AEs associated with vemurafenib, occurring in

35, 14, 18, and 28 % of patients, respectively [76], but these
AEs are much less commonly associated with dabrafenib,
occurring in fewer than 10 % of patients who take the drug
[120]. In one trial, 12 % of dabrafenib-treated melanoma
patients had constipation [120]. There are no specific guide-
lines for managing the gastrointestinal AEs of BRAF inhibi-
tors. However, diarrhea can typically be easily managed with
loperamide or diphenoxylate and atropine.

Elevations in liver function tests have been reported to
occur in 5 % of vemurafenib-treated patients [77] but have
not been reported to occur in dabrafenib-treated patients.
Transaminase, alkaline phosphatase, and bilirubin levels
should be measured at baseline and monthly thereafter in
vemurafenib-treated patients [76]. Recommended dose mod-
ifications in response to changes in liver function markers are
listed in Table 2.

Constitutional AEs

Arthralgias are more common in patients treated with
vemurafenib than in patients treated with dabrafenib; in one
trial of vemurafenib, 53 % of treatment-naive melanoma
patients had arthralgias [76], and in one trial of dabrafenib,
27 % of patients had arthralgias [120]. There are no clear
guidelines for the management of arthralgias in such patients,
but in our experience, patients may benefit from a trial of
NSAIDs or cyclooxygenase-2 inhibitors and from resting the
affected joints. If these actions do not diminish the joint pain
and swelling, one should consider temporarily stopping the
drug and restarting it at a reduced dose (Table 2).

Headache is a common AE associated with BRAF inhibi-
tors, affecting 32 % of melanoma patients in one trial of
dabrafenib [120] and 23% of patients in a trial of vemurafenib
[76]. Less common AEs include back pain and myalgia,
which have been reported to occur in 12–11 %, respectively,
of dabrafenib-treated patients [120], and in 8–13 %, respec-
tively, of vemurafenib-treated patients [76]. Pain can be man-
aged with standard pain management protocols, starting with
non-narcotic analgesics.

Fatigue is a common problem in melanoma patients treated
with vemurafenib, with one trial reporting this AE in 38 % of
patients [76]. Fatigue is a much less frequently reported in
dabrafenib-treated patients, affecting only 6 % in one trial, but
is listed in the package insert as the reason for discontinuation
in 2% ofmelanoma patients in the phase 3 trial of single-agent
dabrafenib [120].

Fever is a common AE of dabrafenib, occurring in 28 % of
melanoma patients who received single-agent dabrafenib in a
phase 3 trial [120]. In that trial, fever and chills were cited as
the reason for discontinuation for 9 and 3 % of patients,
respectively. Fever is not common in vemurafenib-treated
patients. Fever in patients receiving dabrafenib should not be
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immediately assumed to be drug-related; rather, fever should
first prompt a consideration of infectious causes. The
dabrafenib package insert offers vague management guide-
lines for fever, and little information on fever management in
dabrafenib-treated patients has been published. On the basis of
our experience with the drug, we propose guidelines for
treating dabrafenib-related fever according to whether the
fever is uncomplicated (temperature <104 °F with no hypo-
tension, dehydration, dizziness, arrhythmia, rigors, or grade 3
related symptoms) or complicated (temperature >104 °F with
hypotension, dehydration, dizziness, arrhythmia, rigors, and/
or grade 3 related symptoms) (Table 3).

Hematologic AEs

Anemia and leukopenia have been reported in dabrafenib-
treated melanoma patients at rates of 28 and 21 %, respective-
ly. Forty percent of dabrafenib-treated melanoma patients had
lymphopenia (6 % were grade 3 or 4), and 9 % experienced
neutropenia (2 % were grade 3 or 4). Thrombocytopenia was
rare, reported in only 8 % of patients [120].

Although anemia is not among the more commonly
reported vemurafenib-related AEs, in phase 2 trial of the
drug in thyroid cancer patients, 42 % of the treatment-
naive cohort had anemia [51]. Information regarding the
frequency of leukopenia among the trial’s participants is
not available.

Ocular Toxicities

Ocular toxicities rarely occur in patients treated with BRAF
inhibitors. One ocular AE associated with BRAF inhibitor use
is uveitis, which has been reported to occur in 2 % of
vemurafenib-treated patients [76,121] and 1 % of
dabrafenib-treated patients [120,122]. Patients receiving these
BRAF inhibitors should be monitored for symptoms of uve-
itis, which include blurred vision, photophobia, and ocular
pain, and referred to an ophthalmologist if uveitis is suspected
or if any vision changes occur. Ophthalmic steroid drops may
be required to control uveitis, and patients should be moni-
tored for complications of topical steroid treatment, which
include glaucoma, infection, and cataract progression.

Noncutaneous Malignancies

Both vemurafenib and dabrafenib have been associated with
the development of new non-cutaneous tumors, including
SCC of the lung and trachea as well as leukemia, gastrointes-
tinal polyps, adenocarcinoma of the colon, and pancreatic
cancer. Kim et al. [50] reported a case of a patient with
BRAF-mutant PTC with squamoid changes who had a partial
response to vemurafenib but also developed a rapidly enlarg-
ing lung mass. Biopsy revealed a BRAF-mutant squamous
carcinoma, thought to be a progressive dedifferentiated me-
tastasis from the primary PTC. Many clinicians in the thyroid
cancer community consider squamous carcinomas of the

Table 2 Suggested modifications of vemurafenib and dabrafenib doses in response to adverse events other than dermatologic conditions and fever

Grade and tolerability Vemurafenib modification Dabrafenib modification

Grade 1 or 2, tolerable (other than
LFT abnormality)

No dose change (960 mg bid); manage
adverse event medically

No dose change (150 mg bid); manage adverse event
medically

Grade 2, intolerable or grade 2
LFT abnormality

1st occurrence: interrupt treatment until
grade 0 or 1, then resume at −1 dose
level (720 mg bid)

2nd occurrence: interrupt treatment until
grade 0 or 1, then resume −2 dose levels
(480 mg bid)

3rd occurrence: discontinue treatment

1st occurrence: interrupt treatment until grade 0 or 1,
then resume at −1 dose level (100 mg bid)

2nd occurrence: interrupt treatment until grade 0 or 1,
then resume −2 dose levels (75 mg bid)

3rd occurrence: consider discontinuing treatment or
interrupting treatment until grade 0 or 1, then resume −3
dose levels (50 mg bid)

Grade 3 1st occurrence: interrupt treatment until
grade 0 or 1, then resume at −1 dose level
(720 mg bid)

2nd occurrence: interrupt treatment until grade
0 or 1, then resume −2 dose levels (480 mg bid)

3rd occurrence: discontinue treatment

1st occurrence: interrupt treatment until grade 0 or 1, then
resume at −1 dose level (100 mg bid)

2nd occurrence: interrupt treatment until grade 0or 1, then
resume −2 dose levels (75 mg bid)

3rd occurrence: Consider discontinuing treatment or
interrupting treatment until grade 0 or 1, then resume −3
dose levels (50 mg bid)

Grade 4 1st occurrence: consider discontinuing treatment.
If toxicity is unlikely to recur, interrupt treatment
until grade 0 or 1, then resume at −2 dose levels
(480 mg bid)

2nd occurrence: discontinue treatment

1st occurrence: consider discontinuing treatment.
If toxicity is unlikely to recur, interrupt treatment
until grade 0 or 1, then resume at −2 or −3 dose
levels (75 mg bid or 50 mg bid, respectively)

2nd occurrence: discontinue treatment

LFT liver function test, bid twice per day
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thyroid to be synonymous with ATC. It is not clear if the
progression to a dedifferentiated cancer is the natural progres-
sion of the thyroid cancer or if it is caused or accelerated by the
BRAF inhibition. Targeted therapies other than those targeting
BRAF should be considered in PTC patients with histologic
changes consistent with squamous metaplasia.

There is one report of a vemurafenib-treated melanoma
pa t i e n t who deve l oped NRAS -mu t an t ch ron i c
myelomonocytic leukemia [123]. His white blood cell and
monocyte counts decreased after vemurafenib was
discontinued. Further evaluation of monocytes before, during,
and after vemurafenib treatment were consistent with in-
creased activation of ERK.

The development of colonic and gastric polyps has been
reported in vemurafenib-treated melanoma patients [124]. Of
eight melanoma patients in a phase 1 trial who were treated
with vemurafenib for more than 2 years, four underwent
endoscopic evaluations; three of these patients were found to
have colonic adenomas and/or hyperplastic gastric polyps.
There has been one reported case of a melanoma patient
treated with dabrafenib plus trametinib who developed a
cerebral metastasis consistent with KRAS-mutant adenocarci-
noma of the colon [125]. The patient had a previous history of
stage II adenocarcinoma of the colon; brain magnetic reso-
nance imaging findings were normal prior to the patient’s
starting dabrafenib. More recently, the first case of a new
KRAS-mutant pancreatic adenocarcinoma arising during
dabrafenib plus trametinib treatment in a melanoma patient
was reported [126]. The latter two cases suggest that the
addition of a MEK inhibitor does not abrogate the risk of
BRAF-inhibitor-induced second malignancy.

From these case studies, it appears that the paradoxical
activation of the ERK pathway by RAF inhibitors in cells
containing wild-type BRAF is not sufficient for the develop-
ment of new non-cutaneous tumors following BRAF inhibitor
treatment. The preexisting or novel RASmutations detected in
these tumors suggest that an activating mutation upstream of
ERK is required for the transformation of secondary disease.
In addition to NRAS and KRAS mutations, other upstream
MEK-activating events could also be responsible for this
transformation. These events may involve the activation of
RTKs, such as ERBB family members and PDGFRβ, as they
have been described to participate in the development of
r e s i s t ance t o BRAF V600E k ina s e i nh ib i t i on
[59,60,62,127,128].

Future Directions

BRAF inhibitors have shown promise in patients with BRAF-
mutant PTC who have advanced or metastatic disease. How-
ever, like other kinase inhibitors, these drugs do not offer a
cure, and patients inevitably die from their disease. The

patients at the highest risk of developing metastatic disease
and dying from their disease are those who have gross residual
disease after surgery. Thus, employing neoadjuvant ap-
proaches to achieve a complete resection—such as using
BRAF inhibitors to shrink tumors prior to surgery—is a
logical strategy in this patient population. BRAF inhibitors,
as opposed to anti-angiogenics, do not impair wound healing
and can likely be used safely in the perioperative setting. We
have previously reported one patient with BRAF-mutant PTC
who was successfully treated with neoadjuvant vemurafenib
[129]. A trial to assess the pharmacodynamics of vemurafenib
in such patients is ongoing (NCT01709292).

Other areas of interest for future study should include
investigating the utility of circulating BRAF-mutant cells as
an early marker of response and determining whether modi-
fying surgical approaches based on BRAF mutational status
leads to better outcomes.

Summary

BRAF inhibitors bring new hope to patients with BRAF-
mutant PTC but should be used with caution, or not at all, in
patients whose tumors contain squamous metaplasia. These
drugs have a unique AE profile, and most of their AEs are
manageable. Physicians and patients alike should be aware of
the risk of developing secondary malignancies due to these
drugs’ paradoxical activation of the MAPK pathway. Whether
these drugs will benefit patients who have BRAF-mutant ATC
or poorly differentiated thyroid cancer, which can have mul-
tiple mutations, remains unclear; therefore, single-agent
BRAF inhibitors are not yet recommended for these indica-
tions outside of clinical trials.
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