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Abstract 

Targeted therapy for malignancies has developed rapidly in recent years, benefiting patients harboring genetic muta-
tions sensitive to relevant tyrosine kinase inhibitors (TKIs). With the development of targeted sequencing techniques, 
an increasing number of detectable genomic alterations in malignancies, including MET fusions, have been revealed. 
MET fusions, although rare among malignancies, might be functional driver genes that participate in activating 
downstream signaling pathways and promoting cell proliferation. Therefore, it is believed that MET fusions could be 
targetable genomic variants of MET, and inhibition of MET is considered an optionable therapeutic choice for patients 
harboring MET fusions. According to the summary presented in this review, we recommend MET-TKIs as suitable treat-
ment agents for patients harboring primary MET fusions. For patients harboring acquired MET fusions after the devel-
opment of resistance to TKIs targeting primary genomic alterations, such as sensitive EGFR mutations, treatment 
with a MET-TKI alone or in combination with TKIs targeting primary genomic alterations, such as EGFR-TKIs, is hypoth-
esized to be a reasonable option for salvage treatment. In summary, MET fusions, despite their low incidence, should 
be taken into consideration when developing treatment strategies for cancer patients.
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Introduction
Currently, the high morbidity and mortality of malig-
nancies result in serious public health problems, espe-
cially in China. According to the latest report, the total 

number of cancer-related deaths in 2014 was 2,205,200 
(1,425,700 men and 779,500 women), accounting for 
22.40% of all deaths in 2014 in China [1]. Given this 
critical situation, various therapeutic approaches, espe-
cially targeted therapies for patients harboring sensitive 
genomic alterations, have developed rapidly in the past 
decade. Tyrosine kinase inhibitors (TKIs) are the best 
representatives of targeted therapeutic agents, and they 
provide more opportunities for therapeutic success and 
benefit cancer patients. For instance, TKIs targeting 
sensitive mutations in epidermal growth factor recep-
tor (EGFR), such as gefitinib, erlotinib and osimertinib, 
prolong progression-free survival (PFS) and overall 
survival (OS) in patients with non-small cell lung can-
cer (NSCLC), with acceptable adverse events during 
treatment [2]. Anaplastic lymphoma kinase (ALK) gene 
rearrangement is a well-known genomic mutation that 
can be effectively treated with targeted therapy. Patients 
with NSCLC who have this ALK rearrangement dis-
play significant responsiveness to specific inhibitors, 
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such as crizotinib and alectinib [3].. Inhibitors target-
ing gene fusions involving neurotrophin receptor kinase 
(NTRK) have demonstrated efficacy in several cancer 
types, including NSCLC [4]. With the development of 
molecular detection techniques and the increase in the 
detection depth of targeted sequencing, an increas-
ing number of novel genomic alterations have become 
detectable and targetable in anticancer treatment.

A series of studies revealed solid tumors with onco-
genic addiction to MET alterations and elucidated 
the efficacy of MET-TKIs in the treatment of patients 
harboring sensitive MET alterations. The MET gene is 
located on chromosome 7 and encodes the MET pro-
tein. The MET protein was demonstrated to be the 
receptor for hepatocyte growth factor (HGF), which 
participates in the biological regulation of cell prolif-
eration [5]. In addition, MET alterations are suggested 
to be one of the major uncommon oncogenic altera-
tions in NSCLC [5], and the latest research identified 
the important role of MET amplification in accelerating 
the growth of tumors and predicting the poor progno-
sis of patients with malignancies [6, 7]. MET amplifi-
cation and other oncogenic mutations, such as MET 
exon 14 skipping mutations, can activate signal trans-
duction in carcinogenic pathways belonging to MET 
signaling [8]. According to the results of clinical trials 
for patients harboring these MET alterations, MET-
TKIs are believed to be an efficient and safe choice for 
these patients. Capmatinib and tepotinib, which ben-
efit patients with metastatic NSCLC with MET exon 
14 skipping mutations, were the first two MET-TKIs 
approved by the US Food and Drug Administration [9]. 
Moreover, the anticancer efficacy of savolitinib, another 
MET-TKI, for the treatment of advanced NSCLC 
patients harboring MET exon 14 skipping mutations 
was confirmed in a phase 2 study [10]. Crizotinib, 
which targets ALK, ROS1 and MET, could also consti-
tute a treatment option for patients harboring sensitive 
MET alterations.

MET fusions were reported in recent studies as novel 
detectable alterations of MET, although the incidence 
of MET fusions is low [11–17]. It is likely that patients 
harboring MET fusions might respond to specific treat-
ments, such as crizotinib, as reported; however, the 
demographic characteristics and treatment data have not 
been well reported. In this review, we determine the inci-
dence rates of MET fusions and the demographic charac-
teristics of the affected patients through online databases 
and published studies. In addition, we summarize the cel-
lular oncogenic functions of MET fusions based on pre-
vious studies. We also include reported cancer patients 
harboring primary or acquired MET fusions to under-
stand the potential treatment options for these patients. 

Our findings suggest that MET fusions, despite their low 
incidence, should be considered when developing treat-
ment strategies for cancer patients.

Identification of MET fusions in malignancies: incidence 
rates, demographic characteristics and cellular oncogenic 
functions
Even though genetic changes in the MET gene are quite 
prevalent in certain types of tumors, particularly in mela-
noma and NSCLC, where more than 5% of patients have 
MET gene alterations [18], the incidence of MET fusions 
is still low in all cancer types. According to the latest 
studies, less than 1.1% of patients harbor MET fusions 
[18–20]. The incidence of MET fusions was the highest 
in brain cancer, in which it was detected in approximately 
1.10% of patients, followed by bile duct cancer (0.52% of 
patients), lung cancer (0.07–0.30% of patients), gastric 
cancer (0.25% of patients) and intestinal cancer (0.14% of 
patients). Fewer than 0.10% of patients with other can-
cer types harbor MET fusions, according to published 
studies.

To further explore the incidence rates of MET fusions 
in a larger sample of patients, we used the cBioPortal for 
Cancer Genomics database [21, 22] and analyzed the 
results. In total, 75,661 patients with different cancer 
types in 10 pancancer studies were included in our anal-
ysis, and the incidence of MET fusions increased with 
increasing sample size in each type of cancer. The results 
showed that 6.50% of intrahepatic cholangiocarcinoma 
patients, 0–2.00% of renal cell carcinoma patients, 1.39% 
of extrahepatic cholangiocarcinoma patients, 0.64–1.06% 
of NSCLC patients, 1.01% of hepatocellular carcinoma 
patients, 0.23% of small cell lung cancer (SCLC) patients, 
0.23% of hepatobiliary cancer patients, 0.22% of esoph-
agogastric cancer patients, 0.21% of ovarian cancer 
patients, 0.19% of endometrial cancer patients, 0.15% 
of soft tissue sarcoma patients, 0.15% of glioma patients 
and 0.15% of thyroid cancer patients harbored detectable 
MET fusions as shown in Fig. 1A. The prevalence of MET 
fusions may be relatively low, but considering the large 
number of cancer patients, there is still a substantial pop-
ulation at risk. Hence, it is still meaningful to outline the 
traits of patients with MET fusions and to offer treatment 
choices for these individuals. Additionally, it is notewor-
thy that gene fusion detection is technically challenging. 
The use of various genomic examination methods in dif-
ferent datasets might cause inaccurate analysis based on 
current open-access data.

According to the cBioPortal for Cancer Genomics data-
base, less than 1% (92/75661) of patients harbor detecta-
ble MET fusions. However, whether there are differences 
between races is unclear. As shown in Fig.  1B, Asian 
patients (China Pan-Cancer, OrigiMed, Nature 2022) had 
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the highest incidence of MET fusions, at approximately 
1.05%, which was much higher than the second highest 
incidence (MSK MetTropism, MSK, Cell 2021, incidence 
of MET fusions: 0.22%). To the best of our knowledge, 
only two Chinese studies [18, 19] have reported the 
demographic characteristics of lung cancer patients har-
boring MET fusions. These studies demonstrated that the 
age of patients was not a specific factor that influenced 
the fusion of genes and that patients between 27 and 
83 years old harbored detectable MET fusions. The two 
studies noted that most of the lung cancer patients (89.3–
92.3%) harboring MET fusions were diagnosed with lung 
adenocarcinoma (LUAD). However, the smoking his-
tory of patients was not clearly related to MET fusions, 
according to the two studies. In this review, we summa-
rize the reported demographic characteristics of cancer 
patients harboring MET fusions. The selection criteria for 
this review is as follows: 1. Patient population: patients 
with malignant tumors identified as carrying MET fusion 
in reviews, case reports, or studies; 2. Intervention meas-
ures: inclusion of patients without restriction on the type 

of treatment, but with a focus on collecting data on those 
who have undergone MET-TKI treatment; 3. Search 
terms: MET, MET fusion, MET fusions, MET muta-
tions, and MET alterations in PubMed; Period of search: 
August 2023 to September 2023. As concluded from the 
studies [11–19, 23–32] listed in Table 1, the average age 
of patients diagnosed with malignancies harboring MET 
fusions was 56.6 years, with a range of 27 to 74 years. 
Among these patients, 60% patients were female, and 
the MET fusion incidence showed no significant sex 
difference.

As described in the introduction section, wild-type 
MET protein serves as the receptor for HGF and can 
be activated (phosphorylated) by stimulation with HGF. 
Multiple research studies have concentrated their efforts 
on investigating the impact of the MET fusion pro-
tein, a variant protein, on the cellular function of MET 
[19, 33–37]. The results suggested that MET fusions, 
such as PTPRZ1–MET in glioma and glioblastoma 
cells or KIF5B-MET and EPHB4-MET in lung can-
cer cells, can upregulate the expression and enhance 

Fig. 1 The prevalence and molecular characteristics of MET fusions in malignant tumors. A) Incidences of MET fusions in malignancies; 
only structural variant data were involved during the searching process, and only fusions were found in the MET structural variant data; B) 
the incidences of MET fusions in different studies; C) the comutated genes detected with MET fusions in malignancies; cytoband: cytogenetic 
bands; co-occurrence pattern: upper row refers to samples colored according to group, and lower row refers to samples with an alteration 
in the listed gene; D) the tumor mutation burden between patients with MET fusions or wild type of MET gene
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the phosphorylation of the MET protein, even without 
HGF stimulation. In certain instances, particularly with 
PTPRZ1-MET fusions, the point where the MET gene is 
disrupted occurs before the start codon, as happens in 
the partner gene. As a result, the resulting protein from 
these fusions would likely be the complete MET protein, 
but now regulated by a potentially more active promoter 
[38]. The abnormally constitutively phosphorylated MET 
protein can then activate downstream signaling path-
ways, including the MAPK pathway, Akt pathway and 
STAT3 pathway, events characterized by the upregulated 
phosphorylation of ERK1/2, Akt and STAT3, respectively. 
The latter three pathways were all believed to be associ-
ated with tumor proliferation and apoptosis escape, and 
these hypotheses were verified in the listed studies [34, 
35] through in vitro and in vivo experiments. Thus, these 
aberrant fusions of the MET gene act as a “driver” for the 
activation of the MET protein and downstream signaling 
pathways, endowing tumor cells with HGF-independent 
self-activation ability. Fortunately, current preclinical evi-
dence in the listed studies suggested that tumor cells har-
boring MET fusions showed sensitivity to treatment with 
MET-TKIs, such as crizotinib, tepotinib, SGX523 and 
foretinib, indicating the basis for treatment methods for 
patients harboring MET fusions. Most importantly, MET 
fusions enable tumor cells to abolish their dependency on 
the ligand HGF and participate in the autophosphoryla-
tion of components in oncogenic cellular pathways. The 
oncogenic function of MET fusions makes them thera-
peutic targets for cancers.

The molecular landscape of human genomes harboring 
MET fusions: detection methods, fusion partners, 
and comutated genes
As shown in Table  1, the next-generation sequencing 
(NGS) method was used for MET fusion detection in all 
reported patients, but the detection panels varied among 
patients. Both DNA-based and RNA-based NGS are con-
sidered optionable methods. RNA-based NGS sequenc-
ing is believed to be more sensitive and could widen the 
map of druggable targets, although it requires high sam-
ple quality [38]. The conventional samples used for NGS 
examination were all suitable for MET fusion detection. 
Most samples used for NGS were formalin-fixed paraffin-
embedded (FFPE) samples (41/74, 55.4%). In addition, 
other types of samples, such as plasma (9/74, 12.2%), 
fresh tissues (3/74, 4.1%) and pleural effusions (3/74 
4.1%), could all be used for MET fusion detection accord-
ing to the cases in Table 1.

Regarding the types of MET gene fusion, in this review, 
we determined the incidence of each type of MET fusion 
and found that KIF5B-MET (8/74, 10.8%), HLA-DRB1-MET 
(8/74, 10.8%), CAPZA2-MET (6/74, 8.1%) and CD47-MET 

(6/74, 8.1%) were the four most common mutation types, 
followed by EPHB4-MET (4/74, 5.4%), ST7-MET (3/74, 
4.1%), CAV1-MET (2/74, 2.7%), CD74-MET (2/74, 2.7%) 
and MET-DST (2/74, 2.7%). Other types of MET fusion, 
such as MET-ADAP1, ARL1-MET, MET-ATXN7L1, 
CCDC6-MET, CFTR-MET, COG5-MET, CTNNA3-MET, 
MET-CTTNBP2, CUX1-MET, MET-DOCK4, MET-DSTN, 
ECT2-MET, EHBP1-MET, EML4-MET, MET-EPHA1, 
ETV6-MET, MET-FOXP2, MET-GJC2, MET-HLA-DRB5, 
KCND2-MET, MET-LINC01392, LRIG3-MET, PRKAR1A-
MET, STARD3NL-MET, MET-STEAP4, TFEC-MET, 
PRKAR2B-MET, TRIM4-MET, THAP5-MET, TNPO3-
MET, MET-UBE2H, WEE2-AS1-MET, WNT2-MET 
and LINC01392-MET, are found in sporadic cases, and 
each type was detected in only one patient (1/74, 1.4%). 
Compared with the concomitant MET exon 14 skipping 
mutation (2/60, 3.3%) among the included patients, con-
comitant MET amplification (16/69, 23.2%) seemed to be 
more strongly related to MET fusions, consistent with the 
results of in  vitro experiments in previous research [19]. 
The genes encoding MET fusion partners are distributed on 
various chromosomes, but most of them are located on the 
same chromosome as the MET gene [18].

We then explored the comutation patterns of patients 
harboring MET fusions in the cBioPortal for Cancer 
Genomics database as shown in Fig.  1C; a total of 16 
genes, namely, EGFR, MDM2, RBM10, CDK4, GLI1, 
PIK3C2G, EPHA7, DOT1L, CAPZA2, LRP1B, CDK6, 
MYCL, PNRC1, EPHA2, NRG3 and COMETT, were 
found to have statistically significant (P  < 0.05) comuta-
tion rates with MET fusions. In a particular research 
work [19], scientists also documented the mutation 
features found in patients with MET fusions. The pro-
posal included the co-mutation of CDK6 and RBM10 
with MET fusions, a finding that was also affirmed in 
the recent review. However, the underlying connections 
between the mutations and the functional changes in the 
proteins encoded by these genes remain to be further 
elucidated.

Treatment for patients harboring MET fusions: therapeutic 
options and efficacy of MET-TKIs
According to previous studies and reported cases, as 
shown in Table 1, we found that multiple MET-TKIs were 
proven to be effective in patients harboring MET fusions. 
Seven kinds of MET-TKIs, including crizotinib, cabozan-
tinib, tepotinib, capmatinib, savolitinib, PLB-1001 (bozi-
tinib) and ensartinib, were reported in the treatment of 
patients harboring MET fusions. The best therapeutic 
response status was also considered in this review.

Crizotinib was reported in the treatment of 22 patients 
with MET fusions: as first-line treatment in 8 patients 
and as postfirst-line treatment in 14 patients. Crizotinib 
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demonstrated dramatic efficacy in patients harbor-
ing MET fusions, as listed in Table 1. Four patients who 
received cabozantinib were reported. However, only 1 
patient received first-line cabozantinib treatment, and 
PFS was not reached (NR) as reported. Four patients had 
received tepotinib treatment, with one of them experi-
encing a complete response (CR), two showing a partial 
response (PR), and one having progressive disease (PD) 
as the best response. The remaining 3 patients received 
post first-line cabozantinib treatment; one of them 
showed a PR to the treatment. Another 3 patients who 
received capmatinib were reported, and all three patients 
achieved PR. Fewer than three patients each received 
treatment with tepotinib, savolitinib, PLB-1001 (bozi-
tinib) and ensartinib.

As summarized earlier in this review, aberrant fusions 
of MET can enhance the expression and lead to abnor-
mal activation of the MET protein, indicating that MET-
TKIs have the potential ability to inhibit activated MET 
proteins and the downstream signaling pathways induced 
by these MET fusions. The evidence for crizotinib in 
the treatment of patients harboring MET fusions is cur-
rently extensive; the efficacy of crizotinib is satisfactory, 
and the safety is tolerable. Patients harboring a series of 
MET fusion types, including CAV1-MET, EHBP1-MET, 
ARL1-MET, CUX1-MET, MET-DSTN, CD47-MET, HLA-
DRB1-MET, STARD3NL-MET, MET-ATXN7L1, MET-
UBE2H, EPHB4-MET and CCDC6-MET, responded well 
to crizotinib treatment. Patients harboring these types of 
MET fusions achieved PRs and even CRs. Patients har-
boring CD74-MET and KIF5B-MET demonstrated differ-
ent responses to crizotinib treatment, as listed in Table 1. 
One patient harboring TNPO3-MET did not benefit from 
crizotinib treatment, even as the first-line treatment. For 
patients harboring CD47-MET and HLA-DRB1- MET, the 
efficacy of MET-TKIs seems to be certain, and all patients 
showed a response to MET-TKI treatment. However, the 
efficacy of different MET-TKIs in patients harboring MET 
fusions must be further verified, given that the incidence 
of MET fusions is too low to draw any robust conclu-
sions. However, we still recommend crizotinib as a poten-
tially suitable choice for patients harboring MET fusions, 
regardless of the treatment line. It is worth noting that the 
clinical results of MET fusion-positive patients treated 
with MET-TKIs were aggregated from case reports and 
retrospective research. In addition, the mechanisms 
behind the response to MET-TKIs in patients with MET 
fusions are still not well understood. If the kinase domain 
of MET was not included in the fusion protein, these 
patients harboring related fusion genes naturally had no 
response to MET-TKI treatment. The functions of MET 
fusions with distinctive fusion partners or fusion sites and 
their sensitivity to targeted drugs require further research.

Characteristics and clinical importance of primary 
and acquired MET fusions in malignancies
According to published studies in related fields, it is 
believed that abnormal expression or activation of the 
MET protein is tightly associated with the develop-
ment of TKI resistance. The promotion of MET expres-
sion serves as the major bypass mechanism involved 
in resistance to EGFR-TKIs [39]. Abnormal MET pro-
tein expression could not only activate the classical 
downstream MAPK pathway, Akt pathway and STAT3 
pathway, all of which participate in the inhibition of 
apoptosis induced by TKIs as concluded above, but 
also activate the MET/MYC/AXL axis and enhance 
resistance [40–42]. Given the critical role of acquired 
abnormal MET function in inducing resistance to 
TKIs, a previous study also shed new light on strate-
gies for combination therapy, including therapies com-
bining relevant TKIs and MET inhibitors (MET-TKIs), 
in improving the prognosis of patients [32, 43]. As we 
summarized above, aberrant fusion of the MET gene 
could act as a trigger for the upregulation and activation 
of MET. Thus, mechanistically, MET inhibition could be 
an underlying method for salvage therapy for patients 
harboring MET fusions.

In this review, a total of 39 patients with primary MET 
fusions detected and 9 patients (4 of whom had detailed 
treatment information) with acquired MET fusions 
detected were included as shown in Table 1. According 
to the summary of the 4 patients harboring acquired 
MET fusions, we found that treatment with a MET-TKI 
alone or in combination with TKIs relevant to the pri-
mary targets, such as the EGFR-sensitive mutations 
in these patients, achieved promising efficacy in these 
patients after the development of resistance to TKIs rele-
vant to the primary targets. Seventy-five percent of these 
4 patients (3/4) achieved a PR after treatment, and 1 
patient achieved a CR. The median PFS time of patients 
treated with the combination of MET-TKIs plus EGFR-
TKIs was NR by the time of publication of these reports. 
Importantly, 2 of the patients harboring acquired MET 
fusions were administered crizotinib plus EGFR-TKIs 
(icotinib or gefitinib) as fourth-line treatment but still 
exhibited dramatic responses to the treatment and 
achieved a PR and even a CR. Therefore, combination 
therapy is supposed to be an efficient salvage treatment 
for patients who develop resistance to TKIs relevant to 
the primary targets. The latest study [18] compared the 
genes encoding MET partners for primary and acquired 
MET fusions, and the findings suggested a significant 
difference in the functional enrichment of the genes 
between the two groups. Interestingly, MET fusions 
correlated with a lower tumor mutation burden as illus-
trated in Fig. 1D.
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Conclusion
MET fusions could be targetable genomic variants of 
MET, and inhibition of MET is considered the baseline 
therapeutic choice for patients harboring MET fusions. 
According to the summary presented in this review, we 
recommend MET-TKIs, especially crizotinib, as suit-
able agents for the treatment of patients harboring pri-
mary MET fusions. For patients harboring acquired MET 
fusions after the development of resistance to TKIs tar-
geting primary genomic alterations, such as sensitive 
EGFR mutations, treatment with a MET-TKI alone or in 
combination with TKIs targeting primary genomic alter-
ations, such as EGFR-TKIs, is hypothesized to be a rea-
sonable option for salvage treatment. In summary, MET 
fusions, despite their low incidence, should be taken into 
consideration when developing treatment strategies for 
cancer patients.
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