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Background: Cellular-mesenchymal to epithelial transition factor (c-MET) alterations have significant therapeutic implications in 
non-small cell lung cancer (NSCLC). Although MET fusion is a rare genomic event, advances in detection technologies have enabled 
the identification of various MET fusion partner genes. However, standard therapeutic options for MET fusion in NSCLC cases remain 
undefined. This report presents a novel fusion variant, EML4-MET, encompassing exons 1 to 13 of EML4 and exons 15 to 21 of MET, 
including the entire MET kinase domain, and discusses the response of this case to savolitinib treatment.
Case Presentation: A 65-year-old woman was diagnosed with advanced poorly differentiated lung carcinoma. Molecular profiling 
of circulating tumor DNA (ctDNA), carried out by next-generation sequencing (NGS), identified a novel EML4-MET fusion. The 
patient was administered the MET receptor tyrosine kinase inhibitor savolitinib at 400 mg daily. One month later, computed 
tomography (CT) revealed some lesions with volume reduction. However, COVID-19 diminished the efficacy of savolitinib. 
Regrettably, the patient succumbed to respiratory and circulatory failure due to disease progression in March 2023.
Conclusion: This case uncovers a new type of MET fusion and expands the range of potential MET fusion targets in NSCLC. The 
patient responded to savolitinib, suggesting a reference basis for the treatment of similar cases with EML4-MET fusion in the future. 
Additional research is warranted to assess the biological significance of the EML4-MET fusion in NSCLC.
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Introduction
The cellular-mesenchymal to epithelial transition factor (c-MET) gene, which encodes a receptor tyrosine kinase, is 
important in cell cycle regulation. Thanks to recent advances in detection technologies, various MET alterations, 
including MET exon 14 skipping mutations, MET amplifications, and MET fusions, are increasingly identified in non- 
small cell lung cancer (NSCLC).1 MET fusion, an uncommon structural rearrangement, has been reported in approxi-
mately 0.26% of NSCLC cases.1–3 Currently, no standardized therapeutic options for NSCLC patients with MET fusion 
are available. Several isolated case reports have suggested the potential efficacy of MET tyrosine kinase inhibitors (TKIs) 
in NSCLC patients with MET fusion.2,4,5 However, multiple fusion partners for MET have been reported, and the 
therapeutic efficacy of MET TKIs on these newly identified rare MET fusion variants remains undefined, which requires 
further research. Here, we report a novel fusion variant, EML4-MET, found in NSCLC and discuss the response of the 
case to savolitinib treatment. We present the following case in accordance with the CARE reporting checklist.
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Case Presentation
In August 2022, a 65-year-old Chinese woman, a never-smoker, was admitted to our hospital. She had a three-month 
history of progressive dyspnea, cough, and bloody sputum. The patient’s overall health was poor due to a five-year 
history of hypertension and a 30-year history of rheumatoid arthritis. Her family history regarding cancer was unclear. 
She had an Eastern Cooperative Oncology Group (ECOG) performance scale score between 3 and 4. Positron emission 
tomography-computed tomography (PET-CT) revealed a space-occupying lesion in the right upper lobe of the lung, 
along with multiple masses in the pericardium, various skeletal sites (including bilateral ribs, thoracic and lumbar 
vertebrae, iliac bone, and bilateral femoral bones), right latissimus dorsi muscle, and left adrenal gland (Figure 1). 
Immunohistochemistry (IHC) showed positivity for pan cytokeratin (PCK), cytokeratin 7 (CK7), cytokeratin 5/6 (CK5/6) 
and Ki67 (60%), and negative for Napsin A, thyroid transcription factor 1 (TTF1), P63, chromogranin A (CgA), and 
synaptophysin (Syn). Morphologically, the appearance was consistent with poorly differentiated carcinoma, with 
adenocarcinoma features (Figure 2). A diagnosis of stage IVB (cT4N3M1c) poorly differentiated carcinoma was 

Figure 1 Positron emission tomography computed tomography (PET-CT) scan of baseline. (A) PET-CT revealed the clinical stage of this patient is IVB (cT4N3M1c); (B) 
A space-occupying lesion in the right superior lung lobe and a metastasis lesion in the pericardium; (C) Metastasis lesions in the left adrenal gland and a thoracic vertebra; 
(D) multiple metastasis lesions in the skeletons.
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confirmed by PET-CT and pathological examination of a coarse needle biopsy from the right axillary lymph node. 
Further, a blood sample was collected for next-generation sequencing (NGS)-based molecular profiling of circulating 
tumor DNA (ctDNA) (conducted by OrigiMed, Shanghai, China), which identified a novel EML4-MET fusion, 
comprising exons 1 to 13 of EML4 and exons 15 to 21 of MET (including the complete MET kinase domain) 
(Figure 3). The allele frequency of EML4-MET was 0.4%. NGS also identified a TP53 gene mutation (exon 10, 
abundance: 6.8%) and an NTRK3 mutation (exon 10, abundance: 5.3%).

Following diagnosis, the patient opted out of chemotherapy and was prescribed anlotinib for a two-week course. 
However, due to hemoptysis, an adverse event, anlotinib was discontinued. Following a multi-disciplinary treatment 
(MDT) discussion in October 2022, oral savolitinib treatment (400 mg once daily) was started. After one month, CT 
showed that the patient had achieved stable disease (SD), with no significant size changes for some lesions (right upper 
lung lobe, pericardium, skeleton, right latissimus dorsi muscle, and left adrenal gland). There were also reductions in 
pericardial and right pleural effusions, revealing savolitinib as a viable therapeutic option for this patient. We therefore 
continued the treatment with savolitinib. However, the patient was diagnosed with coronavirus disease 2019 (COVID-19) 
in December 2022. Next, the patient had progressive exertional dyspnea after a 3-month treatment of savolitinib, due to 
treatment delay and COVID-19 complications. A subsequent CT scan revealed significantly increased right pleural and 
pericardial effusions, as well as a small left pleural effusion, indicating progressive disease (PD) (Figure 4). Following 
progression on savolitinib, the patient underwent thoracic and pericardial catheter drainage. She was then administered 
chemotherapy with pemetrexed disodium (0.6 g) for two weeks. Unfortunately, in March 2023, the patient succumbed to 
respiratory failure due to disease progression. The patient provided informed consent for the publication of this case.

Discussion
This study reports the identification of a novel EML4-MET fusion variant in NSCLC. However, no previous studies have 
examined the therapeutic implications of this fusion. The case had a response to off-label treatment with savolitinib, 
a MET-TKI with activity against MET exon 14 skipping mutation. To the best of our knowledge, this study provides the 
first clinical evidence for the efficacy of savolitinib in NSCLC with EML4-MET fusion.

Savolitinib, a highly selective small-molecule MET-TKI, received conditional approval by the China National 
Medical Products Administration (NMPA) in 2021 for the clinical treatment of NSCLC with MET exon 14 skipping 
mutations.6–8 Previous reports have also indicated that savolitinib is effective in NSCLC patients with MET amplification 
after previous treatment with EGFR-TKIs.9 However, the efficacy of MET-TKIs, especially savolitinib, is not fully 
assessed in MET fusion-positive NSCLC. Previous case studies reported responses to another MET-TKI, crizotinib, in 
MET fusion-positive NSCLC cases.2,5,10 Zhuo et al found that the most frequent breakpoint within the MET fusion gene 

Figure 2 H&E, typical image of pathology. Immunohistochemical staining images of pan cytokeratin (PCK) (+), cytokeratin 7 (CK7) (+), cytokeratin 5/6 (CK5/6) (+) and Ki67 (60%).
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Figure 3 Illustration of EML4-MET fusion. (A) Integrative Genomics Viewer (IGV) shows the break point of EML4-MET fusion based on NGS analysis; (B) The EML4-MET 
fusion had breakpoints in the EML4 intron 13 and MET intron 14, which conferred the fusion of EML4 exon 13 to MET exon 15.

Figure 4 Tumor response to savolitinib treatment. The CT scan shows that some lesions (red arrow) in the baseline and 1 and 3 months after savolitinib. The red arrows 
indicate locations that correspond to tumor foci.
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is in intron 14, causing the retention of exons 15–21, which span the entire kinase region. This study also reported that 
MET gene fusions with upstream genes often result from inversions,1 akin to the EML4-MET fusion gene in the current 
case. Therefore, the mechanism of EML4-MET fusion mutations might parallel that of MET exon 14 skipping mutation, 
which is characterized by loss of negative regulation in the juxtamembrane region.4,11 Moreover, EML4-MET fusion 
mutations including the 3’ MET kinase domain via fusion at exon 15 may become activated due to the constitutive 
dimerization of MET.4,12 This led our MDT experts to postulate that the present case with EML4-MET fusion might 
respond to savolitinib. However, future studies are required to explore the specific mechanism of action of this fusion 
gene, given the heterogeneous responses of various MET fusion partners to MET-TKIs.

In February 2023, Sun et al reported a lung squamous cell carcinoma case harboring an EML4-MET fusion who, upon 
crizotinib treatment, achieved a partial response (PR).13 This study suggested that lung squamous cell carcinoma patients with 
MET fusions might benefit from crizotinib. However, the reported therapeutic efficacy only lasted one month. In the current 
case, a SD response was obtained after one month of savolitinib treatment but progressed to PD after three months owing to 
COVID-19. Therefore, the long-term effectiveness of crizotinib in this MET fusion case remains uncertain. Given that Sun 
et al only reported a short follow-up period, the long-term efficacy of crizotinib requires further investigation. Moreover, while 
the case reported by Sun et al was squamous carcinoma, the current patient had poorly-differentiated adenocarcinoma. Even 
though they share the same mutated gene, pathological differences might affect the efficacy of MET-TKIs. Furthermore, the 
current patient with the EML4-MET fusion mutation did not respond to chemotherapy, corroborating Sun et al, suggesting 
further investigation into these rare genomic alterations is required.

In addition, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak, causing COVID-19, has 
a major impact on cancer.14 Cancer treatment was frequently delayed during the COVID-19 pandemic.15 In addition, 
lung cancer patients are at higher risk of a worse outcome of COVID-19.16 In this study, the patient was diagnosed with 
COVID-19 after a 1-month treatment with savolitinib, and had progressive disease after a 3-month treatment with 
savolitinib. The MDT experts speculated that PD in this patient was caused by treatment delay and COVID-19 
complications. However, whether the tumor was too malignant or COVID-19 caused disease progression is unknown. 
Further real-world studies are required to confirm the impact of COVID-19 on targeted therapies in NSCLC.

This case report had a limitation. The blood sample was subjected to NGS analysis due to a limited specimen 
remaining after pathological examination. Therefore, it could not be definitively ascertained whether the fusion forms 
identified in the blood sample and tumor tissue were different.

Conclusions
In conclusion, a novel EML4-MET fusion was reported in a patient with NSCLC, and the efficacy of savolitinib in this 
case was described. For future clinical applications, the specific mechanisms of action of this fusion gene warrant 
investigation, due to the heterogeneous response to treatment.
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