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Abstract

Background: Real-world data on C-MET protein overexpression in non-small cell lung cancer
(NSCLC]) patients, particularly among the Asian Chinese population, are limited.

Objectives: This study aimed to evaluate the clinicomolecular characteristics and prognosis

of C-MET overexpression in Chinese NSCLC patients, focusing on those with positive C-MET
overexpression (immunohistochemistry (IHC) 3+).

Design: A retrospective and observational study.

Methods: Data were collected from NSCLC patients diagnosed at the First Affiliated Hospital
of Guangzhou Medical University between November 2006 and April 2021. We identified C-MET
overexpression using IHC and C-MET overexpression positivity was defined as IHC 3+ with
=50% tumor cells. Additionally, patient genotypes were collected for subgroup analysis.
Results: Data from 9785 NSCLC patients were collected. C-MET (-] accounted for 5%
(503/9785), C-MET (+] for 27% (2654/9785), C-MET (++) for 36% (3464/9785), and C-MET
(+++) for 32% (3164/9785). Genetic testing was available for 4326 patients. Wild-type was
observed in 37% (1591 cases), with epidermal growth factor receptor (EGFR) abnormalities
being the most common at 49% (2127 cases). Positive C-MET overexpression correlated
significantly with women (p < 0.001), early-stage (p=0.003), adenocarcinoma (p <0.001), and
driver mutations (p <0.001). Patients with anaplastic lymphoma kinase (ALK) alterations had a
higher occurrence of C-MET overexpression positivity (57.1%). Positive C-MET overexpression
was significantly associated with EGFR (p<0.001), ALK (p<0.001), and KRAS alterations
(p=0.024). Compared to C-MET overexpression (IHC 0], C-MET overexpression (IHC 2+)
(hazard ratio (HR)=0.455, p<0.001) and C-MET overexpression (IHC 3+) (HR=0.569, p <0.001)
were correlated with better overall survival in overall NSCLC patients, especially for C-MET
overexpression (IHC 2+).

Conclusion: Our study elucidates the clinicomolecular characteristics and prognosis of C-MET
overexpression in NSCLC patients, particularly those with positive C-MET overexpression

(IHC 34). This provides insight into the prevalence of C-MET overexpression in Chinese
NSCLC patients and offers a basis for considering C-MET overexpression as a prognostic and
predictive marker in NSCLC.
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Introduction

Lung cancer remains a leading cause of cancer-
related mortality worldwide. In recent years, tar-
geted therapies have significantly improved
treatment outcomes in non-small cell lung can-
cer (NSCLCQ). In addition to epidermal growth
factor receptor (EGFR) and anaplastic lym-
phoma kinase (ALK), the mesenchymal-epithe-
lial transition (MET) has emerged as a crucial
therapeutic target in NSCLC.! The MET proto-
oncogene, a receptor tyrosine kinase located on
chromosome 7, activates downstream pathways
upon binding with its ligand, hepatocyte growth
factor. Aberrant activation of this pathway can
promote lung cancer growth and metastasis.?
Abnormal MET pathway activations include
MET exon 14 skipping mutations, MET amplifi-
cation, C-MET protein overexpression, and
MET gene fusion.!

Clinical studies have demonstrated the efficacy of
MET inhibitors, such as tepotinib, capmatinib,
and savolitinib, in treating advanced NSCLC
patients with MET exon 14 skipping mutations,
yielding notable treatment outcomes.3>> However,
a standardized treatment approach for NSCLC
patients with C-MET protein overexpression is
still lacking internationally. C-MET protein over-
expression can be classified as primary and sec-
ondary. Previous studies have indicated that the
incidence of primary C-MET protein overexpres-
sion in NSCLC ranges from 13.7% to 63.7%,57
while the incidence of secondary C-MET protein
overexpression ranges from 30.4% to 37.0%.%°
Clinical trials investigating MET inhibitor treat-
ment for C-MET overexpression in NSCLC have
shown promising responses in immunohisto-
chemistry (IHC) 3+ populations, as evidenced
by the TATTON study, the NCT01610336
study, and the INSIGHT study.!%-12 Hence, the
clinical use of IHC to identify MET overexpres-
sion, particularly IHC 3+, holds significant ther-
apeutic guidance value.

Real-world data on C-MET protein overexpres-
sion in the NSCLC population remain limited,
particularly among the Asian Chinese population.
This study aims to elucidate the clinicomolecular
characteristics and survival prognosis of C-MET
overexpression detected through IHC in NSCLC,
with a particular focus on cases with positive
C-MET overexpression (=50% of tumor cells
with IHC 3+). This research provides compre-
hensive insights into the prevalence of C-MET
overexpression detected by IHC in Chinese

NSCLC patients, thereby assisting in the explora-
tion of therapeutic strategies.

Methods

Study populations

We retrospectively reviewed and compiled data
from NSCLC patients who underwent surgical
resection or biopsy at the First Affiliated Hospital
of Guangzhou Medical University from November
2006 to April 2021. All NSCLC cases were con-
firmed through cytology or pathology. Patients
with recorded C-MET protein overexpression in
ITHC at the time of initial diagnosis, performed as
a part of routine practice, were included in the
screening criteria. Clinical data on age, gender,
histology, tumor stage, dates of surgical or biopsy
and death, IHC, and gene testing results were
extracted from the medical record information
repository of the First Affiliated Hospital of
Guangzhou Medical University. The institutional
review board approved the study protocol, and
informed consent was waived for this observa-
tional study.

C-MET overexpression IHC assay

IHC staining for C-MET protein expression in
tumor cells was performed using the SP44 mono-
clonal antibody. Tumor cells were categorized
into high and low C-MET expression groups,
with IHC 2+ or 3+ defined as high expression.
In this study, C-MET overexpression positivity
was defined as =50% of tumor cells showing IHC
3+. Specifically, IHC 0 indicated no staining or
staining in <50% of tumor cells, IHC 1+ denoted
weak positive staining in =50% of tumor cells but
<50% of them being positive, IHC 2+ indicated
positive staining in =50% of tumor cells with
<50% displaying strong positivity, and IHC 3+
represented strong positive staining in =50% of
tumor cells.3

Mutational analyses

Genetic alternations were assessed by targeted
next-generation sequencing covering critical muta-
tions in nine major drivers (EGFR, ALK, KRAS,
ROS1, RET, BRAF, PIK3CA, MET, and HER?2)
in NSCLC. In brief, DNA was extracted and quan-
tified using the QIAamp DNA FFPE Tissue Kit
(Qiagen, Hilden, Germany) and the Qubit fluo-
rometer (Thermo Fisher Scientific, Waltham, MA,
USA) following the manufacturer’s instructions.
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Subsequently, the products were captured and
sequenced on an Ion Proton Sequencer (Thermo
Fisher Scientific), using a panel encompassing 22
cancer-related genes. Data analysis was performed
using a customized bioinformatics pipeline (Otype).
Somatic alterations encompassed single nucleotide
variations, short insertions or deletions, copy num-
ber variations, and gene rearrangements.!4

Statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics 26.0 (SPSS, Chicago, IL, USA)
and GraphPad Prism 8.0 (GraphPad Software,
Inc., Boston, MA, USA). Data were presented as
mean * standard deviation (SD) or frequencies
and proportions. Chi-square tests were utilized to
compare C-MET protein overexpression among
NSCLC patients stratified by gender, histological
type, stages, and driver mutations. The associa-
tion of C-MET overexpression with each driver
mutation was assessed. Overall survival (OS) was
defined as the time from surgery resection or
biopsy to death from any cause. Kaplan—Meier
survival curves were constructed, and survival
outcomes were compared using the log-rank test,
with C-MET (=) or C-MET overexpression
(IHC 0) serving as the reference cohort. A multi-
variate Cox Proportional Hazards (COX) regres-
sion model, adjusting for variables including age,
gender, histologic type, tumor stages, driver
mutations, and C-MET overexpression, was
employed to analyze survival prognosis trends.
Statistical significance was set at a p-value <0.05.

The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studiesin Epidemiology Statement (Supplemental
Table 1).15

Results

Clinical and molecular characteristics of C-MET
overexpression in NSCLC

A total of 9785 NSCLC patients with sufficient
tissue for C-MET protein overexpression assess-
ment through IHC were included in this analysis.
Among them, 503/9785 (5%) were C-MET (-),
2654/9785 (27%) were C-MET (+), 3464/9785
(36%) were C-MET (++), and 3164/9785
(32%) were C-MET (+++) (Figure 1(a)).
Among the patients, 5145 (52.6%) were men,
2500 (25.5%) were nonsmokers, with a mean age
of 59.1years, and 48.6% were aged older than 60

years. The majority of patients were diagnosed at
early stages (7629/9785, 78.0%) and exhibited
adenocarcinoma (8497/9785, 86.8%). The distri-
bution of various levels of C-MET overexpres-
sion across gender, age, smoking status, stage,
and histologic type is summarized in Table 1.
Additionally, differences in C-MET overexpres-
sion between surgical and biopsy specimens were
further explored (Supplemental Figure 1).
Additional detailed information can be found in
the Supplemental Materials.

Among the 9785 NSCLC patients reviewed,
4326 had sufficient tumor tissue for genetic test-
ing, with genetic alterations identified in 2735
patients. Specifically, 2127 cases (49%) exhibited
EGFR alterations, 248 cases (6%) had KRAS
alterations, and 72 cases (2%) showed ALK alter-
ations. Other less common driver gene abnormal-
ities were observed in 288 cases. Ninety patients
presented with two or more coexisting driver
mutations, with EGFR + PIK3CA co-mutations
being the most prevalent (32 cases) (Figure 1(b)
and Supplemental Figure 2). The distribution of
different intensities of C-MET overexpression
across wild-type genes and the nine oncogenic
driver genes is detailed in Table 2.

Clinical and molecular characteristics of

positive C-MET overexpression [IHC 3+] in

NSCLC

Subsequently, we focused on patients exhibiting
positive C-MET overexpression (IHC 3+) to
explore factors potentially influencing this phe-
nomenon. Statistical analysis revealed that
C-MET overexpression positivity (IHC 3+) was
more prevalent among female patients (34.6% vs
30.3%, p<<0.001), early-stage NSCLC patients
(33.1% vs 29.7%, p=0.003), adenocarcinoma
patients (36.0% vs 8.5%, p<<0.001), and those
harboring driver mutations (41.6% vs 28.0%,
$<<0.001) (Figure 2(a)—(d)).

Furthermore, we performed additional analyses
to explore the correlation between C-MET over-
expression and TINM stage, including tumor size,
lymph node metastasis, and distant metastasis.
Initially, in the T stage, we focused on 7526 early-
stage patients after excluding those with incom-
plete tumor size data. We analyzed the association
between tumor size and C-MET overexpression
(IHC 3+), revealing that C-MET overexpression
(IHC 3+) was more common in the T1 stage
compared to other T stages (34.0% vs 29.7%,
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Figure 1. (a) The overall distribution of C-MET overexpression among 9785 NSCLC patients. (b) The overall
distribution of driver mutations and wild-type status among 4326 NSCLC patients with C-MET overexpression.

NSCLC, non-small cell lung cancer.

$=0.002). Conversely, the incidence of C-MET
overexpression (IHC 3+) was lower in the T3
and T4 stages, particularly in the T4 stage (T3:
27.2% vs 33.4%, p=0.046; T4: 13.3% vs 33.4%,
$<0.001). However, no significant correlation
was observed between C-MET overexpression
(IHC 3+) and tumor size in the T2 stage
(Supplemental Figure 3(A)—(D)). Secondly,
excluding patients with unevaluable lymph node
metastasis in the N stage, we analyzed 8626
patients. We categorized them into N (—=) (no
lymph node metastasis) and N (+) (lymph node

metastasis, regardless of ipsilateral or contralat-
eral). The analysis demonstrated a higher preva-
lence of C-MET overexpression (IHC 3+) in
patients with lymph node metastasis compared to
those without (36.3% vs 32.9%, p=0.010)
(Supplemental Figure 3(E)). Lastly, for the
M-stage analysis involving all 9785 patients, we
observed a higher frequency of C-MET overex-
pression (IHC 3+) in NSCLC patients without
distant metastasis compared to those with
distant metastasis (33.3% vs 25.5%, p<<0.001)
(Supplemental Figure 3(F)).
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Table 1. Distribution of C-MET overexpression (IHC 0, 1+, 24, 3+) across clinicopathological factors in 9785 NSCLC patients.

Clinicopathological factors

NSCLC patients (n=9785)

C-MET (-) C-MET (+) C-MET (++) C-MET (+++)
Gender
Male (n=5145, 52.6%) 349 (6.8%) 1593 (31.0%) 1644 (32.0%) 1559 (30.3%)
Female (n=4640, 47.4%) 154 (3.3%) 1061 (22.9%) 1820 (39.2%) 1605 (34.6%)
Age (years)
Mean =SD (59.1+11.0)
>60 (n=4754, 48.6%) 258 (5.4%) 1346 (28.3%) 1649 (34.7%) 1501 (31.6%)
<60 (n=5031, 51.4%) 245 (4.9%) 1308 (26.0%) 1815 (36.1%) 1663 (33.1%)
Smoking status
Yes (n=1249, 12.8%) 111 (8.9%) 405 (32.4%) 373 (29.9%) 360 (28.8%)
No (n=2500, 25.5%) 108 (4.3%) 580 (23.2%) 843 (33.7%) 969 (38.8%)
Unknown (n=6036, 61.7%) 284 (4.7%) 1669 (27.7%) 2248 (37.2%) 1835 (30.4%)
Stage
Early (n=7629, n=78.0%) 326 (4.3%) 1804 (23.6%) 2975 (39.0%]) 2524 (33.1%])
Advanced (n=2156, n=22.0%) 177 (8.2%) 850 (39.4%) 489 (22.7%) 640 (29.7%)
Histology
Adenocarcinoma (n=8497, n=86.8%) 246 (2.9%) 1999 (23.5%) 3197 (37.6%) 3055 (36.0%)
Others (1288, n=13.2%) 257 (20.0%) 655 (50.9%) 267 (20.7%) 109 (8.5%)

IHC, immunohistochemistry; NSCLC, non-small cell lung cancer; SD, standard deviation.

C-MET overexpression with respect to driver
mutations in NSCLC

Opverall, the incidence of C-MET overexpression
across different driver genes exceeded the overall
expression level (>94.2%). Analyzing the hetero-
geneity in various stains of C-MET overexpression
among the nine oncogenic driver genes revealed
that NSCLC patients with alterations in EGFR,
ALK, KRAS, ROS1, BRAF, and PIK3CA exhib-
ited a progressive increase in the frequency of vari-
ous stains of C-MET overexpression IHC 0, 1+,
2+, 3+). Notably, patients with ALK alterations
exhibited a significantly higher prevalence of posi-
tive C-MET overexpression (IHC 3+) compared
to other staining intensities (IHC 0, 1+, 2+), at
48/84 (57.1%) (Table 2 and Figure 3(a)).

Further analysis of the impact of different driver
mutations on positive C-MET overexpression

(IHC 3+) revealed that patients with EGFR,
ALK, and KRAS alterations were more likely to
exhibit positive C-MET overexpression (EGFR:
41.4% vs 31.7%, p<0.001; ALK: 57.1% vs
36.2%, p<0.001; KRAS: 43.1% vs 36.2%,
p=0.024). However, the differences in positive
C-MET overexpression among patients with
other driver mutations in NSCLC did not reach
statistical significance (Figure 3(b)).

Relationship between C-MET overexpression

and survival prognosis in NSCLC

Survival analysis evaluating the impact of
C-MET overexpression on the prognosis of
8762 NSCLC patients revealed that those with
C-MET overexpression (IHC 2+) (hazard ratio
(HR)=0.455, p<0.001) and C-MET overex-
pression (IHC 3+) (HR=0.569, p<<0.001)
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Table 2. Distribution of C-MET overexpression (IHC 0, 1+, 2+, 34) in 4326 NSCLC patients undergoing genetic testing.
Gene mutation status C-MET overexpression
C-MET (-) Non-C-MET ()  C-MET (+) C-MET (++) C-MET (+++)
Total (n=4326) 251 (5.8%] 4075 (94.2%) 1082 (25.0%) 1408 (32.5%) 1585 (36.6%)
Wild type (n=1591) 165 (10.4%) 1426 (89.6%) 521 (32.7%) 459 (28.8%) 446 (28.0%)
Genetic alterations (n=2735) 86 (3.1%) 2649 (96.9%) 561 (20.5%) 949 (34.7%) 1139 (41.6%)
EGFR (n=2199) 66 (3.0%) 2133 (97.0%) 459 (20.9%) 764 (34.7%) 910 (41.4%)
EGFR L858R (n=1074) 38 (3.5%) 1036 (96.5%) 222 (20.7%) 392 (36.5%) 422 (39.3%)
EGFR 19del (n=913) 22 (2.4%) 891 (97.6%) 202 (22.1%) 290 (31.8%]) 399 (43.7%)
EGFR Rare (n=190] 5(2.6%) 185 (97.4%) 34 (17.9%) 71 (37.4%) 80 (42.1%)
EGFR L858R + 19del (n=22) 1 (4.5%) 21 (95.5%) 1 (4.5%) 11 (50.0%) 9 (40.9%)
ALK (n=84) 3(3.6%) 81 (96.4%) 9(10.7%) 24 (28.6%) 48 (57.1%)
KRAS (n=276) 8(2.9%) 268 (97.1%) 60 (21.7%) 89 (32.2%) 119 (43.1%)
ROS1 (n=34) 1(2.9%) 33(97.1%) 6(17.6%) 10 (29.4%) 17 (50.0%)
BRAF (n=35) 1(2.9%) 34 (97.1%) 8 (22.9%) 10 (28.6%) 16 (45.7%)
PIK3CA (n=62) 2 (3.2%) 60 (96.8%) 11 (17.7%) 23 (37.1%) 26 (41.9%)
HER2 [n=45) 2 (4.4%) 43 (95.6%) 6(13.3%) 21 (46.7%) 16 (35.6%)
MET (n=18) 0 (0.0%) 18 (100.0%) 2(11.1%) 9 (50.0%) 7 (38.9%)
RET (n=39) 1(2.6%) 38 (97.4%) 7(17.9%) 17 (43.6%) 14 (35.9%)

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; NSCLC, non-small cell lung cancer.

exhibited a better OS (Figure 4(a)). The same
survival trend was observed in a COX multivari-
ate model analysis adjusting for factors such as
gender, age, stage, and histologic type. Especially,
compared to patients with C-MET overexpres-
sion (IHC 0), those with C-MET overexpres-
sion (IHC 2+) (HR=0.794, p=0.026) and
C-MET overexpression (IHC 3+) (HR=0.896,
p=0.287) appeared to have a reduced risk of
mortality (Table 3).

A total of 4298 cases underwent genetic testing
for further prognostic analysis. The results indi-
cated that patients with C-MET overexpression
(IHC 2+) (HR=0.565, p<0.001) and C-MET
overexpression (IHC 3+) (HR=0.673, p=0.002)
had better OS (Figure 4(b)). A COX multivariate
model analysis was performed, adjusting for con-
founders, which indicated that the survival trend
had not changed despite lacking statistical signifi-
cance (Table 4).

In addition, we performed a survival analysis
across different genetic subgroups. Due to the
limited sample sizes, we were unable to perform
survival analysis on gene types other than the
common EGFR mutations. Therefore, we com-
pared the prognosis of different levels of C-MET
overexpression within the EGFR L858R, EGFR
19del, and EGFR Rare subgroups. Our findings
indicated that compared to cases with C-MET
overexpression (IHC 0), those with C-MET
overexpression (IHC 2+) showed better OS
(EGFR L858R: HR=0.468, p=0.038; EGFR
19del: HR=0.421, p»=0.023; EGFR Rare:
HR=0.446, p=0.444), as did those with C-MET
overexpression (IHC 3+) (EGFR L858R:
HR=0.825, p=0.583; EGFR 19del: HR=0.347,
p=0.005; EGFR Rare: HR=0.936, p=0.948)
(Figure 4(c)—(e)). Similar results were observed
in COX multivariate analysis for the EGFR
L858R and EGFR 19del subgroups. However,
the results of COX multivariate analysis in the
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Figure 2. C-MET overexpression positivity (IHC 3+])

in NSCLC patients with respect to gender (a), tumor
stage (b), histological type (c], and driver mutations (d).
IHC, immunohistochemistry; NSCLC, non-small cell lung
cancer.

EGFR Rare subgroup were unstable, likely due to
the limited sample size (Supplemental Tables
2-4).

Moreover, we conducted a prognosis analysis for
C-MET-positive patients (IHC 3+) carrying
gene mutations. The results showed that com-
pared to wild-type patients, C-MET-positive
patients with gene mutations had better OS
(HR=0.530, »p<<0.001) (Supplemental Figure
4(A)). Further analysis of nine gene mutations
indicated differences in OS among C-MET-
positive patients (IHC 3+) with different gene
mutations (Log-rank, p=0.014). However, due
to the limited sample sizes of gene mutations
other than EGFR, these specific prognosis results
might require further exploration (Supplemental
Figure 4(B)). The results of the COX

multivariate  analysis are  presented in

Supplemental Tables 5 and 6.

Discussion

Currently, targeted molecular therapy is an
effective treatment for lung cancer, with increas-
ing attention on the MET target. However, there
is still a lack of well-established therapeutic
strategies for C-MET protein overexpression in
NSCLC, and no consensus on the clinical asso-
ciation and survival prognosis of C-MET over-
expression in NSCLC. In this study, we present
a cohort of NSCLC patients with C-MET over-
expression prior to treatment from a single insti-
tution. To our knowledge, this study represents
the largest scale investigation to date into the
clinicomolecular characteristics and prognosis
analysis of C-MET overexpression by IHC in
NSCLC, particularly within the Asian Chinese
population.16-18

Our study explored the clinical and pathological
features of 9785 NSCLC patients with varying
degrees of C-MET overexpression, focusing on
factors such as gender, age, tumor stage, and his-
tological type. The overall incidence of primary
C-MET overexpression in NSCLC in our study
was 95%, significantly higher than previously
reported rates (13.7%-63.7%).%7 We speculate
that this discrepancy may be related to the sample
source. In this study, a large proportion of the
samples were surgical, whereas biopsy samples,
which may contain fewer tumor cells, could be
limited in their ability to qualitatively detect can-
cer. Consequently, the detection of C-MET pro-
tein overexpression might sometimes be omitted.
Our findings revealed that while a significant pro-
portion of NSCLC patients with C-MET overex-
pression were adenocarcinoma, a smaller subset
(13.2%) presented with other histological sub-
types. This highlights the necessity of conducting
C-MET overexpression testing for all NSCLC
patients, regardless of their histological or clinical
characteristics.

Upon further narrowing down the cohort to those
patients with positive C-MET overexpression
(IHC 3+) and analyzing potential influencing
clinical factors, our study revealed that female
patients had a higher rate of C-MET overexpres-
sion positivity compared to male patients.
Additionally, lung adenocarcinoma patients
exhibited significantly higher C-MET positivity
rates than other histological subtypes. These
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Figure 3. (a) The overall distribution of various stains of C-MET overexpression (IHC 0, 1+, 2+, 34+) among
NSCLC patients with various driver mutations and wild-type status. (b) C-MET overexpression positivity (IHC
3+4) in NSCLC patients with respect to different driver mutations.

IHC, immunohistochemistry; NSCLC, non-small cell lung cancer.

findings are aligned with previous research.!7-1°
Moreover, our study found that early-stage
patients were more likely to exhibit positive
C-MET overexpression. However, Zeng et al.?0
reported that C-MET overexpression correlated
with advanced tumor stages and played a crucial
role in the metastasis and progression of colorec-
tal cancer. Conversely, Bubendorf et al.!” con-
cluded that C-MET protein overexpression did
not significantly correlate with tumor pathologi-
cal staging. We speculate that our outcomes
might be associated with the predominance of
early-stage cases in our cohort.

It is worth noting that, in our study, 4326 patients
had sufficient tissue samples for genetic testing.
Within this cohort of NSCLC patients, we explored
the heterogeneity of various levels C-MET overex-
pression among nine major oncogenic driver genes.
The findings revealed that compared to the wild-
type gene status, C-MET overexpression was more
prevalent among patients with gene alterations,
particularly in those with C-MET overexpression
positivity (IHC 3+). Furthermore, NSCLC
patients harboring EGFR, ALK, or KRAS abnor-
malities were more likely to exhibit positive C-MET
overexpression (IHC 3+). Previous studies have
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Figure 4. OS based on various stains of C-MET overexpression (IHC 0, 1+, 2+, 3+] in 8762 NSCLC patients (a),
4298 NSCLC patients with genetic testing (b), 1092 NSCLC patients with EGFR L858R mutations (c], 931 NSCLC
patients with EGFR 19del mutations (d), and 189 NSCLC patients with EGFR rare mutations (e).

EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; NSCLC, non-small cell lung cancer; 0S, overall survival.
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Table 3. COX's multivariable analysis between C-MET overexpression and overall survival in 8762 NSCLC

cases.

Characteristics HR (95% ClI) p-Value
Sex 1.805 (1.619-2.013) <0.001
Age 0.734 (0.666-0.809) <0.001
Stage 0.178 (0.161-0.196) <0.001
Histology 0.829 (0.732-0.939) 0.003
C-MET

C-MET (-) Reference

C-MET (+) 1.111 (0.920-1.341) 0.273

C-MET (++) 0.794 (0.648-0.972) 0.026

C-MET (+++] 0.896 (0.733-1.096) 0.287

95% Cl, 95% confidence interval; HR, hazard ratio; IHC, immunohistochemistry; NSCLC, non-small cell lung cancer.

suggested that MET amplification, following by
MET protein overexpression, could potentially
induce resistance to epidermal growth factor recep-
tor tyrosine kinase inhibitors (EGFR-TKIs) in
NSCLC.2! Additionally, there is evidence indicat-
ing that MET alterations may be one of the mecha-
nisms of resistance to ALK inhibitors.22 Moving
forward, it will be crucial to incorporate the detec-
tion of C-MET protein overexpression via IHC in
NSCLC patients with these gene abnormalities to
optimize clinical treatment decisions effectively.

Interestingly, our results revealed that the inten-
sity of C-MET overexpression in IHC varied with
different driver gene alterations. Patients with
EGFR, ALK, KRAS, ROS1, BRAF, and PIK3CA
alterations exhibited an increasing trend in
C-MET overexpression. This trend was parti-
cularly notable in NSCLC patients with ALK
abnormalities, with the highest occurrence of
C-MET overexpression positivity (IHC 3+),
exceeding half of the cases. Studies have indi-
cated a significant increase in MET expression in
ALK-rearranged NSCLC.?32¢  Furthermore,
MET alterations could be one of the mechanisms
of resistance to ALK inhibitors.22 Therefore, fur-
ther investigation of treatment strategies will be
essential when managing cases where C-MET
overexpression coexists with ALK abnormalities.

Finally, based on our study results, the OS associ-
ated with C-MET overexpression (IHC 2+) and
C-MET overexpression (IHC 3+) was better,

consistent with previous research findings.?5
However, some studies have indicated a poorer
prognosis associated with C-MET overexpression
in NSCLC®1826 or reported no correlation with
prognosis.!” Our study further refined the survival
analysis across different levels of C-MET overex-
pression in NSCLC patients with driver muta-
tions, especially within various EGFR subgroups.
The results also indicated better OS associated
with C-MET overexpression IHC 2+, 3+). This
observation may be influenced by our earlier find-
ings, suggesting a higher prevalence of C-MET
overexpression in early-stage NSCLC. Tsakonas
et al.27 similarly suggested that a C-MET overex-
pression H-score =20 served as a positive prog-
nostic biomarker for OS in early-stage NSCLC,
and this benefit appeared to be closely related to
adjuvant chemotherapy. Although COX multi-
variable analysis among various factors, including
gene mutations, did not show a statistically sig-
nificant impact of C-MET overexpression on OS,
the survival trend has not changed, and our
study’s large sample size enhances credibility and
representativeness to a considerable extent.

However, this study has several limitations that
warrant consideration. First, our study was con-
ducted within a single institution. Additionally,
while our study encompassed a large sample size
over an extended period, many patients did not
receive complete long-term treatment at our insti-
tution, posing challenges in tracking their com-
prehensive treatment histories. Currently, we
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Table 4. COX's multivariable analysis between C-MET overexpression and overall survival in NSCLC patients

harboring gene mutations.

Characteristics HR (95% ClI) p-Value
Sex 1.489 (1.294-1.713) <0.001
Age 0.752 (0.663-0.853) <0.001
Stage 0.189 (0.166-0.215) <0.001
Histology 1.078 (0.896-1.296) 0.429
C-MET
C-MET (-) Reference
C-MET [+) 1.134 (0.881-1.459) 0.329
C-MET (++] 0.896 (0.688-1.168) 0.418
C-MET [+ ++) 0.960 (0.740-1.245) 0.759
EGFR 0.676 (0.585-0.781) <0.001
ALK 0.208 (0.093-0.466) <0.001
KRAS 0.998 (0.775-1.286) 0.989
ROS1 0.409 (0.169-0.989) 0.047
BRAF 0.713 (0.294-1.728) 0.454
PIK3CA 0.569 (0.282-1.145) 0.114
HERZ2 0.948 (0.422-2.127) 0.897
MET 1.121(0.359-3.498) 0.844
RET 0.429 (0.160-1.148) 0.092

95% Cl, 95% confidence interval; HR, hazard ratio; NSCLC, non-small cell lung cancer.

have conducted preliminary analysis on OS, but
analysis on progression-free survival is still ongo-
ing. Furthermore, there is a lack of standardized
international evaluations for C-MET overexpres-
sion via IHC.!® Therefore, future multicenter
large-scale studies will be essential to further vali-
date the heterogeneity of C-MET overexpression
and its impact on survival prognosis in NSCLC,
as well as to determine its potential as a prognos-
tic and predictive marker in NSCLC.

Conclusion

In conclusion, our study reflected the clinical—
pathological characteristics, survival outcomes,
and associations with major driver gene altera-
tions in a large cohort of NSCLC patients with
C-MET overexpression in China. Female,

early-stage, adenocarcinoma, and driver muta-
tions were identified as independent factors
related to positive C-MET overexpression
(IHC 3+). NSCLC patients with C-MET over-
expression exhibited better OS, particularly
those with high expression IHC 2+, 3+). Our
findings provide a factual data foundation for
supporting the consideration of C-MET over-
expression as a prognostic and predictive
marker in NSCLC.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the
Institutional Review Board of the First Affiliated
Hospital of Guangzhou Medical University
(approval number: KILS-17-03). Informed consent

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 16

was waived for this retrospective and observational
study.

Consent for publication
Not applicable.

Author contributions

Shuting Zhan: Data curation; Formal analysis;
Investigation; Methodology; Visualization;
Writing — original draft; Writing — review &
editing.

Jianfu Li: Data curation; Formal analysis;
Methodology; Validation; Visualization; Writing
— original draft; Writing — review & editing.

Bo Cheng: Formal analysis; Investigation;
Validation; Writing — review & editing.

Caichen Li: Investigation; Methodologys;
Visualization; Writing — review & editing.

Yi Feng: Data curation; Investigation;
Methodology; Validation; Writing — review &
editing.

Lei Fan: Data curation; Investigation;
Methodology; Writing — review & editing.

Shan Xiong: Data curation; Investigation;
Methodology; Writing — review & editing.

Wenchuang Zeng: Data curation; Investigation;
Methodology; Writing — review & editing.

Qi Cai: Data curation; Investigation; Writing —
review & editing.

Yang Xiang: Data curation; Investigation;

Writing — review & editing.
Huiting Wang: Data curation; Investigation;
Writing — review & editing.

Chunyan Li: Data curation; Investigation;

Writing — review & editing.

Peiling Chen: Data curation; Investigation;
Writing — review & editing.

Xin Zheng: Data curation; Investigation; Writing
— review & editing.

Wenhai Fu: Data curation; Investigation;
Writing — review & editing.
Zhexue Hao: Data curation; Investigation;

Writing — review & editing.

Jianxing He: Conceptualization; Funding acqui-
sition; Methodology; Visualization; Writing —
review & editing.

Wenhua Liang: Conceptualization; Funding
acquisition; Methodology; Visualization; Writing
— review & editing.

Acknowledgements
None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study is
supported by China National Science Foundation
(Grant Nos. 82022048, 82373121); the Science
and Technology Planning Project of Guangzhou
(Grant No. 202206080013); the National Key
Research & Development Program (Grant No.
2022YFC2505100).

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

The data generated in this study are available
from the corresponding author upon reasonable
request.

ORCID iDs
Shuting Zhan
0094-3634

Peiling Chen
0636-3032

https://orcid.org/0000-0003-

https://orcid.org/0000-0003-

Supplemental material
Supplemental material for this article is available
online.

References
1. Bylicki O, Paleiron N, Assié ]JB, et al. Targeting
the MET-signaling pathway in non-small-cell
lung cancer: evidence to date. Onco Targets Ther
2020; 13: 5691-5706.

2. Ko B, He T, Gadgeel S, et al. MET/HGF
pathway activation as a paradigm of resistance to
targeted therapies. Ann Transl Med 2017; 5: 4.

3. Paik PK, Felip E, Veillon R, et al. Tepotinib in
non-small-cell lung cancer with MET exon 14
skipping mutations. N Engl ¥ Med 2020; 383:
931-943.

4. Wolf], Seto T, Han JY, et al. Capmatinib in
MET exon 14-mutated or MET-amplified

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0003-0094-3634
https://orcid.org/0000-0003-0094-3634
https://orcid.org/0000-0003-0636-3032
https://orcid.org/0000-0003-0636-3032

S Zhan, J Lietal

non-small-cell lung cancer. N Engl ¥ Med 2020;
383: 944-957.

5. Lu S, Fang ], Li X, et al. Once-daily savolitinib
in Chinese patients with pulmonary sarcomatoid
carcinomas and other non-small-cell lung cancers
harbouring MET exon 14 skipping alterations:

a multicentre, single-arm, open-label, phase 2
study. Lancet Respir Med 2021; 9: 1154—1164.

6. Park S, Choi YL, Sung CO, et al. High MET
copy number and MET overexpression: poor
outcome in non-small cell lung cancer patients.
Histol Histopathol 20123 27: 197-207.

7. Lv H, Shan B, Tian Z, et al. Soluble c-Met is
a reliable and sensitive marker to detect c-Met
expression level in lung cancer. Biomed Res Int
2015; 2015: 626578.

8. Bai Q, Shi X, Zhou X, et al. Chinese expert
consensus on clinical practice of MET detection
in non-small cell lung cancer. Ther Adv Med
Omncol 20245 16: 17588359231216096.

9. Camidge DR, Barlesi F, Goldman JW, et al.
A phase 1b study of telisotuzumab vedotin in
combination with nivolumab in patients with
NSCLC. ¥TO Clin Res Rep 20225 3: 100262.

10. Hartmaier RJ, Markovets AA, Ahn M]J, et al.
Osimertinib + savolitinib to overcome acquired
MET-mediated resistance in epidermal growth
factor receptor-mutated, MET-amplified non-
small cell lung cancer: TATTON. Cancer Discov
2023; 13: 98-113.

11. Wu YL, Zhang L, Kim DW, et al. Phase Ib/
II study of capmatinib (INC280) plus gefitinib
after failure of epidermal growth factor receptor
(EGFR) inhibitor therapy in patients with EGFR-
mutated, MET factor-dysregulated non-small-cell
lung cancer. ¥ Clin Oncol 2018; 36: 3101-3109.

12. Wu YL, Cheng Y, Zhou J, et al. Tepotinib plus
gefitinib in patients with EGFR-mutant non-
small-cell lung cancer with MET overexpression
or MET amplification and acquired resistance to
previous EGFR inhibitor (INSIGHT study): an
open-label, phase 1b/2, multicentre, randomised
trial. Lancet Respir Med 2020; 8: 1132—-1143.

13. Standardization Interpretation Expert Committee
of MET immunohistochemistry; Molecular
Pathology Collaboration Group of Tumor
Pathology Committee of Chinese Anti-Cancer
Association. [Chinese expert consensus on
MET immunohistochemistry detection and
interpretation standards for non-small cell lung
cancer (2023 version)]. Zhonghua Bing Li Xue Za
Zhi 20235 52: 1090-1097.

14. Liang W, Guo M, Pan Z, et al. Association
between certain non-small cell lung cancer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

driver mutations and predictive markers for
chemotherapy or programmed death-ligand 1
inhibition. Cancer Sci 2019; 110: 2014-2021.

von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Ann Intern Med 2007; 147: 573-577.

Guo R, Berry LD, Aisner DL, et al. MET IHC

is a poor screen for MET amplification or MET
exon 14 mutations in lung adenocarcinomas: data
from a tri-institutional cohort of the lung cancer
mutation consortium. ¥ Thorac Oncol 2019; 14:
1666-1671.

Bubendorf L, Dafni U, Schobel M, et al.
Prevalence and clinical association of MET gene
overexpression and amplification in patients with
NSCLC: results from the European Thoracic
Oncology Platform (ETOP) Lungscape project.
Lung Cancer 2017; 111: 143-149.

Pyo JS, Kang G, Cho WJ, et al.
Clinicopathological significance and concordance
analysis of c-MET immunohistochemistry in
non-small cell lung cancers: a meta-analysis.
Pathol Res Pract 20165 212: 710-716.

Tong JH, Yeung SF, Chan AW, et al. MET
amplification and exon 14 splice site mutation
define unique molecular subgroups of non-small
cell lung carcinoma with poor prognosis. Clin
Cancer Res 20165 22: 3048-3056.

Zeng Z, Weiser MR, D’Alessio M, et al.
Immunoblot analysis of c-Met expression in
human colorectal cancer: overexpression is
associated with advanced stage cancer. Clin Exp
Metastasis 2004; 21: 409-417.

Engelman JA, Zejnullahu K, Mitsudomi T, et al.
MET amplification leads to gefitinib resistance
in lung cancer by activating ERBB3 signaling.
Science 2007; 316: 1039-1043.

Dagogo-Jack I, Yoda S, Lennerz JK, et al.
MET alterations are a recurring and actionable
resistance mechanism in ALK-positive lung
cancer. Clin Cancer Res 2020; 26: 2535-2545.

Feng Y, Minca EC, Lanigan C, et al. High
MET receptor expression but not gene
amplification in ALK 2p23 rearrangement
positive non-small-cell lung cancer. ¥ Thorac
Oncol 20145 9: 646—653.

Chen RL, Zhao J, Zhang XC, et al. Crizotinib
in advanced non-small-cell lung cancer with
concomitant ALK rearrangement and c-Met
overexpression. BMC Cancer 2018; 18: 1171.

Tran TN, Selinger CI, Kohonen-Corish MR,
et al. Alterations of MET gene copy number and

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online

journals.sagepub.com/ 26.

home/tam

S Sagejournals

protein expression in primary non-small-cell lung
cancer and corresponding nodal metastases. Clin
Lung Cancer 2016; 17: 30-38.¢l.

Song Z, Wang X, Zheng Y, et al. MET gene
amplification and overexpression in Chinese non-
small-cell lung cancer patients without EGFR

27.

mutations. Clin Lung Cancer 2017; 18:
213-219.e2.

Tsakonas G, Botling J, Micke P, et al. c-MET as
a biomarker in patients with surgically resected
non-small cell lung cancer. Lung Cancer 2019;
133: 69-74.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

