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There are many challenges that are faced in the treatment of Non-Small Cell Lung Cancer (NSCLC) due to the 
complexities associated with the tumor. Association of different types of mutations are one of the major complexi-
ties. Among these mutations, BRAF mutations are significantly gathering more attention due to their impact on 
disease progression and therapeutic response. This review provides an analysis of the current understanding of 
BRAF mutations in NSCLC, focusing on the molecular intricacies, clinical implications, and therapeutic ad-
vancements. The article explores the diverse spectrum of BRAF mutations, highlighting the prevalence of specific 
mutations such as V600E and non-V600E alterations. The review also highlights the intricate signalling pathways 
influenced by BRAF mutations, shedding light on their role in tumorigenesis and metastasis. Therapeutically, we 
critically evaluate the existing targeted therapies tailored for BRAF-mutant NSCLC, addressing their efficacy, 
limitations, and emerging resistance mechanisms. Furthermore, we outline ongoing clinical trials and promising 
investigational agents that hold potential for reshaping the treatment of NSCLC. This review provides com-
prehensive current information about the role of BRAF mutations in NSCLC. Understanding the molecular 
diversity, clinical implications, and therapeutic strategies associated with BRAF-mutant NSCLC is crucial for 
optimizing patient outcomes and steering the direction of future research in this evolving field.
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Introduction

Lung cancer, causing over a million deaths annu-
ally worldwide, is the primary contributor to cancer-
related mortality. About 85% of patients with lung 
cancer are diagnosed with non-small cell lung cancer 
(NSCLC). The 5-year survival rate of NSCLC is ap-
proximately 17% [1]. The currently available treatment 
modalities available for NSCLC includes i) Chemo-
therapy drugs: i.e. cisplatin, carboplatin, paclitaxel, 
docetaxel, gemcitabine, vinorelbine, and etoposide.  
ii) Targeted drugs: these drugs are often the first treat-
ment option for advanced NSCLC with a ROS1 
(ROS proto-oncogene 1)  rearrangement. Examples 
include entrectinib, crizotinib, and ceritinib. Lorlatinib 
is another option for patients with ROS1-mutated 
advanced NSCLC. iii) Immunotherapy drugs: these 
drugs include PD-1 (programmed cell death protein 1)  
and CTLA-4 (cytotoxic T-lymphocyte-associated an-
tigen 4)  immune checkpoint inhibitors. Some exam-
ples are nivolumab, pembrolizumab, ipilimumab, and 
tremelimumab [2].

Treatment options for NSCLC also depend on 
the stage of the cancer. For example, stage 0 NSCLC 
is usually curable with surgery alone, while stage I 
NSCLC may only require surgery. There are several 
mutations that occur in NSCLC that are currently 
the targets for numerous drugs. One of such muta-
tions that we come across in NSCLC is that of BRAF. 
BRAF is a serine-threonine kinase and plays a major 
role in the mitogen-activated protein kinase (MAPK) 
pathways. BRAF mutations are found in different 
types of solid tumors, and in approximately 4% of 
NSCLC. NSCLC exhibits various BRAF mutation 
variants, with the prevalent form being V600E. About 
2% of patients with NSCLC have mutations in BRAF 
gene and a significant number of them have a history 
of smoking [3].

With the availability of immunotherapy and tar-
geted BRAF inhibitors, the overall survival rate has 
significantly improved in NSCLC patients. Com-
binatorial approaches, exploring anti-BRAF thera-
pies targeting both MAPK signalling and the PI3K/
mTOR pathway, have been extensively investigated 
to enhance treatment outcomes in BRAF-mutant 
NSCLC. Immunotherapy is proving to be a promising 

treatment for BRAF-mutated NSCLC, encompassing 
both V600E and non-V600E subtypes. Considering 
the established efficacy of combination RAS–RAF–
MEK–ERK pathway inhibition targeted therapy and 
early indications of immune checkpoint inhibitor ac-
tivity, careful consideration is essential in choosing 
the most suitable treatment for this specific patient 
group. However, resistance to BRAF inhibitors has 
emerged over time, necessitating an understanding of 
the underlying mechanisms to devise effective strat-
egies for overcoming it. The comprehension of mo-
lecular resistance mechanisms to BRAF inhibitors is 
now crucial for optimizing clinical success, achieving 
enduring responses, and extending patient survival. 
One of the common causes of treatment failure is re-
sistance to targeted agents. This occurs through vari-
ous mechanisms which include secondary mutations, 
epigenetic changes, alterations of drugs metabolism 
and activation of compensatory pathways, fostering 
increased tumor cell survival. The elucidation of these 
mechanisms following BRAF inhibition is currently 
unfolding.

This paper offers an updated comprehensive over-
view of the role of BRAF mutations in NSCLC pa-
tients, referencing recent literature. The review details 
the biology of BRAF mutations, their significance in 
NSCLC, pharmacological inhibition, and provide an 
in-depth examination of current therapeutic target-
ing strategies. Additionally, we explore the mecha-
nisms underlying therapeutic resistance, strategies to 
overcome resistance, and consider future prospects for 
BRAF-mutant NSCLC.

BRAF – Structure and physiology

Protein kinases are essential enzymes that play an 
integral part in protein phosphorylation. Kinases are 
involved in several cellular pathways that are instru-
mental in signal transduction and their nomenclature 
is based on the phosphorylating amino acid residue. 
Among them, serine-threonine kinases comprise the 
majority of kinases, BRAF, being one of them [4]. 
BRAF is made up of 766 amino acids. The BRAF gene 
(B-raf proto-oncogene) codes BRAF. The gene is lo-
cated on chromosome 7 (7q34) [5].
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Structure of BRAF protein

The BRAF protein comprises of three regions - 
CR1 is the RAS binding domain, CR2 is involved in 
regulatory domain and CR3 is the catalytic kinase do-
main (Figure 1) [6–9].

The N-terminal domain houses the CR1 region, 
spanning amino acids 155 to 290. Of particular sig-
nificance within CR1 is the RAS GTP binding do-
main (RBD), positioned between amino acids 155 and 
227. In its inactive state, the CR1 region, containing 
the RBD, acts in a self-inhibitory manner towards the 
kinase domain (CR3), thereby maintaining regulatory 
control over BRAF signalling and preventing its con-
stitutive activation. The activation of the RBD within 
CR1, however, releases the inhibition on kinase activ-
ity, facilitating the initiation of BRAF signalling.

CR2 is a flexible hinge between CR1 and CR3, 
characterized by an abundance of serine and threonine 
residues. CR2 consists of amino acids 360 to 375.

The CR3 domain, spanning amino acids 457 to 
717, comprises specific structural components, in-
cluding the P-loop (amino acids 464–471), the αC 
helix (amino acids 492–504), the dimerization inter-
face (DIF, amino acids 504–511), the catalytic loop 
(amino acids 574–581), the DFG motif (amino acids 
594–596), and the activation segment (amino acids 
594–623). Within the smaller N-lobe of CR3, the 
ATP binding site is located, featuring a P-loop re-
sponsible for stabilizing ATP and maintaining BRAF 
in an inactive state. In contrast, the larger C-lobe 
binds to the substrate protein. The inactivity of BRAF 

is preserved through the interaction between the ac-
tivation segment, which includes an αC helix foster-
ing RAS/RAF interaction and RAF dimerization, and 
the dimerization interface. The significance of the C-
terminal end of CR3 lies in its pivotal role in binding 
substrate proteins, facilitated by the catalytic loop that 
enables the effective transfer of phosphate from ATP 
to BRAF substrates. In the C-terminal end of CR3, 
an obstructive DFG motif hinders the ATP binding 
pocket during BRAF inactivity, sustaining a stabilized 
open conformation. The activation segment within 
CR3 reinforces the inactive state through strong inter-
actions with the P-loop. The catalytic center of RAF 
proteins is situated within the cleft between the N- 
and C-lobes. It is a crucial component of the mitogen-
activated protein kinase (MAPK) signalling pathway 
[10–13].

RAS-RAF-MEK-ERK Signalling pathway

This pathway (Figure 2) plays a pivotal role in 
modulating cell proliferation, differentiation, and ap-
optosis in response to various other factors like cy-
tokines, growth factors, hormones, and environmental 
stressors. Proteins undergo several chemical changes 
following translation which is referred to as post-trans-
lational modifications (PTM). It brings about changes 
in the physical, chemical and functional properties of 
the protein. PTM contributes to proteomic diversity. 
There are over 300 types of post-translational modi-
fications that have been characterized in eukaryotic 
protein biosynthesis. Phosphorylation, acetylation, 

Figure 1. Schematic representation of BRAF Structure. The B-Raf protein, encoded by the BRAF gene, consists of distinct domains, 
including the N-lobe and C-lobe within the kinase domain, Ras-binding domain(RBD), cystine-rich domain (CRD) in (CR1), 
regulatory domain (CR2), and activation segment (CR3). The kinase domain contains crucial structural elements such as the P-loop, 
αC helix, dimerization interface (DIF), catalytic loop (CL), and DFG motif. These elements play essential roles in BRAF activation 
and downstream signalling within the MAPK pathway.
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interaction activates SOS (Son of Sevenless), leading 
to the exchange of GDP for GTP on the RAS protein. 
The activated RAS-GTP then binds to the CR1 re-
gion of BRAF, initiating a conformational change that 
activates the BRAF kinase. Activated BRAF proteins 
can form dimers. Dimerization is often facilitated by 
the interaction between the RAF proteins and acti-
vated RAS. RAF dimers have increased kinase activ-
ity compared to monomers and are crucial for signal 
amplification. Activated BRAF kinases phosphorylate 
and activate MEK. MEK, in turn, phosphorylates and 
activates ERK (Extracellular Signal-Regulated Ki-
nase). Activated ERK translocate to the nucleus and 
phosphorylates various transcription factors, leading to 
changes in gene expression. This nuclear signalling cas-
cade regulates cellular responses such as proliferation, 
differentiation, and survival. The pathway is tightly 

glycosylation, succinylation ubiquitination, methyla-
tion and hydroxylation are some of the most witnessed 
post-translational modifications. Phosphorylation is 
one of the most important PTM which is required 
for regulating cell growth, differentiation and apopto-
sis [4,5]. While all members of the RAF kinase fam-
ily, including A-Raf and C-Raf, exhibit the ability to 
phosphorylate Mitogen-Activated Protein Kinase/
ERK Kinase (MEK), BRAF stands out with its nota-
bly robust activation capacity[14].

The process begins with binding ligands, such as 
growth factors, to receptor tyrosine kinases (RTKs). 
This interaction induces dimerization of the RTKs, re-
sulting in the autophosphorylation of multiple tyrosine 
residues within the intracellular domain. Phosphoryl-
ated tyrosine residues serve as recognition sites for the 
SH2 domain of Grb2, facilitating their binding. This 

Figure 2: Ras-Raf-MEK-ERK pathway. Schematic representation of the RAS-RAF-MEK-ERK signaling pathway. Ligand bind-
ing, typically by growth factors, activates receptor tyrosine kinases (RTKs) leading to the phosphorylation and dimerization of the 
receptors. This event initiates a cascade of intracellular signaling, involving RAS activation, recruitment of RAF to the plasma mem-
brane, and phosphorylation of MEK (Mitogen-Activated Protein Kinase/ERK Kinase). Subsequently, ERK (Extracellular Signal-
Regulated Kinase) is activated and translocates to the nucleus, where it regulates gene expression associated with crucial cellular 
processes like proliferation, differentiation, and survival. The pathway is tightly regulated, and dysregulation can contribute to various 
diseases, particularly cancer.
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Detection of BRAF mutations in NSCLC

BRAF V600E point mutation is a well-
established predictive biomarker. The National Com-
prehensive Cancer Network guidelines (2018) advises 
testing for the BRAF V600E mutations as a part 
of routine testing in advanced NSCLC along with 
other important established predictive biomarkers 
[19].  Conventionally, single gene assay and real-time 
PCR are employed to detect mutation in a specific 
gene from the tumor tissue. However, the preferred 
method would be next-generation sequencing (NGS) 
which can analyze all classes of BRAF mutations in 
detail. It offers a powerful diagnostic tool by allow-
ing the detection of multiple mutations across various 
genes simultaneously in a single test. NGS is sensitive 
in detecting low-frequency mutations, unlike conven-
tional methods [20]. Liquid biopsy that utilizes body 
fluids can be opted in patients when tissue biopsy is 
not possible [21].

Treatment of BRAF mutated NSCLC

The management of BRAF-mutated NSCLC 
involves a combination of targeted therapies, chem-
otherapy, and immunotherapy, tailored to the spe-
cific mutation type and individual patient factors. 
Chemotherapy is usually indicated for patients with 
BRAF mutations who are not candidates for targeted 
therapy or have progressed on it. Common regimen 
includes Platinum-based doublets (e.g., carboplatin 
+ pemetrexed or paclitaxel) [22]. Immunotherapy 
consists of immune checkpoint inhibitors (e.g., 
Pembrolizumab, Nivolumab) are used in patients 
with high PD-L1 expression or in combination with 
chemotherapy.

In patients with BRAF-mutated non-small cell 
lung cancer (NSCLC), targeted therapies are pivotal 
in improving outcomes. These therapies specifically 
target cancer cells with BRAF mutations, sparing nor-
mal cells, thus reducing side effects and improving pa-
tient outcomes. The choice of therapy depends on the 
mutation type, tumor stage, and the patient's overall 
condition. Targeted therapies are explained in detail 
below.

regulated by negative feedback mechanisms to prevent 
excessive signalling. ERK, once activated, can phos-
phorylate and inhibit upstream components, including 
RAF and RTKs, to attenuate the signal [11–13].

Role of BRAF in NSCLC

Mutations in BRAF

Among the three isoforms of RAF protein ki-
nases (A, B and C), BRAF exhibits the strongest ac-
tivity with the highest frequency of mutations. BRAF 
mutations can lead to the over-activation of MAPK 
signalling pathway leading to uncontrolled cell prolif-
eration leading to the genesis of several cancers [15]. 
Mutations in BRAF are seen in an estimated 8% of 
cancers. Malignant melanoma, hairy cell leukemia, 
colorectal cancer, and thyroid carcinoma are the pre-
dominant cancers in which BRAF mutations are seen. 
BRAF mutations are seen in a small section of lung 
cancer patients [16].

BRAF mutations are of three classes (I, II and 
III). In Class I mutation, in the exon 15, valine is re-
placed with other amino acids. Based on the amino 
acid -glutamic acid, lysine, or arginine that replaces 
valine they are named V600 E, V600 K and V600 R 
respectively. This mutation enables BRAF to function 
constitutively without any ligand binding to it. This is 
the most frequently occurring BRAF mutation leading 
to uncontrolled cell proliferation. Class II and Class 
III are referred to as non-V600 E mutations. Class II 
mutation also enables constitutive activity of kinase 
but it is weaker compared to class I mutations. Class 
III mutations reduce the kinase activity or render it 
inactive. In Class I and II mutations, there is a gain 
of function whereas in Class III mutations, there is a 
loss of function [17]. As per a study done to check the 
prevalence of BRAF mutations across cancers from a 
large genomic database, it was seen that Class I, II and 
III mutations comprised of 62.1%, 16.5% and 17.7% 
of all cancers [18]. A minority of cases of BRAF fu-
sions (<1%) are seen where the gene fuses with another 
and results in hybrid proteins. Currently, the drugs 
that are effective for NSCLC act against the V600E 
mutations.
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with these drugs did improve the objective response 
rate (ORR) and overall survival rate [26]. However, 
within 6 to 7  months of treatment initiation, it was 
observed that the disease progressed. It was also seen 
that there was a higher incidence of other cutaneous 
malignancies (primarily squamous cell carcinoma and 
keratoacanthoma) [27]. The reason for disease pro-
gression as well as hyperproliferative cutaneous re-
actions was attributed to reactivation of the MAPK 
pathway through different mechanisms after the pri-
mary BRAF signaling pathway was blocked. This leads 
to hyper signaling through the MAPK pathway [28]. 
Monotherapy is therefore not prescribed routinely.

Dual therapy

As it was observed that there was disease pro-
gression and adverse effects due to activation of the 
MAPK pathway, hence, MEK inhibitors were tried 
along with BRAF inhibitors. Dual treatment led to 
overcoming the resistance to BRAF inhibitors and 
prevented the development of cutaneous adverse ef-
fects. Combination therapy was useful in blocking 
even the BRAF wild type tumor cells [29]. MEK 
inhibitors include trametinib and binimetinib. The 
FDA approved combinations for metastatic NSCLC 
with BRAF V 600E mutations include dabrafenib + 
trametinib and encorafenib + binimetinib. FDA has 
approved the combination therapies (Table 1)  based 
on positive results obtained in the BRF113928 and 

Monotherapy

BRAF gene is responsible for different cellular 
processes including differentiation and proliferation of 
cells. Any alteration in the BRAF gene leads to abnor-
mal signaling which might even lead to different kinds 
of cancer including NSCLC. Though BRAF mutation 
accounts for approximately only 4% of all NSCLC, 
this amount is significant if the total number of pa-
tients suffering from NSCLC is taken into considera-
tion [23]. BRAF mutation also leads to alterations in 
the tumor microenvironment, in addition to affecting 
the cellular signaling pathway. These alterations in-
clude increase in the activity of immunosuppressive 
mediators, decrease in the activity of immunostimu-
latory mediators, increased expression of vascular en-
dothelium growth factor (VEGF), reduced activity 
of cytotoxic T cells and decrease in programmed cell 
death through pyroptosis [24]. Hence, it is theorized 
that drugs that inhibit the mutated BRAF kinase ac-
tivity would be useful in treatment of NSCLC that 
are associated with BRAF gene mutations. The drugs 
that were tried are dabrafenib, vemurafenib and en-
corafenib. These drug act by attaching to ATP binding 
site of the BRAF gene and inhibiting BRAF kinase 
activity resulting in prevention of ERF phosphoryla-
tion and cellular proliferation. The cells get arrested 
in G1 phase of cell cycle and there is also enhanced 
apoptosis. These drug act primarily on BRAF V600E 
mutated NSCL [25]. Studies showed that treatment 

Table 1. FDA approved targeted therapy combinations for NSCLC associated with BRAF V600E mutations.

Combination 
Name

Date of 
approval

Clinical trial 
evidence for 

approval Indication Dose Common adverse effects

Dabrafenib 
and Trametinib

22 June 2017 BRF113928 Adults with Metastatic 
non-small cell lung 
cancer with BRAF 
V600E mutation.

Approved for children 
less than 6 years on 

22 June 2022

Dabrafenib 150mg 
orally twice daily and 

Trametinib 2mg orally 
once daily.

One hour before or 
2 hours after food

Pyrexia, fatigue, nausea, 
headache, myalgia, chills,  

rash, hemorrhage

Encorafenib 
and 
Binimetinib

11 Oct 2013 PHAROS trial Adults with metastatic 
NSCLC with 

BRAFV600E mutation

Encorafenib 450mg 
orally once daily and 
Binimetinib 45mg  
orally twice daily.
Need not be taken 

empty stomach

Fatigue, nausea, diarrhoea, 
musculoskeletal pain,  
abdominal pain, visual 

impairment, constipation, 
dyspnea, hair thinning, rash, 

cough, bleeding
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available. However, several strategies may be considered:  
i. Targeted therapy: While specific targeted therapies 
for non-V600 mutations are not as well-established, 
some evidence suggests that agents targeting other 
pathways, such as MEK inhibitors (e.g., trametinib), 
may be effective in certain cases. ii. Chemotherapy: 
standard chemotherapy regimens can still be a viable 
option for patients with non-V600 mutations, often 
combined with other agents based on the individual 
patient’s tumor characteristics. iii. Immune check-
point inhibitors: Agents such as pembrolizumab or 
nivolumab may be considered, particularly if there is 
high PD-L1 expression. These treatments have shown 
efficacy in various subtypes of NSCLC. Participation 
of these patients in clinical trials can provide access 
to emerging therapies and combinations tailored to 
specific mutations, including those with non-V600 
BRAF alterations [41].

Drug resistance

Targeting BRAF and downstream MEK path-
way is the current strategy for treatment of BRAF 
mutant NSCLC and is shown to produce significant 
therapeutic benefit. However, most of the patients de-
velop disease progression within 1  year [42]. Resist-
ance to targeted therapy poses a challenge to achieving 
a cure in NSCLC [43]. Studies related to resistance 
to targeted drugs in NSCLC are limited [44]. Most 
of the studies published are those of malignant mela-
noma. It was seen that approximately 50% of patients 
develop resistance within a year to monotherapy with 
dabrafenib [45] or vemurafenib [46] and also to com-
bination therapy with Encorafenib + Binimetinib 
[47]. Studies have shown that usually the resistance to 
targeted therapy is due to enhancement in the signal-
ling of the ERK bypassing the block caused by BRAF 
kinase. It has been noticed that there is amplification 
in ERK signalling when there is BRAF splice vari-
ants (16%), BRAF gene amplification (13%), NRAS/
KRAS (20%) and MEK1/2 mutations (7%) [48,49]. 
These occur independent of BRAF action. In addition 
to the counter regulatory enhancement in the ERK 
pathway, the other major pathway through which re-
sistance can develop is by PI3K-AKT activation ob-
served following use of BRAF inhibitors in malignant 

PHAROS clinical trials [30,31] . There are other tri-
als (COMBI-d, COMBI-V) that have also supported 
the results, in metastatic malignant melanoma pa-
tients positive for BRAF V600E mutations [32,33]. A 
multi-centric real-world study has also confirmed bet-
ter ORR and prolonged overall survival rate in BRAF 
mutated NSCLC patients with the combination 
therapy compared to individual therapy or any other 
first line agent [34]. The combination therapy is well 
tolerated except for the increase in gastrointestinal side 
effects [35]. Most of the adverse effects observed are 
usually seen during initiation of treatment and they 
are reduced later. Hence, monitoring patients is very 
important during this phase. As per the latest oncol-
ogy guidelines for NSCLC, dabrafenib and trametinib 
dual therapy has been recommended as the first line 
treatment for metastatic NSCLC with BRAF V600E 
mutations [36–38]. Since BRAF mutations are less 
common, it is difficult to find large number of patients 
for phase III clinical trials for comparing these drugs 
with the standard of care. Hence, treatment is usually 
recommended based on phase I/II trials.

Triple therapy

As the BRAF kinase pathway is involved in nu-
merous immunological functions in the body and 
BRAF mutations are known to cause significant im-
munological changes in the body, hence addition of an 
immunotherapy to the BRAF/MEK inhibitors would 
theoretically improve the tumor environment and T 
cell response. Immunotherapy as monotherapy is also 
being tested in BRAF mutated NSCLC [39]. A tri-
ple drug regimen consisting of vemurafenib (BRAF 
inhibitor) + cobimetinib (MEK inhibitor) + atezoli-
zumab (check point inhibitor) is already approved by 
the US-FDA for patients with BRAF V600E mutated 
metastatic malignant melanoma based on the results of 
IMspire150 trial [40]. However, efficacy of the triple 
drug combination in NSCLC is yet to be established.

NSCLC with a non-v600 BRAF mutation treatment

The treatment for non-small cell lung can-
cer (NSCLC) with non-V600 BRAF muta-
tions can be challenging due to the limited data 
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progression-free survival with aspirin, the trial seeks to 
establish a rationale for incorporating aspirin into the 
treatment paradigm for BRAF-mutant NSCLC.

The landscape of BRAF-mutant NSCLC is fur-
ther explored in a Phase II study designed to assess 
the efficacy and safety of neoadjuvant and adjuvant 
targeted therapy. Specifically, patients with stage 
IB-IIIA NSCLC harbouring BRAF V600  muta-
tions are treated with dabrafenib plus trametinib 
[55]. This trial not only delves into the efficacy of 
this targeted therapy but also considers the optimal 
sequencing of therapeutic modalities, combining 
neoadjuvant and adjuvant strategies to comprehen-
sively address the disease spectrum. In a Phase 1/2 
open-label multicenter trial, the investigation of 
CFT1946 as a standalone treatment and in conjunc-
tion with trametinib was initiated [56]. The primary 
objectives of this trial encompass the assessment of 
safety, tolerability, and early efficacy of CFT1946 in 
individuals diagnosed with solid tumors harbouring 
the BRAF V600 mutation. The study is designed to 
comprehensively evaluate the therapeutic potential of 
CFT1946, exploring both monotherapy and combi-
nation strategies, thereby aiming to offer a nuanced 
comprehension of its effectiveness within the context 
of BRAF-mutant NSCLC.

The BDTX-4933-101 trial represents a first-
in-human, open-label, Phase 1  dose escalation, and 
expansion cohort study evaluating the safety, tolerabil-
ity, and antitumor activity of BDTX-4933 [57]. The 
study population encompasses adults with recurrent 
advanced/metastatic NSCLC harboring KRAS non-
G12C mutations or BRAF mutations. This trial not 
only investigates the safety profile and antitumor ac-
tivity of BDTX-4933, but also explores the potential 
efficacy of this novel agent in the context of BRAF-
mutant NSCLC. Moreover, a multicenter, open-label 
Phase II study focuses specifically on the Chinese 
patient population, evaluating the safety and toler-
ability of encorafenib monotherapy in patients with 
advanced metastatic solid tumors harbouring BRAF 
V600E mutations. This study recognizes the impor-
tance of studying therapeutic responses in diverse pa-
tient populations, considering potential variations in 
treatment outcomes. In another Phase II study, the 
efficacy and safety of avutometinib (VS-6766) versus 

melanoma [42]. The MATCH-R trial evaluated those 
with BRAFV600E NSCLC along with acquired re-
sistance to BRAF/MEK inhibitors. Three patients 
who progressed on dabrafenib-trametinib combina-
tion had acquired mutations in MEK1 K57N, NRAS 
(v-RAS) Q61R and KRAS (rat sarcoma virus) Q61R. 
A PTEN frameshift mutation was seen in a patient 
progressing while on dabrafenib therapy alone [50]. In 
most cases, secondary resistance to dual inhibition of 
BRAF and MEK involves reactivation of the MAPK 
pathway and ERK signalling, though the mechanisms 
are more complicated in the case of resistance to dual 
therapy as compared to monotherapy [42,50–52]. It 
is valuable to identify acquired resistance mechanisms 
to develop novel therapeutic agents, customize treat-
ment, and improve patient outcomes.

Future prospects

Lung cancer, particularly NSCLC, remains a for-
midable challenge in oncology, prompting a continual 
search for novel therapeutic strategies. Among the 
various molecular alterations implicated in NSCLC, 
BRAF mutations have gained attention, and recent 
clinical trials are shedding light on promising avenues 
for the future. One such avenue is the Phase Ib/II 
clinical trial assessing the combination of HLX208, 
a potent BRAF V600E inhibitor, with serplulimab, 
an anti-PD-1 antibody. This trial aims to evaluate the 
safety, tolerability, pharmacokinetics, and preliminary 
efficacy of this innovative combination in advanced 
NSCLC patients harbouring the BRAF V600E muta-
tion [53]. The significance of this trial lies in its poten-
tial to expand the repertoire of treatment options for 
a subset of NSCLC patients who exhibit this specific, 
commonly encountered genetic alteration. Concur-
rently, an observational Phase II study investigates a 
unique combination involving aspirin with Trametinib 
and Dabrafenib in advanced NSCLC patients carry-
ing the BRAF V600E mutation. Building on previous 
findings that suggested aspirin might enhance the effi-
cacy of osimertinib, this study endeavours to delineate 
the safety and efficacy of this unconventional thera-
peutic approach [54]. By leveraging the insights gained 
from previous studies, which demonstrated prolonged 



Multidisciplinary Respiratory Medicine 2024; volume 19: 992 9

References

1.	 Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. 
Non–Small Cell Lung Cancer: Epidemiology, Risk Fac-
tors, Treatment, and Survivorship. Mayo Clin Proc 
2008;83:584–94.

2.	 Guo Q, Liu L, Chen Z, Fan Y, Zhou Y, Yuan Z, et al. Cur-
rent treatments for non-small cell lung cancer. Front Oncol 
2022;12:945102.

3.	 Chen D, Zhang L-Q, Huang J-F, Liu K, Chuai Z-R, Yang 
Z, et al. BRAF Mutations in Patients with Non-Small Cell 
Lung Cancer: A Systematic Review and Meta-Analysis. 
Souglakos J, editor. PLoS ONE 2014;9:e101354.

4.	 Ardito F, Giuliani M, Perrone D, Troiano G, Muzio LL. 
The crucial role of protein phosphorylation in cell signaling 
and its use as targeted therapy (Review). Int J Mol Med 
2017;40:271–80.

5.	 Ottaviano M, Giunta E, Tortora M, Curvietto M, Attad-
emo L, Bosso D, et al. BRAF Gene and Melanoma: Back 
to the Future. IJMS 2021;22:3474.

6.	 McCubrey JA, Steelman LS, Chappell WH, Abrams SL, 
Wong EWT, Chang F, et al. Roles of the Raf/MEK/ERK 
pathway in cell growth, malignant transformation and drug 
resistance. Biochimica et Biophysica Acta (BBA) - Mo-
lecular Cell Research 2007;1773:1263–84.

7.	 Gunderwala A, Cope N, Wang Z. Mechanism and 
inhibition of BRAF kinase. Curr Opin Chem Biol 
2022;71:102205.

8.	 Dankner M, Rose AAN, Rajkumar S, Siegel PM, Watson 
IR. Classifying BRAF alterations in cancer: new rational 
therapeutic strategies for actionable mutations. Oncogene 
2018;37:3183–99.

9.	 Martinez Fiesco JA, Durrant DE, Morrison DK, Zhang 
P. Structural insights into the BRAF monomer-to-dimer 
transition mediated by RAS binding. Nat Commun 
2022;13:486.

10.	 Hussain MRM, Baig M, Mohamoud HSA, Ulhaq Z, 
Hoessli DC, Khogeer GS, et al. BRAF gene: From human 
cancers to developmental syndromes. Saudi J of Biological 
Sciences 2015;22:359–73.

11.	 Poulikakos PI, Sullivan RJ, Yaeger R. Molecular Pathways 
and Mechanisms of BRAF in Cancer Therapy. Clin Can-
cer Res 2022;28:4618–28.

12.	 Shan KS, Rehman TU, Ivanov S, Domingo G, Raez LE. 
Molecular Targeting of the BRAF Proto-Oncogene/ 
Mitogen-Activated Protein Kinase (MAPK) Pathway 
across Cancers. IJMS 2024;25:624.

13.	 Ullah R, Yin Q, Snell AH, Wan L. RAF-MEK-ERK 
pathway in cancer evolution and treatment. Seminars in 
Cancer Biology 2022;85:123–54.

14.	 Matallanas D, Birtwistle M, Romano D, Zebisch A, 
Rauch J, Von Kriegsheim A, et  al. Raf Family Kinases: 
Old Dogs Have Learned New Tricks. Genes  & Cancer 
2011;2:232–60.

15.	 Song Y, Bi Z, Liu Y, Qin F, Wei Y, Wei X. Targeting 
RAS–RAF–MEK–ERK signaling pathway in human 

its combination with defactinib are being investigated 
in subjects with KRAS and BRAF mutant NSCLC 
following treatment with an appropriate platinum-
based regimen and an approved immune checkpoint 
inhibitor (CPI) [58]. This trial capitalizes on the grow-
ing understanding of the interplay between different 
signaling pathways, aiming to optimize therapeutic 
responses through combination strategies.

Adding to this growing body of evidence, a 
phase II trial assesses the combination of the BRAF 
inhibitor encorafenib with the MEK inhibitor bini-
metinib in patients with BRAF V600E-mutant meta-
static NSCLC [59]. This trial is crucial in elucidating 
the synergistic effects of combined BRAF and MEK 
inhibition in the specific subset of NSCLC patients 
with BRAF V600E mutations. Another single-arm, 
open, multicenter Phase II study evaluates the efficacy 
and safety of HL-085 capsules combined with vemu-
rafenib in the treatment of BRAF V600E mutated pa-
tients with unresectable locally advanced or metastatic 
NSCLC, aiming to contribute insights into the poten-
tial of HL-085 capsules as part of the treatment arma-
mentarium for BRAF V600E mutated NSCLC [60].

Conclusion

In conclusion, through an in-depth exploration of 
recent literature, we have elucidated the multifaceted 
aspects of BRAF mutations, starting from their bio-
logical underpinnings to their clinical significance in 
NSCLC patients. The array of ongoing clinical trials 
reflects the dynamic landscape of research in BRAF-
mutant NSCLC. These trials, collectively, hold the 
promise of shaping the future of treatment paradigms 
for NSCLC patients harbouring BRAF mutations. 
The insights gained from these studies may not only 
enhance our understanding of the underlying biol-
ogy of BRAF-mutant NSCLC, but also pave the 
way for more personalized and effective therapeutic 
approaches, ultimately improving patient outcomes. 
Through continued research and collaborative efforts, 
the landscape of BRAF-mutant NSCLC is poised for 
further elucidation, offering new avenues for improv-
ing patient outcomes and ultimately advancing the 
field of precision oncology.



Multidisciplinary Respiratory Medicine 2024; volume 19: 99210

31.	 Riely GJ, Ahn M-J, Felip E, Ramalingam SS, Smit EF, Tsao 
AS, et  al. Encorafenib plus binimetinib in patients with 
BRAF V600 -mutant non-small cell lung cancer: phase II 
PHAROS study design. Future Oncology 2022;18:781–91.

32.	 Long GV, Stroyakovsky DL, Gogas H, Levchenko E, De 
Braud F, Larkin JMG, et  al. COMBI-d: A randomized, 
double-blinded, Phase III study comparing the combi-
nation of dabrafenib and trametinib to dabrafenib and 
trametinib placebo as first-line therapy in patients (pts) 
with unresectable or metastatic BRAF V600E/K mutation-
positive cutaneous melanoma. JCO 2014;32:9011–9011.

33.	 Robert C, Karaszewska B, Schachter J, Rutkowski P, 
Mackiewicz A, Stroiakovski D, et  al. Combi-V: a Ran-
domised, Open-Label, Phase III Study Comparing the 
Combination of Dabrafenib (D) and Trametinib (T) with 
Vemurafenib (V) As First-Line Therapy in Patients (Pts) 
with Unresectable or Metastatic Braf V600E/K Mutation-
Positive Cutaneous Melanoma. Ann Onc 2014;25:v1.

34.	 Janzic U, Shalata W, Szymczak K, Dziadziuszko R, Ja-
kopovic M, Mountzios G, et al. Real-World Experience in 
Treatment of Patients with Non-Small-Cell Lung Cancer 
with BRAF or cMET Exon 14 Skipping Mutations. Int J 
Mol Sci 2023;24:12840.

35.	 Heinzerling L, Eigentler TK, Fluck M, Hassel JC, Heller-
Schenck D, Leipe J, et  al. Tolerability of BRAF/MEK 
inhibitor combinations: adverse event evaluation and man-
agement. ESMO Open 2019;4:e000491.

36.	 Thoracic Cancer [Internet]. ASCO [cited 2024  Jan 18].  
Available from: https://old​-prod​.asco​.org/practice​ 
-patients/guidelines/thoracic​-cancer

37.	 Hendriks LE, Kerr KM, Menis J, Mok TS, Nestle U,  
Passaro A, et al. Oncogene-addicted metastatic non-small-
cell lung cancer: ESMO Clinical Practice Guideline for 
diagnosis, treatment and follow-up via stella. Ann Oncol 
2023;34:339–57.

38.	 Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman 
JR, Bharat A, et al. Non-Small Cell Lung Cancer, Version 
3.2022, NCCN Clinical Practice Guidelines in Oncology. 
J Natl Compr Canc Netw 2022;20:497–530.

39.	 Cardarella S, Ogino A, Nishino M, Butaney M, Shen J, 
Lydon C, et al. Clinical, pathologic, and biologic features 
associated with BRAF mutations in non-small cell lung 
cancer. Clin Cancer Res 2013;19:4532–40.

40.	 Gutzmer R, Stroyakovskiy D, Gogas H, Robert C, Lewis 
K, Protsenko S, et al. Atezolizumab, vemurafenib, and co-
bimetinib as first-line treatment for unresectable advanced 
BRAFV600  mutation-positive melanoma (IMspire150): 
primary analysis of the randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet 2020;395:1835–44.

41.	 Lazar R, Fischbach C, Schott R, Somme L. Outcomes 
of non-small cell lung cancer patients with non-V600E 
BRAF mutations: a series of case reports and literature re-
view. Front Oncol 2024;14:1307882.

42.	 Tsamis I, Gomatou G, Chachali SP, Trontzas IP, Patriar-
cheas V, Panagiotou E, et  al. BRAF/MEK inhibition in 
NSCLC: mechanisms of resistance and how to overcome 
it. Clin Transl Oncol 2022;25:10–20.

cancer: Current status in clinical trials. Genes & Diseases 
2023;10:76–88.

16.	 Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg 
S, et  al. Mutations of the BRAF gene in human cancer. 
Nature 2002;417:949–54.

17.	 Śmiech M, Leszczyński P, Kono H, Wardell C, Taniguchi 
H. Emerging BRAF Mutations in Cancer Progression and 
Their Possible Effects on Transcriptional Networks. Genes 
2020;11:1342.

18.	 Owsley J, Stein MK, Porter J, In GK, Salem M, O’Day 
S, et al. Prevalence of class I–III BRAF mutations among 
114,662 cancer patients in a large genomic database. Exp 
Biol Med (Maywood) 2021;246:31–9.

19.	 Ettinger DS, Aisner DL, Wood DE, Akerley W, Bauman 
J, Chang JY, et al. NCCN Guidelines Insights: Non–Small 
Cell Lung Cancer, Version 5.2018. J Natl Compr Canc 
Netw 2018;16:807–21.

20.	 Dahui Q. Next-generation sequencing and its clinical ap-
plication. Cancer Biol Med 2019;16:4–10.

21.	 Pesta M, Shetti D, Kulda V, Knizkova T, Houfkova K,  
Sharif Bagheri M, et  al. Applications of Liquid Bi-
opsies in Non-Small-Cell Lung Cancer. Diagnostics 
2022;12:1799.

22.	 Prabhash K. Treatment of advanced nonsmall cell lung 
cancer: First line, maintenance and second line  – In-
dian consensus statement update. South Asian J Cancer 
2019;08:01–17.

23.	 Yan N, Guo S, Zhang H, Zhang Z, Shen S, Li X. 
BRAF-Mutated Non-Small Cell Lung Cancer: Current 
Treatment Status and Future Perspective. Front Oncol 
2022;12:863043.

24.	 Li H, Zhang Y, Xu Y, Huang Z, Cheng G, Xie M, et al. 
Tumor immune microenvironment and immunotherapy 
efficacy in BRAF mutation non-small-cell lung cancer. 
Cell Death Dis 2022;13:1064.

25.	 Proietti I, Skroza N, Michelini S, Mambrin A, Balduzzi 
V, Bernardini N, et al. BRAF Inhibitors: Molecular Tar-
geting and Immunomodulatory Actions. Cancers (Basel) 
2020;12:1823.

26.	 Anguera G, Majem M. BRAF inhibitors in metastatic 
non-small cell lung cancer. J Thorac Dis 2018;10:589–92.

27.	 Chu EY, Wanat KA, Miller CJ, Amaravadi RK, Fecher 
LA, Brose MS, et al. Diverse cutaneous side effects asso-
ciated with BRAF inhibitor therapy: A clinicopathologic 
study. J Am Acad Dermatol 2012;67:1265–72.

28.	 Gençler B, Gönül M. Cutaneous Side Effects of BRAF In-
hibitors in Advanced Melanoma: Review of the Literature. 
Dermatol Res Pract 2016;2016:5361569.

29.	 Subbiah V, Baik C, Kirkwood JM. Clinical Development 
of BRAF plus MEK Inhibitor Combinations. Trends in 
Cancer 2020;6:797–810.

30.	 Planchard D, Besse B, Kim TM, Quoix EA, Souquet PJ, 
Mazieres J, et  al. Updated survival of patients (pts) with 
previously treated BRAF V600E–mutant advanced non-
small cell lung cancer (NSCLC) who received dabrafenib 
(D) or D + trametinib (T) in the phase II BRF113928 
study. JCO 2017;35:9075–9075.



Multidisciplinary Respiratory Medicine 2024; volume 19: 992 11

Inhibition in BRAF V600E Positive Metastatic Colorec-
tal Cancer and Other Cancers: The EVICT (Erlotinib and 
Vemurafenib In Combination Trial) Study. Clin Cancer 
Res 2023;29:1017–30.

54.	 Han R, Hao S, Lu C, Zhang C, Lin C, Li L, et al. Aspirin 
sensitizes osimertinib-resistant NSCLC cells in vitro and 
in vivo via Bim-dependent apoptosis induction. Mol On-
col 2020;14:1152–69.

55.	 Guaitoli G, Zullo L, Tiseo M, Dankner M, Rose 
AA, Facchinetti F. Non-small-cell lung cancer: how 
to manage BRAF-mutated disease. Drugs Context 
2023;12:2022-11–3.

56.	 C4 Therapeutics, Inc. A Phase 1/2 Open-Label Multi-
center Trial to Characterize the Safety, Tolerability, and 
Preliminary Efficacy of CFT1946 as Monotherapy and in 
Combination With Trametinib in Subjects With BRAF 
V600 Mutant Solid Tumors [Internet]. clinicaltrials.gov; 
2023 Nov. Report No.: NCT05668585. Available from: 
https://clinicaltrials​.gov/study/NCT05668585

57.	 Black Diamond Therapeutics, Inc. A Phase 1, Open-label 
Study of Oral BDTX-4933 in Patients With KRAS, 
BRAF and Other Select RAS/MAPK Mutation Positive 
Neoplasms [Internet]. clinicaltrials.gov; 2024 Jan. Report 
No.: NCT05786924. Available from: https://clinicaltrials​
.gov/study/NCT05786924

58.	 Verastem, Inc. A Phase 2 Study of Avutometinib (VS-
6766) (Dual RAF/MEK Inhibitor) as a Single Agent and 
In Combination With Defactinib (FAK Inhibitor) in Re-
current KRAS-Mutant (KRAS-MT) and BRAF-Mutant 
(BRAF-MT) Non-Small Cell Lung Cancer (NSCLC) 
(RAMP 202) [Internet]. clinicaltrials.gov; 2024  Jan. Re-
port No.: NCT04620330. Available from: https://clinical-
trials​.gov/study/NCT04620330

59.	 Sullivan RJ, Weber J, Patel S, Dummer R, Carlino MS, 
Tan DSW, et al. A Phase Ib/II Study of the BRAF Inhibi-
tor Encorafenib Plus the MEK Inhibitor Binimetinib in 
Patients with BRAFV600E/K -mutant Solid Tumors. Clin 
Cancer Res. 2020;26:5102–12.

60.	 Shanghai Kechow Pharma, Inc. A Single-arm, Open, 
Multicenter Phase II Study to Evaluate the Efficacy and 
Safety of HL-085 Capsules Combined With Vemurafenib 
in the Treatment of BRAF V600E Mutated Patients With 
Unresectable Locally Advanced or Metastatic Non-small 
Cell Lung Cancer (NSCLC) [Internet]. clinicaltrials.gov; 
2023  Jun. Report No.: NCT05900219. Available from: 
https://clinicaltrials​.gov/study/NCT05900219

43.	 Abdayem P, Planchard D. Ongoing progress in BRAF-
mutated non-small cell lung cancer. Clin Adv Hematol 
Oncol 2022;20:662–72.

44.	 Mezquita L, Oulhen M, Aberlenc A, Deloger M,  
Aldea M, Honore A, et al. Resistance to BRAF inhibition 
explored through single circulating tumour cell molecular 
profiling in BRAF-mutant non-small-cell lung cancer.  
Br J Cancer [Internet] 2024 [cited 2024  Jan 31];  
Available from: https://www​.nature​.com/articles/s41416​
-023​-02535​-0

45.	 Planchard D, Kim TM, Mazieres J, Quoix E, Riely G, 
Barlesi F, et al. Dabrafenib in patients with BRAFV600E-
positive advanced non-small-cell lung cancer: a single-
arm, multicentre, open-label, phase 2 trial. Lancet Oncol 
2016;17:642–50.

46.	 Mazieres J, Cropet C, Montané L, Barlesi F, Souquet PJ, 
Quantin X, et al. Vemurafenib in non-small-cell lung can-
cer patients with BRAFV600 and BRAFnonV600 muta-
tions. Ann Onc 2020;31:289–94.

47.	 Dummer R, Ascierto PA, Gogas HJ, Arance A, Man-
dala M, Liszkay G, et al. Overall survival in patients with 
BRAF-mutant melanoma receiving encorafenib plus bini-
metinib versus vemurafenib or encorafenib (COLUM-
BUS): a multicentre, open-label, randomised, phase 3 trial. 
Lancet Oncol 2018;19:1315–27.

48.	 Leonetti A, Facchinetti F, Rossi G, Minari R, Conti A, 
Friboulet L, et  al. BRAF in non-small cell lung cancer 
(NSCLC): Pickaxing another brick in the wall. Cancer 
Treat Rev 2018;66:82–94.

49.	 Chan XY, Singh A, Osman N, Piva TJ. Role Played by 
Signalling Pathways in Overcoming BRAF Inhibitor Re-
sistance in Melanoma. Int J Mol Sci 2017;18:1527.

50.	 Facchinetti F, Lacroix L, Mezquita L, Scoazec J-Y, Loriot 
Y, Tselikas L, et al. Molecular mechanisms of resistance to 
BRAF and MEK inhibitors in BRAFV600E non–small 
cell lung cancer. Eur J Cancer 2020;132:211–23.

51.	 Abravanel DL, Nishino M, Sholl LM, Ambrogio C, Awad 
MM. An Acquired NRAS Q61K Mutation in BRAF 
V600E-Mutant Lung Adenocarcinoma Resistant to Dab-
rafenib Plus Trametinib. J Thorac Oncol 2018;13:e131–3.

52.	 Niemantsverdriet M, Schuuring E, Elst AT, van der Wek-
ken AJ, van Kempen LC, van den Berg A, et  al. KRAS 
Mutation as a Resistance Mechanism to BRAF/MEK 
Inhibition in NSCLC. J Thorac Oncol 2018;13:e249–51.

53.	 Tan L, Tran B, Tie J, Markman B, Ananda S, Tebbutt NC, 
et al. A Phase Ib/II Trial of Combined BRAF and EGFR 

Received for publication: 3 July 2024 - Accepted for publication: 2 October 2024
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
©Copyright: the Author(s), 2024
Licensee Mattioli 1885, Italy
Multidisciplinary Respiratory Medicine 2024; 19: 992
doi: 10.5826/mrm.2024.992

Publisher’s note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their 
affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article.


