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Backgrounds
In non-small cell lung cancer (NSCLC), MET 
gene alterations, such as amplification, exon 14 
skipping, fusions, and overexpression, are 
observed. MET overexpression, the most com-
mon alteration at 35%–72% prevalence,1 can be 
identified by selecting a suitable cutoff, potentially 
benefiting treatment and clinical trials. MET 
amplification occurs in 2%–4% of cases, and exon 
14 skipping mutations in 3%–4%,2 both being 
actionable alterations. MET fusions are less com-
mon, found in only 0.2%–0.3% of lung cancer 
patients.3 At present, the primary therapeutic 
approach for NSCLC patients exhibiting MET 
alterations involves the use of MET tyrosine 
kinase inhibitors (MET-TKIs). However, the 
clinical outcomes achieved with this method have 
not met expectations. Moreover, challenges  
persist in the detection of MET alterations, 

particularly regarding the determination of cut-off 
values, which complicates the interpretation of 
test results. Consequently, there is a pressing need 
to investigate alternative therapeutic strategies for 
NSCLC cases characterized by MET mutations. 
One promising avenue for future exploration is 
the integration of immunotherapy with existing 
treatment modalities to enhance therapeutic 
efficacy.

The MET and MET pathways
One of the leading causes of global cancer fatali-
ties is lung cancer. Approximately 85% of all 
patients have a histological type of NSCLC.4 The 
MET gene, recognized as an oncogenic driver in 
this disease, becomes activated by its natural 
ligand HGF, thereby triggering other signaling 
pathways like RAS, NF-κB, PI3K/AKT, and 
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JAK/STAT.5 These pathways regulate complex 
physiological processes, including angiogenesis, 
embryonic development, epithelial-mesenchymal 
transition, and antiapoptotic signaling.6

Variants and detection methods of MET in 
NSCLC
MET amplification, resulting from polysomy and 
local gene amplification,7 can be identified using 
next-generation sequencing (NGS), fluorescence 
in situ hybridization (FISH), and quantitative 
reverse transcription polymerase chain reaction 
(qRT-PCR; Table 1), although establishing defini-
tive amplification thresholds remains challenging.8 
METex14 skipping, induced by mutations that 
disrupt the regulatory juxtamembrane domain,9 
leads to hyperactive MET signaling, promoting 
uncontrolled cell proliferation and potentially 
oncogenic growth.10 Kurtis et  al.11 reported that 
RNA-based methods have a significant advantage 
in sensitivity compared to DNA-based methods. 
This advantage is primarily due to the ability of 
RNA sequencing to bypass the inherent limitations 
of DNA sequencing technology, thereby more 
effectively detecting mutations and variations asso-
ciated with MET. However, the high sensitivity of 
RNA sequencing also means that it has stricter 
requirements for the quality of RNA in the sam-
ples. The stability of RNA molecules is relatively 
low and can be easily affected by various condi-
tions, including the methods of sample preserva-
tion and processing, all of which can significantly 
impact the accuracy of sequencing results (Table 
1). MET fusions arise from chromosomal  
rearrangements, predominantly involving exon 15 

and downstream kinase domains,12 and are identi-
fied using hybridization-based technologies or 
anchored multiplex PCR (AMP) in RNA-NGS, 
with FISH and qRT-PCR as alternative detection 
methods (Table 1)13; DNA-NGS, however, is less 
sensitive for this purpose. MET overexpression, 
associated with ligand-independent phosphoryla-
tion and aberrant activation of signaling pathways, 
correlates with tumor metastasis, increased inva-
siveness, and reduced patient survival.14 It is 
assessed using various immunohistochemical anti-
bodies and scoring systems, with a common grad-
ing scale of 0–3+ for staining intensity, and the 
H-score (ranging from 0 to 300) as criteria for 
identifying overexpression, where a score above 
200 typically indicates increased MET expression 
levels (Table 1).15 Different detection methods 
come with their own set of advantages and con-
straints. In clinical applications, clinicians need to 
choose the appropriate test for the situation and 
understand the limitations of the testing methods 
for accurate interpretation of results. When feasi-
ble, integrating a variety of detection methods can 
augment the sensitivity of the diagnostics.

Current treatment for patients with MET-
altered NSCLC

MET tyrosine kinase inhibitors
MET-TKIs can be classified as type Ia, type Ib, 
or type II. Type Ia relies on binding to a G1163 
residue and is susceptible to mutations in this 
residue, while type Ib has the opposite effect.16 
Both type I and II inhibitors are ATP-competitive 
TKI inhibitors, but type II inhibitors have greater 

Table 1. MET mutation types and detection methods.

MET alteration type Description Detection methods Challenges

MET Amplification Results from polysomy and local gene 
amplification

NGS, FISH, qRT-PCR Definitive amplification thresholds 
challenging to establish

METex14 Skipping Induced by mutations disrupting the 
regulatory juxtamembrane domain

Sanger Sequencing, RNA-
based NGS, RT-PCR

/

MET Fusions Arise from chromosomal 
rearrangements, often involving exon 
15 and kinase domains

Hybridization-based 
technologies, AMP in 
RNA-NGS, FISH, qRT-PCR

DNA-NGS is less sensitive for 
detecting fusions

MET Overexpression Associated with ligand-independent 
phosphorylation and aberrant signaling 
activation

IHC Inconsistent truncation point 
settings for MET overexpression

AMP, Anchored Multiplex PCR; FISH, Fluorescence in Situ Hybridization; IHC, immunohistochemical; NGS, Next-Generation Sequencing;  
qRT-PCR, Quantitative Reverse Transcription Polymerase Chain Reaction.
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potential for slowing down rates and are stronger 
in kinase specificity than type I inhibitors; this is 
because type II inhibitors can expose an addi-
tional hydrophobic binding site adjacent to the 
MET ATP binding site by recognizing the inac-
tive conformation of the kinase.17 MET-TKI are 
currently widely used in the treatment of NSCLC 
with MET alterations (Figure 1), including crizo-
tinib, capmatinib, tepotinib, savolitinib, and 

cabozantinib, among others. A multitude of stud-
ies on these drugs are actively underway, with the 
potential for some to significantly inform clinical 
guidance on medication use. For instance, stud-
ies such as INSIGHT 2 (NCT03940703), 
SAVANNAH (NCT03778229), and SACHI 
(NCT05015608) are currently underway to 
assess the efficacy of tepotinib or savolitinib in 
combination with osimertinib in patients with  

Figure 1. Therapeutic approaches for diverse MET alterations in NSCLC patients. The standard 
pharmacological interventions for conditions characterized by MET amplification, METex14 skipping, MET 
fusion, and MET overexpression encompass MET-TKIs (e.g., crizotinib, capmatinib, tepotinib, savolitinib), 
bispecific antibodies (e.g., amivantamab), ADC drugs (e.g., Teliso-V), and monoclonal antibodies (e.g., 
emibetuzumab, ficlatuzumab). The concurrent administration of MET-TKIs in conjunction with immunotherapy 
has been utilized in the treatment of NSCLC presenting with METex14 mutations, while its efficacy in other 
mutational contexts remains to be elucidated.
NSCLC, non-small cell lung cancer.
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epidermal growth factor receptor-tyrosine kinase 
inhibitors (EGFR-TKIs) resistance and MET 
positivity. These studies are expected to provide 
effective resistance overcoming strategies for 
MET-driven EGFR-TKI resistant patients. In 
addition, studies have shown that cabozantinib 
can compensate for crizotinib’s lack of ability to 
infiltrate the central nervous system, offering 
greater benefits to patients with brain metasta-
ses.18 Presently, the Phase II clinical study 
CABinMET (NCT03911193) on cabozantinib 
for the patients with primary or treated MET-
altered (METex14, METamp) NSCLC is under-
way, anticipated to yield hopeful therapeutic 
options for this patient group.

Antibody therapy targeting MET
With the increasing understanding of the struc-
ture–function relationships of ligands, receptors, 
and activators, the development of HGF/
SF-MET inhibitors for cancer therapy continues 
to advance. In a phase II randomized controlled 
clinical study, the combination of the MET 
monoclonal antibody emibetuzumab with erlo-
tinib significantly prolonged overall survival 
(OS) (34.3 vs 25.4 months). In a subgroup anal-
ysis, the combination therapy was found to have 
a significant survival benefit in patients with high 
levels of MET protein overexpression (mPFS: 
15 vs 5.4 months; Table 2).19 Onartuzumab 
(MetMab), a humanized, monovalent monoclo-
nal antibody targeting MET receptors, primarily 
inhibits HGF/MET binding without inducing 
excitatory activity or MET dimerization.20 In a 
phase II randomized trial, the combination of 
onartuzumab and erlotinib was used to treat 
advanced NSCLC patients. Compared to erlo-
tinib monotherapy alone, the combination ther-
apy significantly improved the median 
progression-free survival (mPFS) (2.9 vs 
1.5 months; Table 2).21 In addition, therapies 
targeting the extracellular domain of MET are 
actively being developed; among them, 
REGN5093 is an METxMET bispecific anti-
body (Table 3),22 and Amivantamab (JNJ-
61186372) is also a potential therapeutic drug 
for MET. Amivantamab is an EGFR-MET 
bispecific antibody with immune cell targeting 
activity. In a phase I clinical trial CHRYSALIS 
(NCT02609776), NSCLC patients carrying 
METex14 mutations showed a good response to 
amivantamab treatment. The objective response 
rate (ORR) reached 33%, with a median PFS of 
6.7 months (Table 2).23 These results provide 

strong evidence for the potential of amivantamab 
in treating patients with METex14 mutations.

Antibody–drug conjugates targeting MET
Antibody-drug conjugate (ADC) drugs have 
some advantages over traditional treatments. 
They combine the tumor cell-specific targeting 
ability of monoclonal antibodies with the potent 
killing activity of the drug through their unique 
structure and can therefore be tailored to differ-
ent tumor types and antigen expression levels to 
enable personalized treatment.24 Its payload 
released within the tumor cell not only kills cells 
expressing the target antigen, but may also affect 
surrounding tumor cells that do not express the 
target antigen through a bystander effect. The 
targeted nature of ADCs helps to reduce the risk 
of tumor resistance and allows for therapeutic 
efficacy to be achieved at lower doses, with 
reduced systemic toxicity and an improved thera-
peutic window.25 Particularly importantly, ADC 
drugs offer new treatment options for patients 
with tumors that have failed to respond to, or 
have developed resistance to, conventional or tar-
geted therapies. Teliso-V (ABBV-399) is an  
ADC composed of the anti-MET monoclonal 
antibody ABT-700 connected to the microtubule 
inhibitor Monomethyl auristatin E (MMAE) via 
a valine–citrulline linker. This drug has been 
granted Breakthrough Therapy Designation by 
the US Food and Drug Administration (FDA) for 
the treatment of EGFR wild-type, nonsquamous 
NSCLC patients with advanced/metastatic 
c-MET overexpression and previously treated. 
Progress has been made in several clinical trials. 
In a phase I study of 52 patients treated with 
ABBV-399 ⩾ 1.6 mg/kg every 2 weeks (n = 28) 
or ⩾ 2.4 mg/kg every 3 weeks (n = 24), among the 
40 evaluable c-MET-positive patients, the ORR 
was 23%, and the mPFS was 5.2 months (Table 
2).26 A phase Ib study evaluated ABBV-399 in 
combination with erlotinib in patients with 
advanced NSCLC who were c-MET-positive. 
Among 36 evaluable patients, the overall ORR 
reached 23%, and the median PFS was 5.9 months 
(Table 2).27 This study revealed that in EGFR-
TKI-treated patients with positive c-MET and 
EGFR mutations, combination therapy compris-
ing ABBV-399 and erlotinib had good antitumor 
activity and acceptable toxicity. The current 
phase II trial aimed to identify the optimal popu-
lation of NSCLC patients with c-MET overex-
pression treated with ABBV-399 (phase I) and 
expand the selected population for further 
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evaluation of efficacy (phase II). The latest data 
were reported at the 2022 American Society of 
Clinical Oncology (ASCO) Congress: the ORR 
was 36.5% in the EGFR wild-type nonsquamous 
NSCLC group, 52.2% in the high c-MET expres-
sion group and 24.1% in the medium c-M expres-
sion group (Table 2).28 REGN5093-M114 is an 
ADC based on REGN5093 that is conjugated 
with the toxin M24 (a derivative of metformin) 
through the M114 linker on the surface of the 
antibody. In vitro experiments, REGN5093-M114 
significantly reduced tumor cells in MET-driven 
EGFR-TKI-resistant patients.22 A phase II study 
(NCT04982224) is currently being conducted on 
patients with MET overexpression to evaluate its 

clinical efficacy (Table 3), and the data will con-
tribute to the clinical application of the novel 
therapy.

Antibody therapy targeting the ligand HGF
New drugs targeting HGF (HGF antagonists) or 
hepatocyte growth factor receptor (HGFR) can 
block MET signaling at the ligand–receptor level 
and inhibit overactivation of the MET pathway 
(Figure 2).20 Ficlazumab (AV-299) is an anti-HGF 
monoclonal antibody. In a phase I study, good 
treatment tolerability was demonstrated when this 
drug was in combination of an anti-EGFR drug.29 
In another phase II clinical trial involving an Asian 

Figure 2. Possible treatment options in combination with immunotherapy. Treatment methods that have 
the potential to be combined with immunotherapy such as targeted MET/HGF antibodies, and MET- TKIs are 
designed to intercept different domains of the c-MET receptor. TPD-PROTACs are molecules engineered to 
induce MET degradation by forming a ternary complex with the POI and an E3 ubiquitin ligase, which triggers 
ubiquitination and subsequent proteasomal degradation. ADCs deliver cytotoxic payloads to tumor cells 
through receptor-mediated endocytosis, followed by lysosomal release, leading to cell apoptosis. TIL and 
CAR-T therapy involve extracting, modifying, and reinfusing immune cells to enhance antitumor activity. In 
targeted TAM therapy, RP-182 activates signaling pathways that promote phagocytosis and autophagy, as 
well as providing costimulatory signals for NF-κB activation, thereby aiding in the immune response against 
tumors.
POI, protein of interest; TAM, tumor-associated macrophages; TILs, tumor-infiltrating lymphocytes; TPD, targeted protein 
degradation.
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population, the evaluation of ficlatuzumab com-
bined with gefitinib versus gefitinib monotherapy 
in the treatment of advanced NSCLC was revealed. 
By analyzing specific subgroups, it was found that 
the ORR in people with EGFR mutations and high 
MET protein expression was approximately 20% 
higher than monotherapy, and the mPFS was 
5.5 months longer, with a significant benefit from 
the combination therapy.30

Current problems

Inconsistency between MET mutations and  
MET overexpression
The overexpression of MET often occurs alongside 
various cancer-causing mutations, being detected 
in 35%–72% of NSCLC cases through immuno-
histochemistry (IHC). However, its significance as 
a separate prognostic element for this disease 
remains a topic of debate.14 Thus far, the use of 
MET protein expression as a biomarker in targeted 
treatment for MET via monoclonal antibodies and 
MET-TKIs has not been successful12; moreover, a 
phase III clinical study (NCT01456325)31 com-
paring the efficacy of an MET monoclonal anti-
body combined with erlotinib versus placebo 
combined with erlotinib in advanced MET-positive 
(⩾50% of tumor cells with MET IHC scores of 2+ 
or 3+) NSCLC patients did not show significant 
improvement in clinical outcomes. This result may 
indeed suggest that the impact of MET as the pri-
mary biomarker for NSCLC is still unclear.

MET overexpression was correlated with 
METex14 skipping and MET amplification but 
was not strongly correlated. The three-center 
cohort study data of the Lung Cancer Mutation 
Alliance (LCMC)32 demonstrated that out of the 
71 (39%) MET IHC-positive (H-score⩾200) 
patients screened, only 1 (2%) was detected 
among the 3 MET-amplified (MET/CEP7>2.2) 
patients. In addition, although both (1%) patients 
with METex14-related alterations were detected, 
considering the high frequency of MET IHC pos-
itivity in lung cancer and because METex14-
mutated lung cancer is usually IHC positive, 
MET IHC is a poor screening strategy for detect-
ing METex14 mutations.33 Because of the low 
number of patients, exhibiting MET amplifica-
tion and METex14 mutation, coupled with the 
absence of MET fusion data, necessitates the 
need for additional assay data to the significance 
of MET overexpression as a screening tool for 
identifying MET alterations.

MET amplification and cut-off points
There are currently various methods available for 
detecting changes in MET copy number and 
MET expression, but unfortunately, the cut-off 
points for defining MET amplification and MET 
overexpression vary according to each detection 
method. MET amplification is mainly defined 
through two methods of FISH, which is the gold 
standard for MET amplification detection. The 
first method relies on the gene copy number 
(GCN) and defines MET amplification as the 
presence of five or more MET copies per cell 
(METGCN ⩾ 5)34; other studies have defined 
this as METGCN⩾635 or METGCN⩾15.36 
However, MET amplification includes both true 
amplification and polyploid amplification and 
cannot be distinguished by GCN-dependent 
methods. Polyploid amplification of MET occurs 
when MET occurs with a regional or local 
increase in copy number on a specific arm of 
chromosome 7 (located at 7q31). Therefore, tak-
ing the ratio of MET to CEP7 (centromere seven 
counting probe) is another more accurate method 
in the absence of chromosome duplication.37 
Generally, MET/CEP7 ⩾ 2.0 is used to define 
focal amplification, while METGCN⩾5 with 
MET/CEP7 <2 is considered polyploid amplifi-
cation.38 Numerous studies are delving into the 
identification of cutoff points that would benefit 
patients, thereby refining detection methodolo-
gies. In one such study, the efficacy of crizotinib 
was assessed across varying degrees of MET gene 
amplification39: low-level amplification (MET/
CEP7 between 1.8 and 2.2), moderate-level 
amplification (ratio between 2.2 and 5), and high-
level amplification (ratio above 5). The experi-
mental data40 revealed that patients with high-level 
amplification had the highest ORR, reaching 
50%, whereas the ORR for patients with low and 
moderate amplification were 33% and 20%, 
respectively. In subsequent updates to this study, 
the threshold between moderate and high ampli-
fication was adjusted to an MET/CEP 7 ratio of 
4, and it was found that patients with high-level 
amplification consistently achieved the best ther-
apeutic outcomes (ORR of 40%, with an mPFS 
of 6.7 months). Similar conclusions have been 
drawn from other studies.41,42 This suggests that, 
in general, patients with higher levels of MET 
amplification respond better to MET inhibitors. 
Establishing a relatively high cutoff value helps to 
identify a patient population that is more sensitive 
to the medication and tends to have better thera-
peutic outcomes, although this may exclude some 
patients who could potentially benefit. The 
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“NCCN Clinical Practice Guidelines in Oncology 
– Non-Small Cell Lung Cancer (Version 
4.2024)”43 recommend defining high-level MET 
amplification as GCN⩾10 detected by NGS. 
Conversely, setting a lower cutoff value to include 
more patients might encompass many who do not 
respond to the treatment. For instance, in the 
onartuzumab study, half of the patients selected 
based on MET expression levels participated in 
the research, a proportion that significantly 
exceeds the likely number of patients who are 
genuinely reliant on the MET pathway.44

It has to be said that the level of MET expression, 
as a continuous variable, has a certain degree of 
arbitrariness in the setting of any cutoff point, 
rather than being entirely based on biological 
mechanisms.2 In clinical practice, it may be nec-
essary to select cutoff points in a more personal-
ized manner, establishing inclusive thresholds. 
Reducing interobserver variability in FISH inter-
pretation through digital pathology or confirming 
MET amplification through orthogonal experi-
ments may be effective solutions.8

MET-targeted therapy exhibits limited PFS and 
susceptibility to drug resistance in NSCLC
Since PAIK et al.45 first reported crizotinib and 
cabozantinib as third-line treatment options for 
patients with stage IV lung adenocarcinoma car-
rying METex14 mutations in a small retrospec-
tive series of studies in 2015, many studies 
targeting MET-TKIs have been initiated in the 
field since, also mostly focusing on METex14 
mutations. However, many clinical studies related 
to MET-TKIs have shown that although the 
ORR is high, PFS is not ideal. For example, a 
subsequent additionally reported phase I clinical 
trial by PAIK et  al. (Profile 1001)46 showed an 
ORR of 32.3%, a duration of response (DOR) of 
9.1 months, and a PFS of only 7.3 months. MET 
amplification has been shown to exhibit sensitiv-
ity to MET-TKI, but there is a lack of studies 
based on large samples to further clarify this.2 In 
a clinical study utilizing capmatinib for the treat-
ment of NSCLC patients with METex14 muta-
tions or MET amplifications, the ORR was 68% 
and the PFS was 12.4 months for untreated 
patients with METex14 mutations. For patients 
with MET amplification, those with a GCN of 10 
or higher had an ORR of 40% and a PFS of 
4.2 months; however, patients with a GCN below 
10 exhibited a limited therapeutic response.41 
This study not only pointed out that the level of 

MET amplification is an important factor influ-
encing the response to treatment, but also 
revealed a limited PFS. In patients with lung can-
cer, MET fusion is a rare event. A study found 
that patients with MET fusions responded to cri-
zotinib treatment, with PFS ranging from 4 to 
14 months.3

Drug resistance significantly impedes the efficacy 
of MET inhibitors, with research primarily cen-
tered on MET-TKIs. This resistance is catego-
rized into primary and secondary forms, yet the 
underlying mechanisms remain not fully under-
stood. Studies have shown that the presence of 
MET gene alterations accompanied by other co-
mutated genes may be one of the primary resist-
ance mechanisms, such as PIK3CA mutations.47 
The occurrence of secondary drug resistance 
may be due to changes in the MET domain after 
initial treatment with MET inhibitors. Type I 
and type II TKIs act at different sites on the 
MET molecule, and their resistance mutations 
occur at different residues. For example, a study 
reported that a patient with METex14 had an 
acquired mutation in the MET kinase domain 
D1228N during the progression of crizotinib 
treatment.48 Combining MET-TKIs with immu-
notherapy to improve PFS and overcome drug 
resistance is a promising therapeutic direction. In 
recent years, research on organoids has devel-
oped rapidly, and using organoids to screen sen-
sitive drugs may be an effective tool for further 
studying MET-TKIs.49

Features of the TIME in patients with  
MET-altered NSCLC

Antigen presentation and immunogenicity 
characteristics of TIME
The tumor mutational burden (TMB) is an 
important indicator of the number of mutations 
in cancer. The presence of high TMB suggests 
that tumor cells have undergone numerous muta-
tions, leading to the creation of additional new 
antigens that are immunogenic and more likely to 
activate T-cell responses. After analyzing The 
Cancer Genome Atlas (TCGA) online dataset, a 
study revealed that patients with MET amplifica-
tion had a significantly greater TMB than did 
patients without MET alterations. These findings 
could lead to the use of MET amplification as a 
representative predictive biomarker for immuno-
therapy, providing new perspectives and evalua-
tion tools for clinical treatment.50 A comparative 
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analysis was carried out for 138 patients with 
METex14-mutant and 5162 patients with 
MET-WT NSCLC at the 2022 World Conference 
on Lung Cancer. Among METex14 lung cancer 
patients, the proportion of patients with high 
TMB (TMB-H, defined as TMB ⩾ 10 mt/Mb) 
was significantly lower, at 16.3%, than that of 
patients with wild-type MET.51 Another study 
targeting three groups of NSCLC patients with 
oncogene alterations (a total of 4189 patients) 
revealed similar characteristics of TMB in the 
METex14 cohort.52 Thus, it is evident that even 
within the MET mutation spectrum, the immu-
nological features vary among different types due 
to their distinct underlying characteristics. This 
diversity has led to a lack of consensus on the effi-
cacy of immunotherapy in studies focusing on 
NSCLC patients with MET alterations. This dif-
ference may be due to the expansion of myeloid-
derived suppressor cells (MDSCs) by 
mesenchymal stem cells (mediated by down-
stream STAT3 phosphorylation of the HGF/c-
MET signaling pathway). MDSCs can inhibit 
cytokine production, inhibit T-cell proliferation, 
and significantly inhibit immune cell responses, 
NK cell cytotoxicity, and dendritic cell (DC) 
antigen presentation.53 Another possible potential 
reason is the correlation of high MET copy num-
ber with lower stimulation of interferon gene 
(STING) signaling. The MET gene weakens the 
immune system's ability to recognize and attack 
tumors by inhibiting the STING signals, reduc-
ing the immunogenicity of tumors and thus 
affecting the effectiveness of immunotherapy.54 
Overall, although MET mutations are linked to a 
higher TMB in NSCLC patients, these mutations 
reduce the immunogenicity of tumors by altering 
the immune microenvironment, which may be 
the reason for the poor efficacy of immunother-
apy. This discovery suggests that for NSCLC 
patients with MET alterations, a deep under-
standing of the characteristics of their immune 
microenvironment is crucial for optimizing 
immunotherapy regimens.

Infiltration of immune cells
CD8+ T cells are the most essential component 
of tumor-infiltrating lymphocytes (TILs) when 
killing tumor cells in the body,55 and a low infil-
tration level of CD8+ T cells in lesions is closely 
related to poor prognosis.56 A study showed a sig-
nificant increase in the number of TILs in patients 
with MET-altered tumors, and MET amplifica-
tion was independently correlated with the 

infiltration levels of CD8+ T cells and TILs in 
tumors.57

Among immune cells, tumor-associated mac-
rophages (TAMs) have the highest infiltration 
rate in the tumor microenvironment (TME). 
TAMs can stimulate invasion, proliferation, and 
metastasis, as well as tumor angiogenesis and 
TME immunosuppression, in NSCLC cells to 
promote tumor occurrence and development.58 
Therefore, NSCLC patients with higher levels of 
TAM infiltration often have poorer prognoses,59 
indicating that TAMs play an important role in 
the occurrence and development of NSCLC. 
Macrophages are highly malleable and can differ-
entiate specifically into M1 and M2 phenotypes 
in different tissue environments and produce dif-
ferent effects. M1-type macrophages have antitu-
mor activity and help activate adaptive immune 
and inflammatory responses, while M2-type mac-
rophages promote tumor occurrence and devel-
opment by inhibiting the immune function of the 
TME and promoting angiogenesis, tissue recon-
struction, and damage repair.60 Research has 
shown that activation of the downstream PI3K 
pathway by the HGF/c-MET signaling pathway 
can lead to the dependent induction of Arg-1 
expression, which transforms tumor-inhibiting 
M1-type macrophages into tumor-promoting 
M2-type macrophages.61 CSF-1R is a protein 
that mediates the survival of macrophages in 
tumor tissue, and its inhibition is considered a 
therapeutic strategy for eliminating TAMs. 
However, studies have shown that although 
CSF-1R inhibitors can effectively eliminate 
TAMs, they can cause tumor-associated fibro-
blasts to release more of the chemokine CXCL1, 
thereby recruiting more immunosuppressive pol-
ymorphonuclear MDSCs and promoting tumor 
growth.62

Tregs are a subgroup of T cells that can down-
regulate or inhibit the induction and proliferation 
of effector T cells and participate in regulatory 
immunity. A study revealed that under HGF 
induction, monocytes can differentiate into toler-
ant DCs. In addition, HGF also enhances the 
ability of DCs to produce the immunosuppressive 
cytokine IL-10. These findings further confirm 
that the HGF/c-MET pathway is involved in Treg 
accumulation.63 Tregs can upregulate immuno-
suppressive signals, such as T-cell immunoglobu-
lin and mucin domain-3 (TIM-3) and lymphocyte 
activation gene 3 (LAG-3),64 to produce the 
immunosuppressive cytokines IL-10 and TGF-β, 
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which can inhibit the activity of CD8+ T cells. In 
addition, Treg cells can also contact and interact 
with DCs, causing DC depletion, further leading 
to reduced activation of CD8+ T cells and inhib-
iting CD8+ T-cell-mediated cytotoxicity.65 
Moreover, as inhibitory cytokines of NK cells, 
TGF-β and IL-10 can inhibit the migration of NK 
cells to the TME and its antitumor effects, leading 
to NK cell dysfunction.66

Therefore, MET mutations cause extensive infil-
tration of immunosuppressive cells, including 
Tregs, TAMs, MDSCs, etc., as well as depletion 
of immune-activated cells, inhibition of the anti-
tumor immune response, and therapeutic meth-
ods targeting the HGF/c-MET pathway are 
effective strategies.

Tumor cells evade immune killing
PD-1 and PD-L1 play important negative regula-
tory roles in the immune response to tumors, ena-
bling tumor cells to successfully evade immune 
system attacks. Research has shown that in lung 
adenocarcinoma patients, MET mutations are 
significantly positively correlated (p < 0.001) with 
high PD-L1 expression.67 According to previous 
studies, there is a positive correlation between 
PD-L1 expression and MET amplification in 
NSCLC patients,68 and patients with METex14 
skipping have a high positivity rate.69 These stud-
ies have some guiding significance for the applica-
tion of immune checkpoint inhibitors (ICIs) in 
patients with MET-altered NSCLC. However, as 
previously mentioned, different types of MET 
mutations exhibit similar yet distinct immuno-
logical characteristics, which suggests that for 
patients with genomic alterations in the MET 
gene, selecting individuals based on biomarkers 
associated with immunotherapy prognosis can 
more precisely identify those who are likely to 
benefit.

TAMs are also interrelated with the expression of 
PD-L1; almost all PD-1+ TAMs express the M2 
type, while PD-1- TAMs mainly express the M1 
type, and high expression of PD-L1 can induce 
M2 polarization of TAMs.70 M2-type TAMs can 
inhibit NK cell activity and promote the expres-
sion of PD-L1 and cytotoxic T lymphocyte-asso-
ciated antigen 4 (CTLA-4), hindering effector 
T-cell infiltration by blocking immune check-
points71; however, the secretion of TGF-β upreg-
ulates Tregs, the Foxp3 gene induces CTLA-4 
expression on the surface of Tregs, and CTLA-4 

binds to CD80 and CD86 on antigen-presenting 
cells, resulting in their downregulation and inhi-
bition of T-cell activation.72 In addition, the sur-
face-characteristic marker molecule CD25 has a 
high affinity for IL-2 and limits the activation and 
proliferation of effector T cells by binding to 
IL-2.73 Most tumor-infiltrating Tregs exhibit 
increased PD-1 expression, thereby inducing 
immunosuppression through the interaction of 
PD-1 and PD-L.74 Furthermore, MDSCs can 
also induce T-cell tolerance by expressing inhibi-
tory receptors such as PD-L1 and CTLA-4.75

In summary, MET mutations promote immune 
escape mechanisms by inducing and recruiting 
immunosuppressive cells and increasing the 
expression of various immunosuppressive mole-
cules. By blocking these immunosuppressive 
mechanisms, the underlying antitumor immune 
response can be restored. Immunotherapy with 
ICIs, such as CTLA-4 monoclonal antibodies 
and PD-1 or PD-L1 monoclonal antibodies, can 
rescue cytotoxic effector CD8+ T-cell dysfunc-
tion and kill tumor cells.

Opportunities for immunotherapy via the 
MET pathway

Immunotherapy
ICIs have become one of the first-line treatment 
options for NSCLC patients who lack driver 
mutations.76 Retrospective studies indicate that 
patients with NSCLC harboring KRAS, BRAF 
mutations, or co-occurring TP53 mutations 
derive more favorable outcomes from ICIs, 
whereas those with EGFR, ALK, or MET muta-
tions exhibit suboptimal benefits from immuno-
therapy.77 However, notably, certain studies have 
demonstrated a positive correlation between 
PD-L1 expression and MET amplification in 
NSCLC patients, suggesting that ICIs may be 
effective in treating MET-amplified tumors.68 In 
patients with NSCLC harboring MET exon 14 
skipping, the efficacy of immunotherapy remains 
a contentious issue. The IMMUNOTARGET 
study78 indicated that patients with MET-
mutated subgroups, including MET amplifica-
tion and MET exon 14 skipping mutations, derive 
relatively limited clinical benefits from immuno-
therapy, with an ORR of 16% and an mPFS of 
3.4 months. A study specifically targeting MET 
exon 14 skipping also reported a similar ORR of 
17% and an mPFS of 1.9 months,69 consistent 
with another study's finding that NSCLC patients 
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with MET mutations may have a lower response 
to immunotherapy, although the sample size of 
that study was small.79 Despite the aforemen-
tioned studies showing that patients with MET 
genomic alterations treated with ICIs have an 
ORR of less than 20%, suggesting that ICI ther-
apy has some efficacy but is not highly desirable, 
a retrospective  study (GFPC 01-2018)80 reported 
a higher ORR. In this study, 30 patients with 
MET exon 14 skipping treated with ICIs achieved 
an ORR of 35.7% and an mPFS of 4.9 months. 
Researchers believe that this may be related to the 
relatively low number of lines of ICI treatment 
(63% were first- or second-line treatments) and 
the higher proportion of patients with high PD-L1 
expression (⩾50%) included in the study (37%). 
Further analysis of the three GFPCs also revealed 
a higher ORR, which was 43%.81 This suggests 
that additional biomarker data are needed in 
order to determine which patients are most likely 
to benefit from ICIs.

In recent years, a study82 has reported a case of an 
NSCLC patient with an MET exon 14 skipping 
mutation who experienced a brief period of PFS 
and rapidly developed resistance following treat-
ment with crizotinib. Upon switching to a regi-
men combining immunotherapy with 
chemotherapy, the patient’s PFS was extended to 
15.0 months. Another study also found that 
chemoimmunotherapy prolonged PFS compared 
to chemotherapy.83 This outcome suggests that 
the chemoimmunotherapy approach may enhance 
patient benefit. A recent retrospective study84 has 
further corroborated this conclusion. The study 
found that in the subgroup of patients with MET 
mutations, including MET amplification and 
MET exon 14 skipping, the ORR to first-line 
chemoimmunotherapy was 60%, with an mPFS 
of 6.2 months. In the second-line treatment, the 
ORR was lower, at 30.8%, with a median PFS of 
5.7 months, and both first- and second-line treat-
ments demonstrated manageable safety profiles.

Immunotherapy combined with  
targeted therapy
Given the suboptimal outcomes of monotherapy 
with ICIs in patients with MET-mutated 
NSCLC, a combination or sequential approach 
with targeted therapies may represent a promising 
strategy. Preclinical research utilizing lung cancer 
cell lines and models from other cancer types has 
demonstrated that MET inhibitors can reduce 
the number of neutrophils in tumors and draining 

lymph nodes that increase reactively due to 
immunotherapy. These neutrophils rapidly 
acquire immunosuppressive characteristics within 
the T-cell inflammatory microenvironment and 
limit the expansion and effector functions of T 
cells. By modulating the behavior of immune cells 
in the tumor microenvironment, particularly neu-
trophils, MET inhibitors enhance the antitumor 
immune response mediated by T cells, thereby 
improving the efficacy of cancer immunother-
apy.85 However, combination therapy may be 
associated with more serious adverse effects. 
Several clinical trials have attempted to combine 
EGFR-TKIs or ALK-TKIs with PD-1/PD-L1 
monoclonal antibodies; however, these endeavors 
have been unsuccessful due to a higher incidence 
of adverse events, such as interstitial pneumonia 
and hepatic injury.86,87 Furthermore, two clinical 
trials exploring the combination of ICIs with 
MET-TKIs (NCT04323436, NCT04139317) 
were prematurely terminated due to toxicity asso-
ciated with the combined therapy. In one of these 
trials, out of 51 patients who received the com-
bined treatment, 19 (37.3%) had to discontinue 
therapy, and there were four suspected treatment-
related fatalities.88 Future research will continue 
to explore the potential of the combination of 
ICIs and MET-TKIs, aiming to provide new 
therapeutic strategies for patients with lung can-
cer harboring MET alterations. Concurrently, it 
is imperative to closely monitor the safety profiles 
of these medications.

Immunotherapy combined with ADC drugs
Previously reported ADC drugs are often associ-
ated with dose-limiting toxicity, but the emergence 
of trastuzumab deruxtecan (DS-8201), a new 
ADC drug designed using a novel linker peptide-
loading technology, has overcome the limitations 
of the previous generation of compounds and has a 
synergistic attenuating effect, heralding the arrival 
of the next generation of ADCs and showing 
potential for combination with PD-1/L1. 
Datopotamab deruxtecan (Dato-DXd) is an inno-
vative ADC designed to target human trophoblast 
surface antigen 2 (TROP2). This drug consists of 
multiple components, including humanized anti-
TROP2 IgG1 monoclonal antibodies, potent 
topoisomerase I inhibitors that can be effectively 
loaded, and a stable tetrapeptide-cleavable linker.89 
At the 2023 ASCO Congress, the midterm analy-
sis results of the clinical study TROPION-Lung02 
(NCT04526691) were announced, which evalu-
ated the efficacy of Dato-DXd + pembrolizumab 
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dual and Dato-DXd + pembrolizumab + plati-
num-based chemotherapy triple in the treatment 
of newly diagnosed advanced/metastatic NSCLC 
patients without driver gene mutations. The results 
showed that the ORRs were 50% and 57%, respec-
tively.90 Research on TROPION-Lung04 
(NCT04612751), TROPION-Lung07, and 
TROPION-Lung08 (NCT05215340) is currently 
underway to further evaluate the potential of Dato-
DXd in combination with immunotherapy.91,92 As 
a “highly effective, targeted chemotherapy” drug, 
ADC drugs hold promise in exerting synergistic 
effects when combined with immunotherapy and 
could become a new direction for next-generation 
tumor treatment.

Immunotherapy combined with targeted  
protein degradation
Targeted protein degradation (TPD) is an emerg-
ing therapeutic approach with enormous therapeu-
tic potential. For certain proteins that are difficult 
to target with conventional small molecules, TPD 
can alter cellular protein homeostasis mecha-
nisms.93 PROTAC is a bifunctional small molecule 
composed of two ligands covalently linked by link-
ers of 5~15 carbon atoms or other atoms; one ligand 
recruits and binds to the cancer cell-dependent 
protein of interest (POI), while the other recruits 
and binds to the E3 ubiquitin ligase.93 PROTAC 
proteins simultaneously bind to POI and ligases, 
leading to ubiquitination of the POI and subse-
quent degradation by the ubiquitin–proteasome 
system (UPS). Following degradation, the 
PROTAC is recycled to target another copy of the 
POI (Figure 2).94 PROTAC technology has several 
advantages over traditional small molecule inhibi-
tors due to its unique mechanism of action. Unlike 
traditional inhibitors that rely on the active site of 
target proteins, PROTACs are able to degrade pro-
teins that lack active sites or are difficult to target by 
traditional means, such as transcription factors and 
other non-enzymatic proteins, effectively solving 
the problem of “undruggable.” In addition, the 
catalytic properties of PROTACs allow a single 
molecule to degrade multiple target proteins in a 
cyclic manner, reducing the dependence on pro-
longed drug exposure and sustained high drug  
concentrations. Compared to non-catalytic, occu-
pation-driven mechanisms of drug action, 
PROTAC molecules can act at lower doses, reduc-
ing the risk of side effects. They also have the 
advantage of a lower probability of resistance devel-
opment and a more rapid efficacy response.95 Two 
studies have evaluated c-MET PROTACs via the 

multitargeted kinase inhibitor foretinib, which 
includes two different E3 ubiquitin ligases, von 
Hippel–Lindau (VHL) recruitment and cereblon 
(CRBN) recruitment; both of these studies revealed 
that foretinib-based c-MET PROTACs effectively 
degrade c-MET, inhibit tumor cell proliferation, 
and counter the increased c-met stability of exon 
14 deletion and resistance to HGF-mediated deg-
radation.96 These findings suggest that the applica-
tion of PROTACs in patients with MET-altered 
NSCLC may have considerable potential. 
Subsequently, other studies have designed, synthe-
sized, and evaluated highly potent orally active 
c-MET PROTACs using tepotinib and thalido-
mide, which have higher pharmacological activity, 
broader selectivity, and lower cytotoxicity than pre-
viously reported.97 Targeting immunosuppressive 
molecules on TAMs is also a promising therapeutic 
approach that can effectively inhibit endocytosis by 
interfering with the phagocytic receptor MerTK. 
This process can lead to the accumulation of apop-
totic cells in tumor cells, triggering a type I inter-
feron response and ultimately enhancing antitumor 
immunity. In addition, other emerging TPD tech-
nologies, including lysosome-targeting chimaera, 
antibody-based PROTAC (AbTAC), autophagy-
targeting chimaera (AUTAC), autophagosome-
tethering compound (ATTEC), molecular glue, 
photocontrolled PROTACs, and hydrophobic 
labeled small molecules, are also important addi-
tions to the chemical regulation of intracellular pro-
tein homeostasis.98

Targeted treatment of TAMs
Given that MET mutations are significantly asso-
ciated with high PD-L1 expression and that high 
PD-L1 expression can induce M2 polarization of 
TAMs,67,70 MET mutations can promote the 
polarization of TAMs from the M1 to M2 pheno-
type through high PD-L1 expression. One of the 
key characteristics of macrophages is their plastic-
ity, which allows them to alter their phenotype in 
response to the tumor microenvironment; there-
fore, the repolarization strategy of reprogramming 
TAMs to an antitumor phenotype is very promis-
ing in tumor therapy. RP-182 is a synthetic 10-mer 
amphiphilic analog of a host defense peptide that 
selectively induces a conformational switch to the 
mannose receptor CD206 expressed on M2-type 
TAMs, reprogramming M2-type TAMs to the 
antitumor M1 type (Figure 2).99 Combination 
therapy comprising RP-182 expression and chem-
otherapy or ICIs may be an effective strategy for 
inhibiting tumor growth and prolonging survival. 
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In addition, targeting immunosuppressive mole-
cules on TAMs is an effective method that can 
selectively inhibit endocytosis by blocking the 
phagocytic receptor MerTK, leading to the accu-
mulation of apoptotic cells in tumor cells and trig-
gering a type I interferon response, enhancing 
antitumor immunity.58 PD-1-PD-L1 therapy can 
act directly on macrophages or synergistically with 
anti-MerTK antibody therapy to treat tumor-
bearing mice and stimulate T-cell activation.100

Adoptive cell immunotherapy
TIL therapy refers to the isolation of infiltrating 
lymphocytes (TILs) from tumor tissue; these cells 
are cultured and amplified in vitro before being 
reintroduced into the body (Figure 2). TIL ther-
apy has the advantages of multiple targets, tumor 
targeting, and minimal side effects and has unique 
advantages in the treatment of solid tumors.101 In 
a phase I clinical trial,102 20 patients with advanced 
NSCLC were administered TIL or IL-2 along 
with nivolumab after lymphodepletion, 11 of the 
13 evaluable efficacy patients experienced a 
decrease in tumor burden, 3 responded, and 2 
achieved a complete response after 1.5 years. 
Studies have shown that the immune system’s 
response to neoantigens formed by mutations and 
the subsequent development of tumor-specific 
lymphocytes increase the likelihood of benefiting 
from TIL therapy in patients with NSCLC with a 
high mutational burden, such as those with MET 
amplification.103 TIL therapy for solid tumors has 
unique advantages, but its promotion and popu-
larization face some challenges, mainly including 
expensive and time-consuming tissue collection 
and production processes, difficulties in achieving 
TIL standardization for different patients, and 
difficulties in selecting prognostic markers. There 
is still room for further improvement and applica-
tion of TIL therapy.101

CAR-T-cell therapy is a novel therapy that 
involves the genetic modification of specific 
tumor antigens and precisely kills tumor cells. 
CAR-T-cell-targeting c-MET has been devel-
oped and verified for its specific killing activity 
against tumor cells.104 However, CAR-T-cell 
therapy for lung cancer, while potentially effec-
tive, faces numerous challenges in its widespread 
use. These include severe targeted toxicity, anti-
gen evasion, and CAR-T-cell persistence.105 
Innovative CAR designs are urgently needed to 
be developed. CAR-NK therapy appears to have 
a more favorable safety profile compared to 

CAR-T-cell therapy, as demonstrated in a clinical 
trial where no adverse immune-related events 
were associated with CAR-NK-cell therapy,106 
suggesting that it has certain therapeutic poten-
tial. However, the inherent characteristics of NK 
cells, such as increased difficulty in amplification, 
isolation, and genetic engineering compared to 
those of T cells, as well as limited persistence in 
vivo after infusion, remain unresolved.107

Biomarker discovery and patient selection
TMB, microsatellite instability (MSI), and 
PD-L1 expression are commonly used biomark-
ers in the field of immunotherapy. Studies have 
confirmed that MSI can serve as a predictive bio-
marker for the efficacy of immunotherapy.108,109 
However, a retrospective study has indicated that 
in NSCLC patients with rare driver genes such as 
BRAF, MET, RET, HER2, etc., the MSI status 
is mostly microsatellite stable, similar to the over-
all situation in lung adenocarcinoma.110 This sug-
gests that in the population of NSCLC patients 
with MET mutations, the MSI status may not be 
as significantly predictive of the efficacy of ICIs as 
it is in MSI-High tumors.

Regarding PD-L1 expression, there is disagree-
ment among multiple studies. In the GFPC 
study, the higher ORR may be related to the 
higher proportion of patients with PD-L1 expres-
sion⩾50% (37%).80 However, another study has 
suggested that the efficacy of immunotherapy is 
not directly related to PD-L1 expression but is 
associated with TP53 mutations.83 In addition, a 
meta-analysis did not observe significant differ-
ences in PD-L1 expression among patients with 
different levels of MET expression,111 but this 
finding should be interpreted with caution due to 
the small number of studies included. It is worth 
noting that PD-L1 expression is correlated with 
the specific gene expression characteristics of 
CD8+ T cells,112 and combining PD-L1 expres-
sion with the infiltration of CD8+ T cells in 
tumor tissue may improve the accuracy of pre-
dicting the efficacy of ICIs.113

As for the research results on TMB, they also 
show certain differences. A studies show no dif-
ference in TMB between mutated and wild 
types,114 while another study found that TMB in 
mutated types is lower than in wild type.69 In 
addition, the expression level of MET itself is also 
related to the efficacy of immunotherapy. Studies 
have found that patients with a high number of 
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MET copies respond poorly to ICIs.54,115 These 
findings suggest that for patients with MET 
genomic alterations, screening based on prognos-
tic biomarkers related to immunotherapy may 
help to more accurately identify the population 
that can benefit from the treatment.

Conclusion
MET mutations reshape the immune microenvi-
ronment of NSCLC through intricate mecha-
nisms, including the immunogenicity of the 
TIME, depletion of immune-activated cells, infil-
tration of immunosuppressive cells, and evasion 
of immune killing, affecting the response of 
patients to immunotherapy. The application of 
immunotherapy in patients with MET-altered 
NSCLC holds promise, yet monotherapy pre-
sents numerous challenges. Combination therapy 
offers the potential to overcome these limitations 
and unlock the full potential of immunotherapy 
in this setting.
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