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Abstract: The BRAF gene encodes a protein belonging to the RAF family of serine/threonine protein kinases. This
protein plays an important role in regulating the MAP kinase signaling pathway, which is involved in cellular
development, differentiation, division, proliferation, secretion, inflammatory responses and apoptosis in mammalian cells.

Since 2002, the mutation of valine 600 to glutamic acid (V600E) is the most prevalent, and it is found to be recurrent in
many cancer types. It is frequently identified cancer-causing mutation in melanoma, colorectal cancer, thyroid
carcinoma, non-small cell lung carcinoma, hairy cell leukemia, non-Hodgkin lymphoma, glioneuronal tumors,
hepatocellular carcinoma, adenocarcinoma of lung, ovarian cancer, and also others malignancies and some cancer
metastasis.

In the early 1990s, some researchers began studying MAP kinase signaling pathway involved in controlling cell growth
and its role in cancer, and it helped identify targets for new classes of cancer therapy. Later BRAF mutation was found in
over 50% of melanomas. The overactive BRAF protein expression looked like an attractive drug target. Elucidating the
detailed molecular structure of the mutant protein helped pharmaceutical companies developed selective inhibitors of
mutated BRAF, including Vemurafenib and Dabrafenib, which have been approved to treat melanoma by the Food and
Drug Administration (FDA).

In addition, there is a growing number of targeted agents that are being evaluated to treat various BRAF-mutant
advanced cancer (especially melanoma, lung, thyroid and colorectal cancer), including other RAF kinase inhibitors
and/or MEK inhibitors.

The standard therapy of inhibition of BRAF mutation in advanced melanoma and/or others malignancies, improved
clinical benefit compared to chemotherapy. In the meantime, intrinsic and acquired resistances are still key challenges
by using these drugs. The future research is heading to understand the mechanisms of the resistance, therefore it will
help us to understand diseases biology and continuously bringing new therapeutic strategies for melanoma and/or others

malignancies, including other drugs combination and next-generation of BRAF inhibitors.
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1. BRAF GENE: AN OVERVIEW

Since 1983, RAF family kinases have been
associated with some types of cancer
etiopathogenesis.  Firstly, virus-induced rapidly
accelerated fibrosarcoma (v-RAF) was described and
identified as a murine retroviral oncogene with a
mammalian cell homologue, named CRAF, also known
as RAF1, that has the ability to transform NIHT3T cells.
In the meantime, other researchers have discovered v-
MIL, an avian retroviral oncogene, orthologous to v-
RAF. One year later, both v-RAF and V-MIL were first
oncoproteins identified to have serine-threonine kinase
activity in cell division. Two related kinase genes ARAF
and BRAF to CRAF were subsequently found in mice
and human cells, and later were found to be commonly
mutated in cancer [1,2].

These three RAF proteins are composed of three
conserved domains known as conserved regions 1, 2,
3 (CR1, CR2, CRS3, respectively) in mammalian cells.
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Hence, CR1 has 131aa and it contains cysteine-rich
domain and most of RAS GTP-binding self-regulatory
domain; CR2 has only 16aa, is a serine/threonine-rich
hinge region, and CR3 has 293aa and it is a catalytic
serine/threonine protein kinase @ domain  that
phosphorylates a consensus sequence on protein
substrates in cell cycle. In normal physiology, all three
RAF kinases have important roles, however, BRAF is
the most predominant RAF kinase that is altered in
many different diseases and cancer [3].

The BRAF (v-RAF murine sarcoma viral oncogene
homolog B; B-type raf kinase) is located on
chromosome 7q34. This gene encodes a cytoplasmatic
serine-threonine kinase that mediates the activation of
the mitogen-activated protein kinase (MAPK) signaling

pathway involved in cellular development,
differentiation,  division, proliferation, = migration,
metastasis, secretion, angiogenesis, inflammatory

responses and apoptosis in mammalian cells [2,4,5].

2. BRAF GENE: THE ROLE IN MAPK PATHWAY

The MAPK pathway is responsible to modulate
extracellular signals to control cell growth, proliferation,
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differentiation, migration and apoptosis, through a
signaling cascade that is initiated by the binding of
growth factors, cytokines or mitogens to their receptors.
Ligand-mediated activation of receptor tyrosine kinase
results in activation of RAS through RAS GTPase,
which recruits and activates some proteins necessary
for the propagation of receptor signals, such as BRAF
and phosphatidylinositol 3-kinase (PI3K). The BRAF
activation happens through a complex process,
requiring lipid and protein binding; conformational
changes; and regulation of phosphorylate and
dephosphorylate events. Once BRAF is
phosphorylated, it forms a dimer and acts as a serine
threonine-specific protein kinase, however in the
inactive form, the BRAF N-terminal regulatory domain
autoinhibits the C-terminal kinase domain. Both dimers
are further stabilized by 14-3-3 protein heterodimers.
The phosphorylated BRAF allows the activation of
MEK1/2 (MAP kinase/ERK kinase 1/2) just upstream of
ERK 1/2 (extracellular signal-regulated kinases),
therefore MEK1/2 positively regulates the ERK1/2 by
phosphorylation.  Lastly, ERK1/2 can directly
phosphorylate downstream transcription factor, leading
to an increase in the cell function in a variety of ways
including transcriptional programs and cell growth and
proliferation [3,6-8].

3. BRAF GENE MUTATION: CANCER AND OTHER
DISEASES

In 2002, a sequencing study performed by the
Cancer Genome Project at the Sanger Institute
identified a high frequency of BRAF point mutation in
melanoma and other human cancers. Thus, this
groundbreaking discovery initiated many scientific
researches dissecting the role of BRAF and the MAPK
pathway in cancer and other diseases pathogenesis
[1,9].

The oncogenic activation of the MAPK signaling
pathway is very common in human cancers and it
occurs by multiple mechanisms, including: mutational
activation of RAS-GTPases; point mutation and fusions
in BRAF; dysregulation of receptor tyrosine kinases;
and also genetic inactivation of RAS-GTPase activating
protein neurofibromin-1 (NF-1) [10]. The substitution of
a valine for a glutamic acid at position 600 (V600E) is
the most common mutation found in BRAF, accounting
approximately 80% [3,9,11].

Although 200 BRAF-mutant alleles have been
identified in human cancer, almost 30 different mutation
of BRAF gene have been functionally described. Thus,
BRAF mutations can be categorized into 3 classes

based on their effect on BRAF gene activity: Class 1
BRAF mutations are RAS-independent and behave as
active monomer. Class 2 mutant BRAF functions as an
active dimer, both Class 1 and 2 mutant BRAF proteins
are independent of upstream stimuli for growth and
proliferation in malignant tumors. On the other hand,
Class 3 mutant BRAF proteins depend directly on RAS
signaling for its activation [3].

According to the literature, it is shown that
oncogenic BRAF gene fusion can induce activation of
BRAF protein in melanomas and other tumors. The
fusion consists BRAF kinase domain fused with N-
terminal partner genes such as: SOX10; AGK; SEPTS3,
which result in an alteration of the BRAF copy number
and activity, independently of common missense BRAF
mutation [3].

Therefore, BRAF gene is one of the most commonly
mutated oncogenes in approximately 8% of all human
tumors including melanomas (over 50%); thyroid
cancer (10-70%); colorectal cancers (over 10-20%);
non-small cell lung cancer (3-6%); hairy cell leukemia
(100%) [4,5,11,12]. Other human disorders besides
cancer are also associated with BRAF and CRAF
mutation such as the Noonan and Leopard syndromes,
which have developmental defects referred as
RASopathies [13].

3.1. Melanoma

Melanoma are malignant neoplasm that develop
from melanocytes localized in the skin or mucosa,
some of them come from pre-existing nevi, and they
represent a significant and increasing public health
concern and research subject [14-16]. Although
melanoma represents 1% of all diagnosed skin cancer,
it is the main cause of most skin cancer-related deaths,
with a 5 year survival rate 20%. Cutaneous melanomas
are the most common type, followed by mucosal
melanomas and lastly the ocular melanoma, although
primary mucosal melanomas are rare, they have a
worse prognosis compared to the cutaneous
counterpart [14,15,17-19].

Many different signaling pathways are altered
during the melanoma carcinogenesis, which change
normal melanocytes into neoplastic cells, including:
MAPK; PI3K; pRb and p53 pathways [20]. It is known
that mutated V600E strongly activates MAPK pathway
in  melanocytes  culture, eventually inducing
senescence, however it is also found in up to 80% of
human benign moles and nevi, which are considered
senescent clones melanocytes. In the melanoma
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formation and progression, it can be accelerated by
INK4a and PTEN deficiency and/or concomitant UV
exposure [9].

The most common mutation is the substitution of
glutamic acid for valine at codon 600, detected in
around 75 — 90% of all BRAF mutated-positive
melanoma. The second most common mutation is
V600K, which is the substitution of lysine for valine,
representing 5-8% followed by V600R, approximately
1% and V600M <1% [Catalogue of Somatic Mutations
in Cancer (COSMIC)- http//:www.sanger.ac.uk/cosmic]
[6,7].

According to the literature, single-point mutations in
the gene encoding BRAF function occur in 40-60% of
cutaneous melanoma [21]. These same mutations are
detected in approximately 50% of lesions from
metastatic melanomas [22]. A mutational profiling of
446 melanomas, BRAF mutation was present in 42% of
cases [23]. A research detecting BRAF and other
genes mutations in Russian melanoma patients using
LNA PCR clamp and biochip analysis found out BRAF
mutation detected by biochip assay in 17,8% among
253 melanoma specimens. Interestingly, in their
results, women showed a higher frequency of this
mutation, compared to men [18]. A mutational analysis
of 50 tumor samples of Acral lentiginous melanomas
observed BRAF mutation in 30% of specimens [24],
although this mutation has been shown to be more
common in non-acral melanomas [25]. Additionally, in
the mutational status study of BRAF (codon 600) gene
in POMM, we observed point mutation in 3 out of 14
cases, and it was screened by pyrosequencing method
[26].

In our retrospective studies, we found out BRAF
protein expression was positive in 57.14% of cases
Acral Lentiginous Melanoma (ALM) [27] and 74.28% of
cases were positive for BRAF in Primary Oral Mucosal
Melanoma (POMM) [17], in both studies we evaluated
the protein expression by immunohistochemistry.

3.2. Gastrointestinal Cancers

Colorectal Cancer

Colorectal Cancer (CRC) is the third most common
type of malignancy in adults around the world, and it is
considered as the second cause of mortality by cancer
accounting over 6,000 million of deaths per year
[28,29]. Although the number of deaths caused by CRC
has been decreasing worldwide, it has been shown an
increasing of the mortality among young adults (< 50
years old) [2].

In cancer model studies, the identification of
mutational activated KRAS and BRAF alleles in several
tumors models explains the importance of MAPK
signaling pathway in tumorigenesis. Several reports
have demonstrated that MAPK activation through
oncogenic RAS and mutated BRAF seems to be
involved in promoting cellular invasiveness in different
cancer models. In sporadic colorectal cancer KRAS
and BRAF mutation have an inversed association, it
suggests that each mutation can induce similar cellular
effects and signal through the same pathway, thus their
mutations do not occur concomitantly, because their
combined signaling is incompatible with cell
proliferation [6].

The BRAF V600E accounts over 80% of all reported
BRAF mutations in this type of tumor, implicating the
constitutive activation of BRAF. Therefore, BRAF
mutation is less frequent than KRAS in SCRC, and its
mutation is more likely to develop in the right side of
colon and is also high associated to metastasis. BRAF
is considered a poor prognosis marker in Sporadic
Colorectal Cancer (SCRC), because it has a 10% of
frequency that occurs in stage Il and Il [6], and also
associated with worse overall survival [4].

Recently, The American Association for Cancer
Research Project Genomics Evi-dence Neoplasia
Information Exchange (AACR Project GENIE) involved
ten institutions participating in this project, and all
institutions  performed next-generation sequencing
assays for the detection of somatic mutations in
cancer. This dataset included 5961 colorectal
adenocarcinoma specimens and somatic mutations in
RAS-MAPK pathway genes, including: KRAS, NRAS,
HRAS, BRAF, MAP2K1, RAF1, and PTPN11 were
evaluated. They classified BRAF mutation according to
the mechanism of pathway activation: Ras-independent
monomers (V600E, class 1); Ras-independent dimers
(class 2); Ras-dependent and kinase-impaired
activations (class 3). Among their findings, a total of
555 pathogenic BRAF mutations were identified in 554
of 5795 specimens (10%): class 1 (82%); class 2 (6%)
and class 3 (11%) [30].

Pancreatic Cancer

Pancreatic Cancer (PC) is considered one of the top
leading causes of mortality in some eastern and
western countries, with a 10% of 5-year survival rate
[31,32]. PC can be grossly divided into two groups: (1)
Exocrine pancreatic neoplasms, which include all
tumors related to the pancreatic duct, acinar cells, and
their stem cell (Pancreatic ductal adenocarcinoma;



14  Journal of Cancer Research Updates, 2020, Vol. 9

Ricardo Hsieh

intraductal papillary mucinous tumor; mucinous cystic
tumor; serous cystic tumor), representing 95% of all
PC. (2) Neoplasm of the endocrine pancreas,
comprising 5% of PC, such as islet cell tumors
(Pancreatic endocrine tumor; pancreatic acinar cell
carcinoma; pancreatoblastoma; solid pseudopapillary
tumor) [33]. This poor prognosis neoplasm needs for
the development of effective diagnosis and
therapeutics to improve patient survival, by
understanding of molecular pathobiology and new
insights into its pathogenesis [31,33]. Up to 90% of PC
has KRAS mutation and it is characterized by
constitutive activation of MAPK pathway, additionally, it
may be responsible for pancreatic cells to be
transformed to cancer cells [31,34].

A  Whole-exome sequencing (WES) study of
pancreatic neoplasm with acinar differentiation found
alteration in BRAF gene in 13% of their cases [35].
Later another WES study of pancreatic ductal
adenocarcinoma showed BRAF V600E mutations
occurring at a frequency of 3%, and it was mutually
exclusive with KRAS mutations [36].

A comprehensive genomic profiling analysis of 44
pancreatic acinar  cell carcinoma identified
rearrangements involving BRAF or RAF1 in 23% of
cases [37]. On the other hand, a molecular analysis of
57 cases of acinar cell carcinoma did not detect any
BRAF mutation [38]. Also in a large cohort of 126
pancreatic cancers evaluating the KRAS, BRAF and
PIK3CA mutations by pyrosequencing technology no
BRAF mutation was found to be existed [32].

3.3. Thyroid Cancer

Thyroid Cancer (TC) is considered the most
common diagnosed endocrine around the world and
accounting for approximately 1 to 2.1% of all cancers
[39-41]. TC can be classified in several histological
subtypes: Differentiated thyroid cancers (including
papillary and follicular thyroid cancer, both arising from
follicular cells), accounting 90 - 95% of cases;
Medullary thyroid cancer (3-5% of cases), which arises
from parafollicular cells; Anaplastic thyroid cancers
(<2% of cases), it is considered the most aggressive
and fatal form can develop from differentiated thyroid
cancer that de-differentiates or sometimes it arises de
novo [39,42,43] .

According to many different researches carried out
during past few decades, among the different subtypes
of TC, Papillary thyroid cancer (PTC) is the most
common neoplasm, accounting 80 — 95% of all thyroid

cancer [39,43]. In the past decades, to understand the
molecular signaling involved in the TC tumorigenesis,
tumor progression and recurrence, some mutated
genes as BRAF, RAS, TERT promoter and TP53 were
observed in a significant proportion of cases [39,45-48].
BRAF V600E mutations were the most frequent genetic
alterations in TC, representing approximately 20 to
50% of sporadic PTC [49,50]. Due to the limited large
cohort evidence, the role of BRAF V600E as a
biomarker associated to PTC aggressiveness still
remains controversial. Most of studies associated
BRAF V600E mutation with poor clinical pathologic
outcomes in PTC patients (including: large tumor size;
lymph node metastasis; advanced clinical stages;
recurrence). On the other hand, other researches did
not find any association between BRAF V600E with
clinical stage, multicentricity or recurrence [41,46].

Anaplastic thyroid cancer (ATC) is a very rare,
aggressive tumor and undifferentiated carcinoma,
accounting approximately 1 to 9.8% or all TC cases
[49,51,52]. BRAF V600E mutation in observed 13.8%
in ATC cases [52], and AKT1/PIK3CA and EIF1AX co-
mutations with BRAF in 36.36% in ATC [53].

Finally, detection of BRAF mutation is a useful
measure to make reliable diagnosis and treatment
strategy, and it has demonstrated a high concordance
between IHC and molecular methods for detecting
BRAF V600E mutation in FFPE tissues samples [54].
Zhao et al., 2019 compared three different methods
and they conclude the COBAS 4800 BRAF V600 test
proved to be the most sensitive method (99.3%), while
the other techniques revealed a sensitivity of 98.6% for
IHC and 97.2% for Sanger sequencing [55].

3.4. Lung Cancers

Lung Cancer is one of the most common neoplastic
disease and a leading cause of cancer mortality
worldwide, approximately 18.4% of all deaths [56-59]. It
has been increasing in certain population such as non-
smokers and female in developing country, while
declining in males in most developed countries [56,57].
The most common subtype is non-small cell lung
cancer (NSCLC), accounting about 85% [58-60]. The
majority NSCLC patient are diagnosed at advanced
stage, about 50% of them displaying clinically at stage
IV and poor prognosis of a five-year survival rate
between less than 20% [56-60]. The mortality rates still
remain high, despite all advances in prevention,
diagnosis screening, surgical and medical treatment
[56].
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It is known that acquired genetic alterations in
certain driver genes (somatic mutation or chromosomal
rearrangements) result in tumour growth and
invasiveness, and their discovery represents one of the
most important progress in NSCLC [57,59]. BRAF
mutation is one of oncogenic driver mutation in
NSCLC, which mostly has a low prevalence of only 2 -
5 % in caucasian lung cancer [61]. In a retrospective
study multicenter study in 65 Chinese patients with
NSCLC harboring BRAF mutation from 22 centers,
they found 54 patients with BRAF V600E mutation and
11 with non-V600E mutations (K601E; G469S; G469V,
G596R; G466R; T599dup) [61]. In another Chinese
study, a total of 44 patients with NSCLC were
examined for tumor mutation genes in their
pathological tissue, and in 9.10% of cases BRAF
mutation was found to be present [60].

In Europe, a Spanish prospective study harbored
224 patients with non-squamous NSCLC, overall 85%
of samples were successfully characterized at DNA
and RNA levels. Oncogenic drivers were found in 68%
of them, and 4% showed BRAF mutation. An ltalian
prospective study involving 1440 consecutive Sardinian
patients diagnosed with lung adenocarcinoma showed
3.2% of BRAF mutation [56].

In an American huge cohort study, they tested
consecutively 8388 patients with advanced NSCLC by
performing a plasma-based comprehensive genomic
profiling evaluation, and somatic alteration were
detected in 86% of samples, among them, 2.8%
showing BRAF alterations [62]. In the meantime, in a
Brazilian study investigated the frequency of somatic
mutations in EGFR, KRAS, NRAS, BRAF genes in a
cohort of 619 tumors with Lung adenocarcinoma and
BRAF mutations were found in 19 (3%) cases [58].

Similarly in Asia, a Vietnamese study performed a
parallel sequencing to identify alterations in major
drivers genes (EGFR, KRAS, NRAS, BRAF, ALK and
ROS) in 350 NSCLC patients, and they observed 2.3%
with  BRAF mutation [59]. At the same time in
Singapore, they evaluated a total of 174 cases
diagnosed with NSCLC and NGS DNA panel was
performed in 173 cases, and it was found 2% with
BRAF mutations [63].

In 2019, Dormieux et al. investigated the
association between driver oncogene alterations and
metastatic patterns on imaging assessment in a large
cohort (N=550) of metastatic lung adenocarcinoma
patients in stage IV, among them 47 were BRAF
mutated, and in this group, mostly showed pleural and

pericardial metastases. Thus, they concluded that the
application of correlation between molecular status and
metastatic tropism in clinical practice should lead to
earlier and more accurate diagnosis and treatment [57].

3.5. Hairy Cell Leukaemia

Hairy Cell Leukaemia (HCL) is a very uncommon
and indolent chronic B-cell lymphoproliferative
malignancy by the presence of distinguishing irregular
and long villi around cells, thus, the circulating B-cells
with a ‘hairy’ appearance imparted by surface filopodia
and cytoplasmic flaps. It accounts for approximately
2% of all adult leukaemias and less of 1% of lymphoid
neoplasm [64-67]. Typically, patients with HCL exhibit
peripheral cytopenia or pancytopenia, splenomegaly in
the absence of significant lymphadenopathy, usually a
diffuse infiltration of the spleen, bone marrow and liver
by leukemic cells is observed [64-66].

In Australia, they compared the ability of fluorescent
single-strand conformations polymorphism (F-SSCP);
high resolution melting (HRM) and Sanger sequencing
to detect BRAF mutations in 20 cases of HCL, and they
found VG600E mutation in 94%; 89% and 72%,
respectively. Later, in a Japanese study using a
quenching probe method to evaluate 54 patients
diagnosed with or suspected of having HCL, they
identified BRAF mutation in 18 cases (33.3%) [66].

More recent, a Spanish study of chronic lymphocytic
leukemia patients, putative damage mutations were
observed in 25 out of 452 patients (5.5%), among
them, 9 patients (2%) showed BRAF mutation.

4. BRAF INHIBITORS AND CANCER TREATMENT

According to the literature, KRAS, NRAS and BRAF
mutations have been considered among the most
important oncogenic drivers in many different neoplasm
types, including: melanoma, lung, colorectal and
pancreatic cancer, such as LY3009120 a pan-RAF and
RAF dimer inhibitor has been shown to inhibit RAS and
BRAF mutant cell proliferation in vifro and xenograft
tumor growth in vivo [68]. Since 2002, due to the
advances in the understanding of BRAF mechanism in
many different malignant neoplasms, it was described
that mostly its mutation occurs in codon 600, which
replaces a valine to glutamic acid (V600E), thus
inhibiting BRAF-V600E would be a great target for
these cancers therapy, resulting in many laboratorial
and preclinical studies to validate it [69].

In early 2005, Vemurafenib was first synthetized as
a compound with an initial biochemical characterization



16  Journal of Cancer Research Updates, 2020, Vol. 9

Ricardo Hsieh

revealing a mild selectivity to BRAF-V600E over the
wild-type enzyme [69]. Initial clinical trials with the
inhibitor ~ Vemurafenib  (PLX4032) treatment in
metastatic melanomas showed that patients with tumor
carrying the BRAF-V600E mutation resulted in
complete or partial tumor regression in the majority of
them, improving rates of overall and progression-free
survival  [70,71] Although  BRAF inhibitors
Vemurafenib and Dabrafenib monotherapies have
shown efficacy in BRAF-V600E or V600K mutated
metastatic melanoma, a study with 704 patients
showed that Dabrafenib combined with Trametinib
significantly improved overall survival in previously
untreated patients compared with Vemurafenib
monotherapy, the response rate was 64% and 51%,
respectively [72]. Another study hypothesizing the
combined inhibition of BRAF (Vemurafenib) and MEK
(Cobimetinib), exhibited results that this combination
was associated with a significant improvement in
progression-free survival among patients with BRAF-
V600E mutated metastatic melanoma, however it
increased in toxicity [73].

BRAF inhibitor monotherapy seems not to show
effectiveness in colorectal cancer (CRC), in a
combined BRAF and MEK inhibition study with
Dabrafenib and Trametinib in 43 BRAF-V600E mutant
CRC patients, it was observed that one patient
achieved complete response and 12% achieved partial
response, while 56% had stable disease as best
confrmed response, they concluded that the
combination of Dabrafenib and Trametinib has activity
in a subset of patient with BRAF-V600E mutant CRC
[74]. In a trial by combining BRAF, EGFR and MEK
inhibitor in patients with BRAF-V600E mutated CRC,
they demonstrated that this combination was tolerable,
with promising activity in those patients, however
further studies need to optimize strategies inhibiting
MAPK pathway to overcome both primary and acquired
resistance [75]. Sorafenib is an oral inhibitor of BRAF,
VEGFR2 amd PDGFR2-beta, which acts against
pancreatic cancer in preclinical models. However, the
addition of Sorafenib to concurrent Gemcitabine and
radiation therapy showed favorable safety profile in
unresectable  pancreatic  adenocarcinoma  [76].
Witkiewicz et al. (2015) used one of pancreatic ductal
adenocarcinoma to develop a cell line maintaining the
BRAF mutation, and these cells were equally sensitive
as MNT1 melanoma cell line to the FDA-approved
BRAF inhibitor PLX-4032 [36].

In a preliminary study of metastatic papillary thyroid
cancer (PTC) treated with Vemurafenib, among the

three evaluated patients, the time to progression was
between 11.4 and 13.2 months, thus they conclude that
BRAF-V660E mutant kinase is a relevant target for
therapy in this patient population [77]. In an open-label
non-randomised, phase 2 trial at ten academic centres
and hospitals worldwide, analyzing 56 patients with
recurrent or metastatic PTC refractory to radioactive
iodine and positive BRAF-V600E mutation,
Vemurafenib showed antitumor activity [78]. A
combination of Dabrafenib and Trametinib treatment in
16 patients with locally advanced or metastatic BRAF-
V600E mutant Anaplastic Thyroid Cancer, they
concluded that this combination is the first regimen
demonstrated to have robust clinical activity in this kind
of disease and it was well tolerated [79].

In a study of multiple nonmelanoma cancer study,
including: 37 NSCLC and 7 anaplastic thyroid cancer
treated with Vemurafenib monotherapy, and 27 cases
of colorectal cancer treated with Vemurafenib and
cetuximab combination therapy, they found that
Vemurafenib had preliminary efficacy in NSCLC group
[79]. A open-label multicenter phase 2 frial evaluates
57 patients with NSCLC, and it was noticed that
Dabrafenib plus Trametinib could represent a new
target therapy with robust antitumor activity and
manageable safety profile in these patients [80].

In an in vitro study of hairy cell leukemia (HCL), they
concluded that Vemurafenib and Dabrafenib (BRAF
inhibitors) exert potent antileukemic activity in HCL
patients; Dabrafenib seems more effective at inducing
apoptosis than Vemurafenib; and Dabrafenib is less
affected than Vemurafenib by such protective stromal
effect and the latter is further reduced by combined
BRAF and MEK inhibition [82]. In a multicenter (Italy
and U.S.) of Vemurafenib underlying patients with HCL,
the overall response rates were 96% after a median of
8 weeks in Italy group and 100% after median of 12
weeks in U.S. group, thus they concluded that
Vemurafenib was high effective in patients with
relapsed or refractory HCL [83].

5. FUTURE DIRECTIONS FOR RESEARCH

The standard therapy of inhibition of BRAF mutated
in advanced melanoma and/or others malignancies,
improved clinical benefit compared to chemotherapy.
Meantime, intrinsic and acquired resistances are still
key challenges by using these drugs. The future
research is heading to understand the mechanisms of
the resistance, therefore it will help us to understand
diseases biology and continuously bringing new
therapeutic strategies for melanoma and/or others
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malignancies, including other drugs combination and
next-generation of BRAF inhibitors.
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