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Abstract

Background: The presence of EGFR (epidermal growth fac-
tor receptor) mutations is a robust predictor of EGFR tyrosine
kinase inhibitor (TKI) responsiveness. Predictors of EGFR-TKI
responsiveness in EGFR-mutant non-small cell lung cancer
(NSCLCQ) patients, however, have not been well investigated.
The purpose of this study is to examine predictors of EGFR-
TKI responsiveness in EGFR-mutant NSCLC patients. Pa-
tients and Methods: Seventy EGFR-mutant NSCLC patients
who received EGFR-TKIs in our institution between April
2007 and March 2013 were analyzed retrospectively. Re-
sults: The objective response rate was 50.0% (95% confi-
dence interval, Cl, 38.6-61.4%) and the disease control rate
was 91.4% (95% Cl, 82.5-96.0%). The median progression-
free survival (PFS) and overall survival were 9.0 (95% Cl, 3.92—
14.08) and 20.8 months (95% Cl, 14.56-27.04), respectively.
In multivariate analysis, adenocarcinoma (hazard ratio, HR,
12.25; 95% Cl, 37.7-41.10; p < 0.001) and major mutations
(deletions in exon 19 and L858R point mutation in exon 21;

HR, 2.46; 95% Cl, 1.14-5.28; p = 0.022) were significant pre-
dictors of longer PFS. Conclusion: Major mutations and ad-
enocarcinoma histology were independent predictors of
better treatment outcome in EGFR-mutant NSCLC patients
who received EGFR-TKIs. Further well-controlled prospec-
tive studies are warranted to confirm our findings.

© 2014 S. Karger AG, Basel

Introduction

Lung cancer is the leading cause of cancer-related
mortality worldwide [1]. The identification of EGFR (epi-
dermal growth factor receptor) mutations in non-small
cell lung cancer (NSCLC) patients {2, 3] and their asso-
ciation with remarkable response to EGFR tyrosine ki-
nase inhibitors (TKIs), such as erlotinib and gefitinib [2-
11], have led to a paradigm shift in the management of
advanced NSCLC.

Initially, East-Asian origin, female sex, adenocarcino-
ma histology and never-smoking history were identified
as clinical predictors for a favorable response to EGFR-
TKIs in advanced NSCLC patients [12-15]. Subsequent
trials revealed that activating mutations of the EGFR gene
were predominantly present in patients with the above-
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mentioned clinical predictors [16-19]. It is also worthy of
note that the predictive value of the EGFR mutation sta-
tus is superior to the other clinical predictors for EGFR-
TKI responsiveness [20-22]. EGFR mutation is now re-
garded as the most robust predictor for clinical response
to EGFR-TKIs.

Several recent studies have shown that EGFR-TKI re-
sponsiveness differs in cases of ‘minor mutations’ (muta-
tions other than deletions in exon 19 and L858R point
mutation in exon 21) or without adenocarcinoma histol-
ogy from that in cases of ‘major classical mutations’ [23-
26] or adenocarcinoma histology [27-29]. While some
reports have shown that EGFR-TKIs are less effective for
these cases, the number of EGFR-mutant patients with
such characteristics is innately small. Therefore, a direct
comparison between these factors and the other afore-
mentioned well-known predictors (e.g. gender/smoking
status) of EGFR-TKI responsiveness has not been report-
ed. Furthermore, the predictors of EGFR-TKI respon-
siveness in EGFR-mutant patients have not been exten-
sively investigated [6, 30]. Identification of the factors
which have predominant roles in determining EGFR-
TKI responsiveness in EGFR-mutant NSCLC patients
would be beneficial for clinicians, because early identifi-
cation of patients who will be resistant to EGFR-TKIs
would be helpful in the choice of treatment.

In this retrospective study, we investigated clinical
predictors associated with treatment outcome in EGFR-
mutant NSCLC patients treated with EGFR-TKIs.

Methods

Patients and Clinical Characteristics

A total of 378 consecutive patients diagnosed with advanced
NSCLC were screened for EGFR mutations between April 2007
and March 2013 at the Tosei General Hospital (Aichi, Japan).
EGFR mutations were detected in 122 patients (32.3%), and 80 met
the following inclusion criteria: (1) histologically or cytologically
confirmed NSCLC at stage IIIB/IV or relapse, (2) history of treat-
ment with either gefitinib or erlotinib, and (3) measurable disease
by computed tomography (CT). Ten were excluded from the
study: 3 had a history of prior treatment with EGFR-TKI; 7 discon-
tinued EGFR-TKI treatment before the first response evaluation
mainly because of symptomatic deterioration in 3 patients, death
due to lung cancer in 2 and intolerable toxicity in 2. The remaining
70 patients were selected and assessed in this study. Baseline clini-
cal characteristics were determined by retrospective chart review,
including age, gender, tumor histology, EGFR mutation types,
smoking history [nonsmoker (<100 cigarettes in a lifetime) vs. for-
mer or current smoker], baseline Eastern Cooperative Oncology
Group (ECOG) performance status (PS), stage and treatment line
(1st or 2nd line vs. 23rd line). Lung cancer histology was defined
on the basis of the World Health Organization pathology classifi-
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cation. Clinical staging was decided according to the seventh edi-
tion of the tumor node metastasis classification of NSCLC. Sur-
vival status was monitored until the end of June 2013. This study
was approved by the Institutional Review Board of the Tosei Gen-
eral Hospital.

EGER-TKI Treatment and Response Evaluation

The initial doses of gefitinib and erlotinib were 250 and 150 mg/
day, respectively, until disease progression, intolerable toxicity or
patient refusal. Pretreatment evaluation before EGFR-TKIs in-
cluded CT scan of the chest and/or abdomen, bone scintigram and
magnetic resonance imaging of the brain. Treatment response was
evaluated by CT scan every 4-8 weeks. In accordance with the Re-
sponse Evaluation Criteria in Solid Tumors, version 1.1 [31], ob-
jective clinical responses to EGFR-TKIs were classified as complete
response (CR), partial response (PR), stable disease (SD) or pro-
gressive disease (PD). SD was defined as disease control main-
tained for at least 6 weeks. All responses were confirmed at least
4 weeks after initial assessment. The response rate (RR) and disease
control rate were defined as the best tumor responses of CR + PR
and CR + PR + SD 26 weeks, respectively.

Analysis of EGFR and Tumor Histology

Tumor specimens were obtained by various methods: trans-
bronchial bronchoscopic lung biopsy, ultrasound or CT-guided
needle biopsy, cell blocks of malignant effusion and surgical
tissue. Biopsied or surgically resected specimens were fixed
with formalin and embedded in paraffin and subjected to an
EGFR mutation analysis based on the peptide nucleic acid-
locked nucleic acid polymerase chain reaction clamp method
[32]. For this study, deletions in exon 19 and L858R in exon 21
were considered major mutations. Minor mutations were de-
fined as mutations in exons 18 and 20, and unusual mutations
occurring in exons 19 and 21. When two or more different mu-
tations were found simultaneously, the mutation types were
defined as complex mutations [33]. If one of the contained mu-
tations was a major mutation, they were classified as major mu-
tations according to a previous study that showed gefitinib was
as effective for complex mutations containing major mutations
as for single major mutations [34]. Paraffin blocks were also
used for immunohistochemical staining of cytokeratin 5-6 and
thyroid transcription factor 1 after deparaffinization of 3- to
4-pm-thick sections.

Statistical Analyses

We used Pearson x? and Fisher’s exact tests to assess the cor-
relations between clinical variables and treatment efficacy, when
appropriate. Progression-free survival (PES) and overall survival
(OS) were measured from the date of the initiation of gefitinib or
erlotinib until the date of disease progression or death from any
cause for PFS and until the date of last follow-up, death or the final
follow-up day of the study for OS. The Kaplan-Meier method was
applied to estimate PFS and OS, and survival differences between
groups were analyzed by the log-rank test. Cox proportional haz-
ard regression models were used to evaluate factors in longer sur-
vival. A backward stepwise approach was adopted as our variable
selection method for multivariate analyses. All statistical tests were
two sided, and values of p < 0.05 were considered statistically sig-
nificant. Statistical analyses were carried out using SPSS version
19.0 (IBM Corporation, Armonk, N.Y., USA).
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Table 1. Patient characteristics (n = 70)

Age, years
Median 68.1
Range 43-90
Gender
Female 47 67.1
Male 23 32.9
Smoking history
Former or current smoker 28 40.0
Nonsmoker 42 60.0
ECOGPS
0 34 48.6
1 23 329
2 5 7.1
3 4 5.7
4 4 5.7
Histology
Adenocarcinoma 66 94.3
Squamous cell carcinoma 3 4.3
Other 1 14
Tumor stage
I11B 10 14.3
v 49 70.0
Relapse 11 15.7
Treatment lines
st line 12 17.1
2nd line 45 64.3
>3rd line 13 18.6
EGFR mutation status
Major mutation 62 88.6
Minor mutation 8 114
EGFR-TKIs
Gefitinib 15 21.4
Erlotinib 55 78.6
Results

Patient Characteristics

Baseline characteristics of the 70 consecutive patients
are shown in table 1. Female patients (67.1%), never smok-
ers (60.0%) and patients with PS 0 or 1 (81.5%) were pre-
dominant. The most common tumor histology was ade-
nocarcinoma, which was present in 66 patients (94.3%).
All patients had advanced or recurrent disease: stage IIIB:
10 patients; IV: 49 patients, and recurrence: 11 patients. Of
these patients, 12 received EGFR-TKIs as 1st-line therapy,
45 as 2nd-line therapy, and 13 as 23rd-line therapy.

Of the 70 patients harboring EGFR mutation(s), major
single mutations were found in 59 patients (deletions in
exon 19 in 38 patients and L858R in exon 21 in 21 pa-

88 Oncology 2014;86:86-93
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Table 2. Univariate analysis of PFS

Age 0.863

Gender
Female 12.8 0.037
Male 4.0

Smoking history
Former or current smoker 6.9 0.080
Nonsmoker 12.8

ECOGPS
0-1 11.7 0.112
2-4 8.3

Histology
Adenocarcinoma 11.7 <0.001
No adenocarcinoma 2.1

Tumor stage
[IB 7.2 0.553
v 8.3
Relapse 17.9

Treatment lines

1st or 2nd 11.7 0.038

>3rd 7.2

EGFR mutation status
Major mutation 12.5 0.043
Minor mutation 4.3

EGFR-TKIs
Gefitinib 8.7 0.882
Erlotinib 9.7

tients). On the other hand, complex mutations were
found in 3 patients (deletions in exon 19 + L858R, G719S +
deletions in exon 19 and G719S + L858R in 1 patient
each). All 3 of the patients harboring complex EGFR mu-
tations had either of two major mutations (deletions in
exon 19 or L858R in exon 21). Therefore, they were clas-
sified as major mutations in this study. Finally, 62 pa-
tients were regarded as harboring major mutations.

Response to Treatment

Of the 70 patients, 4 had CR, 31 had PR and 29 had SD,
yielding an objective RR of 50.0% (95% confidence inter-
val, CI, 38.6-61.4%) and disease control rate of 91.4%
(95% CI, 82.5-96.0%).

Analysis of Survival

At the time of analysis, the median follow-up time was
19.7 months (range 1.3-74.0 months). The median PFS
was 9.0 months (95% CI, 3.92-14.08 months; fig. 1a), and
the median OS was 20.8 months (95% CI, 14.56-27.04
months); 31.4% of the patients were censored at the time
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Fig. 1. Kaplan-Meier plot of survival times. a PFS in all patients
(n =70): 9 months. b PES of patients classified according to EGFR
mutation status: 62 patients with major mutations (12.5 months)
and 8 patients with minor mutations (4.3 months; p = 0.043). ¢ PES

Table 3. Multivariate analysis of PFS
Ch;irgct“er‘i,stticsfufj':' - PFS .
‘ CHR  95%Cl  pvalue

12.25
2.46

3.77-41.10 <0.001
1.14-5.28 0.022

Histology, adenocarcinoma
EGFR, major mutation

of data cutoff. Analysis of PES is shown in table 2. Using
univariate analysis, female sex (12.8 vs. 4.0 months, p =
0.037), adenocarcinoma (11.7 vs. 2.1 months, p < 0.001),
1st- or 2nd-line therapy (11.7 vs. 7.2 months, p = 0.038)
and major mutations (12.5 vs. 4.3 months, p = 0.043) were
suggested to be predictors for longer PFS. There were no
significant differences in PFS according to age, smoking
history or ECOG PS. In the multivariate analysis using a
Cox proportional hazard model, adenocarcinoma (haz-
ard ratio, HR, 12.25; 95% CI, 37.7-41.10; p < 0.001) and
major mutations (HR, 2.46; 95% CI, 1.14-5.28; p = 0.022)
were significant predictors of longer PES (table 3). Ka-
plan-Meier plots stratified according to EGFR mutation
patterns or histological patterns are shown in figure 1b, c,
respectively. In the log-rank test, the median PFS was sig-
nificantly longer in patients with major mutations and
adenocarcinoma than in those with minor mutations (p =
0.043) and without adenocarcinoma (p < 0.001), respec-
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of patients classified according to tumor histology status: 66 pa-
tients with adenocarcinoma (11.7 months) and 4 patients without
adenocarcinoma (2.1 months; p < 0.001).

tively. The characteristics of the patients with minor mu-
tations and without adenocarcinoma are shown in tables
4 and 5, respectively.

Discussion

In this report, we retrospectively analyzed the clinical
factors associated with PFS in EGFR-mutant NSCLC pa-
tients treated with EGFR-TKIs. As mentioned above, we
confirmed by means of multivariate analysis that major
mutations and adenocarcinoma were independent pre-
dictors of longer PES after EGFR-TKI treatment. This re-
sult suggests that minor mutations are independent neg-
ative predictors of the efficacy of EGFR-TKI treatment,
and that histology is an important additional predictor to
consider when applying EGFR-TKI treatment to EGFR-
mutant NSCLC patients.

Several previous studies evaluated predictors of
EGFR-TKI responsiveness in EGFR-mutant NSCLC pa-
tients. For example, good PS and chemotherapy-naive
status [6], presence of deletions in exon 19 compared with
L858R [35, 36], and a small number of metastatic sites at
baseline [30] are reported predictors of longer survival.
However, the number of such studies is still rather small,
so that no firm predictors have been established yet.

Previous clinical trials investigating the efficacy of
EGFR-TKIs in EGFR-mutant NSCLC patients mainly fo-
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Table 4. Characteristics of patients with minor mutations

G, i

76 M former smoker  Ad 1 1st

79 F nonsmoker Ad 0 2nd
54 M former smoker  Ad 1 2nd
67 M former smoker  Ad 0 2nd
64 M former smoker  Ad 0 4th
63 F nonsmoker Ad 0 2nd
79 F nonsmoker Ad 0 2nd
84 F nonsmoker Ad 3 2nd

G719A gefitinib 5.9 SD
G719A erlotinib 4.3 PR
G719A erlotinib 2.6 PD
G719S erlotinib 1.8 PD
T790M erlotinib 0.9 PD
L861Q gefitinib 28.5 PR
1861Q erlotinib 4.4 PR
1L861Q erlotinib 9.0 SD

M = Male; F = female; Ad = adenocarcinoma; G719A = G719A point mutation in exon 18; G719S = G719S point mutation in exon
18; T790M = T790M point mutation in exon 20; L861Q = L861Q point mutation in exon 21.

Table 5. Characteristics of patients without adenocarcinoma

75 M former smoker Sq 0 3rd 19 del
72 M former smoker Sq 1 2nd

54 M former smoker Sq 0 3rd L858R
61 M former smoker NSCLC 1 3rd 19 del

19 del

erlotinib 0.6 PD well + -
erlotinib 2.4 SD well + -
erlotinib 2.1 SD well + -
erlotinib 2.8 SD poor - +

CK5-6 = Cytokeratin 5-6; TTF-1 = thyroid transcription factor 1; M = male; Sq = squamous cell carcinoma; NSCLC = NSCLC not
otherwise specified; 19 del = deletions in exon 19; L858R = L858R point mutation in exon 21; + = immunopositive; - = immunonegative.

cused on patients harboring two major EGFR mutations
(deletions in exon 19 and L858R point mutation in exon
21) [8-11, 18-22], while other minor mutations were ex-
cluded from the study cohorts. According to these trials,
minor mutations are calculated to account for only about
5-20% of all EGFR mutations. The clinical prevalence and
significance of minor mutations have not been complete-
ly ascertained. Recently, several studies have described
EGFR-TKI responses in patients with minor mutations
[24, 25]. From the results it is becoming increasingly clear
that not all EGFR mutations confer sensitivity to EGFR-
TKIs, and that the clinical associations of minor muta-
tions with EGFR-TKI responsiveness are heterogeneous.

We identified minor mutations in 8 patients (11.4%)
in our series, consisting of 4 G719X point mutations in
exon 18, 3 L861Q point mutations in exon 21 and 1
T790M insertion in exon 20. The median PFS was 4.3
months, which was significantly worse than that of pa-
tients with major mutations. In a recent study of EGFR-
mutant NSCLC patients, Wu et al. [24] investigated the
clinical features of ‘uncommon’ EGFR mutations. They

90 Oncology 2014;86:86-93
DOI: 10.1159/000357129

demonstrated that patients with G719X or L861Q muta-
tions had better survival than patients with other uncom-
mon mutations. However, compared with major muta-
tions, survival of patients with those mutations was short-
er (nonsignificant). On the other hand, T790M mutation
before treatment is known as a resistance mutation to
EGFR-TKI treatment [37, 38]. In the light of our results
and those of recently published studies, EGFR-TKI treat-
ment is less effective in patients with minor mutations
than in those with major mutations.

Many large-scale trials have revealed adenocarcinoma
histology as one of the independent predictors of outcome
in NSCLC patients treated with EGFR-TKIs. However,
when limited to EGFR-mutant NSCLC patients, the prog-
nostic value of histology has not been well established.
Recent studies have described the incidence of EGFR mu-
tations in patients without adenocarcinoma to be rare,
ranging from 0 to 20% [6, 10, 29, 39]. EGFR-TKI seems to
be generally less effective in such patients than in EGFR-
mutant adenocarcinoma patients. On the basis ofa pooled
analysis of 15 publications, Shukuya et al. [27] suggested
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that 27 EGFR-mutant squamous cell carcinoma patients
had diminished EGFR-TKI responsiveness, witha RR and
median PFS of 38% and 3.1 months, respectively. Hata et
al. [29] found that the incidence of EGFR mutations in
patients with squamous cell carcinoma was 13.3% (33 of
249 patients). The RR and median PFS after EGFR-TKI
treatment were 25% and 1.4 months, respectively. These
results are clearly inferior to pivotal data for EGFR-mu-
tant adenocarcinoma, for which, in general, the RR and
median PES have been reported to be 70-80% and 9-11
months, respectively [6-10]. Cho et al. [39] analyzed clin-
ical outcome in EGFR-mutant NSCLC patients without
adenocarcinoma who received EGFR-TKIs and com-
pared the results with those of EGFR-mutant adenocarci-
noma patients. The incidence of EGFR mutation was 8.4%
(21 of 250 patients). The median PFS was 3.7 months,
which was significantly lower than that of adenocarcino-
ma patients. In the present study, 4 of 70 patients were
without adenocarcinoma (5.6%), an incidence which is in
agreement with the cited studies. The median PES in those
studies was 2.1 months. This median PFS was significant-
ly worse than that of adenocarcinoma patients. Similar to
the results from recently published studies, absence of ad-
enocarcinoma is also a significant negative predictor of
EGFR-TKI responsiveness in our study.

It is noteworthy that female sex and absence of a
smoking history did not show any significance in pre-
dicting longer PFS in multivariate analysis in our study,
although they are well-known clinical factors for better
PFS after EGFR-TKI treatment. We suppose that this is
because our cohort includes only EGFR-mutant NSCLC
patients. Previous studies reported the advantage of
EGFR mutations in predicting the outcome of gefitinib
treatment compared with gender and smoking status
[20-22]. Given the superiority of the presence of EGFR
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Phase 11 study of erlotinib for previously treated patients
with EGFR wild-type non-small-cell lung cancer,
following EGFR mutation status reevaluation with the
Scorpion Amplified Refractory Mutation System
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Abstract. While assessing the efficacy of erlotinib in patients
with epidermal growth factor receptor (EGFR) wild-type
(WT) non-small-cell lung cancer (NSCLC), the sensitivity of
the method used for the EGFR mutation analysis may affect
the evaluation of the efficacy. We conducted a phase II study
of erlotinib for previously treated patients with EGFR WT
NSCLC screened by the peptide nucleic acid-locked nucleic
acid (PNA-LNA) polymerase chain reaction (PCR) clamp
method, which is known to be highly sensitive. The primary
endpoint was the objective response rate (ORR). Preplanned
reevaluation of the EGFR genotype as an exploratory endpoint
was performed using the Scorpion Amplification Refractory
Mutation System (S-ARMS) assay. Erlotinib was administered
daily until disease progression or development of unacceptable
toxicity. A total of 53 evaluable patients were enrolled. The
histological subtypes were adenocarcinoma in 40 patients,
squamous cell carcinoma in 9 patients and not otherwise speci-
fied NSCLC in 4 patients. Partial response (PR) was achieved
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in 6 patients (4 with adenocarcinoma and 2 with squamous
cell carcinoma). The ORR was 11.3% [95% confidence
interval (CI): 4.3-23.0]. The median progression-free survival
(PFS) was 1.8 months (95% CI: 1.2-2.3). Samples from 26
of the 53 patients (49.0%) were available for EGFR mutation
reanalysis with the S-ARMS assay. Of these 26 samples, only
1 sample of adenocarcinoma was found to be EGFR muta-
tion-positive (exon 19 deletion) and the patient achieved a PR.
The EGFR WT genotype was reconfirmed by the S-ARMS
assay in the remaining 25 patients and 2 of these patients
exhibited a PR. This study did not meet the primary endpoint,
although erlotinib was found to be moderately effective in
pretreated patients with EGFR WT NSCLC, even when the
EGFR mutational status was confirmed by the highly sensitive
PNA-LNA clamp PCR method.

Introduction

- Lung cancer remains the leading cause of cancer-related

mortality worldwide. Non-small-cell lung cancer (NSCLC) is
the predominant histological type of lung cancer and ~70.0%
of all NSCLC patients have advanced-stage IIIB or IV disease
at diagnosis. Platinum-based chemotherapy is currently the
standard treatment for advanced NSCLC; however, almost all
the patients treated by initial chemotherapy alone eventually
develop a relapse.

Erlotinib, a selective epidermal growth factor receptor
(EGFR)-tyrosine kinase inhibitor (TKI), is currently
recommended as second- or third-line standard treatment in
patients with NSCLC (1). The presence of activating somatic
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mutations in the EGFR gene has been shown to be a predictor
of the response to treatment with EGFR-TKIs (2) and first-line
EGFR-TKI therapy for patients with EGFR mutation-positive
NSCLC was shown to improve the progression-free
survival (PFS) compared to standard platinum-based
chemotherapy (3-6). However, the results of subgroup analyses
in the BR21 and SATURN trials suggest that erlotinib may
also be beneficial to patients with EGFR wild-type (WT)
NSCLC (1,7).

While assessing the efficacy of erlotinib in patients with
EGFR WT NSCLC, the sensitivity of the method(s) used
for the EGFR mutation analysis may affect the results of
the evaluation. Although direct DNA sequencing has been
widely used for EGFR mutation analysis, several new tech-
niques, such as the peptide nucleic acid-locked nucleic acid
(PNA-LNA) polymerase chain reaction (PCR) clamp method
and the Scorpion Amplification Refractory Mutation System
(S-ARMYS) assay are currently available (8,9). Kim et al (10)
reported a higher sensitivity of the PNA-LNA clamp method
as compared to direct DNA sequencing for the detection of
EGFR mutations in patients with NSCLC. In their study,
the EGFR mutation positivity rate in 240 NSCLC patients
was 34.6% when assessed by the PNA-LNA clamp method,
but only 26.3% when assessed by direct DNA sequencing.
Therefore, it is possible that erlotinib is found to be consider-
ably less effective in patients with EGFR WT NSCLC, when
the EGFR genotype is confirmed by highly sensitive methods,
such as the PNA-LNA clamp method.

In addition, the predictive value of KRAS mutations for
the efficacy of erlotinib in patients with EGFR WT NSCLC
has not been fully elucidated. It was previously suggested
that the presence of KRAS mutations may predict a poor
response to EGFR-TKI therapy in patients with NSCLC (11).
However, the EGFR mutation status may be a confounding
factor in the analysis of the predictive value of KRAS muta-
tions, since KRAS and EGFR mutations exhibit a strong
negative correlation and EGFR mutation is a predictor of the
response to EGFR-TKI therapy. Therefore, further evaluation
of the predictive value of KRAS mutations in patients with
EGFR WT NSCLC is required.

Based on these findings, we conducted a multicenter
phase II trial of erlotinib for previously treated patients with
EGFR WT NSCLC. The primary endpoint of this study was
to assess the efficacy and safety of erlotinib in patients with
EGFR WT NSCLC, as confirmed by the PNA-LNA clamp
method, which is a highly sensitive method for EGFR muta-
tion analysis. Preplanned reevaluation of the EGFR and KRAS
mutation status as exploratory endpoints was performed using
the S-ARMS assay in this study.

Patients and methods

Study design. This study was a multicenter, open-label,
single-arm, phase II trial conducted in Japan. The study
protocol was approved by the Central Japan Lung Study Group
(CILSG) Protocol Review Committee and the Institutional
Review Board of each center as the CJLSG 0903 trial. The
study was performed in accordance with the principles laid
out in the Declaration of Helsinki and is registered with the
University Hospital Medical Information Network in Japan

MORISE et al: ERLOTINIB FOR EGFR-WT NSCLC WITH REEVALUATION OF THE EGFR MUTATION STATUS

(no. 000002692). The primary endpoint was the objective
response rate (ORR) and the secondary endpoints were
disease control rate (DCR), PFS, overall survival (OS) and
safety. Moreover, if residual samples were available, we
performed a preplanned reevaluation of the EGFR mutation
status and KRAS mutation analysis with the S-ARMS assay
as a secondary endpoint.

Eligibility criteria. Pretreated stage IIIB/IV NSCLC patients
were assessed regarding their eligibility for enrollment
in this study. The main inclusion criteria were as follows:
Pathologically proven NSCLC; EGFR WT genotype confirmed
by the PNA-LNA PCR clamp method; history of one or two
prior chemotherapies, including at least one platinum-based
chemotherapy; age =20 years; Eastern Cooperative Oncology
Group performance status (PS) of 0-2; adequate bone marrow,
hepatic and renal function; at least one measurable lesion as
defined by the Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1 (12); life expectancy of =3 months; and
patient willingness to provide written informed consent. The
main exclusion criteria were as follows: Pulmonary disorders,
such as interstitial lung disease, pneumoconioses, or active
radiation pneumonitis; severe eye disorders; and massive
pleural or pericardial effusion.

EGFR genotype testing for eligibility. The PNA-LNA PCR
clamp method was used for confirmation of the EGFR muta-
tion status in the NSCLC patients prior to enrollment. This
method is a highly sensitive and simple procedure for the
detection of 13 known EGFR mutations (8). For this study, we
enrolled patients with the WT allele of EGFR in all 13 muta-
tion sites. A total of 5 tissue slides (5-um) or pleural effusion
cytology samples containing tumor cells were used for the
analysis. Tissue slides were prepared from tumor cell-rich
sections of formalin-fixed paraffin-embedded tumor samples.
In Japan, the PNA-LNA PCR clamp method is commercially
available and performed by the Mitsubishi Chemical Medience
Corporation (Tokyo, Japan).

Screening of tumors for the KRAS genotype and reanalysis
of the EGFR mutation status using the S-ARMS assay.
Following completion of patient enrollment, the tumor
samples available for KRAS mutation analysis and EGFR
mutation reanalysis were collected. DNA was extracted at
the laboratory of the Department of Respiratory Medicine,
Nagoya University Graduate School of Medicine, using the
QIAamp DNA Mini kit (Qiagen, Tokyo, Japan), followed
by quantitation of the DNA. According to a previous report,
the PNA-LNA PCR clamp method and the S-ARMS assay
exhibit an equally high sensitivity for the detection of the
EGFR mutation status (13). Therefore, we prioritized KRAS
mutation screening if the amount of DNA available was
not sufficient for evaluation of both the KRAS and EGFR
mutation status by the S-ARMS assay. S-ARMS analysis for
the detection of EGFR mutation was performed using the
EGFR Mutation RGQ PCR kit (Qiagen, Manchester, UK)
and S-ARMS analysis for evaluation of the KRAS mutation
status was performed using the KRAS PCR kit (Qiagen,
Manchester), which is able to detect 7 mutations in codons 12
and 13 of the KRAS gene.
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Treatment. Oral erlotinib was administered at a dose of 150 mg
daily until disease progression or development of unacceptable
toxicity. The erlotinib dose was reduced (first reduction to
100 mg daily and second reduction to 50 mg daily) or treatment
was interrupted in the event of any grade 3 non-hematological
toxicity. Dose escalation was not permitted. In the event of
development of interstitial lung disease (ILD) of any grade or
any grade 4 toxicity, the protocol was discontinued.

Efficacy and safety evaluation. Tamor response was assessed
in accordance with RECIST, version 1.1 (12). The baseline
assessment included chest and upper abdominal computed
tomography (CT), head CT or magnetic resonance imaging
and bone scintigraphy or ®*F-fluorodeoxyglucose-positron
emission tomography. Assessment of the tumor response
was performed every 4 weeks during the first 8 weeks, every
8 weeks during the subsequent 40 weeks and every 12 weeks
thereafter. In this study, the definition of stable disease (SD)
required a duration of =8 weeks. PFS was defined as the time
from the date of study enrollment until the date of objectively
determined progressive disease (PD) or death due to any
cause or the date of the last follow-up. OS was defined as
the time from the date of study enrollment until death due to
any cause or the date of last follow-up. Toxicity was evalu-
ated using the Common Toxicity Criteria for Adverse Events
(version 3.0).

Statistical analysis. The primary endpoint was the ORR and
the sample size for the trial was calculated using Simon's
two-stage design. Assuming that a response rate of 18.0%
indicates potential usefulness, while a rate of 6.8% is the
lower limit of interest, with a=0.05 and $=0.20, the esti-
mated accrual number was 49 patients. In this study, the rate
of the lower limit of interest was adopted based on the ORRs
of docetaxel reported in previous phase III studies (14,15).
Among these, 27 responders were required for this therapy
to be considered worthy of further evaluation. We selected
a target sample number of 54, to allow for 5 dropouts. The
differences in ORR according to histology were analyzed
using the Mantel extension test adjusted for PS and M factor
(MO, M1a and M1b). A stratified log-rank test adjusted for
these factors was used to evaluate the difference in PFS
according to histology. P<0.05 was considered to indicate a
statistically significant difference.

Results

Patient characteristics. Between February, 2010 and
April, 2012, a total of 55 patients were enrolled. A review
of the data indicated that 2 of the patients enrolled in this
study did not fulfill the eligibility criteria listed in the study
protocol and the remaining 53 patients were included in the
analysis as evaluable. The characteristics of the 53 patients
are summarized in Table I. The median age of the patients
was 67 years (range, 47-77 years). The histological subtypes
were non-squamous cell carcinoma (non-SCC) in 44 patients
[adenocarcinoma, 40 patients; and not otherwise specified
(NOS), 4 patients] and SCC in 9 patients. The number of prior
chemotherapies was 1 in 26 patients (49.0%) and 2 in the
remaining 27 patients (51.0%).
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Table I. Patient characteristics.

Patient no. (%)

Characteristics (n=53)
Age, years

Median 67

Range 47-77
Gender

Male 43 (81.0)

Female 10 (19.0)
Smoking status

Never 7(13.0)

Former/current 46 (87.0)
Histology

Adenocarcinoma 40 (75.0)

Squamous cell carcinoma 9(17.0)

NOS 4(8.0)
No. of prior chemotherapies

1 26 (49.0)

2 27 (51.0)
Stage

I11B 2(4.0)

v

Mla 16 (30.0)
Milb 35 (66.0)

ECOG PS

0 23 (43.4)

1 24 (45.3)

2 6 (11.3)

NOS, not otherwise specified; ECOG PS, Eastern Cooperative
Oncology Group performance status.

Efficacy. The median treatment duration was 51 days (range,
5-404 days). Of the 53 eligible patients, partial response (PR)
was obtained in 6 patients (4 with adenocarcinoma and 2 with
SCC), yielding an ORR of 11.3% (95% confidence interval
(CI): 4.3-23.0). SD was observed in 9 patients and the DCR
was 28.3% (95% CI: 16.8-42.3). The ORR according to
the histology was 9.1% (95% CI: 2.5-21.7) in patients with
non-SCC and 22.2% (95% CI: 2.8-60.0) in patients with SCC.
The difference in the ORR between these two groups was
not statistically significant (P=0.29, Mantel extension test).
A summary of the tumor responses is provided in Table II.
At the time of the analysis, 48 patients (91.0%) had developed
disease progression and 34 (64.0%) had succumbed to the
disease. The median PFS of the entire patient cohort was
1.8 months (95% CI: 1.2-2.3). The median PFS in the patients
with non-SCC and SCC was 1.7 months (95% CI: 1.2-2.1), and
2.2 months (95% CI: 1.0-11.3), respectively, without a statisti-
cally significant difference (P=0.54, stratified log-rank test).
The Kaplan-Meier survival curve for PFS is shown in Fig. 1.
The median OS was 6.4 months (95% CI: 4.5-10.4) and the
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Table II. Tumor response.

Type of Total Non-SCC SCC
response (n=53) (n=44) (n=9)
CR 0 0 0

PR 6 4 2

SD 9 7 2

PD 37 32 5

NE 1 1 0
ORR, % 11.3 9.1 222
(95% CI) (4.3-23.0) (2.5-21.7) (2.8-60.0)
DCR, % 28.3 250 444
(95% CI) (16.8-42.3) (13.2-40.3) (13.7-78.8)

SCC, squamous cell carcinoma; non-SCC, adenocarcinoma and
not otherwise specified non-small-cell lung cancer; CR, complete
response; PR, partial response; SD, stable disease (a duration of
=8 weeks was required for the definition of SD in this study); PD,
progressive disease; NE, not evaluable; ORR, objective response
rate; CI, confidence interval; DCR, disease control rate.

Table III. Adverse events in the patients (n=53).

Grade (patient no.) % of patients

Adverse with grade 3-4
events 1 2 3 4 toxicity
Skin rash 11 26 6 0 113
Diarrhea 16 1 1 0 19
Anorexia 14 6 5 0 94
Nausea 4 2 0 0 0.0
Vomiting 1 1 1 0 19
Fatigue 7 3 0 5.7
Stomatitis 10 2 1 0 19
Ocular disorders 2 0 1 0 19
ALT increased 7 4 1 2 5.7
AST 'increased 10 4 1 2 57
Amy increased 0 1 0 1 19
Leukopenia 1 1 0 0 00
Thrombocytopenia 6 0 0 0 00
ILD 2 0 1 0 5.6* (G3-5)

2Grade 5 ILD was observed in 2 patients. ALT, alanine transaminase;
AST, aspartate transaminase; amy, amylase; ILD, interstitial lung
disease.

Kaplan-Meier survival curve for OS is shown in Fig. 2. The
median OS in the patients with 1 and 2 prior chemotherapies
was 8.5 and 5.5 months, respectively.

Safety. The adverse events are summarized in Table III.
The major adverse events were rash in 81.1% of the patients
(11.3% =grade 3) and anorexia in 47.1% (9.4% =grade 3). No
grade 3 or 4 hematological adverse events were observed.
Grade 3-5 ILD was reported in 3 patients (5.6%) and grade 5
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== Non-SCC: median PFS 1.7 months
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Figure 1. Kaplan-Meier survival curves for (A) progression-free survival
(PFS) in the overall study population (n=53) and (B) progression-free
survival in subgroups classified according to histology [squamous cell carci-
noma (SCC) (n=9) vs. non-SCC (n=44)].

median OS 6.4 months

Months

Figure 2. Kaplan-Meier survival curves for overall survival (OS ) of the
overall study population (n=53).

ILD possibly related to erlotinib in 2 patients (3.8%). In the
2 patients with grade 5 ILD, the baseline chest CT revealed
carcinomatous lymphangitis and lung cancer progression was
concurrently detected by chest CT at the time of development
of the ILD.

EGFR mutation reanalysis with the S-ARMS assay and KRAS
mutation screening. Samples from 26 patients (49% of the
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Table IV. KRAS mutation-positive patients.
Case Gender Smoking status Smoking index Amino acid change Best overall response
1 Male Former 1020 Gly12Ala (GGT>GCT) PD
2 Male Current 1020 Gly12Cys (GGT>TGT) PD
3 Male Current 1000 Gly12Ala (GGT>GCT) PD
4 Male Former 1520 Gly12Cys (GGT>TGT) PD

Gly, glycine; Ala, alanine; Cys, cysteine; PD, progressive disease.

eligible patients) were available for EGFR mutation reanalysis.
Of these, only 1 patient with adenocarcinoma was found to
be EGFR mutation-positive (exon 19 deletion) NSCLC with
the S-ARMS assay and this patient exhibited a PR. In the
remaining 25 patients, EGFR WT was reconfirmed by the
S-ARMS assay and two of these patients exhibited a PR. The
ORR was 8.0% in the NSCLC patients with EGFR WT as
confirmed by both the PNA-LNA PCR clamp method and the
S-ARMS assay.

The KRAS mutation status was screened by the S-ARMS
assay in samples obtained from 44 patients, of which DNA
amplification was unsuccessful in 2. KRAS mutation
screening was successfully performed in the samples from
the remaining 42 patients (79.0% of eligible patients). Of these
42 patients, 4 (9.1%) were found to be KRAS mutation-posi-
tive. The characteristics of these 4 patients and the sites of the
KRAS mutations are listed in Table IV. As regards treatment
response, PD was observed in all 4 patients. By contrast, the
ORR and median PFS in the patients with KRAS WT NSCLC
were 6.9% and 1.9 months, respectively.

Discussion

In this study, we evaluated the efficacy and safety of erlotinib
in pretreated patients with NSCLC harboring EGFR WT as
confirmed by the PNA-LNA clamp method, which is reported
as being highly sensitive. This study did not meet the primary
endpoint based on the reported ORRs of docetaxel in previous
studies, although erlotinib treatment was associated with an
ORR of 11.3%.

Two recent phase III studies reported the inferiority of
erlotinib compared to docetaxel regarding ORR and PFS in
EGFR WT NSCLC patients (16,17). Based on these results,
including the findings of our study, it appears that docetaxel
should be preferred as second-line therapy, if not used as a part
of first-line platinum based combination therapy.

However, there remains the clinical question of whether
erlotinib should not be used for EGFR WT NSCLC in any-line
setting. In our opinion, erlotinib monotherapy may be an
viable option in pretreated patients with EGFR WT NSCLC
following failure of docetaxel treatment for the following
reasons: First, EGFR WT was reconfirmed by the S-ARMS
assay in 25 of the 26 patient samples examined in this study, of
which 2 (8.0%) achieved a PR. Our results suggested that erlo-
tinib may still be effective against EGFR WT NSCLC, even
when the EGFR mutation status is confirmed by two different
highly sensitive methods.

Second, a discordance in the EGFR mutation status
between the PNA-LNA clamp method and S-ARMS assay
was observed in 1 patient in this study. Although large, tumor
cell-rich samples are required for accurate EGFR mutation
analysis, we cannot, in general, obtain surgically resected
specimens from advanced NSCLC patients in clinical practice.
Fukui et al (18) verified the accuracy of the EGFR mutation
analysis in small samples by high-resolution melting analysis,
which has also been reported to be a highly sensitive method. In
that study, the results of DNA sequencing combined with laser
capture microdissection in paired surgically resected speci-
mens revealed a few false-negative results in small samples.
Those data suggested that it may be difficult to determine the
EGFR mutation status with complete accuracy in small tissue
samples, irrespective of the sensitivity of the method used.
Therefore, if we do not use erlotinib for EGFR WT NSCLC
in any-line setting, we may miss the opportunity to attempt
elrotinib treatment for patients with a false-negative EGFR
mutation result. This may also lead to loss of the significant
survival benefit obtained from EGFR-TKI therapy for EGFR
mutation-positive NSCLCs.

We succeeded in obtaining 42 samples (79% of the eligible
patients) for KRAS mutation screening. KRAS mutations were
detected in 4 of the 42 patients screened (9.5%) and all the
KRAS mutation-positive patients exhibited PD. In a phase III
study conducted to compare erlotinib and pemetrexed, none of
the patients with KRAS mutation-positive NSCLC responded
to erlotinib treatment, which was similar to the findings of our
study (19). These results should be interpreted with caution, as
we could not exclude the KRAS mutation status as a potential
prognostic factor. However, the presence of KRAS mutation
may be useful as a negative predictive factor, at least regarding
response to erlotinib therapy, in patients with EGFR WT
NSCLC.

We performed a subgroup analysis according to histological
subtype. In patients with EGFR mutated NSCLC, the efficacy
of EGFR-TKIs for SCC appeared to be lower compared to that
for non-SCC (20). However, SCC histology may not be associ-
ated with poor efficacy of erlotinib in patients with EGFR WT
NSCLC based on our results. Molecular biomarkers, such
as KRAS, may be required to select suitable candidates for
erlotinib treatment among patients with EGFR WT NSCLC.

The toxicity profile of erlotinib in this study, in terms of
the incidence/grade of skin rash, diarrhea and hematological
toxicities, was consistent with previous reports. However,
grade 3-5 ILD was reported in 3 patients (5.8%). In a large-scale
surveillance study conducted in Japan, the incidence of ILD
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was also higher compared to that reported by the BR21 and
SATURN trials (1,7,21). Further studies are required to deter-
mine whether there are ethnic differences in the incidence of
ILD, as suggested by a previous study (22).

In conclusion, this study did not meet the primary endpoint,
although erlotinib was found to be moderately effective in
pre-treated patients with EGFR WT NSCLC, even when the
EGFR mutational status was confirmed by the highly sensitive
PNA-LNA clamp PCR method.
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Abstract

Background The population of elderly patients with lung
cancer is increasing worldwide. Although first-line gefitinib
is one of the standard treatments for advanced non-small
cell lung cancer (NSCLC) harboring epidermal growth fac-
tor receptor (EGFR) mutation, few data have been reported
regarding gefitinib and elderly patients.

Patients and methods Chemotherapy-naive patients aged
70 years or older with stage IIIB or IV NSCLC harboring
EGFR-activating mutation were enrolled and treated with
250 mg of gefitinib daily until disease progression. The
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primary end point was response rate, and secondary end
points were survival, safety, and quality of life.

Results Twenty patients were enrolled, and the median
age was 79.5 years (range 72-90). Overall response rate
was 70 % (95 % CI 45.7-88.1 %), and the disease control
rate was 90 % (95 % CI 68.3-98.7 %). The median pro-
gression-free survival and overall survival time were 10.0
and 26.4 months, respectively. The Functional Assess-
ment of Cancer Therapy-Lung Cancer Subscale (FACT-
LCS) scores improved significantly 4 weeks after the ini-
tiation of gefitinib (P = 0.037) and maintained favorably
over a 12-week assessment period. Among the seven items
of FACT-LCS, shortness of breath and cough improved
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significantly after 4 weeks of treatment (P = 0.046 and
P = 0.008, respectively). The most common adverse events
were rash and liver dysfunction. Although Grade 1 pneu-
monitis developed in one patient, no treatment-related
death was observed.

Conclusion First-line gefitinib therapy is effective and
feasible for elderly patients harboring EGFR mutation, and
improves disease-related symptoms, especially pulmonary
symptoms like shortness of breath and cough.

Keywords Non-small cell lung cancer - EGFR mutation -
Elderly - Gefitinib - Quality of life - First-line treatment

Introduction

Lung cancer is the leading cause of cancer mortality. Non-
small cell lung cancer (NSCLC) accounts for 85 % of
lung cancer cases, with at least 40 % of the patients at an
advanced stage. The population of elderly patients with
lung cancer is increasing worldwide. Two-thirds of the lung
cancer cases are diagnosed in patients over the age of 65,
and the median age at diagnosis is 70 years [1, 2].

Aging is associated with physiologic changes in organ
function and altered drug pharmacokinetics. Furthermore,
the presence of comorbidities and polypharmacy is frequent
in elderly populations. Elderly patients are more likely to
experience severe hematologic and non-hematologic tox-
icity from conventional chemotherapy than their younger
counterparts [3]. Before the discovery of driver mutations
including epidermal growth factor receptor (EGFR) muta-
tion, single-agent chemotherapy was considered to be a
standard of care for elderly patients with advanced NSCLC
[4-6]. Although carboplatin and weekly paclitaxel doublet
chemotherapy improved overall survival compared with
vinorelbine or gemcitabine monotherapy in the IFCT-0501
trial, accompanying toxicity such as Grade 3 or Grade 4
neutropenia, febrile neutropenia, and asthenia was more
frequent in the doublet chemotherapy arm [7]. Therefore,
investigations of effective treatments with less toxicity are
needed for this population.

Gefitinib is an orally administered EGFR tyrosine kinase
inhibitor (TKI) that blocks signal transduction pathways
implicated in the proliferation and survival of cancer cells.
Since EGFR somatic mutation was reported to be strongly
related to the response of EGFR-TKI therapy, several stud-
ies have demonstrated the efficacy of gefitinib for NSCLC
harboring EGFR-activating mutation [8—11]. Two phase III
studies comparing gefitinib with platinum doublet chemo-
therapy as a first-line treatment for NSCLC patients with
EGFR mutation showed that the gefitinib group had a
higher response and longer progression-free survival than
a standard chemotherapy group [12, 13]. However, these
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studies targeted patients aged 75 years or younger, and
few data were available on the efficacy and feasibility of
first-line gefitinib therapy for elderly NSCLC patients with
EGFR mutation. Therefore, we started our current study of
this population. The present study included the assessment
of quality of life (QOL) besides the efficacy and feasibility
of treatment.

Patients and methods
Patient eligibility

Patients aged 70 years or older with a histologically or
cytologically proven diagnosis of non-small cell lung can-
cer were eligible for this study. Other eligibility criteria
included the following: EGFR-activating mutation (either
exon 19 deletion or L858R in exon 21); measurable dis-
ease; stage IIIB/IV or postoperative recurrence; no prior
therapy including chemotherapy or radiotherapy of the
primary tumor; Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2; an adequate organ
function defined as leukocyte count >3,000/mm?, plate-
let count leO,OOO/mm3, hemoglobin >9.0 g/dl, aspartate
aminotransferase and alanine aminotransferase <100 IU/I,
total bilirubin <1.5 mg/dl, serum creatinine <1.5 mg/dl,
and PaO, at rest >60 mmHg. Patients with any of the fol-
lowing criteria were ineligible: superior vena caval syn-
drome; history of serious drug allergy; massive pleural or
pericardial effusion or ascites that required drainage; inter-
stitial lung disease or pulmonary fibrosis detected by con-
ventional computed tomography of the chest; symptomatic
brain metastasis; other concurrent active malignancy;
pregnancy, lactation, or other concomitant serious medi-
cal conditions. All patients gave written informed con-
sent before enrollment. The study protocol was approved
by each institutional review board and was carried out
in accordance with the Declaration of Helsinki 1964 (as
revised 2000).

Study design and treatment

This was a single-arm, prospective, multicenter, phase 1I
trial. Patients were treated with 250 mg of oral gefitinib
daily. Therapy was continued unless there was evidence of
disease progression, unacceptable toxicity, or withdrawal
of consent. If Grade 3 toxicity other than pneumonitis was
observed, gefitinib was discontinued for a maximum of
4 weeks. After the toxicity recovered to the level of Grade
2, gefitinib was given every other day. If toxicity further
improved, gefitinib was given daily. If Grade >1 pneu-
monitis or Grade 4 toxicity other than pneumonitis was
observed, the patient was removed from the study.
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Evaluation of response and toxicity

The pretreatment baseline evaluation included a complete
medical history and physical examination, complete blood cell
count, blood chemistry studies, computed tomography scan of
the chest and abdomen, computed tomography or magnetic
resonance imaging of the brain, bone scintigraphy or positron
emission tomography, arterial blood gas analysis, pulmonary
function tests, and electrocardiography. Tumor response was
assessed every 2 months during the first year after enrollment
and every 3 months between 12 and 18 months. Thereafter,
the interval was at the physician’s discretion.

The Response Evaluation Criteria in Solid Tumors
(RECIST) were used for response assessment [14]. Dis-
ease control rate (DCR) was defined as the rate of complete
response (CR) plus partial response (PR) plus stable dis-
ease (SD). An extramural review was conducted to validate
staging and response. Toxicity was evaluated according to
the National Cancer Institute Common Terminology Crite-
ria (version 3.0).

Quality of life (QOL) was assessed with the Functional
Assessment of Cancer Therapy-Lung Cancer Subscale (FACT-
LCS) questionnaire version 4. The maximum attainable score
on the FACT-LCS was 28, with which the patient was consid-
ered to be asymptomatic. Patients were asked to complete the
FACT-LCS questionnaire at the time of enrollment and at 4, 8,
and 12 weeks after the initiation of treatment.

Mutational analysis of EGFR

Epidermal growth factor receptor (EGFR) genetic testing
methods included either direct sequencing, PCR invader,
peptide nucleic acid-locked nucleic acid PCR clamp, or the
combination of fragment analysis and the Cycleave method.

Statistical analyses

The primary end point of this study was the response rate.
We calculated the sample size based on Simon’s two-
stage design of the phase II study [15]. Assuming that a
response rate of 60 % from eligible patients would indicate
potential usefulness, and that a rate of 30 % would be the
lower limit of interest (with a power of 0.8 at a one-sided
significance level of 0.05), accrual of 17 eligible patients
was required. Therefore, we planned to accrue a total of 19
patients, assuming there would be a 10 % dropout rate. The
duration of survival was measured from the day of enroll-
ment, and the overall survival curve and progression-free
survival curve were calculated according to the method
of Kaplan and Meier [16]. Repeated-measures analysis of
variance was used to assess the differences in the FACT-
LCS between baseline and each point during the treatment.
Comparisons of the FACT-LCS scores with the baseline
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scores were adjusted for multiple comparisons using the
Dunnett-Hsu test. The software SAS/Proc Mixed version
9.2 (SAS Institute Inc., Cary, NC) was used for statistical
analysis. All comparisons were two-sided, and the statisti-
cal significance level was set at P < 0.05.

Results
Patient characteristics

Between April 2009 and March 2011, 20 patients were
enrolled in this study. Sixteen patients (80 %) were aged
75 years or older, and the median age was 79.5 years (range
72-90 years old) (Table 1). All of the 20 patients had ade-
nocarcinoma, 13 (65 %) were female, two (10 %) had an
ECOG performance status of 2, and 12 (60 %) had exon 19
deletion mutations.

Tumor responses and survival

Overall response rate was 70 % (95 % CI 45.7-88.1 %),
and the disease control rate was 90 % (95 % CI 68.3—
98.7 %) (Table 2). Although the response of one patient
who developed pneumonitis was not evaluable, progressive
disease was observed in only one patient. The median pro-
gression-free survival and overall survival time were 10.0
and 26.4 months, respectively (Figs. 1, 2).

Table 1 Patient characteristics

Characteristics N=20 (%)
Age, years
Median (range) 79.5 (72-90)
Sex
Male 7 35
Female 13 65
Smoking status
Never smoker 14 70
Former/current smoker 6 30
ECOG performance status
0 13 65
1 5 25
2 2 10
Stage
1B 4 20
v 15 75
Postoperative recurrence 1 5
Type of EGFR mutation
Exon 19 deletion 12 60
L858R 8 40
ECOG Eastern Cooperative Oncology Group
@ Springer
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Table 2 Response rate

Response N=20 % (95% CI)
Partial response 14 70
Stable disease 4 20
Progressive disease 1 5
Inevaluable 1 5
Overall response rate 14 70 % (45.7-88.1)
Disease control rate 18 90 % (68.3-98.7)
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Quality-of-life assessment

All 20 patients completed the FACT-LCS questionnaire
at registration and after 4, 8, and 12 weeks of treatment.
The adjusted mean FACT-LCS score was 22.8 £ 1.0 at
baseline and 25.1 + 0.7 at 4 weeks. The score improved
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Fig. 3 FACT-LCS scores before treatment and at 4, 8, and 12 weeks
after initiation of gefitinib. Abbreviation FACT-LCS Functional
Assessment of Cancer Therapy-Lung Cancer Subscale

significantly at 4 weeks (P = 0.037) and maintained favora-
bly during the 12-week assessment period (Fig. 3). FACT-
LCS consisted of seven items: shortness of breath, cough,
chest tightness, ease of breathing, changes in appetite,
body weight loss, and disruptions to clear thinking. Among
those seven items, shortness of breath and cough improved
significantly after 4 weeks of treatment (P = 0.046 and
P = 0.008, respectively).

Toxicity

Toxicity data for all 20 patients are listed in Table 3. Non-
hematologic toxicity was the principal toxicity from gefi-
tinib treatment and mainly consisted of liver dysfunction,
skin rash, anorexia, diarrhea, and fatigue. Grade 3 or Grade
4 liver dysfunction occurred in 3 patients (15 %) but no
other Grade 3 or Grade 4 toxicity was occurred. One case of
Grade 1 pneumonitis developed in an 87-year-old woman.
She had no specific symptoms; however, routine chest
X-ray on day 14 showed an increase in density in the bilat-
eral lower lung fields. Since subsequent chest computed
tomography revealed bilateral diffuse interstitial opacities
and the bronchoalveolar lavage findings were consistent

Table 3 Adverse events (N = 20)

Grade 1 Grade2 Grade3 Graded4 Grades3—4
AST/ALT 8 4 2 1 3
Rash 8 10 0 0 0
Anorexia 8 2 0 0 0
Diarrhea 6 2 0 0 0
Fatigue 6 2 0 0 0
Mucositis 1 3 0 0 0
Nausea 3 0 0 0 0
Pneumonitis 1 0 0 0 0

AST aspartate aminotransferase, ALT alanine aminotransferase
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with pneumonitis, gefitinib was discontinued and the treat-
ment with oral prednisolone (0.5 mg/kg/day) was started.
Although the pneumonitis was stable, pulmonary and brain
metastases gradually progressed and she died of progres-
sion of lung cancer 6 months after the occurrence of this
adverse event. No treatment-related death was observed.

Discussion

The present study evaluated the efficacy and feasibility of
first-line gefitinib treatment for elderly patients harboring
EGFR mutation, achieving the response rate of 70 % and
disease control rate of 90 %. After we started this phase II
study, three groups reported comparable results of response
rates from 45.5 to 74 %, and progression-free survival of
9.7-12.9 months for similar populations [17-19]. Effi-
cacy of the present study is also comparable to the results
obtained from non-elderly phase III studies. Two prospec-
tive studies (WJTOG3405 and NEJ002) and subset analysis
of EGFR-mutated patients in the IPASS showed response
rates of 62.1-73.7 % and progression-free survival of 9.2~
10.8 months [11-13, 20]. From these data, gefitinib treat-
ment for elderly EGFR-mutated patients appears to be as
effective as that for the younger population. A randomized
trial of EGFR-TKI focusing on efficacy is needed to further
improve survival of elderly patients.

We also revealed that disease-related symptoms
improved significantly with gefitinib therapy. FACT-LCS
score improved more than two points, which is considered
a clinically meaningful change [21]. Although superior
QOL results were reported with gefitinib versus chemo-
therapy in the TPASS and NEJOO2 studies, the QOL ben-
efit for the elderly population has not been reported [22,
23]. Among the seven items of FACT-LCS, shortness of
breath and cough improved significantly. This finding is in
accordance with two previous QOL analyses during gefi-
tinib treatment. Cella et al. [24] found that more patients
showed an improvement in the pulmonary items of FACT-
LCS, such as shortness of breath, cough, or chest tightness
than in the non-pulmonary items in the IDEAL2 study,
which evaluated two doses of gefitinib for the mutation-
unselected population. Oizumi et al. [23] reported that
more patients showed an improvement in pain and short-
ness of breath in the gefitinib arm in the NEJ002 study.
With regard to the speed of symptom improvement, our
data demonstrated significant improvement at the first fol-
low-up, namely at 4 weeks of treatment. A former analysis
reported that the median time to symptom improvement
was as immediate as 10 days with gefitinib [24]. In light of
its rapid effect, gefitinib could be a good treatment option
for patients suffering from pulmonary symptoms like
cough or dyspnea.
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Toxicity in the present study was generally mild and
well tolerated. Grade 3 or Grade 4 adverse events were
only in three cases of liver dysfunction. No unpredicted
toxicity or treatment-related death was observed. On the
other hand, a subgroup analysis of a phase III study of
erlotinib treatment indicated that elderly patients expe-
rienced significantly more toxicity and tended to discon-
tinue treatment more than their younger counterparts [25].
This difference may be partly explained by the difference
in EGFR-TKIs. Gefitinib 250 mg is about one-third of
the maximum tolerated dose, and erlotinib 150 mg is just
the maximum tolerated dose [26, 27]. Accordingly, gefi-
tinib may have some safety margin, especially for the frail
population. In the present study, the oldest patient, aged
90 years, was able to continue gefitinib therapy for about
7 months with side effects no more severe than Grade 2
mucositis and Grade 2 rash.

Pneumonitis is one of the most serious adverse events
related to EGFR-TKI therapy. In our previous study eval-
vating gefitinib in mutation-unselected elderly NSCLC
patients, three out of 30 patients (10 %) had pneumonitis,
two of them with a Grade >3 [28]. In the present study,
Grade 1 pneumonitis developed in one patient (5 %). Since
risk factors of pneumonitis include smoking, preexisting
interstitial lung disease, and older age, careful monitoring
is desirable for elderly patients [29, 30].

In conclusion, the present study revealed that first-line
therapy with gefitinib is effective and feasible for elderly
patients harboring EGFR mutation, and improves disease-
related symptoms.
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