ANTICANCER RESEARCH 33: xxx-xxx (2013)

Table III. Molecular analysis of circulating tumor cell (CTCs).

Case CTC KRAS RNAS
(/7.5 ml) extraction
In CTC In tissue sample

2 2 Wild-type* O Wild-type* nd
3 4 NA nd
28 Wild-type* nd

73 © nd x (GI3D) NO

18 nd NO

12 nd NO

5 1 Wild-type* O Wild-type nd
12 1 NA (G12V) nd
13 1 Wild-type* x (G13D) nd

NA, Not amplified; nd, not done; NO, not extracted; O, match; X, no
match.

the KRAS G13D mutation, analysis of CTC DNA from the
same cases did not yield any result (Table III). The CTC
DNA obtained from our examination seemed to be
inadequate for KRAS Scorpion-ARMS analysis. We also
made three attempts to obtain RNA from the CTCs captured
in case 3, where the number of CTCs was 12, 18, and 73,
but all failed (Table III).

Discussion

CTCs have been recently detected in various types of
cancers, including colonic, breast, and prostatic cancer (11,
12). The importance of CTC analysis has been proposed,
including its use as a prognostic or predictive biomarker. In
this study, we examined the practical availability of CTC
analysis using the CellSearch system, which involves
outsourcing the analysis to a commercial laboratory. The
detection rate and the number of cells identified were rather
low, even in stage IV CRC. Previous studies reported
detection rates of over two CTCs per 7.5 ml of blood in 30-
40% of patients with metastatic CRC (4-6); in patients with
metastatic breast and prostate cancer, the same rate was
observed in 60% of the patients (11, 12). Our observations
are similar to the former.

In general, the number of CTCs in patients with metastatic
CRC seems to be lower than that observed in patients with
metastatic breast cancer. The cell surface markers used in the
CellSearch system (i.e. cytokeratin and adhesion-related
EpCAM) may be less abundant in patients with metastatic
CRC compared with those with metastatic breast cancer.
Another possibility is that a fraction of the CTCs may
transform to mesenchymal cells through epithelial
mesenchymal transition (EMT). This EMT may be more
frequent in CTCs from metastatic CRC than from those in
metastatic breast cancer. The method used to collect CTCs

may require modification according to the type of cancer.
Immunomagnetic separation has been reported to improve
CTC detection rates. For example, cytokeratin 20 was
positive in CTCs in 92.9% of patients with metastatic CRC
after column immunomagnetic separation (5).

Many reports describe a relationship between therapeutic
outcomes and baseline number of CTCs or number of CTCs
during therapy (5, 6, 9). However, in this study, there was no
correlation between the number of CT'Cs during therapy and
the outcomes. This observation may be due to the low
detection rate of CTCs in metastatic CRC. Once CTCs are
detected, the change in the number of CTCs could be a good
predictive marker of ongoing treatment, as shown in our
cases. In contrast to single measures of CTC number (either
baseline or during therapy), changes in CTC counts during
therapy could be used to determine whether to continue or
change the therapy. Prospective studies should be conducted
in the future to clarify these points.

CTCs are viewed as a good source of DNA. and RNA for
analyses (13-15). However, the DNA obtained using the
CellSearch system was not suitable for KRAS Scorpion-
ARMS analysis in this study. The PCR conditions, such as
primer sequences, composition of reaction buffer, and
annealing temperature, may require modification. RNA was
not recovered from CTCs using the CellSearch system.

Recently, circulating DNA was shown to be useful for
identifying acquired resistance to antibodies to EGFR in
metastatic CRC (16). This method seems to be much more
potent than CTC analysis for KRAS mutation detection.
However, a next generation sequencer is necessary to use this
method, and the balance between cost and effectiveness
should be discussed before choosing this method for daily
clinical use. Furthermore, CTCs may be rich in molecular
information derived from RNAs or proteins rather than
DNA. Analysis of these molecules may be advantageous over
that of circulating DNA.
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phase Il trial comparing gefitinib with
carboplatin-paclitaxel for chemo-naive non-small
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Background: NEJOO2 study, comparing gefitinib with carboplatin (CBDCA) and paclitaxel (PTX; Taxol) as the first-line
treatment for advanced non-small cell lung cancer (NSCLC) harboring an epidermal growth factor receptor (EGFR})
mutation, previously reported superiority of gefitinib over CBDCA/PTX on progression-free survival (PFS). Subsequent
analysis was carried out mainly regarding overall survival (OS).

Materials and methods: For all 228 patients in NEJOO2, survival data were updated in December, 2010. Detailed
information regarding subsequent chemotherapy after the protocol treatment was also assessed retrospectively and the
impact of some key drugs on OS was evaluated.

Results: The median survival time (MST) was 27.7 months for the gefitinib group, and was 26.6 months for the
CBDCA/PTX group {HR, 0.887; P=0.483). The OS of patients who received platinum throughout their treatment

(n = 186) was not statistically different from that of patients who never received platinum (n = 40). The MST of patients
treated with gefitinib, platinum, and pemetrexed (PEM) or docetaxel (DOC, Taxotere; n = 76) was around 3 years.
Conclusions: No significant difference in OS was observed between gefitinib and CBDCA/PTX in the NEJOO2 study,
probably due to a high crossover use of gefitinib in the CBDCA/PTX group. Considering the many benefits and the risk
of missing an opportunity to use the most effective agent for EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended.

Key words: EGFR mutation, gefitinib, individualized treatment, [ung cancer

introduction (EGFR) strongly correlate with responsiveness to gefitinib, the
Two pivotal studies have revealed that somatic mutations in first EGFR tyrosine kinase inhibitor (EGFR-TKI) used to treat
the kinase domain of the epidermal growth factor receptor non-small cell lung cancer (NSCLC) [1, 2]; subsequently,

several phase II studies have demonstrated the promising
Comsspondence to: D A inous, Degastiment of Fssgletory Mecicine, Tofol efficacy of individualized treatment for advanced NSCLC
N . A e piratory icine, 4 . . . .
University Hospital, 1-1, Seiryomachi, Aobaku, Sendai, 980-8574, Japan. Tel: +81-22- patients with EGFR-TKI on the basis of EGFR gene mutation
717-8539; Fax: +81-22-717-8549; E-mail: akinoue@idac. tohoku.ac.jp status [3-10]. Subsequently, we have conducted a phase III
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study comparing gefitinib with the standard platinum doublet
regimen, carboplatin (CBDCA, Nippon Kayaku, Tokyo} and
paclitaxel (PTX, Bristol-Myers Squibb, Tokyo), as the first-line
treatment for advanced NSCLC harboring EGFR gene mutations
(NEJ002) [11]. The study revealed that gefitinib provided
significantly longer progression-free survival (PFS), the primary
endpoint of the study, than CBDCA/PTX. Other phase III
studies also have demonstrated the superiority of EGFR-TKI over
the platinum doublet regimen [12, 13]; thus EGFR-TKIs are now
globally recognized as the standard first-line treatment for
advanced NSCLC with sensitive EGFR mutations [14].

Regarding overall survival (OS), one of the secondary
endpoints of NEJ002, the rate of events was <40% in the
previous report, for which the data cutoff point was December
2009. Although our study was not powered for OS, we
proceeded with this OS analysis to evaluate the long-term
survival result for each treatment group. We updated the data
for PES, OS, and safety examined in a longer follow-up period
and also assessed the impact of subsequent chemotherapy on
OS in patients with EGFR-mutated NSCLC.

materials and methods

study design and treatment

Full details of the NEJ0O2 study have been published previously. Eligible
patients had chemo-naive advanced NSCLC with a sensitive EGFR
mutation detected by the highly sensitive peptide nucleic acid-locked
nucleic acid PCR clamp method [15]. Patients were randomly assigned
(1:1) to gefitinib (250 mg/day) or CBDCA (AUC 6.0)/paclitaxel (Taxol,
200 mg/m?) on day 1 every 3 weeks (up to six cycles). The primary
endpoint of NEJ002 was to evaluate the superiority of gefitinib over
CBDCA/PTX in PFS. The secondary endpoints included response rate, OS,
quality of life (QOL), and safety profiles (see Supplementary data, available
at Annals of Oncology online). Patients provided a written informed
consent. The study was conducted in accordance with the Helsinki
Declaration of the World Medical Association. The protocol was approved
by the institutional review board of each participating institution.

updated evaluation

PES, OS, and safety data evaluated by the Common Terminology Criteria
for Adverse Events version 3.0 were re-evaluated at the data cutoff point in

Table 1. Previous and updated results of survival

.

December 2010 for the entire intent-to-treat population (n = 228), which
was initially unplanned. Detailed information on subsequent chemotherapy
carried out after the protocol treatment was also assessed for all patients
retrospectively.

statistical analysis

The Kaplan-Meier survival curves were drawn for PFS and OS and
compared using a two-sided non-stratitied log-rank test with a significance
level of 0.05. The hazard ratio (HR, gefitinib:CBDCA/PTX) and its two-
sided 95% confidence interval (CI) were calculated by Cox regression
analysis including only the treatment arm as a covariate. Subgroup analyses
for OS, which were shown in a forest plot, were carried out to examine the
interaction effect of treatment arm with age, gender, performance status,
smoking status, type of histology, and type of EGFR mutation using a Cox
regression model including treatment arm, each of the clinical factors, and
their interaction effects as covariates. We did not account for adjustment
for multiplicity due to the repetition of subgroup analyses, because we
carried out them as exploratory analyses. Other comparative analyses were
evaluated on the basis of a two-sided 5% significance level and 95% CI. All
analyses were carried out using SAS for Windows release 9.1 (SAS Institute
Inc., Cary, NC, USA).

Results

updated PFS

Among the 224 patients assessable, the updated median PFS of
the gefitinib group and that of the CBDCA/PTX group were
10.8 months and 5.4 months, respectively (HR, 0.322; 95% CI
0.236-0.438; P < 0.001), which was quite similar to the
previous results (Table 1). The number of events for PES at the
last data cutoff (December 2010) was 98 in the gefitinib group
and 101 in the CBDCA/PTX group. The rate of events for PFS
slightly increased from the previous report (from 83% to 88%).

updated OS

At the last data cutoff point, the median follow-up time was
704 days (range 30-1659) and 69 death events were observed
in each arm. The rate of events for OS increased from 36% in
the previous report to 61% in the current study (Table 1). The
MST and the 2-year survival rate were 27.7 months and 58%,

CBDCA/PTX, carboplatin plus paclitaxel; CI, confidence interval; PFS, progression-free survival.
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respectively, for the gefitinib group, and 26.6 months and 54%
for the CBDCA/PTX group (HR, 0.887; 95% CI 0.634-1.241;
P =0.483) (Figure 1). No factor, including the type of EGFR
mutation, had a substantial impact on OS between the groups
(Figure 2).

safety

No additional serious adverse event (NCI-CTC grade >3) was
reported in either group after the previous report. Briefly, the
most common adverse events reported were rash and diarrhea
with gefitinib, and appetite loss, sensory neuropathy, and
myelotoxicities with CBDCA/PTX. The combined incidence of
serious adverse events combined was significantly higher in the
CBDCA/PTX group than in the gefitinib group (71.7% versus
41.2%; P <0.001).
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Figure 1. Kaplan-Meier curves for updated overall survival (OS) in the
intent-to-treat population of NEJ0O2.
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post-protocol chemotherapy

The chemotherapy regimens employed in NEJ002 are
summarized in Table 2. Regarding the number of subsequent
regimens, >50% of patients had received third-line
chemotherapy or more, which was quite compatible with
general practice in Japan (Figure 3A).

In the gefitinib group, 82 patients (72%) received at least one
subsequent regimen. Among these, 74 patients (65%) were
treated with the platinum doublet regimen including a
crossover use of CBDCA/TXL in 59 patients (52%). Some
patients received pemetrexed (PEM) combined with a platinum
agent because it became available for the treatment of NSCLC
in Japan in May 2009. Twelve patients went back on gefitinib
and 32 received erlotinib in one of their later-line treatments.
Among the 32 patients who received no subsequent regimen,
12 (11%) had been still treated with their first-line gefitinib at
the data cutoff point (8 patients had still maintained their
response to gefitinib, while 4 had continued gefitinib after the
documentation of disease progression, in accordance with the
patient’s wishes). There were various reasons why the other 20
patients (18%) did not receive any subsequent regimens:
deterioration of PS due to the progression of NSCLC (n=11),
interstitial lung disease due to gefitinib treatment (n=3),
exacerbation of co-morbidities (n = 2), or in accordance with
the patient’s wishes (1 =4). On the other hand, 113 patients
(99%) in the CBDCA/PTX group had received at least one
subsequent regimen, of whom 112 (98%) had moved to
gefitinib.

The standard second-line chemotherapeutic agents PEM or
docetaxel (DOC, Sanofi-Aventis K.K., Tokyo), which are used
for advanced NSCLC, were used in 29% and 25% of patients in
the gefitinib group, respectively, and in 16% and 19% of those
in the CBDCA/PTX group, respectively. More than >20% of
patients in both the arms received other agents such as
irinotecan, S-1, gemcitabine, vinorelbine, or amrubicin as
third- or later-line chemotherapy.

evaluation of the impact of key drugs on OS

To examine the impact of the platinum agent on OS of
patients with EGFR-mutated NSCLC, we compared the OS of
patients who received both gefitinib and a platinum agent in
their treatment (1 = 186) with that of patients who had never
received a platinum agent (n =40) in NEJ002. We found no
significant difference between the OS of each group
(Figure 3B). The number of patients who received a platinum
agent but had not received gefitinib was only two in NEJ002.
We then assessed the impact of standard second-line agents
(PEM and DOC) on OS. We divided patients who had
received third-line or more in NEJ002 (n = 131) into two
groups: the first group received EGFR-TKI, platinum agent,
and PEM or DOC (P/D group, n = 76), and the second group
received EGFR-TKI, platinum agent, but neither PEM nor
DOC (no P/D group, n=55). The MST of the P/D group was
significantly longer than that of the no P/D group (34.8
months versus 22.6 months, P =0.003) (Figure 3C).
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Table 2. Summary of regimens for entire treatment in NEJ002

CBDCA/PTX, carboplatin plus paclitaxel; PEM, pemetrexed; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; DOC, docetaxel.

*Includes two CBDCA/PTX plus bevacizumab.
“Includes one CBDCA/PEM plus bevacizumab.
“Includes irinotecan, S-1, gemcitabine, vinorelbine, and amrubicine.

discussion

Although the NEJ002 study met its primary endpoint, in that
gefitinib was superior to CBDCA/PTX in PFS, OS data were
also important in evaluating the efficacy of the entire treatment
including the regimens investigated. The current updated
analysis demonstrated that the treatment course initiated with
gefitinib achieved OS at least equivalent to a traditional
treatment course initiated with a platinum doublet regimen for
patients with advanced NSCLC harboring a sensitive EGFR
mutation. Since the median follow-up time increased from 17
months in the previous report to 23 months in the current
analysis, the OS results should become more accurate. We have
already reported that the QOL was significantly better in the
gefitinib group than in the CBDCA/PTX group in NEJ002
[16]. Moreover, gefitinib attained a high response rate, rapid
improvement of symptoms, and exhibited low toxicity. Taking
these factors together, we recommend the use of gefitinib as
the first-line treatment.

There is a conservative opinion which states that the
platinum doublet regimen should still be used as the first-line
treatment for advanced NSCLC. This is because there has been
no prospective study showing superiority of first-line EGFR-
TKI over platinum doublet regimens for OS. Furthermore,
some retrospective analyses have suggested that EGFR-TKI
might be similarly effective in EGFR-mutated NSCLC
regardless of the line at which it is used {17]. However, it is

very important to recognize from our study that, though
almost 100% of patients in the CBDCA/PTX group crossed
over to gefitinib, the OS curve of the first-line gefitinib group
was not inferior to that of the CBDCA/PTX group. While the
risk associated with missing the administration of platinum
agents after first-line gefitinib may be of concern, our post-hoc
analysis suggested that the impact of the platinum agent on OS
would not be larger than that of EGFR-TKI for patients with
EGFR-mutated NSCLC. Figure 3B shows the MST of patients
treated without platinum to be >2 years, which is a quite
favorable result compared with previous historical data
obtained when EGFR-TKI was not available. Thus, we feel that
it is a concern if the chance to use gefitinib is missed when
chemotherapy is carried out as the first-line treatment. The
extremely high crossover rate in NEJ002 is hard to attain in
general practice. In fact, only 51.5% of patients in the first-line
CBDCA/PTX group received subsequent EGFR-TKI in the
TPASS study [12]. Thus, we strongly recommend that the best
drug should be used in the first instance.

Patients in the first-line gefitinib group tend to be treated
with PEM or DOC monotherapy more intensively; this was
because we supposed that some of these did not receive
platinum doublet treatment for various reasons. However, we
consider that the ideal treatment strategy for appropriate
patients is to make use of available standard drugs. The most
important finding in the post-hoc analysis shown in Figure 3C
was that patients treated with EGFR-TKIs, platinum, and
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Figure 3. Evaluation of the impact of subsequent treatment on overall
survival (OS) in NEJ002. The number of regimens that patients received
after the first-line treatment with gefitinib (black bar) and that with
chemotherapy (white bar) (A). The OS of patients treated with whichever
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with gefitinib, platinum, with pemetrexed (PEM) and/or docetaxel (DOC; a
solid line), and those treated with gefitinib, platinum but neither
pemetrexed nor docetaxel (a dotted line) (C).

PEM/DOC achieved MST of around 3 years even though they
had systemically advanced disease; however, the analysis may
not conclusively show the difference between the two groups
because they were not randomly assigned. This suggests that
patients with EGFR-mutated NSCLC and with good PS
enough to complete many lines of treatment may further
benefit from a proper use of the above mentioned ‘key drugs’.
Although PEM and DOC were equally recognized as standard
second-line agents at the time of the NEJ002 study [18], we
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now consider PEM to be more appropriate for EGFR-mutated
NSCLC where adenocarcinoma is much common [14]. Since at
least 14 patients (12%) failed to move to subsequent
chemotherapy and ~20% of patients had never received
platinum agents or PEM after their disease progressed in the
gefitinib group, we think there may be a room for
improvement of OS in these populations. Thus, we are now
investigating a new treatment strategy, in which the first-line
gefitinib is combined with CBDCA and PEM, for patients with
EGFR-mutated NSCLC (UMIN000002789).

There are some limitations in the current analysis. First, the
sample size of NEJ0G2 had inadequate power for evaluation of
the difference in OS between the two groups. Since death
events in one-third of patients have not yet occurred, the true
OS curve may change slightly from that shown in this report.
A meta-analysis combining several phase III studies and
comparing EGFR-TKI with platinum doublet in an EGFR-
mutated NSCLC population would be warranted. Second, the
post-hoc analysis on subsequent chemotherapies may have
been biased, because post-protocol treatments were not
restricted under the NEJ002 protocol; however, they were very
similar to those used in general practice in Japan. In addition,
the unplanned comparative analysis between the subgroups
shown in Figure 3B and C cannot draw definitive conclusions.
It may be difficult to find whether the additive effect of
platinum agents or PEM/DOC or good PS itself, that enabled
patients to receive those agents irrespective of chemotherapy
effects, influenced survival prolongation in the superior group
more directly. However, we believe that they give us some
interesting suggestions for future investigations such as that
underway in our new study.

The reason there was no significant difference in OS between
the first-line gefitinib group and the first-line CBDCA/PTX
group in NEJ0O02 was very likely a high rate of crossover use of
gefitinib in the CBDCA/PTX group. Considering the many
benefits from EGFR-TKI use and the risk of missing an
opportunity to use the most effective agent for treatment of
EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended in general practice for this population.
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Background: Anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) is highly responsive to
crizotinib. To determine whether ALK-positive NSCLC is also sensitive to pemetrexed, we retrospectively evaluated
progression-free survival (PFS) of ALK-positive versus ALK-negative patients who had been treated with pemetrexed-
based chemotherapy for advanced NSCLC.

Patients and methods: We identified 121 patients with advanced, ALK-positive NSCLC in the USA, Australia, and
ltaly. For comparison, we evaluated 266 patients with advanced, Al_K-negative, epidermal growth factor receptor
(EGFR)-wild-type NSCLC, including 79 with KRAS mutations and 187 with wild-type KRAS WT/WT/WT). We
determined PFS on different pemetrexed regimens.

“Carmrespondence to: Dr A, T. Shaw, Thoracic Oncology, Massachusetts General
Hospital Cancer Center, Yawkey 7B-7508, 32 Fruit Strest, Boston, MA 02114, USA.
Tel: +1-617-724-4000; Fax: +1-617-726-0453; E-mail: ashaw1@partners.org

© The Author 2012, Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

— 110 —



Ottolo gist

Quality of Life with Gefitinib in Patients with EGFR-Mutated
Non-Small Cell Lung Cancer: Quality of Life Analysis of North East
Japan Study Group 002 Trial

SaTosHI OrzuMi,> KUNIHIKO KOBAYASHI,” AKIRA INOUE, MAKOTO MAEMONDO,”
SHUNICEI SUGAWARA,® HIROHISA YOSHIZAWA,! HIROSHI ISOBE,® MASAO HARADA," ICHIRO KINOSHITA,'
SHOJI OKINAGA TERUFUMI KATO,* TOSBIYUKI HARADA, AKIHIKO GEMMA,™ YASUO SArjo,"
YUKI YOKOMIZO,” SATOSHI MORITA,” KOICHI HAGIWARA,P TOSHIHIRO NUKIWA?

"Hokkaido University School of Medicine, Sapporo, Japan; bSaitama International Medical Center, Saitama,
Japan; “Tohoku University Hospital, Sendai, Japan; ®Miyagi Cancer Center, Miyagi, Japan; “Sendai Kousei
Hospital, Sendai, Japan; ‘Niigata University Medical and Dental Hospital, Niigata, Japan; #8Kokka-komuin
Kyosai-Kumiai Rengokai Sapporo Medical Center, Sapporo, Japan; "National Hospital Organization
Hokkaido Cancer Center, Sapporo, Japan; ‘Hokkaido University Graduate School of Medicine, Sapporo,
Japan; {Kesennuma City Hospital, Kesennuma, Japan; “Kanagawa Cardiovascular and Respiratory Center,
Yokohama, Japan; 'Hokkaido Social Insurance Hospital, Hokkaido, Japan; ™Nippon Medical School,
Sendagi, Japan; "Graduate School of Medicine, Hirosaki University, Hirosaki, Japan; ®Yokohama City
University Medical Center, Yokohama, Japan; PSaitama Medical University, Saitama, Japan; “Tohoku
University Graduate School of Medicine, Sendai, Japan

Key Words. Lung carcinoma ¢ Epidermal growth factor receptor » EGFR * Tyrosine kinase inhibitor ¢« TKI *
Gefitinib ¢ Quality of life « QoL

Disclosures: Satoshi Oizumi: AstraZeneca, Chugai Pharmaceuticals (H); Kunihiko Kobayashi: Chugai, AstraZeneca, Taiho (H); Akira
Inoue: AstraZeneca (H, RF); Makoto Maemonde: AstraZeneca (H); Akihiko Gemma: AstraZeneca (RF); Koichi Hagiwara:
AstraZeneca (H). The other authors indicated no financial relationships.

(C/A) Consulting/advisory relationship; (RF) Research funding; (E) Employment; (H) Honorariz received; (OI) Ownership interests; (IP)

Intellectual property rights/inventor/patent holder; (SAB) Scientific advisory board

ABSTRACT

Background., For non-small cell lung cancer (NSCLC) pa-
tients with epidermal growth factor receptor (EGFR) mu-
tations, first-line gefitinib produced a longer progression-
free survival interval than first-line carboplatin plus
paclitaxel but did not show any survival advantage in the
North East Japan 002 study. This report describes the
quality of Life (QoL.) analysis of that study.

Methods. Chemotherapy-naive patients with sensitive
EGFR-mutated, advanced NSCL.C were randomized to re-
ceive gefitinib or chemotherapy (carboplatin and pacli-
taxel). Patient QoL was assessed weekly using the Care
Notebook, and the primary endpoint of the QoL analysis

was time to deterioration from baseline on each of the
physical, mental, and life well-being QoL seales. Kaplan—
Meier probability curves and log-rank tests were employed
to clarify differences.

Resulis. QoL data from 148 patients (72 in the gefitinib
arm and 76 in the carboplatin plus paclitaxel arm) were
analyzed. Time to defined deterioration in physical and
life well-being significantly favored gefitinib over che-
motherapy (hazard ratio [HR] of time to deterioration,
0.34; 95% confidence interval [CI], 0.23—-0.50; p < .0001
and HR, 0.43; 95% CI, 0.28-0.65; p < .0001, respec-
tively).
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Conclusion. QoL was maintained much longer in pa-
tients treated with gefitinib than in patients treated with
standard chemotherapy, indicating that gefitinib should be

Gefitinib Improved QoL in EGFR-Mutated Patients

considered as the standard first-line therapy for advanced
EGFR-mutated NSCLC in spite of no survival advantage.
The Oncologist 2012;17:863-870

INTRODUCTION

Dysregulation of protein kinases is frequently observed in can-
cer cells. Therefore, protein kinases are attractive targets in the
development of anticancer drugs such as small molecule inhib-
itors that block binding of ATP to the catalytic domain of the
tyrosine kinase. In 2004, three groups of researchers reported
that activating mutations of the epidermal growth factor recep-
tor gene (EGFR) were present in a subset of non-small cell
lung cancer (NSCLC) tumors, and that tumors with EGFR mu-
tations were highly sensitive to EGFR tyrosine kinase inhibi-
tors (TKIs) {1-3]. Since then, our multiple phase II studies
confirmed a striking response to EGFR TKIs in this population
[4-8].

In phase Il NSCLC trials, EGFR TKIs such as gefitinib or
erlotinib were compared with conventional chemotherapies
initially in unselected patients [9-11], next on the basis of clin-
ical characteristics [12], and subsequently using molecular se-
lection [13-16]. Among them, the pivotal phase III study
North East Japan (NEJ) 002 compared gefitinib with chemo-
therapy in first-line therapy for patients with NSCLC with mu-
tated EGFR and confirmed, as the primary endpoint, that the
progression-free survival (PFS} interval in the gefitinib group
was significantly longer than that in the carboplatin plus pac-
litaxel group (10.8 months versus 5.4 months, hazard ratio
[HR], 0.30; p < .001) [13]. A subgroup analysis of the Iressa®
Pan-Asia Study (TPASS) [12] and similar phase III studies—
the West Japan Thoracic Oncology Group 3405 trial [14], the
OPTIMAL trial [15], and European Randomised Trial of Tar-
ceva versus Chemotherapy [16]—also demonstrated a supe-
rior PFS outcome in patients treated with EGFR TKIs than in
those treated with standard chemotherapies. However, the
IPASS and NEJ 002 trials showed identical overall survival
(OS) outcomes using gefitinib and chemotherapy in the first-
fine treatment of NSCLC patients hatboring sensitive EGFR
mutations [17, 18]. '

When the OS time is identical in the two arms, improve-
ments in quality of life (QoL) and disease-related symptoms
are among the key goals of treatment for NSCLC. However,
there has been no prospective report describing QoL in
NSCLC patients with sensitive EGFR mutations who were
treated using an EGFR TKI. This QoL analysis was prospec-
tively conducted as a secondary endpoint in the NEJ 002 study.

METHODS

This study was performed in accordance with the Helsinki
Declaration (1964, amended in 2000) of the World Medical
Association. The participating institutions received approval
from their institutional ethics review boards. The details re-
garding patient eligibility and treatment were described previ-
ously [13]. Briefly, eligibility stipulated the presence of
advanced NSCLC harboring a sensitive EGFR mutation, the
absence of the resistant EGFR mutation T790M, no history of

chemotherapy, and age <75 years. EGFR mutation status was
examined using the peptide nucleic acid-locked nucleic acid
polymerase chain reaction (PNA-LNA PCR) clamp method
[19]. Eligible patients were randomly assigned to receive ei-
ther gefitinib (at a dose of 250 mg/day orally) or standard che-
motherapy. Standard chemotherapy consisted of paclitaxel (at
adose of 200 mglm2 i.v.) and carboplatin (area under the con-
centration-time curve of 6), both administered on the first day
of every 3-week cycle. Randomization was balanced by insti-
tution, sex, and stage. The primary endpoint was the PFS in-
terval; secondary endpoints included the OS time, response
rate, toxic effects, and QolL.

QoL Assessment
The Care Notebook (supplemental online Fig. 1) [20], which
has been previously validated and reported [21, 22], was used
to assess QoL. The Care Notebook is a self-administered, can-
cer-specific questionnaire that asks about cancer patients’ con-
ditions during 1 week regarding 24 items that are structured in
multidimensional scales. The questionnaire consists of three
major scales: physical well-being, mental well-being, and life
well-being. These major scales are divided into several sub-
scales, Physical well-being has three multi-item subscales,
which are appetite loss (items P3, P4, P7), constipation (P6,
P8), and fatigue (P9, P10), and three single-item measures,
which are pain (item P1), shortness of breath (item P2), and
sleeping trouble (P5). Mental well-being has three multi-item
subscales, which are anxicty (M1, M2), irritation (M3, M5),
and depression (M4, M6), Life well-being bas three multi-item
subscales, which are daily functioning (L1, L2), social func-
tioning (L3, L4), and subjective QoL (L.5-L8), which consists
of peace of mind (L5), feeling of happiness (L6), QoL func-
tioning (L7), and satisfaction with daily life (L8). Bach item is
asked using one word or a short phrase and employs an 11-
point linear analog scale (0—10). A score of 10 in physical
well-being and mental well-being indicates the heaviest bur-
den. A score of 10 in life well-being indicates the best possible
function or QoL; thus, the polarity of the data for life well-
being was reversed before the analysis so that a greater score
indicated a poorer QoL in all items of the questionnaire.
Seventy sheets of the Care Notebook were bundled as a
booklet. Patients started answering the questionnaire before
starting therapy and answered it once a week during first-line
treatment. After completion of the questionnaire, the booklets
were collected by the patients’ doctors and sent to the QoL data
center (Saitama Medical University).

Statistical Analyses

The primary endpoint in the QoL analysis, which was prospec-
tively defined in the protocol of the clinical trial, was the time
from random assignment of treatment to deterioration in the
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following, which are clinically relevant and are frequently ob-
served in patients with advanced NSCLC: (a) pain and short-
ness of breath (P1 and P2), (b) anxiety (M1 and M2), and (c)
daily functioning (1.1 and L2). From previous studies [23, 241,
deterioration was recognized when the score changed from
baseline by one of 11 points (3.1%) in a direction indicating a
worse QoL at any timepoint. This primary analysis was per-
formed for 20 weeks after the initiation of first-line therapy.
All patients who had a baseline plus at least one follow-up QoL
assessment were included in the time-to-deterioration analysis.
Patients who had not deteriorated were censored at the time of
the last QoL questionnaire completion. Kaplan-Meier curves
and the log-rank test were used to compare the time to deteri-
oration in each subscale between the two treatment arms. Also,
more severe deterioration was defined as a score change of
three of 11 points (27.3%) [23, 24].

In addition, we performed a secondary analysis using QoL
data according to the National Cancer Institute of Canada Clin-
ical Trials Group (NCIC CTG) standard method [25]. During
the initial 20 weeks from the start of treatment, we first
checked whether or not the scores showed an improvement at
any time in a subscale by =9.1% (one point or more) from
baseline. In such cases, the response was judged to be “im-
proved” even if the scores were initially or subsequently below
the lower boundary, that is, —9.1%. If the response was not
classified as improved, we next checked whether or not the
scores showed a worsening in a subscale by =—~9.1% from
baseline, resulting in the response being classified as “wors-
ened.” In cases that were classified as neither improved nor
worsened, the response was classified as “stable.” A »? test
was used for comparisons between the two arms.

RESULTS

Summary of Clinical Outcomes

" In the NEJ 002 study [13], 230 patients who had sensitive
EGFR mutations were enrolled and were randomly assigned to
either gefitinib (n = 115) or carboplatin plus paclitaxel (n =
115), and 114 and 110 patients, respectively, were included in
the PFS analysis (Fig. 1). Patients in the gefitinib arm had a
significantly longer PES time (median PFS time, 10.8 months
versus 5.4 months; HR, 0.30; 95% Cl, 0.22-0.41; p < .001)
and a higher response rate (73.7% versus 30.7%; p < .001)
than patients in"the chemotherapy arm. Second-line gefitinib
was administered to 98.2% of patients in the carboplatin plus
paclitaxel arm after disease progression. As a result, the me-
dian OS time was 27.7 months in the gefitinib arm and 26.6
months in the chemotherapy arm, with the difference in sur-
vival time not statistically significant (p = .48) [18]. The most
common adverse events of any grade were rash (71.1%) and
aspartate aminotransferase or alkaline phosphatase elevation
(55.3%) in the gefitinib arm and neutropenia (77.0%), anemia
(64.6%), appetite loss (56.6%), and sensory neuropathy
(54.9%) in the chemotherapy arm [13].

Baseline QoL

Of the 224 patients, the QoL booklets of 163 patients (73%)
were collected by their doctors and sent to the QoL data center.
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Gefitinib arm CBDCA/PTX arm
115 patients 115 patients
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e G
4 2 patiants withdrew consant| treatmant
| ti4patients | | 110patients |
Rate of returning
o oor [ 81 patients 71%) | [ 82 patients (75%) |
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e |_72patients (63%) | | 76 patients (69%) |

Figure 1. Patient disposition.

*The complete dataset was defined as having both a pretreat-
ment measurement (baseline) and measurement(s) after starting
the treatment during first-line therapy.

Abbreviations: CBDCA, carboplatin; PTX, paclitaxel; QoL,
quality of life.

The rates of compliance among these 73% of patients were
similar in the two arms. Of the 163 patients, 15 patients failed
to provide complete information on their QoL prior to first-line
therapy (nine patients in the gefitinib arm and six patients in
the chemotherapy arm). Seventy-two patients (63%) in the ge-
fitinib arm and 76 patients (69%) in the chemotherapy arm
were investigated in this QoL analysis (Fig. 1). Demographics
and disease characteristics were found to be well balanced in
the two arms and were similar to those for the primary PFS
analysis [13] (Table 1). Most patients had an Eastern Cooper-
ative Oncology Group performance status (PS) score of 0 or 1
at the time of enrollment. Toxicity profiles for the patients in
the QoL analysis were also similar to those for the patients in
the PFS analysis [13].

Before the initiation of treatment, patients in both arms had
similar baseline QoL scores on all subscales (Table 2). They
had a low burden of physical well-being, but impairment was
seen in the anxiety subscale {mean score, 40.5 and 40.8 in the
gefitinib and carboplatin plus paclitaxel arms, respectively).

Time to Deterioration in QoL

In terms of the minimal clinically important difference in QoL,
previous studies indicated that patients perceived a 5%~7%
change in the scores on QoL questionnaires as clinically sig-
nificant {23, 24]. The NCIC CTG recommends a 10% change
as the value for clinical significance [25]. In the primary anal-
ysis of QoL in the NEJ 002 trial, deterioration was recognized
when the score changed from baseline by one in 11 points
(9.1%) or more in a direction indicating worse QoL at any
timepoint. This criterion was chosen on the basis of our previ-
ous study, which estimated content validity by performing in-
terviews with cancer patients (unpublished results), The times
10 9.1% deterioration for pain and shortness of breath, anxiety,
and daily functioning are summarized in Figure ZA. Signif-
icant differences between treatment arms were observed in
deterioration of pain and shortness of breath (HR, 0.34; 95%
CI, 0.23-0.50; p < .0001) and daily functioning (HR, 0.43;
95% CI, 0.28-0.65; p < .0001). There was no significant
difference in anxiety between arms (HR, 0.72; 95% CI,
0.46-1.13; p = .14).
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Table 1. Characteristics of patients in QoL analysis
Characteristic Gefitinib (n = 72), n (%) CBDCA/PTX (n = 76), n (%) p-value
Gender B
Male 24 (33%) 29 (38%) 608"
Female 48 (67%) 47 (62%)
| Mean age (range), yrs 63.0 (43-75) 62.2 (35-74) 576"
Smoking status h T
Never 51(71%) 46 (61%) 227
Ever 21 (29%) 30 (39%) '
Performance status score, 0/1/2 4013210 43/32/1 959°
' Histology, adenocarcinoma/other  ~ 67/5 7412 A95°
Stage, IIIB/IV/postoperative 10/52/10 15/529 621°
‘Type of mutation ' ' '
Deletion 37(51%) 36 (47%) 616°
L858R 31 (43%) 36 (47%)
... Other o 4% _ 4 (6%)
Characteristics of patients investigated in the QoL analysis had no significant differences between arms.
“Fisher"s exact test.
t-test.
“Wilcoxon test.
Abbreviations: CBDCA, carboplatin; PTX, paclitaxel; QoL, quality of life,

Table 2. Baseline QoL scores

CBDCA/
Gefitinib PTX
Mean Mean
Measure points SD points SD
‘Physical well-being =~ 112 135 104 120
Appetite loss 6.8 13.0 59 115
Constipation 15 14.1 80 12.3

Pain and shortness of 13.5 232 105 18.5
.. breath.

Dazily functioning 31.1 27.0 255 228
Social functioning 134 184 104 13.8

Mental well-being 276 262 250 206
Anxiety 408 313 405 246
Tritation 183 252 143 204
Depression 235 279 200 24.3

Life well-being 264 193 229 171

. SubjectiveQoL 305 230 294 212

A 0-10 linear analog rating was changed to 0-100 points.
For physical and mental well-being, a score of 100
represents the highest burden of symptoms. For life well-
being, a score of 100 represents the worst possible
function or QoL by changing the score polarity, There
were no significant differences in scale and subscale
scores between arms before starting first-line therapies.
Abbreviations: CBDCA, carboplatin; PTX, paclitaxel;
QoL, quality of life; SD, standard deviation.

From previous reports [23, 24], a change in QoL score
>20%, indicating more severe QoL deterioration, was also in-
vestigated. Figure 2B summarizes the time to a 27.3% (three of
11 points) deterioration in pain and shortness of breath, anxi-
ety, and daily functioning. Patients who received gefitinib had
a significantly longer time to deterioration than patients who
received carboplatin plus paclitaxel for pain and shortness of
breath (HR, 0.28; 95% CI, 0.17-0.46; p < .0001) and daily
functioning (HR, 0.32; 95% CI, 0.17-0.59; p < .0001) as well
as anxiety (HR, 0.44; 95% CI, 0.22-0.87; p = .01), for which
a significant difference was not observed in the analysis of a
9.1% deterioration (see above).

Proportion of Patients with Improved, Stable, or
Worsened QoL

Table 3 details the QoL responses according to three categories
(improved, stable, worse) defined in Methods. The ) test indi-
cated that the QoL subscales of appetite loss {p = .014), consti-
pation (» < .0001), and pain and shortness of breath (p < .0001)
favored gefitinib over standard chemotherapy, leading to superi-
ority of the gefitinib group on the physical well-being scale (p <
0001). A similar trend was observed for the QoL subscales of
daily functioning (p = .007), social functioning (p = .035), and
subjective QoL (p = .042), leading to superiority of the gefitinib
group on the life well-being scale (p < .0001), The subscale of the
mental well-being scale did not show any significant difference
between the treatment arms (p = 458).

DISCUSSION
This QoL analysis clearly demonstrated superior QoL in
NSCLC patients with mutated EGFR receiving gefitinib, com-
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A. Time to 9.1% deterioration
A-1 Pain & Shortness of breath

10
0.9 Medlan {(95% Cl)
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Log-rank p<.0001
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054
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00 r — T . y
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084 CP: 8.87 (5.87-)
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Log.rank p<.14
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B. Time to 27.3% deterioration
B-1 Pain & Shoriness of breath
1.0
08
081
0.7
0.6 Gefitinib
0.5
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Medlan (95% C1)
031 Gef: not reached
024 CP:4.84(3.86-8.70}
0.4 4 HR=0.28 (0.17-0.46) CBDCAPTX
" | Log-rank p<.0001
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n of patients at sk
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cP 78 4 31 19 17 0
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91 M
08
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HR=0.44 (0.22-0.87)
01 Log-rank p<.01
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1.0 -
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Figure 2. Time to deterioration of QoL. (A): Time to a 9.1% QoL deterioration for pain and shortness of breath (A-1), anxiety (A-2),
and daily functioning (A-3) (B): Time to a 27.3% QoL deterioration for pain and shortness of breath (B-1), anxiety (B-2), and daily

functioning (B-3).

Abbreviations: CBDCA, carbeplatin; CI, confidence interval; CP, carboplatin plus paclitaxel; Gef, gefitinib; HR, hazard ratic; PTX,

paclitaxel; QoL, quality of life.

www.TheOncologist.com

— 115 —



868 Gefitinib Improved QoL in EGFR-Mutated Patients
Table 3. QoL response
Gefitinib, n CBDCA/PTX, n
Measure Improved Stable Worse Improved Stable Worse p-value
Physicai weli-being =~~~ 18 28 26 16 777710 %0 - <0001
Appetite loss 13 21 38 14 8 54 014
Constipation 16 24 32 23 6 47 <.0001
Painand shortness of breath 21 18 3 0 6.3 S <.0001
Mental well-being 33 16 23 40 11 25 458
Anxiety 43 8 16 57 6 13 535
Trritation 27 18 27 27 1 38 181
Depression 35 15 22 36 10 30 346
Lifeweil-being =~ 38 2 12 32 8 36 <.0001
Daily functioning 40 10 22 30 i 4 42 007
Social functioning 23 28 21 16 22 38 035
SubjectiveQoL . 41 . 15 16 ¥, 8 30 o4
In a secondary analysis of QoL responses, patients were classified as improved (>>9.1%), stable (<9.1%, >—9.1%), or
worsened (<—9.1%) for ail scales and subscales according to the National Cancer Institute of Canada Clinical Trials Group
standard QoL analysis framework.
The x* test was used to compare the distributions of these three categories between two treatment arms.
Abbreviations: CBDCA, carboplatin; PTX, paclitaxel; QoL, quality of life.

pared with patients receiving chemotherapy. Better QoL in pa-
tients receiving gefitinib further endorses the preference of
gefitinib as the first-line therapy for patients with NSCL.C with
mutated EGFR despite a lack of difference in OS outcomes.
Accordingly, integration of QoL analyses into a clinical trial
should be considered, because maintenance of a good QoL so-
lidifies the clinical efficacy of the treatment being investigated.
In addition, this analysis also highlights the importance of QoL
endpoints in randomized trials analyzing PFS outcomes, be-
cause OS outcomes may be affected by subsequent therapies.

QoL recorded by patients in a self-reported form accurately
demonstrated how the patients felt about their QoL during
treatment, As soon as chemotherapy with carboplatin plus pac-
litaxel was started, a striking difference in QoL was observed
(Fig. 2A). It scems reasonable that physical well-being deteri-
orated with chemotherapy in a high proportion of patients, con-
sidering that >95% of patients had a PS score of 0-1, a fact
that is probably reflected by the low scoring in the baseline
scores of physical well-being and daily functioning, with the
majority of patients scoring <30. The NCIC CTG recom-
mended matrix (Table 2) also showed that physical well-being
was stable or improved in 60% of patients in the gefitinib
group. In sharp contrast, scores for physical well-being deteri-
orated in 75% of patients in the chemotherapy group. This bet-
ter QoL in the gefitinib group will help patients to maintain
social activities, continue to work, and enjoy spending time
with their families.

When patients were treated with gefitinib monotherapy in
other trials, QoL and symptom improvement were rapid and
were correlated with tumor response and survival [26, 27). In
the BR.21 study using unselected patients, another EGFR TKI,
erlotinib, also improved tumor-related symptoms and impor-

tant aspects of QoL such as physical fanctioning [28]. Post hoc
investigations in the IPASS study employing selection by
background indicated that QoL. was better in the gefitinib
group than in the chemotherapy group for patients with EGFR-
mutated NSCLC [29]. Taken together with our first prospec-
tive QoL analysis of patients with EGFR-mutated NSCLC,
EGFR TXI therapy provides an advantage in terms of improv-
ing QoL and symptoms over conventional cytotoxic agents,

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire C30 (EORTC QLQ-
C30) [30] and Functional Assessment of Cancer Therapy
(FACT)-General [31] have been used in many clinical trials to
assess the QoL of patients worldwide, and we have developed
and validated Japanese versions of these tests for use mainly in
clinical smdies with the original developers [32, 33]. The Care
Notebook [20-22] was originally developed in the 1990s for
clinical practice and has a notebook-style format to collect
valid and reliable QoL information repeatedly. The NEJ 002
study lacked sufficient support from clinical research coordi-
nators, and doctors had to personally administer QoL question-
naires to patients and pick them up after the answers were
completed. Therefore, we chose the Care Notebook, which has
good results concerning concurrent validity with the EORTC
QLQ-C30 and FACT--Spiritual Well-being [22), for QoL in-
vestigation on a weekly basis instead of the above gold stan-
dard questionnaires. More than 3,000 Care Notebooks were
collected during the initial 20 weeks of treatment in this study,
and this method might be the first success of a QoL investiga-
tion on a weekly basis for advanced cancer patients in a phase
I trial.

This study has some limitations. First, compliance with the
QoL survey was modest. Missing data in the QoL investigation
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were found to be institution dependent. Namely, the doctors in
some institutions did not give the Care Notebook to patients or
did not pick it up after the answers were completed. However,
randomization of the study treatments was stratified by insti-
tution, and therefore, the effects of selection bias might not be
large. Both arms had similar patient characteristics (Table 1)
and similar baseline QoL scores (Table 2). Although compli-
ance was modest, this QoL difference between arms may rep-
resent that in the overall population. Secondly, because the
primary endpoint of the NEJ 002 study focused on the PFS in-
terval after first-line treatment, the QoL analysis also focused
on patients treated during first-line treatment, and, therefore,
the investigation period for the primary QoL analyses was rel-
atively short (20 weeks) to reduce the effects of second-line
treatment. Finally, the patients in this QoL analysis were a se-
lected population—patients with a PS score of 0—1 whose tu-
mor had EGFR mutation—which might potentially influence
the QoL outcomes. However, in another study, namely the NEJ
001 study [7], which employed EGFR mutation-positive pa-
tients with an extremely poor PS, 68% of the patients improved
from a PS score =3 at baseline to a PS score =1 with gefitinib
therapy. Although no Qol. investigation was conducted in the
NEJ 001 study because of the patients being in extremely poor
condition, the striking PS score improvement might have been
related to improved QoL. This indicates that EGFR TKIs
might universally ameliorate the QoL of patients with EGFR-
mutated NSCLC, irrespective of their PS scores or symptom-
atic burdens.

SUMMARY

The QoL analysis of the NEJ (02 study clearly demonstrated
that gefitinib maintained patient QoL longer than carboplatin
plus paclitaxel during first-line treatment. A longer PFS inter-
val with a better QoL during first-line treatment is valuable for
advanced NSCLC patients with limited survival times. Al-
though the OS time for patients first treated using gefitinib was
not significantly different from that of patients treated using
chemotherapy, the first-line use of gefitinib for advanced
NSCLC harboring EGFR mutations is strongly recommended.
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