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Recent discovery of mutations in the tyrosine kinase domain of the
epidermal growth factor receptor (EGFR) gene in lung adenocarcinoma
greatly stimulated biomarker research on predictive factors for
EGFR tyrosine kinase inhibitors (TKI), such as gefitinib and erlotinib.
Although patients with activating mutations of the EGFR generally
respond to EGFR TKIs very well, it is natural to assume that there is
no sole determinant, considering great complexity and redundancy
of the EGFR pathway. Subsequently, roles of different types of
EGFR mutations or mutations of genes that are members of the
EGFR pathway such as KRAS and HER2 have been evaluated. In this
review, we summarize the recent findings about how mutations of
the EGFR and related genes affect sensitivity to EFGR-TKIs. We also
discuss molecular mechanisms of acquired resistance to EGFR-TKIs
that is almost inevitable in EGFR-TKI therapy. The door for genotype-
based treatment of lung cancer is beginning to open, and through
these efforts, it will be possible to slow the progression of lung
cancer and eventually, to decrease mortality from lung cancer.
(Cancer Sci 2007; 98: 1817–1824)

Epidermal growth factor receptor signaling pathways

There are four members of the ERBB family of receptor
tyrosine kinases, namely epidermal growth factor receptor

(EGFR) (also known as ERBB1/HER1): ERBB2/HER2/NEU,
ERBB3/HER3 and ERBB4/HER4. However, ERBB2 does not
have its ligand and ERBB3 lacks tyrosine kinase activity because
of substitutions in crucial residues in the tyrosine kinase domain.
The mechanism of activation of the ERBB signaling pathway
is depicted in Fig. 1. Ligand binding results in dimerization,
autophosphosphorylation, binding of adaptor proteins and
subsequent signal transduction, leading to cancer phenotypes.
For reviews see Hynes and Lane(1) and Yarden and Slikowski.(2)

Cytotoxic chemotherapy using platinum-doublet therapy
appears to reach a therapeutic plateau.(3) Hence, targeting EGFR
is considered to be one of the strategies that improves the out-
come of treatment for non-small cell lung cancer (NSCLC),
because EGFR is frequently overexpressed and aberrantly acti-
vated in NSCLC. Antibodies against extracellular domain of
EGFR (such as cetuximab, matuzumab, and panitumab) and
small-molecule tyrosine kinase inhibitors (TKIs) that target the
kinase domain (such as gefitinib and erlotinib) are in clinical
use or in late developmental stages.(4)

In phase II trials of gefitinib, IDEAL 1 and 2, it was shown
that certain patient subgroups appeared to have higher response
rates, namely, female, adenocarcinoma and Japanese.(5,6) Miller

et al. were the first to report that smoking history as well as
bronchioloalveolar pathological subtypes predict sensitivity
to gefitinib.(7) However, it was not possible to predict gefitinib
sensitivity by levels of EGFR overexpression as determined by
immunohistochemistry or immunoblotting. The factors that
determine gefitinib sensitivity have long been an enigma.

EGFR mutation

In April 2004, two groups of researchers in Boston and
subsequently a group in New York reported that activating
mutations of the epidermal growth factor receptor gene (EGFR)
were present in a subset of NSCLC, and that tumors with EGFR
mutations are highly sensitive to EGFR TKI.(8–10) EGFR
mutations are predominantly found in female, non-smoking,
adenocarcinoma patients and in patients of East Asian origin.
Following this, many groups confirmed and extended these
findings. Fig. 2 shows the incidence of EGFR mutations found
in 559 mutations in 2880 lung cancer patients in the published
reports.(11)

It is of particular interest that EGFR mutations were the first
molecular aberrations found in lung cancer that were more
frequent among non-smoking patients than smoking patients.
Furthermore, we showed that EGFR mutation frequency is
inversely associated with cumulative smoking dosage.(12) When
we divided smokers into three categories depending on smoke
exposure, there was a trend towards a decrease in the incidence
of EGFR mutations as exposure increased.(12) However, it should
be noted that EGFR mutations were detected in more than 20%
of patients with a heavy smoking history. These findings should
not be construed to mean that smoking has a preventive effect
on EGFR mutations, rather, they suggest that EGFR mutations
are caused by carcinogens other than those contained in tobacco
smoke and that the apparent negative correlation with smoking
dose is a result of diluting the number of tumors with EGFR
mutations with an increased number of tumors with wild-type
EGFR as smoking dose increases. Indeed, this was suggested in
our recent case-control study.(13) In addition, there is a suggestion
of association of female gender with EGFR mutations.(13)

Type of EGFR  mutations. EGFR mutations are mainly present
in the first four exons of the gene encoding tyrosine kinase
domain (Fig. 3a). About 90% of the EGFR mutations are either
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small deletions encompassing five amino acids from codons 746
through 750 (ELREA) or missense mutations resulting in
leucine to arginine at codon 858 (L858R). There are over 20
variant types of deletion, for example, larger deletion, deletion

plus point mutation, deletion plus insertion, etc. Approximately
3% of the mutations occur at codon 719 resulting in the
substitution of glycine to cysteine, alanine or serine (G719X).
Also, approximately 3% are in-frame insertion mutations in
exon 20.(11) These four types of mutations seldom occur
simultaneously. There are many rare point mutations, some of
which occur with L858R.

Biological consequences of the EGFR mutations. Exon 19 dele-
tional mutation and L858R result in increased and sustained
phosphorylation of EGFR and other HER family proteins without
ligand stimulation. Sordella et al. reported that mutant EGFR
selectively activate AKT and signal transducer and activator of
transcription protein (STAT) signaling pathways that promote
cell survival but no effect on the mitogen-activated protein kinase
(MAPK) pathway that induces proliferation.(14)

Two groups of researchers have recently developed transgenic
mice that express either exon 19 deletion mutant or the L858R
mutant in type II pneumocytes under the control of doxycyclin.(15,16)

Expression of either EGFR mutant leads to the development
of adenocarcinoma similar to human bronchioloalveolar cell
carcinoma and withdrawal of doxycyclin to reduce expression
of transgene or erlotinib treatment resulting in tumor regression.
These experiments showed that persistent EGFR signaling is

Fig. 2. Incidence of epidermal growth factor receptor gene (EGFR)
mutations by ethnicity, gender, smoking history and histology. Data
were compiled from the published reports (n = 2880).(11)

Fig. 1. ERBB signaling pathways. Binding of a family of specific ligands to extracellular domain of ERBB leads to formation of homo- and
heterodimers. In this case, HER2 is a preferred dimerization partner and heterodimers containing HER2 mediate a stronger signal than
homodimers. Dimerization consequently stimulates intrinsic tyrosine kinase activity of the receptors and triggers autophosphorylation of specific
tyrosine residues within the cytoplasmic domain. These phosphorylated tyrosines serve as specific binding sites for several signal transducers that
initiate multiple signaling pathways including mitogen-activated protein kinase (MAPK), phosphatidyl inositol 3 kinase (PI3K)-AKT and signal
transducer and activator of transcription protein (STAT) 3 and 5 pathways. These eventually result in cell proliferation, migration and metastasis,
evasion from apoptosis, or angiogenesis, all of which are associated with cancer. P85 and p110 is a regulatory and catalytic subunit of phosphatidyl
inositol 3 kinase (PI3K), respectively. STAT, SRC and mTOR are also activated by ERBB sinaling. AR, amphiregulin; BTC, betacellulin; EPR, epirefulin;
ERK, extracellular signal-regulated kinase; HB-EGFR, heparin binding EGF; MEK, MAP an ERK kinase; mTOR, mammmalian target of rapamycin;
NRG, neuregulin; TGF, transforming growth factor.
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required for tumor maintenance in human lung adenocarcinoma
expressing EGFR mutants.

EGFR mutation and sensitivity to EGFR-TKIs. When EGFR muta-
tions were first reported, the most exciting finding was that
lung cancer harboring this genetic alteration showed a striking
response to EGFR-TKIs.(8–10) According to the data for 1335
patients in the published reports, about 70% of NSCLCs with
EGFR mutations respond to EGFR-TKIs, whereas 10% of
tumors without EGFR mutations do so (Fig. 4). High response
rates in patients with EGFR mutations to gefitinib were
confirmed in the recently published prospective phase II
studies.(17) Furthermore, many investigators including us have
reported that patients with EGFR mutations have a significantly
longer survival than those with wild-type EGFR when treated
with EGFR TKIs.(18–20) However, this point is still controversial,
since some investigators clam that EGFR mutations are progno-
stic rather than predictive because patients with EGFR mutation
do better than patients without EGFR treatment even when
treated by chemotherapy.(21,22) As a result of EGFR mutations
being frequent in patients that are female, non-smokers and good
prognostic indicators of lung cancer, survival of patients with
EGFR mutations tends to be longer in those who undergo
surgery only. To determine whether EGFR mutations indeed
predict clinical benefits as assessed by survival, the ongoing
randomized controlled trials comparing gefitinib with cytotoxic
chemotherapy for patients selected for EGFR mutation in Japan
and Spain are of great importance.

We were the first to report that the response rate of gefitinib
was higher for patients with deletional EGFR mutations than for
those with other types of mutations, predominantly L858R(19)

and others extended this observation by demonstrating the survival
difference between them.(23,24) When we compiled data from the
published reports, the response rate was highest in exon 19
deletions followed by L858R and G719X (Fig. 3b). In contrast,
no reports exist of a single patient with exon 20 insertion mutation
who responded to TKIs. In line with these clinical observations,
Gleulich et al. showed that one of the insertion mutations
(D770insNPG) in exon 20 is associated with in vitro resistance

to erlotinib.(25) In this study, G719S of exon 18 showed inter-
mediate sensitivity in vitro.(25) However, they did not observe
differences between exon 19 deletion and L858R by their cell-
based assay.(25) On the other hand, biochemical analysis for
kinetics of purified wild-type and mutant kinases revealed that
mutant kinases have higher KM for adenosine triphosphate (ATP)
(wild-type 5, L858R 10.9, deletion 129.0 μmol/L) and lower Ki
for erlotinib (wild-type 17.5, L858R 6.25, deletion 3.3).(26) Mulloy
et al. showed that Del747–753 kinase had a higher autophos-
phorylation rate and higher sensitivity to erlotinib than the
L858R kinase.(27) These data reflect the differences in clinical
response rates between exon 19 deletional mutation and L858R.

EGFR gene copy numbers. Cappuzzo et al. first reported that
an increase in the EGFR gene copy number, as determined by
fluorescence in situ hybridization (FISH), is more predictive
of patient survival after gefitinib treatment than EGFR
mutations.(28) However, this report does not necessarily refute
the role of EGFR mutations as predictive factors, because EGFR
mutations only failed to significantly affect overall survival
(P = 0.09), while EGFR mutations were predictive of response
rates and time to progression.(28) However, it should be noted
that their definition of increased gene copy number included
both gene amplification and high polysomy (more than 40%
of tumor cells have more than four copies of the EGFR gene).
It is biologically unclear whether high polysomy indicates the
activation of the EGFR gene, resulting in effects similar to those
caused by gene amplification. According to the pooled data
from 663 patients, patients with high EGFR copy numbers have
response rates of 35% and those with low copy numbers have
response rates of 9% (Fig. 4). These magnitudes appear smaller
than that of EGFR mutations.

Tsao et al. reported that the increased EGFR gene copy
number is most predictive of a longer survival in patients who
received erlotinib in a phase III clinical trial (BR.21) that com-
pared erlotinib with best supportive care.(29) They concluded that
the detection of EGFR mutations was not necessary in selecting
patients who would benefit from erlotinib therapy.(29) However,
many investigators refute this point. Han et al. recently reported
that EGFR mutation and the high gene copy number were asso-
ciated with better objective responses in univariate analyses.
However, only gefitinib-sensitive EGFR mutation was inde-
pendently predictive of both response and survival in multi-
variate analysis.(30) Furthermore, Tsao et al. report that 53% of
the EGFR mutations they found were novel variant mutations,
of which 92% were C/G→T/A or A/T→G/C transitions.
Marchertti et al. suggested at least some of these mutations
could be artifactual due to postmortem deamination that would
cause C to T or A to G transitions if a small amount of DNA
from paraffin embedded tissues is used.(31) In general, tumors
with EGFR mutations tend to have gene amplification. Mutation
and amplification are probably both important in determining
TKI sensitivity. However, the role of high polysomy is unclear.

KRAS mutation

Activating mutation of the KRAS gene was one of the earliest
discoveries of genetic alterations in lung cancer known as a poor
prognostic indicator since 1990.(32) We are among the first to
report that the occurrence of EGFR and KRAS mutations are
strictly mutually exclusive.(12,33) This finding can be explained
by the fact that that the KRAS–MAPK pathway is one of the
downstream signaling pathways of EGFR. Interestingly, KRAS
mutations predominantly occur in Caucasian patients with a
history of smoking. Pao et al. first reported that lung cancers
with KRAS mutations are resistant to EGFR-TKIs. None of the
nine tumors with KRAS mutations responded to EGFR-TKIs.(34)

We(35) and others confirmed that none of the lung cancers with
KRAS mutations reported achieved clinical response thus far.

Fig. 3. (a) Distribution and frequency of 569 epidermal growth factor
receptor gene (EGFR) mutations in the published reports.(11) (b) Response
rates to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors
(TKIs) according to the type of the EGFR mutations. Data were updated
from our review article(11) by adding recent papers.(24,30,64–66)
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However, in their study of adenocarcinoma with bronchioloalveolar
cells treated with erlotinib, Miller et al. showed that some of the
tumors with KRAS mutations showed minor tumor shrinkage,
although the response rate of lung cancer with KRAS mutations
was zero by response evaluation criteria in solid tumors
(RECIST).(36) Thus, it is not possible to exclude patients with
KRAS mutations from the list of patients with potential clinical
benefit from EGFR-TKI therapy.

HER2 mutation

Following the discovery of EGFR mutations, it was reported
that mutations of the HER2 are present in a very small fraction
of adenocarcinomas and they appeared to target the same
population targeted by EGFR mutations, namely, non-smokers,
females, etc.(37) Most of HER2 mutations are insertion mutations
in exon 2037. As anticipated, tumors with HER2 mutations are
resistant to EGFR-TKI treatment(30) because constitutively
activated HER2 kinase would phosphorylate other HER family
proteins resulting in activation of downstream molecules even
when EGFR TK is blocked. However, it has been reported that
tumors with HER2 mutation are sensitive to HER2 targeted
therapy both in vitro and in vivo.(38,39) It was also reported that
increased HER2 gene copy number is associated with the

response to gefitinib therapy in EGFR mutation-positive
NSCLC patients.(40) However the same group reported that
the genomic gain for HER3 is not a marker for response or
resistance to TKI therapy in advanced NSCLC patients.(41)

BRAF and other gene mutations

It has been reported that mutation of the BRAF gene occurs in
about 1–3% of lung adenocarcinomas.(42–44) It is also noteworthy
that no EGFR, HER2, BRAF, or KRAS mutations have been
reported to occur simultaneously in individual patients, suggesting
the complementary role of these mutations in lung carcinogenesis.
However, because of the low incidence, it is not clear how
patients with BRAF mutation respond to EGFR-TKIs. In mouse
lung cancer models driven by BRAF mutation (V600E), tumor
regression was induced by a specific MEK inhibitor, CI-104045.
Interestingly, CI-1040 also led to tumor shrinkage in lung
tumors driven by mutant KRAS.(45)

Although approximately a third of colon, liver or breast can-
cers harbor mutations of the catalytic domain of Phosphatidyl
inositol 3 kinase (PI3K) catalytic alpha (PIK3CA or p110alpha),
it is rare in lung caner (1–4%).(46) We found two PIK3CA E545K
mutations in 78 lung cancers. These two female, non-smoking
patients also had EGFR L858R mutation and they showed PR

Fig. 4. Effect of mutations and copy numbers of the epidermal growth factor receptor gene (EGFR) on response rates in patients treated with
gefitinib or erlotinib. Data were updated from our review article(67) by adding recent papers.(64,65,68,69)
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upon gefitinib treatment.(35) Thus, from our limited experience, it
appeared that PIK3CA mutation targets patients with similar clinical
characteristics as EGFR or HER2 mutation, but there is no mutually
exclusionary relationship with other mutations. The role of PIK3CA
as a predictive factor for EGFR-TKI needs further evaluation.

By retrieving transforming genes from mouse 3T3 fibroblasts
transfected with cDNA from an expression library constructed
from a lung adenocarcinoma arising in a smoking male, Soda et al.
very recently identified the transforming echinoderm microtubule-
associated protein-like 4 (EML4) – anaplastic lymphoma kinase
(ALK) fusion gene.(47) This EML4-ALK fusion gene was a result
of a small inversion within chromosome 2p. The EML4-ALK fusion
transcript was detected in five out of 75 NSCLC patients.(47)

Interestingly, neither of these five patients harbored EGFR nor
KRAS mutations.(47) Whether the activated ALK gene has a role
in determining sensitivity to EGFR-TKI is yet to be examined.

Marks et al. recently carried out mutational profiling of 261
lung adenocarcinomas to uncover other potential somatic mutations
in the genes of the EGFR signaling pathway that could contribute
to lung tumorigenesis.(48) The coding sequence of 39 genes
(including ERBB1-4, FGFR1-4, AKT1-3, FRAP1, RPS6KB1-2,
K-, H-, N-RAS, A-, B-, C-RAF, MAP2K1,-2,M 4–6, MAPK1,3,
4,6–15) were sequenced. They found13 EGFR, 20 KRAS, two
PIK3CA, one BRAF, one FGFR4 (fibroblast growth factor recep-
tor 4) (Glu681Lys) mutations.(48) [Correction added after online
publication 23 October 2007: ‘FGFR (fibroblast growth factor
receptor) and four (Pro712Thr) mutations’ changed to ‘FGFR4
(fibroblast growth factor receptor 4) (Glu681Lys) mutations’.]
One of tumors with PIK3CA mutation also contained KRAS
mutation. They concluded that the majority of gain-of-function
mutations within kinase genes in the EGFR signaling pathway
have already been identified.

Acquired resistance

Even in patients whose tumor harbors activating EGFR mutations
with an initial dramatic response, acquired resistance to the
EGFR-TKI develops almost without exception after varying
periods of time, usually 6–12 months. In 2005, it was reported
that the secondary mutation of the EGFR gene resulting in
threonine to methionine at codon 790 in exon 20 (T790M) is
responsible for this acquired resistance.(49,50) Since codon 790 is
involved in the binding site of EGFR TKI, substitution of

threonine to bulkier methionine is anticipated to cause steric
hindrance of TKI binding (Fig. 5a–c). We and others confirmed
that T790M occur in about half of patients with acquired
resistance to gefitinib or erlotinib.(51,52) Interestingly, T790M
corresponds to threonine to isoleucine mutation of the ABL gene
(T315I) based on amino acid homology that was reported as the
mechanism of acquired resistance of chronic myeloid leukemia
to imatinib in 2001. Indeed, in 2003 before the discovery of
activating mutations of the EGFR gene, it had already been
reported that artificially created T790M of the EGFR gene results
in gefitinib resistance.(53)

We reported that T790M is present in a very small fraction
(0.5%) of patients without history of gefitinib treatment.(54) One
of the patients subsequently received gefitinib treatment, but she
did not respond to this treatment and even her tumor harbored
L858R activating mutation.(54) Bell et al. reported a family with
multiple cases of lung cancer associated with germline transmission
of T790M.(55) Four of six tumors analyzed showed a secondary
somatic activating EGFR mutation.(55) These lines of evidence
suggest that T790M confers some growth advantage and does
not only prevent TKI from binding to the EGFR protein.
Although initial reports concluded that TK activity of the EGFR
with T790M do not change, Mulloy et al. reported that TK
activity of L858R plus T790M is higher than that of only
L858R.(27) Furthermore, Vikis showed that TK or transforming
activity of T790M is higher than those of wild-type EGFR, but
lower than those of exon 19 deletion.(56) However, they failed to
find germline T790M mutations in 237 pedigrees associated
with multiple lung cancers.(56)

Inukai et al. developed an assay for the detection of T790M
with a high sensitivity using mutant enriched polymerase chain
reaction (PCR) that can detect a single mutant allele in the back-
ground of 1000 wild-type alleles. Using this method, they found
that T790M is present in 3.6% of patients before TKI treat-
ment.(57) In seven patients with activating EGFR mutation yet
refractory to EGFR TKI, three patients harbored T790M by this
assay.(57) In contrast, T790M was not detected in 19 patients who
responded to EGFR TKI.(57) In a lung cancer cell line that was
made resistant to EGFR TKI by being exposed to increasing
concentrations of gefitinib, T790M could be detected.(58)

However, the amount of mutant allele was small.(58) These lines
of evidence suggest that a very minor population of clones with
T790M exist before TKI treatment and that this clone is selected

Fig. 5. Mechanisms of acquired resistance to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs). (a) Activating mutations
of the EGFR gene (star) result in constitutive activation of tyrosine kinase without ligand binding. This then turns on survival signal through
pathways including the PI3K/AKT pathway. Phosphorylated tyrosine residues of ERBB3 are the main binding sites for p85, a regulatory subunit of
PI3K. (b) When gefitinib (G) is administered, EGFR tyrosine kinase is specifically inhibited and survival signal is shut-won leading to apoptosis of
cancer cells. (c) When secondary threonine-to-methionine mutation at codon 790 of the EGFR gene (T790M) is acquired, bulkier methionine
residue prevents gefitinib from binding EGFR-TK. (d) Alternatively, when MET is activated by amplification, ERBB3 is phosphorylated by MET. Even
when EGFR-TKI is inhibited by gefitinib, activation of the PI3K/AKT pathway is maintained through ERBB3 phosphorylation. In this case, co-
administration of EGFR-TKI and MET inhibitor can block survival signal. Modified from Arteaga et al.(70)
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and expanded during TKI treatment, resulting in a resistant
phenotype. However, it is not fully understood why T790M allele
is present usually as a small fraction compared with the wild-
type allele. In the cases of acquired resistance to imatinib in
chronic myeloid leukemia, over 30 secondary mutations of the
ABL gene other than T315I are reported.(59) Although we failed

to find a novel mutation other than T790M in our 14 patients,
Balak et al. found a novel D761Y mutation in addition to 7
T790M in their 16 patients with acquired resistance.(51) Tumors
with T790M are highly resistant to reversible TKI such as gefit-
inib or erlotinib, they are shown to be sensitive to irreversible
TKIs that covalently bind to the EGFR kinase domain such as

Fig. 6. Our current view for indication of
epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs) in Japanese
patients with lung cancer. Numbers in each
patient subset indicate response rate or
incidence of interstitial lung disease (ILD). For
example, when a patient is female with activa-
ting EGFR mutation, TKI can be used from the
first line therapy (a). If the risk of ILD is
estimated to be low, even when the patient
does not have EGFR mutation, TKI can be used
somewhere in the clinical course, considering
the imperfect ability of predictive power of
EGFR mutation (b). In contrast, when a male
patient with a heavy smoking history and with
pre-existing ILD does not harbor EGFR mutation,
there is no indication for EGFR-TKI (c). It is most
difficult when patients with high risk harbor the
EGFR mutation. In this case, indication should be
considered on individual basis (d).

 

 

Fig. 7. Possible genotype-based therapeutic approach for lung adenocarcinomas in Japan. Numbers indicate approximate number of patients
per 100 patients in Japan.
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EKB-569, HKI-272, CI-1033, BIBW2992, etc., some of which
are in clinical development.(49,50,60)

MET amplification

Recently Engelman et al. reported that amplification of the MET
gene is another mechanism of acquired resistance to EGFR
TKIs.(61) MET is a receptor for hepatocyte growth factor (HGF)/
scatter factor, and overexpression, amplification and mutation
of the MET gene have been reported in various human cancers
including lung cancer. Engelman et al. established 1000 times-
resistant cell line, HCC827GR by exposinsg it to increasing
concentrations of gefitinib.(61) After secondary T790M was ruled
out, they found that phosphorylation of MET, ERBB3, and
EGFR out of 42 receptor tyrosine kinases remain after gefitinib
treatment using receptor tyrosine kinase array.(61) single nucleotide
polymorphisms (SNP) array revealed that amplification of
7q31.1-33.3 where the MET gene is located.(61) In HCC827GR,
ERBB3 is phosphorylated through MET and the ERBB3/PI3K/
AKT anti-apoptotic pathway remains activated (Fig. 5d).(61)

Inhibition of MET signaling restored the sensitivity to gefitinib.
MET amplification has also been detected in four of 18 (22%)
clinical lung cancer specimens that developed resistance to
gefitinib or erlotinib. Interestingly, MET amplification can occur
concurrently with T790M in some specimens.(61)

Amplification of a loci containing the MET gene (7q31) is
present in a subset of lung adenocarcinoma predominantly
without EGFR activating mutation.(62) Overexpression of MET
protein was immunohistochemically detected in 24% (13 of 55)
of cases including all cases with amplification of the MET
gene.(62) This suggest that amplification of MET present before
TKI treatment may be associated with inherent resistance to TKI,
suggesting the possible strategy of MET inhibitor plus EGFR-TKI
therapy for these type of tumors.

Use of biomarkers and clinical practice

In Japan, a great hindrance to gefitinib treatment in lung cancer
is a life-threatening interstitial lung disease (ILD) or acute lung
injury as adverse reaction to gefitinib. A recently published
retrospective survey showed prevalence and mortality of 3.5
and 1.6%, respectively.(63) The incidence of ILD was higher in
patients with male gender (5.8%), in those with smoking history
(6.2%) and pre-existing interstitial pneumonitis (13.9%). These
patient populations are those who are not likely to have
activating mutations of the EGFR gene. In contrast, development
of ILD is rare in females (1.0%) and non-smokers (0.8%).
However, as described earlier it is also a reality that EGFR
mutation is present in over 20% of patients with pack-year of
more than 50 in our country. Therefore, in clinical response, the
risk of ILD and the potential benefit of EGFR-TKI therapy
should be well balanced as depicted in Fig. 6.

Conclusion

The development of drug therapies that inhibit receptor
tyrosine kinases, especially EGFR-TK, and the understanding
of molecular backgrounds that determine sensitivity and resistance
will make genotype-based medicine (GBM) for treatment of lung
cancer possible in the near future. Fig. 7 illustrates a possible
GBM approach for Japanese adenocarcinoma of the lung by
the currently available knowledge. Through this GBM approach,
it will be possible to slow the progression of lung cancer and
eventually, to decrease mortality from lung cancer.
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