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Oncogene-driven non-small cell lung cancer (NSCLC) 
represents a subgroup of lung cancers that harbors 
specific molecular activations, and is responsive to 
targeted therapies. Indeed, EGFR and ALK-inhibitors 
are approved in the first-line setting for NSCLC with 
EGFR and ALK driver alterations (1). In these subtypes of 
NSCLC, targeted therapies yield significant improvement 
in objective response rate (ORR) and progression-free 
survival (PFS) compared to chemotherapy (1). For other 
oncogenic drivers in NSCLC, such as BRAF, HER2, MET, 
RET, ROS1, KRAS and NTRK, targeted therapies are 
also approved on the basis of single-arm studies (1). Herein 
we will discuss the implications of the recently published 
phase 2 PHAROS clinical trial, that evaluated the efficacy 
of encorafenib and binimetinib for the treatment of BRAF 
mutant NSCLC (2). 

BRAF is a kinase that signals in the mitogen activated 
protein kinase (MAPK) pathway (3). BRAF mutations 
confer constitutive activation of the MAPK pathway 
resulting in cell proliferation and tumorigenesis. BRAF 
mutations are found in 3–5% of NSCLC (4), and can 
be grouped into three classes based upon molecular 

characteristics. Class 1 BRAF mutations occur at the V600 
residue and signal as constitutively active monomers in a 
RAS-independent manner (3). BRAF non-V600 mutations 
can be further classified as RAS-independent active dimers 
with intermediate to high kinase activity (Class 2), and 
RAS-dependent kinase-impaired dimers (Class 3) (3). Class 
1 BRAF mutations make up the majority of oncogenic 
BRAF mutations in most cancer types. However, Class 1 
mutations only comprise 33–50% of all oncogenic BRAF 
mutations in NSCLC (5). To date, there are only approved 
targeted therapies for Class 1 BRAF mutant cancers (6). In 
NSCLC, all classes of BRAF mutations have been reported 
as a negative prognostic factor compared to BRAF wild-
type (WT) NSCLC (7-9).

BRAF inhibitors were first studied for Class 1 BRAF 
mutant melanoma, demonstrating impressive response rates 
but were associated with rapid resistance largely due to 
MAPK pathway reactivation. Indeed, single-agent BRAF 
inhibitors (vemurafenib or dabrafenib) have elicited ORR of 
48–53% and PFS of 5.1–6.8 months in melanoma (10-12). 
Due to MAPK pathway reactivation and the development 
of rapid resistance with BRAF inhibitor monotherapy, 
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BRAF and MEK inhibitor combinations were developed. 
Combinations of BRAF and MEK inhibitors successfully 
prolonged PFS, and ultimately overall survival (OS) 
compared to BRAF inhibitor monotherapy (13,14). In 
NSCLC, single-agent BRAF inhibitors (vemurafenib or 
dabrafenib) have elicited ORR of 33–45% and PFS of 
5.3–12.9 months (15-17). Subsequent trials evaluating the 
BRAF and MEK inhibitor combination of dabrafenib and 
trametinib have demonstrated ORR of 40–68% and median 
PFS of 10.2–10.8 months (18-20) (Table 1). This data has 
led to the 2023 European Society for Medical Oncology 
(ESMO) clinical practice guidelines for oncogene-addicted 

metastatic NSCLC recommending this regimen in the 
first-line for NSCLC with BRAF V600E mutations (1). 
Furthermore, the dabrafenib and trametinib combination 
has earned tumor agnostic approval for the treatment of 
all metastatic non-colorectal cancers with Class 1 BRAF 
mutations (21).

Clinical efficacy and safety of encorafenib + 
binimetinib for BRAF V600E mutant  
metastatic NSCLC

The PHAROS trial was a single-arm, open label study that 

Table 1 Summary of prospective clinical trials testing BRAF +/− MEK inhibitor therapies for metastatic NSCLC with Class 1 BRAF mutations 

Study
Therapeutic 

agents
No. of 

patients
Overall  

response rate
PFS, months  

[median (95% CI)]
OS, months  

[median (95% CI)]
Grade 3 or greater 

adverse events

Subbiah et al. JCO Precis 
Oncol, 2019 (15)

Vemurafenib 62 81%

Previously treated 54 37% 6.1 (5.1–8.3) 15.4 (8.2–22.6)

Naïve 8 37.5% 12.9 (4.0–NE) NE (4.0–NE)

Mazieres et al. Ann Oncol, 
2020, (16)

Vemurafenib 101 45% 5.2 (3.8–6.8) 10.0 (6.8–15.7) Serious adverse 
events—36%

Previously treated 80

Naïve 21

Planchard et al. Lancet 
Oncol, 2016, (17)

Dabrafenib 84 45%

Previously treated 78 33% 5.5 (2.8–7.3) 15.4 (7.3–NE)

Naïve 6 67% 8.4

Planchard et al. Lancet 
Oncol, 2016, (20)

Dabrafenib + 
trametinib

57 68% 10.2 (6.9–16.7) Not described 75%

Previously treated 57

Naïve 0

Planchard et al. Lancet 
Oncol, 2017, (19)

Dabrafenib + 
trametinib

36 64% 10.9 (7.0–16.6) 24.6 (12.3–NE) 73%

Previously treated 0

Naïve 36

Salama et al. J Clin Oncol, 
2020, (18)

Dabrafenib + 
trametinib

5 25% 6.6 Not described N/A

Previously treated

Naïve

Riely et al. J Clin Oncol, 
2023, (2)

Encorafenib + 
binimetinib

98 NE 42%

Previously treated 39 46% 9.3 (6.2–NE)

Naïve 59 75% NE (15.7–NE)

NSCLC, non-small cell lung cancer; PFS, progression-free survival; CI, confidence interval; OS, overall survival; NE, not evaluable.
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enrolled 98 patients with BRAF V600E mutant metastatic 
NSCLC. Amongst these, 59 patients were treatment-naïve, 
and 39 patients had previously received systemic therapy for 
metastatic NSCLC. The ORR and median PFS was 75% 
and not reached (>15.7 months) in treatment-naïve patients, 
and 46% and 9.3 months in previously treated patients. 
Grade 3 and 4 treatment-related adverse events (TRAEs) 
occurred in 38% and 3% of all patients, respectively. The 
most frequently reported TRAEs of any grade were nausea, 
diarrhea, fatigue, and vomiting.

The PHAROS trial establishes that encorafenib 
and binimetinib has clinical activity in BRAF V600E 
mutant metastatic NSCLC. The efficacy data compare 
favorably with dabrafenib and trametinib for BRAF 
V600E NSCLC (Table 1). However, due to differences in 
the patient populations between these trials, encorafenib 
and binimetinib is not clearly superior to dabrafenib and 
trametinib in Class 1 BRAF mutant NSCLC.

The adverse event profile of encorafenib and binimetinib 
is distinct from dabrafenib and trametinib, and these 
differences should be considered when choosing the 
optimal targeted therapy regimen for patients with BRAF 
mutant NSCLC. While the most common types of TRAEs 
observed in both were nausea, vomiting, diarrhea and 
fatigue, there was a notable difference in the rate of pyrexia. 
The rate of pyrexia of any grade with encorafenib and 
binimetinib was 22%, and with dabrafenib and trametinib 
in previously untreated patients, the rate of grade 1 or 2 and 
grade 3 were 53% and 11%, respectively (19). Additionally, 
there were numerically fewer TRAEs that led to treatment 
discontinuation, dose interruption or delay, and dose 
reduction in those treated with encorafenib and binimetinib 
(15%, 44%, and 24% of patients, respectively) compared 
to dabrafenib and trametinib in both previously treated 
(12%, 61%, and 35% of patients, respectively) or untreated 
patients (22%, 75%, and 39%) (19,20).

Optimal sequencing of BRAF targeted  
therapy in NSCLC

While Class 1 BRAF mutations unequivocally predict 
response to BRAF/MEK inhibitors, the role of these 
mutations as predictive biomarkers for other therapeutic 
modalities such as immune checkpoint inhibitors (ICIs) is 
less clear. NSCLC with Class 1 BRAF mutations experience 
inferior responses to ICI compared to non-oncogene driven 
NSCLC, but Class 1 BRAF mutated and KRAS-mutated 
NSCLC are likely to derive more benefit from ICI than 

EGFR-mutated or ALK-rearranged NSCLC (22-25). This 
may be due to the fact that BRAF and KRAS mutations 
in lung cancer occur more frequently in smokers than 
EGFR and ALK mutations (26), whereby the carcinogen 
may establish a more mutagenic cancer that forms an 
immunoreactive microenvironment primed to respond to 
immune checkpoint inhibition (27). 

The comparison between the therapeutic landscape 
in BRAF V600E mutated melanoma and NSCLC is also 
relevant. In melanoma, BRAF and MEK inhibition has 
fallen out of favor in the first-line compared to immune 
checkpoint inhibition based on the DREAMseq and 
SEACOMBIT randomized controlled trials (28,29). 
These trials randomized the sequence of BRAF and 
MEK inhibitor combinations with immunotherapy, both 
demonstrating the superiority of using immunotherapy first. 
While no such study has been performed in NSCLC, the 
biological underpinnings of MAPK inhibition establishing 
an immunosuppressed microenvironment may similarly 
exist in NSCLC (30,31). While difficult to compare trial 
populations, data for BRAF and MEK inhibitors in the first 
line setting compare favourably to frontline immunotherapy 
and chemotherapy in NSCLC. In the small number of 59 
previously untreated patients in the PHAROS trial, median 
PFS was >15.7 months with encorafenib and binimetinib 
(2), while immunotherapy plus chemotherapy combinations 
demonstrated PFS of 8.8 months in metastatic NSCLC 
patients without EGFR or ALK driver mutations (32). The 
existing data highlights the need for randomized treatment 
sequencing data for patients with metastatic NSCLC with 
BRAF V600E mutations. But based on the data that are 
currently available, first-line or later line treatment with 
BRAF and MEK inhibitors are appropriate treatment 
options for Class 1 BRAF mutant NSCLC.

Biomarkers for BRAF mutant NSCLC 

Novel biomarkers may optimize personalized treatment 
decisions for patients with BRAF V600E NSCLC. Existing 
biomarkers used in lung cancer such as programmed 
death-ligand 1 (PD-L1) or tumor mutation burden may 
predict which patients are likely to derive optimal benefit 
from immunotherapy versus targeted therapy. Circulating 
tumor DNA (ctDNA) may similarly offer a modality by 
which patients with NSCLC harboring BRAF V600E can 
be stratified for first-line therapy. In the PHAROS trial, 
an attempt was made to identify molecular alterations to 
predict response. While CDKN2A and FLT1 alterations 
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showed potential correlation with response, statistical 
significance was lost upon false discovery correction (2).

Implications for non-V600 BRAF mutant NSCLC

Given that the majority of oncogenic BRAF mutations in 
NSCLC are non-V600 BRAF mutations, it is imperative to 
establish novel and improved treatment strategies for these 
patients. Patients with non-V600 BRAF mutations were 
not included in the PHAROS trial and prospective data 
are lacking for the clinical efficacy of targeted therapies 
in non-V600 BRAF mutant NSCLC. However, a recent 
systematic review of mostly retrospective data reported 
response rates of 41% and 12% for BRAF and MEK 
inhibitor combinations in Class 2 and 3 BRAF mutant 
NSCLC, respectively (6). It is important to note that these 
data represent a small cohort of NSCLC patients (n=60) 
and may over-represent the true response rate, given the 
retrospective nature of the majority of included patients. 
Furthermore, the genomic and transcriptomic landscape 
of non-V600 BRAF mutant NSCLC is distinct from 

V600 BRAF mutant NSCLC (5), and these differences 
may influence therapeutic responses (Figure 1). Although 
both BRAF V600 and non-V600 mutant NSCLC are 
diagnosed at all stages, BRAF V600 are more likely to be 
diagnosed at stage IV, whereas non-V600 are more likely 
to be diagnosed at stages I–III (33). While it is clear that 
some patients with non-V600 BRAF mutant metastatic 
NSCLC derive benefit from BRAF and MEK inhibitors, 
prospective clinical trials are needed to better evaluate the 
effectiveness of this approach.

In summary, the phase 2 PHAROS trial represents 
an important step forward in the treatment of patients 
with NSCLC with BRAF V600E mutations. Encorafenib 
and binimetinib demonstrated safety and efficacy in this 
setting, with the outcomes of these patients suggesting 
signs of improvement compared to previous generations 
of BRAF and MEK inhibitor combinations and other 
standard first-line therapies for NSCLC. Despite these 
promising results, the optimal sequence of therapeutic 
regimens has not been definitively established; randomized 
clinical trials exploring this question are warranted. 

Figure 1 Clinical, pathological, and genetic features in patients with BRAF V600 and BRAF non-V600 mutated non-small cell lung 
cancer. Figure was created with Canva online software. NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell 
carcinoma; NOS, not otherwise specified; Mb, mega base; WT, wild-type. 
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