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Introduction

A dramatic evolution in lung cancer treatment has occurred 
over the last decade with the discovery of multiple specific 
druggable targets. The most notable include epidermal 
growth factor receptor (EGFR) exon 19 deletion and 
exon 21 L858r mutation, anaplastic lymphoma kinase 
(ALK) translocation and ROS-1 rearrangement. These 
developments have allowed for a more personalised 
approach to lung cancer treatment in a select patient cohort. 
Drugs that are active at these sites have translated into a 

significant improvement in patient survival and quality of 
life compared to conventional cytotoxic therapies (1-4). 
With the success of BRAF targeting drugs observed in other 
cancer types attention has now turned to the subgroup of 
lung cancer patients with BRAF mutations. Promising data 
is starting to emerge that supports the use of these drugs in 
this setting.

Pathological and clinical characteristics

The BRAF kinase is an essential step in intracellular 
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signalling which facilitates signal transmission from the cell 
surface to the nucleus after activation of the EGFR. BRAF 
is part of the mitogen-activated protein kinase (MAPK) 
pathway which plays a major role in controlling cell growth 
and regulation. In healthy tissue the BRAF kinase is 
deactivated through negative feedback once the signal has 
moved on to the next point in the cascade. BRAF mutations 
occurring in the MAPK pathway results in persistent 
activation of downstream cell signalling. BRAF mutations 
acting in this manner behave as oncogenic drivers which 
can lead to unchecked cell growth and proliferation (5,6) 
(Figure 1). The most commonly described BRAF variant 
responsible for this process is a BRAF point mutation, 
V600E (7). This point in the cell pathway have emerged 
as a valuable therapeutic target for drug therapy with 
BRAF inhibitors. Resistance invariably develops with the 
development of bypass pathways such as redirection of 
cell signalling via MEK 1/2 kinases. The addition of a 
MEK inhibitor in combination with a BRAF inhibition has 
resulted in improved clinical outcomes in some cancer types 
with BRAF mutations. This, however, does not ultimately 
prevent resistance developing in the vast majority of cases 
(8,9). Acquired resistance post exposure to BRAF/MEK 
inhibition remains the most challenging aspect of treating 
patients with these drugs. Activation and cross talk between 
parallel pathways are regarded as a common mechanism that 
tumour cells use to overcome the blockade imposed by the 

BRAF/MEK inhibitors. The PI3K/AKT/mTOR pathway 
is intrinsically linked to the MAPK pathway. In the setting 
of BRAF/MEK inhibition cell signalling is up regulated 
over time through this pathway allowing ongoing tumour 
progression through this alternate pathway. Preliminary 
study is underway attempting to develop effective drug 
combinations to target this pathway (10,11).

BRAF mutations are rare in non-small cell lung cancer 
(NSCLC), occurring in 1–5% of cases. BRAF mutations 
are most commonly identified in lung adenocarcinoma. 
BRAFV600E is consistently described as the most common 
variant identified, present in more than 50% of cases with 
a BRAF mutation (12-15). A number of large studies have 
been performed looking at the clinical and pathological 
features associated with these tumours. Some variability 
has emerged relating to the specific tumour associations 
identified from these studies (Table 1).

A study of 1,680 Chinese patients reported an association 
between BRAF and never smoking history (P=0.019) and 
a slight majority of female cases (P=0.682). They observed 
shorter progression free survival in the BRAFV600E cohort 
treated with platinum-based chemotherapy however this 
did not reach statistical significance, 5.2 vs. 6.4 months 
(P=0.561) (15). A similar study performed in a North 
American Caucasian population included 883 patients with 
NSCLC. In this study, there was similar rates of BRAFV600E 
and non BRAFV600E mutations identified in males and 
females. Over two thirds of those with BRAF mutations 
were current or former smokers. Similar to their Chinese 
counterparts this study also identified a shorter progression 
free survival for patient harbouring a BRAFV600E mutation 
when treated with platinum-based chemotherapy, 4.1 vs. 
8.9 months (P=0.297) (14). Another North American study 
involving 697 patients found all patients with a BRAF 
mutation were former or current smokers (P<0.001) (13). 
A large European study included 1,046 patients with 
NSCLC. This study confirmed a relationship between 
BRAF mutations and female sex (P<0.01). This group found 
all non BRAFV600E cases were present in smokers (P=0.015). 
Like the other studies the European group reported a 
shorter disease-free survival, 15.2 vs. 52.1 months (P=0.001), 
and overall survival, 29.3 vs. 72.4 months (P=0.001), in 
patients with the BRAFV600E subgroup (12). The non V600E 
group showed no difference compared to those without a 
mutation.

The small number of BRAF mutations present in these 
large studies and variability in findings makes it difficult 
to be definitive when commenting on a specific clinical 
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phenotype. Overall, it would be reasonable to suggest an 
increased frequency in females. Smoking status and its link 
with BRAF status varied among studies. Ethnicity and type 
of BRAF mutation (V600E and non V600E) may be factors 
that influence this. From the studies outlined, those patients 
of white Caucasian heritage and positive smoking history 
were associated with a non V600E mutation. Conversely, 
a meta-analysis of 16 studies with the V600E subtype was 
found to be more common in non-smokers (16). What is 
consistent from these studies is the lack of chemo-sensitivity 
and worse prognosis in patients with a BRAFV6000E mutation 
treated with platinum. Based on these findings it is 
imperative that alternative strategies are employed for this 
group.

Treatment options

Targeted therapy

The national comprehensive cancer network (NCCN) and 
European society of medical oncology (ESMO) guidelines 
now endorse testing for BRAF mutations in NSCLC, in 
particular BRAFV600E. These guidelines recommend the 
use of BRAF/MEK inhibitors in first or subsequent lines 
of therapy for those that harbour a V600E mutation. The 
ESMO guidelines do not recommend a specific method 
of testing a patients BRAF status. The guidelines instead 
suggest ensuring adequate sensitivity of the test used with 
appropriate quality control measures in place to ensure its 
validity. Alternatively, the NCCN guidelines recommend 
that BRAF, and other molecular testing, should be 
performed as part of a broader molecular profile (17,18). 
The data supporting the use of a BRAF inhibitor with or 
without a MEK inhibitor in BRAF positive NSCLC has 
been adopted from a small number of positive phase 2 
studies.

Single agent Dabrafenib was initially tested in BRAFV600E 
mutated NSCLC. This phase 2 study included 84 patients, 
78 pretreated and 6 untreated patients. A 33% objective 
response rate (ORR) to Dabrafenib was observed in 
the pretreated group with a further 24% categorised as 
stable disease. The median progression free survival was 
5.5 months. 4 of the 6 untreated patients responded to 
treatment. Grade 3, 4, 5 events occurred in 39%, 5% and 
1% respectively, however most cases were considered 
to be acceptable (19). The combination of Dabfrafenib 
and Trametinib was evaluated in a second cohort of 
57 previously treated patients with BRAFV600E mutated 
NSCLC. The ORR was 63% with the combination and a 
further 16% had stable disease. The median progression 
free survival was improved to 9.7 months when compared 
to the single agent Dabrafenib cohort. Adverse events 
(AE) were common, 98% of patients experienced an AE 
with 49% experiencing a grade 3 or 4 event. The toxicity 
profile was considered manageable with modifications 
to dosing levels and treatment interruptions. Overall, 
58% and 75% of patients received greater than 80% 
of the expected Dabrafenib and Trametinib course  
respectively (20). Updated survival for the 2 pretreated 
cohorts demonstrated continued superiority of combination 
BRAF/MEK inhibition over a single agent. ORR rate for 
the combination had increased to 67% as did the median 
progression free survival, 10.2 months. Median overall 
survival was reported as 12.7 months in the Dabrafenib 
only cohort versus 18.2 months in the Dabrafenib and 
Trametinib cohort (21). Dabrafenib and trametinib was 
assessed in 36 untreated patients in a separate phase 2 
study. ORR in this study was 64% and median progression 
free survival of 10.9 months. Adverse events were similar 
to the pretreated group, all patients experienced an AE of 
any grade with 69% experiencing a grade 3 or 4 event (22). 

Table 1 Demographics relative to V600E status and trial reported outcome

Trial
Prevalence 

(%)

Sex (%) Smoking status (%)
Outcome (months) V600E 

V600E Non V600E V600E Non V600E

Chinese (15) 1.7 M: 0.7; F: 0.7 M: 0; F: 0.2 Y: 0.4; N: 1.1 Y: 0; N: 0.2 PFS: 5.2 vs. 6.4 (P=0.561)

American (14) 4 M: 0.9; F: 1.1 M: 1; F: 1 Y: 1.5; N: 0.6 Y: 1.8; N: 0.2 PFS: 4.1 vs. 8.9 (P=0.297)

American (13) 3 M: 0.3; F: 1 M: 0.6; F: 0.7 Y: 1.3; N: 0 Y: 1.3; N: 0 NR

European (12) 4.9 M: 0.9; F: 8.6 M: 2.5; F: 0.5 Y: 2; N: 5.1 Y: 2.8; N: 0 OS: 29.3 vs. 72.4 (P=0.001) 

Figures in bold represent statistically significant findings. M, male; F, female; Y, yes; N, no; PFS, progression free survival; OS, overall 
survival; NR, not reported.
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Vemurafenib was tested as a single agent in a basket study 
of BRAFV600E non melanoma cancers. Twenty patients with 
BRAFV600E positive NSCLC were included in this study. 
ORR in this group was 42% and median progression free 
survival was 7.3 months (23) (Table 2). 

Immunotherapy

Little is known regarding the effectiveness of immunotherapy 
in the setting of BRAF positive NSCLC. A retrospective 
multi-centre chart review was performed to assess response 
of BRAF positive NSCLC to immune checkpoint inhibitors. 
Patients were stratified by programmed death ligand 1 
(PD-L1) status, tumour mutational burden (TMB) and 
microsatellite instability (MSI) in 39 patients. Not all patients 
were tested equally for each of these markers. Twenty-
two received an immune check point inhibitor: 57% of the 
V600E group and 55% of the non V600E group. ORR was 
25% and 33% and median progression free survival 3.7 
and 4.1 months respectively. The authors concluded BRAF 
mutated NSCLC was more likely to have high expression 
of PD-L1. They also reported that PD-L1 status and BRAF 
mutation type did not alter outcome. These findings are 
intriguing however due to the limited number of cases 
exposed to immune checkpoint inhibitors it is difficult to 
be conclusive (24). The efficacy of immune checkpoint 
inhibitor based on PD-L1 expression in patients with 
oncogenic driver mutations was evaluated in a Japanese 
population. Five patients were found to have a BRAF 
mutated NSCLC. No responses were observed in the BRAF 
cohort (25). A case report described the sequential use of 
BRAF inhibition followed by Pembrolizumab in a patient 
with BRAFV600E mutated, PD-L1 high (90%) NSCLC. In 
this case the patients achieved an initial 18-month period of 
disease stability on Dabrafenib and on progression a further 
durable response to 2 doses of pembrolizumab (stopped due 
to toxicity). This case highlights the successful application 
of these drugs in this situation (26).

Conclusions

BRAF mutated lung cancer is a rare form of NSCLC. Many 
different types of BRAF mutations have been described 
with current data focusing on the most common variant, 
BRAFV600E. Phase 2 data now exists that confirms activity of 
BRAF/MEK inhibition as an effective therapy for BRAFV600E 
NSCLC in first and subsequent lines of therapy. This is 
of particular importance based on poor outcomes seen in 
patients harbouring BRAFV600E treated with chemotherapy. 
No data exists to support the use of BRAF/MEK inhibition 
for non BRAFV600E mutated lung cancer and chemotherapy 
or immunotherapy remain the favoured options in this 
case. In contrast to other NSCLC with targets (EGFR, 
ALK) immune checkpoint inhibitors appear to be active in 
those with a BRAF mutation irrespective of PD-L1 status 
or BRAF mutation type. Data in this setting is limited and 
would need further investigation to clarify this point. 
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