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Abstract: Several selective mesenchymal–epithelial transition (MET) inhibitors have recently demonstrated favorable systemic 
efficacy in MET exon 14 skipping mutation-positive non-small cell lung cancer. However, there are limited data on their efficacy 
against central nervous system (CNS) metastasis, especially leptomeningeal seeding. Recently, we encountered a case of a 65-year-old 
woman who was diagnosed with metastatic lung adenocarcinoma. As routine molecular testing showed no genomic alterations, 
including epidermal growth factor receptor mutation and anaplastic lymphoma kinase translocation, the patient received a frontline 
platinum-doublet followed by paclitaxel. However, the tumor did not respond to these therapies, and her condition became deleterious 
owing to extensive brain and leptomeningeal metastases. Plasma genotyping revealed that the tumor harbored a MET exon 14 skipping 
mutation, and we started capmatinib, a selective MET inhibitor. The CNS lesions markedly decreased and the performance status of 
the patient dramatically improved. Our report highlights the significant CNS activity of capmatinib, even in cases of leptomeningeal 
metastasis. In addition, this report emphasizes the importance of the active utilization of molecular profiling to detect rare but 
druggable genetic alterations for the better management of patients with lung cancer. 
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Introduction
Mesenchymal–epithelial transition (MET) receptor tyrosine kinase, whose ligand is hepatocyte growth factor, activates 
several downstream signaling pathways involved in cell proliferation, differentiation, and migration.1 Genetic alterations 
of this receptor including amplification, fusion, and mutations can result in aberrant activation of the pathways in many 
cancers.2 MET exon 14 skipping mutations are one such alteration, and those are found in approximately 3% to 4% of 
patients with non-small cell lung cancer (NSCLC).3,4 The mutations were associated with poor prognosis and several 
multi-target kinase inhibitors such as crizotinib, and cabozantinib had shown only limited clinical efficacy.5–7 Capmatinib 
is a selective, highly potent MET inhibitor with activity in vitro and in mouse xenograft models of MET-activated 
cancer.8,9 The clinical efficacy of capmatinib has recently been proved in a multiple-cohort, Phase 2 study, and it was 
approved in several countries for the treatment of advanced NSCLC harboring MET exon 14 skipping mutations.10

Central nervous system (CNS) metastases, especially leptomeningeal metastases (LM), are critical complications of 
lung cancer, especially in patients with driver oncogenes.11 Certain newer-generation tyrosine kinase inhibitors (TKIs) 
targeting epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) translocation, such 
as osimertinib and alectinib, have shown efficacy in LM.12,13 However, the optimal treatment strategy for MET-positive 
NSCLC with CNS metastases is largely unknown. Here, we present a case of lung adenocarcinoma with extensive CNS 
metastasis and MET exon 14 skipping mutation, which responded dramatically to capmatinib.
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Case Presentation
A 65-year-old female presented to our institution in March 2021 complaining of right leg pain and edema that had 
lasted for 2 weeks. She had never smoked and was not taking any medication. Computed tomography (CT) 
angiography of the lower extremities revealed diffuse deep vein thrombosis (DVT) in the right common iliac, 
external iliac, common femoral, popliteal, peroneal vein, and calf muscular branches. In addition, osteolytic and 
sclerotic lesions with extraosseous mass formation at the right iliac bone and ischium, suggestive of bone 
metastasis of malignancy, were noted (Figure 1A). As the chest x-ray incidentally showed a mass-like lesion in 
the right lung, a chest CT scan was performed. Scan results revealed a 6.2×4.3 cm mass in the right upper lobe 
abutting the right brachiocephalic vein (Figure 1B). A percutaneous needle biopsy was performed, and histo-
pathology revealed moderately differentiated lung adenocarcinoma positive for thyroid transcription factor 1 
(TTF-1). Brain magnetic resonance imaging (MRI) was negative for CNS metastasis, while positron emission 
tomography (PET) revealed a hypermetabolic mass in the right upper lobe with a maximum standard uptake value 
of 5.1, and multiple metastases at the lumbar spines (L3 and L5), left iliac bone, right sacrum, right iliac, and 
ischial bone, suggesting that the lung cancer was at stage IVB (Figure 1C). Routine mutational studies excluded 
several genetic alterations, including EGFR mutations, ALK fusions, and ROS proto-oncogene 1 fusions. The 
tumor proportion score for programmed death ligand 1 using the 22C3 pharmDx assay was 0%. Pemetrexed and 
cisplatin were initiated as first-line treatments while maintaining rivaroxaban for DVT. During treatment, the 
patient’s leg pain was not well controlled, requiring high-dose opioids, and Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) remained at 3. Follow-up chest CT scan conducted after the fourth cycle of 
pemetrexed maintenance showed enlargement of the primary lung mass (Figure 2A). The carcinoembryonic 
antigen level was also elevated at 145.6 ng/mL, from 83.4 ng/mL at baseline. The treatment was stopped and 
the patient was switched to paclitaxel monotherapy. At the same time, next-generation sequencing (NGS) was 
performed using FoundationOne Liquid CDx, which revealed a MET exon 14 skipping mutation (c.2888– 
47_2888-24del24 in intron 13) with an allele fraction of 3% without other concurrent mutations. Although 
chest CT after two cycles of paclitaxel revealed partial response (Figure 2B), the follow-up scan showed 

Figure 1 Radiologic images at diagnosis. Computed tomography (CT) angiography of the lower extremities showed osteolytic and sclerotic lesions with extraosseous mass 
formation at the right iliac bone (A). Chest CT scan showed a 6.2×4.3 cm sized mass in the right upper lobe abutting the right brachiocephalic vein (B). Positron emission 
tomography confirmed the hypermetabolic mass at right upper lobe and multiple bone metastases at right iliac and ischial bone, right sacrum, left iliac bone, and lumbar 
spines (C).

https://doi.org/10.2147/OTT.S382722                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2022:15 942

Kim et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


progressive disease (Figure 2C). As no MET inhibitor was approved in South Korea at that time, the patient was 
admitted to the Managed Access Program for capmatinib by Novartis after obtaining signed informed consent, and 
at the same time switched to atezolizumab monotherapy to control the disease until the drug became available. 
After two cycles of atezolizumab, she visited the emergency department because of melena and a stuporous 
mentality. Her blood pressure was 85/60 mmHg and hemoglobin level was 6.5 g/dL. Digital rectal examination 
was positive, which suggested hypovolemic shock due to rivaroxaban-related gastrointestinal bleeding. Moreover, 
chest images showed total atelectasis of the right lung due to an increased right lung mass obstructing the right 
main bronchus (Figure 2D). Her mental status did not recover even after transfusion and blood pressure normal-
ization. Brain MRI showed interval development of numerous and variable-sized masses and nodules in both the 
cerebral and cerebellar hemispheres and the spinal cord (Figure 3A), and enhancement along both the optic 
chiasm-optic tract, right trigeminal nerve, and both the seventh/eighth nerve complex, which were compatible 
with brain metastasis and LM (Figure 3B). On hospital day (HD) 4, capmatinib finally arrived and was 
immediately administered at 400 mg twice daily through a nasogastric tube. On HD 10, she could open her 
eyes without stimulation and became cooperative with verbal order. The mentality was fully recovered on HD 14, 
she could eat by herself, and ECOG PS recovered from 4 to 2. A follow-up chest CT scan taken 2 months after 
capmatinib was administered showed a markedly decreased right lung mass and improved atelectasis (Figure 2E). 
Surprisingly, extensive CNS metastases nearly completely disappeared on brain MRI (Figure 3C and D). As of 
May 2022, she maintained the response without any significant drug-related adverse events, except the Common 
Terminology Criteria for Adverse Events grade 1 peripheral edema.

Figure 2 Chest CT images during clinical course. Increased right upper lobe mass were noted after 4 cycles of pemetrexed maintenance chemotherapy (A). Two cycles of 
paclitaxel slightly decreased tumor size (B), however, progression was observed after third cycle of the treatment (C). Atezolizumab monotherapy was not effective and 
resulted in right total atelectasis after two cycles of therapy (D). We started capmatinib 400mg twice daily and markedly decreased mass of right upper lobe and improved 
right total atelectasis were noted after two months of the treatment (E).
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Discussion
CNS metastasis is one of the challenging complications of NSCLC and is associated with poor prognosis despite 
aggressive local and systemic treatment.14–16 Tumors harboring driver oncogenes, such as EGFR mutations and ALK 
translocations, have shown to be associated with more frequent brain metastasis at the time of diagnosis as well as during 
the clinical course.17,18 LM is a rare but devastating type of CNS metastasis. A previous study reported that LM occurred 
in 3.8% of patients with NSCLC, mainly adenocarcinoma, with almost a third of them exhibiting concurrent brain 
metastases.11 Unfortunately, there is no clear consensus on the optimal management of LM. Although intrathecal therapy 
and radiotherapy combined with systemic treatment are recommended in the guidelines, their effect on the clinical 
outcome is modest.19 However, accumulating data support the potential benefits of molecular-targeted therapies for 
EGFR-mutated or ALK-rearranged NSCLC with LM.12,13

Recently, two selective MET inhibitors, campatinib and tepotinib, have been approved for the treatment of MET exon 14 
skipping mutation-positive NSCLC.10,20 In the VISION phase 2 trial, tepotinib showed promising clinical efficacy, a response 
rate (RR) of 46% and a median duration of response (DoR) of 11.1 months.20 In addition, intracranial RR was 55%, with 
a median intracranial DoR of 9.5 months.20 In GEOMETRY mono-1 phase 2 trial, capmatinib showed RR of 41% in 
previously treated patients and 68% in those who had not received treatment previously.10 The intracranial RR was 54% 
including 4 patients with complete response.10 A recent real-world study on the early access program of capmatinib also 
reported intracranial RR of 46% and disease control rate of 91%, comparable with the previous phase 2 trial results.21 These 
data suggest the possible CNS activity of the novel MET inhibitors. A current international guideline recommends capmatinib 
for MET exon 14-positive NSCLC patients with brain metastasis.22 However, we need to further validate these results as 
previous studies were based on small subsets of the study population (11, 13, and 11 patients with evaluable brain lesions, 
respectively). Moreover, little is known about the efficacy of these drugs in LM. To the best of our knowledge, there are only 
two case reports that demonstrated the activity of the MET inhibitors on the CNS metastasis including LM in NSCLC.23,24 In 
one study, they reported a leptomeningeal response to capmatinib after progression on crizotinib and platinum-based doublet 
in MET-positive lung adenocarcinoma.23 Similar to our case, MRI taken 2 months after the capmatinib revealed a marked 
decrease of the parenchymal mass and leptomeningeal enhancement of the brain and spinal cords.23 The other reported 
a remarkable improvement of LM and poor PS after administration of tepotinib in a heavily treated, MET-positive patient.24 

Patients in both cases received whole-brain radiotherapy (WBRT) before MET-directed treatment; however, it was not 
effective both clinically and radiologically, which is in accordance with previous study reporting limited value of WBRT in 
LM of NSCLC.25 The aforementioned clinical trials of MET-TKIs showed possible efficacy against brain metastases only in 
patients with favorable PS. At present, how reproducible CNS activity is in patients with poor PS is unclear. Since the 
landmark study by Inoue et al which demonstrated a clinical benefit of gefitinib in EGFR-positive patients with extremely poor 

Figure 3 Brain magnetic resonance imaging. Axial contrast-enhanced 3D black blood imaging before capmatinib treatment revealed numerous, rim and nodular enhancing 
brain metastases in bilateral cerebral cortex and subcortex, cerebellum, basal ganglia, thalamus, and spinal cord (A). There are linear and nodular enhancements along the 
right sylvian fissure, optic chiasm, both optic tract, right trigeminal nerve, both seventh/eighth cranial nerves, surface of brainstem and ependymal linings following the 
hydrocephalus (arrows), which were compatible with leptomeningeal seeding (B). Follow-up axial contrast-enhanced 3D black blood imaging after 2 months of capmatinib 
treatment showed nearly complete disappearance of aforementioned brain and leptomeningeal metastases (C and D).
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PS, accumulating evidence consistently supports the validity of targeted therapies for the so-called “vulnerable” population, 
which includes the elderly and/or those with unfavorable PS.26–29 Taken together, existing data indicate that selective MET- 
TKIs alone can be beneficial even in MET-driven NSCLC patients with LM and poor PS. Treatment strategies for these 
patients need further research.

In summary, we describe a case of rapid radiological and clinical response to capmatinib in a patient with MET exon 14 
mutation-positive lung adenocarcinoma and extensive CNS metastases. Although further evidence is needed, our report 
suggests that campatinib is a feasible option for MET-positive NSCLC patients with LM and a poor PS. In addition, our case 
emphasizes the importance of active molecular profiling, including blood genotyping, to select the optimal treatment strategy 
because clinically available treatment options are rapidly emerging for previously considered “challenging” targets.
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