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Abstract

BRAF mutations are reported in about 3-5% of non-small-cell
lung cancer (NSCLC), almost exclusively in adenocarcinoma
histology, and are classified into three different classes.

The segmentation of BRAF mutations into V600 (class 1)

and non-V600 (classes 2 and 3) relies on their biological
characteristics and is of interest for predicting the therapeutic
benefit of targeted therapies and immunotherapy. Given the
relative rarity of this molecular subset of disease, evidence
supporting treatment choices is limited. This review aims to
offer a comprehensive update about available therapeutic
options for patients with NSCLC harbouring BRAF mutations
to guide the physician in the choice of treatment strategies.
We collected the most relevant available data, from single-
arm phase Il studies and retrospective analyses conducted

in advanced NSCLC, regarding the efficacy of BRAF and MEK
inhibitors in both V600 and non-V600 BRAF mutations. We
included case reports and smaller experiences that could

Introduction

Treatment options in non-small-cell lung cancer (NSCLC) have
recently evolved to include immunotherapy and targeted
agents for a variety of oncogene-addicted entities in the first-
line setting.! BRAF mutations define a precise molecular entity
of NSCLC (accounting for 3-5% of cases) that can benefit from
both molecular and immunotherapy agents. This consideration,
almost unique in the setting of oncogene-driven cancers,
paradoxically challenges the definition of a precise treatment
algorithm for this subset of patients. The heterogeneity of BRAF
mutations and their different response to molecular agents
provides an additional caveat for clinical decision-making.

In the present review, we report the evidence sustaining the
pragmatic management of BRAF-mutant NSCLC, moving from
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provide information on specific alterations. With respect

to immunotherapy, we reviewed retrospective evidence

on immune-checkpoint inhibitors in this molecular subset,
whereas data about chemo-immunotherapy in this molecular
subgroup are lacking. Moreover, we included the available,
though limited, retrospective evidence of immunotherapy as
consolidation after chemo-radiation for unresectable stage Il
BRAF-mutant NSCLC, and an overview of ongoing clinical trials
in the peri-operative setting that could open new perspectives
in the future.
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molecular diagnosis to the treatment of advanced disease.

In addition, the introduction of novel treatment strategies
incorporating targeted agents and immunotherapy in the early
and locally advanced setting of NSCLC sustains their evaluation
for patients with BRAF-mutant NSCLC.

Review

Distribution of BRAF mutation classes in
NSCLC

BRAF mutations are reported across many types of cancers,
including melanoma, colorectal cancer, thyroid cancer and
NSCLC.%3 BRAF is a serine/threonine protein kinase belonging
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to the RAF kinase family, together with the other isoforms
ARAF and CRAF. Upon activation by RAS, these proteins play a
pivotal role in cell growth, proliferation, migration and survival
by the activation of the MAPK-ERK pathway. ERK translocates
into the nucleus and activates transcription factors, resulting
in enhanced expression of genes involved in many oncogenic
cellular processes. Oncogenic mutations in components of
this pathway result in constitutive activation of the MAPK-ERK
cascade and oncogenic transformation.* RAF isoforms share
three conserved regions, including the RAS-binding domain
(C1), catalytic kinase domain (C3) and the regulatory domain
between them (C2).

BRAF mutations are classified into three classes according

to their dimerization status, their kinase activity, and RAS
dependence for activation.* Class 1 mutations are characterized
by RAS-independent, high BRAF kinase activity in a monomeric
status. This class contains mutations of codon 600 on exon

15, including the most common V600E point mutation that is
found in 90% of BRAF-mutated tumours. Other V600 mutations
are less frequent and include V600D/K/R/M.# Overall, V600
mutations represent one-third of BRAF mutations detected in
NSCLC.2

Class 2 and 3 mutations are reported in Table 1. Class 2
mutations (such as K601, L597, G469 and G464) are located in
exons 11 (e.g. codon G464 and G469) and 15 (e.g. codon L597
and K601), and result in RAS-independent homodimers with
high/intermediate kinase activity.* Class 3 mutants (e.g. G466,
D594, G596 and N581) have low or absent kinase activity, and
transmit signalling through RAS-dependent dimerization with
CRAF or wild-type BRAF.? In addition, other missense mutations
of unknown significance have been identified.

In the largest dataset reported to date, comprehensive
genomic profiling with next-generation sequencing (NGS) was
performed on samples from 114,662 patients with different
solid tumours, including 18,944 patients with NSCLC. Amongst
them, BRAF mutations were identified in 4% of cases (n=772)
and were equally distributed amongst the three subgroups
(30.7%, 34.2% and 30.7% in class 1, 2 and 3, respectively),

with 4.4% of other pathogenic mutations.? In another cohort
(n=236), class 1T mutations seemed more frequent than

the others (45% for class 1, 32% and 23% for class 2 and 3,
respectively).® The prognostic significance of the different
mutation classes is still unclear.”-1°

Clinicopathological features

Overall, BRAF mutations are present in 3-5% of NSCLC, almost
exclusively in adenocarcinoma histology,”'? though mutations
in squamous cell carcinoma have been described.%” The
aggressive micropapillary architecture has been associated
with V600E, whilst a mucinous pattern is common in non-V600
mutations.”

Differently from other oncogene-addicted diseases (but similar to
KRAS-mutant NSCLC), the majority of patients with BRAF-mutated

Table 1. Class 2 and class 3 BRAF mutations.
BRAF class Mutation
L597V/S/R/Q/P/K L525R
K601E/N L485W/F
A598V/T599insV V600_K601del
T5991/dup/ V600_K601D/E/N
2 V600insT
G464V/E V600_K602delinsDT
N486_P490del V600_
W604delinsDQTDG
G469V/S/R/L/A/
T170delinsAK
D594N/G/F F595L
G466E/V/A T470R
N581S/T/1 Q524L
3 G596V/R
G469E
S467L
Adapted with the permission from ref.>’

disease are current or former smokers."" Smoking habits appear
to be more common in class 2 and 3,° whilst patients harbouring
V600 mutations are more likely to be never smokers.”?

BRAF mutations are less frequent in people of Chinese origin
than in white individuals, occurring only in 0.5-2% of patients
of Chinese origin affected by NSCLC.!>13

Metastatic spread to the central nervous system appears to be
frequent. In a retrospective analysis of 236 patients diagnosed
with a BRAF-mutated NSCLC, brain metastases were detected
at diagnosis in 69 (29%). Class 2 and class 3 mutations were
associated with a higher risk of brain metastases at diagnoses,
compared with class 1 alterations (p=0.011 versus class 2;
p=0.007 versus class 3).6

Molecular diagnostics

After the approval of BRAF and MEK inhibitors (BRAFi and
MEKIi), BRAF mutation testing became part of the fundamental
molecular characterization of advanced NSCLC. Any adequately
sensitive and specific method is allowed, but the most used to
date are DNA sequencing techniques.'

BRAF assessment is thus required in stage llIB-IIIC (when
unsuitable for locoregional treatment) and stage IV NSCLC. It
should be performed in all adenocarcinomas, in not-otherwise-
specified NSCLC and in mixed histology such as adenosquamous
NSCLC. For this reason, in squamous histology, BRAF status
should be evaluated in the case of small tissue samples that
cannot rule out the presence of an adenocarcinoma component,
and in light or non-smoker patients.
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BRAF mutations are detectable by sequencing techniques such
as PCR-based Sanger sequencing and NGS. NGS is becoming
the preferred technique given the possibility to simultaneously
test many molecular alterations. Immunohistochemistry

(IHC) for BRAF V600E assessment has also been explored.
Indeed, a monoclonal antibody specific for BRAF V60OE
mutation in solid tumours (clone VE1) showed promising
sensitivity and specificity when compared with molecular
testing in NSCLC.>1¢ Subsequently, VE1 IHC has shown 100%
concordance with NGS assays and, in samples prospectively
tested with IHC, positive results were confirmed by PCR in 83%
of cases. Despite its selectivity for V60OE mutation precluding
the detection of non-V600E variants'” and its sub-optimal
specificity, IHC may serve as a screening tool,'® integrating IHC
assays in current practice to assess PD-L1 status and ALK or
ROST fusions.

Given the increasing number of biomarkers that need to be
tested at the time of diagnosis of advanced NSCLC, use of tissue
NGS is increasingly widespread. Compared with a sequential
approach, simultaneous testing of different biomarkers has

the advantage to potentially identify, with a single test, all
druggable alterations and concomitant mutations that may
have a prognostic role or may explain resistance to treatments.
Additionally, NGS is more efficient in tissue optimization, with
favourable cost-effectiveness and a median turnaround time
shorter than the sequential approach.’®-2!

Currently, one of the main advantages of NGS is its applicability
to cell-free circulating tumour DNA (cfDNA) by liquid biopsy.
The first experience of the detection of BRAF mutations in
NSCLC DNA was led by Guibert et al., who demonstrated that
digital droplet PCR applied on cfDNA has good specificity

and higher sensitivity than DNA extracted from circulating
tumour cells.?? Subsequently, other experiences reported

that NGS on cfDNA (Guardant Health assay) is able to detect
V600 and non-V600 alterations in samples from patients with
advanced NSCLC.%** Recently, a prospective collection of
tissue and matched blood samples obtained from patients with
advanced NSCLC reported 85% positive percentage agreement
between tissue DNA assay and cfDNA (Guardant Health) for the
detection of BRAF V600E mutation.?® Clinical trials, such as the
ongoing, randomized, real-life LIBELULE study (NCT03721120),2°
aim to evaluate the feasibility of liquid biopsy in patients with
suspicious metastatic NSCLC and whether the analysis of cfDNA
may decrease time-to-appropriate treatment initiation and
improve patient outcomes.

Even if the assessment of BRAF status in cfDNA is not yet
established as an alternative to tumour tissue analysis,?”28
plasma NGS testing may integrate routine diagnosis of
advanced NSCLC?? and its application may be considered when
an insufficient quantity or quality of DNA from tissue biopsy
preclude molecular assessment. The recent FDA approval of
Guardant Health3° and FoundationOne3' liquid biopsy assays
sustain the validity of this strategy in the field of molecular
diagnostics.

Treatment of advanced disease

Evidence on BRAFi and MEKi and on immune-checkpoint
inhibitors (ICls) in patients with BRAF-mutant NSCLC deserves

a detailed approach, as they represent the main therapeutic
options together with chemotherapy. As discussed below, the
definition of a treatment algorithm for BRAF-mutated NSCLC is
challenging because indications of targeted agents or (chemo-)
immunotherapy are not as clear as for other oncogene-driven
diseases.

Target therapy: BRAFi/MEKi

Because BRAFi, alone or in combination with MEKi, has
improved response and survival outcomes of patients with
BRAF V600 melanoma,32-36 these strategies have been
translated into treatment of NSCLC. In particular, vemurafenib
and dabrafenib as monotherapies or dabrafenib-trametinib
combination therapy have been investigated in phase Il and
retrospective studies (Table 2).

Dabrafenib and trametinib

Dabrafenib (BRAFi) monotherapy (150 mg twice daily) and

its combination with trametinib (MEKi, 2 mg once daily) have
been studied in advanced NSCLC harbouring BRAF V600E in a
phase Il multicentric trial (NCT01336634). The study included
three cohorts: cohort A investigated the role of dabrafenib

as monotherapy, and cohorts B and C enrolled patients
treated with dabrafenib-trametinib as subsequent or frontline
treatment options, respectively. Patients were enrolled
sequentially in the three cohorts and primary outcome was
overall response rate (ORR).37-3?

Cohort A enrolled 84 patients, of whom six were treatment
naive. ORR was 33% in pre-treated patients and 4/6 treatment-
naive patients achieved a partial response (PR).3” Combination
of BRAFi-MEKi showed better response outcomes than BRAFi
alone. Indeed, 63% of 57 patients enrolled in cohort B and

64% of 36 previously untreated patients in cohort C achieved

a response. Moreover, when cohorts B and C were compared,
combination therapy seemed to achieve longer duration of
response (9.0 versus 15.2 months, respectively) and progression-
free survival (PFS) (median 8.6 versus 14.6 months, respectively)
in treatment-naive compared with pre-treated patients.383° At
the 5-year update of the study, 4-year and 5-year survival rates
were higher in treatment-naive than in pre-treated patients
(34% and 22% versus 26% and 19%).4°

Survival outcomes achieved by patients treated in this phase |l
study have been retrospectively compared to those of patients
harbouring BRAF mutations (V600 and non-V600) obtained
from the Flatiron Health database, who had been treated with
platinum-based chemotherapy (PBC) alone or in combination
with ICls or ICI monotherapy in real-world settings. Compared
with PBC as first-line treatment, dabrafenib-trametinib showed
longer overall survival (OS) (median 17.3 versus 9.7 months,
p=0.01) and lower risk of death (hazard ratio (HR) 0.51, 95% ClI
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Table 2. Main studies of target therapies in advanced BRAFV6°° NSCLC.
Study Type Drugs Patients (1) ORR (%) DCR (%) Median PFS, Median OS,
months months
(95% ClI) (95% Cl)
NCT01336634-A% Phase Il Dabrafenib 84 33 56 55 15.4
(2.8-7.3) (7.3-NR)
NCT01336634-B*3%  Phase I Dabrafenib + 57 68 81 10.2 18.2
trametinib (6.9-16.7) (14.3-28.6)
NCT01336634-CP3°  Phaselll Dabrafenib + 36 64 75 10.8 17.3
trametinib (7.0-14.5) (12.3-402)
NCI-MATCH Phase Il Dabrafenib + 5 40 100 NA NA
(sub-protocol H)*? trametinib
Auliac et al.#8 Retrospective Dabrafenib + 40 NA NA 17.5 25.5
trametinib (7.1-23.0) (16.6—NR)
EURAF cohort* Retrospective Dabrafenib 3 33 33 NA NA
VE-BASKET Phase Il Vemurafenib 62 37.50 79 12.90 NRP
(NSCLC cohort)*® (4.0-NR) (6.0-NR)
37.0° 6.1° 15.42
(5.1-8.3) (8.2-22.8)
AcSé Phase Il Vemurafenib 101 45 NA 53 10.0
(NSCLC cohort)¥ (3.8-6.8) (6.8-15.7)
EURAF cohort* Retrospective Vemurafenib  24¢ 54 96 NA NA
EURAF cohort* Retrospective  Sorafenib 1 100 100 NA NA
aPreviously treated patients; PUntreated patients; V600E only.
DCR, disease control rate; NA, not available; NR, not reached; NSCLC, non-small-cell lung cancer; ORR, overall response rate;
OS, overall survival; PFS, progression-free survival.

0.29-0.92; p=0.03) in the weighted analysis. However, the same
survival benefits were not seen in the comparison with first-line
PBC plus ICI (p=0.13 for death risk reduction, median OS 17.3
versus 18.0 months). However, >90% of patients treated with
PBC plus ICl started treatment between 2018 and 2019, thus
follow-up for this group was immature at the data cut-off June
2019). As in the phase Il trial, PD-L1 status was not recorded

for patients treated with dabrafenib-trametinib and therefore
comparison with first-line pembrolizumab (approved for
patients with PD-L1 >1% or >50% in the USA and Canada) was
not feasible. The comparison between dabrafenib-trametinib
and single-agent immunotherapy (mainly pembrolizumab

or nivolumab) was then performed only for patients treated

in second line, with dabrafenib-trametinib not showing
statistically significant survival benefit over ICls.*!

Moreover, a sub-protocol of The National Cancer Institute
Molecular Analysis for Therapy Choice (NCI-MATCH) enrolled
patients with solid tumours harbouring BRAF V600 to receive
dabrafenib-trametinib. Only five patients with lung cancer
were treated before FDA approval of the two inhibitors for
this indication led to an early exclusion of patients affected by
lung cancer from enrolment. However, two and three patients
obtained a PR and stable disease, respectively.*?

The combination of dabrafenib-trametinib is approved by
the EMA for the treatment of advanced NSCLC harbouring
BRAF V600 mutations,*® whilst FDA approval is restricted to
BRAF V600E mutation.** In both cases, the two drugs can be
administered in any treatment line.

Vemurafenib

The first systematic evidence of the activity of BRAF inhibition in
BRAF-mutated tumours other than melanoma was provided in the
phase Il basket trial of vemurafenib (960 mg twice daily). Amongst
the 19 evaluable patients with NSCLC (all but one with V600E-
mutated disease), 8 (42%) achieved PR, with 7.3 months PFS.%°

Activity, efficacy and safety have been assessed in the larger
cohort of VE-BASKET phase Il study in which 62 patients with
NSCLC were included, of whom only 8 (13%) had not received
prior therapies. Even though ORR (primary outcome) was
similar between naive and previously treated patients (37%),
untreated patients experienced higher disease control rate
(DCR) and better outcomes in terms of PFS and 0S.4¢

Results from the NSCLC cohort of the AcSé vemurafenib trial
confirmed efficacy of vemurafenib in patients with BRAF V600-
mutated disease but not in non-V600 mutations. In total, 101
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pre-treated patients harbouring BRAF V600 (97 with V600E
mutation) were included and 100 received treatment with
vemurafenib; ORR was 44.8%.%

As the combination of dabrafenib-trametinib represents
the standard of care in BRAF V600 disease, vemurafenib
monotherapy does not represent the treatment of choice.

Additional retrospective evidence

A retrospective observational study of 40 patients treated
with dabrafenib-trametinib for BRAF V600E-mutated NSCLC
confirmed safety and efficacy of the combination in real-world
clinical practice, with a median PFS of 17.5 months and median
OS of 25.5 months. Notably, only 9 patients received this
treatment as first-line strategy.*®

Another retrospective observational analysis (the EURAF
cohort) of 35 patients (29 BRAF V600E and 6 BRAF non-V600E)
treated with BRAFi monotherapy (vemurafenib, dabrafenib

or sorafenib) showed an ORR of 53% and DCR of 85%. With
BRAFi, median PFS and median OS were 5.0 and 10.8 months,
respectively.4’ In another two-centre retrospective analysis,
only 11 (15%) out of 72 patients with BRAF-mutated disease
identified between 2009 and 2019 were treated with anti-BRAF
+/— anti-MEK therapy; ORR was 53%.8

Due to the lower prevalence of BRAF mutations in population of
Chinese origin than in white individuals, safety and efficacy of
both chemotherapy and target therapy in patients of Chinese
origin is poorly explored. Mu et al.”® conducted a retrospective
analysis on 65 patients harbouring BRAF mutations (54 V600E
and 11 non-V600E) treated in 22 hospitals in China between
2017 and 2019; 55 out of 65 (85%) patients had advanced
disease and, amongst these, 32 received anti-BRAF target
therapy (vemurafenib, dabrafenib, or dabrafenib-trametinib),
either as first or subsequent line. Sixteen patients harbouring
BRAF V600E received BRAFi as first line, showing higher ORR
than chemotherapy (67% versus 25%) and longer PFS, yet
without statistical significance (median 9.8 versus 5.4 months;
p=0.149). No patient harbouring non-V600E mutations received
BRAFi +/— MEKi as first-line treatment choice. Two patients with
non-V600E mutations received dabrafenib-trametinib after
PBC, showing stable disease and PD as best response.>°

In all the studies and retrospective analyses presented above,
the toxicity profile of target therapies was manageable.

New perspectives

A phase Il, single-arm trial (NCT03915951) is currently evaluating
safety and efficacy of the combination of encorafenib (BRAFi)
450 mg once daily and binimetinib (MEKi) 45 mg twice daily

for NSCLCs harbouring BRAF V600. The trial is expected to

enrol approximately 107 patients, both treatment-naive and
previously treated. Primary outcome is independent radiology-
reviewed ORR. The advantage of this combination could be
both a more manageable safety profile and higher efficacy,
because encorafenib shows a longer dissociation half-life from

mutant BRAF V600E compared with other BRAFi (>30 hours
versus 2 hours for dabrafenib and 0.5 for vemurafenib).>’

Activity of targeted therapy against non-V600 BRAF

mutations

The sensitivity to specific MAPK pathway inhibitors for cancers
with non-V600 BRAF mutations is an open field of investigation.
There are several pre-clinical reports that support the use of
combined BRAFi and MEKi versus BRAFi or MEKi monotherapy
in a variety of cancers with non-V600 BRAF mutations, including
NSCLC.2452-54 Most retrospective clinical evidence in this field
comes from melanoma, because it has historically marked the
path for BRAFi/MEKi therapies and because of some similarities
in treatment strategies with NSCLC. Approximately 50% of
melanoma harbour a BRAF mutation that are most commonly
V600 mutations (60-80%).2 Thus, data on safety and efficacy

of target therapies used for uncommon BRAF mutations are
limited in melanoma as well.

Menzer et al. reported the outcomes of patients with
melanoma harbouring uncommon BRAF V600 (i.e. non-E/K
V600) or non-V600 mutations exposed to targeted agents,
mainly in the first-line setting.> In the non-E/K V600 group
(n=58, amongst which n=44 VV600R), the administration of
BRAFi+MEKi in 36 cases lead to better clinical outcomes (ORR
56%, DCR 83%, median PFS 8 months, median OS 17.3 months)
compared with BRAFi alone (ORR 27%, DCR 55%, median PFS
3.7 months, median OS 7.3 months). In the BRAF non-V600
population (n=38), outcomes varied remarkably according to
mutation type and treatment received. No responses were
recorded with monotherapy with BRAFis and, even in the
setting of BRAFi+MEKi (or MEKi alone), the clinical outcomes
were dismal with median PFS <4 months, except for three
BRAF54%° cases achieving a median PFS of 9.2 months. Detailed
outcomes are reported in the paper for patients positive for
BRAF L597, K601E, G469, G593 and other mutations; present in
one case each.>

In a phase Il study of trametinib administered to nine patients
affected by melanoma with non-V600 BRAF mutations or BRAF
fusions, objective response was obtained in three cases, with
median PFS of 7.3 months. Best outcomes were observed in
patients with BRAFG46R BRAFL97Q and BRAFT™°R mutations.”®
Complexity in the approach to non-V600 BRAF mutations is
well depicted by G469R and G469E mutations as the different
aminoacidic substitutions attribute the mutations to classes 2
and 3, respectively, with the second one not sensitive to MEKi
in one patient.

In a recent systematic review and meta-analysis, Dankner

et al.”” reported the outcomes of 238 patients affected by
different solid tumours harbouring class 2 and class 3 BRAF
mutations. Most patients (n=227) were treated with BRAFi/
MEKi (alone or in combination), whilst 11 patients received

an anti-EGFR agent, in nine cases as monotherapy. The best
outcomes (ORR, PFS) were observed in cases harbouring class 2
mutants both in the overall population and when limiting the
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analysis to patients with melanoma or NSCLC. MEKi +/— BRAFi
were characterized by the highest activity across mutational
classes.”

The disappointing activity of BRAF inhibition alone against
non-V600 BRAF mutations was confirmed in the NSCLC cohort
of the AcSé trial. Amongst the 17 patients who received
treatment with vemurafenib, no response was observed,*
eliciting a median PFS of 1.8 months. In the EURAF cohort,
amongst 6 patients with non-V600 BRAF mutations, only

one response to BRAF inhibition alone was reported in a
patient with BRAFG>%%Y mutation. Moreover, no response

to vemurafenib was seen in a case report of a patient with
BRAFC4%9L advanced NSCLC.>8

Besides the activity of BRAFi/MEKi, two case reports

showed efficacy of sorafenib against BRAFS4%%Y and G469R
mutations.>>®0 Nevertheless, BRAF®4%° mutants (with the
exception of the class 3 G469E, see above) are likely sensitive
to combined BRAF/MEK inhibition in both melanoma and
NSCLC,>%6" such that BRAFi/MEKi may be preferred to sorafenib
in this setting. Moreover, a complete response lasting over 4
years was reported in a patient with BRAF'¥2C-mutated NSCLC
treated with dasatinib (BCR/ABL and Src family inhibitor) in a
clinical trial.52

Additional granular data on precise mutations and outcomes to
targeted therapies in non-V600-mutant NSCLC are reported in
Table 3.936% Clinical trials dedicated to BRAF non-V600-mutated
tumours (including NSCLC) are ongoing, amongst others,
assessing drugs such as encorafenib-binimetinib, ulixertinib
(ERK 1/2 inhibitor) or BGB-3245 (BRAFi) in phase | or Il trials
(NCT03843775, NCT04488003, NCT04249843).95

A systematic report of the outcomes of patients with non-V600
BRAF-mutant malignancies treated with BRAFi/MEKi would

be of interest to support clinical decision based on granular
evidence from the literature. As the objective of this review is
to provide general guidance for the treatment of BRAF-mutant
NSCLC, we direct readers to the Appendix 2 of the systematic
work provided by Dankner et al. to obtain precise information
on the subject.”’

Expected toxicity of BRAFi and MEKi

Data regarding the safety profile and toxicity management of
BRAFi and MEKi in NSCLC are mostly limited to the combination
of dabrafenib-trametinib or translated from evidence obtained
from melanoma. The toxicity profile of the combination
includes pyrexia, increases in blood levels of alanine
aminotransferase, aspartate aminotransferase and creatine
phosphokinase, nausea, vomiting and fatigue337 (Table 4).

Pyrexia (in the absence of infection) is related specifically

to dabrafenib and is the most frequent adverse event (AE)
reported with this treatment. Although it is commonly grade 1
(38-39°C) or grade 2 (>39-40°C), it is the most frequent cause
of discontinuation due to treatment-related AEs in patients
with melanoma.6

An analysis of 1076 patients affected by melanoma or NSCLC,
treated with dabrafenib-trametinib in phase Il and phase

Il trials, reported that 61% (n=660) had pyrexia, with 5.7%

of patients experiencing grade 3 or 4 events. The highest
incidence of AEs was reported in the first 3 months of
treatment. Of note, 67% of patients experiencing pyrexia had
recurrent events. The most common management strategy
(41.5%) of the AEs was temporary interruption of one or both
dabrafenib and trametinib, whereas no action was required in
43.6% of cases.5°

Gastrointestinal AEs under dabrafenib-trametinib treatment are
frequent and mostly consist of nausea and vomiting. Colitis and
gastrointestinal perforations are rarely reported but may be
severe. For instance, MEKi treatment (cobimetinib, trametinib,
binimetinib), with or without accompanying BRAFi, have been
correlated with some cases of perforation in small and large
intestine.’ A retrospective analysis of 119 patients treated with
MEKi (cobimetinib, trametinib, binimetinib) for unresectable
stage lll or stage IV melanoma showed 33% of gastrointestinal
toxicities of any grade: patients experienced colitis (n=3),
gastrointestinal perforation grade 4 (n=2) and diarrhoea

(n=1). No fatal outcomes were reported. Amongst the two
cases of perforation, the first involved a female patient with a
medical history of ulcerative colitis who had received previous
treatment with ICl, but reactivation of the inflammatory
disease occurred only under vemurafenib-cobimetinib
administration.58

A case of inflammatory bowel disease during encorafenib
450 mg once daily plus binimetinib 45 mg twice daily in a
clinical trial for NSCLC was reported. The radiological finding
was confirmed by biopsy, showing mixed inflammatory
infiltrate in the lamina propria of caecum with severe
eosinophilia. The patient was completely asymptomatic
and did not receive any specific treatment but withheld
encorafenib-binimetinib. After the complete resolution
of radiological findings, the patient resumed oncological
treatment at the same dose, with no recurrence of
gastrointestinal toxicity.?

With regards to cardiovascular toxicity, a retrospective
pharmacovigilance study conducted on the VigiBase database
and focused on treatment with targeted therapies revealed

a higher risk of heart failure with dabrafenib and trametinib
compared to other kinase inhibitors used in oncogene-
addicted NSCLC. Dabrafenib also had an increased risk of
supraventricular tachycardia compared with other NSCLC
kinase inhibitors.”®

MEKi have been correlated with visual disturbances and
different ocular toxicities such as retinal vein occlusion,
retinal detachment, MEK-associated retinopathy and dry eye.
Retinal vein occlusion has been reported to occur in 14% of
patients treated with trametinib.”" Uveitis, conjunctivitis and
dry eye are more frequently caused by BRAFi, particularly by
vemurafenib.”?
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Table 3. Main evidence on target therapies outcomes in advanced BRAF"°"-V600 NSCLC.

Study Type Drug Pts (n) Mutations Response Median
PFS,
months
(95% ClI)

AcSé Phase Il Vemurafenib 17 3 G466V No response 1.8

(NSCLC cohort)¥ (=first line) 3 G469A (1.4-2.1)

3 K601E
3 N581S
2 K601N
1 G466A
1 G469V
1 G569R
EURAF cohort® Retrospective Vemurafenib, 6 1 G466V 1 PR (G596V)? NA
Dabrafenib 1 G469A
(median third 1 G469L
line) 1 G596V
1 V600K
1 K601E
Gautschi et al.”® Case report Vemurafenib 1 G469L No response NR
(first line)
Dagogo-Jack Case report Dabrafenib + 1 G469A PR NR
etal® trametinib (DoT 6 m)
(fourth line)
Citarella et al.% Case report Dabrafenib + 1 G466R No response NR
Trametinib
(fourth line)
Su et al.!?0 Case report Dabrafenib + 1 K601E PR NR
Trametinib (DoT 9 m)P
(first line)
Turshudzhyan Case report Dabrafenib + 1 T599dup PR NR
et al.3 Trametinib (DoT4 m)
(first line)
Saalfeld et al.’’ Case report Trametinib 1 K601E PR NR
(third line) (DoT 4 m)

Casadei Gardini Case report Sorafenib¢ 1 G469V PR NA

etal.>® (second line) (DoT 13 m)

Sereno et al.° Case report Sorafenib 1 G469R PR NA

(>fourth line) (DoT 6 m)
Sen et al.? Case report Dasatinib 1 Y472C CR NR
(first line) (DoT 12 w, DoR 4y)
aG596V PR to vemurafenib; PNear total regression; “Concomitant hepatocarcinoma.
CR, complete response; DCR, disease control rate; DoR, duration of response; DoT, duration of treatment; NA, not available; NR,
not reached; NSCLC, non-small-cell lung cancer; ORR, overall response rate; PFS, progression-free survival; PR, partial response;
pts, patients.
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Table 4. Safety of target therapies for patients with BRAF-mutant NSCLC.

Study Drug Most frequent Grade Grade 5 TRAE-related TRAE- TRAE-
TRAEs 3-4 TRAEs discontinuation related related
TRAEs interruption dose
reduction
NCT01336634 - A3  Dabrafenib Pyrexia; 39%G3 1% 6% 43% 18%
hyperkeratosis; 5 % G4
decreased
appetite
NCT01336634 - B3 Dabrafenib + Pyrexia; nausea; 49% 0 12% 61% 35%
trametinib vomiting G3+G4
NCT01336634 - C3° Dabrafenib + Pyrexia; 64%G3 3% 22% 75% 39%
trametinib nausea; fatigue; 6% G4
peripheral
oedema
Auliac et al.#8 Dabrafenib + NA NA NA 18% 20% 30%
trametinib
VE-BASKET (NSCLC  Vemurafenib  Nausea; 77% 3% 10% 40% 61%
cohort)46 hyperkeratosis;  G3+G4
decreased
appetite
AcSé Vemurafenib  Fatigue; NA NA 22% NA NA
(NSCLC cohort)¥ decreased
appetite;
acneiform
dermatitis

G, grade; NA, not available; NSCLC, non-small-cell lung cancer; TRAEs, treatment-related adverse events.

Amongst class effects of BRAFi and MEKi, cutaneous toxicities,
including rash, dermatitis and cutaneous squamous cell
carcinoma, basal cell carcinoma and keratoacanthoma, must
be mentioned. Skin toxicities, particularly hyperproliferative
disorders, are strongly correlated with BRAFi due to the
paradoxical activation of the MAPK signalling pathway in
BRAF wild-type cells and are, thus, less frequent in treatment
combination strategies.3073

MEKIi, particularly trametinib, has also been reported to cause
interstitial lung disease and pneumonitis in real-world clinical
practice. Management of this pathological entity should
include discontinuation of trametinib and continuation of
dabrafenib. If possible, switching to another combination of
BRAFi and MEKi could be considered.”*7>

Immunotherapy in BRAF-mutated NSCLC

Providing a clear overview on the activity and efficacy of

ICl in BRAF-mutant NSCLC is challenging given the absence
of prospective data, the small populations included in
retrospective/observational studies, and their fragmentation
based on different mutation classes, PD-L1 expression, or
tumour mutational burden (TMB).876-80 Moreover, in the
majority of studies, outcome data are not separated based
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on different anti-PD-(L)1 treatments nor on different lines of
treatment, even if the majority of patients received ICls as

a second or later treatment line (Table 5). Similarly to KRAS-
mutated disease, prevalence of smoking habits is higher in
patients with BRAF-mutated NSCLC compared with those
harbouring other oncogene alterations.”® The correlation

with tobacco exposure, and the related differences in

tumour microenvironment, likely explain the activity of
immunotherapy in BRAF-mutant disease. Indeed, whilst ICls
have shown limited activity in EGFR-mutated or ALK-rearranged
NSCLC, their benefit in BRAF-mutant disease appears more
satisfactory, similar to the one observed in wild-type and KRAS-
mutated NSCLC.88

Retrospective evidence with single-agent immunotherapy

In the Italian Expanded Access Program (EAP) of second-line
nivolumab, 11 patients treated with BRAF-mutant NSCLC

were enrolled, achieving a median OS of 10.3 months (range
2.1-18.5 months), similar to that reported in the wild-type BRAF
population (11.2 months, range 9.2-13.2).82 Additionally, in
another small population of 11 BRAF-mutated patients treated
with immunotherapy, ORR appeared to be similar to KRAS-
mutated and wild-type NSCLC, and independent from different
mutational classes.®
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Table 5. Main observational studies of immune-checkpoint inhibitors in BRAF-mutated non-small cell lung cancer
and amongst different mutational classes.

13 undefined

Study Patients (n) Treated Line of Drugs ORR Median PFS, Median OS,
with IClIs (n) treatment months months
(95% CI) (95% Cl)
Dudnik etal.”® 39 22 First to third Pembrolizumab  V600E 25% V600E V600E NR
21 V600E 12 V60OE Nivolumab non-V600E 3.7 non-V600E
18 non- 10 non- Atezolizumab 33% (1.6-6.6) NR
V600E V600E (1 patient not non-V600E p=0.53
evaluable) 4.1
p=1.0 (0.1-19.6)
p=0.37
Dudnik etal.”” 18 10 First Pembrolizumab  V600E 25% V600E 1.5 V600E
9 V600E 5 V600E (1 patient)  Nivolumab non-V600E (1.2-8.3) NR
9 non- 5 non- to fourth Atezolizumab 20% non-V600E 2.6  (1.2-NR)
V600E V600E (2.0-4.2) non-V600E
NR
(2.3-NR)
Rihawi et al.82 11 n Second Nivolumab 9% Not reported 10.3
(2.1-18.5)
Mazieres 43 43 First and anti-PD-(L)1 V600E and V600E 1.8 V600E
etal.”? 17 V60OE further others (1.0-4.6) 8.2
18 non- 24% (11-NR)
V600E (9/37 non-V600E 4.1  non-V600E
8 unknown evaluable) (2.9-9.0) 17.2
p=0.20 (2.7-NR)
p=0.28
Offin et al.”® 177 46 Second Pembrolizumab V600 10% Not reported Non-V600
41 V600 36 V600 (median) Nivolumab non-V600 24
136 10 non-V600 Atezolizumab 22%
non-V600 Nivolumab + p=0.66
ipilimumab
Guisier et al.8% 44 44 First and anti-PD-(L)1 V600 26% V600 V600
26 V600 further non-V600 5.3 22.5
18 non-V600 (42 pre- 35% (2.1-NR) (8.3-NR)
treated non-V600 4.9 non-V600 12.0
patients) (2.3-NR) (6.8—NR)
Murciano- 127 50 First and Pembrolizumab  Class 1 9% NA NA
Goroffetal.3* 29 class 1 13 class 1 further Nivolumab class 2/3 26%
36 class 2 37 class 2/3 Atezolizumab p=0.25
23 class 3 Nivolumab +
39 VUS ipilimumab
Experimental
Wiesweg 72 14 Secondto anti-PD-(L)1 29% 2.2 OS inferior
etal8 31 V600E fourth (0.9-NA) in BRAF
41 class 2/3 versus BRAF
wild type
(HR 1.38,
p=0.048)
Di Federico 35 20 Second Atezolizumab NA NA 8.4
etal8%a 12 class 2 (4.6-11.2)
10 class 3

apatients from POPLAR and OAK randomized trials. DoR, duration of response; (m)OS, (median) overall survival; (m)PFS,
(median) progression-free survival; NA, not available; NR, not reached; ORR, objective response rate; PD-(L)1, programmed cell
death-(ligand)1.
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Comparable outcomes were reported in the Immunotarget
study, where amongst 43 patients with BRAF-mutated

disease treated with immunotherapy median OS was 13.6
months, similar to that reported for KRAS-mutated disease

(13.5 months).”® Although not significant, OS was shorter in
patients with V600E mutation when compared with other BRAF
mutations (median 8.2 versus 17.2 months; p=0.28).”8 Overall,
median PFS of patients with BRAF mutations and treated with
ICls was numerically similar to those of patients with KRAS or
MET alterations but a trend towards shorter median PFS with
immunotherapy in the V600E group compared with non-V600E
one (1.8 versus 4.1 months; p=0.20) was reported. Of note, in the
BRAF-mutant subgroup, a difference in median PFS of smoker
patients versus never smokers was reported (4.1 versus 1.9
months; p=0.03).8°

In another retrospective study, Negrao et al. included two
cohorts of patients with oncogene-addicted NSCLC to evaluate
outcomes with single-agent ICls.23 In the first cohort, ten
patients with BRAF mutations were included (the majority
receiving ICls as third or further line of treatment), and these
patients experienced the highest ORR (62%) and the longest
PFS across all the oncogene subgroups, also significantly longer
than for those with KRAS-mutated disease (median 7.4 versus
2.8 months, HR 0.36, 95% Cl 0.14-0.88; p=0.026). Median OS was
numerically longer than in those with KRAS mutations, though
not significant (35.6 versus 16.8 months, HR 0.65, 95% Cl 0.26—
1.63; p=0.363). The second cohort included 37 patients with
BRAFV600E mutations and 45 patients with BRAF non-V600E
mutations. The majority received immunotherapy as first or
second line of treatment and approximately 60% did not receive
subsequent therapies. Even in this case, the BRAF-mutant groups
experienced the longest PFS and OS amongst other oncogene-
addicted subgroups, though not statistically significant.
Median PFS was indeed 9.8 months and 5.4 months for patients
harbouring V600E and non-V600E mutations, respectively.
Median OS was 20.8 months (95% Cl 7.9-NA) in BRAF V600E and
14.9 months (95% Cl 8.87-29.14) in BRAF non-V600E groups.

Exploring the predictive role of different mutational classes

In addition to the abovementioned studies performed by
Mazieres et al.”® and Negrao et al.,%3 several other studies
explored outcomes of different functional classes of BRAF
mutations, but evidence remains inconsistent and failed in
demonstrating that mutation type may affect immunotherapy
outcome.

In a retrospective review of 39 cases of patients treated with
anti-PD-(L)1 alone or in combination with anti-CTLA4, ORR
and median PFS were, respectively, 25% versus 33% (p=1.0)
and 3.7 versus 4.1 months (p=0.37) for patients harbouring a
V600E (n=21) or a non-V600E (n=18) BRAF mutation.”® In an
additional cohort of 177 patients (n=127 metastatic), ORR to
immunotherapy for V600 (n=29) or non-V600 (n=98) BRAF
alterations were, respectively, 10% versus 22% (p=0.66).
Moreover, in the same cohort, no difference in time to
immunotherapy discontinuation was found (p=0.26).”8

In the population described by Guisier et al.,8 patients
harbouring BRAF V600 (n=26) and BRAF non-V600 (n=18)
mutations achieved 5.3 (95% Cl 2.1-NR) and 4.9 (95% CI 2.3-NR)
months of median PFS, and 22.5 (95% Cl 8.3-NR) and 12 (95% ClI
6.8—-NR) months of median OS, respectively.

Murciano-Goroff et al.84 reported data from a population of 50
patients with BRAF-mutant NSCLC treated with ICls (13 V600
and 37 non-V600). Whilst considering the higher number of
patients with non-V600 mutations, numerically higher ORR
was reported in this subgroup (9% amongst V600 versus 26%
amongst non-V600; p=0.25). Overall, limited benefits with
immunotherapy and short duration of treatment (median 1.9
months) were reported, but 9 patients amongst the different
classes experienced durable response (=2 years).

Recently, an analysis of patients (n=35) carrying non-V600
mutations enrolled in the POPLAR and OAK phase Il and phase
Il trials on second-line atezolizumab?®>8% reported shorter

OS than that of patients with wild-type BRAF (8.4 versus 11.5
months; HR 1.70 (95% Cl 1.19-2.44); p=0.0033).8”

PD-L1 expression and TMB in BRAF-mutated NSCLC

In general, in NSCLC harbouring BRAF mutations, PD-L1
expression and TMB values seem to be higher than in
unselected or EGFR/ALK-driven disease.”®83 Concerning

PD-L1 expression, different studies report wide ranges of
expression rates, sometimes with conflicting results about
PD-L1 expression amongst different mutational classes (Table
6).76-7880 Offin et al.”® described higher TMB in non-V600
(n=136) than in V600 (n=41), with median 10.8 mut/Mb versus
4.9 mut/Mb (p<0.0001) (Table 7), reporting that, overall,
patients with non-V600 tumours have a higher TMB and lower
PD-L1 expression.”® Similarly, in a cohort of 139 patients with
BRAF-mutant NSCLC, median TMB was significantly higher in
class 3 than in the other classes (p<0.001).8”

In the population described by Murciano-Goroff et al.,* TMB
was higher in class 2/3 than in class 1 BRAF mutations (p<0.001),
and a trend, though not significant (p=0.09), was observed
even stratifying by smoking status.

Despite defining the different levels of PD-L1 expression and
TMB, these studies failed in finding a correlation between
PD-L1 and/or TMB and clinical outcomes in patients treated
with immunotherapy, with the limitation of small patient
populations (Tables 6 and 7).76-78

Taken together, evidence suggests that, in the pre-treated
setting, ICls in patients with BRAF-mutated tumours have
similar efficacy than in unselected patients but | is not possible
to identify subgroups of patients more likely to benefit from
immunotherapy. As mentioned above, few studies included
patients treated with first-line immunotherapy, with no
annotation of the clinical outcomes in isolation from pre-
treated patients.”®’77980 Importantly, no evidence is available
concerning the outcomes of patients with BRAF-mutant NSCLC
undergoing chemo-immunotherapy.
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Table 6. PD-L1 expression in BRAF-mutated NSCLC amongst different mutational class in observational studies.
Study BRAF mutations PD-L1
expression
Dudnik et al.” PD-L1 <1% PD-L1 1-49% PD-L1 250%
V600E 5/19 (26%) 6/19 (32%) 8/19 (42%)
Non-V600E 4/10 (40%) 1/10 (10%) 5/10 (50%)
Dudnik et al.”” PD-L1 <1% PD-L1 1-49% PD-L1 250%
V600E 2/8 (25%) 4/8 (50%) 2/8 (25%)
Non-V600E 2/5 (40%) 0/5 (0%) 3/5 (60%)
Mazieres et al.”® V600 and non-V600 PD-L1>1% PD-L1 <50% PD-L1>50%
7/10 (70%) 4/10 (44%) 5/10 (56%)
Offin et al.’® PD-L1 0% PD-L1 1-49% PD-L1 250%
V600 2/7 (28.5%) 3/7 (43%) 2/7 (28.5%)
Non-V600 29/49 (59%) 15/49 (31%) 5/49 (10%)
Guisier et al.2% PD-L1 negative PD-L1 positive PD-L1 >50%
V600 3/26 (12%) 11/26 (42%) 10/26 (38%)
Non-V600 2/18 (11%) 5/18 (28%) 2/18 (11%)
Murciano-Goroff et al.84 PD-L1 0% PD-L1 1-49% PD-L1 250%
Class 1 3/11 (27.2%) 4/11 (36.4%) 4/11 (36.4%)
Class 2 11/19 (57.9%) 6/19 (31.6%) 2/19 (10.5%)
Class 3 8/11 (72.7%) 3/11 (27.3%) 0/11 (0%)

The possibility of combining pan-RAF and BRAFi/MEKi with
anti-PD-(L)1 antibodies is under evaluation also in NSCLC
(B-FAST trial - NCT03178552).

Incorporating data of targeted agents and immunotherapy
into a potential therapeutic algorithm

First-line treatment options in advanced NSCLC have multiplied
in recent years.8-°1 Treatment algorithms are based on
histology, molecular status and PD-L1 levels, still considering
clinical features such as burden of disease, age, comorbidity
and performance status. Providing indications in BRAF-mutant
disease is challenging for three main reasons: (1) heterogeneity
of BRAF mutations; (2) documented clinical activity and FDA/
EMA approval available for patients with BRAF V600-mutant
NSCLC and (3) immunotherapy has shown profiles of activity

in BRAF-mutant disease, making its application appealing

in the first-line setting, as monotherapy if PD-L1 >50% or

in combination with chemotherapy regardless of PD-L1
expression levels.

In patients with advanced BRAF V600E NSCLC, the combination
dabrafenib-trametinib should be offered upfront, as it is

the only regimen with satisfying prospective data in this
molecular subset of patients.? Especially for cases with features
suggesting good outcomes achievable with immunotherapy
(i.e. high PD-L1, smoking history), first-line treatment options
including ICls should also be considered.

After targeted therapy, immunotherapy alone or combined
with chemotherapy, according to PD-L1 expression levels,
should be considered. Docetaxel with anti-angiogenic agents
or single-agent regimens should be considered for further lines
of treatment as for non-oncogene-addicted NSCLC.?? Given the
rarity of these alterations, enrolment in clinical trials should be
also encouraged.

Given the absence of systematic studies, current guidelines
recommend that diseases harbouring non-V600E BRAF
mutations should be treated as non-oncogene-addicted
NSCLC.%4 Patients with non-V600E BRAF mutations should then
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Table7. TMB in BRAF-mutated NSCLC and amongst different mutational class in observational studies.

Study BRAF TMB
mutations

Dudnik et al.”® <5 muts/Mb 6-19 muts/ =20 muts/Mb Median TMB

Mb
V600E 4/8 (50%) 2/8 (25%) 2/8 (25%) 5 muts/Mb (range
1-42)
Non-V600E 0/3 (0%) 3/3 (100%) 0/3 (0%) 11 muts/Mb (range
7-14)

Dudnik et al.” <5 muts/Mb 6-19 muts/Mb =20 muts/Mb
V600E 4/7 (57%) 1/7 (14%) 2/7 (29%)
Non-V600E 1/3 (33%) 2/3 (67%) 0/3 (0%)

Median TMB p<0.0001

Offin et al.”8 V600 (n=41) 4.9 muts/Mb
Non-V600 10.8 muts/Mb
(n=136)

Murciano-Goroff Median TMB p<0.001

et al.8
Class 1 (n=29) 4.9 muts/Mb (range 1-19.3)
Class 2 (n=36) 8.9 muts/Mb (range 0-82.5)
Class 3 (n=23) 9.8 muts/Mb (range 2-32.5)

Di Federico Median TMB p<0.001

etal.®”
Class 1 (n=45) 3.91 muts/Mb
Class 2 (n=47) 6.73 muts/Mb
Class 3 (n=46) 10.57 muts/Mb

Mb, megabase; muts, mutations; TMB, tumour mutational burden.

receive standard first-line regimens according to PD-L1 levels,
and chemotherapy with anti-angiogenic agents thereafter,?3°4
and BRAF/MEK inhibition may follow in later lines of treatment.
Nevertheless, we deem that physicians facing molecular
reports of non-V600 BRAF mutations should interrogate the
available literature on melanoma and NSCLC (partially reported
here) to look for clinical experience with targeted agents in
precise molecular alterations and propose these to pre-treated
patients.

As a shared consideration involving the management of

lung cancer driven by oncogenic alterations, the objective

is deriving the longest clinical benefit from targeted agents.
In line with this concept, BRAFi/MEKi should be maintained
‘beyond progression’ in case of slow, asymptomatic disease
progression and in the case of oligoprogression, in addition to
local treatments.®

Locally advanced and early-stage disease

In unresectable stage Il NSCLC, the role of consolidation
immunotherapy after chemo-radiotherapy is now well
established.?6-%8 Patients harbouring oncogene-addicted
disease (in particular EGFR-mutated NSCLC) may not benefit
from consolidation immunotherapy.®®'% Recently, a multicentre
international retrospective study involving 323 patients treated
with durvalumab after chemo-radiotherapy, including 43
patients with driver genomic alterations, amongst which five
harboured BRAF mutations,'®! found no significant difference
on PFS when comparing patients harbouring oncogene
alterations overall with those with wild-type disease (14.9 versus
18.0 months, respectively; p=1.0). Of note, median PFS for BRAF-
mutated disease was 3.9 months (95% Cl 3.9-NR).'0

Phase Il trials of immunotherapy as adjuvant/neoadjuvant
treatment are currently shaping a new management of
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early-stage NSCLC.'927105 No data about patients with BRAF-
mutated disease are available in this setting, but it is possible
to argue that they will represent a small percentage of
patients enrolled overall, making it difficult to draw strong
conclusions about their outcomes or to differentiate them
according to different mutational classes.

In oncogene-addicted NSCLC, target therapies are also moving

to the perioperative setting.!®6-"'% Experience in neoadjuvant
treatment of BRAF V600E-related malignancies is growing'''-'13
but remains limited in NSCLC. Recently, major pathological
response to neoadjuvant dabrafenib-trametinib in stage IlIA
(cT1cN2MO0) lung adenocarcinoma harbouring BRAF V600E
mutation was reported. Treatment was administered for 2
months before surgery and resumed 1 month post-surgery.
During preoperative treatment, patients experienced only pyrexia
as a side-effect. Left upper lobectomy and systematic lymphatic
dissection were performed without complication and with full
recovery few weeks after.!™ Although it is a single experience, it
suggests that double BRAF blockade may be a possible treatment
option in potentially resectable BRAF V600E NSCLC.

NAUTIKA1 (NCT04302025) is an ongoing phase Il study of
multiple drugs directed towards different molecular alterations
in neoadjuvant and adjuvant treatment of resectable stage
IB-1II NSCLC. In the BRAF V600 cohort, patients will receive
vemurafenib 960 mg twice daily and cobimetinib 60 mg

once daily for 8 weeks as a neoadjuvant strategy and, if

not progressed after surgery, they will receive adjuvant
chemotherapy followed by 2 years of target therapy.

Given the current evidence and pending the results of ongoing
clinical trials, patients with BRAF-mutated, early-stage disease
should be treated as those with unselected NSCLC.

Conclusions and open questions

To date, BRAF testing with sequencing assays is mandatory for
the correct diagnosis and treatment of patients with advanced
NSCLC as they could benefit from treatment with BRAFi plus
MEKi. BRAF-mutant NSCLC is more heterogenous than other
oncogene-addicted NSCLCs given the divergent response

of different mutational classes to BRAF and MEK inhibition.
Dabrafenib-trametinib combination is the standard of care

for BRAF V600 mutations, but resistance invariably occurs

and mechanisms behind it are not fully elucidated. Wider
molecular evidence about resistance mechanisms is available

in melanoma,'>"6 with some initial suggestions in NSCLC.""7118
New generation BRAFi and combination therapies are under
investigation in melanoma''® and will hopefully be translated to
other malignancies, including NSCLC.

On the other hand, patients harbouring BRAF mutations

may experience improved outcomes when treated with
immunotherapy, paradoxically complicating the development
of treatment algorithms. Prospective evidence on the
outcomes generated by immunotherapy +/— chemotherapy in
BRAF-mutant disease is eagerly awaited, as this will help guide
first-line treatment decisions.

Non-V600 mutations include a heterogeneous group of
BRAF mutations with various outcomes to targeted agents
according to available evidence. First-line treatment should
be administered mainly based on PD-L1 status, as for
unselected NSCLC. The granular data available of patients with
melanoma or NSCLC with precise BRAF mutations sustain the
administration of BRAFi/MEKi. In the absence of prospective
evidence, publication of case reports or series about clinical
experience with targeted agents in precise molecular
alterations and corresponding patient outcomes should be
encouraged. This can increase the knowledge on this subject
and may provide further treatment options for selected
subgroups of patients.

In the locally advanced and early setting, there remains no
indication in BRAF testing in these cases, but the introduction of
immunotherapy and targeted options will hopefully generate
novel treatment options.

Given the relative rarity of BRAF mutations in NSCLC, and
even more if considering the differential mutational classes
and the individual mutants, dedicated evidence on treatment
outcomes across disease settings is awaited to address clinical
attitudes.
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