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ABSTRACT

Background Mutationsin BRAFarerare oncogene mutations, found in 2% of non-small-cell lung cancers (NSCLCS).
Little information is available about the management of patients with BRAF-mutated NscLc, except for those included
in clinical trials. We undertook the present study to assess the clinical characteristics, management, and outcomes
of those patients in a real-life setting.

Methods This retrospective multicentre observational study included all patients with BRAF-mutated NscLC
diagnosed between January 2012 and December 2014.

Results Patients (n = 59) from 24 centres were included: 57.6% men; mean age: 64.5 + 14.5 years; 82% with a
performance status of 0-1 at diagnosis; smoking status: 40.3% current, 32.6% former; 93% with adenocarcinoma
histology; 75% stage 1v; 78 % with V600E mutations; 2 with EGFR and 2 with ALK co-mutations. Of the stage 1v patients,
79% received first-line therapy (14.2% anti-BRAF), and 48% received second-line treatment (23.8% anti-BRAF).
Response rate and progression-free survival were, respectively, 51.7% and 8.7 months [95% confidence interval (c1):
6.4 months to 15.2 months] for first-line therapy and 35.3% and 4.1 months (95% c1: 2 months to 10.9 months) for
second-line treatments. The 2-year overall survival was 58.5% (95% c1: 45.8% to 74.8%). Outcomes in patients with
stage 1v NscLC harbouring BRAF V600E mutations (n = 32) did not differ significantly from those of patients with
other BRAF mutations.

Conclusions In this real-world analysis, most NscLc patients with a BRAF mutation were men and current or
former smokers. Survival appears to be better in these BRAF-mutated patients than in NscLc patients without an

oncogenic driver.
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INTRODUCTION

Most lung cancers (85%-90%) are non-small-cell lung
cancer (NscrLc)?. The discovery of common oncogenic
drivers such as EGFR mutations, EML-ALK fusions, and
ROSI rearrangements have led to the development of

new accurate and effective targeted therapies, which
have radically improved the clinical outcomes of patients
harbouring those driver mutations!.In addition, genomic
analyses have identified other potential targets for lung
cancer treatment, including MET mutations and activating
mutations in KRAS, HER2, and BRAF, among others?3.
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Mutations in BRAF constitutively activate the Mapx
(mitogen-activated protein kinase) pathway, generating
constant stimuli leading to cell growth and proliferation,
and resistance to negative modulatory feedback signals*~.
In fact, BRAF activating mutations are responsible for
structural modifications of its protein, keeping it in a
permanently activated state that results in continuous
activation of Mk and Erx”. Not all BRAF mutations induce
MAPK pathway activation; some of them render the BRAF
kinase inactive or dysfunctional?®.

The most frequent activating BRAF mutation, V600E,
results in basal kinase activity that, compared with the
activity of wild-type BRAF, is increased by a factor of 12.5.
Other BRAF mutations have been described in NscLc, but
whether all of them are oncogenic drivers is not known?®.
Notably, 2% of NscLc patients harbour a BRAF mutation®1°,
Specific inhibitors for mutated BRAF (dabrafenib, vemu-
rafenib) were developed and initially used to treat patients
with melanoma; more recently, they have been used for
patients with Nscrc!!12,

The prognostic significance of BRAF mutations is un-
certain'®-17, Atleast two series of patients harbouring BRAF
mutations reported overall survival (os) and other out-
comes similar to those in the general population of patients
with nscLc. Cardarella er al.? observed no difference in the
prognoses of patients with mutated and wild-type BRAF
whoreceived platinum-based chemotherapy. Considering
the small number of patients included in those studies,
the prognostic value of BRAF mutation remains unclear.
Indeed, clinical findings for patients with BRAF-mutated
disease arelimited and often derived from patients includ-
ed in clinical trials'>12,

The objective of the present retrospective multicentre
observational study was to describe, in a real-life setting, the
characteristics of patients with BRAF-mutated NscLc, and the
effects on os and progression-free survival (Prs) of therapeutic
strategies for patients with identified BRAF mutations.

METHODS

For the period from January 2012 to December 2014, phy-
sicians at French medical centres were asked to provide
anonymized data from the medical records of patients at
least 18 years of age diagnosed with a new BRAF-mutated
NscLc. In France, anetwork of regional molecular genetics
centres performs molecular analyses of BRAF on aroutine
basis. This reflex testing was funded by the public health
ministry for all patients with nonsquamous advanced
nscLc and also for non-smoking patients with squamous
nscLc. Each molecular genetics centre used either the
Sanger sequencing method or a more sensitive validated
allele-specific technique (generally to be confirmed by
Sanger sequencing) to assess for mutations in EGFR (ex-
ons 18-21), HER2 (exon 20), BRAF (exon 15), KRAS (exon 2),
and PIK3CA (exons 9 and 20). A certified break-apart fluo-
rescence in situ hybridization assay was used to assess for
ALK rearrangements.

Patient demographics and clinical characteristics
at NscrLc diagnosis—including age, sex, smoking history
[never smoked, current smoker, former smoker (that s, had
smoked for at least 1 year and quit at any time before the
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diagnosis)], cancer histology, the specific BRAF mutation,
and presence of metastatic disease—were collected from
patient charts. The location of metastases was assessed
at the last follow-up. Patient treatment information was
collected starting at diagnosis, including treatment se-
quence, type of therapy, and dates of treatment initiation
and discontinuation. Clinical outcomes were also noted,
including date of death (if applicable), and dates of any
clinician-defined progression based on an increase of le-
sion size or appearance of newlesions. Overall survival was
measured from diagnosis to death. Clinician-defined prs
was measured from the start of first-line and second-line
treatment. A secondary analysis compared the os and prs
of patients with and without the V60OE mutation.

Patient characteristics and treatment information
were analyzed descriptively. The Kaplan-Meier method
was used to estimate median treatment duration, os, and
clinician-defined prs. To assess 0s, patients were censored
at last follow-up. For the prs analysis, patients who died
were considered to have progressed. All analyses were
conducted using the SAS software application (version 9.3:
SAS Institute, Cary, NC, U.S.A.).

The study was approved by the internal review board
of Saint Etienne (IRBN 102016/Chuste) and received Centre
for Innovative Technologies in Rehabilitation Settings au-
thorization 914146. In accordance with French legislation,
verbal consent was obtained from each patient included
in the study. The study complied with the International
Ethical Guidelines for Biomedical Research Involving Hu-
man Subjects, the Good Clinical Practice Guidelines, the
Declaration of Helsinki, and local laws.

RESULTS

Physicians from 24 medical centres extracted information
for 59 patients (57.6% men; mean age: 64.5 years; 72.9%
current or former smokers; Table 1). Almost all patients
(93.1%) had adenocarcinoma histology, and 74% had the
BRAF V600E mutation. Co-mutations were present in 4
patients: 2 EGFR mutations (exons 18 and 21) and 2 ALK
translocations. A personal history of cancer was presentin
20.3% of the patients, and a family history, in 31%. At diag-
nosis, 82.4% of the patients had a good performance status
(0-1), and 77% had metastatic disease, with few metastatic
sites (1 or 2, 85%). The most common metastatic sites were
lung, brain, andliver. Presenting symptoms, demographics,
and tumour characteristics did not differ between patients
with and without the BRAF V600E mutation (Table 1).

First-line therapy after the diagnosis of locally
advanced or metastatic NscLc was chemotherapy for 62%
of the patients. The remaining patients received BRAF-
targeted therapy (14.2%) or best supportive cares (23.8%).
The overall response rates to first-line therapy and disease
control were, respectively, 51.7% and 81.7%, with no signif-
icant difference between the patients with and without the
BRAFV600E mutation: 45% and 60% for first-line response
and 81.8% and 80% for disease control respectively. The
overall response and disease control rates were, respec-
tively, 75% and 87% for patients treated with BRAF-targeted
therapy (vemurafenib in all cases) and 45.9% and 78% for
patients treated with first-line chemotherapy.
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TABLE I Baseline characteristics of patients with non-small-cell lung
cancer according to BRAFV600E mutation status

Characteristic BRAF V600E mutation status

All Yes No

Patients (n) 592 46 11
Mean age (years) 64.5+14.5 65.3£10.6  61.1x11
Sex (% men) 56.6 63 45.4
Nonsmokers (%) 28 27.3 18.2
PS 0-1 (%) 82.4 82.5 77.8
Weight loss <5% (%) 83.9 86.0 81.8
Adenocarcinoma (%) 93.1 95 90
Previous cancer (%) 20.3 26 0
Family history of cancer (%) 31 28 36
Stage IV (%) 75 75 81.8
Symptomatic 84.5 80.0 100
Main symptoms (%)

Respiratory 75 80.6 63.6

Pain 27 31.4 18.2

Neurologic 13.7 8.3 27.3

Others 245 25.0 18.2

2 Data missing for 2 patients.

Median time to clinician-defined prs after first-line
therapy startwas 8.7 months [95% confidence interval (c1):
6.4 months to 15.2 months]: 8.2 months (95% c1: 5.9 months
to 19.0 months) for carriers of the BRAF V600E-mutation,
and 8.7 months (95% c1: 6 months to 18.7 months) for the
non-carriers. Patients treated with BRAF-targeted therapy
had aprs 0f9.2 months (95% c1: 6.4 months to 22.2 months).

The type of progression after first-line therapy had
no specific characteristics, being mainly increased size of
existinglesions (78.6%) and the appearance of new lesions,
but with no particular metastatic sites. Of new biopsies
obtained in 8 patients at first progression, 5 resulted in
analyzable material, and only 2 had a therapeutic impact
(1 patient underwent histologic modification to small-cell
lung cancer, and in 1 patient, a KRAS mutation not present
at nscLc diagnosis appeared).

Among patients with locally advanced or metastatic
NscLc who discontinued first-line chemotherapy, 48%
received second-line treatment: 66.7% chemotherapy,
23.8% anti-BRAF therapy, and 9.5% best supportive care.
The response rate was 35.3%. Median time to clinician-
defined prs for second-line therapy was 4.1 months (95% ci1:
2 months to 10.9 months). For the patients overall, 2-year
os was 58.5% (95% c1: 45.8% to 74.8%), with no significant
difference observed between patients with and without the
BRAFV600E mutation: 58.4% (95% c1: 44.5% to 76.7%) and
70.7% (95% cr1: 47.6% to 100%) respectively.

DISCUSSION

The results of the present study reveal that prs after first-
and second-line treatment for patients with BRAF-mutated

NscLc, managed in a real-life setting, was 8.7 months and
4.8 months respectively, with a 58.5% 2-year os overall,
and no significant outcome differences for stage 1v patients
with BRAF V600E mutations compared with other BRAF
mutations. Unlike their counterparts with other oncogene
mutations (EGFR or ALK), patients with NscLc harbouring
BRAFmutations appear to have a clinical profile similar to
that of patients without such mutations: no sex predomi-
nance, ahigh percentage of smokers, and comparable age at
diagnosis. Histology was almost always adenocarcinoma,
but in France, testing for squamous cell NscLc is not rec-
ommended. Patients with non-V600E-mutated BRAFwere
smokers (82%), which accords with previously reported re-
sults'*1>, Our observations also confirmed that non-V600E
BRAF mutations are more common in patients with lung
cancer thanin those with melanoma. The rate we observed
is consistent with the 38%-47% range for non-V600E BRAF
mutations in patients with NscrLc reported previously?719,
In contrast to initial reports'>!®, BRAF mutation in
our cohort was not strictly exclusive of other oncogene
mutations. Co-mutations were found in 4 patients. That
finding is now well described in the literature. A recent
Asian publication reported 5 patients with non-V600E BRAF
mutations who had concomitant EGFR mutations. Brustu-
gun et al.l” described BRAFV600E and KRAS mutations in
a heavy smoker. And as occurred in one of our patients, a
KRAS mutation at the time of progression has beenreported
in a patient with a BRAF-mutated tumour!®. Inhibition of
BRAF V600E-mutated kinase can activate feedback, leading
to increased activity of, and dependence on, rRas'®20,
Inour study;, firstline treatments were chemotherapies,
BRAF-targeted therapy, and best supportive care in 62%,
14.2%, and 21.8% of patients respectively, generating a
response rate of 51.7%. Those treatment percentages are
consistent with percentages reported in the lung cancer lit-
erature>!3, Paik eral.'® observed a 40% response rate to che-
motherapy in 10 patients with NscLc harbouring mutated
BRAF, which is similar to rates obtained in contemporary
phase i trials evaluating chemotherapy. In aretrospective
multicentre cohort study in Europe of 35 patients with ad-
vanced BRAF-mutated NscLc, 86% of the patients received
first-line chemotherapy, with the os being 25.3 months for
V600E carriers and 11.8 months for non-carriers of V60OOE.
A BrAF inhibitor was given to 31 patients, and of those, 4
received a second inhibitor. The overall response rate with
anti-BRAF therapywas 53%, and the disease control rate was
85%. Median prs with anti-BRAF therapy was 5.0 months,
and os was 10.8 months?!. Those durations accord well with
the durations of response observed in our study. We found
no response rate or disease control differences between
patients with and without a BRAFV600E mutation, but the
samples sizes in both studies were small, precluding defin-
itive conclusions. In arecent nonrandomized multicentre
open-label phase 11 study!! of 84 patients with metastatic
BRAFV600E-mutated NscLc who received oral dabrafenib
(150 mg twice daily), the investigator-assessed overall
response rate was 33% (95% cr1: 23% to 45%). In another
multicentre nonrandomized phase 11 open-label study, a
dabrafenib-trametinib combination tested in 59 previously
treated patients with metastatic stage 1v BRAF V600E—
mutated NscLc, with documented tumour progression
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after at least 1 prior platinum-based chemotherapy, was
even more promising'?: the investigator-assessed overall
response rate reached 63.2% (95% c1: 49.3% to 75.6%).
Tolerance of that combination seemed acceptable.

In our series, the 2-year os for all-stage patients with
BRAF-mutated NscLcwas 58%. That rate is consistent with
the findings of Brustugun et al.'’, who reported a median os
of23.2 monthsin asimilar population. It is also consistent
with the results of the BloMmARQUEURs-France studies® and
with Paik et al.'3, who described 57% os at 2 years.

The prognostic role of BRAF mutations—and partic-
ularly the significance of the non-V600E mutations—has
not been clearly established. In our analysis, survival was
not different whether patients had the V60OE BRAF mu-
tation or another BRAF mutation. Authors of a previous
publication reporting a surgical series found that a poorer
prognosis was associated with nscLc having the BRAF
V600E mutation than with NscrLc having wild-type BRAF™.
Other authors'®-!7 found that 3-year os rates were better
in patients with V60OE mutations than in patients with
non-V600 mutations, but that difference was not found by
Marchetti et al.'"#, whose multivariate analyses indicated
that the V60OE mutation was a negative prognostic factor,
significantly associated with shorter os.

The limitations of the present study are its retrospec-
tive design and the fact that management of this patient
group has evolved rapidly, especially with respect to tar-
geted therapies. It was, nonetheless, a multicentre study
that included all consecutive patients managed at each
participating centre, providing information about the real-
life management of patients with BRAF-mutated NscLC.

CONCLUSIONS

In this study, patients harbouring BRAF mutations did not
have clinical characteristics that particularly differed from
those for patients without oncogenic addiction. We did not
observe notable differences between patients with V600E
mutations and those with other BRAFmutations. Prognosis
for these patients seems to be better than that for patients
without oncogenic addiction. Targeted therapies, espe-
cially those targeting the V60OE mutations, will probably
markedly modify prognosis for these patients.

ACKNOWLEDGMENTS

This academic study was conducted by the Groupe Francais de
Pneum-Oncologie (Grrc). Itreceived unrestricted grants from Eli
Lilly, AstraZeneca, and Boehringer Ingelheim. The sponsors had
no role in the design or performance of the study, the data anal-
ysis, or manuscript preparation. The results belong to the Grpc.
The data were analyzed by the Grpc statistician and interpreted
by the authors.

We acknowledge Dr. Anne Marie Chiappa, Dr. Sebastien
Larive, Dr. Gislaine Fraboulet, and Dr. Pierre Alexandre Hauss
for their participation in the study. The results of this study were
presented as an abstract (no. 1268P) at the 2016 Congress of the
European Society for Medical Oncology; Copenhagen, Denmark;
7-11 October 2016.

CONFLICT OF INTEREST DISCLOSURES

In the past 5 years, JBA, AV, and CC received fees for attending
scientific meetings, speaking, organizing research, or consult-
ing from AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline,

MANAGEMENT OF BRAF-MUTATED NSCLC, Auliac et al.

Roche, Sanofi Aventis, Bristol-Myers Squibb, Merck Sharp and
Dohme, Lilly, Novartis, and Amgen. The others authors declare
that they have no conflicts to disclose.

AUTHOR AFFILIATIONS

*Chest Department, Hopital Frangois-Quesnay, Mantes-la-Jolie,
fOncology Department, Institut d'Oncology, Saint-Priest-en-Jarez,
*Chest Department, cHu de Limoges, Limoges, SChest Depart-
ment, cH Saint Brieux, Saint Brieuc, IChest Department, cu Ville-
franche, Villefranche, #Oncology Department, Centre Francois
Baclesse, Caen, **Chest Department, Hopital Foch, Suresnes, and
Chest Department, cui Créteil, Créteil, France.

REFERENCES

1. Oxnard GR, Binder A, Jinne PA. New targetable oncogenes
innon-small-cell lung cancer. J Clin Oncol2013;31:1097-104.

2. Cardarella S, Ogino A, Nishino M, et al. Clinical, pathologic,
and biologic features associated with BRAF mutations in
non-small cell lung cancer. Clin Cancer Res 2013;19:4532—-40.

3. Barlesi F, Mazieres J, Merlio JP, et al. on behalf of the Bio-
markers France contributors. Routine molecular profiling of
patients with advanced non-small-cell lung cancer: results
of a 1-year nationwide program of the French Cooperative
Thoracic Intergroup (1ecT). Lancet 2016;387:1415-26.

4. Garnett MJ, Marais R. Guilty as charged: B-RAF is a human
oncogene. Cancer Cell 2004;6:313-19.

5. Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene
in human cancer. Nature 2002;417:949-54.

6. Pratilas CA, Xing F, Solit DF. Targeting oncogenic BRAF in
human cancer. Curr Top Microbiol Immunol2012;335:83-98.

7. Wan PTC, Garnett MJ, Roe SM, et al. on behalf of the Cancer
Genome Project. Mechanism of activation of the RAF-ERK
signaling pathway by oncogenic mutations of B-RAF. Cell
2004;116:855-67.

8. Dahlman KB, Xia J, Hutchinson K, et al. BRAF (L597) mu-
tations in melanoma are associated with sensitivity to MEK
inhibitors. Cancer Discov 2012;2:791-7.

9. Beeram M, Patnaik A, Rowinsky EK. RAF: a strategic target
for therapeutic development against cancer. J Clin Oncol
2005;23:6771-90.

10. Tissot C, Couraud S, Tanguy R, Bringuier PP, Girard N, Sou-
quet PJ. Clinical characteristics and outcome of patients
with lung cancer harboring BRAF mutations. Lung Cancer
2016;91:23-8.

11. Planchard D, Kim TM, Mazieres J, et al. Dabrafenib in pa-
tients with BRAFV60%E-positive advanced non-small-cell lung
cancer: a single arm, multicentre, open-label, phase 2 trial.
Lancet Oncol 2016;17:642-50.

12. Planchard D, Besse B, Groen HJM, et al. Dabrafenib plus tra-
metinib in patients with previously treated BRAFV®0%E-mutant
metastatic non-small cell lung cancer: an open-label, multi-
centre phase 2 trial. Lancet Oncol 2016;17:984-93.

13. Paik PK, Arcila ME, Fara M, et al. Clinical characteristics of
patients with lungadenocarcinomas harboring BRAFmuta-
tions. J Clin Oncol 2011;29:2046-51.

14. Marchetti A, Felicioni L, Malatesta S, et al. Clinical features
and outcome of patients with non-small-cell lung cancer
harboring BRAF mutations. J Clin Oncol 2011;29:3574-9.

15. Litvak PK, Paik KM, Woo CS, et al. Clinical characteristics
and course of 63 patients with BRAF mutant lung cancers. J
Thorac Oncol 2014;9:1669-74.

16. Kinno T, Tsuta K, Shiraishi K, et al. Clinicopathological
features of non-small cell lung carcinomas with BRAF mu-
tations. Ann Oncol 2014;25:138-42.

17. Brustugun OT, Khattak AM, Tromborg AK, et al. BRAF-
mutations in nonsmall cell lung cancer. Lung Cancer 2014;
84:36-8.

Current Oncology, Vol. 25, No. 5, October 2018 © 2018 Multimed Inc.

e401



MANAGEMENT OF BRAF-MUTATED NSCLC, Auliac et al.

18.

Rudin CM, Hong K, Streit M. Molecular characterization
of acquired resistance to the BRAF inhibitor dabrafenib in
a patient with BRAF-mutant non-small-cell lung cancer. J
Thorac Oncol 2013;8:e41-2.

20.

21.

Heidorn], Milagre C, Whittaker S, et al. Kinase-dead BRAF and
oncogenic RAs cooperate to drive tumor progression through
CRAF. Cell 2010;140:209-21.

Gautschi AM, Milia B, Bluthgen B, Smit EF, et al. Target-
ed therapy for patients with BRAF-mutant lung cancer:
results from the European EURAF cohort. J Thorac Oncol
2015;10:1451-7.

19. GautschiO, PauliC, StrobelK, etal. A patientwith BRAFV600E
lung adenocarcinoma responding to vemurafenib. J Thorac
Oncol 2012;7:e23-4.

e402

Current Oncology, Vol. 25, No. 5, October 2018 © 2018 Multimed Inc.



