
OR I G I N A L R E S E A R C H

Frequency and clinical features of BRAF mutations

among patients with stage III/IV lung

adenocarcinoma without EGFR/ALK aberrations
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Ho Cheol Kim1

Yeh Rim Kang2

Wonjun Ji1

Yeon Joo Kim1

Shinkyo Yoon3

Jae Cheol Lee3

Chang-Min Choi1,3

1Department of Pulmonary and Critical

Care Medicine, Asan Medical Center,

University of Ulsan College of Medicine,

Seoul, South Korea; 2Medical

Department, Oncology, Novartis Korea

Pharmaceuticals, Seoul, South Korea;
3Department of Oncology, Asan Medical

Center, University of Ulsan College of

Medicine, Seoul, South Korea

Purpose: BRAF mutations are found in 1–5% of non-small cell lung cancers, particularly

adenocarcinomas. However, information regarding this mutation is limited in patients with-

out EGFR/ALK aberrations, who have limited treatment options.

Patients and methods: The medical records of 224 stage III/IV adenocarcinoma patients

without EGFR/ALK aberrations and with available pathologic tissue, were retrospectively

reviewed. BRAF mutations were evaluated using a PNAClampTM BRAF mutation detection

kit (Panagene, Daejeon, Korea). The outcomes in the study population were compared with

stage III/IV adenocarcinoma patients harboring an EGFR mutation. A case report of targeted

therapy against BRAF mutations was also presented.

Results: A cohort of 222 adenocarcinoma patients with adequate pathologic tissue samples

was analyzed. The median patient age was 63 years, 68.8% of the patients were male and

68.7% were ever-smokers. The V600E BRAF mutation was detected in 4 patients (1.8%).

The 222 study patients had a poorer survival outcome compared to stage III/IV adenocarci-

noma patients with an EGFR mutation (median, 12 vs 67 months, P<0.001) from a recent

previous study. Moreover, a 47-year-old female with a recurrent adenocarcinoma and a

BRAF V600E mutation exhibited tumor regression after a fourth line therapy with dabrafe-

nib and trametinib, targeting agents against BRAF mutations.

Conclusion: Although BRAF mutations are found in 1.8% of advanced adenocarcinoma

patients without EGFR/ALK aberration, they may be able to serve as a treatment target in

those patients.
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Introduction
Lung cancer is a leading cause of cancer-related mortality, causing approximately

25% of cancer deaths.1 Specific genetic aberrations and diverse molecular pathways

have been recently described in lung tumors, which has led to the development of

numerous targeted therapies.2 As a representative example, epidermal growth factor

receptor (EGFR)-targeted tyrosine kinase inhibitors are an important established

treatment option for patients with EGFR mutation-positive tumors.3,4 In addition,

anaplastic lymphoma kinase (ALK) inhibitors have been found to be effective in

non-small cell lung cancer (NSCLC) patients with ALK rearrangements.5

In addition to EGFR mutations and ALK rearrangements, genomic analyses

have identified other driver mutations in the pathogenesis of lung cancer.6 One is

the B-Raf and V-Raf murine sarcoma viral oncogene homolog (BRAF), which
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encodes a serine-threonine kinase within the MAPK sig-

naling pathway.7 BRAF mutations were initially detected

in approximately 50% of melanomas8 and are regarded as

important therapeutic targets for patients diagnosed with

that type of cancer.9,10 BRAF mutations have also been

detected in 1 to 5% of NSCLCs, particularly in

adenocarcinomas.11,12 Although there have been several

previous reports on BRAF mutations in Asian lung cancer

cohorts,13–15 data on these mutations are lacking in ade-

nocarcinoma patients without EGFR/ALK aberrations,

who are known to have limited treatment options. Our

present study aims to investigate the incidence of BRAF

mutations among advanced adenocarcinoma patients with-

out EGFR/ALK aberrations and analyze the clinical char-

acteristics of these cases.

Materials and methods
Study populations and methods
This retrospective cohort study was performed at the Asan

Medical Center, a tertiary referral hospital in Seoul, South

Korea. The study population was comprised of 224 patients

with stage III/IV lung adenocarcinoma diagnosed between

July 2010 and June 2017, which did not have EGFR/ALK

aberrations and for which pathologic tissue samples were

available. Two patients in the initial cohort of 224 cases had

insufficient pathologic tissue and were excluded from

further analysis. The included patients were classified into

two groups based on their BRAF mutation status. The study

flow chart is shown in Figure 1. Clinical data regarding

patient age, sex, smoking history, clinical stage (according

to the seventh edition of the TNM International Staging

System), treatment modality, results of molecular tests for

BRAF mutation and survival data for the included patients

were retrospectively collected from medical records,

telephone interviews, and/or records from the National

Health Insurance of Korea. The study protocol was

approved by the Institutional Review Board of Asan

Medical Center (approval number: 2018-1109) and written

informed consent for the use of tissue samples for clinical

research was obtained from all patients or their appropriate

family members. The prognoses of the study patients were

compared with those of patients with stage III/IV lung

adenocarcinoma which harbored an EGFR mutation,

which had been described in our previous study.16

Evaluation of BRAF mutations
We used the PNAClampTM BRAF mutation detection kit

(Panagene, Daejeon, Korea) to detect the BRAF V600E

mutation. This kit is based on peptide nucleic acid-mediated

real-time PCR clamping technology. All reactions were

conducted in a final volume of 20 μL and contained tem-

plate DNA, primers, PNA probe, and a SYBR green PCR

master mix. Real-time PNA-clamping PCR was performed

using a CFX96 real-time PCR system (Bio-Rad, Pleasanton,

CA). The cycling conditions included a 5 min hold at 94 °C

followed by 40 cycles of 30 seconds at 94 °C, 20 seconds at

70 °C, 30 seconds at 63 °C, and 30 seconds at 72 °C. In the

assay, the PNA probe and primers were represented by

separate oligonucleotides, with the PNA probe recognizing

a region located between the regions of the template com-

plementary to the forward and reverse primers. Positive

signals were detected via the intercalation of the SYBR

green fluorescent dye. The PNA probe sequences, which

were complementary to the wild-type BRAF (V600E),

enhanced the preferential amplification of mutant sequences

by competitively inhibiting the amplification of wild-type

sequences (Figure 2). PCR efficiency was determined by

measuring the cycle threshold (CT) value. CT values for the

control and mutation assays were obtained by observing the

Figure 1 Study flow chart.
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SYBR green amplification plots. The delta CT (ΔCT) value
was calculated by subtracting the CT value of a tested

sample from the standard CT value of a clamping control

sample ([Standard CT] – [Sample CT] = ΔCT-1). The

sample was considered positive if the value of ΔCT-1 was

greater than 2, as verified in a previous study.17

Statistical analysis
Continuous variables were expressed as the mean ± stan-

dard deviation (SD) or median (interquartile range [IQR]),

and categorical variables as percentages. Continuous vari-

ables were compared using a Mann-Whitney U test, and

categorical variables using either a chi-square or Fisher’s

exact test, as appropriate. Risk factors for mortality were

analyzed using Cox proportional hazards models. Variables

with a P-value <0.10 on univariate analysis were used in the

multivariate analysis. Survival was analyzed by the Kaplan-

Meier method and compared by log-rank tests. All P-values

were two-tailed, with a P-value of <0.05 being considered

statistically significant. All statistical analyses were per-

formed using SPSS 20.0 (IBM Corporation, Armonk, NY).

Results
Patient characteristics
A total of 222 patients with lung cancer, without EGFR/

ALK aberrations, and with adequate pathologic sample

tissues were included in this study. The baseline and

clinical characteristics of these patients are summarized

in Table 1. The median patient age was 63 years (inter-

quartile range, 57–71 years), with 68.8% of patients being
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Figure 2 Principle of the PNAClampTM BRAF mutation detection kit.

Table 1 Baseline and clinical characteristics of the study patients in accordance with their BRAF V600E mutation status

Total BRAF V600E mutation BRAF wild type P-value

Patients number 222 4 218

Age, years 63 [57–71] 71 [58–76] 63 [57–71] 0.309

Male sex 154 (68.8) 3 (75.0) 150 (68.8) >0.999

Ever-smoker (n=201) 138 (68.7) 2 (50.0) 136 (69.0) 0.591

Clinical stage >0.999

III 54 (24.3) 1 (25.0) 53 (24.3)

IV 168 (75.7) 3 (75.0) 165 (75.7)

Surgery 24 (10.8) 1 (25.0) 23 (10.6) 0.369

Chemotherapy 156 (70.3) 3 (75.0) 153 (70.2) >0.999

Radiation therapy 92 (41.4) 0 92 (42.2) 0.144

Best supportive care 38 (17.4) 0 38 (17.1) >0.999

Note: Data are presented as a median (interquartile range), or number (%), unless otherwise indicated.
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male, =68.7% being ever-smokers. Patients included in the

study had either stage III (24.3%) or stage IV (75.7%) lung

cancer. The treatments received at initial diagnosis by the

patients in the study cohort included chemotherapy

(70.3%), radiation therapy (41.4) or surgery (10.8%). By

using PNA-clamping PCR, we detected a BRAF mutation

in 4 patients (1.8%), all of whom had the V600E mutation

(Figure 3). Notably, there were no differences in patient

characteristics between subjects with and without this

BRAF mutation.

Risk factors for mortality in the study

population
One hundred and seventy-nine (80.6%) patients died during

follow-up. By using univariate Cox analysis, we determined

that male sex (hazard ratio [HR], 1.503; 95% confidence

interval [CI], 1.083–2.087, P=0.015) and best supportive

care (HR, 1.639; 95% CI, 1.111–2.416, P=0.013) were sig-

nificant predictors of mortality (Table 2). In addition, old age

and ever-smoker status were marginally associated with a

poorer prognosis. However, after performing multivariate

analysis, our results showed that only best supportive care

(HR, 2.252; 95% CI, 1.408–3.600, P=0.001) was an inde-

pendent predictor of mortality (Table 2).

Comparison between the study

population and patients with an EGFR

mutation
We compared the baseline characteristics of our current study

cohort of 222 patients with our previously reported cohort of

239 stage III/IVadenocarcinoma patients with an EGFRmuta-

tion (Table 3). The patients included in this study were older,

more likely to be male and ever-smokers, and had a less

advanced disease stage when compared with the previously

analyzed cohort. Kaplan-Meier survival analysis further

revealed that the patients included in this study had a signifi-

cantly poorer survival outcome that the previously analyzed

cohort. (median survival: 12 vs 67months,P<0.001, Figure 4).

Clinical course of a study patient

harboring a BRAF V600E mutation who

received targeted therapy
Recently, a patient diagnosed with lung adenocarcinoma

without EGFR/ALK aberrations but harboring a BRAF

V600E mutation received BRAF-mutation targeted ther-

apy at our hospital. This case was not included in the main

study cohort. The patient was a 47-year-old female, which

had been diagnosed at our hospital with adenocarcinoma
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Figure 3 Detection of the BRAF mutation in the study population.
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in her left lower lobe five years prior and subsequently

underwent a left lower lobe lobectomy. Her pathologic

TNM stage was T2N0M0, with the cancer cells harboring

a BRAF V600E mutation but not EGFR/ALK aberrations.

Following the surgical intervention, she received adjuvant

chemotherapy (cisplatin + vinorelbine). However, tumor

recurrence occurred in both lung fields after approximately

3 years. She then received treatment with gemcitabine +

cisplatin (5 months), pemetrexed (11 months), and nivolu-

mab (9 months), but showed further disease progression.

However, subsequent treatment with dabrafenib and tra-

metinib after three previous lines of chemotherapy resulted

in regression of the tumor after one month (Figure 5). At

the time this paper was written, this patient had been

undergoing treatment with dabrafenib and trametinib for

eight months and being followed-up on.

Discussion
Our results showed that 4/222 (1.8%) of the advanced lung

adenocarcinoma patients without EGFR/ALK aberrations

harbored a V600E BRAF mutation. Due to the rarity of

this phenotype, the differences between the baseline char-

acteristics and clinical outcomes of the patients included in

the study with and without a BRAF mutation could not be

readily evaluated. However, we further describe a case

report of a patient with lung adenocarcinoma which had

a BRAF mutation that was not included in the study

cohort, who benefitted from BRAF-mutation targeted ther-

apy. This is especially notable as adenocarcinoma patients

Table 2 Risk factors for mortality in the study patients assessed by using the Cox proportional hazards model

Univariate analysis Multivariate analysis

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Age 1.014 0.999–1.029 0.067 1.000 0.985–1.017 0.952

Male sex 1.503 1.083–2.087 0.015 1.541 0.819–2.901 0.180

Ever-smoker 1.343 0.956–1.885 0.089 1.039 0.564–1.911 0.903

BRAF V600E mutation 0.478 0.118–1.929 0.300

Best supportive care 1.639 1.111–2.416 0.013 2.252 1.408–3.600 0.001

Table 3 Comparison of the baseline characteristics between the study population and patients with an EGFR mutation

Total Study population EGFR mutation population P-value

Patients number 461 222 239

Age, years 60 [52–69] 63 [57–71] 57 [50–64] <0.001

Male sex 241 (52.3) 153 (68.9) 88 (36.5) <0.001

Ever-smoker (n=440) 209 (47.5) 138 (68.7) 71 (29.7) <0.001

Clinical stage <0.001

III 82 (17.8) 54 (24.3) 28 (11.7)

IV 379 (82.2) 168 (75.7) 211 (88.3)

Note: Data are presented as a median (interquartile range), or number (%), unless otherwise indicated.
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Figure 4 Kaplan-Meier survival curves comparing the study population with

patients harboring an EGFR mutation.

Figure 5 Response of a metastatic adenocarcinoma patient to dabrafenib and

trametinib. The red arrows indicate the reduced mass.
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without EGFR/ALK aberrations generally have limited

treatment options.

The activation and disruption of specific signaling path-

ways are often associated with the development and progres-

sion of human cancer.18,19 Themost well-known of these is the

EGFR mutation and ALK rearrangement, which have led to

the development of targeted therapies.5,20 In addition, there are

various other molecular targets of interest for novel cancer

therapy development such as ROS1, HER2, c-MET, RET,

PIK3CA, FGFR1 and DDR2.21 BRAF mutations are among

the relatively well known oncogenic drivers and directly inter-

act with theMEK-ERK signaling cascade.22Moreover, BRAF

mutations have been presently reported in approximately 1–

5% of NSCLCs (mainly in adenocarcinomas),11–15,23,24 which

is consistent with the frequency found in our current study. To

the best our knowledge, no prior study has investigated the

prevalence of these variations in adenocarcinoma patients

without EGFR/ALK aberrations.

All of the patients with a BRAF mutation in our current

cohort harbored the V600E variant. In contrast to other

malignancies, such as malignant melanoma, many pre-

vious studies have reported that only 50% of BRAF muta-

tions in lung cancer are V600E.25–28 However, Villaruz et

al reported that 17/21 lung cancer patients with a BRAF

mutation harbored the V600E variant, which is concordant

with our findings29 The discrepancies of these results may

be due to differences in the study populations. Indeed,

here, we only included patients with advanced adenocar-

cinoma and without EGFR/ALK aberrations, which may

have affected our results. In addition, ethnic differences

between studies may be a factor. Further studies of larger

populations will be needed to confirm these findings.

The reported overall median survival rate of advanced

or metastatic NSCLC patients with BRAF mutations has

varied considerably in previous studies, ranging from 9 to

56 months.27–31 This is likely due to differences between

study populations, including the type of BRAF mutation,

presence or absence of an EGFR mutation, and the tar-

geted therapy administered. Although only 4 of the

patients in our study cohort presented with a BRAF muta-

tion, the median survival rate in these cases was 23 months,

which is comparable to previous findings. The patients in

this study received no targeted therapies, as they only

became commercially available in 2017. Notably, one

recent advanced lung cancer patient without EGFR/ALK

aberrations, but with a BRAF mutation, participated in a

clinical trial of the targeted therapy agents dabrafenib and

trametinib at our hospital and showed a promising clinical

outcome. There is now growing evidence that these drugs

are effective in these types of cases.32,33 In a phase 2

study, 26 patients (33%) treated with dabrafenib showed

an investigator-assessed overall response among 84

patients with stage IV lung cancer and with a BRAF

mutation.32 Moreover, in another phase 2 study, 36

patients (63.2%) treated with dabrafenib and trametinib

showed an investigator-assessed overall response among

59 patients with stage IV lung cancer and with a BRAF

mutation. Thus, these agents might become an important

treatment option in the near future.

This study had some notable limitations. Firstly, due to

the retrospective nature of our analysis, BRAF mutation

analysis was not performed in all of the included advanced

adenocarcinoma cases. This may have introduced a selec-

tion bias. Secondly, the patients included in the study

patients were selected only from our own single tertiary

referral center which may reduce the general applicability

of our findings. Thirdly, as BRAF mutations were detected

in only 4 of the patients included in the study (1.8% of the

total subjects), statistical comparisons could not be reliably

performed. Finally, as our study only investigated BRAF

mutations which showed low frequency in our study cohort,

it is still necessary to investigate other gene mutations that

might be clinically helpful. However, we believe that our

current results enhance our understanding of the effect of

BRAF mutations in advanced lung adenocarcinoma without

EGFR/ALK aberrations, particularly in Asian populations.

Conclusion
In conclusion, BRAF mutations occur at a low frequency

in advanced lung adenocarcinoma patients without EGFR/

ALK aberrations. However, BRAF-mutation targeted ther-

apy might be effective in these unusual cases. As such, a

larger scale study is needed in the near future to further

evaluate this possibility.

Abbreviation list
EGFR, epidermal growth factor receptor; ALK, anaplastic

lymphoma kinase; NSCLC, non-small cell lung cancer;

BRAF, B-Raf and V-Raf murine sarcoma viral oncogene

homolog; IQR, interquartile range; HR, hazard ratio.

Ethics approval and informed
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The study protocol was approved by the Institutional

Review Board of Asan Medical Center (approval number:
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2018-1109) and written informed consent for the use of

tissue samples for clinical research was obtained from all

patients or their appropriate family members. This study

was conducted in accordance with the Declaration of

Helsinki.

Data availability
The datasets used and analyzed during the current study

are available from the corresponding author on reasonable

request.
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