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ABSTRACT

Introduction: BRAF variants were reported resistant
mechanisms to EGFR tyrosine kinase inhibitors (TKIs) in
EGFR-mutant NSCLC. Nevertheless, characteristics and
subsequent treatment strategies of such patients remain
unclear.

Methods: From October 2016 to May 2020, patients with
advanced NSCLC for whom next-generation sequencing
detected mutations of both BRAF and EGFR were retro-
spectively included. From June 2020 to January 2021, pa-
tients with EGFR-mutant NSCLC who acquired the BRAF
V600E mutation after progression on osimertinib were
prospectively enrolled to explore the efficacy and safety of
EGFR plus BARF co-inhibition.

Results: A total of 58 patients were retrospectively identi-
fied and five prospectively included. BRAF variants were
acquired after a median time of 22.7 months from initial
diagnosis. The frequency of variations in TP53, PIK3CA, RB1,
MET, LRP1B, APC, CDKN2A, MYC, ERBB2, and SMAD4 was all
more than 10%; these mutations affected the cell cycle or
p53 pathway and the EGFR downstream and bypass path-
ways. The median progression-free survival was 5.0 months
for patients on chemotherapy and 2.1 months for those on
TKIs not targeting both of EGFR and BRAF (p ¼ 0.019). The
median PFS was 7.8 months in five patients who received
EGFR plus BRAF co-inhibitory drugs. RAS signaling was
activated on disease progression.

Conclusions: Variations in the EGFR downstream and
bypass pathways were frequent in patients with dual mu-
tations of EGFR and BRAF. The efficacies of TKIs not tar-
geting both EGFR and BRAF were inferior to chemotherapy.
EGFR plus BRAF co-inhibition improved efficacy. Such
treatment strategies should be further explored.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
EGFR tyrosine kinase inhibitors (TKIs) are routinely

given to patients with advanced EGFR-mutant NSCLC.
Nevertheless, acquired resistance to such drugs is inev-
itable, and treatment remains challenging. Resistance
mechanisms include activation of EGFR-dependent or
-independent pathways and histologic transformation.1

The mechanisms of EGFR-dependent drug resistance
have been well studied and include the acquired T790M
mutation for first- or second-generation EGFR TKIs and
the acquired C797S mutation for the third-generation
EGFR TKI.2,3 EGFR-independent resistance is less com-
mon, and more complicated, including amplification of
ERBB2 and MET and mutation of PI3KCA, KRAS, and
BRAF.4,5

Acquired BRAF mutations or fusions develop in 1%
to 3% patients with NSCLC who receive EGFR TKIs.4,5

The RAS-RAF-MEK-ERK signaling pathway is a key
regulator of cell growth; BRAF (a serine/threonine ki-
nase) operates downstream of RAS. Usually, three
classes of BRAF mutations are recognized based on the
different activation mechanisms, which are as follows:
RAS-independent active monomers (class 1), constitu-
tively active dimers (class 2), and kinase-dead or
-impaired mutations (class 3).6,7 BRAF V600 encodes an
active monomer; most other BRAF mutants are consti-
tutively active RAS-independent dimers. In clinical tri-
als, vemurafenib or dabrafenib plus trametinib
effectively treated patients with NSCLC with BRAF
V600E mutation but not those with BRAF non-V600E
mutations.8,9 Given the increasing accessibility of next-
generation sequencing (NGS) in clinical practice, both
BRAF V600E and non-V600E mutations are now
frequently identified in tumors. Nevertheless, the clin-
ical significance of acquired BRAF variants remains
poorly understood.

In vitro, an acquired BRAF V600E mutation rendered
some EGFR-mutant cell lines insensitive to EGFR TKIs;
such insensitivity was eliminated by BRAF in-
hibitors.10,11 Several case studies have reported that
combinations of EGFR TKIs and BRAF inhibitors were
effective (mediating EGFR þ BRAF co-inhibition).12,13

Nevertheless, no clinical trial on the safety and efficacy
of such co-inhibition has been performed. Aboubakar
Nana and Ocak14 reviewed case reports on the efficacies
and toxicities of EGFR plus BRAF co-inhibition and sug-
gested that combination strategies might be appro-
priate.14,15 Here, we retrospectively studied the clinical
and genetic characteristics of patients with EGFR plus
BRAF-mutant NSCLC and their prognoses. We also pro-
spectively investigated the efficacy and safety of EGFR
plus BRAF co-inhibition.
Materials and Methods
Study Patients

From October 2016 to May 2020, patients with
advanced NSCLC with EGFR and BRAF co-mutations
were retrospectively included. Clinical information was
extracted from the electronic medical records of
Guangdong Provincial People’s Hospital. From June 2020
to January 2021, patients with acquired BRAF V600E
mutation after failure of osimertinib were recommended
to accept an EGFR plus BRAF co-inhibition therapy. This
study was approved by the Ethics Committee of Guang-
dong Provincial People’s Hospital (approval number
GDREC2019304H). Written informed consent was pro-
vided by all participants. The study adhered to the
principles of the Declaration of Helsinki.

Next-Generation Sequencing
At initial diagnosis or disease progression, tumor

tissues or body fluids (pleural effusion, plasma, cere-
brospinal fluid) were collected from all patients and
subjected to panel NGSs exploring the status of 168, 196,
425, or 520 cancer-relevant genes.16,17 A total of 75
genes evaluated by all four panels were analyzed in the
present study. The clinical significance of BRAF muta-
tions or fusions was that of the annotations of OncoKB
(https://www.oncokb.org/) (a Food and Drug Adminis-
tration–recognized, public, human genetic variant data-
base).18 Tier I and II variants are considered clinically
significant, but tier III and Ⅳ variants are insignificant.19

Treatment and Efficacy
Patients initially received oral osimertinib 80 mg once

daily plus vemurafenib 480 mg twice daily or osimertinib
80 mg once daily plus dabrafenib 150 mg twice daily plus
trametinib 2 mg once daily until disease progression or
the development of unacceptable adverse events.
Computed tomography and brain magnetic resonance
imaging (if needed) were performed 4 weeks after
treatment initiation and then every 8 weeks. Responses
were evaluated based on the Response Evaluation
Criteria in Solid Tumors version 1.1 criteria. Progression-
free survival (PFS) was defined as the time from the start
of treatment to disease progression or death. Adverse
events were recorded. Overall survival (OS) was defined
as the time from identification of BRAF variants to death
from any cause. Global OS was defined as the time from
the initial diagnosis to death from any cause.

Statistical Analysis
Categorical variables were compared using the chi-

square or Fisher’s exact test. The nonparametric test

https://www.oncokb.org/
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used was the ranked sum test. In terms of survival an-
alyses, Kaplan-Meier curves were compared using the
log-rank test and hazard ratios (HRs) calculated using
the Cox’s proportional hazards model. A two-sided
p value less than 0.05 was considered significant. All
statistical analyses were performed by IBM SPSS version
22.0 software.

Results
Patient Characteristics

A total of 58 patients were retrospectively identified
and five patients were prospectively included
(Supplementary Fig. 1). In total, 63 patients with EGFR-
mutant NSCLC with concomitant BRAF mutations (n ¼
53) or fusions (n ¼ 10) were included. Clinical and de-
mographic characteristics are listed in Table 1. The BRAF
variants were V600E (44.4%, 28 of 63), non-V600E
(39.7%, 25 of 63), and fusions (15.9%, 10 of 63)
(Fig. 1A); 52.4% (33 of 63) of BRAFmutations occurred in
the tyrosine kinase domain (Fig. 1B); and 90.5% patients
(57 of 63) developed BRAF variants on disease progres-
sion. A total of 49 patients exhibited clinically significant
BRAF mutations or fusions (Supplementary Table 1).

Clinical Characteristics of EGFR-Mutant NSCLC
With Concomitant BRAF Variations

The median time from initial diagnosis of advanced
NSCLC to the detection of acquired BRAF variations was
22.7 months (95% confidence interval [CI]: 26.4–38.7
mo); the times were similar for the three BRAF subtypes
(V600E versus non-V600E versus fusion: 22.6 versus
30.5 versus 26.0 mo, p ¼ 0.639; Fig. 2A). Most patients
(61.4%, 35 of 57) acquired BRAF variants after failure of
second-line EGFR TKI treatment (Fig. 2B). Before detec-
tion of the BRAF variants, gefitinib/icotinib/erlotinib
followed by osimertinib was the most common treat-
ment (49.1%, Fig. 2C). Of all patients, 61.4% (35 of 57)
developed BRAF variants after osimertinib, including
three who received osimertinib as first-line treatment.
The global median OS of all patients was 53.6 months
(95% CI: 42.3–85.2 mo). The median OS of the patient
cohort was 11.6 months (95% CI 9.7 mo–not applicable)
from the time of detection of BRAF variants. A somewhat
longer OS was achieved by patients with BRAF V600E
(V600E versus non-V600E versus fusion: 16.8 versus
15.2 versus 10.7 mo, p ¼ 0.72).

Molecular Characteristics of EGFR-Mutant
NSCLC With Concomitant BRAF Variations

The median mutation count was seven in all patients
(Fig. 2D) and was significantly higher in patients with
non-V600E than V600E mutations (5 versus 8.5,
p ¼ 0.004). Apart from the BRAF variants, variations
with frequencies more than 10% were noted in TP53,
PIK3CA, RB1, MET, LRP1B, APC, CDKN2A, MYC, ERBB2,
and SMAD4 (Fig. 1C), thus in genes involved in the cell
cycle/p53 pathway, EGFR downstream pathways (the
PI3K and RAS pathways), and other receptor tyrosine
kinases. On multivariate analysis, RB1 mutations were
significantly enriched in patients with non-V600E mu-
tations (Supplementary Table 2, p ¼ 0.04), as were TP53
mutations (the latter marginally) (p ¼ 0.09). Of 11 pa-
tients with RB1 alterations, nine underwent tumor
rebiopsy; no histologic transformation was evident.

A total of 33 patients underwent NGS before the
development of BRAF variants (Supplementary Fig. 2).
As BRAF variants were acquired, the frequencies of
variations in PIK3CA, APC, MYC, LRP1B, CDNK2A, KRAS,
and SMAD4 also increased. BRAF V600E and BRAF fu-
sions were uncommon in patients with preexisting
PIK3CA alterations, but common in patients receiving
osimertinib (Supplementary Table 3).
Potential Impact of De Novo BRAF Variants on
EGFR-Mutant NSCLC

Concomitant BRAF variants were detected in six
treatment-naive patients with NSCLC and included five
BRAF non-V600E mutations (P422L, G466R, E533K,
D555Y, and E611Q) and one BRAF fusion (BRAFwIGR)
(B8: upstream MRPS33). BRAF G466R is a tier II variant;
the other five variants have not been reported. The im-
pacts of mutations P422L, E533K, D555Y, and E611Q on
protein structure were predicted to be benign by Poly-
Phen-220 (Supplementary Table 4). The BRAFwIGR (B8:
upstream MRPS33) fusion did not include the BRAF ki-
nase domain. All patients received first-line EGFR TKIs
and achieved an objective response rate (ORR) of 83.3%
(five of six) with a median PFS of more than 12 months.
Efficacies of Following Treatments in Patients
With Clinically Significant BRAF Variants

A total of 35 patients with acquired BRAF variants of
clinical significance have received further treatment;
most underwent chemotherapy (48.6%, 17 of 35: single
nab-paclitaxel/docetaxel, n ¼ 2; nab-paclitaxel/
pemetrexed þ cisplatin/carboplatin, n ¼ 6; taxol/
pemetrexed þ cisplatin/carboplatin þ bevacizumab, n ¼
9) or received TKIs (45.7%, 16/35) (Fig. 3A). Overall, the
ORR and disease control rate were 14.3% (5 of 35) and
57.1% (20 of 35); the median PFS was 3.5 months. Of the
TKI group, most patients (75.0%, 12 of 16) solely tar-
geted EGFR only. The ORR and disease control rates
were 6.3% (1 of 16) and 43.8% (7 of 16) in the TKI
group but 23.5% (4 of 17) and 64.7% (11 of 17) in the
chemotherapy group. The PFS was significantly longer in
the chemotherapy than in the TKI group (5.0 versus 2.1



Table 1. Demographic and Clinical Characteristics of Cohort Patients

Characteristics Total (N ¼ 63) V600E (n ¼ 28) Non-V600E (n ¼ 25) Fusion (n ¼ 10) p

Age (y), median 0.412
�60 39 (61.9) 17 (60.7) 14 (56.0) 8 (80.0)
>60 24 (38.1) 11(39.3) 11 (44.0) 2(20.0)

Sex, n (%) 0.218
Female 39 (61.9) 14 (50.0) 18 (72.0) 7 (70.0)
Male 24 (38.1) 14 (50.0) 7 (28.0) 3 (30.0)

Smoking, n (%) 0.215
Yes 10 (15.9) 5 (17.9) 2 (8.0) 3 (30.0)
No 53 (84.1) 23 (82.1) 23 (92.0) 7 (70.0)

Pathology, n (%) 1
ADC 62 (98.4) 27 (96.4) 25 (100.0) 10 (100.0)
ASC 1 (1.6) 1 (3.6) 0 (0.0) 0 (0.0)

Stage, n (%) 0.691
IIIB–ⅣA 12 (19.0) 4 (14.3) 2 (8.0) 0 (0.0)
ⅣB 51 (81.0) 24 (85.7) 23 (92.0) 10 (100.0)

Brain metastasis, n (%) 0.59
Yes 33 (52.4) 16 (57.1) 11 (44.0) 6 (60.0)
No 30 (47.6) 12 (42.9) 14 (56.0) 4 (40.0)

PS, n (%) 1
0–2 61 (93.7) 27 (96.4) 24 (96.0) 10 (100.0)
3 2 (6.3) 1 (3.6) 1 (4.0) 0 (0.0)

EGFR subtype, n (%) 0.374
L858R 30 (47.6) 13 (46.4) 9 (36.0) 3 (30.0)
19Del 33 (52.4) 15 (53.6) 16 (64.0) 7 (70.0)

EGFR T790M status, n (%) 0.037
Yes 37 (58.7) 19 (67.9) 10 (40.0) 8 (80.0)
No 26 (41.3) 9(32.1) 15 (60.0) 2 (20.0)

ADC, adenocarcinoma; ASC, adenosquamous carcinoma; PS, performance status.
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mo, log-rank test: p ¼ 0.019, Fig. 3B). Among the 35
patients, 18 were positive for T790M before detection of
BRAF variants, but eight lost T790M when BRAF variants
were detected; seven patients acquired T790M and BRAF
variants concurrently. Thus, the T790M positivity rate
was 48.6% (17 of 35) when BRAF variants were detec-
ted. On multivariate Cox regression analysis, both the
number of lines of previous treatment (1 versus �2:
HR ¼ 0.61, 95% CI: 0.38–0.99, p ¼ 0.044) and treatment
(TKI versus chemotherapy: HR ¼ 3.61, 95% CI: 1.54–
8.45, p ¼ 0.003) were independently associated with
PFS, whereas T790M status and the previous use of
osimertinib were not (Supplementary Table 5).

We identified patients who had been naive for osi-
mertinib or chemotherapy after acquiring BRAF variants
and explored the potential impacts of the BRAF variants
(Fig. 4). Five patients acquired BRAF V600E (n ¼ 4) or
G466E (n ¼ 1) and concurrent T790M, after failure of
the first- or second-generation EGFR TKIs. All received
osimertinib as the next treatment. No patient achieved
an objective response; the median PFS was 3.4 months.
Four patients acquired BRAF fusions of the kinase
domain-containing 3’ region (Fig. 4). Two patients
developed progressive disease after icotinib or afatinib
and acquired BRAF fusions and T790M. One patient
achieved a partial response but the PFS was short (4.8
mo); another experienced progressive disease at 1
month. Ten chemo-naive patients received chemother-
apies as their next treatments after acquiring BRAF
mutations (Fig. 4). Four achieved a partial response
(40.0%) with a disease control rate of 80%. The median
PFS was 6.0 months (range: 0.7–11.6 mo).
Efficacy and Safety of Combinations of
Osimertinib and BRAF Inhibitors

Osimertinib plus vemurafenib (n ¼ 4) or osimertinib
plus dabrafenib plus trametinib (n ¼ 1) was prospec-
tively given to five patients. The median PFS was 7.8
months (range: 2.2–12.3 mo) (Fig. 5A). The disease
control rate was 100%. Two patients achieved an
objective response (Fig. 5B). Grade 3 rash was observed
in one patient; other grade 1 or 2 adverse events
included fatigue, arthralgia, fever, diarrhea, and anorexia
(Supplementary Table 6).
Resistance Profiling of Patients on Combinations
of Osimertinib and BRAF Inhibitors

Two patients (P20 and P21) underwent plasma or
tissue-based NGS testing on failure of EGFR plus BRAF



Figure 1. (A) The distribution of BRAF variants; (B) the distribution of BRAF mutations; and (C) the oncoprints of the clinical
information and the gene profiles of 63 patients; genes that were altered at rates greater than 5% are illustrated. amp,
amplification; del, deletion; SV, structural variation.
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co-inhibition (Supplementary Table 7). P20 exhibited
stable disease (with a PFS of 7.8 mo) but developed
progressive disease. Given the difficulty of rebiopsy,
Figure 2. (A) Time from initial diagnosis to acquisition of BRA
acquisition of BRAF variants. (C) The TKI sequences before acqu
, and third-generation EGFR TKIs, respectively. (D) The mutati
BRAF subtypes. TKI, tyrosine kinase inhibitor.
plasma NGS was performed instead. Multiple mutations
including KRAS G12R, HRAS Q61K, and PIK3CA E542K
had been acquired. P21 seemed to be primarily resistant
F variants. (B) The lines of TKI treatments to the times of
isition of BRAF variants: 1, 2, and 3 indicate the first-, second-
on counts in the overall population and patients of different



Figure 3. (A) Treatments after acquisition of clinically significant BRAF variants and the targets of TKIs; others indicated that
one patient received chemotherapy plus PD-L1 inhibitors, another one received anlotinib. (B) Kaplan-Meier curves of patients
who received chemotherapies and TKIs. PD-L1, programmed death-ligand 1; TKI, tyrosine kinase inhibitor.
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to treatment; she experienced pleural effusion and
enlargement of the left supraclavicular lymph node at a
short PFS of 2.2 months. Compared with previous
pleural effusion-based NGS, NARS Q61K and an MYC
amplification were newly identified in the enlarged
lymph node.
Discussion
To the best of our knowledge, this is the first study to

explore patient characteristics and treatment strategies
in those with both EGFR-mutant NSCLC and concomitant
BRAF variants. The BRAF variants developed in sub-
clones and acquired late during disease progression of
EGFR-mutant NSCLC. Acquired BRAF variants may
weaken the efficacies of subsequent EGFR TKIs;
chemotherapy was superior to TKIs that did not target
both EGFR and BRAF. Our pilot study revealed that EGFR
plus BRAF co-inhibition might afford clinical benefits
(with manageable toxicity) for such patients.

In a preclinical study, class 1 BRAF variants (BRAF
V600) were sensitive to Food and Drug Administration–
approved BRAF inhibitors (dabrafenib or vemurafenib)
but class 2 or 3 BRAF variants were not.7 This was
replicated in a clinical trial of vemurafenib.9 BRAF V600E
was the most common acquired BRAF variant in our
present patient cohort. Schrock et al. reported that BRAF
kinase fusions were associated with acquired resistance



Figure 4. The efficacies of chemotherapy for chemo-naive patients and osimertinib for patients with both BRAF variants and
T790M after failure of previous EGFR TKIs. Chemo is shown by the green bar; the chemo-regimens are indicated. Osimertinib
is indicated by the blue bar. *These two patients experienced disease progression after 1 month and BRAF fusions were
subsequently detected. Chemo, chemotherapy; NGS, next-generation sequencing; P, patient; PD, progressive disease; PR,
partial response; SD, stable disease; TKI, tyrosine kinase inhibitor.
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to EGFR TKIs.21 In our present study, we identified a
new BRAF kinase fusion partner (RELCH),5 also known
as KIAA1468. The encoded protein is involved in intra-
cellular cholesterol transport and was a fusion partner of
RET.22 Vojnic et al.23 introduced an AGK~BRAF fusion
into the H1975 cell line (L858Rþ and T790Mþ); growth
inhibition by osimertinib was impaired. One of our pa-
tients acquired an AKG~BRAF fusion and T790M after
progression on afatinib. Although this patient evidenced
a partial response to single-agent osimertinib, the PFS
was short (4.9 mo). Combined inhibition using osi-
mertinib and trametinib, or a pan-RAF inhibitor, may be
optimal for such patients. Apart from BRAF variants, a
high frequency of tumor-promoting variants was
observed in our cohort, especially PI3KCA mutation and
MET amplification. The genetic profiles of those who
acquired BRAF V600E and non-V600 mutations differed.
Although statistical significance was not attained, the
genetic background seemed to be “cleaner” in the BRAF
V600E group. Thus, BRAF V600E may confer high-level
resistance to EGFR TKIs, emphasizing that EGFR plus
BRAF co-inhibition may be useful.

Peng et al.24 comprehensively reported co-mutations
of different BRAF subtypes with EGFR, including BRAF
V600E and non-V600E mutations and fusions/rear-
rangements. Nevertheless, the impacts of those variants
on later treatments were unclear.24 Although we found
concomitant BRAF variants in treatment-naive patients
with EGFR-mutant NSCLC, these seemed to have mini-
mal impact on subsequent EGFR TKI treatments
(Supplementary Table 4). The variants may not have
affected protein structure. In other words, de novo
BRAF variants may be benign in EGFR-mutant patients,
in line with the observation that an EGFR-activating
mutation is seldom co-mutated with other driver genes
in treatment-naive patients.25 BRAF V600E and BRAF
fusions conferred resistance to osimertinib in first-line
settings.26 Given the fact that most of the patients in
our study developed BRAF variants after osimertinib
indicates the importance of NGS to find resistant
mechanisms for patients after failure of osimertinib. In
addition, osimertinib is now the standard first-line
treatment for advanced EGFR-mutant NSCLC, whether
acquired BRAF variants more frequently occurred in
patients who received osimertinib than other EGFR
TKIs remained unknown. In our cohort, TKI treatment
was of limited efficacy in patients with acquired BRAF
variants. Nevertheless, chemotherapy remains an op-
tion and rather effective as in previous reports.27,28

Notably, BRAF V600E was concurrently acquired with
T790M after first- or second-generation EGFR TKIs.
Moreover, subsequent osimertinib was not very



Figure 5. (A) Efficacy of EGFR plus BRAF co-inhibition in five patients with EGFR-mutant NSCLC who acquired BRAF V600E
after progression on osimertinib. (B) Computed tomographic images of P21 and P24 before and 4 weeks after EGFR plus BRAF
co-inhibition. P, patient; PR, partial response; SD, stable disease.
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effective. This may part explain why some patients with
acquired T790M do not respond to osimertinib.

In a clinical trial of patients with NSCLC with BRAF
mutations, the discontinuation rate of vemurafenib at
960 mg twice daily attained 24%, and 60% of patients
experienced dose reductions/treatment delays.9

Although no phase 1 trial has explored co-inhibition by
EGFR and BRAF, case reports and a literature review
support the efficacy of a combined strategy but also
indicate that full doses of vemurafenib and osimertinib
are usually followed by dose reductions or treatment
cessation.15,29 In the present study, although the
vemurafenib dose was only 480 mg twice daily, two of
four patients required dose reductions. In a clinical trial,
the ORR and PFS of vemurafenib were 44.8% and 5.2
months for patients with NSCLC with BRAF V600,
respectively.9 The efficacy of osimertinib plus vemur-
afenib in our study was similar. Our pilot study also
indicated that clinical benefits improved by co-inhibition
of EGFR and BRAF, although vemurafenib was delivered
at half the regular dose. The optimal doses, safety, and
efficacy of EGFR plus BRAF co-inhibition should be
further investigated in a clinical trial. The genetic profiles
of two patients were explored after both developed
progressive disease on a combination of osimertinib and
BRAF inhibitors. Both had acquired functional mutations
in RAS genes. RAS mutations reportedly conferred
resistance to osimertinib.4 Activation of RAS signaling in
patients with melanoma also conferred resistance to
BRAF inhibitors.30 On activation of RAS signaling, RAS-
driven heterodimerization of BRAF and CRAF increases,
enhancing drug resistance.31 Together, the data suggest
that RAS mutations may mediate resistance to EGFR plus
BRAF co-inhibition.

Our work had several limitations. First, given the
difficulties to rebiopsy, NGS was performed on tumor
tissue, plasma, cerebral fluid, and pleural effusions.
Second, approximately 30% of patients had BRAF vari-
ants after first-line EGFR TKI treatments, but some
lacked baseline NGS panel data. Thus, such patients may
have had preexisting BRAF variants. Third, the sample
size of the pilot study on EGFR plus BRAF co-inhibition
was small.

In conclusion, we found that acquired BRAF variants
may reduce EGFR TKI efficacies. A combination of osi-
mertinib with BRAF inhibitors improved efficacy in
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patients acquiring BRAF V600E mutations after failure of
osimertinib. EGFR plus BRAF co-inhibition should be
investigated in a clinical trial.
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