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Introduction: This study was performed to determine the incidence
rates of resistance factors, i.e., high-level hepatocyte growth factor
(HGF) expression, epidermal growth factor receptor (EGFR)
T790M secondary mutation, and MET amplification, in tumors with
intrinsic and acquired EGFR tyrosine kinase inhibitor (TKI) resis-
tance in EGFR mutant lung cancer.
Methods: Ninety-seven specimens from 93 EGFR mutant lung
cancer patients (23 tumors with acquired resistance from 20 patients,
45 tumors with intrinsic resistance from 44 patients [nonresponders],
29 sensitive tumors from 29 patients) from 11 institutes in Japan
were analyzed. HGF expression, EGFR T790M secondary mutation,

and MET amplification were determined by immunohistochemistry,
cycleave real-time polymerase chain reaction, and fluorescence in
situ hybridization, respectively.
Results: High-level HGF expression, EGFR T790M secondary
mutation, and MET amplification were detected in 61, 52, and 9% of
tumors with acquired resistance, respectively. High-level HGF ex-
pression was detected in 29% of tumors with intrinsic resistance
(nonresponders), whereas EGFR T790M secondary mutation and
MET amplification were detected in 0 and 4%, respectively. HGF
expression was significantly higher in tumors with acquired resis-
tance than in sensitive tumors (p � 0.001, Student’s t test). Fifty
percent of tumors with acquired resistance showed simultaneous
HGF expression with EGFR T790M secondary mutation and MET
amplification.
Conclusions: High-level HGF expression was detected more fre-
quently than EGFR T790M secondary mutation or MET amplifica-
tion in tumors with intrinsic and acquired EGFR-TKI resistance in
EGFR mutant lung cancer in Japanese patients. These observations
provide a rationale for targeting HGF in EGFR-TKI resistance in
EGFR mutant lung cancer.
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Epidermal growth factor receptor (EGFR)-activating muta-
tions, in-frame deletion in exon 19, and L858 point mu-

tation in exon 21 are selectively expressed in a population
with lung cancer.1,2 EGFR-activating mutations are detected
considerably more frequently in nonsmokers, females, ade-
nocarcinomas, and patients from East Asia, including Ja-
pan.3–5 The reversible EGFR tyrosine kinase inhibitors
(EGFR-TKIs) gefitinib and erlotinib show dramatic therapeu-
tic efficacy, response rates of 70 to 80%, and significant
prolongation of progression-free survival (PFS) compared
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with standard first-line cytotoxic chemotherapy in patients
with EGFR mutant lung cancer.6–9 However, patients almost
always develop acquired resistance to EGFR-TKIs after vary-
ing periods.6,9,10 In addition, 20 to 30% of patients with
EGFR-activating mutations show intrinsic resistance to EGFR-
TKIs.4 Therefore, intrinsic and acquired resistance to EGFR-
TKIs are major problems in management of EGFR mutant lung
cancer.

Two genetically conferred mechanisms—EGFR T790M
secondary mutation (T790M secondary mutation)11,12 and MET
gene amplification13—induce acquired resistance to EGFR-
TKIs in EGFR mutant lung cancer. In addition, we recently
demonstrated the occurrence of hepatocyte growth factor
(HGF)-induced resistance.14 HGF, a ligand of MET,15 in-
duces EGFR-TKI resistance by activating MET, which re-
stores phosphorylation of downstream MAPK-ERK1/2 and
PI3K-Akt pathways,14 using Gab1 as an adaptor.16 HGF may
be involved in both intrinsic and acquired resistance to
EGFR-TKIs in EGFR mutant lung cancer.14

T790M secondary mutation, MET amplification, and
high-level HGF expression were detected in clinical speci-
mens from EGFR mutant lung cancer patients who acquired
resistance to EGFR-TKIs,11–14,16–18 indicating the clinical
relevance of all three resistance mechanisms in lung cancer.
Although the number of cases in each study was limited (�30
cases/study), probably because of low availability of biopsy
specimens from resistant tumors, EGFR T790M secondary
mutation and MET amplification were estimated to have
occurrence rates of 50%11,12,17,19 and up to 20%,13,16,17 re-
spectively, in patients showing acquired resistance to EGFR-
TKIs. Nevertheless, the incidence of HGF-induced resistance
has not been determined. In addition, the incidence rates of
these three resistance factors in intrinsic resistance (nonre-
sponders) are unknown.

Here, we performed a large-scale study in 23 tumors
with acquired resistance from 20 patients, 45 tumors with in-
trinsic resistance from 44 patients (nonresponders), and 29
sensitive tumors from 29 patients to determine the incidences of
the three resistance factors not only in acquired resistance but
also in intrinsic resistance (nonresponders) to EGFR-TKIs in
Japanese patients with EGFR mutant lung cancer.

MATERIALS AND METHODS
Patient details are described in the Supplementary in-

formation (http://links.lww.com/JTO/A197).

Definition of Sensitivity to EGFR TKI
Here, tumors with EGFR mutation known to be asso-

ciated with drug sensitivity (i.e., G719X, exon 19 deletion,
and L858R) were obtained from patients before or after
treatment with a single EGFR-TKI.9

Sensitive tumors were defined as those obtained from
patients whose tumors showed a decrease in diameter of at
least 30% (either documented partial response or complete
response) associated with EGFR-TKI treatment in imaging
studies (Response Evaluation Criteria in Solid Tumors
[RECIST] version 1.0). Tumor specimens were obtained
before EGFR-TKI treatment.

Tumors with acquired resistance were defined as de-
scribed previously.9 Briefly, cases showing objective clinical
benefit from treatment with an EGFR TKI as defined by
either documented partial or complete response (RECIST) or
significant and durable (�6 months) clinical benefit (stable
disease as defined by RECIST) and systemic progression of
disease (RECIST), while on continuous treatment with ge-
fitinib or erlotinib within the last 30 days were defined as
showing acquired resistance. Tumor specimens were ob-
tained after systemic progression of disease.

As intrinsic resistance (nonresponders) has not been
clearly defined, tumors without response to treatment with an
EGFR TKI, i.e., either documented stable disease or progres-
sive disease (RECIST), were defined as showing intrinsic
resistance (nonresponders). Tumor specimens were obtained
either before or after EGFR-TKI treatment.

Patients
Ninety-seven tumor specimens with EGFR mutations

were obtained from 93 lung cancer patients, all of whom
provided written informed consent, at 11 institutes in Japan.
This study was approved by the Institutional Review Boards
of each institute.

Patients’ characteristics are shown in Table 1. Eighty-
seven patients had adenocarcinomas, one had large cell car-
cinoma, two had squamous cell carcinoma, two had adeno-
squamous carcinoma, and one had undifferentiated non-small
cell carcinoma. As the first EGFR-TKI, gefitinib and erlotinib
were given to 82 and 10 patients, respectively, and the dual
inhibitor of EGFR and VEGFR2, vandetanib,20 was given to
1 patient.

Exon 19 deletion and L858R point mutation in exon 21
of EGFR were detected in 40 and 57 of the 97 tumors,
respectively (Table 1). Two of these tumors had both exon 19
deletion and L858R point mutation. Two tumors without
exon 19 deletion or L858R had G719X. Twenty-three tumors
with acquired resistance were obtained from 20 patients after
EGFR-TKI treatment. Forty-five tumors with intrinsic resis-
tance (nonresponders) were obtained from 44 patients either
before (41 tumors from 41 patients) or after (four tumors
from three patients) EGFR-TKI treatment. Twenty-nine sen-
sitive tumors were obtained from 29 patients before EGFR-
TKI treatment.

Immunohistochemistry for HGF
Immunohistochemical staining was conducted on for-

malin-fixed, paraffin-embedded tissue sections (4 �m thick)
of tumor specimens with microwave antigen retrieval in 0.01
M citrate buffer (pH 6.0). We used rabbit polyclonal antibody
against HGF-� (IBL, Gunma, Japan) at 1:20 dilution as a
primary antibody and EnVision/HRP Polymer Reagent
(Dako, Glostrup, Denmark) and DAB (3,3�-diaminobenzi-
dine tetrahydrochloride) Liquid (Dako) for detection.

Evaluation of HGF Expression
The percentages of cancer cells with positive cytoplas-

mic and/or membrane HGF immunoreactivity were evaluated
(0 to 100%), and the modal intensity of the positively
staining cells on a scale ranged from 0 to 3� (0, complete
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