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Abstract: In the past decade, molecular-targeted drugs have been focused upon for the treatment of cancer. In 2002, gefitinib, an epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhibitor became available in Japan for the treatment of non-small cell lung can-
cer (NSCLC). Over 80% of selected patients, such as EGFR mutation-positive patients, respond to gefitinib treatment; however, most 
patients develop acquired resistance to gefitinib within a few years. Recently, many studies have been performed to determine precisely 
how to select patients who will respond to gefitinib, the best timing for its administration, and how to avoid the development of acquired 
resistance as well as adverse drug effects. This article reviews the use of gefitinib for the treatment of NSCLC from a pharmaceutical 
viewpoint.
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Introduction
Lung cancer, which is responsible for 1.38 million 
annual deaths worldwide, is the most common cause 
of cancer mortality in men and the second most com-
mon cause in women.1 In the treatment of lung can-
cer, surgery, chemotherapy, radiotherapy, or their 
combination are selected depending on the histologi-
cal diagnosis, stage of cancer, and age of the patient. 
Despite the significant progress that has been made in 
treatment and substantial research efforts undertaken, 
the prognosis for lung cancer remains poor, and the 
development of more effective treatments is one of 
the most important topics in the field of oncology.

Lung cancers are classified according to their his-
tological type. Because each variant has different bio-
logical and clinical properties, including response to 
treatment, a precise classification is essential to pro-
vide appropriate therapy for individual patients. Lung 
cancer consists of two broad categories—non-small 
cell lung cancer (NSCLC) and small cell lung cancer 
(SCLC)—and NSCLC itself is subdivided into ade-
nocarcinoma (AC), squamous cell carcinoma (SCC), 
and large cell carcinoma (LCC).  Approximately 
40%–50% of lung cancers are AC, which is the most 
common form.2 SCC accounts for ∼30% of lung 
cancers and typically occurs close to large airways. 
Approximately 10% of lung cancers are LCC, which 
takes its name from the presence of many large cells 
with a large nucleus and conspicuous nucleolus. 
SCLC is an aggressive malignant disease, with the 
majority of patients presenting with distant metastasis 
at presentation.3 Generally, SCLC grows quickly and 
spreads early in the course of the disease. Although 
the majority of patients with SCLC are diagnosed with 
advanced cancer with distant metastasis, SCLC also 
shows high sensitivity to chemotherapy. The response 
rate (RR) for SCLC is reportedly 60%–80%, even in 
the advanced stage, although complete remission is 
observed in only 15%–20% of patients.4 Among the 
histological types of NSCLC, AC is considered to 
have a higher sensitivity to chemotherapy than SCC 
or LC; however, the 20%–40% RR to chemotherapy 
for patients with NSCLC is still insufficient.

In the past decade, molecular-targeted drugs have 
been focused upon for the treatment of cancer and have 
improved its treatment by promoting research, espe-
cially of cancer-related genes and proteins. In 2002, 
gefitinib (ZD1839; AstraZeneca) (Fig. 1), the first 

epidermal growth factor receptor (EGFR) tyrosine 
kinase inhibitor, became available in Japan as an 
innovative molecular-targeted drug for the treatment 
of unresectable NSCLC. Initially, many NSCLC 
patients were expected to respond to gefitinib because 
many solid tumors, including NSCLC, are known to 
overexpress EGFR, which has a role in tumor pro-
liferation and is used as a biomarker to predict poor 
prognosis. Indeed, gefitinib was shown to have a dra-
matic effect on a limited number of patients; however, 
it was found to be ineffective in 70%–80% of patients 
with NSCLC.5,6 Furthermore, there have been some 
reports of death caused by interstitial pneumonia (IP), 
one of the critical adverse drug reactions (ADRs) 
associated with gefitinib use.7,8 Therefore, we are cur-
rently in need of tools that can predict the effects of 
gefitinib, and we are also in need of criteria for select-
ing patients who could be treated with gefitinib.

In 2004, Lynch et al9 and Paez et al10 each pub-
lished, on the same day, sensational reports in the 
New England Journal of Medicine and Science, 
identifying somatic mutations in the tyrosine kinase 
domain of the EGFR gene in patients with gefitinib-
sensitive lung cancer, as compared with none of the 
patients who had no response. Therefore, screening 
for EGFR mutations in lung cancer showed potential 
for identifying patients who would respond to gefi-
tinib therapy. Many later studies clarified that patients 
with EGFR mutations in the area of the gene cod-
ing for the ATP-binding pocket of the tyrosine kinase 
domain responded to gefitinib.11–15 Consequently, the 
EGFR genotyping has been used to select patients 
who will respond to gefitinib. Other genetic mutations 
have also been reported as indicators of the response 
or resistance to gefitinib; for example, mutations of 
the KRAS gene are associated with primary resistance 
to gefitinib.16,17 Thus, at the present time, screening of 
EGFR and KRAS is used to predict the effects of gefi-
tinib and to select patients who will respond to gefitinib 
in the clinical setting. Conversely, it was also reported 
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Figure 1. Chemical structure of gefitinib (left) and erlotinib (right).
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that ∼20% of patients with an EGFR mutation do not 
respond to gefitinib, while 10% of patients without an 
EGFR mutation respond to gefitinib.18,19 Furthermore, 
the majority of patients develop resistance to gefitinib 
within a few years. To define more precise criteria for 
the selection of patients who can be treated with gefi-
tinib and to develop a method to improve the outcome 
of gefitinib therapy, more detailed and elaborate stud-
ies are currently in progress.

This article reviews the use of gefitinib for the treat-
ment of NSCLC from a pharmaceutical viewpoint.

Mechanism of Action, Metabolism, 
and Pharmacokinetic Profile
Mechanism of action
Gefitinib, an anilinoquinazoline (4-quinazolinamine, 
N-(3-chloro-4-fluorophenylamino)-7-methoxy- 
6-[3-(4-morpholinyl) propoxy] quinazolin-4-amine) 
with a molecular weight of 446.90, is an oral tyrosine 
kinase competitive inhibitor. Its antineoplastic effect 
is exerted by inhibiting the activation of ErbB-1 
(EGFR), one of the subtypes of the ErbB family. The 
ErbB family consist of four transmembrane receptor 
subtypes: EGFR (ErbB-1), HER2 (ErbB-2), ErbB-
3, and ErbB-4.22 The ErbB family receptors funda-
mentally consist of an extracellular ligand binding 
domain, hydrophobic transmembrane domain, and 
intracellular tyrosine kinase domain that can bind 
with adosine triphosphate (ATP), with the excep-
tion of ErbB-3. Inactive ErbB transmembrane recep-
tors are present as a monomer, which is difficult to 
phosphorylate, and when proliferative factors such as 
EGF bind to the extracellular ligand binding site, the 
conformation of the ErbB protein changes to form a 
heterodimer or homodimer. In the dimeric conforma-
tion, the tyrosine kinase domain of ErbB can easily be 
autophosphorylated in the presence of ATP and can 
activate the downstream RAS/MAPK/Erk and PI3K/
Akt pathways to induce cell proliferation and suppress 
apoptosis.20–22 In cancer cells, ErbB receptors can be 
activated mainly by an increase of the copy number 
of the ErbB gene, overexpression of ligands or recep-
tors, genetic variations, or the production of autocrine 
ligands.23,24 The overexpression or accommodative 
insufficiency of EGFR or its ligands is known to 
be pathognomonic for many kinds of solid tumors, 
including lung cancer, and 40%–90% of NSCLCs 
reportedly overexpress EGFR.25,26 The role of EGFR 

as a prognostic factor for NSCLC has been discussed 
in many studies, and most have shown that the over-
expression, accommodative insufficiency, or genetic 
variation of EGFR correlates significantly with dis-
ease progression, poor prognosis, and decreased sen-
sitivity to chemotherapy.27,28,29 Orally administered 
gefitinib is taken up by cancer cells, and it revers-
ibly and competitively inhibits the binding of ATP to 
the phosphate-binding loop of the ATP binding site 
in the intracellular domain of EGFR. By inhibiting 
the binding of ATP to EGFR, gefitinib inhibits auto-
phosphorylation and the activation of downstream 
signaling pathways, leading to the inhibition of cell 
proliferation and the induction of apoptosis in cancer 
cells (Fig. 2).30

Metabolism and pharmacokinetic profile
Orally administered gefitinib is absorbed relatively 
slowly and reaches its peak level at 3–5 hours after 
administration. The elimination half-life of gefitinib in 
blood is approximately 48 hours, and 7–10 days are 
required to achieve a steady state concentration in the 
blood.31,32 Its bioavailability was reported to be ∼60% in 
a study using the repeated administration of 250 mg/day 
gefitinib, and the plasma protein-binding rate of gefi-
tinib was reportedly ∼90%.33 Gefitinib has a very large 
distribution volume of ∼1400 L, suggesting that it 
accumulates in a wide range of tissues such as in the 
liver, kidney, and lungs, in addition to cancer tissues.34 
 Gefitinib is concentrated in tissues at more than 10 times 
the level observed in the plasma.35  Furthermore, it was 
also reported that gefitinib is transported via ABCG2 
and ABCB1.36 Galetti et al37 showed that gefitinib was 
actively taken up by cells, and its intracellular con-
centration was ∼200 times higher than its extracel-
lular concentration. In terms of clinical implications, 
mutations of ABCG2 were reportedly responsible for 
the incidence of diarrhea caused by gefitinib,38 and the 
usefulness of genotyping ABCG2 as a predictive factor 
of ADRs has been discussed.

Absorbed gefitinib is mainly metabolized in the 
liver and ∼85% is passed in the feces, with less than 
5% excreted in the urine.33 Its metabolic pathway was 
determined in in vitro and in vivo studies to be medi-
ated by CYP3A4 and 2D6, and partly by CYP3A5 
and 1A1;39 however, to date, the effects of genetic 
variations in these enzymes on the clinical outcomes 
of gefitinib have not been studied comprehensively.
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Several studies focused on the influence of diet on 
the pharmacokinetics (PK) and pharmacodynamics 
(PD) of gefitinib. Swaisland et al40 reported that, for 
a 250 mg/day dose of gefitinib, there was an approxi-
mately two-fold difference in intra-subject variabil-
ity and a 10 to 15-fold difference in inter-subject 
 variability.40 These large differences have been con-
sidered to be due to diet, and the influence of diet on 
the PK of gefitinib has been considered to depend on 
intestinal pH. Conversely, Bergman et al41 used healthy 
volunteers to show that although the lower solubility 
of gefitinib in the human intestinal fluid compared to 
human gastric fluid is related to the difference in pH, 
gastric emptying, precipitation, and redissolution of 
gefitinib in the proximal human jejunum have no pro-
nounced effects on the plasma concentration profile 
of gefitinib between subjects with a high clearance 
rate of gefitinib and those with a low clearance rate.41 
They concluded that other mechanisms are likely to 
be more important in explaining the inter-individual 
differences in plasma exposure to gefitinib, such as 
polymorphisms in various enzymes and transport pro-
teins, or possibly a combination of factors including 
gastrointestinal factors—none of which has a domi-
nant effect in isolation.

Thus, until now, the effects of gefitinib have been 
predicted only by genotyping factors that play a 
role in the PD of gefitinib, such as EGFR and KRAS 
 mutations. However, Nakamura et al42 presented an 
interesting report on the relationship between the blood 
concentration of gefitinib and its clinical effects.42 
In their study of 23 NSCLC patients with EGFR 
 mutations, the ratio of the gefitinib concentration on 
day 8 to that on day 3 after the first administration of 
gefitinib (C8/C3) correlated with the progression-free 
survival (PFS) period. They described that patients 
with a higher C8/C3 ratio had a significantly lon-
ger PFS (P = 0.0158, 95% confidence interval [CI]: 
0.237–0.862). This report suggests the importance 
of the PK of gefitinib on its clinical outcome. At the 
same time, Chmielecki et al43 reported that maintain-
ing a high concentration of erlotinib, another EGFR 
tyrosine kinase inhibitor (EGFR-TKIs) (Fig. 1) with 
the same mechanism of action as gefitinib, could delay 
the establishment of drug-resistant tumor cells and 
decrease the proliferation rate of drug-resistant cells 
compared to treatment using a lower concentration of 
erlotinib.43 These data suggest that in the near future, 
the relationship between the PK of gefitinib and its 
clinical outcome will be clarified, and therapeutic 
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drug monitoring of gefitinib will become an essential 
tool to obtain the maximal therapeutic response.

Pharmacogenetic profile
Initially, gefitinib was expected to induce a response 
in patients with tumors that overexpressed EGFR 
because it exerts its antineoplastic effects by com-
petitively inhibiting the binding of ATP to the ATP-
binding site of EGFR, as described above. However, 
a post-marketing study and other studies have shown 
data contradicting this hypothesis: (1) while approxi-
mately 40%–80% of NSCLC overexpress EGFR,44 

only 10%–20% of NSCLC patients respond to gefi-
tinib;5,6 and (2) while EGFR overexpression is known 
to be more common in SCC than AC, gefitinib shows 
a higher antineoplastic effect on AC than on SCC.45 
Furthermore, some reports have shown that there 
was no correlation between the expression levels of 
EGFR and clinical outcomes.46 Thus, while gefitinib 
has a dramatic anticancer effect in a limited number 
of patients with NSCLC, the factors underlying its 
action have not been clarified.

In 2004, somatic mutations were identified in 
the EGFR tyrosine kinase domain of patients with 
gefitinib-responsive lung cancer, as compared with 
no mutations in patients exhibiting no response, 
and the presence of an EGFR mutation was highly 
correlated with a good response to gefitinib.9,10 The 
conformational change of the EGFR ATP-binding 
site caused by genetic mutations constitutively acti-
vates the EGFR downstream signaling pathway and 
increases the malignancy of cancer. Conversely, the 
conformational change of the ATP-binding site can 
also increase its affinity for gefitinib; therefore, gefi-
tinib can inhibit the downstream signaling pathway 
more easily, strongly induces apoptosis, and reduces 
the proliferation of cancer cells.32 Before the publica-
tion of these reports, gefitinib was considered to be 
effective for non-smokers, AC, females, and Asian 
populations because EGFR mutations were common 
in these groups. Currently, the presence of an EGFR 
mutation, but not being a non-smoker, AC, female, 
or of Asian descent, is considered to be an indepen-
dent factor that largely affects the therapeutic effect 
of gefitinib.11,47

In contrast, Cappuzzo et al48 studied which bio-
marker was most effective for predicting the clini-
cal outcome of gefitinib—a high EGFR gene copy 

number, high protein expression levels, or mutations. 
They concluded that only a high EGFR gene copy 
number was associated with prolonged survival on 
multivariable analysis.48 In a clinical trial compar-
ing erlotinib as an EGFR-TKI and a placebo for the 
treatment of NSCLC, Tsao et al49 also demonstrated 
with multivariate analysis that patients with AC, 
never-smokers, and EGFR expression were associ-
ated with an objective response and survival after 
treatment with erlotinib was not influenced by EGFR 
expression, number of EGFR copies, or presence of 
an EGFR mutation. They also concluded that among 
NSCLC patients who received erlotinib, the presence 
of an EGFR mutation may increase their responsive-
ness to the agent, but this was not indicative of a sur-
vival benefit.12

Conversely, in a prospective clinical trial that 
assessed the efficacy of gefitinib for untreated NSCLC 
patients harboring EGFR mutations, gefitinib was 
reported to show cytoreductive effects in 70%–80% 
of this population. This finding was also supported 
by two key clinical trials in the Japanese population 
reported by Mitsudomi et al13 and Maemondo et al14 in 
2010. Furthermore, in 2011, Fukuoka et al15 reported 
the results of biomarker analyses in the IRESSA Pan-
Asia Study (IPASS), namely that EGFR mutations 
were the strongest predictive biomarkers for PFS and 
tumor response to first-line gefitinib therapy versus 
carboplatin/paclitaxel therapy, and that the predictive 
value of the EGFR gene copy number was driven by 
a coexisting EGFR mutation.15 These reports have 
made it increasingly clear that the presence of EGFR 
mutations, but not the EGFR gene copy number, is 
the strongest predictive biomarker for the therapeutic 
efficacy of gefitinib.

Mutations in exons 18–21 of EGFR are predictive 
factors for the clinical efficacy of gefitinib; deletions 
in exon 19 and missense mutations in exon 21 account 
for ∼90% of these mutations.9,10,19,47,50 The G719 and 
L861 mutations have also been reported as minor 
mutations that affect the efficacy of gefitinib;  however, 
other minor mutations such as E709 and S768 have 
reportedly no influence on its efficacy.51 Thus, at least 
at the present time, the detection of EGFR muta-
tions in exons 19 and 21 is considered to be essential 
to predict the clinical efficacy of gefitinib. In 2005, 
Pao et al16 reported that mutations of the RAS or RAF 
genes, whose products are located in the downstream 
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signaling pathway of EGFR, were potent factors for 
predicting resistance to gefitinib,16 and that these fac-
tors are considered to be important in the selection of 
patients who can be treated with gefitinib. In particu-
lar, RAS mutations were reported not to exist simulta-
neously with EGFR mutations in one tissue sample, 
and the detection of KRAS mutations has also been 
used by some clinical facilities to select patients who 
can be treated with gefitinib.19,52 However, it has been 
infrequently reported that some patients have simul-
taneous EGFR and KRAS mutations, and it is contro-
versial whether patients can be selected for treatment 
with gefitinib only on the basis of detecting an EGFR 
or KRAS mutation.53

Acquired resistance
Unfortunately, all responders eventually develop 
resistance to gefitinib, most commonly because of 
genetic variations or pathological changes. Recently, 
therapeutic strategies to treat and to avoid the estab-
lishment of gefitinib-resistant cancer cells have been 
focused upon and discussed. In 2005, an EGFR 
mutation in exon 20, which substitutes methionine 
for threonine at amino acid position 790 (T790M), 
was reported to be one of the main causes of acquired 
resistance to gefitinib.54,55 The EGFR T790M vari-
ant changes the structural conformation of the ATP-
binding site, thereby increasing the affinity of ATP 
to EGFR, while the affinity of gefitinib to ATP is 
unchanged. Thus, the T790M variant reduces the rel-
ative efficacy of gefitinib and causes the development 
of acquired resistance. Balak et al56 reported that the 
T790M variant was found in ∼50% of NSCLC patients 
with acquired resistance to gefitinib. However, the 
T790M variant was also found in some patients who 
were not treated with gefitinib, and the presence of 
the T790M mutation was reported to be signifi-
cantly higher in advanced tumors than in early-stage 
tumors. Thus, Inukai et al57 proposed that, although 
the detection of T790M-positive tumor cells may be 
useful for predicting the clinical efficacy of gefitinib, 
gefitinib treatment might result in the selection of 
T790M mutant cells and that even a small fraction of 
T790M-positive tumor cells at the beginning of treat-
ment could lead to clinical resistance as a result of the 
selective proliferation of T790M mutant cells.

In addition to the presence of the T790M varia-
tion, L747S, D761Y, and G796A variations were 

 identified in NSCLC patients with acquired resistance 
to gefitinib; the G796A variant is especially known 
to cause strong resistance to EGFR-TKIs.51 In 2007, 
Engelman et al58 found that the amplification of MET 
caused gefitinib resistance by driving the ErbB3-
dependent activation of PI3K, a pathway thought to 
be specific to the EGFR/ErbB family of receptors. 
In recent studies, amplification of the MET gene was 
found in approximately 10%–20% of all cases with 
drug resistance.59,60 In 2011, Sequist et al61 reported a 
very interesting account of the mechanisms underlying 
the establishment of drug resistance; in 37 patients with 
gefitinib-resistant NSCLC carrying EGFR mutations, 
five resistant tumors transformed from NSCLC into 
SCLC and were sensitive to standard SCLC  treatments. 
They also reported that serial biopsies in three 
patients revealed that genetic mechanisms of resis-
tance were lost in the absence of the continued selec-
tive pressure of EGFR inhibitor treatment, and such 
cancers were sensitive to a second round of treatment 
with EGFR inhibitors. In many studies, including 
the reports mentioned above, approximately 70% of 
the causes of acquired resistance have been clarified 
(Fig. 3). Now, for the more effective use of gefitinib, 
the establishment of a method to avoid or to prevent 
the development of acquired resistance is required 
and is being widely studied.

Screening methods for eGFR  
and KRAS mutations
The detection of EGFR and KRAS mutations has been 
usually achieved by sequencing DNA amplified from 
tumor tissues; however, sequencing techniques are too 
complex, time-consuming, and expensive for routine 
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Figure 3. Cause of acquired resistance to gefitinib.
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screening in the clinical setting. Adding to the com-
plexity is the problem that clinical samples often con-
tain a subpopulation of mutant cells within an excess 
of normal tissue, sometimes causing the mutations to 
be missed by sequencing because of the limitations of 
the technology. Recently, several methods have been 
reported for the detection of EGFR and KRAS muta-
tions, including polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP), single-
strand conformation polymorphism (PCR SSCP), 
mutant-allele-specific amplification, mutant- enriched 
assays, PCR-invader method, Cycleave-PCR, 
 Scorpion-amplified refractory mutation system assay, 
TaqMan PCR, denaturing high-performance liquid 
chromatography, high resolution melting assay, high-
resolution chipCE, immunohistochemistry, and the 
peptide nucleic acid-locked nucleic acid PCR clamp 
method. Some of these techniques have quite a high 
level of sensitivity,52,62–66 but most are still not ideal 
for routine clinical use in general hospitals or outpa-
tient clinics due to their long turnaround times, high 
cost, and complexity. Subsequently, we reported a 
rapid, simple, and highly sensitive method, named 
SmartAmp2, for the detection of EGFR and KRAS 
mutations.67–69 We demonstrated that SmartAmp2 is 
useful for the detection of mutations from tissue sam-
ples with marked fibrosis or formalin-fixed, paraffin-
embedded samples with damaged DNA.

In previous reports, KRAS mutations were esti-
mated to occur in 3.0%–15.0% of lung ACs in Asian 
individuals.16,19,70 However, we demonstrated that 
the variation in the prevalence of these mutations 
is thought to be partly an artifact resulting from the 
varying sensitivities and accuracies of the different 
detection methods.67 The selection of an appropri-
ate method to detect EGFR and KRAS mutations is 
essential to make an exact prediction of the efficacy 
of gefitinib in individual patients.

clinical studies
Phase II trials
Two randomized double-blind Phase II trials for gefi-
tinib have been reported: the IRESSA Dose Evalu-
ation in Advanced Non-small Cell Lung  Cancer 
(IDEAL)-1 trial, which was carried out mainly in 
Japan, Europe, Australia, and South Africa, and IDE-
AL-2, which was performed mainly in the United 
States.5,6 These studies examined patients with 

locally advanced or metastatic NSCLC, which are 
less sensitive to chemotherapy (including therapies 
with a platinum compound), and they assessed the 
antitumor effect of orally administered gefitinib. In 
IDEAL-1, the RRs were 18.4% in the group using 
250 mg/day gefitinib and 19% in the group using 
500 mg/day; in IDEAL-2, the RRs were 11.8% and 
8.8%, respectively. In the 250 mg/day group, treat-
ment was discontinued in 14.5%–15.5% of patients. 
In these studies, although less than 1% of patients in 
the 250 mg/day group required a reduction in their 
daily dose of gefitinib because of adverse events, the 
dose of gefitinib was reduced in 22.8%–28.3% of 
patients, and in the 500 mg/day group, 8.8%–10.4% 
of patients could not continue gefitinib therapy. In the 
IDEAL studies, the factors predicting the response to 
gefitinib were reported to be Japanese, female, non-
smokers, and AC.

In these two studies, the frequency of grade 3/4 
adverse events was 8.7% and 6.9% in the 250 mg/day 
groups, respectively. Conversely, in the 500 mg/day 
groups, they occurred in 30.2% and 17.5% of patients, 
respectively. Although the clinical efficacy of gefi-
tinib was almost equal in both groups, the adverse 
events were clearly fewer in the 250 mg/day groups; 
thus, the recommended dose was concluded to be 
250 mg/day.

Phase III trials
To assess the additional benefit of gefitinib as a first-
line treatment (in combination with gemcitabine plus 
cisplatin or paclitaxel plus carboplatin), two large-
scale randomized clinical trials, IRESSA NSCLC 
Trial Assessing Combination Treatment (INTACT)-1 
and -2,71,72 were carried out on 2,130 patients with 
advanced NSCLC (Table 1). Unfortunately, as a 
result of the INTACT studies, no additional effect 
of gefitinib in combination with standard chemo-
therapy was reported at the European Society for 
Medical Oncology (ESMO) congress in 2002. The 
following factors were suggested as causes of these 
negative results:73 (1) gefitinib was not administered 
completely as scheduled because of the incidence of 
adverse reactions, and in the 500 mg/day gefitinib 
group particularly, dose reduction occurred in ∼50% 
of patients, and therapy was discontinued in ∼25%; 
(2) they did not assess the status of EGFR overexpres-
sion or genetic mutations because studies indicating 
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Table 1. Large-scale clinical studies of gefitinib.

name stage screening of patients 1st-line or treated comparison Result
IDeAL-1 Phase II – Treated Positive
IDeAL-2 Phase II – Treated Positive
INTACT-1 Phase III – 1st Gefitinib, GEM, CDDP vs.  

GeM, CDDP
Negative

INTACT-2 Phase III – 1st Gefitinib, PTX, CBDCA vs. 
PTX, CBDCA

Negative

ISeL Phase III – Treated Gefitinib vs. Best  
supportive care

Negative

v-15-32 Phase III Japanese Treated Gefitinib vs. DTX Negative
INTeReST Phase III – Treated Gefitinib vs. DTX Positive
IPASS Phase III Non- or slight smoker,  

adenocarcinoma, Asian
1st Gefitinib vs. CBDCA,  

PTX
Positive

wJTOG3405 Phase III eGFR mutant, Japanese 1st Gefitinib vs. PTX, CBDCA Positive
NeJ002 Phase III eGFR mutant, Japanese 1st Gefitinib vs. DTX, CDDP Positive

Abbreviations: GeM, gemcitabine; CDDP, cisplatin; PTX, paclitaxel; CBDCA, carboplatin; DTX, docetaxel.

that EGFR mutations could be used as biomarkers to 
predict the clinical outcome of gefitinib were reported 
after the INTACT studies had finished. The popula-
tion of patients used in these studies might make it 
difficult to perform a precise analysis of the effects of 
gefitinib; and (3) gefitinib exerts an antiproliferative 
effect and may not have an additive effect when all 
proliferating cells have already been killed by other 
forms of chemotherapy.

In 2004, the IRESSA Survival Evaluation in Lung 
Cancer (ISEL) Phase III placebo-controlled study was 
carried out on 1,692 patients with advanced NSCLC.74 
The population was set as refractory to or intolerant 
of their latest chemotherapy. As a result, although 
gefitinib did not significantly prolong the median 
overall survival (OS) in all patients or patients with 
AC, as was the case in INTACT, gefitinib did signifi-
cantly prolong the median OS compared with placebo 
in a subset analysis of 342 Asian patients (9.5  versus 
5.5 months, respectively; hazard ratio [HR] 0.66, 
95% CI 0.48–0.91, P = 0.01) and 374 nonsmokers 
(8.9 versus 6.1 months, respectively, HR 0.67, 95% 
CI 0.49–0.92, P = 0.012).

In 2008, two large clinical trials with conflict-
ing results were reported. The V-15-32 study of 
489 Japanese patients with treated advanced NSCLC 
did not confirm the non-inferiority of gefitinib in OS 
compared with docetaxel therapy (HR 1.12, 95.24% 
CI 0.89–1.40) according to the predefined criterion 
(upper CI limit for HR # 1.25).75 Conversely, the 
IRESSA NSCLC Trial Evaluating Response and 

 Survival versus Taxotere (INTEREST) with 1,466 
treated patients showed the comparable effects of 
gefitinib to docetaxel (Taxotere) for the first time; 
the median OS was 7.6 months in the gefitinib group 
and 8.9 months in the docetaxel group, and the 
1-year survival was 32% and 34% (HR 1.020, 96% 
CI 0.905–1.150), respectively.76 Differences in sub-
sequent therapies were suggested as a reason for the 
different results of these two studies. In the V-15-
32 study, while 36% of patients in the gefitinib group 
received docetaxel after the end of gefitinib therapy, at 
least 53% of patients in the docetaxel group received 
gefitinib after the end of docetaxel therapy. Thus, the 
OS of the docetaxel group might be prolonged by 
the use of gefitinib compared to the gefitinib group. 
 Conversely, in INTEREST, 31% of the gefitinib group 
received docetaxel after gefitinib therapy, and 37% of 
the docetaxel group received EGFR-TKIs, including 
gefitinib, after docetaxel therapy.

From 2006 to 2007, one of the most important clini-
cal trials, IPASS, was conducted with a selected popu-
lation that could be expected to respond to gefitinib.15,77 

In IPASS, 1,217 nonsmokers or slight smokers 
($15 years of not smoking), non-treated, advanced, 
AC, and Asian patients were distributed randomly to 
a gefitinib group or to a combination chemotherapy 
with carboplatin and paclitaxel group. The primary 
endpoint was set as PFS, while the secondary end-
points were OS, RR, quality of life (QOL), and safety. 
In the analysis of the primary endpoint (announced at 
ESMO 2008)78 the superiority of gefitinib compared 
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to carboplatin/paclitaxel combination chemotherapy 
was demonstrated in all eligible patients (HR 0.74, 
95% CI 0.65–0.85, P , 0.001). Furthermore, addi-
tional analysis showed that the superiority of gefitinib 
was found to be more significant in the population 
of EGFR mutation-positive patients compared to all 
patients enrolled in IPASS, and this analysis clari-
fied that gefitinib was quite effective in patients with 
EGFR mutations compared to carboplatin/paclitaxel 
combination chemotherapy. In the patients with 
EGFR mutations, gefitinib reduced the risk of dis-
ease progression by 52% compared with  carboplatin/
paclitaxel combination chemotherapy (HR 0.48, 
95% CI 0.36–0.64, P , 0.001), and it improved the 
median PFS from 6.3 months to 9.5 months. Similar 
results were also shown in two key Phase III trials 
conducted in Japan for patients with EGFR muta-
tions (WJTOG3405 and NEJ002).13,14 Thus, IPASS, 
WJTOG3405, and NEJ002 are considered to be key 
clinical trials for the formation of selection criteria 
for patients who will respond to gefitinib. However, 
the use of gefitinib as a first-line therapy did not 
improve OS because most patients randomized into 
the  carboplatin/paclitaxel as first-line therapy group 
had used gefitinib at some stage of their therapy after 
first-line therapy failed.15

safety
Treatments using molecular-targeted drugs includ-
ing gefitinib are regarded as well tolerated compared 
with other forms of chemotherapy. The frequently 
observed adverse effects of gefitinib are rash (37%), 
diarrhea (27%), nausea (17%), and vomiting (14%).74 
Conversely, the INTEREST study showed that 
myelosuppression, neurotoxicity, and renal toxicity, 
widely known as common ADRs of chemotherapy, 
were not observed in the patients using gefitinib.76 On 
the other hand, some serious ADRs were observed in 
such patients, and these prevented the continuation of 
gefitinib treatment.

Although EGFR overexpression is found in many 
tumors, non-tumor cells also express EGFR on their 
membranes, and the inhibition of EGFR on non-tumor 
cells is regarded as the cause of the majority of ADRs 
from gefitinib. The reduction of activated EGFR in 
cells composing skin tissue induces hyperkeratosis, 
folliculitis, and decreased hydration, and these condi-
tions can lead to a skin rash.78 Furthermore, different 

skin manifestations are observed depending on the kind 
of cells in which EGFR is inhibited by gefitinib and 
the stage of therapy. Acneiform dermatitis, including 
edema and redness on the face or upper trunk, occurs 
in the early stage of gefitinib therapy and is caused by 
the inhibition of EGFR in basal keratinocytes. In the 
middle stage of gefitinib therapy, dry skin is caused 
by abnormal keratinocytes whose differentiation into 
the stratum corneum is interrupted. In the latter stage 
of gefitinib therapy, paronychia occurs frequently, and 
is caused by a brittle and slower growing nail plate in 
the nail matrix. Many of these symptoms can be man-
aged by the use of moisturizers or steroids. In addi-
tion, the use of tetracycline antibiotics (doxycycline 
and minocycline) may be effective to treat rash.79 The 
effects of steroids on the care of skin disorders are 
attributed to their anti-inflammatory activity through 
the inhibition of neutrophil migration and suppression 
of active oxygen and free radical synthesis (Table 2).

Interstitial lung disease (ILD) is reported as one 
of the serious and critical ADRs of gefitinib, and the 
risk of ILD is higher in the early stage of therapy, 
especially within 4 weeks after administration. Post-
marketing surveillance in Japan demonstrated that 
the incidence of ILD from gefitinib in the Japanese 
population was 5.8%, consistent with the rate of ILD 
observed in the Japanese V-15-32 study (5.7 versus 
2.9% for docetaxel).80 However, the incidence of ILD 
in the Japanese population was reported to be higher 
than in other populations. According to the results 
of the INTEREST study, the incidence of ILD with 
 gefitinib was 1.4%, which is the same as for docetaxel 
in the Caucasian population.76 Studies performed in 
other Asian countries also reported a lower rate of 
ILD than observed in Japan.80,81 The ISTANA study, 
performed in Korea, reported an incidence of 3.7% for 
ILD in patients receiving gefitinib and 3.9% in the doc-
etaxel group;82 a study in Taiwan also showed a lower 
incidence of ILD when gefitinib was used as a first-line 
therapy.83 A nested case-control study investigating 
relative risk and risk factors for the incidence of ILD 
with gefitinib therapy was performed in the  Japanese 
population and it was found that the use of gefi-
tinib was a stronger risk factor for ILD than other 
forms of chemotherapy (OR 3.23). In addition to 
gefitinib, smoking history, poor performance status 
(PS), preexisting ILD, and a low occupancy rate of 
the normal lung were demonstrated as risk factors.84 
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Although the rate of ILD remains controversial, 
patients should be monitored carefully, at least within 
4 weeks of the start of gefitinib therapy.

As a mechanism for the increased incidence of 
ILD caused by gefitinib, Ishiguro et al85 discussed 
the contribution of transporters. They demonstrated 
that gefitinib reduces phosphatidylcholine biosynthe-
sis by inhibiting cellular choline uptake in A549 and 
rat ATII cells, which is mainly mediated by CTL1, 
resulting in the abnormal secretion of lung surfac-
tants, which could be one of mechanisms underlying 
the association of ILD with gefitinib. Although this 
hypothesis has not been demonstrated in any in vivo 
or clinical studies, this finding might provide an 
important insight into how to control the incidence of 
ILD caused by gefitinib.

Efficacy
Although the IDEAL study reported that the fre-
quency and severity of the adverse effects associ-
ated with gefitinib depended on the dose, its efficacy 
was not significantly different between the 500 and 

250 mg/day groups; therefore, 250 mg/day was 
decided as the optimal dose. This daily dose was 
reported to be sufficient to inhibit EGFR activity in 
skin biopsies and to ensure adequate exposure.32

In 2004, it was reported that EGFR mutations 
were associated with the RR to gefitinib,9,10 which is 
now known to reach 80%–90% in patients with an 
EGFR mutation.12,47,86,87 Furthermore, as described 
above, the IPASS study showed that gefitinib could 
significantly prolong PFS in patients with an EGFR 
 mutation.78 Therefore, the efficacy of gefitinib is 
known to be more affected by EGFR gene status than 
clinical background factors. In addition, a recent study 
reported a favorable outcome for the use of gefitinib 
in EGFR mutation-positive patients who were con-
traindicated for other forms of chemotherapy (elderly 
or PS 3–4); the RR was 66% and the median OS was 
17.8 months.88 This suggests that treatment with gefi-
tinib might be effective for patients with an EGFR 
mutation and not suitable for other standard forms of 
chemotherapy because of some other reason such as 
advanced age or a poor PS.

Table 2. Summary of patient demographics, characteristics, and ADR in the ISeL and INTeReST studies.

study IseL InTeResT
Gefitinib Placebo Gefitinib Placebo
n (%) n (%) n (%) n (%)

Sex
 Total 1129 (100) 563 (100) 733 (100) 733 (100)
 Male 761 (67.4) 378 (67.1) 466 (63.6) 488 (66.6)
 Female 368 (32.6) 185 (32.9) 267 (36.4) 245 (33.4)
Race
 white 843 (74.7) 431 (76.6) 550 (75.0) 540 (73.7)
 Asian 235 (20.8) 107 (19.0) 154 (21.0) 169 (23.1)
 Black 9 (0.80) 5 (0.89) 10 (1.4) 12 (1.6)
 Other 42 (3.7) 20 (3.5) 19 (2.6) 12 (1.6)
Adverse events
 Rash 413 (36.7) 56 (10.0) 360 (49.1) 73 (10.0)
 Diarrhea 309 (27.4) 52 (9.3) 255 (34.8) 177 (24.1)
 Nausea 190 (16.9) 90 (16.0) 148 (20.2) 187 (25.6)
 vomiting 152 (13.5) 56 (10.0) 109 (14.9) 123 (16.8)
 Dry skin 128 (11.4) 20 (3.6) 111 (15.1) 10 (1.4)
 Constipation 108 (9.6) 71 (12.6) 79 (10.8) 121 (16.5)
 Pyrexia 79 (7.0) 27 (4.8) 69 (9.4) 118 (16.1)
 Stomatitis 68 (6.0) 22 (3.9) 67 (9.1) 93 (12.7)
 Anemia ND ND 34 (4.6) 84 (11.5)
 Alopecia ND ND 23 (3.1) 254 (34.7)
 Neutropenia ND ND 35 (4.8) 514 (70.1)
 Febrile neutropenia ND ND 9 (1.2) 72 (9.8)
 Neurotoxicity ND ND 49 (6.7) 171 (23.3)

Abbreviation: ND, not detected.
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Kim et al89 indicated that gefitinib might be more 
effective than erlotinib for patients with lung AC and 
asymptomatic synchronous brain metastasis. This 
might be due to the higher intracellular concentration 
of gefitinib compared to erlotinib. Although erlotinib 
is known to reach a higher concentration in plasma 
than gefitinib in the clinical dose setting, the ratio of 
the intratumor concentration of gefitinib to its plasma 
concentration was reportedly much higher than that 
of erlotinib.90 Although EGFR-TKIs are considered 
to have a lower permeability of the blood–brain bar-
rier, gefitinib might be highly concentrated in cells 
regardless of its lower plasma concentration, and it 
may exert stronger effects upon brain metastasis.

patient preference
Because, as previously described, the effect of gefi-
tinib depends on the presence of EGFR mutations and 
not on the copy number of the EGFR gene, a high 
copy number alone should not be used as a selection 
tool for first-line treatment of NSCLC with gefitinib; 
the presence of a mutation in EGFR exons 19 or 21 
should be used instead.15 Although smoking history 
was also considered to be an important factor affect-
ing the response to gefitinib, recent studies showed 
that EGFR mutations were frequently found in the 
tissues of nonsmoker NSCLC patients, and the pres-
ence of EGFR mutations was the strongest predictive 
biomarker for the therapeutic efficacy of gefitinib.91 

Furthermore, because of the molecular mechanisms 
underlying the effect of EGFR mutations on the effi-
cacy of gefitinib, the presence of EGFR mutations, 
but not smoking history, should be used to select 
patients.

Conversely, a high copy number of the EGFR 
gene has been considered to be the strongest factor 
in predicting the efficacy of erlotinib, and the pres-
ence of EGFR mutations was reported not to affect 
the response to erlotinib.92 Thus, at the present time, 
the presence of EGFR mutations should be one of the 
selection criteria for the use of the EGFR-TKIs gefi-
tinib and erlotinib for NSCLC patients; gefitinib is 
suitable for patients with EGFR mutations, while erlo-
tinib is suitable for patients without EGFR  mutations. 
However, Farina et al93 presented the results of a 
Phase III study, the Tarceva Italian Lung Optimization 
Trial, which assessed the clinical benefits of erlotinib 
in an NSCLC population without EGFR mutations  

in comparison to docetaxel. They reported that doc-
etaxel was significantly more effective for NSCLC 
patients without an EGFR mutation compared with 
erlotinib. Thus, the place of erlotinib therapy and how 
to choose which patients are suitable for gefitinib or 
erlotinib are still controversial.

To use EGFR-TKIs, the risk of ILD should also 
be considered because it is known as the most criti-
cal adverse effect of both of gefitinib and erlotinib, 
even though the incidence of ILD is controversial. 
Recently Ando et al reported that a history of IP could 
significantly increase the risk of ILD. Consequently, 
although patients with a smoking history were pre-
viously regarded as unsuitable for treatment with 
gefitinib, recent studies have indicated that exempt-
ing smoking patients from those patients who will 
respond to gefitinib is not appropriate because it is 
known that a smoking history does not reflect the his-
tory of IP. Furthermore, because IP consists of many 
clinicopathologic types, such as organizing pneumo-
nia, usual IP, and lymphocytic IP, it is also not consid-
ered to be suitable to exclude patients with a history 
of IP alone.

Thus, at least at the present time, patients who will 
respond to gefitinib should be selected according to 
the presence of EGFR mutations, and gefitinib should 
be used while considering the risk of ILD, especially 
in patients with a history of smoking or IP.

place in Therapy
Many studies reported that gefitinib could significantly 
improve the PFS and QOL of patients and suggested 
that it can be used at any stage of therapy for NSCLC 
with EGFR mutations;13 however, controversy remains 
over whether it should be used as a first-line therapy. 
Recently, the majority of studies assessing the useful-
ness of gefitinib in first-line therapy have shown that 
although it could significantly improve PFS, its use as 
a first-line drug had insignificant effects on OS because 
most of the patients randomized into the control group 
(which did not use gefitinib as a first-line therapy) had 
used gefitinib at a previous stage of therapy after their 
first-line therapy failed. Thus, no studies have been able 
to recommend the best timing for the use of gefitinib. 
However, some studies have reported the success-
ful rechallenge of patients using gefitinib or therapy 
using standard SCLC treatments after acquiring gefi-
tinib resistance. Moreover, although the  possibility 
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that  gefitinib may not be suitable for patients with a 
poor PS in the later stage of therapy was reported,61 
Inoue et al88 indicated that EGFR mutation-positive 
patients with an extremely poor PS benefit from first-
line gefitinib therapy. Thus, there are some who think 
that gefitinib should be used in the early stage of ther-
apy for patients with EGFR mutations and especially 
for patients with advanced age, poor PS, or advanced 
cancer to avoid missing the opportunity of using gefi-
tinib. Furthermore, in 2011, Oxnard et al94 reported a 
significant improvement of OS by the continuation of 
EGFR-TKI therapy beyond that expected from disease 
progression. According to these reports and discus-
sions, gefitinib may be used in the early stage of ther-
apy, but not as a final tool for those patients expected to 
respond to gefitinib with a lower risk of ILD. Although 
the high efficacy of continuing gefitinib beyond dis-
ease progression has been reported, more studies are 
required to conclude the efficacy of gefitinib therapy 
beyond disease progression.

With regard to genetic analysis, we believe that 
at least the EGFR genotypes should be examined in 
all cases, and ideally, EGFR and KRAS genotypes 
should be examined from the clinical and basic 
research point of view. In Japan, EGFR genotyping 
for all cases and EML4-ALK genotyping for those 
patients with wild-type EGFR was recommended in 
the clinical situation. Patients with an EGFR mutation 
should receive EGFR-TKI therapy in the early stage 
of therapy. Although there is little evidence to sup-
port the idea that this strategy would benefit patients 
with mutations in both EGFR and KRAS given the 
extremely limited number of reported cases, we con-
sider that these cases should be regarded as patients 
with an EGFR mutation and receive TKIs under care-
ful observation, and these cases should be reported.

However, there are some problems associated with 
the genetic analysis of patient samples. For example, 
genetic analysis cannot be performed in facilities 
with limited resources because of its complexity, time 
consuming nature, and high cost. However, samples 
should be submitted to genetic analysis services, and 
a therapeutic strategy should be devised according to 
the genotypes. If genetic analysis is not available due 
to some reasons such as time or environmental con-
straints, a clinicopathological diagnosis or general 
status may help physicians to choose a target or non-
target therapy.

Recently, some genetic analysis methods, which 
can be used at the bedside or in a general outpatient 
clinic, have been developed. We also reported a new 
rapid and highly sensitive method that can detect 
genetic variations within 1 hour. We believe that 
genetic analysis will be available in all facilities and 
at all bedsides in the near future.

conclusions
The identification of the relationship between the 
presence of EGFR mutations and a higher response 
to gefitinib has dramatically improved the outcome 
of NSCLC therapy. Although there is a clinical 
benefit reported for patients with EGFR mutations 
receiving gefitinib as first-line therapy, genetic status 
does not appear to influence the survival of NSCLC 
patients receiving gefitinib as second- or third-line 
therapy when compared with other standard forms of 
 chemotherapy. Exploratory biomarker analysis in the 
INTEREST study showed that there was no signifi-
cant difference in the OS between gefitinib and doc-
etaxel according to EGFR mutation status; however, 
there did appear to be improved PFS and higher RR 
for patients with EGFR mutations treated with gefi-
tinib than in those treated with docetaxel.

Some studies are currently ongoing in Asian and 
other populations to further define the role of gefitinib 
in the treatment of advanced NSCLC. At the present 
time, we have many findings to identify the appro-
priate timing and appropriate patients for gefitinib; 
however, the impact of inter-individual differences 
for the PK of gefitinib on the inter-individual differ-
ences in clinical outcomes has not been clarified, and 
we cannot adjust the blood concentration of gefitinib 
for individual patients. We believe that, as a next 
stage, PK studies of gefitinib can improve its efficacy. 
Some genetic variations of CYPs, which metabolize 
gefitinib, and transporters, such as ABCG2, were 
reported, and the impact of those genetic varia-
tions on the PK of some drugs was also revealed. 
 Furthermore, Nakamura et al42 indicated the effect 
of the blood concentration of gefitinib on its clini-
cal effects. Consequently, although the IDEAL study 
assessed the optimal dose of gefitinib in all enrolled 
patients, analyzing the effects of genetic variations or 
the PK of gefitinib on the clinical outcome might be 
important in order to increase the effect of gefitinib in 
the future.
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We believe that the identification of the cause of 
acquired drug resistance and incidence of ILD, as 
well as the establishment of a method to avoid both 
of them, will further improve the outcome of therapy 
using EGFR-TKIs.
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