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Aim: BRAF is a pivotal driver gene in cancer development. Based on this, the combination of dabrafenib and trametinib was approved
for treating NSCLC patients with BRAFY*°F mutations. However, the majority of BRAF mutations in lung cancer are non-V600E
variants, particularly class III mutants, which currently lack targeted therapeutic options and result in unfavorable clinical outcomes.
Case Presentation: We present a case of advanced lung adenocarcinoma with a class III BRAFS*®®Y mutation. The patient
experienced significant pleural and pericardial effusion, leading to chest tightness and an inability to lie flat. Severe pain and limited
mobility from lumbar destruction seriously affected the patient’s quality of life. Due to the patient’s intolerance to chemotherapy,
dabrafenib and trametinib combination therapy was chosen. After three months of targeted therapy, the patient’s overall condition
significantly improved, enabling self-care, and achieving partial response (PR) as an indicator of treatment efficacy.

Conclusion: The combination therapy of dabrafenib and trametinib demonstrates remarkable clinical benefits for lung adenocarci-

noma patients with the BRAFS**®Y mutation. Targeted therapy should be considered for patients with BRAF class III mutations,
especially those in poor general condition and may not tolerate chemotherapy.
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Introduction

The emergence of targeted tyrosine kinase inhibitor (TKI) therapy has significantly improved survival outcomes and
quality of life in advanced lung cancer patients, particularly those with lung adenocarcinoma.' Common driver genes in
lung cancer include EGFR, ALK, ROSI, etc. The BRAF gene mutation is relatively rare, accounting for approximately
4.5% of all lung cancer cases, with over 50%, classified as non-V600E mutations.?

The BRAF’s basal kinase activity surpasses that of other RAF family members.’ RAF kinases transmit signals from
Ras to downstream dual-specificity protein kinases MEK1 and MEK2, which then phosphorylate and activate serine/
threonine-specific protein kinases MAPK1/ERK1 and MAPK2/ERK2.* This pathway is closely related to cellular
proliferation, differentiation, survival, cytoskeleton and other functions.’ As a result, BRAF has become a crucial
focus for oncology therapy. The BRAFV*°°F mutation is the most prevalent alteration in the BRAF gene. Currently,
dabrafenib and trametinib are approved for treating non-small cell lung cancer (NSCLC) patients with BRAFY®%F
mutation.® However, effective targeted therapy for non-V600E mutations of BRAF is still under development. Studies in
advanced melanoma with rare BRAF mutations have shown that BRAF inhibitors combined with MEK inhibitors
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(BRAF/MEK inhibitors) resulted in a median overall survival (OS) of 11.3 months,’ suggesting potential efficiency for
non-V600 mutations, but evidence in NSCLC is limited.

The BRAF mutations can be categorized into three distinct groups: class I comprises autonomously activating
BRAFY® mutations in the RAS pathway. In contrast, class I and III include BRAF™™V%% mutations. Class III
mutations hinder kinase activity, relying on RAS activation, and wild-type CRAF functions as an enhancer of the
RAS signaling pathway.® Recent findings indicate that NSCLC patients with BRAF class Il mutations have a poorer
response to platinum-containing chemotherapies compared to those with BRAFY®°F mutations.” The BRAF“*¢®Y
mutation, is a class III alteration, potentially confers increased tumor aggressiveness'® and lacks targeted therapeutic
options.

Here, we describe a novel case of advanced lung adenocarcinoma harboring the rare BRAF9**¢Y mutation. This case
exhibited a substantial positive reaction to initial targeted treatment with dabrafenib and trametinib. Our report adheres to
the CARE checklist."'

Case Presentation

On April 11, 2023, a 68-year-old man with a history of heavy smoking and hypertension, visited Zhongnan Hospital of
Wuhan University. He had worsening lower back pain for the past 2 months, reaching a severity where he experienced
intense back pain, chest constriction, and respiratory distress. Consequently, he was unable to live independently,
spending over half of his day confined to bed. His Eastern Cooperative Oncology Group (ECOG) score had reached
3, significantly impacting daily functioning. Imaging tests revealed a solid mass in the lower lobe of his right lung,
multiple lymph node metastases in the mediastinum, significant pericardial and pleural effusion, and metastases to the left
adrenal gland and multiple bones (Figures 1A and S1).

Due to the risk of cardiac tamponade, we immediately performed a pericardial puncture and a pathological examina-
tion of the bloody pericardial effusion. Immunohistochemical results were as follows: MOC31 (+), CK7 (+), P40 (-),
NapsinA (+), TTF-1 (+), Muc4 (+), PD-L1 tumor proportion score (TPS)=0 (Figure 2). The patient’s pathological
diagnosis was metastatic lung adenocarcinoma. Combined with the above examinations, the patient’s final diagnosis was
lung adenocarcinoma (cT2N3Mlc, stage IVB, TNM AJCC/UICC 8th edition).'> Due to unbearable low back pain, we

A. April 12,2023. CT images

Figure | Disease status after three months of targeted therapy. (A) Pre-treatment CT images showed a substantial presence of pericardial and pleural effusion,
accompanied by a right lung mass (Use 3 red arrows for indication). Furthermore, multiple hilar and mediastinal lymphadenopathies were observed. (B) After three
months of targeted therapy, the patient demonstrated complete resolution of pericardial and pleural effusion, and a significant reduction in the size of the right lung mass,
hilar and mediastinal lymph nodes. The tumor response evaluation indicated a partial response (PR).
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Figure 2 Histopathologic examination of a paraffin-embedded tissue section from pericardial effusion. (A) Hematoxylin-eosin (HE) staining. Scale bars: 50um. Black arrow:
cancer cells; Green arrow: immune cells. (B) TTF-1 (+). (C) P40 (-). (D) NapsinA (+). (E) Muc4 (+). (F) MOC3I (+). (G) CK7 (+). (H) PD-LI tumor proportion score (TPS)
=0. Technical details are provided in Table S2.

performed vertebral radiotherapy for him (Figure S2), and symptoms improved after radiotherapy. Next-generation
sequencing (NGS) analysis of pericardial effusion samples revealed BRAF mutation in exon 11, c.1397G>T, p.G466V,
with variant allele frequency (VAF) of 62.85% (Figure S3 and Table S1). No other genetic mutations were found.

Considering the patient’s compromised health and potential chemotherapy intolerance, we initiated first-line targeted
therapy with oral dabrafenib and trametinib on April 29, 2023, following appropriate informed consent. It is noteworthy
that dual BRAF/MEK inhibitors are currently approved exclusively for NSCLC cases harboring the BRAFY®*%F
mutation.

The CT assessment conducted after three months of treatment showed complete resolution of pericardial and pleural
effusions, a reduction in the size of the right lung mass and adrenal metastasis, as well as improved bone integrity
compared to baseline. Tumor response evaluation demonstrated a partial response (PR)"’(Figures 1B and Sl).
Additionally, the patient’s overall condition significantly improved, with complete alleviation of chest tightness and
dyspnea. After strenuous activity, the patient only experienced mild lumbago, and his ECOG score reached 0-1.
Currently, the patient has not exhibited any common adverse effects associated with the combination therapy of
dabrafenib and trametinib, while long-term efficacy is still under surveillance.

Discussion

With the increasing importance of targeted therapy in cancer treatment, NGS technology is garnering greater attention.
Nowadays, routine NGS detection encompasses an expanding repertoire of genes, including EGFR, ALK, KRAS, ROSI,
RET, MET, BRAF and ERBB2.! BRAF belongs to the RAF family of serine/threonine kinases, which also includes
ARAF and CRAF.> The RAF family operates downstream of KRAS and directly phosphorylates MEK, which, in turn,
phosphorylates ERK.'* BRAF, with its high kinase activity, is a crucial target for tumor therapy.”

FY6% mutations, act

FnonV600

BRAF mutations can be categorized into three types: Class I mutations, known as BRA
independently of RAS signaling and function as monomers. Class II mutations, known as BRA mutations,
also function independently of RAS but transmit signals as constitutive dimers. BRAF class III mutations exhibit low or
no kinase activity and rely on RAS activation to amplify the RAS signaling pathway.'® The most common BRAF
mutation is BRAFY®°E, but in NSCLC, almost half of the mutations are BRAF™"V®%E mutations.? Dabrafenib and
trametinib inhibit BRAF and MEK, and in their Phase II trial, they demonstrated a 64% response rate and a median

FY6%E mutations.'> Moreover,

response duration of 10.4 months in previously untreated NSCLC patients with BRA
a recently published prospective study has indicated that NSCLC with BRAF""Y6°F

exhibits a diminished therapeutic response compared to V60OE after platinum-containing chemotherapies.” Therefore,

mutations, especially class III,
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Fo"V69%E mutations, and the efficacy of

there is still an unmet need for targeted therapy in NSCLC patients with BRA
dabrafenib in combination with trametinib for these mutations is yet to be determined.

The BRAFS*®®Y mutation is categorized as a class Il mutation, and several studies have investigated the efficacy of
BRAF/MEK inhibitors against this mutation. In a phase II study, three NSCLC patients with the BRAF9***Y mutation
did not respond to vemurafenib.'® Another phase II study included one patient with BRAF9**Y mutation in NSCLC who
experienced disease progression after trametinib treatment.'” Additionally, Noeparast et al reported a case whose
gemcitabine combined with cisplatin chemotherapy resulted in only 7 months of OS. This study also suggested that
dabrafenib combined with trametinib effectively inhibited ERK activity in cytological experiments under the BRAF*¢¢Y
mutation.'® Although preclinical studies suggested that wide-type RAS could inhibit the efficacy of BRAF inhibitors,®
a recent meta-analysis showed that the combination of BRAF and MEK inhibitors shows higher clinical activity than
BRAF or EGFR inhibitors alone for BRAF class II and IIT mutations.'® Therefore, it is highly likely that BRAF/MEK
inhibitors would be effective in the treatment of NSCLC with BRAF*¢®Y mutation. Considering the unsatisfactory

FO*%Y and taking into

outcomes of platinum-containing immuno-chemotherapy or single-drug trametinib for BRA
account the patient’s poor general condition, which may hinder their ability to tolerate chemotherapy, the family declined
this treatment option. As a result, we explored an alternative approach using dabrafenib in combination with trametinib
for the patient’s treatment.

We present, for the first time, the efficacy of this combination in a patient with lung adenocarcinoma carrying
BRAFS*®Y mutation. This confirms its efficacy and suggests that BRAF**®Y may also be a driver gene for lung cancer.
In addition to immuno-chemotherapy, targeted therapy should also be a treatment option for this mutation, particularly in
patients with PD-L1 negativity and compromised general condition who may have limited tolerance towards chemother-
apy. The reasons for the treatment’s effectiveness are multifaceted. Although the BRAF®*®®Y mutation itself impairs
kinase activity, it can activate MEK by forming a dimer with CRAF, leading to ERK activation.® Trametinib appears to
be more effective than other MEK inhibitors in cells with KRAS mutations and CRAF-mediated ERK activation which
could give trametinib an advantage in treating the BRAF“**Y mutation.?® Additionally, dabrafenib has some inhibitory
effect on CRAF,>' which to some extent explains why dabrafenib combined with trametinib may be effective for
BRAF®**Y mutation and other class III mutations.

However, Rustgi et al’s results suggested that BRAF/MEK inhibitors could not completely block the ERK pathway
activated in patients with BRAF™"V*® mutations,”® suggesting that the efficacy of BRAF/MEK inhibitors for
BRAF™"V®% mutations may still be limited. At present, for NSCLC patients with BRAF™"V%%° mutations, immuno-
chemotherapy is still the first choice. Targeted therapy, such as BRAF/MEK inhibitors or MEK inhibitors combined with
anti-EGFR monoclonal antibodies may be a potential treatment option. Meanwhile, the efficacy of targeted therapy
combined with immunotherapy is also worth exploring. Although the treatment strategy of dabrafenib combined with
trametinib was effective for BRAF“4¢®Y
observation. For BRAF™"V6%

part of patients.

mutation in our report, the long-term efficacy of this patient needs further
mutations, we still need more targeted treatment methods to improve the prognosis of this

Conclusion

In patients with advanced lung adenocarcinoma with the BRAF*®Y mutation, dabrafenib in combination with
trametinib resulted in partial remission. Targeted therapy should be considered for patients with BRAF class III
mutations, especially for patients with PD-L1 negativity or a poor general condition who are unable to tolerate
chemotherapy.

Ethics Statement
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