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Abstract
Background: This study assesses whether MET expression in tumor tissue is asso-
ciated with an increased sensitivity to epidermal growth factor receptor (EGFR)-
tyrosine kinase inhibitors (TKIs) in non-small-cell lung cancer (NSCLC) patients.
Methods: This retrospective study included 69 NSCLC participants with available
tumor tissue and data on treatment response and survival. MET and hepatocyte
growth factor expression in tumor tissue were evaluated by immunohistochemistry.
Results: Positive tMET expression correlated with a shorter progression-free sur-
vival (PFS; P = 0.003) and overall survival (OS; P = 0.05). Positive pY1234/1235
expression was significantly associated with a longer PFS (P = 0.031) and OS (P =
0.012). In multivariable analyses, tMET and pY1234/1235 expression were indepen-
dent factors for PFS and OS, respectively. (tMET, PFS; P = 0.02, OS; P = 0.0007 and
pY1234/1234, PFS; P = 0.01, OS; P = 0.004).
Conclusions: This study suggests that total and phosphorylated MET expression in
tumor tissue is potentially useful for the selection of NSCLC patients who are likely
to benefit from EGFR-TKIs, irrespective of their EGFR status.

Introduction

Epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) provide substantial clinical benefit to non-
small cell lung carcinoma (NSCLC) patients,1,2 especially
NSCLC patients with an activated EGFR mutation.3 Recent
phase III trials targeting NSCLC adenocarcinoma patients
with EGFR mutations showed that the EGFR-TKI cohort
experienced significantly longer progression-free survival
(PFS) than the platinum-doublet therapy group.4,5 However,
not all patients with activating EGFR mutations respond to
EGFR-TKI treatment. Approximately 30% of patients with
activating EGFR mutations show primary resistance to
EGFR-TKIs.4,5 Several previous studies focused on identify-
ing biomarkers associated with primary resistance to EGFR-
TKIs, but none of these studies successfully identified a major
resistance biomarker.6–9

EGFR-TKIs prescribed as a second- or third-line therapy
benefit approximately 50% of NSCLC patients by stabilizing
disease, even though EGFR activating mutations are only

found in 10 to 15% of all NSCLC patients.10,11 Therefore,
NSCLC patients with wild-type EGFR can benefit from
EGFR-TKI therapy. Biomarkers that predict the clinical
benefit of EGFR-TKIs in patients expressing wild-type EGFR
have not been fully characterized.12,13

The MET receptor tyrosine kinase is a critical regulator of
cancer migration, invasion, and proliferation; therefore,
altered MET function is a major contributor to metastasis.
Dysregulation of MET signaling through gene amplification,
mutation, or autocrine or paracrine activation occurs in
several human cancers, including NSCLC.14,15 MET activation
induces phosphorylation of several tyrosine residues (Y1003-
Y1313-Y1230/1234/1235-Y1349-Y1356) on EGFR, which,
consequently, activates multiple downstream signaling
pathways, including the RAS/extracellular-signal-regulated-
kinase (ERK) and phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (AKT) pathways.16 Activation of MET
signaling is associated with advanced cancer stage and shorter
survival time in NSCLC patients.17 In addition, MET amplifi-
cation correlates with acquired resistance to EGFR-TKIs.
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Engelman et al.18 showed that MET amplification induces
gefitinib resistance via promotion of ERBB3-dependent acti-
vation of PI3K. Moreover, MET inhibition with a MET-TKI
restored gefitinib sensitivity. Bean et al.19 demonstrated that
there was MET amplification in 21% of patients with
acquired resistance to EGFR-TKIs and only amplification in
3% of TKI-naive patients. These results suggest that cMET
amplification could be an acquired resistance mechanism to
EGFR-TKIs, rather than a primary resistance mechanism.
However, other MET activation mechanisms in addition to
amplification have not been extensively studied in the context
of primary resistance to EGFR-TKIs in NSCLC patients.

In this study, we investigated whether the activation of
MET is associated with primary resistance to EGFR-TKIs in
NSCLC patients, irrespective of their EGFR mutation status.

Materials and methods

Participants

Sixty-nine consecutive patients who received gefitinib
(250 mg/d) or erlotinib (150 mg/d) monotherapy for meta-
static or recurrent disease at Severance Hospital (Seoul,
Korea) between December 2005 and June 2011 were selected
for this study, regardless of previous treatment. Inclusion cri-
teria included available response assessment data, survival
data, and paraffin-embedded tissue samples for molecular
analysis.

Tumor histology was classified according to World Health
Organization criteria.20 Data on clinicopathological charac-
teristics, including age, gender, Eastern Cooperative Oncol-
ogy Group (ECOG) performance status, tumor node
metastasis stage, smoking status, previous anti-cancer treat-
ment, EGFR mutation status, and KRAS mutation status,
were extracted from patient medical records. Non-smokers
were defined as individuals who had smoked less than 100
cigarettes in their lifetime. Tumor assessments were classified
according to the Response Evaluation Criteria in Solid
Tumors (RECIST version 1.0). The disease control rate
(DCR) was defined as the rate of complete response (CR),
partial response (PR) and stable disease (SD). The Severance
Hospital Institutional Review Board approved this study (No.
4-2011-0088). All participants provided written informed
consent for molecular analysis of their tumor tissue.

Immunohistochemical analysis

Four-micron tissue sections from formalin-fixed, paraffin-
embedded samples were stained with antibodies against total
MET (sc-8057; Santa Cruz Biotechnology, Inc., dilution
1:100), phosphorylated MET at Y1003 (ab61024; Abcam,
dilution 1:50) and Y1234/1235 (#3077, Cell Signaling, dilu-
tion 1:50), and hepatocyte growth factor (HGF) (sc-7949,
Santa Cruz Biotechnology, Inc., dilution 1:100).

Currently, there are no validated scoring systems for inter-
preting immunohistochemical (IHC) staining for total MET
(tMET), phosphorylated MET at Y1003 (pY1003) and
Y1234/1235 (pY1234/1235), and HGF. IHC scoring was per-
formed using the modified Histo-score (H-score), which
involves semiquantitative assessment of both the staining
intensity (graded as 1–3) and the percentage of positive
cells.21 The possible scores range from 0 to 300. The median
H-score of tMET, pY1003, pY1234/1235, and HGF was used
as the cut-off criterion. Tumor samples with an H-score less
than the cut-off were classified as negative, whereas scores
greater than or equal to the cut-off were designated as posi-
tive. IHC staining of tMET and HGF was mainly localized to
the membranes and cytoplasm of cancer cells; pY1003 and
pY1234/1234 staining was specifically localized to tumor cell
membranes.

cMET amplification

cMET amplification analysis was performed using the
StepOnePlus real-time polymerase chain reaction (RT-PCR)
system (Applied Biosystems, Foster City, CA) using the fol-
lowing cycling parameters: 95°C for 10 minutes (one cycle),
followed by 95°C for 15 seconds and 60°C for one minute (40
cycles). The quantative PCR reaction mix contained 5 μL 2×
TaqMan Genotyping Master Mix, 0.5 μL TaqMan Copy
Number Target Assay, 0.5 μL TaqMan Copy Number Refer-
ence Assay (RNase P, which exists only in two copies in a
diploid genome), 2.0 μL nuclease-free water, and 2 μL DNA
(diluted to a concentration of 5 ng/μL). Each sample was run
in triplicate. Following amplification, the cycle threshold
values for the copy number and reference assay were
imported into the CopyCaller Software (Applied Biosystems,
Foster City, CA) for post-PCR data analysis. Copy numbers
greater than five were considered high-level amplification.22

Analysis of epidermal growth factor receptor
(EGFR) and KRAS mutations

EGFR and KRAS mutation analysis was performed on 69
(100%) and 55 (79.7%) patient specimens, respectively. DNA
was extracted from areas of paraffin-embedded tissue
samples containing greater than 70% tumor. Mutational
analyses of EGFR exons 18–21 and KRAS exons 12–13 were
performed using a PCR-based assay.

Statistical analysis

Patient groups were compared using the Fisher’s exact or χ2

test where appropriate. Correlations were considered signifi-
cant at the <0.05 level (two-tailed). PFS was measured
from the start of EGFR-TKI treatment until progression or
death. Overall survival (OS) was measured from the start of
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treatment with TKIs until death from any cause. Survival
curves were constructed using the Kaplan-Meier method, and
the differences between groups were analyzed using the log-
rank test. Multivariate analysis was carried out using the Cox
proportional hazards model with a significance level of 0.05.
Only variables at the P < 0.1 level in univariate analyses were
entered into the Cox regression analysis. All statistical analy-
ses were carried out using SPSS software (version 14.0; SPSS
Inc., Chicago, IL).

Results

Patients’ characteristics

Characteristics for the 69 participants are provided in Table 1.
The study population was predominantly male (62.3%) and
had a median age of 63 years. Adenocarcinoma was the most
frequent histologic type (76.8%). ECOG performance status
scores were 0 or 1 in 52% of cases, and 27 participants were
non-smokers (39.1%). There were 44 participants (63.8%)
who received EGFR-TKIs as a first- or second-line therapy.
There were 24 participants (34.8%) who harbored an

active EGFR mutation (exon 19 deletion in 16 and exon
21 point mutation in eight cases). There were three patients
who had a KRAS mutation (G12D in two and G13D in one
case).

Assessment of MET and hepatocyte growth
factor (HGF) expression

IHC results for tMET, pY1003, pY1234/235, and HGF could
be obtained for 63 (91%), 61 (88%), 65 (94%), and 64 (92%)
participants, respectively. The median H-scores for tMET,
pY1003, pY1234/1235, and HGF were 200 (range: 10–290),
90 (range: 0–280), 0 (range: 0–290) and 200 (range: 40–300),
respectively (Fig. 1). tMET, pY1003, and pY1234/1235 posi-
tivity were observed in 15 (23.8%), 16 (23.2%) and 13
(20.0%) cases, respectively. HGF positivity was detected in 29
(45.3%) cases. The tMET-positive participants demonstrated
a significantly lower EGFR-mutation rate than the tMET-
negative patients (9.0% vs. 31.7%, P = 0.045). HGF-positive
participants exhibited a higher number of previous chemo-
therapy regimens (% of ≥2 regimes, 71.4% vs. 32.5%, P =
0.003). The other evaluated clinicopathological factors were

Table 1 Patient characteristics and clinical outcomes

Patient characteristics No. % OR (No.) % P
Median
PFS (mo) P

Median
OS (mo) P

Total 69 100 18 26.1 – 2.9 – 11.5 –
Gender

Male 43 62.3 10 23.2 0.49 2.3 0.25 7.5 0.15
Female 26 37.7 8 30.7 4.0 21.0

Age
≤60 years 30 43.5 8 26.6 1.0 2.4 0.15 17.7 0.050**
>60 years 39 56.5 10 25.6 2.9 7.6

Stage
IIIb 5 7.2 1 20.0 0.74 1.6 0.06** 21.8 0.7
IV 64 92.8 17 26.5 3.3 11.5

Pathology
Adenocarcinoma 53 76.8 15 28.3 0.44 3.3 0.86 12.7 0.5
Other 16 23.2 3 18.8 2.0 7.5

Performance
0, 1 52 75.4 13 25.0 0.75 2.9 0.31 12.7 0.01*
≥2 17 24.6 5 29.4 2.5 5.1

Smoking
Never 27 39.1 9 33.3 0.27 5.6 0.03* 21.0 0.005*
Ever 42 60.9 9 21.4 2.3 7.2

Previous treatment
≤1 44 63.8 12 27.2 0.65 2.7 0.77 8.4 0.21
≥2 25 36.2 6 24.0 3.4 14.4

EGFR
Mutated 24 34.8 14 58.3 <0.001* 7.2 <0.001* 17.7 0.06**
Wild type 45 65.2 4 8.9 1.9 8.6

KRAS
Mutated 3 5.5 1 33.3 0.86 2.5 0.66 3.4 0.08**
Wild type 52 94.5 15 28.8 3.4 11.5

*P < 0.05, **P < 0.1. EGFR, epidermal growth factor receptor; OR, objective response; OS, overall survival; PFS, progression-free survival.
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not associated with the tMET, pY1003, pY1234/235, and HGF
expression levels.

Quantitative RT-PCR for MET amplification was success-
ful for 59 (85.5%) of the participants. The median gene copy
number for MET was 2.22 (range; 0.95–4.10). None of the 59
cases exhibited MET amplification.

Tumor response and survival outcomes

Of the 69 participants evaluated for response, 18 (26.1%) had
PR, 25 (35.9%) displayed SD, and 26 (37.7%) exhibited pro-
gressive disease as their best tumor response. Therefore, the
objective response rate was 26.1%, and the DCR was 62.0%.
EGFR mutation status was the only factor identified as pre-
dicting a response to EGFR-TKI treatment (Tables 1 and 2).
Participants with activating EGFR mutations showed a sig-
nificantly higher response rate than participants with wild-
type EGFR (58.3% vs. 8.9%, P < 0.001). tMET, pY1003,

pY1234/1235, and HGF expression were not associated with
response rate.

For the entire study population, the median PFS and OS
were 2.9 months (95% confidence interval [CI]: 1.8–4.0) and
11.5 months (95% CI: 7.1–15.8), respectively. Analysis of PFS
indicated that smoking status, EGFR mutation status, tMET,
pY1003, and pY1234/1235 expression were significant pre-
dictors of PFS following EGFR-TKI treatment (Tables 1 and
2). The same trend was observed when only EGFR wild-type
patients were analyzed (tMET+ vs. tMET−, 1.0 months vs. 1.9
months, P = 0.10; pY1234/1235+ vs. pY1234/1235−, 3.4
months vs. 1.7 months, P = 0.066). Multivariate analysis dem-
onstrated that EGFR mutation, tMET, and pY1234/1235 were
independent factors of PFS. EGFR mutation was an indepen-
dent factor for improved PFS (hazard ratio [HR] 0.50; 95%
CI: 0.26–0.93, P = 0.029; Table 3). The tMET-positive partici-
pants were at a higher risk of progression than the tMET-
negative participants (HR 2.19; 95% CI: 1.10–4.32, P = 0.02;

a b

dc

Figure 1 Representative immunohistochemistry for (a) tMET, (b) pY1003, (c) pY1234/1235, and (d) hepatocyte growth factor (HGF). Digital pictures
were taken at ×500 magnification.
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Fig. 2). In contrast, pY1234/1235 positive participants were at
a lower risk of progression than the pY1234/1235-negative
participants (HR 0.43; 95% CI: 0.21–0.85, P = 0.01; Fig. 2).

Analysis of OS demonstrated that ECOG performance
status, smoking history, and pY1234/1235 were significant
predictors of OS (Tables 1 and 2). Age, EGFR mutation, and
tMET positivity showed borderline statistical significance
(Tables 1 and 2). Similar results were observed when the
analysis was restricted to the EGFR wild-type patients
(tMET+ vs. tMET−, 3.6 months vs. 12.7 months, P = 0.054;
pY1234/1235+ vs. pY1234/1235−, 28.1 months vs. 5.5 months,
P = 0.038). In multivariate analysis of OS, smoking history,
tMET, and pY1234/1235 remained independent factors of OS
(Table 3). Smoking history was an independent factor for
poor OS (HR 2.90; 95% CI: 1.34–6.28, P = 0.007). The tMET-
positive patients were at a higher risk of death than the tMET-
negative patients (HR 2.55; 95% CI: 1.12–5.81, P = 0.007). In

contrast, pY1234/1235-positive patients were at a lower risk
of death than the pY1234/1235-negative patients (HR 0.26;
95% CI: 0.10–0.65, P = 0.004).

Combined total and phosphorylated
MET expression

Because tMET and pY1234/1235 expression correlated not
only with PFS, but also significantly with OS, the treatment
outcomes in the subgroups were classified according to the
combined criteria of tMET and pY1234/1235 expression
(Table 4 and Fig. 2). The group of tMET-positive and
pY1234/1235-negative patients exhibited poorer clinical out-
comes than the group with tMET-negative or pY1234/1235-
positive expression. There was a shorter median PFS (1.0
months [95% CI: 0.24–1.75] vs. 3.5 months [95% CI: 2.56–
4.43, respectively; P = 0.009]), and shorter median OS

Table 2 MET and HGF expression and clinical outcomes

Patient characteristics No. % OR (No.) % P
Median
PFS (mo) P

Median
OS (mo) P

tMET
Negative 48 76.1 15 31.3 0.31 3.5 0.003* 12.7 0.05**
Positive 15 23.8 2 13.3 1.6 5.5

pY1003
Negative 53 76.8 7 21.2 0.25 2.4 0.027* 7.5 0.3
Positive 16 23.2 10 35.7 4.5 11.7

pY1234/1235
Negative 52 80.0 12 23.1 0.29 2.3 0.029* 7.6 0.009*
Positive 13 20.0 5 38.5 8.4 25.0

HGF
Negative 35 54.6 8 22.9 0.57 2.7 0.29 11.5 0.83
Positive 29 45.3 9 31.0 4.0 11.7

*P < 0.05, **P < 0.1. EGFR, epidermal growth factor receptor; OR, objective response; OS, overall survival; PFS, progression-free survival.

Table 3 Multivariable analysis on progression-free and overall survival

Variable

PFS OS

HR 95% CI P HR 95% CI P

Smoking
Never 1 0.91–2.90 0.10 1 1.34–6.28 0.007*
Ever 1.62 2.90

EGFR mutation
Mutated 1 1.07–3.71 0.02* 1 0.73–3.35 0.24
Wild 1.99 1.56

tMET
Negative 1 1.10–4.32 0.02* 1 1.12–5.81 0.007*
Positive 2.19 2.55

pY1234/1235
Negative 1 0.21–0.85 0.01* 1 0.10–0.65 0.004*
Positive 0.43 0.26

*P < 0.05. CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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Figure 2 Progression-free survival (PFS) curves for the two groups
according to (a) tMET status, (b) pY1234/1235, and (c) the combined cri-
teria of tMET and pY1234/1234 expression in non-small cell lung cancer
(NSCLC) patients receiving epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKIs). Ta
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(3.66 months [95% CI: 1.45–5.87] vs. 12.8 months [95%
3.52–22.21], respectively; P = 0.011).

Discussion

We investigated several forms of MET as potential
biomarkers for clinical outcomes of EGFR-TKIs in NSCLC
patients. We showed that MET over-expression and activa-
tion, which was indicated by tMET and pY1234/1235 over-
expression, respectively, was significantly associated with PFS
and OS in participants treated with EGFR-TKIs. MET over-
expression correlated with a worse clinical outcome, while
activated MET correlated with improved survival. The robust
association of these parameters with outcome, regardless of
EGFR mutation status, supports the theory that MET expres-
sion and activation could be useful for predicting the indi-
vidual clinical outcome of EGFR-TKI treatment.

MET over-expression has been identified in the majority of
human cancers and represents the most common type of
MET deregulation.23 Several clinical studies of the HGF/MET
pathway in NSCLC have shown that MET expression corre-
lates with poor survival in NSCLC patients.17,24,25 In those
study participants with high tMET expression, there was an
increased risk of progression and death in the EGFR-TKI
treatment group, which was significant after appropriate
adjustments were made for EGFR mutation status and
smoking history. This observation is consistent with the
results of the MetMab plus erlotinib clinical trial, which dem-
onstrated that placebo-treated patients with high tMET
expression showed decreased PFS and OS, compared with
those with low tMET expression.26 Therefore, our study sup-
ports that NSCLC patients with high tMET expression could
benefit from a combination approach with tMET to maxi-
mize the efficacy of EGFR-TKIs. In fact, MetMab plus
erlotinib improved PFS (HR 0.47) and OS (HR 0.37) in tMET
high-expressing NSCLC patients.26

Interestingly, our analyses demonstrated a relationship
between phosphorylated MET at Y1234/1235 and improved
survival, regardless of the EGFR mutation status. This is con-
sistent with the Matsubara et al.27 in vitro study, which dem-
onstrated that lung cancer cell lines with activation of EGFR
and MET were more sensitive to gefitinib than other cell lines
with little to no phosphorylation of MET and EGFR.

Although we do not have any definitive biological data to
address the mechanism of how high expression of phos-
phorylated MET is associated with a good clinical outcome
after EGFR-TKI treatment, the results from several previous
studies provide some insights. EGFR ligands induce a delayed
accumulation of tyrosine-phosphorylated MET receptors,28

and EGFR-TKIs decrease the expression of MET.29 In addi-
tion, extensive overlap in the phosphoproteome profiles
between EGFR mutant lung adenocarcinoma cell lines and a
MET-amplified gastric cell line was observed.29 Moreover,

MET is a central downstream mediator of EGFR-induced
invasiveness in NSCLC cells with an activating EGFR muta-
tion, as well as those expressing wild-type EGFR.28,30 These
studies indicate that EGFR in specific lung cancer cells sits at
the top of a hierarchical oncogenic signaling network that
drives the phosphorylation and activity of MET.

Therefore, EGFR-induced invasion and motility is MET
dependent; lung cancer cells with high levels of phosphory-
lated MET expression might be more invasive and motile, but
their EGF-induced invasion and motility might be reduced by
EGFR-TKIs more than those with low phosphorylated MET
expression. This, subsequently, improves PFS and OS. In
addition, this study showed that MET amplification is a rare
event and genomic gain for MET may not contribute to the
primary resistance of EGFR-TKIs in advanced NSCLC
patients.

One study limitation is that our conclusions are derived
from a single retrospective study with a relatively small
number of participants. Our study needs to be performed on
a larger cohort of participants, in a prospective manner.

Conclusion

In conclusion, total and phosphorylated MET expression in
tumor tissue could be a useful biomarker to assist with select-
ing NSCLC patients who are most likely to benefit from
EGFR-TKIs. A prospective study is planned to validate the
ability of assessment of MET expression in tumor tissue
to predict the prognosis of NSCLC patients treated with
EGFR-TKIs.
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