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ABSTRACT
The BRAFT1799A mutation has been extensively studied in recent years in thyroid cancer, particularly
for its aggressive role and clinical potential in papillary thyroid cancer (PTC). This mutation is the most
common known genetic alteration in PTC, seen in 45% of cases on average, with a lower prevalence
in low-stage disease. The mutation causes a change in amino acid at position 600 from valine to
glutamic acid in the BRAF protein kinase, constitutively activating it and resulting in aberrant
activation of the MAP kinase signaling pathway. Most of the studies have shown a strong association
of BRAFT1799A mutation with aggressive clinicopathological outcomes of PTC, including tumor extrathyroidal extension, lymph node metastasis, advanced TNM stages, loss of radioiodine avidity,
disease persistence/recurrence, and even patient death. The aggressive role of BRAFT1799A mutation
has also been demonstrated in low-stage and micro-PTC. This mutation is therefore generally viewed
as a strong prognostic molecular marker for poorer prognosis of PTC. The BRAFT1799A mutation can
be tested for on thyroid fine needle aspiration biopsy specimens to assist diagnostic evaluation of
thyroid nodules and preoperative risk stratification of PTC. Information from such testing can be
helpful in guiding early decision making on surgical and medical treatments of thyroid nodules and
PTC. The BRAFV600E mutant has also been demonstrated to be an effective therapeutic target in
thyroid cancer. Use of BRAF mutation as a diagnostic and prognostic molecular marker as well as a
therapeutic target has shown an increasing impact on our current management of thyroid cancer.
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Introduction
As the most common endocrine malignancy, thyroid cancer has caught considerable attention
globally. An important, and often controversial, issue related to this cancer is how to optimally
manage it. Giving the rapidly rising incidence of thyroid cancer in recent years (1-3), this issue
becomes even more challenging. The controversy starts at the initial evaluation of thyroid nodule, the
clinical “precursor” of thyroid cancer, where diagnostic and therapeutic dilemmas are a subject of
frequent debate (4,5). It continues at surgical decision making on how to optimize the type and extent
of surgery and subsequently at the medical decision making on how to optimize postoperative
treatments, such as radioiodine ablation and follow-up surveillance. The fundamental goal in making
these efforts in the management of thyroid cancer, from which controversies can arise, is to optimally
balance the benefit against the harm of treatments. To this end, clinicopathological criteria are
currently the main, and often the only, “gold standard” that is universally used for risk stratification and
guidance of the management of thyroid cancer. This practice has been improved significantly in
recent years by better understating of clinicopathological behaviors of thyroid cancers from numerous
recent studies and the increasing use of certain imaging modalities, such as ultrasonography. Expert
opinion- and evidence-based practice guidelines have also been greatly helpful in optimizing the
management of thyroid cancer as exemplified by the stellar practice guidelines from the European
Thyroid Association (6) and American Thyroid Association (7).
Nevertheless, there is still great room for further improvement in the efficiency and efficiency of
today’s practice of thyroid cancer medicine, particularly in those on-going controversial areas. It is
unlikely that this can happen only based on optimizing the use of classical clinicopathological criteria.
New promises lie in molecular medicine. Specifically, thyroid cancer molecular markers may have the
best potential in helping improve the diagnostic, prognostic, and therapeutic efficiencies for thyroid
cancer. In this regard, the widely investigated BRAFT1799A mutation, as a unique diagnostic and
prognostic genetic marker and effective therapeutic target for thyroid cancer, has shown great
promises. Its clinical potential has recently drawn considerable attention from clinicians around the
world who manage patients with thyroid cancer. Summarized here are several major clinical aspects
of BRAFT1799A mutation in thyroid cancer, which reflects how this marker can be practically useful in
the management of this cancer.
BRAF Mutation in Thyroid Cancer
BRAF is one, and often the most potent one, of the three Raf kinases (A, B, C) that relay the
signaling of the Ras → Raf → MEK→ MAP kinase/ERK pathway (MAPK pathway) (8,9). The diagram
in Figure 1 illustrates this pathway. Numerous mutations have been discovered in the BRAF gene in
human cancers, but the most common one is the BRAFT1799A point mutation that causes an amino
acid change in codon 600 from valine to glutamic acid in BRAF. The resultant BRAFV600E is a
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constitutively activated serine and threonine protein kinase, causing oncogenic over-activation of the
MAPK pathway (10).

Figure 1. Illustration of the MAP kinase signalling pathway. This figure is adapted from reference 13.
RTK, receptor tyrosine kinase.

This is now a well-known mechanism involved in the tumorigenesis of papillary thyroid cancer (PTC).
Since the initial submission and acceptance of the first manuscript of a Johns Hopkins group on the
discovery of the BRAFT1799A mutation in thyroid cancer seven years ago (11), numerous studies have
been published on this mutation in thyroid cancer. Among different thyroid tumors, the BRAFT1799A
mutation occurs exclusively in PTC and what appears to be PTC-derived anaplastic thyroid cancer
(ATC), in 45% of the cases of the former and 25% the latter on average (12). The prevalence of
BRAFT1799A mutation in small thyroid cancers or cancers with low stages, such as TNM stages I and II,
was generally lower, with a prevalence of about 35% (13). No BRAFT1799A mutation has been found in
benign thyroid tumors and follicular thyroid cancer. A Greek study reported a high prevalence of
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BRAFT1799A mutation in medullary thyroid cancer (14); no other studies demonstrated the presence of
this mutation in this type of thyroid cancer. Although several other types of BRAF mutation have been
discovered in PTC, they are uncommon and the BRAFT1799A mutation is most important in the
tumorigenesis of PTC (15-17). The clinical utility of BRAF mutation in PTC has therefore been
investigated virtually exclusively for the BRAFT1799A mutation, which, for simplicity, is termed BRAF
mutation hereafter in this review.
Diagnostic Value of BRAF Mutation for Thyroid Cancer
Many investigators have been interested in the diagnostic value of BRAF mutation testing on fine
needle aspiration biopsy (FNAB) specimens in the evaluation of thyroid nodules. As can be expected,
the specificity of BRAF mutation as a diagnostic marker on FNAB specimens for PTC was exceptional
as it uniformly achieved 100% in several early studies (12). However, the diagnostic sensitivity of
BRAF mutation was poor when used in the general evaluation of thyroid nodules. Although about
45% of PTC harbored this mutation, only a few percent of thyroid nodules in general are PTC.
Therefore, if applied to the general diagnostic evaluation of thyroid nodules, very few percents of
thyroid nodule patients may be found to be positive for this mutation, giving a low diagnostic
sensitivity. This diagnostic sensitivity was increased to around 8% on FNAB specimens that fall into
the classical indeterminate category (12). This is still a low sensitivity that is unlikely to be generally
applicable, if used alone, in most areas of the world where the BRAF mutation rate is around 45%.
However, the diagnostic sensitivity of BRAF mutation was significantly increased when used in
combination with cytological characteristics of a thyroid nodule, particularly when suspicious for PTC
(18,19).
Vitale’s group demonstrated that when combined with galectin-3, BRAF mutation detected on
FNAB specimens showed a significantly increased diagnostic sensitivity (20). Nikiforov’s and Pacini’s
groups have recently tested the diagnostic value of combinational use of BRAF mutation with Ras
mutations, RET/PTC rearrangement, and PPAR/Pax8 rearrangement in assisting the evaluation of
thyroid nodules and reported an increased diagnostic sensitivity (21,22). It remains to be investigated
how these strategies could alter the current practice. Unlike BRAF mutation, which is a cancerspecific marker, the other three genetic alterations have been widely found also in benign thyroid
conditions, including adenomas and even Hashimoto’s thyroiditis, with relatively high prevalences
(23). Therefore, the diagnostic specificity of using BRAF mutation in combination with these additional
mutation markers could be potentially problematic although its diagnostic sensitivity is increased
compared with the use of BRAF mutation alone. Good diagnostic utility of a molecular marker
combination approach will likely rely on the discovery of new molecular markers that, like the BRAF
mutation, are highly specific for thyroid cancer.
It should be noted that the diagnostic utility of testing for BRAF mutation alone on FNAB may
have a special clinical place in regions that have a high prevalence of BRAF mutation, such as South
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Korea, where PTC accounts for >90% of thyroid cancers and BRAF mutation is exceedingly
prevalent, up to >80% in some series (24-26). The diagnostic sensitivity of BRAF mutation on FNAB
in Korea is therefore exceedingly high, unlike most of the regions in the world where a modest
prevalence of BRAF mutation in PTC has been generally reported (12,13). Aside from the diagnostic
value, testing for BRAF mutation on FNAB has a special and more important clinical place for its high
prognostic value in preoperative risk stratification of thyroid cancer as will be further discussed.
Prognostic Value of BRAF Mutation in Papillary Thyroid Cancer
There are few molecular markers that have been so extensively studied as BRAF mutation for its
prognostic value. Previous meta analyses on a large number of studies clearly showed an association
of BRAF mutation with high-risk clinic-pathological characteristics of PTC, including extrathyroidal
extension, lymph node metastasis, and advanced TNM stages III and IV (13, 27). There have been
also a few individual studies that failed to show significant association of BRAF mutation with high risk
pathological characteristics (28, 29). Of these studies, the one by Fugazzola et al was a pooled
multicenter analysis from Italy that failed to show a significant prognostic role of BRAF mutation (29).
However, many other Italian investigators, including some co-authors of the Fugazzola et al paper,
later were able to show a significant prognostic role of BRAF mutation for poor clinico-pathological
outcomes of PTC when examining individual series from their institutions (13, 30, 31, 35). The reason
for this discrepancy is not clear. Possible variation in pathological characterization of tumors and
extent of thyroidectomy and neck dissection could potentially be among the explanations. Variation in
diagnostic criteria of clinical disease progression, such as tumor persistence and recurrence, could be
another contributing factor for the inconsistent findings on the prognostic value of BRAF mutations in
these studies.
A recent updated meta analysis on numerous studies continued to show a strong relationship of
BRAF mutation with aggressive clinicopathological characteristics of PTC (30). This relationship was
even seen in papillary thyroid microcarcinomas (PTMC) in several studies (31-34). Importantly, BRAF
mutation is also demonstrated to be associated with PTC persistence/recurrence in many studies
(27,13,30) and even increased patient mortality (35). The findings from these numerous studies on
the clinicopathological association for the BRAF mutation in PTC have confirmed, in virtually all
aspects, the results of an early report of Xing et al on a comprehensive examination of the association
of BRAF mutation with extrathyroidal extension, lymph node metastasis, advanced stages III and IV,
and recurrence/persistence of PTC (36). The Xing et al study for the first time reported a strong
association of BRAF mutation with persistence/recurrence of PTC, which was subsequently
confirmed in a number of studies around the world (Fig. 2). The association of BRAF mutation with
PTC persistence/recurrence was seen even in PTC of low TNM stages (I and II) in the Xing et al
study, which was confirmed subsequently by Kebebew et al (37). In the Xing et al study, patients with
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BRAF mutation in PTC required more aggressive treatments for recurrent diseases, including
repeated surgical intervention and external beam radiation therapies (36).

Figure 2. Meta-analysis of the association of BRAF mutation with the recurrence of papillary thyroid
cancer. Shown are odds ratios for tumor recurrence with BRAF mutation in the indicated studies. These
studies reported specific information on how to define tumor recurrence, including the criteria used and the
follow-up time to monitor the recurrence. Citations of these studies are detailed in reference 30, from which this
figure is adapted.

This finding has been confirmed in a recent study by Yip et al (38). Also an interesting and initial
observation in the Xing et al study was the association of BRAF mutation with decreased or absent
radioiodine avidity of recurrent PTC (36), which was confirmed in several subsequent studies (39-41).
This phenomenon is an important cause of the failure of BRAF mutation-harboring PTC to respond to
radioiodine treatment and hence disease persistence/recurrence. An underlying molecular
mechanism is the aberrant silencing of the thyroidal iodide-handling genes, including those for the
sodium-iodide symporter (NIS), thyroid-stimulating hormone receptor, thyroperoxidase and
thyroglobulin as shown in numerous studies (13,30). An interesting recent study by the Santisteban’s
group demonstrated that the BRAFV600E promoted silencing of NIS through an autocrine loop that
involved and required the release of transforming growth factor (TGF) and the activation of the TGF
signalling system (42). It remains to be investigated whether this is a mechanism generally involved in
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BRAFV600E-promoted silencing of thyroid iodide-handling genes in PTC. Other important molecular
mechanisms underlying the aggressive role of BRAF mutation in PTC include over-expression of
various tumor-promoting molecules, including proto-oncogenes, and aberrant silencing of various
tumor suppressors promoted by the BRAF mutation (13, 30). Thus, the powerful prognostic value of
BRAF mutation for poorer prognosis of PTC, as reflected by an odds ratio of 3-5 for disease
persistence/recurrence (30), has both strong clinicopathological and molecular bases.
Use of BRAF Mutation in Risk Stratification for Conventionally Low-risk Papillary Thyroid
Cancer
Given the strong association of BRAF mutation with aggressive clinicopathological outcomes in
most studies, it has become increasingly recognized and anticipated that this mutation can be a
useful prognostic genetic marker in the risk stratification of PTC. In fact, BRAF mutation is already
used in many institutions, including the author’s, as a prognostic marker to assist the management of
patients with PTC. There are several clinical areas that could be particularly helped with this
prognostic use of BRAF mutation. Among these is the management of conventionally low-risk PTC
patients, such as those with TNM stage I disease and PTMC. Although patients with these cancers
generally have a low recurrence and mortality rate, many of them seem to be bound to recurrence
and some even to death. These patients may lack obvious conventional high-risk clinicopathological
characteristics. Consequently, it is often impossible, based on the current risk criteria, to predict the
clinical course of the disease in these patients. Dilemma then often exists with respect on how to
optimally treat these patients to prevent disease progression and at the same time balance against
the increased risk of aggressive treatment-associated adverse effects. For example, whether to
pursue total thyroidectomy vs lobectomy, neck dissection vs no neck dissection, and radioiodine
treatment vs no radioiodine treatment has been particularly controversial in the management of these
patients. Given the relatively low risk of progression in these patients, the recent ATA guideline on the
management of differentiated thyroid cancer holds a conservative stance on these patients; for
example, it recommends lobectomy with no radioiodine treatment for PTMC in the absence of
classical clinicopathological risk factors, such as lymph node metastasis and extrathyroidal extension
(7). As BRAF mutation is a strong and independent predictor of PTC persistence/recurrence (35-37)
with a power higher or at least equal to some of the conventional clinicopathological risk factors of
PTC, such as extrathyroidal extension and lymph node metastasis (13, 30), it should be reasonable to
consider total thyroidectomy for patients with BRAF mutation-positive PTMC and perhaps even
prophylactic central neck dissection in selected patients by experienced surgeons. This seems to be
justifiable particularly given the association of BRAF mutation with the loss of radioiodine avidity of
PTC, which may make it difficult to eradicate residual disease or lymph metastases with radioiodine,
rendering initial complete surgical eradication of the disease particularly important in BRAF mutationpositive patients. The current ATA guideline also recommends sparing radioiodine treatment for
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PTMC in patients without classical clinicopathological risk factors (7). Given the established
aggressive role of BRAF mutation in low-stage PTC and PTMC (13,34), it is reasonable in this clinical
setting to regard BRAF mutation as an equivalent to a conventional high-risk factor and therefore treat
these patients with radioiodine ablation if BRAF mutation is positive. This may help maximize the
chance of eliminating thyroid cancer cells to prevent future recurrence. Importantly, and more
realistically, radioiodine ablation treatment will facilitate the convenience and reliability of the use of
serum thyroglobulin testing in these BRAF mutation-positive patients who have a higher risk for
recurrence and may therefore need particularly vigilant and reliable surveillance during follow-up. It
should be noted that an important rationale in this clinical practice using BRAF mutation as a risk
factor is that its value is at least equal to some of the conventional risk factors that normally prompt
relatively aggressive treatments of thyroid cancer (7).
Use of BRAF Mutation Testing on FNAB Specimens to Assist Preoperative Risk Stratification
of Papillary Thyroid Cancer
BRAF mutation can be easily tested for on thyroid FNAB specimens as shown in numerous
studies (12, 18-22, 25, 26, 43, 44). Xing et al recently demonstrated that preoperative testing for
BRAF mutation on FNAB specimens had a high power in prospectively predicting lymph node
metastasis and extrathyroidal extension of PTC as well as a higher recurrence rate when analyzed
retrospectively (45). Therefore, although testing for BRAF mutation alone on FNAB specimens may
have a limited diagnostic value in general evaluation of thyroid nodules, preoperative testing for BRAF
mutation on FNAB specimens has a unique prognostic value in assisting risk stratification to guide
early decision making for the appropriate treatment of PTC. Testing for BRAF mutation in conjunction
with certain conventional imaging studies, such as ultrasonography, may be expected to be even
more helpful in preoperatively assessing the risk level of PTC and guiding decision making for its
optimal managements. BRAF mutation is the only molecular marker that has been demonstrated to
have a significant preoperative prognostic value for PTC. Pathological risk factors, which are currently
the main criteria for risk stratification of thyroid cancer, usually become known only postoperatively
and therefore have limited value in preoperative surgical planning for thyroid cancer. Preoperative
knowledge of BRAF mutation status of PTC would be particularly useful to surgeons in defining the
initial type and extent of thyroid surgeries, such as total thyroidectomy vs. lobectomy and neck
dissection vs. no dissection as discussed above. This knowledge of BRAF mutation will also be useful
in helping physicians decide the need and extent of radioiodine treatment and the vigilance level of
subsequent surveillance and follow up of the patient. Appropriate planning can thus be made at an
early stage of the treatment course of the PTC patient. As a prognostic marker, BRAF mutation may
not be of much value in guiding the management of advanced cases of thyroid cancer as aggressive
treatments, including, for example, total thyroidectomy and neck dissection as well as radioiodine
ablation, have been well shown to be beneficial and therefore their indication for aggressive treatment
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is generally clear. However, it remains to be investigated whether use of BRAF mutation can better
tailor the management of certain specific issues that may be affected by the presence of BRAF
mutation in such patients. For example, since BRAF mutation is associated with increased resistance
of PTC to radioiodine ablation treatment, a relatively high dose of radioiodine might be required to
treat these patients. In contrast, a relatively low dose may be reasonable for BRAF mutation-negative
cases since they are usually sensitive to radioiodine. In the same context, in a right clinical setting, a
non-radioiodine treatment, such as external radiation therapy, and a non-radioiodine diagnostic
testing, such as PET scan, should be preferred to radioiodine-based measures for PTC. In these
clinical settings of PTC patients, the BRAF mutation status that has been documented early in the
disease course of the patient, such as one obtained through preoperative testing on FNAB
specimens, could be very helpful.
Therapeutic Potential of Targeting BRAF Mutation in Thyroid Cancer
Another area related to BRAF mutation in thyroid cancer that holds great clinical potential is
BRAF mutation-based therapeutic targeting of this cancer. Using a large number of what were
believed to be authentic thyroid cancer-derived cell lines, several studies demonstrated a clear BRAF
mutation dependence of inhibition of cell proliferation by MEK inhibitors (46-49). Some earlier studies
also demonstrated a BRAF mutation dependence of cell inhibition by MEK inhibitors although the
cells used in these studies were later shown to be mostly non-thyroid cancer-derived cells (50, 51). A
new class of recently developed BRAFV600E mutant-selective inhibitors, as represented by PLX4720,
could potently and selectively inhibit melanoma cells that harbored BRAF mutation (52). Recently,
Salerno et al (53) tested PLX4720 and another BRAFV600E inhibitor, PLX4032, in thyroid cancer cells
and, as expected, BRAF mutation-selective sensitivity to these inhibitors was clearly demonstrated in
these cells. Recent phase I clinical trials showed remarkable therapeutic effects of PLX4032 in
melanoma (54,55). These exciting results suggest that BRAF mutant-selective inhibitors may be
clinically effective for BRAF mutation-positive thyroid cancers. Interestingly, in a recent clinical trial,
even a non-MAPK pathway-specific inhibitor, motesanib, which is a classical VEGF receptor tyrosine
kinase inhibitor, could inhibit thyroid cancer tumor growth preferentially in patients that harbored the
BRAF mutation (56). It is possible that the BRAF mutation-promoted MAPK pathway could enhance
or synergize receptor tyrosine kinase-coupled signaling pathways and therefore potentiate the cell
sensitivity to their inhibitors.
Combination of a MEK inhibitor with a PI3K inhibitor showed synergistic effects on the inhibition
of thyroid cancer cell proliferation (47). Recent studies also demonstrated a synergistic inhibition of
cell proliferation and xenograft tumor growth by MEK inhibitors in combination with mTOR inhibitors
(49, 57). In the Liu et al study, a better synergism between MEK and mTOR inhibitors was seen in
cells with BRAF mutation than cells harboring the wild-type BRAF gene (49). A potential drawback of
the current inhibitors targeting the MAPK pathway is that they only showed anti-proliferative effects on
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thyroid cancer cells in all these studies and no pro-apoptotic effects were shown. The lack of proapoptotic effects of MEK inhibitors was seen even when they were combined with mTOR inhibitors
(49, 57). Therefore, therapeutic targeting of MAPK and mTOR pathways using these particular
inhibitors may not be able to eliminate thyroid cancers. Alternative combinations that can promote
thyroid cancer cell apoptosis need to be identified for effective treatment of thyroid cancer. Geneticbased targeting of major signaling pathways, such as BRAF mutation-based targeting of the MAPK
pathway, will likely be an important component of such combination therapy. Liu et al recently
demonstrated a dependence of the PI3K/Akt pathway inhibitors on genetic alterations in this pathway
in the inhibition of thyroid cancer cells and in the induction of cell apoptosis (58). These results
support the concept of genetic-based targeting of thyroid cancer (59).
In summary, BRAF mutation is the most common and important oncogenic genetic alteration in
PTC. Numerous studies from recent years have clearly demonstrated its clinical potential in the
management of PTC. In particular, its value as a diagnostic and prognostic molecular marker and a
therapeutic target has been widely recognized. A significant impact, as it has already started to occur,
of this genetic marker on the practice of thyroid cancer medicine is expected.
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