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Abstract
Several oncogenic mechanisms have been identified for 
MET, including MET amplification, fusions, mutations in the 
tyrosine kinase domain and exon 14 skipping alterations. MET 
exon 14 mutations are found in about 3–5% of non-small-cell 
lung cancers. Dysregulation of the MET receptor leads to cell 
proliferation and survival by activation of the PI3K–AKT–TOR 
and RAS–RAF–MET–ERK canonical pathways. Targeting the 
MET tyrosine kinase domain in the setting of MET exon 14 
mutations using effective MET tyrosine kinase inhibitors is a 
current targeted therapy option for patients with metastatic 
lung cancer. In this Review, we focus on the management of 
patients with MET exon 14 skipping alterations by addressing 

the biology of the MET receptor and exon 14 skipping 
mutations, current treatment strategies, and sequential 
treatment options based on resistance mechanisms to MET 
inhibitors in patients with non-small-cell lung cancer.

Keywords: acquired resistance, exon 14 skipping mutations, 
MET, next-generation sequencing, non-small-cell lung cancer, 
target therapy.
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Introduction
The MET oncogene encodes for a transmembrane tyrosine 
kinase receptor (RTK) that regulates physiological processes 
such as cell scattering during embryogenesis, wound healing, 
angiogenesis and proliferation.1–3 MET oncogenic alterations 
have been found in multiple tumours, including lung cancer, 
gastric cancer, head and neck squamous cell carcinoma, 
childhood hepatocellular carcinoma, and colorectal cancer.4–8 
Overall, MET alterations are found in 2.6% of all human 
cancers, reaching up to 5% in non-small-cell lung cancer 
(NSCLC).9 Unlike other RTKs, alterations in MET affect more 
than one oncogenic mechanism, including point mutations 
in the tyrosine kinase domain, MET exon 14 skipping, MET 
amplifications, overexpression and fusions.10 Interestingly, 
MET alterations have been described not only as the primary 
driver alteration in tumour cells but also as an acquired 
resistance mechanism to tyrosine kinase inhibitors in EGFR-
mutant or ALK-rearranged lung cancer.11–14 Identification of 
these mechanisms has led to the development of multiple 
therapeutic strategies targeting MET, including specific tyrosine 
kinase inhibitors (TKIs) that are now approved for the treatment 
of MET-driven NSCLC, such as tepotinib15 and capmatinib,16 and 
monoclonal antibodies.17–19

Herein, we review the management of patients with tumours 
that harbour one of the main oncogenic mechanisms found 
in NSCLC, namely MET exon 14 skipping alterations. We focus 
on the biology of MET and the oncogenic mechanisms of 
MET exon 14-driven tumours, the diagnostic methods, clinical 
characteristics and actual strategies in targeting MET, including 
resistance mechanisms, in this tumour model.

Review
MET exon 14 skipping alterations
The MET proto-oncogene encodes a tyrosine kinase receptor 
composed of an extracellular portion that contains the SEMA 
domain that binds to its ligand hepatocyte growth factor 
(HGF), a single-pass transmembrane region, and an intracellular 
tyrosine kinase domain. The receptor tyrosine kinase domain 
contains a catalytic domain that is activated through the 
phosphorylation of key residues such as Y1234-Y1235 and 
Y1349-Y1356. Following this, multiple signalling effectors, 
including SH2, GRB2 and STAT3, bind to MET docking sites, are 
activated and, subsequently, modulate intracellular canonical 
signalling pathways such as PI3K–AKT–TOR and RAS–RAF–
MET–ERK.17 Several genomic alterations can lead to ligand-
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independent MET oncogenic activation, including receptor 
tyrosine kinase domain mutations, MET amplification, fusions, 
MET overexpression and exon 14 skipping alterations.10,20

To comprehend the oncogenic role of MET exon 14 skipping 
alterations, firstly, it is important to overview how the 
MET juxtamembrane domain regulates MET signalling 
physiologically. The juxtamembrane domain of the MET 
receptor includes the tyrosine residue in codon 1003, 
encoded in the exon 14 of MET. Upon MET activation, the 
phosphorylated Y1003 serves as a binding site for E3 ubiquitin-
protein ligase (c-CBL). c-CBL induces MET ubiquitination, 
leading to receptor internalization and degradation.21,22 
Consequently, MET degradation results in lower levels of total 
cellular MET levels and serves as a normal negative regulator of 
MET signalling in normal cells.

There are multiple genomic alterations that hamper c-CBL 
binding to the Y1003 residue, including mutations or 
deletions in MET exon 14 splicing regulatory sites leading to 
MET exon 14 skipping during mRNA splicing, MET exon 14 
partial or complete deletions, and point mutations in Y1003. 
In a comprehensive genome profiling from 38,028 tumour 
samples, Frampton et al. identified 224 distinct MET exon 14 
alterations, including base substitutions and indels at the 
splice acceptor sites, splice donor sites and in the non-coding 
intronic sequences immediately adjacent to the splice acceptor 
site.23 Most recently, in a large genomic database of 1599 
tumours with MET exon 14 alterations, deletions were most 
frequently found to affect the splicing acceptor site (41%) in 
intron 13 whereas base substitution mutations were the most 
frequent alteration found at the splicing donor site (48%) of 
intron 14.23,24 The multitude of genomic events converge in 
the occurrence of an alternative splicing that excludes exon 
14 at the mRNA level and, therefore, in the absence of the 
juxtamembrane domain protein synthesis during mRNA 
translation.

Co-occurring genomic alterations are frequent in cancers with 
MET exon 14 skipping. High MET amplification can be found 
in 11% of patients with MET exon 14 skipping mutations,4 
which increases the level of expression of MET exon 14 mutant 
alleles. In addition, TP53 mutations (43%), MDM2 (34%) and 
CDK4/6 amplification (19%), and CDKN2A/B loss (20–26%) 
are also common events in MET exon 14 skipping tumours; 
however, the impact of these co-alterations in clinical outcomes 
is unknown.25 Moreover, other known driver mutations in 
genes such as EGFR, KRAS, ERBB2, ALK, ROS1 or RET have been 
described but are rarely found in patients with MET exon 
14-mutant lung cancer.4,23 Additionally, tumours from patients 
with MET exon 14 skipping alterations have higher levels of  
PD-L1 and a low tumour mutational burden.25 A study 
addressing PD-L1 expression by immunohistochemistry in MET 
exon 14-mutant lung cancers found that 41% of patients had 
PD-L1 expression of >50% (high), 22% had PD-L1 expression of 
1–49% (intermediate) and 37% of cases had an expression of 
0% (negative).26

MET exon 14 alterations are found in about 3–5% of tumours 
from patients with metastatic NSCLC, most commonly in 
lung adenocarcinomas, but also found in adenosquamous 
and squamous cell carcinomas.4,23 In addition to lung 
adenocarcinomas, squamous cell carcinomas and 
adenosquamous carcinomas, pleomorphic or sarcomatoid 
lung cancers are particularly enriched in MET exon 14 skipping 
alterations, with reports ranging from 8% to 22% of cases.27–30 
Sarcomatoid lung tumours are a more aggressive lung cancer 
subtype and have a dismal prognosis compared to epithelial 
lung cancers;31 hence, targeting MET in this population can 
provide therapeutic benefits for patients.

Patients with MET exon 14-mutant NSCLC tend to be of older 
age with a median age of 72 years, and this is significantly 
higher compared to patients with other driver alterations such 
as EGFR or KRAS mutations (median 72.5 years versus 61 and 65 
years, respectively; p<0.001).4,27 Additionally, there is a higher 
proportion of women with MET exon 14-mutated cancers 
(56–68%), and about half of the patients with this molecular 
subtype of cancer have a history of smoking exposure.4,27,32

Before the development of MET-targeted therapies in this 
setting, patients with MET exon 14 skipping-mutant lung 
cancer seemed to have a poorer prognosis compared to 
historical survival data. The median overall survival of patients 
with MET exon 14-mutant NSCLC that did not receive MET 
selected therapy nor immunotherapy in retrospective studies 
ranged from 7 to 9.5 months.29,32,33 Furthermore, in a small 
subset analysis that included 20 patients with MET exon 14 
skipping mutations and 6 patients with a co-occurring MET 
amplification, overall survival was inferior in patients with 
tumours that harbour the co-alteration (median overall survival 
of 5.2 months (95% CI 2.3 to not reached (NR)) versus 10.5 
months (95% CI 5.3 to NR)).32 Therefore, historically, there was a 
high unmet need to improve clinical outcomes in patients with 
lung cancer that harbour MET exon 14 alterations. Currently, 
with the increasing access to next-generation sequencing 
(NGS) as a molecular diagnostic tool and the development 
of MET targeted therapies, the treatment landscape of this 
subgroup of patients has changed.

Molecular diagnosis of MET exon 14 skipping alterations

Genomic alterations leading to MET exon 14 skipping as well as 
whole MET exon 14 deletions and MET Y1003 point mutations 
can be detected using NGS platforms. DNA-based NGS gene 
panels can detect genomic alterations that are known to confer 
MET exon 14 skipping by analysing the MET exon 14 sequence 
and flanking key intronic regions.34 Some examples of DNA NGS 
platforms include Foundation Medicine in tissue and plasma 
samples, Guardant360 and Inivata in plasma,35 MSK-IMPACT 
NGS panel,36 and the OncoPanel at the Dana-Farber Cancer 
Institute37 in tissue samples, amongst others.27,38 MET exon 14 
skipping at the mRNA level is often a consequence of insertion/
deletions (indels) and base substitutions in the polypyrimidine 
tract in intron 13, the splice acceptor site in intron 13, the D1010 
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codon in exon 14 and the splice donor site in exon 14 (Figure 
1).23 The first codon in exon 14 is c.2888, which codifies for 
codon D963 taking as a reference the MET transcript variant 2 
(NM_000245.2) or D981 if taking as a reference MET transcript 
variant 1 (NM_001127500.2).39 It is relevant to check what MET 
variant is used to align and nomenclate MET alterations as it 
may lead to confusion in clinical practice.

Most intronic alterations that affect the polypyrimidine tract 
and the splice acceptor sites at intron 13 are indels. As an 
example, to illustrate the reporting nomenclature to aid in 
the interpretation of this report, the ‘MET c.2888-35,2888-
17del’ refers to a deletion starting at intronic base 35 counting 
backwards from c.2888 to the intronic base 17.25 Genomic 
deletions at the DNA level affecting these regions in intron 13 
may also include a portion of exon 14.

At the other end of exon 14, the last base is in position c.3028; 
most mutations affecting the splicing donor site of intron 14 
are point mutations with base substitutions but indels can 
also be found (Figure 1). In this case, one of the most common 
mutations is a base substitution from a guanine in position 
c.3028+1 to another base.4 This affects the splicing donor 
site identified with the bases GT in intron 14. Point mutations 
affecting the last codon of exon 14 (D1010 referencing MET 
transcript 2 or D1028 in MET transcript 1) is also a common 
alteration that confers MET exon skipping. Some of these 
mutations include c.3028G>A (D1010N (V2) D1028N (V1)), 
c.3028G>C (D1010H (V2) or D1028H (V1)), and c.3028G>T 
(D1010Y (V2) or D1028Y (V1)). Aside from point mutations 
in D1010 or base substitutions in the intron 14 splice donor 
site c.3028+1, deletions involving one or both loci also cause 
MET exon 14 skipping. DNA-based NGS can also detect point 
mutations in Y1003 (V2), also referred as Y1021 (V1), that change 
the tyrosine residue for another amino acid, impeding c-CBL 
binding.40,41 This alteration can be found using DNA-based 

and RNA-based NGS testing with exon 14 coverage but does 
not confer MET exon 14 skipping. In summary, DNA-based 
NGS panels are very informative of a diverse range of genomic 
alterations that confer MET exon 14 skipping or an equivalent 
biological effect; however, interpretation of these results can 
be challenging. Nevertheless, in most cases, NGS reports will 
clarify that the genomic alteration at the DNA level confers 
MET exon 14 skipping. The FDA has recently approved the 
FoundationOne CDx and FoundationOne Liquid CDx assays 
in tissue and plasma samples, respectively, as companion 
diagnostics for the MET inhibitor capmatinib.16

RNA-based NGS assays have a higher accuracy to detect MET 
exon 14 skipping than DNA-based NGS platforms.42,43 RNA 
NGS panels are designed to interrogate the loss of exon 14 
at the mRNA level, often reported as an ‘intragenic fusion’ 
between MET exon 13 and exon 15 (M13:M15), reflecting MET 
exon 14 skipping. Independently from the underlying genomic 
alteration, RNA-based NGS will detect MET exon 14 skipping 
using RNA extracted from the tumour sample. RNA quality is 
an important limitation to perform this type of testing, which 
mandates the guarantee of optimal preanalytical conditions to 
process the sample.44 The Archer MET RNA-based NGS platform 
has been approved in Japan to detect MET exon 14 skipping 
in tissue and plasma samples as a companion diagnostic for 
the MET TKI tepotinib. Other commercial NGS panel tests 
interrogate both at the DNA and RNA level, like Caris.45

Some NGS platforms combine DNA-based and RNA-based 
NGS panels in the same tissue sample, like the Oncomine 
Focus Assay15 (ThermoFisher) as tested in the tepotinib VISION 
trial. Real-time PCR assays using RNA from tissue samples are 
currently in development; however, they have not yet been 
accepted or qualified to become companion diagnostic assays.46

Because of exon 14 skipping mutations, MET receptor 
internalization and degradation are impaired; hence, 

Figure 1.  MET exon 14 alterations, diagram including exon 14 and flanking  
introns 13 and 14.
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hypothetically, MET protein overexpression could be observed 
in MET exon 14-mutant cells. Guo et al.47 addressed this issue 
by analysing MET protein expression by immunohistochemistry 
in samples from MET exon 14-mutant lung cancers. MET-high 
expression (defined as MET H-score ≥200) was observed in 13 
of 22 samples (59%) and was associated with a higher overall 
response rate (ORR) when compared to lower H-scores (ORR 
62% for H-score ≥200, 25% for H-score 150–199 and 33% for 
H-score 1–149) as well as with a longer progression-free survival 
(PFS) for MET-high tumours as compared to MET-low tumours. 
The median PFS was longer in patients with tumours that have 
an H-score ≥200 than in those with tumours with an H-score 
<200 (10.4 versus 5.5 months, respectively; HR 3.87; p=0.02).47 
Nevertheless, MET immunohistochemistry is not a reliable 
surrogate for MET exon 14 skipping.48

Targeting MET as a primary oncogenic driver
A variety of molecules targeting MET are currently approved 
for the treatment of patients in the clinical setting and in 
development in clinical trials. There are two MET TKIs approved 
in this setting, capmatinib and tepotinib. MET TKIs are classified 
according to their binding properties to the tyrosine kinase 
domain as type I inhibitors, which bind the ATP-binding pocket 
in its active conformation (crizotinib, capmatinib, tepotinib 
and savolitinib), and type II inhibitors, which bind the ATP-
binding pocket in its inactive state (cabozantinib, merestinib, 
glesatinib).10,39 Type I inhibitors are subclassified in type Ia 
inhibitors, which interact with the G1163 solvent front residue 
(crizotinib), or type Ib inhibitors, which do not interact with the 
G1163 residue (capmatinib, tepotinib, savolitinib).

Crizotinib is an ALK, ROS1 and MET inhibitor currently approved 
as a standard treatment for patients with ROS1-rearranged 
NSCLC and is the first ALK inhibitor approved to treat patients 
with ALK-rearranged lung cancer. Crizotinib does not have 
regulatory approval for the treatment of patients with MET 
exon 14 lung cancers. However, crizotinib was the first drug to 
show promising activity against MET exon 14-mutant NSCLC 
and is currently being used off-label in settings where tepotinib 
and capmatinib are not approved nor commercially available. 
In the phase I PROFILE 1001 study, 69 patients with MET exon 
14 alterations, of whom 38% had not received prior treatment 
for advanced disease, were included. The ORR with crizotinib 
was 32% (95% CI 21–45), the median duration of response 
(DOR) was 9.1 months (95% CI 6.4–12.7) and median PFS was 
7.3 months (95% CI 5.4–9.1). The median overall survival with 
crizotinib was 20.5 months (95% CI 14.3–21.8)49 (Table 1).

Capmatinib is a standard treatment for patients with MET exon 
14-mutant lung cancers recently approved by the FDA and 
Japan based on the results of the GEOMETRY mono-1 study. 
This multi-arm trial design included previously treated and 
treatment-naive patients with MET amplifications and MET exon 
14 skipping mutations. Globally, the study enrolled 160 patients 
with MET exon 14 mutant NSCLC who received capmatinib at a 
dose of 400 mg BID. The updated overall response in previously 
treated patients with MET exon 14 skipping mutations was 

44% (95% CI 34–54) (cohorts 4 and 6) and in treatment-naive 
patients it was 66.7% (95% CI 53–78) (cohorts 5b and 7). The 
median DOR in both cohorts was 9.7 and 12.6 months and 
median PFS was 5.5 months (95% CI 4.2–8.1) and 12.3 months 
(95% CI 8.2–21.6), respectively. Median overall survival was 
13.6 months (95% CI 8.2–22.2) and 20.8 (95% CI 12.4 to not 
estimable) for previously treated and treatment-naive patients, 
respectively.16,50

Tepotinib is also approved for the treatment of patients with 
advanced MET exon 14-mutant lung cancer based on the results 
of the phase II VISION trial, which also included previously 
treated and treatment-naive patients. Amongst 152 patients 
with MET exon 14 skipping mutations enrolled and included in 
the efficacy analysis, the objective response rate was 44.7% (95% 
CI 36.7–53), with a median DOR of 11.1 months (95% CI 8.4–18.5) 
and a median PFS of 8.9 months (95% CI 8.3–11.2). There were no 
statistical differences in the outcomes of patients regarding the 
line of treatment, with an ORR of 44.9% (95% CI 32.9–57.4) and 
median PFS of 8.5 months (95% CI 6.8–11.3) in treatment-naive 
patients and an ORR of 44.6% (95% CI 33.7–55.9) and median 
PFS of 10.9 (95% CI 8.2–12.7) in previously treated patients.15,51 A 
summary of MET TKI trials is provided in Table 1.

Both capmatinib and tepotinib show high response rates and 
PFS benefit for patients in this molecular subtype; however, the 
impact of the line of therapy in which MET TKIs are prescribed 
remains to be further explored based on the discordant 
results from these trials. Considering the proven benefits of 
immunotherapy and chemoimmunotherapy options in the 
front-line treatment setting for patients with metastatic NSCLC, 
the optimal treatment sequencing strategy is still debated.

The selective and potent MET inhibitor savolitinib has shown 
activity in patients with exon 14-mutant lung cancer (n=70), 
including a large proportion of patients with pulmonary 
sarcomatoid tumours (36%). Globally, the ORR was 49.2% 
(95% CI 36.1–62.3), with a median DOR of 8.3 months (95% CI 
5.3–16.6) and a median PFS of 6.8 months (95% CI 4.2–9.6). In 
patients with sarcomatoid tumours, the objective response rate 
was 40.0% (95% CI 21.1–61.3), with a median DOR of 17.9 months 
(95% CI 4.1–not estimable) and a median PFS of 5.5 months (95% 
CI 2.8–6.9).52 Savolitinib is approved in China for the treatment 
of patients with MET exon 14-mutant lung cancer.

Capmatinib and tepotinib showed similar safety profiles, with 
peripheral oedemas and nausea being the most frequent 
adverse effects in both trials. Grade 3 or 4 adverse effects 
occurred in 67% of patients from all cohorts in the capmatinib 
trial and in 28% of patients in the tepotinib trial. Treatment-
related adverse events led to dose reduction in 33% of patients 
and to permanent discontinuation in 11% of patients in the 
tepotinib trial, with the values being 23% and 11%, respectively, 
in the capmatinib trial. Adverse effects were effectively 
reverted after drug discontinuation or dose reduction.15,16  
A summary of related adverse effects is shown in Table 1.

Cabozantinib is a multi-kinase inhibitor active against VEGFR2, 
RET, c-KIT and a MET type II inhibitor and has shown preclinical 
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activity against MET both in vitro and in vivo, including activity 
against point mutations Y1248C/H, D1246N and K1262R in the 
kinase domain.53 However, there is scarce data supporting the 
use of type II inhibitors, such as cabozantinib, in patients that 
experience disease progression with type I MET TKIs given 
case reports of an acquired MET D1228V mutation.54,55 The 
CABinMET clinical trial (NCT03911193) is currently recruiting 
patients to evaluate the efficacy in patients with MET-
deregulated NSCLC. Other molecules, such as glesatinib, have 
shown promising preclinical activity56 but clinical development 
was discontinued (NCT02954991). Results from a phase II trial 
examining the efficacy of the multitarget inhibitor merestinib 
are still pending (NCT02920996).

Currently, there is a number of novel therapeutic agents, 
including monoclonal antibodies directed against the SEMA 
domain and antibody–drug conjugates designed to target 
MET, under development. Sym015 is a combination of two 
monoclonal antibodies against non-overlapping epitopes of 

MET that was tested both in patients with MET exon 14-mutant 
(n=12) and MET amplified (n=8) NSCLC, including treatment-
naive patients and patients previously treated with MET TKIs. 
ORR for the MET exon 14 treatment-naive cohort was 100%  
with a median DOR of 6.5 months and a median PFS of 9.2 
months. A lesser response rate was seen in the previously 
treated population.57 Amivantamab is a bispecific antibody 
targeting EGFR-MET approved by the FDA for the treatment 
of patients with EGFR exon 20-mutant NSCLC. The Chrysalis 
trial included a cohort of 19 patients with MET exon 14-mutant 
NSCLC, both pre-treated (n=17) and untreated. A partial 
response was seen in 64% of patients and median DOR was 
not reached at data cut-off.58 The Chrysalis trial is currently 
recruiting patients (NCT02609776).

In January 2022, the antibody–drug conjugate telisotuzumab 
vedotin was granted ‘Breakthrough Therapy Designation’ 
for the treatment of patients with previously treated NSCLC 
with high MET overexpression defined as H-score of ≥150 

Table 1.  Clinical trials including MET exon 14 skipping mutant NSCLC treated with specific MET tyrosine  
kinase inhibitors.

Trial and drug Trial design (phase, 
endpoints, number of 
patients)

Outcomes (ORR, 
median PFS and 
median OS)

All-grade toxicities Refs.

GEOMETRY mono-1, 
capmatinib

•	 Phase II
•	 ORR, DOR, PFS and  

safety
•	 n=160 MET exon 14  

(pre-treated: 100,  
treatment naive: 60)

•	 ORR:
-Pre-treated: 44%
-Naive: 66.7%
•	 DOR:
-Pre-treated: 9.7mo
-Naive: 12.6 mo
•	 PFS:
-Pre-treated: 5.5 mo
-Naive: 12.3 mo

Pre-treated/Naive
•	 Oedemas (54/75%)
•	 Nausea (46/46%)
•	 Blood creatinine 

increase (33/36%)
•	 Dyspnoea (28/21%)

16,50

VISION, tepotinib •	 Phase II
•	 ORR, DOR, PFS, OS and  

safety
•	 n=146 MET exon 14

•	 ORR: 45.2%
•	 DOR: 11.1 mo
•	 PFS: 8.5 mo
•	 OS: 17.1 mo

•	 Oedemas (63%)
•	 Nausea (26%)
•	 Diarrhoea (22%)

15,51

NCT02897479, 
savolitinib

•	 Phase II
•	 ORR, DOR, TTR, PFS,  

OS and safety
•	 n=70 MET exon 14  

(25 sarcomatoid carcinoma)

•	 ORR: 42.9%
•	 DOR: 8.3 mo
•	 TTR: 1.4 mo
•	 PFS: 6.8 mo
•	 OS: 12.5 mo 

•	 Oedemas (56%)
•	 Nausea (53%)
•	 Hypoalbuminaemia 

(41%)

52

PROFILE 1001, 
crizotinib

•	 Phase I
•	 ORR, DOR, PFS, OS and  

safety
•	 n=69 MET exon 14

•	 ORR: 32%
•	 DOR: 9.1 mo
•	 PFS: 7.3 mo
•	 OS: 20.5 mo

•	 Oedemas (51%)
•	 Vision disorders (45%)
•	 Diarrhoea (39%)

49

METROS, crizotinib •	 Phase II
•	 ORR, PFS, OS and safety
•	 n=9 MET exon 14

•	 ORR: 20%
•	 PFS: 2.6 mo
•	 OS: 3.8 mo

•	 Cough/dyspnoea (46%)
•	 Oedemas (31%)
•	 Nausea (31%)

66

DOR, duration of response; mo, months; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; TTR, 
time to response.
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based on still unpublished preliminary data from the phase II 
LUMINOSITY trial (NCT03539536). Data from the phase I trial, 
which included 52 patients, showed an objective response of 
23% with median DOR of 8.7 months and a median PFS of 5.2 
months.17 Given the different mechanism of action of these 
agents compared to MET TKIs, in the future, combination or 
sequential treatment strategies will be needed to overcome 
acquired resistance to first-line-specific treatment.

Consistently across all trials evaluating MET TKIs in patients 
with MET exon 14 skipping-mutant NSCLC, peripheral oedema 
(51–75% of patients) and nausea (26–53%) were the most 
common adverse effects. Grade 3 or 4 adverse effects occurred 
in 27–67% of patients, with oedema being the most common 
across all trials. Serious adverse events occurred in 15–24%  
of patients, including pleural effusion and pneumonia15,16,52 
(Table 1).

Resistance to MET inhibitors
As seen with other target therapies, tumours treated with MET 
inhibitors eventually develop resistance through a variety of 
on-target and off-target molecular mechanisms. In a series 
of 20 patients with MET exon 14-mutated NSCLC who were 
treated with MET TKIs, samples from tissue and/or plasma were 
analysed using NGS (Dana Farber Cancer Institute OncoPanel 
assay) and Guardant360 panels, respectively, at the time of 
progression with MET TKIs. Resistance mechanisms were 
identified in 75% of cases. On-target resistance mechanisms 
included secondary point mutations in the MET kinase domain 
(G1163R, D1228H/N, Y1230C/H/S, L1195V, D1228N, H1094Y, 
L195V) as well as amplification of the MET exon 14-mutant 
allele. On the other hand, off-target mechanisms included  
EGFR, HER3, KRAS and BRAF amplifications and activating 
mutations in KRAS.59

In another study, on-target resistance mechanisms were 
identified in 20% (3/15) of tissue samples from patients with 
acquired resistance to MET inhibitors. These mechanisms 
included MET D1228N point mutation (two cases) and a 
case with HGF amplification. Off-target acquired resistance 
mechanisms were found in 33% of cases, including EGFR and 
KRAS amplifications and KRAS G12S and RASA1 S742* mutations. 
KRAS G13V mutation was identified in a plasma sample from 1 
patient (1/11).47

MET resistance mechanisms were also described when 
targeting MET amplification as a resistance mechanism to 
erlotinib in a patient with EGFR-mutant lung cancer upon 
treatment with osimertinib and savolitinib combined. Plasma 
NGS at the time of disease progression showed several 
acquired MET mutations (D1228H, D1228N, D1228Y, Y1230C) in 
the MET-amplified allele, suggesting multiclonal MET-driven 
resistance.60 Given the differential binding properties of type 
I and type II MET TKIs, resistance by acquired point mutations 
in the tyrosine kinase domain can be potentially overcome 
by switching to a different type of MET TKI. This strategy has 
been reported in several case reports, with patients achieving 

both stable disease and partial responses when switching 
from type Ib to type II inhibitors, such as cabozantinib or 
merestinib, in the setting of acquired MET mutations59–61 and a 
partial response in a patient switching from a type II to a type 
Ia inhibitor in the setting of an acquired MET mutant-exon 14 
allele amplification.59 Given the biological rationale for this 
approach, there is an unmet need to conduct clinical trials 
that can shed a light on the optimal therapeutic sequencing 
strategy tailored according to resistance mechanisms.

The role of immunotherapy in MET exon 
14-driven tumours
There is a high grade of heterogeneity in cancer immunological 
responses to anti-PD-1/PD-L1 inhibitors according to distinct 
molecular subtypes in patients with NSCLC. Patients with 
EGFR-mutant, ALK-, ROS1- and RET-rearranged lung cancers 
do not seem to benefit from treatment with immunotherapy. 
On the contrary, patients with KRAS or BRAF mutant lung 
cancers may achieve high response rates and prolonged 
benefits with immune-checkpoint inhibitors.62,63 As previously 
mentioned, MET exon 14-mutant lung cancers express higher 
levels of PD-L1 and have low tumour mutational burden 
compared to other mutant-driven lung cancers; however, the 
role of immunotherapy treatment in patients with MET exon 
14-mutant lung cancer is yet to be well defined. In a series 
of 147 patients with MET exon 14-mutant NSCLC, 24 patients 
received immune checkpoint inhibitors, 11 as first-line 
treatment, 6 patients in the second-line and 7 patients in the 
third-line setting. The overall response rate was 17% (95% CI 
6–36), with a median PFS of 1.9 months (95% CI 1.7–2.7) and a 
median overall survival of 18.2 months (95% CI 12.9 to NR).26 
In another series of 46 patients treated with immunotherapy, 
there were no significant differences in outcomes of patients 
with MET exon 14-mutant NSCLC treated with immunotherapy 
according to previous treatment status with MET TKIs.32

On the other hand, in the Immunotarget International Registry, 
which included 23 patients with MET exon 14 skipping-mutant 
NSCLC treated with immunotherapy, median overall survival for 
this subgroup (25 months; 95% CI 18.4 to NR) was significantly 
longer than other molecular subgroups.63 Moreover, data from a 
case series of 13 patients with MET exon 14-mutant lung cancer 
treated with immunotherapy showed that 6 (46%) patients 
experienced prolonged PFS ranging from 18 to 49 months.64

The current treatment landscape of patients with MET exon 
14-mutant metastatic lung cancer includes selective MET 
inhibitors, chemotherapy and immunotherapy. The efficacy and 
safety of the combination of capmatinib and nivolumab have 
been addressed in a phase II clinical trial including previously 
treated patients, showing an ORR of 25% for MET high patients 
with a median PFS of 13.8 (95% CI 3.5–19.2) months. Serious 
adverse effects were reported in 24% of patients.65

Given the current data, starting with a selective MET inhibitor 
is, most likely, the preferred option when available; however, at 
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the moment, immunotherapy could also be considered at some 
point in the treatment of this patient population.

Conclusion
MET exon 14 skipping alterations are a novel therapeutic target 
in patients with NSCLC. MET exon 14 skipping alterations can be 

identified using NGS both in tissue or blood samples or real-time 
PCR assays. As comprehensive molecular testing becomes more 
available, there is a need to improve the interpretation of NGS 
testing results to correctly identify patients that can benefit from 
MET-targeted therapies. There are several drugs in development 
to continue to build on the current standard therapies, aiming to 
effectively target MET in lung and other cancer types.
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