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The incidence of thyroid cancer has increased worldwide
over last few decades and it accounts for the most common
endocrine tumor. This increased incidence of thyroid cancer
is attributed to radiological detection of small thyroid
lesions. In the last decade, there has been an unprecedented
advancement in the molecular information of thyroid neo-
plasms, which has revolutionized the histological classifica-
tion, prognostication, and evidence-based management of
thyroid neoplasm.1–3

The recent World Health Organization classification of
thyroid neoplasm has enlisted new categories based on
histological features, molecular classification, and biological
behavior. Overall follicular cell-derived neoplasms have been
classified into benign tumors, low-risk neoplasm, andmalig-
nant neoplasm. Malignancies derived from thyroid follicular
cells are categorized at the molecular level and majority of
well differentiated thyroid carcinoma are grouped into two
categories. The first, with predominantly expansile pattern
of growth, often with clear encapsulation and follicular
architecture are classified as RAS-like tumors due to associ-
ated high incidence of RAS mutations. These are the most
differentiated carcinoma based on histomorphology, iodine
metabolism, and functional thyroid differentiation expres-
sion profiles. The second important group with histological
abnormalities including papillary architecture, infiltrative
growth pattern have associated high frequency of BRAF-
V600E mutation like tumors.1

Papillary thyroid carcinoma (PTC) is the most common
thyroid malignancy (�85%). BRAF-V600E mutation is the
most common underlying genetic alteration which leads to
activation of downstream mitogen-activated protein kinase
pathway, which eventually upregulates extracellular signal-
regulated kinases pathway, causing tumorigenesis. This mu-
tation is not only involved in tumorigenesis but also involved
in transformation to aggressive high-grade differentiated

and nondifferentiated cancer. The frequency of BRAF-
V600E mutation varies among the histological subtypes of
PTC with highest frequency (80%) seen in tall cell variant.
Some other subtypes of PTC also show BRAF-V600E muta-
tions, like infiltrating follicular variant [FV-PTC], oncocytic
variant, and some cases of warthin-like PTC. Hobnail PTC is
clinically aggressive subtype of PTC that also shows BRAF-
V600E mutation with concomitant TP53 mutations, TERT
promoter mutations, and PIK3CA mutation, attributing to
aggressive clinical course.1,4–6

The prognostic significance of BRAF-V600E mutations in
PTC is still contentious. Many published studies have
reported aggressive clinical outcome associated with this
mutation, but this was predicted in univariate analysis.
Moreover, high prevalence of this mutation is seen in papil-
lary thyroid microcarcinoma (PTMC), which is associated
with excellent prognosis.3–5,7,8

Silver et al9 underscores the prognostic significance of
BRAF-V600E mutation in determining the aggressiveness of
PTC measuring �1.5cm. In a retrospective study of 121
patients who were subjected to thyroid surgery for small
PTC (1–1.5cm) or PTMC (�1 cm), BRAF-V600E mutations
were detected in 42.4 and 43.6% of small PTC and PTMC,
respectively. Among the PTMC caseswith detectedmutation,
54.1% demonstrated aggressive characteristics (extrathyroid
extension, lymph nodemetastasis) in comparison to 19.4% of
the nonmutated tumors. In the category of small PTC,
aggressive pathological features were seen in 82.1% of mu-
tated and 28.9% of non-mutated tumors. The authors sug-
gested that performing the molecular testing for BRAF-
V600E mutation can guide for appropriate patient care and
management.9

Studies have shown that PTCwith coexistent BRAF-V600E
and TERT genetic mutations have poor disease-specific sur-
vival than those with either individual mutation alone.1,9
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The significance of detecting BRAF-V600E mutation in
clinical management of thyroid lesion is more established
as a diagnostic modality, especially in the fine-needle
aspiration cytology (FNAC) of thyroid lesion under
evaluation.2,6

Qi et al2 retrospectively analyzed 252 patient who under-
went thyroid surgery. All these patients underwent preop-
erative cytological examination, and thyroid puncture cell
fluid was also analyzed for BRAF-V600E mutation by molec-
ular testing: polymerase chain reaction (PCR). Postopera-
tively, 242 cases were diagnosed as PTC on histopathology
examination that was used as gold standard diagnostic
modality. In FNAC sample reporting, 57% of benign, 80% of
indeterminate, and 88.9% of malignant cases shows BRAF-
V600E mutation. The diagnostic sensitivity of BRAF-V600E
mutation in samples from FNAC for diagnosing PTC was
91.7% in benign, 82.8% in indeterminate, and 89.4% in malig-
nant cases; while the specificity was 100% in all the three
categories. The authors foundBRAF-V600Emutation analysis
in samples from FNAC procedures as a highly effective
supplementary diagnostic modality. However, prognostic
significance of the mutation was not established.

Several other studies found BRAF-V600E mutation analy-
sis as a useful adjuvant for detecting malignancy (PTC) in the
cytological specimens of the thyroid lesion undergoing eval-
uation preoperatively, which helps in guiding the extent of
operative procedure including regional lymph node dissec-
tion. Regarding the testing modality for detection of BRAF-
V600Emutations, there has been a good concordance among
gene sequencing, PCR, and IHC. In a study by Zhao et al,6 the
concordance for all the above mentioned three methods was
seen in 92.4% of cases. The sensitivity and specificity for IHC
was 98.6 and 97.6%, respectively. Hence, it can be utilized as
the most convenient and reliable method in routine clinical
workup of the cases. Immunostaining for BRAF-V600E using
the clone VE1 is highly specific and sensitive for the detection
of mutation in PTC. The staining should be diffuse and
cytoplasmic (�90% of tumor cells) to be considered as
positive test.

For the diagnosis of noninvasive follicular thyroid neo-
plasm with papillary-like-nuclear features (NIFTP), which is
considered as low-risk thyroid neoplasm as per the recent
WHO Classification (5th edition), the detection of BRAF-
V600E mutation precludes the diagnosis of NIFTP. In the
recent WHO classification of thyroid tumors update, molec-
ular profiling data have revealed that infiltrative–FVPTC is a
BRAF-like tumor (PTC family tumor), whereas encapsulated–
FVPTC being a RAS-like neoplasm, aligns toward follicular
thyroid carcinoma instead of PTC.1

In the recent WHO classification, two groups of high
grade, nonanaplastic follicular derived carcinoma have
emerged, that carries intermediate prognostic risk: poorly
differentiated thyroid carcinoma (PDTC) and differentiated
high-grade thyroid carcinoma (DHGTC). These tumors are
large widely invasive and are associated with lymph node
metastasis in about 30 to 50% of cases. Substantial proportion
of DHGTC are BRAF-V600E driven and exhibit high proclivity
for regional lymph nodemetastasis, while PDTC are enriched

in RASmutations, and are commonly associatedwith region-
al and distant metastasis. In addition, both of these entities
are associated with secondary mutations, of which TERT
mutations are most frequent.1

Another diagnostic important implication of BRAF-
V600E is in the correct categorization of squamous cell
carcinoma of thyroid as a subtype of anaplastic thyroid
carcinoma (ATC), which was considered as separate entity
in previous WHO classification (4th edition).1,10,11 Chen
et al12 has done analysis of multi-institutional data and
found pure squamous cell carcinoma of thyroid with or
without associated differentiated component, were associ-
ated with BRAF-V600E mutation in 87% of cases and had
clinical outcome parallel to that of ATC. The diagnostic
utility is more critical at the metastatic site like lung in
which presence of squamous cell carcinoma with BRAF
V600E mutation rules out a second primary etiology in
lung and confirms it to be a metastasis from ATC with
squamous morphology.

From a therapeutic point of view recently it has been
emphasized to do prompt testing for BRAF-V600E in all ATC
cases, as those with mutation associated ATC will respond to
therapeutic target (BRAF plus MEK inhibitors).1

To conclude, BRAF-V600E mutation is the most common
mutation seen in PTC, DHGTC, andATC. IHC is an efficient and
reliable modality for detection of this mutation. The clinical
utility of detecting this mutation caries mainly diagnostic
and therapeutic implications. In cytology specimen, the
detection of this mutation is confirmatory of malignancy;
whereas in ATC, thismutation offers a therapeutic avenue for
targeted therapy.
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