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BRAF V600E mutation defines a rare but targetable subset of NSCLC. We report a 70-year-old non-smoking woman with unknown primary lung adenocarcinoma presenting with multistation mediastinal lymph-node metastases and massive malignant pleural and pericardial effusions. Molecular profiling showed BRAF V600E mutation and high PD-L1 expression(TPS 90%, CPS 95). The patient received combined dabrafenib, trametinib, and pembrolizumab with close safety monitoring, achieving rapid tumor control and complete remission by six months with manageable toxicity. This case suggests that early integration of PD-1 blockade with BRAF/MEK inhibition treatment may benefit selected patients and underscores the value of comprehensive molecular and immunohistochemical assessment to guide individualized therapy.
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1 Introduction

Lung adenocarcinoma is the most prevalent subtype of non-small cell lung cancer (NSCLC) and remains a main cause of cancer-related mortality worldwide (1). Molecular profiling and immunohistochemical analyses have dramatically transformed the therapeutic landscape of NSCLC, enabling the use of personalized therapies targeting specific oncogenic drivers (2). Among these, the v-raf murine sarcoma viral oncogene homolog B (BRAF) mutation represents a relatively rare but clinically actionable alteration, present in approximately 2-4% of NSCLC cases (3). BRAF and MEK inhibitors—represented here by dabrafenib and trametinib—were small-molecule agents that blocked the MAPK (RAF–MEK–ERK) pathway and were commonly used in combination in BRAF V600E–mutant NSCLC (4). Simultaneously, high expression of programmed death-ligand 1 (PD-L1) predicts a favorable response to immunotherapy using PD-1/PD-L1 inhibitors (5). Related studies indicate promise for combining targeted therapy with immunotherapy to achieve durable responses, but prospective and real-world data in BRAFV600E-mutant NSCLC remain limited, especially for concurrent first-line initiation (6). Here, we report a rare case of an elderly non-smoking female patient presenting with lung adenocarcinoma of unknown primary with extensive lymph node metastases and massive malignant pleural and pericardial effusions, harboring a BRAF V600E mutation and high PD-L1 expression, who exhibited a remarkable response to combined dabrafenib, trametinib and pembrolizumab therapy. This case report highlights the potential value of early integration of PD-1 blockade with BRAF/MEK inhibition therapy in selected, high tumor burden cases.




2 Case report

A 70-year-old non-smoking female presented to our hospital with complaints of progressive chest tightness and dyspnea. Physical examination revealed diminished breath sounds bilaterally and distant heart sounds. Chest computed tomography (CT) demonstrated massive bilateral pleural and pericardial effusions, bilateral lung compression with atelectasis, and multiple enlarged lymph nodes in the mediastinum, hilum, and cervical regions (Figure 1). To alleviate her severe dyspnea, thoracentesis and pericardiocentesis were performed, yielding serosanguinous fluid. Cytological analysis of pleural and pericardial effusions showed a few atypical cells suspicious for malignancy. Tumor marker analysis of the effusions revealed CEA at 0.39 ng/ml(ref.<5), CA-125 >1000 U/ml(ref.<35), cytokeratin 19 fragment at 22.9 µg/L(ref.<3.3), and squamous cell carcinoma antigen at 3.6 ng/ml(ref.<1.5). Serum tumor markers included CA-199 at 44.87 U/ml(ref.<37) and CA-125 at 539.9 U/ml(ref.<35).
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Figure 1 | (A) Chest CT lung window showed bilateral lung compression and pericardial enlargement. (B) Chest CT mediastinal window showed bilateral pleural effusion and pericardial effusion.

To further investigate the primary lesion and potential metastases, a positron emission tomography–computed tomography (PET-CT) scan was performed, revealing multiple hypermetabolic lymph nodes in the right supraclavicular, bilateral hilar, and mediastinal regions, but no definitive primary mass (Figure 2). No neoplasms were found in the trachea or bronchi by fiberoptic bronchoscopy, and no abnormal cells were found in the bronchoalveolar lavage fluid. An ultrasound-guided fine-needle aspiration biopsy of lymph node was performed. Histopathology showed tumor cells positive for TTF-1, Napsin A, CK7, and CAM5.2, partially positive for P63 and P40, negative for PAX8, CDX2, GATA3, SATB2, Arg1, and INSM1 (Figure 3). These findings supported a diagnosis of metastatic lung adenocarcinoma with undetectable primary site.

[image: PET scan image showing increased metabolic activity in the mediastinal region. Arrows highlight areas of potential concern, indicating darker spots suggestive of abnormal uptake.]
Figure 2 | Whole-body PET-CT image revealed multiple hypermetabolic lymph nodes (white arrow) in the right supraclavicular, bilateral hilar, and mediastinal regions, but no definitive primary mass.

[image: Histological images showing six panels labeled A to F, displaying tissue samples with various levels of staining. Panel A and C show darker brown staining indicating higher marker presence, while B and D show moderate staining. Panel E highlights prominent brown structures, and Panel F has minimal staining, indicating low marker levels. Blue counterstaining is visible in all panels, highlighting cell nuclei.]
Figure 3 | Immunohistochemical staining of lymph node biopsy specimens. (A) Positive staining for TTF-1. (B) Positive staining for Napsin A. (C) Partially positive staining for P63. (D) Partially positive staining for P40. (E) Positive staining for CK-7. (F) Negative staining for CDX-2. (TTF-1 and Napsin A positivity (with CK7) supported pulmonary adenocarcinoma; P40 and CK5/6 negativity argued against squamous differentiation; CDX2 and CK20 negativity helped exclude a lower gastrointestinal primary; and PAX8 negativity argued against renal/gynecologic/thyroid origins).

Genomic testing of the lymph node biopsy identified a BRAF V600E missense mutation in exon 15 (abundance: 6.51%), BRCA1 exon 21 missense mutation (abundance: 47.77%), IDH1 exon 4 missense mutation (abundance: 6.19%), SDHA exon 6 frameshift mutation (abundance: 2.73%), and a TP53 exon 9 splice site mutation (abundance: 8.19%). PD-L1 expression analysis demonstrated a tumor proportion score (TPS) of 90% and a combined positive score (CPS) of 95.

Based on clinical and molecular findings, the patient was staged as TxN3M1a, corresponding to stage IVA disease, and deemed inoperable. Given the BRAFV600E mutation and high PD-L1 expression, and with the goals of rapid tumor control and durable response, we initiated dabrafenib (150 mg twice daily), trametinib (2 mg once daily), and pembrolizumab (200 mg every three weeks) concurrently. Predefined safeguards were implemented, including close laboratory and symptom monitoring, prompt management of pyrexia, rash, hepatitis, and pneumonitis, and temporary dose interruptions or reductions as needed.

After four months of continuous therapy, repeat PET-CT imaging demonstrated significant reduction in size and metabolic activity of the previously enlarged lymph nodes (Figure 4). The patient reported substantial symptomatic improvement, and no new metastatic lesions were observed. At 6 months, imaging and laboratory (tumor marker) follow-up revealed no signs of tumor relapse. The patient tolerated the treatment well, experiencing only mild liver enzyme elevations.

[image: Eight CT transaxial scans labeled A to H show highlighted areas. Images A to D have yellow arrows pointing to regions of interest, indicating potential abnormalities. Images E to H have white arrows showing similar regions without the highlighted anomalies.]
Figure 4 | (A–D) PET-CT images before treatment demonstrate enlarged lymph nodes with high metabolic activity(yellow arrow): (A) right supraclavicular lymph node, (B) right paratracheal lymph node, (C) right hilar lymph node, and (D) left hilar lymph node. (E–H) Corresponding PET-CT images after combined targeted and immunotherapy show significant reduction in lymph node size and decreased metabolic activity(white arrow): (E) right supraclavicular lymph node, (F) right paratracheal lymph node, (G) right hilar lymph node, and (H) left hilar lymph node.




3 Discussion

Cancer of unknown primary (CUP) remains a perplexing and challenging entity in oncology, accounting for approximately 3–5% of all cancer diagnoses worldwide (7). Defined by the presence of metastatic disease without a clinically or radiologically detectable primary site despite extensive investigation, CUP often presents with rapid progression, early dissemination, and poor prognosis (8). CUP cases are broadly categorized into two prognostic subgroups: favorable and unfavorable (9). The favorable subset, constituting about 15–20% of cases, includes patients with specific clinicopathological features who often benefit from treatment strategies tailored to presumed primary tumors. Examples include isolated axillary lymph node metastases in female patients, which are managed similarly to breast cancer, and peritoneal carcinomatosis of serous papillary adenocarcinoma type in females, typically treated following ovarian cancer protocols. Patients within this group frequently achieve significantly improved survival outcomes, in some cases approaching those of corresponding primary cancers. In contrast, the unfavorable subset comprises the majority (around 80–85%) of CUP patients. These tumors are characterized by poor differentiation, rapid progression, unpredictable metastatic spread, and resistance to conventional chemotherapy. Median overall survival in this subgroup remains dismal, often limited to a few months (7). From a biological perspective, two primary hypotheses have been proposed to explain the origin of CUP (10, 11). The first suggests that CUP represents a variant of known primary tumors where the primary lesion is either too small to detect or has regressed. Supporting this view, autopsy studies have revealed occult primaries in a significant proportion of CUP cases. The second hypothesis posits that CUP constitutes a distinct biological entity, characterized by early systemic dissemination and the absence or regression of the primary tumor. This “true CUP” hypothesis suggests shared molecular and clinical features that transcend tissue of origin.

A distinct subset of CUP cases exhibits molecular and immunophenotypic features consistent with a pulmonary origin, termed lung cancer of unknown primary. This group is characterized by the expression of lung lineage markers such as TTF-1 and Napsin A, which are highly sensitive and specific for lung adenocarcinoma (12). Molecular profiling has revolutionized the characterization of lung cancer, particularly by enabling the identification of rare oncogenic drivers that occur in ≤5% of non-small cell lung cancers (13). Advances in next-generation sequencing (NGS) have facilitated comprehensive analyses, uncovering diverse alterations such as rare mutations, gene fusions, and copy number amplifications in genes like MET, ERBB2, and BRAF (14). This integrative molecular approach not only refines tumor classification but also guides the development of targeted therapies, ultimately expanding treatment options for patients with rare molecular lung cancer subtypes (15).

The discovery of activating BRAF mutations, particularly the V600E variant, marked a significant milestone in oncology by identifying critical drivers of tumorigenesis in NSCLC, where they represent a rare but important oncogenic alteration found in approximately 2–4% of cases (16). These mutations induce constitutive activation of the rat sarcoma viral oncogene homolog (RAS)/mitogen-activated protein kinase (MAPK) pathway, promoting uncontrolled cellular proliferation and survival (17). Mechanistically, BRAF belongs to the rapidly accelerated fibrosarcoma (RAF) family of serine/threonine kinases and functions within the receptor tyrosine kinase (RTK)-RAS-RAF-MEK- extracellular signal-regulated kinase (ERK) signaling cascade (18). BRAF V600 mutants possess a unique ability to signal as active monomers, a feature that underlies their selective inhibition by RAF inhibitors (19). The introduction of selective BRAF inhibitors such as vemurafenib, dabrafenib, and encorafenib transformed the therapeutic landscape for BRAF V600-mutant cancer, significantly improving response rates and survival outcomes (20). Nonetheless, resistance to BRAF inhibition almost universally emerges, most commonly through reactivation of upstream signaling components. In particular, upregulation or activation of RTKs, such as epidermal growth factor receptor (EGFR), restores MAPK pathway activity by promoting RAS activation and subsequent RAF dimerization, thereby effectively bypassing BRAF inhibition (21). The introduction of combined BRAF and MEK inhibition (e.g., dabrafenib plus trametinib; encorafenib plus binimetinib) has significantly advanced treatment for BRAF V600E-mutant NSCLC (22). This dual blockade not only improves response rates and disease control compared to monotherapy but also reduces certain toxicities linked to paradoxical MAPK activation. Clinical trial data have demonstrated objective response rates exceeding 60% in pretreated and treatment-naïve patients, with meaningful improvements in progression-free and overall survival (23).

Despite these successes, resistance to BRAF-targeted therapies remains a major clinical challenge (24). Mechanisms include both BRAF-dependent alterations (such as secondary mutations, splice variants, and gene amplification) and BRAF-independent pathways including activation of upstream RAS or downstream MEK mutations, and bypass signaling through phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) or MET amplification (25).

Beyond targeted combinations, recent investigations are exploring strategies integrating RAF inhibitors with immunotherapies. Using a syngeneic mouse model of BRAFV600E melanoma, the combination of dabrafenib, trametinib, and adoptive cell transfer (ACT) led to complete tumor regression, superior to any single or dual combination treatment (26). This triple approach enhanced T cell infiltration, increased tumor antigen and major histocompatibility complex (MHC) expression, and maintained T cell effector functions in vivo, despite concerns that MEK inhibition might impair immune responses. Additionally, the combination altered the tumor microenvironment by reducing immunosuppressive cell populations, including tumor-associated macrophages and regulatory T cells, which are typically increased following BRAF inhibitor therapy alone. Gene expression analyses further revealed upregulation of immune-related genes and chemokines, supporting a more immunogenic tumor milieu. In a phase 1 study, the feasibility and efficacy of combining BRAF and MEK inhibitors (dabrafenib and trametinib) with the anti–PD-1 antibody pembrolizumab were evaluated in 15 patients with advanced BRAFV600-mutant melanoma who received the triple combination therapy (27). The study demonstrated an encouraging objective response rate of 73%, with 40% of patients maintaining ongoing responses at a median follow-up of over two years. Notably, the triple therapy enhanced intratumoral immune activity, as shown by increased CD8+ T cell infiltration and elevated expression of interferon-related genes and MHC molecules in post-treatment biopsies. These findings indicate that targeted therapy can sensitize tumors to immunotherapy by fostering a more inflamed and antigen-rich tumor microenvironment, providing a clear mechanistic basis for introducing PD-1 blockade therapy early alongside BRAF/MEK inhibition.

The COMBI-i study assessed the safety and early efficacy of combining spartalizumab with dabrafenib and trametinib in advanced BRAF-mutant melanoma (28). The triplet regimen showed promising response rates and manageable toxicity profiles, which were similar to the profiles observed with targeted therapies alone. Biomarker analyses revealed that patients with high T cell-inflamed gene expression signatures and low immunosuppressive tumor microenvironment (TME) scores at baseline were more likely to benefit. Conversely, early disease progression was linked to low tumor mutational burden and a strongly immunosuppressive baseline profile. Accordingly, careful patient selection supported by comprehensive genomic and immune profiling is essential to identify candidates most likely to benefit from the triplet therapy and to time its use appropriately. Beyond PD-L1, co-mutation set has yet to be prospectively validated to select candidates for concurrent BRAF–MEK inhibition with PD-1 blockade therapy in NSCLC. In our case, the co-mutations (BRCA1, IDH1, SDHA, TP53) lacked evidence to guide treatment, and predictive panels for selecting patients still require further study. If the disease recurs, we will obtain a repeat tissue biopsy and perform comprehensive genomic profiling to identify potential targetable drivers or resistance mechanisms and guide subsequent therapy.

In clinically urgent, symptomatic cases with high tumor burden, such as large-volume malignant pleural effusions with lung compression and a pericardial effusion causing tamponade, particularly when PD-L1 expression is high, starting all three agents together may be clinically justified to achieve rapid tumor control while pursuing durability, so long as it is used judiciously with close safety monitoring. By contrast, in lower-burden disease with non-urgent symptoms or limited treatment tolerance, a sequential approach remains reasonable. Cheng et al. (29) reported two cases of unresectable stage III NSCLC harboring BRAF V600E mutations successfully treated with a combination of dabrafenib, trametinib, and a PD-1 inhibitor as induction therapy. Both patients demonstrated significant tumor regression, which allowed for subsequent surgical resection that was initially considered infeasible. Nevertheless, real-world evidence for starting all three agents together in the first line in BRAFV600E-mutant NSCLC remains limited, and our case contributes practice-based support by demonstrating feasibility and meaningful benefit in an elderly, high tumor burden patient.




4 Conclusion

We reported an elderly, non-smoking woman with unknown primary lung adenocarcinoma harboring a BRAF V600E mutation and high PD-L1 expression, who presented with high tumor burden including multistation mediastinal lymph-node metastases and massive pleural and pericardial effusions. Combined treatment with dabrafenib, trametinib, and pembrolizumab produced rapid tumor control and complete remission by six months with manageable toxicity. This experience suggests that, in carefully selected patients with BRAF V600E–mutant, high-PD-L1 expression, early integration of PD-1 blockade with BRAF/MEK inhibitor treatment may provide significant clinical benefit. At the same time, the triplet therapy is not a routine standard in NSCLC and should be used with caution, with appropriate patient selection, close safety monitoring. Prospective studies and larger real-world series are needed to confirm benefit and refine the criteria for patient selection.
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