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ABSTRACT

Malignant melanoma, a deadly type of skin
cancer, presents considerable challenges in
clinical management. However, the advent of
targeted therapies capitalizing on BRAF
mutations has ushered in a new era of optimism
for treating melanomas. This investigation
delves into the utilization of BRAF mutations as
a focused approach in addressing malignant
melanoma. Anomalously activated RAS-RAF-
MEK-ERK signaling, particularly through the
prevalent ~ V600E  mutation, instigates
uncontrolled cell proliferation and survival in
melanocytes. Melanoma arises de novo from
melanocytes carrying genetic alterations, with
RAF mutations being the most common.
Mutated RAF genes, notably the V600E
mutation, induce dysregulated cell cycle
progression, fueling unchecked proliferation.
Given that RAF is a pivotal component of the
RAS-MAPK  pathway, manipulating this
pathway emerges as a promising strategy to
impede cancer growth. However, not all
melanoma cases exhibit RAS mutations,
necessitating molecular testing to identify
BRAF mutations before initiating targeted
therapy. Detecting typically somatic BRAF
mutations mandates melanoma tissue as a
specimen. The presence of V600E BRAF
mutations becomes a crucial factor for
employing BRAF inhibitor therapy. This review
article underscores the imperative nature of
RAF mutation testing in melanoma patients,
serving as a predictive tool to determine the
cancer's responsiveness to RAF inhibitor
treatment. The identification of BRAF
mutations offers a targeted therapeutic avenue,
instilling fresh hope for personalized and

effective interventions in the management of
malignant melanoma.
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INTRODUCTION

Malignant melanoma, an aggressive and
potentially fatal type of skin cancer, poses a
formidable challenge in the field of
oncology due to its resistance to
conventional treatment approaches like
surgery, radiotherapy, and chemotherapy.!
The pressing need for more efficacious
interventions has spurred the development
of innovative therapeutic strategies. In this
quest, the recognition of BRAF mutations,
specifically the prevalent V600E mutation,
has introduced a renewed sense of optimism
for addressing malignant melanoma. The
onset of melanoma stems from the de novo
transformation of melanocytes, the cells
responsible for pigment production, marked
by genetic mutations. Among these
mutations, alterations in the RAF gene,
notably the V600E mutation, play a pivotal
role in driving dysregulated cell cycle
progression and uncontrolled cellular
proliferation—hallmark features of the
aggressive nature of cancer. [?

RAF stands as a pivotal gene in the RAS-
MAPK signaling pathway, governing
fundamental cellular processes crucial for
growth, survival, and differentiation. The
disruptive influence of the V600E BRAF
mutation on this regulatory balance
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perpetuates  signaling,  fostering  the
uncontrolled proliferation of melanoma
cells.B]l The RAF pathway emerges as a
promising avenue for suppressing cancer
growth, with BRAF inhibitors like
vemurafenib and dabrafenib representing a
transformative  shift  in melanoma
therapeutics. These inhibitors precisely
target the aberrantly activated BRAF
protein, disrupting the signaling cascade and
impeding  the  unrestrained  growth
characteristic of BRAF-mutant
melanomas.[*l This paradigm shift from
broad-spectrum treatments to precision
medicine holds the potential for more
effective, personalized interventions attuned
to the molecular intricacies of individual
tumors.

Nevertheless, the clinical application of
BRAF inhibitors poses challenges. Their
efficacy hinges on the presence of the
specific V600E mutation, which is not
universally present in all melanoma cases.
Recognizing the role of RAS mutations
becomes crucial in gauging therapeutic
responsiveness.’l  This acknowledgment
underscores the inherent heterogeneity of
melanomas, prompting a transition from
standardized approaches to a more
sophisticated, molecularly guided strategy.
To fully harness the potential of BRAF
inhibitors and  navigate  melanoma
heterogeneity, molecular assays designed to
detect BRAF mutations become
indispensable. These assays, reliant on
melanoma tissue as the primary specimen,
provide insights into the genetic landscape
of individual tumors.[’! Consequently, they
serve as vital tools in the therapeutic
decision-making  process, empowering
clinicians to determine whether a specific
melanoma  possesses  the  necessary
mutations for BRAF inhibitor
responsiveness.

Moreover, melanoma's notorious resistance
to  conventional  chemotherapy  and
radiotherapy  presents a  formidable
challenge. Traditional chemotherapeutic
agents and radiation treatments encounter
limitations when applied to melanoma,

given their inadequacy in combating the
cancer's aggressive and intricate nature.
Additionally, melanoma cells can develop
resistance  to  standard  treatments,
diminishing their responsiveness.
Consequently,  alternative  therapeutic
modalities, such as immunotherapy and
targeted medications, have garnered
significance in melanoma treatment. These
approaches seek to leverage the body's

immune system or specifically target
molecular  abnormalities  like BRAF
mutations, offering a precise treatment

option for patients. [']

As the curtain rises on a more profound
exploration of BRAF mutations in
malignant melanoma, this study aspires to
conduct a comprehensive analysis of the
multifaceted landscape of these genetic
alterations. From the transformative
potential of targeted therapies to the
nuanced challenges posed by melanoma
heterogeneity, this investigation underscores
the pivotal role of understanding and
exploiting BRAF mutations. Through this
study, it is anticipated that, in addition to
unraveling the molecular intricacies of this
challenging illness, a pathway will be paved
for more effective and tailored treatment
techniques, ultimately leading to improved
outcomes for patients worldwide.

LITERATURE REVIEW

2.1 Introduction to Melanoma and BRAF
Mutation

Melanoma, a type of skin cancer originating
from the malignant transformation of
melanocytes—pigment-producing cells
responsible for skin colour—is
predominantly located in the epidermis, the
outermost skin layer. Renowned for its
potential to metastasize and spread to other
organs, melanoma poses a life-threatening
risk. Various risk factors contribute to its
development, with excessive exposure to
ultraviolet (UV) radiation from the sun or
tanning beds being a prominent contributor.
Individuals with fair skin, light-coloured
eyes, and a history of blistering sunburns
face an elevated risk. Family history of

International Journal of Research and Review (ijrrjournal.com) 846
Volume 10; Issue: 12; December 2023



Vanesya Rizky Chendriadi et.al. Exploiting BRAF mutation for treatment of malignant melanoma: a literature

review

melanoma or specific genetic mutations,
such as those in the BRAF gene, further
heighten susceptibility. Clinical presentation
often involves the appearance of atypical
moles or changes in existing ones. The
ABCDE  rule—Asymmetry, irregular
Borders, uneven Colour, a Diameter larger
than 6 millimetres, and Evolution over
time—serves as a guideline for identifying
potential melanoma signs. Early detection is
crucial for successful treatment. [¢]

BRAF mutations significantly contribute to
melanoma'’s emergence. This gene provides
instructions for a protein involved in a
signalling pathway regulating cell growth.
Mutations, particularly the V600E mutation,
abnormally activate the pathway, fostering
uncontrolled  cell  proliferation  and
contributing to melanoma formation. About
half of all melanomas harbour BRAF
mutations,  especially  prevalent in
superficial spreading melanomas, a common
subtype. [®! I1dentifying BRAF mutations not
only enhances our understanding of
melanoma'’s underlying biology but has also
become pivotal for personalized treatment
strategies.

The development of targeted therapies,
exemplified by BRAF inhibitors like
vemurafenib and dabrafenib, as well as
MEK inhibitors such as trametinib, signifies
a significant stride in addressing mutated
BRAF proteins and their downstream
signaling pathways. These drugs have
demonstrated remarkable efficacy in the
treatment of advanced melanomas carrying
BRAF mutations, resulting in improved
patient outcomes. The pivotal role of BRAF
mutations in the molecular landscape of
melanoma not only provides valuable
insights for diagnosis but also lays the
foundation for effective treatment strategies.
[l The advent of targeted therapies tailored
for BRAF-mutated melanomas represents a
noteworthy breakthrough, highlighting the
essential role of personalized medicine in
melanoma management.

It is noteworthy that BRAF mutations in
melanoma are non-heritable  somatic
alterations, manifesting within the body's

cells and not transmitted across generations.
Moreover, not all melanoma patients exhibit
BRAF  mutations, underscoring  the
molecular heterogeneity inherent in the
disease. The absence of universally present
BRAF mutations emphasizes the importance
of considering diverse genetic and
molecular factors contributing to melanoma
development. This recognition guides the
formulation of personalized treatment
approaches based on the distinct molecular
characteristics exhibited by individual
tumors. [°]

2.2 Understanding the BRAF Gene

Situated on chromosome 7, the BRAF gene
encodes instructions for the synthesis of the
BRAF protein, a pivotal player in cell
signaling pathways governing cell growth
and division. As an integral component of
the RAS-RAF-MEK-ERK pathway, this
signaling cascade facilitates the
transmission of external signals from the
cell membrane to the nucleus.*”) The
pathway's significance lies in its regulation
of essential cellular processes, including
proliferation, differentiation, and survival.
Upon binding of external signals, such as
growth factors, to cell surface receptors,
activation of the RAS-RAF-MEK-ERK
pathway ensues. In its normal state, the
BRAF protein functions as a kinase,
orchestrating the addition of phosphate
groups to other proteins within the signaling
pathway. This phosphorylation process
activates downstream components,
ultimately controlling gene expression and
cellular behavior. The precise functioning of
the BRAF gene is imperative for
maintaining controlled cell growth and
averting uncontrolled proliferation.**]

However, mutations in the BRAF gene,
particularly the V60OE mutation, can disturb
this delicate equilibrium. The V600E
mutation results in a persistently activated
BRAF protein, incessantly signaling for cell
division even without external stimuli. This
dysregulation can contribute to the onset of
various cancers, including melanoma.
Recognizing the normal function of the
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BRAF gene is crucial, not only for
elucidating its role in cellular processes but
also for devising targeted therapies that
specifically address the repercussions of
BRAF mutations.®! By targeting the
mutated BRAF protein in conditions like
melanoma, researchers and clinicians aspire
to restore balance to cell signaling and
impede the uncontrolled growth
characteristic of cancer cells.

Mutations in the BRAF gene, frequently
encountered in cancer, can manifest
spontaneously during DNA processes, UV
radiation exposure, exposure to
carcinogenic agents, inherited mutations
(which elevate risk but do not ensure
cancer), age-related accumulation of
mutations, and error-prone DNA replication.
However, not all BRAF mutations signify
malignancy. While certain BRAF mutations
are commonly linked to various cancers, not
every BRAF mutation leads to malignancy.
Some BRAF mutations may be benign or
possess uncertain clinical significance."
The specific type and location of the BRAF
mutation, along with its context within the
cellular environment, play a pivotal role in
determining whether it contributes to cancer
development.  Molecular testing and
thorough analysis are often imperative to
characterize the nature and potential impact
of a specific BRAF mutation. It's crucial to
note that the mere presence of a BRAF
mutation does not guarantee malignancy,
and additional factors, such as the overall
genetic profile of the tumor and the patient's
clinical history, are taken into account when
assessing the risk and progression of
cancer.*4

The assessment of BRAF mutations,
particularly in the context of melanoma,
involves employing molecular testing
methods to analyze tumor tissue. The
predominant approach is BRAF mutation
testing, wherein specific mutations in the
BRAF gene, particularly the common
V600E mutation, are identified. Techniques
such as polymerase chain reactions (PCR)
or next-generation sequencing (NGS) are
commonly utilized due to their sensitivity

and specificity. Additionally,
immunohistochemistry  (IHC) can be
employed to evaluate the presence of the
mutated BRAF protein in tissue samples,
acting as a preliminary screening tool.[*]
These tests are indispensable for individuals
with melanoma, as the results guide
treatment decisions, especially in the
consideration of targeted therapies like
BRAF inhibitors.

2.3 The Process of Proliferation

The inhibition of cell proliferation can be
achieved through the use of anti-BRAF
agents. In melanoma, the intricate regulation
of cell proliferation is closely associated
with the activity of the BRAF gene, which
encodes the BRAF protein participating in
cellular signaling pathways. The
MAPK/ERK pathway holds a pivotal role in
governing cell growth, differentiation, and
survival. However, mutations, such as the
prevalent V600OE mutation, in the BRAF
gene lead to the constitutive activation of
the BRAF protein. This activated BRAF
protein persistently signals downstream in
the MAPK/ERK pathway, continuously
transmitting growth signals to the cell
nucleus. Consequently, melanoma cells
undergo uncontrolled and aberrant cell
proliferation. This rapid and unregulated
cell division contributes to the initiation and
advancement of melanoma tumors. Anti-
BRAF agents, exemplified by vemurafenib
and dabrafenib, are specifically designed to
target and inhibit the activity of mutated
BRAF proteins. By doing so, these
inhibitors disrupt the hyperactive signaling
in the MAPK/ERK pathway, effectively
interrupting the uncontrolled cell
proliferation characteristic of melanoma.
The inhibition of BRAF interrupts the
transmission of signals that propel the cell
cycle, preventing melanoma cells from
incessantly  dividing and multiplying.
Essentially, the administration of anti-
BRAF drugs interferes with the molecular
processes sustaining the unrestrained growth
of melanoma cells. This targeted therapy
signifies a significant leap forward in
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melanoma  treatment, addressing the
underlying genetic abnormalities fueling the
disease directly. Anti-BRAF agents aid in
restoring a level of control over cell
proliferation, slowing down or even halting
the progression of melanoma tumors. While
anti-BRAF medications can be effective,

resistance may develop over time,
prompting ongoing research into
combination therapies and alternative

treatment options to enhance efficacy.
Additionally, the BRAF gene produces a
crucial protein, namely the BRAF protein,
that plays a vital role in cellular signaling
pathways regulating cell growth and
division. Mutations in the BRAF gene,
including the V60OE mutation, can result in
the synthesis of a mutated BRAF protein
with altered activity, contributing to the
onset of melanoma. [*%!

The identification of mutated BRAF protein
can serve as an indication of mutations in
the BRAF gene. Alterations in the DNA
sequence of the BRAF gene can lead to
modifications in the corresponding BRAF
protein. Diagnostic techniques such as
immunohistochemistry or molecular testing
can be employed to identify and detect the
presence of specific mutated proteins,
providing insights into the genetic
abnormalities propelling melanoma.
However, while the presence of mutated
BRAF protein suggests a mutated gene,
additional genetic testing may be necessary
for comprehensive analysis. [*#]

In the context of melanoma, discovering a
mutation in the BRAF protein strongly
suggests the presence of mutations in the
BRAF gene. The DNA within the BRAF
gene acts as the template for generating the
BRAF protein. Mutations in the gene can
lead to the production of an altered protein,
like the V600E mutated BRAF protein often
linked to melanoma. Consequently,
detecting a mutated BRAF protein is a
robust indicator of potential simultaneous
mutations in the BRAF gene, though direct
genetic testing may be necessary to verify

2.4 Linking BRAF Mutations to Cancer
Progression

BRAF mutations, particularly the V600E
variant, play a crucial role in the intricate
process of melanoma development and
progression. The typical function of the
BRAF gene involves regulating cell growth
through the RAS-RAF-MEK-ERK signaling
pathway.®! However, when a mutation
occurs, the BRAF protein undergoes
constant activation, leading to continuous
signaling along this pathway. This abnormal
activation  fosters  uncontrolled  cell
proliferation,  surpassing  the  usual
mechanisms that regulate cell growth and
division. The mutated BRAF protein
enhances the division of melanocytes, the
pigment-producing cells in the skin,
contributing to the formation of tumors.
Significantly, = BRAF  mutations are
frequently identified in dysplastic nevi,
precursors to melanoma. The sustained
activation of the signaling pathway due to
BRAF mutations facilitates the
transformation of these atypical moles into
invasive melanoma, characterized by
uncontrolled growth and the potential to
invade surrounding tissues. Moreover,
BRAF-mutated melanomas demonstrate an
increased ability to metastasize, spreading to
distant organs. [*?]

In  RAS-RAF-mutated melanoma, cell
proliferation is driven by the abnormal
activation of the RAS-RAF-MEK-ERK
signaling pathway. The mutated RAS
protein, often a result of genetic alterations,
initiates a series of events leading to
continuous activation of the RAF protein,
particularly BRAF in many cases. This
persistent signaling activates downstream
components, including MEK and ERK,
resulting in the activation of genes
promoting cell growth and division. Unlike
normal cells, where this pathway is tightly
regulated, mutations in RAS and RAF genes
lead to sustained activation, propelling
uncontrolled cell proliferation—a hallmark
of cancer. The continuous stimulation of

and delineate the specific mutations  this signaling cascade overrides the usual
involved. ] cellular checkpoints that govern the cell
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cycle, enabling melanoma cells to rapidly
replicate. [1°]

BRAF mutations linked to melanoma are
typically acquired during an individual's
lifetime and are not commonly inherited.
These mutations often result from exposure
to environmental factors, such as ultraviolet
(UV) radiation or other carcinogenic
substances. Alternatively, they may occur
spontaneously during cellular processes like
DNA replication and repair. While most
BRAF mutations in cancer are acquired,
there are rare instances where individuals
may inherit specific genetic conditions that
predispose them to developing certain types
of cancers, including those involving BRAF
mutations. However, the inherited mutations
alone do not guarantee the development of
cancer and are influenced by additional
genetic and environmental factors. [1¢!

The mutated BRAF protein  drives
uncontrolled  cell proliferation by
persistently activating the RAS-RAF-MEK-
ERK signaling pathway, fueling tumor

growth.®l  Cancer cells with BRAF
mutations  resist apoptosis, enhancing
survival and promoting invasion into

surrounding tissues. These mutations are
crucial in the transformation of benign
dysplastic nevi into malignant
melanomas.[*?) Understanding these effects
is crucial for developing targeted therapies
like BRAF inhibitors, which aim to disrupt
aberrant  signaling and impede the
uncontrolled growth, survival, and invasive
tendencies associated with BRAF-mutated
cancer  cells.  Furthermore,  somatic
mutations play a significant role in the
development of various conditions,
including cancer. Cancer often arises from
the accumulation of somatic mutations in
certain genes that control cell growth and
division. These mutations can lead to
uncontrolled cell proliferation and the
formation of tumors. Not everyone has
somatic mutations because these changes
are random events that occur throughout
life. Unlike germline mutations, which can
be inherited and affect all cells in an
individual's body, somatic mutations are

specific to certain tissues or cells. Therefore,
the presence of a somatic mutation in one
individual does not necessarily mean it will
be present in all cells of the body or in the
next generation.

2.5 Targeted Therapies for BRAF-
Mutant Melanoma

Targeted treatments for BRAF-mutant
melanoma have greatly advanced the
therapeutic options for individuals with this
specific genetic anomaly. The predominant
BRAF mutation in melanoma, V600E, has
prompted the development of several
targeted therapies tailored to this mutation.
BRAF inhibitors, such as vemurafenib and
dabrafenib [, function by obstructing the
abnormal activity of the mutated BRAF
protein, disrupting the RAS-RAF-MEK-
ERK signaling pathway, and inhibiting the
proliferation of cancer cells. It's noteworthy
that BRAF inhibitors are frequently
employed in conjunction with MEK
inhibitors, like trametinib, to address
potential  resistance  mechanisms  and
augment treatment effectiveness. [*"]

The approach to treating melanoma with
RAF mutations revolves around harnessing
these targeted therapies, given the close
association between RAF mutation status
and the efficacy of BRAF inhibitors.[*]
These therapies specifically target the
mutated BRAF protein, aiming to hinder the
uncontrolled growth and survival of cancer
cells linked to BRAF mutations.! This dual
inhibition strategy seeks to amplify the
impact of targeted therapies, offering a more
comprehensive approach to managing
BRAF-mutant melanoma and enhancing
patient outcomes.

Targeted therapies hold the promise of
being effective and safe drugs for
selectively eliminating cancer cells. These
therapies are designed based on mutations
detected in cancer cells. Unlike normal
cells, cancer cells possess gene mutations
that can be exploited as vulnerabilities for
selectively eliminating cancer cells. For
instance, the discovery of Homologous
Recombinant Deficiency mutations in
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ovarian cancer has introduced a new
strategy for treating ovarian cancer with
PARP-inhibitor therapy.[*°] The
identification of NTRK-gene fusion in head
and neck cancer indicates a therapeutic
response to NTRK-inhibitor therapy.?"]

2.6 The Importance of BRAF Mutation
Check in Patient with Melanoma Cancer
Assessing BRAF mutations is crucial
because the presence of a BRAF mutation
provides an opportunity for a potential cure
through the administration of anti-BRAF
agents. In the absence of a BRAF mutation,
melanoma cannot be effectively cured. The
examination of BRAF mutations in
melanoma holds significant importance due
to the central role played by the BRAF gene
in  regulating  fundamental  cellular
processes, particularly cell growth and
division. Melanoma, a highly aggressive
form of skin cancer, is frequently linked to
mutations in the BRAF gene, specifically
the VG600E mutation. This particular
mutation leads to the constant activation of
the BRAF protein, activating the
MAPK/ERK signaling pathway, which is
crucial in controlling cell proliferation.[?!]
The sequence of events triggered by the
mutated BRAF results in uncontrolled and
abnormal cell cycle progression. The
heightened activity of the MAPK/ERK
pathway  continuously  fosters  the
proliferation of melanoma cells,
significantly contributing to the initiation,
progression, and metastasis of melanoma
tumors. Therefore, comprehending the
nature and prevalence of BRAF mutations is
not only essential for understanding the
molecular foundations of melanoma but also
for  identifying potential  therapeutic
targets.[?]

The introduction of targeted therapies,
particularly  anti-BRAF  agents, has
transformed the landscape of melanoma
treatment. These agents, designed to inhibit
the abnormal activity of mutated BRAF,
aim to disrupt the oncogenic signaling
cascades that drive melanoma growth.
These inhibitors effectively curtail the

MAPK/ERK pathway by specifically
targeting BRAF, resulting in the halt of cell
cycle  progression. The  automatic
interruption of cell cycle events, especially
during the proliferation phase, holds
promise in restraining the unrestrained
growth of melanoma cells. BRAF mutations
in  melanoma, essentially, represent a
strategic necessity in the development of
precision treatment for melanoma patients.
Identifying specific BRAF mutations guides
the selection of targeted therapies tailored to
the molecular profile of individual tumors.
The inhibition of mutated BRAF using anti-
BRAF agents signifies a paradigm shift in
cancer treatment, offering a more precise
and less indiscriminate approach compared
to conventional chemotherapy. Moreover,
this targeted therapeutic strategy not only
holds potential in arresting cell cycle
progression but also shows promise in
mitigating the emergence of drug-resistant
phenotypes commonly associated with
traditional chemotherapeutic agents.
Consequently, the examination of BRAF
mutations in melanoma not only unveils the
complexities of the disease's molecular
landscape but also sets the stage for the

development of more effective and
personalized treatment modalities,
ultimately  enhancing  outcomes  for

melanoma patients.[??]

2.7 Future Directions and Research
Opportunities

The prospective direction of research in the
realm of BRAF mutations and melanoma
presents promising avenues for advancing
our comprehension and approaches to
treatment. Firstly, a critical aspect will
involve delving into the mechanisms of
resistance to BRAF inhibitors to improve
the longevity of treatment responses. The
identification and targeting of these
resistance mechanisms have the potential to
yield more effective and enduring
therapeutic ~ results.  Additionally, an
essential focus will be on exploring the
diversity within BRAF-mutant melanomas
and understanding how distinct genetic
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profiles influence responses to treatment.
Gaining deeper insights into the molecular
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