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ABSTRACT

Introduction: KRAS G12C mutations define a molecularly 
distinct subset of NSCLC for which targeted therapy with 
sotorasib has exhibited clinical efficacy. However, acquired 
resistance is inevitable. MET amplification has been described 
as a putative off-target resistance mechanism, although its 
clinical relevance remains incompletely understood.

Methods: We conducted a retrospective case series of 
patients with KRAS G12C–mutant NSCLC treated with 
sotorasib at the University Hospital Cologne, Germany. 
Patients with available paired pre- and posttreatment bi-
opsies were analyzed for resistance mechanisms using 
routine molecular diagnostics, including MET fluorescence 
in situ hybridization.

Results: Nine patients with paired pre and posttreatment 
biopsies were identified. High-level MET amplification was 
detected by fluorescence in situ hybridization in four cases 
and intermediate-level amplification in one case after 
progression on sotorasib. Notably, one patient with ac-
quired MET amplification achieved a renewed partial 
response to the combination of sotorasib and tepotinib 
after progression on sotorasib monotherapy.

Conclusion: This study provides real-world evidence that 
MET amplification is an acquired and potentially targetable 
resistance mechanism to KRAS G12C inhibition in NSCLC.

Our findings support rebiopsy at progression on sotorasib. 
Further prospective trials are warranted to validate MET 
amplification as a resistance mechanism and to define 
optimal therapeutic thresholds for combined KRAS and 
MET inhibition.

� 2025 The Authors. Published by Elsevier Inc. on behalf of 
the International Association for the Study of Lung Cancer. 
This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Advances in molecular profiling in NSCLC have enabled 

the identification of actionable oncogenic drivers, funda-
mentally reshaping treatment paradigms in advanced 
disease. Among these drivers, KRAS G12C mutations— 

found in approximately 13% to 5% of lung adenocarci-
nomas—represent a distinct molecular subset 1,2 that has 
recently been added to the family of targetable aberra-
tions. However, despite these therapeutic advances, 
acquired resistance is the main challenge with targeted 
therapy in NSCLC.

Sotorasib, a first-in-class, covalent KRAS G12C in-
hibitor that binds to the guanosine diphosphate–bound 
inactive form of KRAS, has exhibited clinical activity in 
patients with advanced KRAS G12C-mutant NSCLC. 
Sotorasib—and the KRAS G12C inhibitor adagrasib— 

have been found to prolong progression-free survival 
than docetaxel in pretreated patients, and have gained 
regulatory approvals in multiple countries. 3,4

Recently, the armamentarium of drugs targeting 
KRAS has been expanded with the introduction of in-
hibitors targeting the GTP-bound form of KRAS.

As expected, acquired resistance to KRAS G12C inhibition 
inevitably develops. Resistance mechanisms are heteroge-
neous and include both on-target mutations (e.g., secondary 
KRAS alterations) 5,6 and off-target pathways. 7 Among these, 
MET amplification has emerged as an off-target resistance 
mechanism, capable of by passing KRAS-dependent 
signaling. 8,9 Although observed in preclinical models and 
isolated case reports, the real-world incidence and clinical 
impact of MET amplification as a resistance mechanism to 
sotorasib treatment remain incompletely characterized, 
and there is limited clinical evidence to guide treatment 
recommendations for acquired MET amplification.

In this retrospective case series, we examined patients 
with advanced KRAS G12C–mutant NSCLC who developed 
disease progression after treatment with sotorasib. We 
explore the emergence of MET amplification as a potential 
mechanism of acquired resistance and explore the ther-
apeutic potential of combined KRAS and MET inhibition 
to overcome MET-mediated resistance.

Materials and Methods
We retrospectively identified patients with NSCLC 

KRAS G12C mutation and sotorasib treatment in any line 
of therapy at the University Hospital Cologne between 
January 2015 and December 2024. We identified those 
with paired pre- and postsotorasib biopsies.

All patients gave informed consent according to 
Good Clinical Practice and local standards.

Tumor samples were analyzed as part of routine 
diagnostics on the platform of the National Network 
Genomic Medicine.

Detailed descriptions of sequencing methods and 
fluorescence in situ hybridization (FISH) are provided in 
the Supplementary Appendix.

Results
Patient Characteristics

We identified nine patients (January 2015 to December 
2024) with NSCLC, KRAS G12C as the primary driver, 
treatment with sotorasib in any line of therapy, and 
paired pre- and posttreatment biopsies. Six patients 
were male, and three patients were female. The median 
age at diagnosis was 63 years (range 48–68). Eight 
patients had adenocarcinoma, and one patient (#6) had 
large-cell neuroendocrine carcinoma. Four of the pa-
tients were former or current smokers; the smoking 
status of the remaining five patients was unknown. 
Seven patients presented with stage IV at initial diag-
nosis. (Table 1).

Initial Molecular Findings, Programmed Death-
Ligand 1 Status, and Course of Treatment

Two patients had tumors negative for programmed 
death-ligand 1 (PD-L1), five patients had a PD-L1 
expression (tumor proportion score) between 1% and 
50% and one patient (#9) had a PD-L1 expression of 
greater than 50%. Six patients had no co-occurring 
mutations aside from KRAS G12C. One patient had a 
co-occurring CTNNB1 mutation, one patient had a TP53 
mutation, and one patient had KEAP1- and STK11 muta-
tions. MET FISH was performed at initial diagnosis in six 
cases. None of these patients exhibited a MET amplifi-
cation. A summary of the results of molecular analyses 
from all nine patients is provided in Supplementary 
Table 1.

First-line treatment for stage IV NSCLC consisted of 
chemoimmunotherapy (platinum-based chemotherapy 
plus immune-checkpoint blockade) in eight patients. 
One patient received platinum-based chemotherapy 
alone, as treatment was started before immune-
checkpoint blockade was approved for first-line use in 
Germany; this patient later received nivolumab mono-
therapy second-line. Three patients were treated with 
second-line monochemotherapy (with or without VEGF 
blockade). Most patients (five) received sotorasib as 
second-line treatment; three patients got sotorasib as 
third-line treatment, and one patient as fourth-line 
treatment.

Sotorasib led to progressive disease (PD) in two 
cases, stable disease in two cases, and partial response 
(PR) in five cases. In patients with stable disease or PR, 
the duration of therapy ranged from 5 to 30 months and 
was ongoing (beyond progression) in one case at the 
time of analysis (Table 1).
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Postsotorasib Biopsies
MET FISH was performed in all nine postsotorasib 

tumor biopsies. High-level MET amplification was detected 
in four cases. Three of these amplifications were acquired; 
in one case (#7), MET FISH could not be performed from 
the initial tumor biopsy. One patient had an acquired 
intermediate-level MET amplification, and three patients 
had no MET amplification (Table 2). One patient had a 
novel CTNNB1 mutation, one patient had a novel IDH2 
mutation, and two patients had novel TP53 mutations.

Response to Combined KRAS and MET Inhibition
Patient #9 was a 68-year-old male patient initially 

diagnosed with right upper lobe adenocarcinoma in 2017. 
After bilobectomy and adjuvant chemoradiotherapy, the 
patient had recurrent disease in the right hilar region 
with pulmonary and pleural metastases.

He was treated with carboplatin, pemetrexed, and 
pembrolizumab, resulting in a PR. After PD on maintenance 
therapy with pembrolizumab and pemetrexed, he received 
docetaxel and ramucirumab for approximately 7 months, 
with stable disease as the best response. When the bipul-
monary metastases exhibited further progression, therapy 
was switched to sotorasib as the molecular analysis of the 
initially resected tumor exhibited KRAS G12C. MET FISH 
revealed no MET amplification (MET/CEN7 1.34; GCN 3.18). 
TP53 was presented as wild type.

Sotorasib led to a PR. Because of intermittent diarrhea, 
the sotorasib dose was reduced to 600 mg/day. After 
approximately 2 years, the patient again exhibited PD of 
bipulmonary metastases, new and growing pleural lesions, 
and a progressive right hilar tumor mass. Rebiopsy of a 
growing pleural lesion again revealed the known KRAS 
G12C and a TP53 mutation. MET FISH now revealed an 
acquired high-level MET amplification (MET/CEN7 2.09; 
GCN 9.6). A combined therapy with sotorasib 600 mg/day 
and tepotinib 450 mg/day was started. This led to a 
confirmed PR with the best response of pleural lesions and 
the right hilar tumor mass (Fig. 1). The combination of 
sotorasib and tepotinib was overall well-tolerated. Labo-
ratory analyses revealed no evidence of high-grade toxic-
ities, especially no hepatotoxicity was observed. Clinically, 
the patient developed peripheral edema of the forearms, 
hands, and ankles (Common Terminology Criteria for 
Adverse Events grade 2), which led to a reduction of the 
tepotinib dose to 225 mg once daily after 4 months at 
patient’s request. After about 7 months of therapy, the 
patient again exhibited pulmonary and pleural PD and died 
of community-acquired pneumonia.

Discussion
This retrospective case series provides real-world 

evidence supporting MET amplification as a clinicallyTa
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relevant mechanism of acquired resistance to sotorasib in 
NSCLC. Among nine patients with advanced KRAS G12C-
mutant NSCLC, we identified high-level MET amplification 
in four cases and intermediate-level MET amplification in 
one case after disease progression on sotorasib according 
to the criteria of Schildhaus et al. 10 Of these five patients, 
four did not have MET amplification at baseline, high-
lighting the acquired nature of this resistance mechanism. 
Of note, one patient (#7) without an initial response to 
sotorasib had high-level MET amplification in the post-
treatment biopsy. As no MET FISH analysis could be per-
formed on the baseline specimen, it remains uncertain 
whether this amplification was acquired. If present at 
baseline, this finding may indicate that MET amplification 
can also serve as a mechanism of intrinsic resistance 
to KRAS inhibition, although this cannot be definitively 
established from our data.

Our findings are consistent with preclinical and 
clinical data suggesting that MET amplification functions 
as a bypass resistance mechanism. Subsequent trans-
lational analyses of patients with KRAS G12C–mutant 
NSCLC treated with adagrasib described multiple 
mechanisms of resistance, including MET amplification, 
which was identified in two out of 10 patients. 8 

Recently, in a series of 20 patients with PD after com-
bined therapy with carboplatin, pemetrexed, and 
sotorasib in a prospective phase 2 trial, acquired MET 
amplification was detected in one case by analyzing 
circulating deoxyribonucleic acid. 11 The rate of acquired 
MET amplification in our cohort is higher. It should be 
noted that no FISH analysis was performed in the 
mentioned trial, which makes comparability difficult. In 
addition, the data must be interpreted with caution 
because of the small number of cases and a possible 
selection bias caused by the retrospective nature of our 
cohort.

The clinical relevance of MET amplification is illus-
trated by one patient in our cohort who benefited from 

combination therapy with sotorasib and tepotinib. After 
initial response and later progression on sotorasib mon-
otherapy, this patient got high-level MET amplification and 
subsequently achieved another PR on initiation of dual 
KRAS/MET inhibition. This case supports preclinical data 
indicating potential synergy between KRAS G12C inhibitors 
and MET inhibitors in MET-amplified, sotorasib-resistant 
tumors 9 and represents, to the best of our knowledge, the 
first case of a successful clinical treatment in this setting. 
These findings may have direct therapeutic implications by 
suggesting that MET-directed combination strategies may 
overcome a key resistance mechanism to KRAS G12C in-
hibition. Prospective data and larger patient numbers are 
needed to substantiate these findings. In addition, MET 
amplification is a variable biomarker, and further research 
is needed to determine which cutoffs best predict responseTa

bl
e  
2.  
FI
SH  

Re
su
lt
s  
Fr
om  

Pa
ti
en
ts  
W
it
h  
Pa
ir
ed  

Pr
e-
an
d  
Po
st
-T
re
at
m
en
t  
Bi
op
si
es  

an
d  
Si
de  

of  
Pr
im
ar
y  
Bi
op
sy  
an
d  
Re
bi
op
sy

Pa
ti
en
ts  

Pa
t.  
#1  

Pa
t.  
#2  

Pa
t.  
#3  

Pa
t.  
#5  

Pa
t.  
#6  

Pa
t.  
#9

Bi
op
sy  
si
te  

Pr
im
ar
y  
lu
ng  

tu
m
or  

Pr
im
ar
y  
lu
ng  

tu
m
or  

Pl
eu
ra
l  
no
du
le  

Pr
im
ar
y  
lu
ng  

tu
m
or  

Pr
im
ar
y  
lu
ng  

tu
m
or  

Pr
im
ar
y  
lu
ng  

tu
m
or

Pr
e-
tr
ea
tm
en
t  

M
ET  

FI
SH

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

2.
6  

1.
14  

3.
17  

1.
17  

2.
5  

1.
39  

1.
75  

0.
83  

1.
82  

0.
98  

3.
18  

1.
34

N
o  
am

p  
N
o  
am

p  
N
o  
am

p  
N
o  
am

p  
N
o  
am

p  
N
o  
am

p

Re
bi
op
sy  
si
te  

Ad
re
na
l  
gl
an
d  

Pl
eu
ra
l  e
ff
us
io
n

M
ed
ia
st
in
al  
ly
m
ph

no
de  

Pr
im
ar
y  
lu
ng  

tu
m
or  

Li
ve
r  
m
et
as
ta
si
s  

Pl
eu
ra
l  
no
du
le

Po
st
-t
re
at
m
en
t  

M
ET  

FI
SH

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

G
CN  

M
ET
/C
EN
7  

8.
1  

0.
89  

5.
95  

2.
2  

5.
13  

1.
23  

2.
3  

1.
35  

2.
35  

1.
07  

9.
6  

2.
09  

H
ig
h-
le
ve
l  
am

p  
H
ig
h-
le
ve
l  a
m
p  

In
te
rm
ed
ia
te
-le
ve
l  a
m
p  

N
o  
am

p  
N
o  
am

p  
H
ig
h-
le
ve
l  a
m
p

Am
p,  
am

pl
ifi
ca
ti
on
;  
FI
SH
,  
flu
or
es
ce
nt  
in  
si
tu  

hy
br
id
iz
at
io
n;  
M
ET
/C
EN
7,  
M
ET  

to  
ce
nt
ro
m
er  
7  
ra
ti
o;  

M
ET  

FI
SH
.  
G
CN
,  
M
ET  

ge
ne  

co
py  

nu
m
be
r;  
pa
t,  
pa
ti
en
t.

4 Riedel et al JTO Clinical and Research Reports Vol. 7 No. 3



to combined KRAS/MET inhibition. Whereas high gene 
copy numbers (≥10) seem to be necessary for successful 
treatment of patients with MET amplification as a primary 
driver, 12 in the treatment of patients with EGFR-mutated 
NSCLC and acquired MET amplification as a resistance 
mechanism to EGFR TKI therapy, MET gene copy numbers 
greater than or equal to 5 may be sufficient for successful 
combined EGFR and MET inhibition. 13

Our study has several limitations. The sample size is 
small, reflecting the rarity of paired biopsies in clinical 
practice. The retrospective nature of the analysis may 
introduce selection bias, and treatment decisions were not 
standardized. Sotorasib was used in different lines of ther-
apy, which leads to additional heterogeneity in the cohort. 
Furthermore, some potential resistance mechanisms are not 
represented by the routine analyses we used (e.g., acquired 
KRAS amplification, acquired fusions), and no circulating 
deoxyribonucleic acid was analyzed, which could have 
revealed additional resistance mutations. Our cohort also 
seems to be biased, with five out of nine patients responding 
to sotorasib, which exceeds the response rates in random-
ized trials.

Conclusion
Our results provide additional evidence that MET 

amplification is a relevant and potentially targetable 
mechanism of acquired resistance to sotorasib in pa-
tients with KRAS G12C-mutant NSCLC. These findings 
support rebiopsy at progression and highlight the need 
for broader molecular testing beyond KRAS to inform 
treatment sequencing. Combined KRAS and MET inhi-
bition may represent a rational next-line strategy in 
selected patients and should be further explored in 
prospective trials.
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