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BRAF mutations, primarily sensitizing mutations, such as BRAFV600E, have been proven to response to the BRAF inhibitor, Dabrafenib combined with trametinib therapy, but there have been no data demonstrating that it has activity against NSCLC-related brain metastases (BM). How patients harboring BRAFS365L mutation (a rare mutation following BRAFV600E-inhibitor treatment) in NSCLC is unknown. Vemurafenib, another BRAF inhibitor, can reverse the resistance that develops with the BRAFS365L mutation following dabrafenib combined with trametentinib treatment in melanoma, but none has been reported in NSCLC. Lung papillary cancer, as a rare typing, occupies about 4% of NSCLC. Hence, we reported the first case of a patient with BM of lung papillary carcinoma harboring a BRAFV600E mutation who benefited from dabrafenib combined with trametinib, and following the development of the BRAFS365L mutation, vemurafenib remained an effective therapeutic option. Moreover, we found that the next-generation sequencing (NGS) of cerebrospinal fluid (CSF) circulating tumor DNA (ctDNA) may potentially provide more accurate information about intracranial lesions than ctDNA in the blood serum, which will be a better detection method.
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Introduction

In recent years BRAFV600E (v-Raf murine sarcoma viral oncogene homolog B) mutation occurring in 1% to 2% of patients with NSCLC, has become an important therapeutic target (1, 2). Dabrafenib combined with trametinib therapy has received full approval from the United States Food and Drug Administration (FDA) for the treatment of advanced BRAFV600E-mutant NSCLC in 2017, but none has reported its activity against NSCLC with BM. Unfortunately, resistance inevitably develops in BRAFV600E-driven NSCLC patients, such as BRAFS365L mutation. One study showed that the BRAFS365L mutation can result in resistance to the MAPK inhibitor trametinib in melanoma with BRAFV600E mutation, but the resistance can be reversed by vemurafenib (3). Vemurafenib, another selective oral inhibitor of BRAFV600E kinase, is associated with a response rate of approximately 50% and improved survival among patients with BRAFV600E mutation-positive metastatic melanoma. However, there is no such research in NSCLC, and a phase II trial of vemurafenib in BRAFV600E-mutant NSCLC is currently ongoing (4). Lung papillary cancer, as a rare typing of lung adenocarcinoma, occupies about 4% of NSCLC, and provides a better prognosis than lung mucinous adenocarcinoma, but had a worse one than other types of lung adenocarcinoma. And BRAFV600E may occur in 0.08% of lung papillary cancer, which is quite a small amount of it. Thus, we report, for the first time, the use of dabrafenib combined with trametinib for treating BM of lung papillary cancer carrying the BRAFV600E mutation, and vemurafenib remained an effective therapeutic strategy for overcoming the resistance induced by the BRAFS365L mutation, which was identified by genetic sequencing of CSF ctDNA in this patient.



Case Report

The patient was a 40-year-old man who presented without any symptoms. But during the routine medical examination, chest X-ray ordered revealed a shadow in his right lung. A subsequent chest computed tomography (CT) scan revealed consolidation in the upper lobe of the right lung (Figure 1A). Palpation revealed a mass in the right supraclavicular lymph node. A pathological examination of the superficial lymph node biopsy was conducted, and lung papillary carcinoma was diagnosed (Figures 2A–C). The primary lesion was present in the right lung, with right supraclavicular lymph node metastases, and the disease was diagnosed as right lung papillary cancer cT2N3M0(IIIB). The lymph node biopsy revealed the absence of EGFR mutation or ALK fusion by ARMS-PCR, so four cycles of chemotherapy with paclitaxel plus carboplatin were given, and the lesions remained stable, with the curative effect stable disease (SD) and the PFS 3 months. To achieve better results, radioactive seed implantation was performed in the lesion of the right lung, by percutaneous puncture under the guidance of CT scan, 28 seeds were implanted, with the radiation dose 140 Gy, seeds activity 0.6 and the half-life 2.5 months, and the lesions again remained stable, with the curative effect SD and the PFS 9 months (Figures 1B1, 2). Then the patient returned with paroxysmal headache. Head magnetic resonance imaging (MRI) revealed lesions in the right parietal lobe, bilateral frontal lobes, and the right cerebellar hemisphere (Figures 1C1, 2). Whole brain radiotherapy was administered, with the whole brain (6MV X ray, Dt:3960cGy/180cGy/22F) and the metastases lesions (6MV X ray, Dt:5280cGy/240cGy/22F). After the radiotherapy, the lesions regressed with the curative effect evaluation was PR (partly response, PR) (Figures 1D1, 2). At that time, a chest CT showed that the lesion in the right lung remained stable, but new lesions were observed in the lower lobe of the left lung and the mediastinal lymph nodes, so intensity-modulated radiation therapy was administered to the mediastinal lesions. Three months later, chest CT again showed stable lesions, but an abdominal contrast-enhanced CT revealed multiple lesions in the liver, and a mass in the pancreas metastases (Figures 1E1, 2).




Figure 1 | (A) The baseline CT scan of the patient’s chest in June 2016. (B) CT scan of the chest before and after the seeds implantation. (C) The baseline MRI scan of the patient’s brain in July 2017. (D) MRI scan of the brain after 2 months of whole brain radiotherapy treatment in September 2017. (E) Contrast-enhanced CT scan of the new lesions in abdomen in December 2017. (F1–8) CT scan of the abdomen (F1–2), chest (F3) and MRI scan of the brain (F4–8) after 6 months of dabrafenib combined with trametinib therapy in June 2018. (G1–8) CT scan of the patient’s abdomen (G1–2), chest (G3) and MRI scan of the brain (G4–8) after 9 months of dabrafenib combined with trametinib therapy in September 2018. (H) MRI scan of the brain after a month of dabrafenib with bevacizumab therapy in November 2018. (I) MRI scan of the brain after 3 months of vemurafenib with bevacizumab therapy in March 2019.






Figure 2 | (A–C) Positive detection of papillary carcinoma cells in needle biopsy sample of the superficial lymph node biopsy. Magnification; ×100, ×200, ×400.



To identify further treatment options, targeted next-generation sequencing (NGS) using a cancer-relevant gene panel was performed on both the biopsy sample of the right lung and plasma ctDNA. A BRAFV600E mutation was identified both in the tissue (allele fraction [AF], 11.8%) and the plasma (AF, 4.3%) ctDNA (Figures 3A1, 2). Dabrafenib and trametinib were given orally daily, and the lesions in chest, abdomen and brain all regressed within the first 6 months, with the curative effect evaluation regressed SD (Figures 1F1–8), but became enlarged 3 months later (Figures 1G1–8), with the curative effect enlarged SD and the PFS 6 months. No evident side effects occurred during the combination therapy. To explore potential resistance mechanisms, targeted NGS of both CSF ctDNA obtained by lumbar puncture and plasma ctDNA was conducted: NGS revealed the presence of the BRAFV600E mutation in the CSF (AF, 37.8%) and in the plasma (AF, 0.4%) ctDNA (Figures 3B1, 2), as well as a newly acquired BRAFS365L mutation in the CSF (AF, 25.5%) (Figures 3B3). The BRAFS365L mutation indicates resistance to trametinib, so dabrafenib and bevacizumab were given as new therapy, but the lesions in the brain became enlarged, and evaluated as enlarged SD (Figure 1H). Therefore, vemurafenib was given with bevacizumab, and the lesions in brain regressed and others remained stable within the first 3 months, with the curative effect evaluation SD (Figures 1I1–3). Two months later, the patient experienced convulsions. The lesions in the brain remained stable. Targeted NGS of both the CSF cell-free DNA obtained by lumbar puncture and the plasma ctDNA revealed the presence of the BRAFV600E mutation in the CSF (AF, 25.8%) and in the plasma (AF, 2.3%) ctDNA (Figures 3C1, 2), but the BRAFS365L mutation in the CSF decreased substantially (AF, 0.5%) (Figures 3C3). Therefore, it may be the time of the tolerance of vemurafenib. The PFS of vemurafenib was 5 months, during that time, moderate rash was found in the upper limbs, no drug was given. And the rash disappeared soon after the drug’s withdrawal. Therefore, dabrafenib, trametinib, and bevacizumab were administered again, the symptoms of dizzy, vomiting, and convulsions relieved in the first few months, and the patient died 8 months later.




Figure 3 | (A1–2) NGS reads showing the BRAFV600E mutation in both tumor tissue BRAFV600E mutation in both tumor tissue and ctDNA from the plasma were visualized using the Integrated Genomics Viewer before dabrafenib combined with trametinib therapy. (B1–3) NGS reads showing the BRAFV600E and BRAFS365L mutation in both CSF and ctDNA from the plasma were visualized using the Integrated Genomics Viewer when the resistance of dabrafenib combined with trametinib therapy occurred. (C1–3) NGS reads showing the BRAFV600E and BRAFS365L mutation in both CSF and ctDNA from the plasma were visualized using the Integrated Genomics Viewer when the resistance of vemurafenib therapy occurred.





Discussion

BRAF mutation is important event in cancer development. Mutations in the BRAF gene are referred to as “activating mutations.” BRAF proteins are part of a signaling pathway (RAF-MEK-ERK) that affects cell growth in several ways, to promote cell proliferation, cell survival, and aid in differentiation, migration, and inhibits apoptosis in several cancers, which has been proved to be a higher risk of recurrence and a bad prognostic factor of cancer. BRAFV600E mutation, as the main type of BRAF mutations, has been proven to participate in several cancers, such as melanoma, NSCLC, colorectal cancer, and thyroid cancer. There have been three main BRAF inhibitors at present, dabrafenib, vemurafeinib, and encorafenib. Dabrafenib is a small molecule inhibitor of the BRAF-mutant kinase family, as a potent ATP-competitive inhibitor of BRAF kinase, it was approved for use in monotherapy or in combination with trametinib for the treatment of unresectable or metastatic BRAFV600E -mutated melanoma, advanced BRAFV600E -mutated NSCLC, and BRAFV600E -mutated locally advanced or metastatic ATC (anaplastic thyroid cancer, ATC). Vemurafenib, as another inhibitor of the BRAF mutant family, is known to promote the apoptosis of mutated cells in a dose-dependent manner. Specifically, it interrupts the BRAF/MEK step in the BRAF/MEK/ERK pathway. It was approved by the FDA in patients with BRAFV600E -mutated melanoma or the Erdheim-Chester disease containing the BRAFV600E mutation. In melanoma, BRAF monotherapy (vemurafenib) occurs drug resistance in a short time, and the combination therapy of dabrafenib and trametinib simultaneously inhibits the upstream and downstream pathway of MAPK, increases the efficacy and safety of monotherapy with BRAF inhibitor, and significantly improves the prognosis of patients with BRAF mutant melanoma.

In NSCLC, dabrafenib combined with trametinib therapy has received full FDA approval for the treatment of advanced BRAFV600E-mutant NSCLC. The mPFS, OS, DCR, and ORR in first line of therapy by dabrafenib combined with trametinib may get 10.8 months, 17.3 months, 75%, and 63.9%. And the data will be 10.2 months, 18.2 months, 80.7% and 68.4% in subsequent lines of therapy. Compared with the Dabfrafenib monotherapy, the combination can inhibit the BRAF/MEK/ERK pathway completely. ORR rate for the combination had increased to 67% as did the median progression free survival, 10.2 months. Median overall survival was reported as 12.7 months in the Dabrafenib only cohort versus 18.2 months in the Dabrafenib and Trametinib cohort. Vemurafenib is another significant BRAF inhibitor, several clinical trials have indicated that it can be used in NSCLC harboring BRAFV600E mutation with the ORR 42% and median progression free survival was 7.3 months, which has been proved to be inferior to the combination. And it may be the reason for the failure to be approved by FDA in the NSCLC therapy. But there are no data that demonstrate that it has activity against NSCLC-related BM (5). The related clinical studies explored the patients with NSCLC harboring BRAFV600E, to show that the combination therapy of dabrafenib and trametinib would be the first line therapy, but the studies didn’t analyses the cases with brain metastases or not. However, in melanoma-related brain metastases, some clinical trials, such as the (COMBI-MB): a multi-cohort, open-label, phase 2 trial has showed dabrafenib and trametinib was active with a manageable safety profile in patients with BRAFV600E –mutation, but the median duration of response was relatively short (6). These results provide evidence of clinical benefit with dabrafenib and trametinib and support the need for additional research to further improve outcomes in patients with melanoma with brain metastases. Based on its effectiveness in the treatment of melanoma with BM, combination dabrafenib/trametinib therapy was given for this patient with lung papillary cancer with BM, and the lesions remained regressed for 6 months.

However, resistance developed, and the lesions became enlarged. Targeted NGS revealed the presence of the BRAFV600E mutation in the CSF (AF, 37.8%) and in the plasma (AF, 0.4%) ctDNA, and a newly acquired BRAFS365L mutation was revealed in the CSF (AF, 25.5%). The N-terminal, S365, is removed in BRAF V600E splice variants but its importance in full-length BRAFV600E mutants remains uncertain. BRAFV600E S365L displayed reduced sensitivity to RAF inhibitor at the level of MEK-ERK1/2 signaling, cell growth, and cell viability, suggesting that alteration or removal of the S365 14-3-3 binding site may contribute to RAF inhibitor resistance (7). To the best of our knowledge, there have been no studies of BRAFS365L mutation reported in NSCLC with BM. But one study suggested that BRAFS365L mutation indicates resistance to the MAPK inhibitor trametinib in melanoma with BRAFV600E mutation, but this resistance can be reversed by vemurafenib (3). Vemurafenib, another selective oral inhibitor of BRAFV600E kinase, is associated with a response rate of approximately 50% and improved survival among patients with BRAFV600E mutation-positive metastatic melanoma (8). Additionally, in a single-arm phase II study of vemurafenib for metastatic melanoma patients with BM, survival was extended to over 6 months, which is longer than the expected natural course of patients with BM (< 3 months) (9). However, there are no such reports in NSCLC, and a phase II trial of vemurafenib in BRAFV600E-mutant NSCLC is currently ongoing (4). In theory, the CNS efficacy of these drugs is based on the rationale that the blood-brain barrier is disrupted by tumor activity. In this case, with the patient’s approval, vemurafenib was given, and the lesions regressed within the first 3 months and remained stable for the following 2 months. Then, the disappearance of the BRAFS365L mutation was noted, and dabrafenib and trametinib therapy was given, the symptoms of dizzy, vomiting and convulsions relieved in the first few months, to prove it benefit from the therapy.

It is worth mentioned that we confirmed that gene alterations detected in CSF ctDNA were superior to those of plasma ctDNA in BRAF-mutant NSCLC with BM. Owing to the blood-brain barrier, it is difficult for CSF ctDNA to circulate fully within the blood system, which results in a limited amount of ctDNA from the CNS being released to plasma. Therefore, plasma cannot accurately represent intracranial lesions clearly. From several papers of NSCLC-related brain metastases, the detection rate of CSF ctDNA varying from about 57.1% to 80.0%, and in blood ctDNA detection the rate was from 21.3% to 23.8% (10–12).When the resistance developed, targeted NGS revealed the presence of the BRAFV600E mutation in the CSF (AF, 37.8%) and in the plasmactDNA (AF, 0.4%). But the newly acquired BRAFS365L mutation was only revealed in the CSF (AF, 25.5%), suggesting the importance of CSF ctDNA as a liquid biopsy source for BM (10).

In addition, bevacizumab was used in this patient. As we know, anti-angiogenic therapy plays a major role in the management of brain metastases in NSCLC. Bevacizumab is widely used in combination with chemotherapy, radiotherapy, EGFR-TKI targeted therapy, and immunotherapy for NSCLC with BM. In a retrospective cohort study of bevacizumab for advanced NSCLC, analysis of the brain metastases subgroup showed that bevacizumab plus carboplatin paclitaxel significantly prolonged OS compared with carboplatin paclitaxel alone (11.3 months vs. 2.3 months). In this case, the benefit from bevacizumab seemed to be indistinct, several studies of bevacizumab combination therapy for NSCLC with BM are still in progress.

In summary, this is the first case report to describe a patient with BRAFV600E-mutated lung papillary cancer with BM responding to dabrafenib combined with trametinib therapy; additionally, vemurafenib was effective against the newly evident BRAFS365L mutation. This case gives support for ongoing trials investigating the role of BRAF inhibitors in BRAF-mutated NSCLC with BM. And the findings also suggest that genome sequencing of the CSF is much more accurate than that of ctDNA in blood serum in NSCLC with BM. If ctDNA detection in blood serum yields negative results, CSF may be used to enhance detection.
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