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Mechanism of resistance to MET 

TKI And therapy post resistance 

in NSCLC



MET mutations in NSCLC

 MET mutation is mutually exclusive of other 

established molecular drivers, including EGFR

mutations or ALK translocation1–3

 MET mutations in the splice site leading to 

exon 14 skipping result in MET juxtamembrane

gain-of-function alterations4–6

• Originally discovered in SCLC, and later in NSCLC 

adenocarcinoma4,5

 METex14 mutations occur in 3% of NSCLC 

adenocarcinomas and 5–22% of other NSCLC 

subsets1,3,7–10

 METex14 mutations are linked to early stage 

diagnosis and older age10,11

1. Tong JH, et al. Clin Cancer Res. 2016;22:3048-56. 2. Awad MM, et al. Lung Cancer. 2019;133:96-102. 3. Cancer Genome Atlas Research 
Network. Nature. 2014;511:543-50. 4. Ma PC, et al. Cancer Res. 2003;63:6272-81. 5. Ma PC, et al. Cancer Res. 2005;65:1479-88. 6. Frampton 
GM, et al. Cancer Discov. 2015;5:850-9. 7. Ou SHI, et al. Poster presented at ASCO 2016; abstract 9021. 8. Heist RS, et al. Oncologist. 
2016;21:481-6. 9. Liu X, et al. J Clin Oncol. 2016;34:794-802. 10. Zheng D, et al. Oncotarget. 2016;7:41691-702. 11. Awad MM, et al. J Clin 
Oncol. 2016;34:721-30. 12. Cappuzzo F, et al. J Clin Oncol. 2009;27:1667-74. 13. Kawakami H, et al. Cancers (Basel). 2014;6:1540-52. 14. 
Rosell R, Karachaliou N. Lancet. 2016;387:1354-56.

Common oncogenic mutations in NSCLC4–9,12–14

~3%



Normal MET signaling

 The MET (c-Met, c-MET or HGF receptor) 

pathway is normally activated by the binding of its 

natural ligand, HGF

 Ligand-dependent dimerization leads to 

autophosphorylation and facilitates recruitment of 

cytoplasmic effector proteins to activate 

transmembrane signaling

 Normal MET activation facilitates processes for 

cell proliferation, survival, 

and metastases

Smyth EC, et al. Onco Targets Ther. 2014;7:1001-14.
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Dysregulated MET signaling in NSCLC

 Dysregulation of MET/HGF signaling leads to 

malignant cellular 

transformation, proliferation, survival, angiog

enesis, invasion, and metastasis1

 MET-dysregulated NSCLC is an umbrella 

term for NSCLC with alterations to the MET

receptor gene

 Genetic aberrations in MET, including 

overexpression, amplification, mutation, and 

alternative splicing, are recognized as 

oncogenic driver mutations in NSCLC2

1. Gherardi E, et al. Nat Rev Cancer. 2012;12:89-103.  

2. Luo SY, Lam DC. Transl Respir Med. 2013;1:6. 

3. Smyth EC, et al. Onco Targets Ther. 2014;7:1001-14.

4. Sadiq AA, Salgia R. J Clin Oncol. 2013;31:1089-96.

Dysregulated MET signaling in NSCLC may occur 

de novo or as a resistance mechanism3,4
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Ty 1b are more 
specific

Ty 3: Allosteric inhibition - Tivantinib
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Inherent resistance

 Presence of concurrent mutations:  

Gene amplifications of MDM2 (25–34.6%),  CDK4 (3.3–21%), and EGFR (6.4–29%)

 Amplification of or mutations in KRAS (3–7%) and PIK3CA (3– 9.8%) 

 Loss of PTEN protein expression (23%) 



Acquired resistance

On target resistance mechanism-

Off target resistance mechanism



Acquired resistance is 

inevitable in MET-targeted 

therapy

Footer/Disclaimer

• Multiple secondary mutations could occur 

simultaneously in one patient, which indicates the 

possibility of heterogeneous resistance 

mechanisms 

• Difficult to treat patients based on the resistance 

mechanisms identified from a biopsied lesion 

because other lesions might harbor different 

secondary mutations



• Tissue and liquid 

biopsy NGS are 

complementary

• Multiple mutations 

can co-exist



 . The development of strategies for overcoming this resistance depending on the resistance 

mechanism is awaited

 These will include the optimal sequencing of different MET-TKIs 

 Development of new MET-TKIs 

 Combination therapies



In vitro analysis: Fujino et al. in JTO in 2019
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Resistant mutations against type I TKIs were sensitive to type II TKIs 
and vice versa in an in vitro model

Mutations
Type I Type II

Crizotinib Capmatinib Tepotinib Savolitinib Cabozantinib Merestinib Glesatinib
Exon 14 skipping 

(parental)

G1090
A ■ ■

S ■

V1092
I ■ ■

L ■ ■ ■

D1133 V ■

V1155 M ■

Y1159 H ■

G1163
E ■

R ■

D1164 G ■

L1195
F ■ ■

V ■ ■

F1200
I ■ ■

L ■ ■

M1211 T ■

D1228

A ■

E ■ ■ ■

G ■ ■

H ■ ■

N ■ ■

Y ■

Y1230

C ■ ■ ■

D ■ ■

S ■

H ■ ■ ■ ■

N ■ ■ ■

• D1228 and Y1230 mutations, which commonly occurred with type I TKIs, were generally highly resistant to all type I inhibitors, but were 

still sensitive to type II

• L1195 and F1200 mutations which commonly occurred with type II TKIs, had moderate to high resistance to all type II inhibitors, while they 

were still sensitive to type I, except for crizotinib

IC50 ≤ 50nM

50nM < IC50 < 200nM

IC50 ≥ 200nM

MET-TKI that induced the 

resistant mutation



Resistance mechanisms to MET TKIs

Recondo G, et al. Clin Cancer Res. 2020; doi: 10.1158/1078-0432.CCR-19-3608.

MET-dependent resistance (on 
target) included single and multiple 
kinase domain mutations in different 
residues and amplification of the 

MET exon 14 mutant allele

On-target

35%
Off-target

45%

Not detected
25%
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KRAS
G12D
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15 patients treated with 

MET TKIs

Genomic bypass mechanisms of 

resistance (off-target) involved 

recurrent gene amplification in 

EGFR, HER2, HER3, and MAPK

pathway genes (KRAS/ BRAF) and 

KRAS mutations

Results from 15 paired samples





MET mutations in residues D1228 and Y1230 confer resistance to type I MET TKI by 

weakening the chemical bonds between the drug and its receptor. 

 The solvent front mutation G1163R mediates resistance only to crizotinib but not to 

type Ib or type II MET inhibitors.

 In contrast, mutations in residues L1195 and F1200 confer resistance to type II MET 

inhibitors





 The complementary activities against those mutations, i.e., type II MET-TKIs can 

overcome acquired resistance due to secondary mutations caused by type I MET-

TKIs, and vice versa. 

 Indeed, glesatinib (type II) shows antitumor activity for Y1230H/S, which appears after 

crizotinib (type Ia)

Merestinib (type II) can overcome D1228N, which appears after capmatinib (type Ib) 

 However, some mutations, such as D1228A/Y, confers resistance to both type I and 

type II MET-TKIs

 Mutation-induced conformational change in A-loop reshapes kinase active site and 

then influences the site interactions with inhibitor ligands, thus conferring different 

selectivity to the type I and type II TKI













Most common AEs regardless of causality (≥20%, all grades): All 

patientsa- GEOMETRY MONO-1

2

6

N=373

All grades Grade 3/4

Any event, n (%) 367 (98.4) 256 (68.6)

Most common events, n (%)

Peripheral edema 202 (54.2) 36 (9.7)

Nausea 168 (45.0) 9 (2.4)

Vomiting 105 (28.2) 9 (2.4)

Increased blood creatinine 99 (26.5) 0

Dyspnea 87 (23.3) 25 (6.7)

Fatigue 83 (22.3) 16 (4.3)

Decreased appetite 79 (21.2) 4 (1.1)

aAll patients with MET-dysregulated advanced NSCLC in the trial (includes METex14 and MET amplification)

AEs, adverse events; METex14, MET exon 14 skipping mutation; NSCLC, non-small cell lung cancer



MET Inhibitor Safety Overview

MET LungPaik. ASCO 2019. Abstr 9005. Wolf. ASCO 2019. Abstr 9004. 

TRAEs With Capmatinib,* n (%)

All Patients
(N = 334)

Any Grade Grade 3/4

Any 282 (84.4) 119 (35.6)

Peripheral edema 139 (41.6) 25 (7.5)

Nausea† 111 (33.2) 6 (1.8)

Creatinine increased‡ 65 (19.5) 0

Vomiting† 63 (18.9) 6 (1.8)

Fatigue 46 (13.8) 10 (3.0)

Appetite decreased† 42 (12.6) 3 (0.9)

Diarrhea 38 (11.4) 1 (0.3)

TRAEs With Tepotinib,* n (%)

All Patients 
(N = 87)

Any Grade Grade 3

Any 71 (81.6) 17 (19.5)

Peripheral edema 42 (48.3) 7 (8.0)

Nausea 20 (23.0) 0

Diarrhea 18 (20.7) 1 (1.1)

Creatinine increased 11 (12.6) 0

Asthenia 8 (9.2) 1 (1.1)

Amylase increased 7 (8.0) 2 (2.3)

ALT increased 6 (6.9) 2 (2.3)

AST increased 5 (5.7) 1 (1.1)

Hypoalbuminemia 5 (5.7) 0

*≥ 10% of patients. †Capmatinib administered in fasting conditions at 
the time, a restriction that has since been removed. ‡Known to inhibit 
creatinine transporters.

*≥ 5 of patients.
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METex14 mutation: poor response to immunotherapy

Responses to immune checkpoint inhibition were low regardless of PD-

L1 expression status and TMB1
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• In a retrospective study of 147 

patients with METex14 

NSCLC, 24 patients who 

received immunotherapy were 

evaluable for response1

– ORR 17% (95% CI 6–36)

– Median PFS 1.9 months 

(95% CI 1.7–2.7)

– Median OS 18.2 months 

(95% CI 12.9–NR)







Footer/Disclaimer
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TKIs under development in NSCLC with MET mutations 

Agent Target(s) Company Phase ClinicalTrials.gov status

Small-molecule TKIs

TPX-0022 MET/CSF1R/ SRC
Turning Point 

Therapeutics

Phase 1 

(solid tumors, including 

NSCLC)

Recruiting (last updated April 14, 2020)

S49076 MET/AXL/ EGFR Servier Phase 1
EUDRA-CT status. Completed 

(last updated November 7, 2018)

Bozitinib (APL-101) MET
Bejing Pearl Biotechnology 

Apollomics Inc.

Phase 1

Phase 1/2 

Phase 2

Completed (last updated November 22, 2019)

Recruiting (last updated March 4, 2020)

Recruiting (last updated February 6, 2020) 

Crizotinib ALK/ROS/MET Pfizer Phase 2
Not yet recruiting 

(last updated September 10, 2019)

Cabozantinib (XL184) MET/RET/ others Exelixis Phase 2 Recruiting (last updated April 11, 2019)

Savolitinib (AZD6094, 

HMPL-504, volitinib)
MET

AstraZeneca/Hutchison 

Medi Pharma
Phase 2 Recruiting (last updated February 17, 2020)

Tepotiniba (MSC2156119J) MET Merck KGaA Phase 2 Recruiting (last updated May 29, 2020)

Merestinib (LY2801653) MET/ROS1/ AXL/others Eli Lilly Phase 2
Active, not recruiting 

(last updated January 3, 2020)

Glesatinib 

(MGCD-265)
MET/AXL/ others Mirati Therapeutics Phase 2 Completed (last updated March 4, 2020)

SAR125844 MET Sanofi Phase 2 Completed (last updated March 23, 2016)

AMG337 MET Amgen
Phase 2 (solid tumors, 

including NSCLC) 
Terminated (last updated July 2, 2017)

Sitravatinib (MGCD516)
MET/VEGFR/

others
Mirati Therapeutics Phase 3 Recruiting (last updated February 25, 2020)

a Approved in Japan in March 2020 for the treatment of patients with unresectable, advanced or recurrent NSCLC with METex141
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Compounds under development in NSCLC with MET mutations 

Agent Target(s) Company Phase ClinicalTrials.gov status

Monoclonal antibodies

Sym015 MET Symphogen Phase 1/2
Active, not recruiting 

(last updated January 18, 2020)

REGN5093 MET Regeneron Phase 1/2
Recruiting

(last updated April 24, 2020)

Telisotuzumab vedotin 

(ABBV-399)
MET AbbVie Phase 2

Recruiting 

(last updated June 9, 2020)

Emibetuzumab (LY2875358) MET Eli Lilly Phase 2
Completed with results 

(last updated September 18, 2019)



MET Lung



Conclusion

• One of the inevitable problems of targeted therapy with 

MET TKI is drug resistance 

• Due to the presence of gene amplification, second site 

mutation, bypass activation, and pathological type 

transformation 

• If type I MET inhibitors (crizotinib, capmatinib, tepotinib, 

savolitinib) drug resistance is developed, type II MET 

inhibitors (cabozantinib, glesatinib, merestinib) can be 

considered.


