
Abstract. Background: Gefitinib and erlotinib are used to
treat advanced non-small cell lung cancer (NSCLC).
Gefitinib is a common first-line treatment, but most patients
develop resistance. This phase II study evaluated the efficacy
of erlotinib after acquired resistance to gefitinib. Patients
and Methods: Between January 2008 and September 2009,
we enrolled 50 patients with advanced NSCLC who had
received one or more chemotherapy regimens, including
gefitinib monotherapy to which they had partial responses
(PR) or stable disease (SD). Erlotinib (150 mg) was
administered until disease progression or unacceptable
toxicity. Patients were 11 males, 39 females; median age 65
years (range=36-81 years); 46 with adenocarcinoma;
performance status 0/1/2: 24/19/7; and smoking status,
never/former/current: 33/15/2. Prior gefitinib response,
PR/SD: 36/14. Median duration of prior gefitinib therapy
was 419 days (range=63-1,540 days). Median interval after
gefitinib therapy was 29 days (range=13-1,198 days).
Results: Of 47 patients on erlotinib, four showed PR and 29
showed SD [response rate, 8.5%; disease control rate
(DCR), 70.2%]. DCR for patients who continued gefitinib
treatment for more than one year was significantly higher
(81.5%) than for patients who could not continue (57.1%;
p=0.018); but was not affected by prior gefitinib response or
treatment interval. Median tiMETo treatment failure: 100
days (95% confidence interval=90-110 days); median overall
survival: 342 days (95% confidence interval=242-442 days).

Rash (78%) and diarrhea (68%) were the most common
adverse reactions; grade 5 pneumonitis occurred in one
patient (2%). Conclusion: Erlotinib treatment after gefitinib
failure may prolong the efficacy of epidermal growth factor
receptor tyrosine kinase inhibitors treatment.

Gefitinib and erlotinib are orally-active epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKI), which
are available in current clinical practice. Gefitinib is the first
EGFR-TKI developed and approved for non-small cell lung
cancer (NSCLC) (1, 2). Gefitinib therapy elicits
extraordinary responses in female patients, patients who have
never smoked, patients with adenocarcinomas, patients of
Asian origin, and patients with EGFR mutations (3-6). In
addition, the IPASS study showed that gefitinib monotherapy
improved progression-free survival (PFS) compared to
platinum-doublet chemotherapy in Asian patients who had
adenocarcinomas and were non-smokers or light smokers
(7). Furthermore, two Japanese phase III studies
demonstrated that gefitinib dramatically prolonged PFS in
patients who had EGFR mutations (8, 9). Therefore, gefitinib
is usually used as a first EGFR-TKI treatment in Japan.
Unfortunately, even patients who initially respond to
gefitinib may eventually develop resistance to gefitinib. This
happens over time, almost without exception. Currently, no
optimal treatment has been identified for NSCLC after
failure of gefitinib treatment.

Erlotinib was the second EGFR-TKI developed and
approved for NSCLC (10). Erlotinib prolonged overall
survival in a phase III study compared with placebo in non-
selected previously treated patients with NSCLC (11).
Erlotinib also appeared to improve survival not only for never-
smokers and Asians but also most of the other patient subsets. 

Several explanations have been considered for the different
efficacies of gefitinib and erlotinib. The standard doses of
erlotinib and gefitinib are not biologically-equivalent because
erlotinib is administered at the maximum tolerated dose
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(MTD), whereas gefitinib is administered at approximately
one-third of its MTD; differences in tumor sensitivity might
be associated with these different concentrations. The half-
maximal (50%) inhibitory concentration (IC50) value of
erlotinib is lower than that of gefitinib (12). Several studies
showed that erlotinib may be efficacious in patients with
resistant tumors that had previously responded to gefitinib
(13, 14). However, these studies used small sample sizes or
retrospective analyses. To our knowledge, no studies have
evaluated the efficacy in limited patients with resistant tumors
that had previously responded to gefitinib prospectively. We
conducted a phase II study to evaluate the efficacy of erlotinib
against acquired resistance to gefitinib. 

Patients and Methods

Study design. This phase II study was conducted in patients whose
advanced NSCLC had previously responded to gefitinib. The
primary objective of this study was disease control rate (DCR).
Secondary objectives included adverse reactions, time to treatment
failure (TTF), response rate (RR), and overall survival (OS). 

Eligibility criteria. The eligibility criteria for enrollment in this study were
as follows: histologically confirmed NSCLC, age 20 years or over,
relapsed after gefitinib treatment which obtained complete response (CR),
partial response (PR), or stable disease (SD), one or more prior
chemotherapy regimens, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 to 2, life expectancy of at least three
months, adequate organ function [leukocytes ≥3,000/mm3, hemoglobin
≥7.5 g/dl, platelets ≥100,000/mm3, serum creatinine ≤1.5 mg/dl, total
bilirubin ≤1.5 mg/dl, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) ≤100 IU/l and PaO2 ≥60.0 torr]. Patients were
excluded from the trial for any of the following reasons: uncontrolled
malignant pleural or pericardial effusion, a concomitant serious illness
contraindicating chemotherapy, history of interstitial lung disease (ILD)
during prior gefitinib therapy, pregnancy, or breast-feeding. All patients
provided written informed consent. The study protocol was approved by
the Institutional Ethics Committee of each of the participating institutions.

Treatment. All patients received 150 mg erlotinib once daily before
breakfast, and were treated with this dose daily until disease
progression or unacceptable toxicity. In the event of treatment-related
toxicity, two dose reductions were permitted per patient. The first
reduction was to 100 mg/day, the second reduction was to 50 mg/day.
Erlotinib treatment could be interrupted within four weeks. No dose
escalations were permitted. For grade 3 or intolerable grade 2 rash or
stomatitis, treatment was discontinued until improvement to grade 2
or less, and then a lower dose of erlotinib was started. 

Assessment. Adverse reactions were monitored, graded, and
recorded according to the National Cancer Institute Common
Toxicity Criteria version 3.0 (15). Efficacy was assessed by a
physician on the basis of antitumor effect according to the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.0 (16). The
response was confirmed for at least four weeks for a CR or PR, or
six weeks for SD, after it was first documented. TTF was defined
as the time during which patients were treated with erlotinib. OS
was defined as the time from registration to death from any cause. 

Statistics. Simon’s two-stage optimal design was used to determine
the sample size. A DCR of 50% would be the target activity level of
interest, whereas a rate of 30% would be the lower activity level of
interest. With α=0.10 and β=0.10, the estimated accrual number was
46 patients. Allowing for a 10% loss to follow-up, a total of 50
patients were planned to be enrolled. DCR was compared between
demographic factors using Pearson’s chi-square test. The survival
distribution was estimated by the Kaplan–Meier method. A value of
p≤0.05 was considered significant.

Results

Patients’ characteristics. From January 2008 to September
2009, 50 eligible patients were enrolled in this study. All
patients received erlotinib treatment. Patient characteristics
are summarized in Table I. The median age of patients
entering this study was 65 years. Four-fifths of the patients
were female (78%); adenocarcinoma was the major
histological type (92%); and 33 patients (66%) had never
smoked. All patients had received previous chemotherapies;
approximately half had received more than three
chemotherapy regimens. Prior responses to gefitinib were PR
in 35 patients (70%), and SD in 15 patients (30%). The
median duration of prior gefitinib treatment was 424 days.
The median interval from gefitinib treatment was 32 days.
EGFR mutations were analyzed in 24 out of 50 patients
(48%) before initiation of gefitinib therapy, and were
detected in 20 of those 24 patients (83%). 

Efficacy. Out of 50 patients, 47 (94%) were included in the
response analysis. Of the three patients who were not
included, one patient moved to another hospital because of
personal circumstances, another was not able to take erlotinib
tablets, and the third patient stopped erlotinib treatment due to
severe toxicity (ILD) before their first response analyses. Four
patients had PR, 29 patients had SD, and 14 patients had PD
(Table II). The DCR and RR were 70.2% and 8.5%,
respectively. Figure 1 shows the best response to erlotinib
treatment as compared with pre-treatment baseline. Numbers
along the x axis indicate arbitrarily assigned participant
numbers from 1 to 43. The bars indicate the percentage
change in tumor burden from baseline. Four patients are not
included in this plot. They were clinically assessed as having
had PD, although their response analyses were evaluated in
non-target lesions. Twenty patients (46.5%) had some degree
of tumor shrinkage. The median TTF was 100 days [95%
confidence interval (CI)=90-110 days], the median OS was
342 days (95% CI=185-303 days), and the 1-year survival
rate was 50.0%.

Safety. Adverse reactions were evaluated in 50 patients
(Table III). The most common adverse reactions were rash
(78%) and diarrhea (68%). Only one patient developed ILD.
He was 74-year-old smoker with a history of stage IV left
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upper lobe adenocarcinoma for which he had received three
successive regimens (S-1 and cisplatin with concurrent
thoracic radiotherapy, docetaxel, and gefitinib), followed two
weeks later by erlotinib. He received gefitinib for about three
months. He did not develop ILD during gefitinib therapy.
Ground-glass opacity was detected in the bilateral lung fields
by chest computed tomography 26 days after the start of
erlotinib administration; the patient immediately received
oxygen, corticosteroids and, later, cyclophosphamide.
However, his respiratory failure progressed, his condition
deteriorated and he died on day 39.

EGFR mutation analysis and clinical outcome. EGFR
mutation analyses were performed in 24 out of 50 patients
(48%) before initial gefitinib therapy. EGFR mutations were
detected in 20 out of 24 patients (83%). In these 20 patients,
three had PR, 11 had SD, five had PD and one was not
evaluable (NE). In patients with wild-type EGFR, three had
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Table I. Patients’ characteristics.

Characteristic N

Patients 50
Gender

Male 11
Female 39

Age (years)
Median 65
Range 36-81

Performance status
0 24
1 19
2 7

Smoking status
Current 2
Former 15
Never 33

Histology 
Adenocarcinoma 46
Squamous cell carcinoma 2
Large cell carcinoma 2

EGFR mutation status
Positive 20
Negative 4
Unknown 26

Number of prior chemotherapy regimens
1 6
2 17
3 15
4 10
5 2

Prior gefitinib response
PR 35
SD 15

EGFR, Epidermal growth factor receptor; N, number of patients; PR,
partial response; SD, stable disease.

Table II. Patients’ response (N=47).

Response N %

CR 0 0.0
PR 4 8.5
SD 29 61.7
PD 14 29.8
DCR 70.2
RR 8.5

CR, Complete response; DCR, disease control rate; N, number of
patients; PD, progressive disease; PR, partial response; SD, stable
disease; RR, response rate.

Figure 1. Best response of target lesions by the RECIST criteria.



SD, and one had PD. In patients who did not know their
EGFR mutation status, one had PR, 14 had SD, nine had PD
and two were NE. The RR and DCR of patients with EGFR
mutation were 15.8% and 73.7%, respectively. Data are
summarized in Table IV. These patients did not undergo re-
biopsy after initial gefitinib and erlotinib treatments.

Subgroup analysis specified to treatment effects. We analyzed
three subgroups of patients with prior gefitinib therapy to
specify treatment effects of erlotinib after failure of gefitinib.
The effect of erlotinib on DCR was greatest in patients who
continued gefitinib for more than one year, for whom it was
significantly higher than in patients who took gefitinib for
one year or less (80.8% vs. 52.4%, p=0.038). The DCR did
not depend on response to gefitinib or interval from gefitinib
therapy (Table IV). When modeled in a multi-variable setting
using logistic regression, duration of gefitinib treatment was
significantly associated with DCR of erlotinib.

Discussion

Our study showed that RR and DCR with erlotinib were 8.5%
and 70.2% in patients previously treated with gefitinib,
respectively. The DCR of our study was higher than that of the
previous prospective phase II study, which evaluated the
efficacy of erlotinib after failure of gefitinib (13). In that study,
the RR and the DCR were 9.5% and 28.6%, respectively. Their
study and ours differed in eligibility criteria regarding patient
enrolment. In our study, only patients who showed CR, PR or
SD from gefitinib treatment were enrolled, whereas patients

who had been previously treated with gefitinib were enrolled
in the previous study. Actually, half of patients in their study
did not respond to gefitinib. Jackman et al. proposed criteria
for acquired resistance to EGFR-TKIs in lung cancer (17). The
criteria they proposed are the following: previous treatment
with a single-agent EGFR-TKI (i.e. gefitinib or erlotinib);
either a tumor that harbors an EGFR mutation known to be
associated with drug sensitivity, or objective clinical benefit
from treatment with an EGFR-TKI; systemic progression of
disease (by RECIST or WHO standards) while on continuous
treatment with gefitinib or erlotinib within the previous 30
days; and no intervening systemic therapy between cessation
of gefitinib or erlotinib and initiation of new therapy. In our
study, half of the patients (25 patients) acquired resistance and
the other half were sensitive to EGFR-TKI, per Jackman et
al.’s criteria. However, we did not observe a significant
difference in DCR to erlotinib between patients who met these
criteria and those who did not (65.2% vs. 70.8%, p=0.680). 

Several mechanistic explanations have been already
identified for acquired gefitinib resistance in patients with
NSCLC with EGFR mutations. Two major mechanistic
explanations are second-site EGFR mutation (T790M) and
mesenchymal–epithelial transition (MET) amplification (18-
21). Some irreversible EGFR-TKIs and MET inhibitors have
shown antitumor activity in patients resistant to gefitinib or
erlotinib in pre-clinical studies (20, 22-26). Several
irreversible EGFR-TKIs were evaluated in phase II studies
of patients with NSCLC with acquired resistance to gefitinib
or erlotinib (27-29); RRs were 3.4% (EGFR mutant) and 0%
(EGFR wild-type) to neratinib, 3% to XL647, and 7.0% to
PF-00299804. Recently afatinib, an irreversible avian
erythroblastosis oncogene B (ERBB) family blocker, was
evaluated in a phase IIb/III randomized study for patients
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Table III. Adverse reactions.

Adverse N
reaction

NCI-CTC grade ≥Grade 3 Total (%)
(%)

1 2 3 4 5

Rash 14 23 2 0 0 2 (4%) 39 (78%)
Dry skin 15 10 0 0 0 0 (0%) 25 (50%)
Diarrhea 27 7 0 0 0 0 (0%) 34 (68%)
Stomatitis 10 6 0 0 0 0 (0%) 16 (32%)
Anorexia 11 4 0 0 0 0 (0%) 15 (30%)
Infection 0 4 1 0 0 1 (2%) 5 (10%)
Pneumonitis 1 0 0 0 1 1 (2%) 2 (4%)
Leucocytes 7 2 0 0 0 0 (0%) 9 (18%)
Hemoglobin 6 2 2 0 0 2 (4%) 10 (20%)
Bilirubin 12 5 1 0 0 1 (2%) 18 (36%)
AST 8 2 1 0 0 1 (2%) 11 (22%)
ALT 5 3 0 1 0 1 (2%) 9 (18%)
Creatinine 7 3 0 0 0 0 (0%) 10 (20%)

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; N,
number of patients.

Table IV. Correlation of the disease control rate (DCR) of erlotinib with
prior gefitinib therapy.

p-Value

N DCR Univariate Multivariate 
analysis analysis

Response to gefitinib 0.508
PR 32 71.9
SD 15 60.0

Interval from gefitinib 0.401
Within 1 month 24 62.9
Over 1 month 23 73.4

Duration of gefitinib treatment 0.038 0.043
Within 1 year 21 52.4
Over 1 year 26 80.8

N, Number of patients; DCR, disease control rate; PR, partial response;
SD, stable disease.



with NSCLC after failure of erlotinib, gefitinib, or both
(LUX-Lung 1) (30). In LUX-Lung 1, patients were limited
to those who had disease progression after at least 12 weeks
of treatment with erlotinib or gefitinib. Among patients in the
afatinib group, 91% had responded to previous courses of
EGFR-TKI with CR, PR or SD, as had 94% in the placebo
group. Although PFS and RR were significantly better in the
afatinib-treated group, there was no significant difference in
overall survival between the two groups. 

Even today, there is no established treatment after failure of
gefitinib. Recently, Sequist et al., using systematic genetic
analyses of tumor biopsies in patients with acquired EGFR-
TKI resistance who underwent multiple-line treatments, found
that mutations for EGFR-TKI resistance were potentially
reversible; a few such cases showed regained sensitivity to
subsequent rounds of EGFR-TKI treatment after selective
pressure from earlier EGFR-TKI treatments had ceased (31).
Clinically, we also sometimes see a disease ‘flare’—accelerated
disease progression after discontinuation of gefitinib. Chaft et
al. examined six clinical trials of patients with acquired EGFR-
TKI resistance, and reported that 14 out of 61 patients (23%)
experienced disease flares (32). Therefore, some patients are
still sensitive to EGFR-TKI even after becoming resistant to
gefitinib, and they may receive clinical benefits from EGFR-
TKI by changing from gefitinib to erlotinib. 

In conclusion, erlotinib has been shown to achieve disease
control after acquired resistance to gefitinib. Erlotinib is a
treatment option after gefitinib failure, and may prolong the
efficacy of EGFR-TKI treatment.
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