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Abbreviations: AMR = amrubicin; C + E = carboplatin/etoposide.
®Fisher exact test.

60 evaluable patients per arm were needed to obtain 90% power.
Thus, the sample size was determined to be 130 patients (65 per
arm).

QOL was evaluated using the score on the LCS of the FACT-L
and the EQ-5D utility index. The changes in QOL scores from
baseline to each time point were compared between arms A and B
using analysis of covariance (ANCOVA). A repeated-measures
analysis of variance (ANOVA) was used to evaluate the difference
in QOL score curves between the 2 arms. The quality-adjusted life-
year (QALY) value was calculated from the area under a line drawn
with survival time on the horizontal axis and the EQ-5D utility
index on the vertical axis. QALYs in the 2 arms were compared by
log-rank test and generalized Wilcoxon test.

Results
Enrollment
Between July 4, 2006, and September 5, 2007, 21 and 22 pa-

tients were enrolled in arms A and B, respectively. Two patients in

 AmMAM=3)@AMR) | AMBM=30)(C+F

arm A treated with amrubicin at 45 mg/m*/d died from severe
infection associated with grade 4 neutropenia (sepsis in the first
cycle in one patient and pneumonia in the third cycle in the other).
There were no treatment-refated deaths in arm B. The dose of
amrubicin was reduced to 40 mg/m®/d in subsequent cycles in 4 of
8 patients who started at 45 mg/m®/d. After a recommendation
from the Data Monitoring Committee (DMC), the protocol was
amended and amrubicin was administered at 40 mg/m?/d in all
patients registered in arm A thereafter. From December 2007 to
April 2008, 11 and 8 patients were added to arms A and B,
respectively. Of these patients, one in arm A died of amrubicin-
induced pneumonitis. Enrollment of patients was then terminated
early after a DMC recommendation. Thus, 32 and 30 patients were
enrolled in arms A and B, respectively (Fig. 1). Patient character-
istics were well-balanced between the arms (Table 1). No patients
had received palliative radiotherapy before the study registration
except for one patient in arm B, who had received whole-brain
irradiation for brain metastases.
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No grade 4 or 5 nonhematologic toxicity occurred in arm B.

Abbreviations: ALT = alanine aminotransferase; AMR = amrubicin; C + E = carboplatin/etoposide.

%Fisher exact test.
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Treatment Delivery

The median number of chemotherapy cycles per patient was 4
(range, 1-6) in both arms, and the total number of cycles was 130 in
arm A and 120 in arm B. The dose of chemotherapy for subsequent
cycles was reduced in 14 (44%) of 32 padients in arm A. Thus, the
dose of amrubicin was 45 mg/m2 in 23 cycles (18%), 40 mg/m2 in
71 cycles (55%), and 35 mg/m2 in 36 cycles (28%). Dose reduction
was required in 12 (40%) of 30 patients in arm B. Full doses of
carboplatin/etoposide were administered in 89 cycles (74%), but the
doses were reduced to AUCs of 4 mg- min/mL for carboplatin and
60 mg/m? for etoposide in 31 cycles.

Although it was not provided in the protocol, 2 patients in arm B
received prophylactic cranial irradiation before disease progression,
but none in arm A did so.

Toxicity

Grade 3 febrile neutropenia occurred in 34% of patients in arm A
but in only 3% of patients in arm B (P = .003) (Tzble 2). Bacterial
pneumonia and sepsis developed during grade 4 neutropenia in one
patient each in arm A, and they were fatal (grade 5). Another patient
(a 78-year-old man) developed grade 5 interstitial lung disease and
died from respiratory failure on the 23rd day of amrubicin chemo-
therapy. His underlying pulmonary diseases were emphysema and
mild interstitial pneumonitis detected by chest CT scan before
chemotherapy. In contrast, there was one case with grade 1 inter-

stitial lung disease, but no grade 2 or severe cases, in arm B (Tabie 3).
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Efficacy

One patient in arm A was excluded from the analysis of efficacy
because of a violation of the exclusion criteria owing to drainage of
pleural effusion before treatment (see Fig. 1). The median TTP was
4.7 months (CI, 3.9-5.4) in arm A and 4.4 months (CI, 3.0-6.3) in
arm B (P = .279) (Fig. 2). The median OS was 10.9 months (CI,
8.4-12.9) in arm A and 11.3 months (CI, 9.6-14.9) in arm B (P =
.735) (Fig. 3). The HR for OS was 0.87 (CI, 0.51-1.48). Thus,
noninferiority of amrubicin compared with carboplatin/etoposide
was not found in this study. There were 3 patients in arm A and 4
patients in arm B in whom response was not evaluable because they
received only one cycle of chemotherapy owing to severe toxicity.
The objective response rates were 74.2% (CI, 55.4-88.1) in arm A
and 60.0% (CI, 40.6-77.3) in arm B (P = .283). The same ten-
dency for the response was observed in patients who received
amrubicin at doses of 45 rng/m2 and 40 mg/m2 (Table 4).

Postprotocol second-line chemotherapy was administered in 13
patients (50%) in arm A and in 19 patents (63%) in arm B
(Table 3).

Quality of Life

The mean (& standard deviation) QOL scores at each time point
for the 2 treatment arms are shown in Figure 4. The scores for the
LCS of the FACT-L and the EQ-5D udility index in arm B indi-
cated a better QOL than those in arm A at several time points;

however, ANCOVA found no significant difference at any time

“PD ~NE~ Response Rate (%) (95% Cl)
2 3 742 (55.4-88.1)
0 1
2 2
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Abbreviations: CR = complete response; NE = not evaluated; PD = progressive disease; PR = partial response; SD = stable disease.
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Abbreviations: AMR = amrubicin; C + E = carboplatin/etoposide.

point (LCS score: P = .171, .080, .112, and .371; EQ-5D utilicy
index: P = .171, .080, .112, and .371 for 3 weeks and 3, 6, and
12 months after the start of chemotherapy, respectively). The
repeated-measures ANOVA also found no significant difference
between the arms for LCS scores (P = .067) and the EQ-5D utility
index (P = .865). In the analysis of QALY, there was no significant
difference between the arms by log-rank test (P = .716) and
generalized Wilcoxon test (P = .959) (Table 6).

Discussion

This study was planned to test for the noninferiority of mono-
therapy with amrubicin compared with combination therapy with
carboplatin/etoposide, in terms of overall survival. The toxicity of
amrubicin was initially considered to be mild, because single-agent
chemotherapy generally has toxicity milder than that of multiple-
agent regimens and because a previous phase II study” of amrubi-

cin monotherapy at a dose of 45 mg/m” for 3 days in patients with
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Abbreviations: AMR = amrubicin; C + E = carboplatin/etoposide.

ED-SCLC found tolerable myelotoxicity. In this previous trial, 13
patients (39% of the study population) were > 70 years old, and the
oldest patient was 78 years old. Grade 3 to 4 leukopenia and
neutropenia were noted in 52% and 85% of patients, respectively,
with no febrile neutropenia or treatment-related death. One patient
developed interstitial pneumonia after the second cycle, but this was
resolved by steroid therapy and cessation of amrubicin treatment.”

For these reasons, the starting dose of 45 mg/m” on days 1 to 3
every 3 to 4 weeks for patients aged 70 to 74 years in the current study
was considered reasonable. However, leukopenia and neutropenia in
the amrubicin arm were severer than expected. The incidence of grade
3 to 4 leukopenia was as high as 80%; febrile neutropenia developed in
34% of patients; and treatment-related deaths from neutropenia-
associated infection occurred in 2 patients who received amrubicin
at 45 mg/m” for 3 days. A retrospective comparison of amrubicin
chemotherapy at 30 to 40 mg/m® for 3 days between patients aged >
70 and < 70 years found that the mean number of treatment cycles,
mean dose, and mean interval of amrubicin administration, as well as
hematologic toxicity, did not differ between the 2 age groups.”” In
another retrospective case series, amrubicin at 35 to 40 mg/m* for
3 days was also well tolerated in patients aged > 75 years, without
treatment-related death.’® Thus, the dose of amrubicin is critical for
development of serious neutropenia.

In this study, 4 patients developed grade 3 to 5 interstitial lung
disease in arm A, whereas no grade 3 or severe lung disease occurred
in arm B. Yoh et al'” recently summarized 7 cases of amrubicin-
associated interstitial lung disease in a review of 100 cases of SCLC
treated with amrubicin monotherapy. The incidences of interstitial
lung disease were 3% and 33% in patients without and with pre-
existing pulmonary fibrosis, respectively. These results are consistent
with the present study’s finding that a patient who developed faral
interstitial lung disease had pulmonary fibrosis before amrubicin
chemotherapy. Preexisting pulmonary fibrosis is a risk factor for
chemotherapy-associated interstitial lung disease, with odds ratios of
approximately 5 and 25 for mild and severe preexisting pulmonary

. . i .
fibrosis, respectively.’™ Any type of anticancer agent can cause severe
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Abbreviations: AMR = amrubicin; C + E = carboplatin/etoposide.
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interstitial lung disease in patients with preexisting pulmonary
fibrosis, including platinum-containing drugs and etoposide.’”
Because pulmonary fibrosis is common among elderly people, the
indication of chemotherapy with amrubicin and other chemothera-
peutic agents may be limited in elderly patients with SCLC.

This study was performed as a registration-directed industry-
sponsored clinical trial in Japan that meets Japanese Good Clinical
Practice Guidelines and the Pharmaceutical Affairs Law. However,
the trial failed to provide sufficient information on the efficacy and
safety of amrubicin because of early termination due to excessive
toxicity in the experimental arm (arm A). Similarly, a subset analysis
of a phase III trial of carboplatin and paclitaxel with or without
bevacizumab in patients with advanced non—small-cell lung cancer
found that bevacizumab was significantly associated with grade 3 to
S toxicities and no overall survival benefit in elderly patients.”
Many of the elderly patients had preexisting comorbid conditions
that may have adversely affected organ function and influenced
functional status. Thus, it is important to exclude patients with poor
general conditions to avoid trials with inappropriate populations for
evaluation of the efficacy of new anticancer agents.

Conclusion
Amrubicin monotherapy at 40 to 45 mg/m® was toxic and
intolerable in elderly Japanese patients with ED-SCLC.

Clinical Practice Points

e SCLC has an extremely poor prognosis, and elderly patients (>
70 years old) account for approximately 30% to 40% of SCLC at
diagnosis.

e Amrubicin, a third-generation synthetic anthracycline, has
shown promising efficacy in phase II studies with patients with
ED-SCLC at 45 mg/m*/d for 3 consecutive days every 3 weeks.

o In this study, the efficacy and safety of amrubicin were evaluated
by comparison with carboplatin/etoposide combination therapy
in elderly Japanese patients with ED-SCLC. The trial was pre-
maturely closed owing to 3 treatment-related deaths in the
amrubicin arm. Noninferiority of OS and TTP of amrubicin
compared with carboplatin/etoposide was not found in this study.

o Amrubicin monotherapy at 40 to 45 mg/m” was toxic and
intolerable for elderly patients with ED-SCLC. More attention
should be paid to the elderly patients with preexisting pulmonary
fibrosis in amrubicin-containing chemotherapy.
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Abstract Disclosures
Abstract

Background: ETOP and iinctecan are drugs known to exert promising aciivity in SCLC. A phase 1 study of
weekly chemotherapy using a combination of CDDP, ETOP and irinotecan (PEI), which are known to inhibit
hothtopoisomerase | and I, showed quite favorable outcome in patients with sensitive relepsed SCLC. A
phase il study confiming the superiorty of PE! over topotecan as second-ine chemotherapy in patients with
sensitive relapsed SCLC was conducied. Methods: SCLC patients who responded to firsHine freatment and
relapsed/progressed more than 80 days after the completion of firstHine treatment were eligible for this study.
Additonal eligibility criteria induded age 20-75 years, PS of 0-2, and adequate organ funclions. Patients were
randomized 1:1 to PEI, which consisted of CDDP (25 mg/m?2) weekly for 10 weeks, ETOP (80 mg/mi2) for 3
days onwesks 1,3, 5,7, and 9, and ifnotecan (90 mg/in?) onweeks 2, 4, 8, 8 and 10 with granulocyte
colony-stimulating factor support, or to topotecan (1.0 mg/mé) on days 1-5, every 3 weeks for 4 courses. The
primary endpoint was overall survival. The planned sample size was 180 patients, to atiain 80% powerwith a
one-sided alpha of 5%. Results: From Sep. 2007 to Nov. 2012, 180 pafients were randomized to topotecan
(n=90) and PE! (n=90): median age 64 (44-75) years; M/F 155/25; LD/ED 45135, PS 0-1/2 175/6. The
overall sunvival wes significantly longer in the PEl am than in the topotecan arm (HR 0.67; 80% C1 0.51-0.88;
p=0.0079) with MST 18.2 months vs. 12.5 months. PFS was also significantly longerin the PEl arm (HR 0.50;
95% Cl10.37-0.68; p<0.0001) with the median PFS 5.7 months vs. 36 months. Grade 3/4 adverse eventsin
PEl and topotecan amms, respediively, were: neuropenia 83.3% vs. B5.6%; anemia 84.4% vs. 27.8%;
thrombocytopenia 41.1% vs, 27.8%; diarrhea 7.8% vs. 0%; febrile neutropenia 31.1% vs. 6.7%. There was 1
freament-related death in the PE! arm, and 2 in the topotecan am. Conclusions: The combination
chemotherapy with CDDP, ETOP and iinotecan should be considerad as the standard second-ine
chemotherapy for senstive relapsed SCLC. Clinical trial information: 000000828.
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driver mutations.

WMeeting: 2014 ASCO Annual Meeting | Abstract No: 11007 | First Author:
Shingo Matsumoto

Category: Tumor Biology - Molecular Diagnostics and Imaging

Contact Us - Privacy Policy - Terms & Conditions - American Society Of Clinical Oncology - Conquer Cancer
Foundation- Cancer.Net* Journal Of Clinical Oncology - Journal Of Oncology Practice

All content ©2015 American Society of Clinical Oncology. All rights reserved. Unauthorized reproduction is prohibited. For
permission to re-use, please contact permissions@asco.org.




HOME  ASCO-SEP . MOC ~ COURSE CATALOG ~~ CERTIFICATES  TRAINING PROGRAMS

BOOKSTORE  CAREER CENTER

Home » Meeting Library » Abstracts » 2014 ASCO Annual Meeting

A prospective, multicenter phase Il trial of low-dose erlotinib
monotherapy for patients with previously treated non-small
cell lung cancer (NSCLC) with activating mutation of
epidermal growth factor receptor (EGFR): Thoracic
Oncology Research Group (TORG) 0911.

Subcategory:
Lung Cancer - Non-Small Cell Metastatic

Category:
Lung Cancer - Non-Small Cell Melastatic

Meeting:
2014 ASCO Annual Meeling

Session Type and Session Tille:
General Poster Session, Lung Canoer - Non-Small Cell Metastatic

Abstract Number:
8080

Citation:
J Ciin Oncol 32:5s, 2014 (supp!; abstr 8080)

Author(s)

Yoshiro Nakahara, Yukio Hosomi, Kazuhiko Yamada, Hiroaki Okamoto, Terufumi Kato, Yuko Komase,
Masanori Nishikawa, Satoshi Morita, Hideo Kunitoh, Koshiro Watanabe; Department of Thoracic Oncology
and Respiratory Medecine, Tokyo Mefropolitan Cancer and Infectious Diseases Center Komagome Hospital,
Tokyo, Japan; Kurume University School of Medicine, Kurume, Japan; Yokohama Municipal Cifizen's
Hospital, Yokohamea, Japan; Depariment of Respiratory Medicine, Kanagawa Cardiovascular and
Respiratory Center, Yokohama, Japan; St Marianna University School of Medicine, Yokohama City Selbu
Hospital, Yokoharma, Japan; Fujisawa Clly Hospital, Fuisawa, Japan; Department of Biomedical Stafistics
and Bicinformatics, Graduate School of Medicine, Kyoto Universily, Kyoto, Japan; Division of Chematherapy,
Department of Infemal Medicine, Japanese Red Cross Medical Center, Tokyo, Japan; Thoracic Oncology
Research Group, Yokohama, Japan

Abstracts that were granted an exceplion in accordance with ASCO's Conflict of Interest Policy are designated
with a caret symbol ().

Abstract Disclosures
Abstract:

Background: Erlotinib and gefitinib have been shown fo have similar acivity for EGFR mutation-posiive
(EGFRm#+)NSCLC. Since the steady-state plasma frough concentration of erlotinib is approximately 3.5
times higher than that of gefiinb when administered at the respeciive approved dose, reafment with low-dose
erotinio may be as effective as fulk-dose therapy, with less foxiclty and cost. Methods: Eligible paients had
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advanced EGFRm+ NSCLC with 1 o 3 prior chemotherapy treatments. Erlotin with the inifial dally dosage
of 50 mg was administered. Dose was escalated o 150 mg in case of not achieving CR or PR by RECIST
criteria at the evaluation after the first 4 weeks of reatment. Evlofinib was continued untl disease progression or
unacceptable toxiciies. The primary endpoint was independent comitiee-determined objective response
rate (ORR) fo the low-dose exlotini, with target ORR of 70% and threshold of 50%. The sample size was
calculated to be 40, and the primary endpaint was metif 26 or more patients responded. Results: Thirty-four
patients were enrolled between Apr. 2010 and Nov. 2012, Malesferales 20/14; median age 67 (range 36~
813, PS /1 16/18; AdiSq 33/1. One patient was excluded from evaluation due fo absence of aclive tumer. The
study was closed early according to the protocol definiion when 15 of 33 evaluable patients failed to achieve
CRPR, making itimpossible to mest the primary endpoint ORR was 54.5% (35% C.1: 38.4% to 71.8%), with
disease control rate of 84.8%. Median progression free survival and overall survival were 8.5 months and 285
months, respeciively. Grade 3 toxiciies were 2 cases with transient neutropenia, and 1 with reversible
AST/ALT elevation. No grade 4 toxicity or freatment-related death was cbserved. Conclusions: This tialis
the first prospeciive study evaluating low-dose erlotinib. Although it appeared {o have a certain efficacy, the
primary endpoint was not met. Because of its low toxiclty, it may be worth further evaluation in elderly andfor
frail patients. Trial registry UMIN#000003313.
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Abstract

# Alm

The effect of irinotecan in treatments for LD-SCLC in the elderly is unclear, and the optimal timing of TRT when
combined with chemotherapy has not been fully evaluated. We report a phase I/l trial of induction chemotherapy
with carboplatin and irinotecan followed by sequential TRT in this population?

2 Methods

Patients with untreated, measurable LD-SCLC >70 years with performance status (PS) 0 to 2 and adequate organ
function were eligible. Treatment consisted of induction with carboplatin on day 1 and irinotecan on days 1 and 8
every 21 days for four cycles. TRT of 54Gy in 27 fractions was then administered sequentially. Carboplatin dose

was escalated from AUC of 4 to 5 (Levels 1 and 2, respectively)?with a fixed dose of irinotecan at 50 mg/mz. The
primary objective of the phase i portion was evaluation of efficacy.

# Results

A total of 41 patients were enrolled [median age 75 years, range 70-86 years; 31 male, 10 female; PS 0/1/2:
22/18/1]. At Level 1 (n=6), one patient experienced dose-limiting toxicity (DLT) as Grade 3 hypertension. At Level
2 (n=6), two patients experienced DLT as Grade 4 thrombocytopenia. Therefore, level 1 was chosen as the
recommended dose. The phase Il trial was then expanded by 35 patients in the level 1 based on the Simon
minimax design. In all cohorts, the median chemotherapy cycle was 4 (1/2/3/4 courses administered as 4/2/2/33);
median radiation dose was 54Gy (range 36-60). Toxicities were generally mild, as expected.?Gr 3/4 leukopenia
and thrombocytopenia were both observed in six (15%) patients. No Gr 3/4 diarrhea or esophagitis was noted.
Although Gr 3 febrile neutropenia and Gr 3 pneumonitis were seen in two patients each, no treatment-related
deaths occurred. There were five complete responses and 32 partial responses, for a response rate of 90%. With



median follow-up of 80.4 months (n=41), median progression-free and overall survival times were 12.4 and 27.1

months, respectively.

s Conclusions

Induction chemotherapy with carboplatin plus irinotecan followed by sequential TRT was well tolerated and highly
active in elderly patients with LD-SCLC. Further confirmatory studies are warranted.
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Abstract

®» Alm

DTX is one of the standard drugs for patients (pts) with previously treated NSCLC. However, its efficacy seems
insufficient. The efficacy of AMR for NSCLC has been previously reported. Thus, we conducted a randomized
phase |l trial comparing AMR to DTX, sponsored by Dainippon Sumitomo Pharma Co., Ltd.

= Methods

We enrolled pts with NSCLC, Eastern Cooperative Oncology Group Performance Status 0-1, undergoing second-
or third-line treatment, and aged 20-74 years. Pts were classified by histology, prior treatment, and insfitution into
2 groups and then randomly assigned (1:1 ratio) to treatment with AMR (35 mg/mz/day i.v., on days 1-3, q3w)
or DTX (60 mg/m?2/day i.v., on day 1, g3w). We planned a sample size of 100 patients per group, with a 2-sided
alpha of 5% and power of 90%. We hypothesized a median progression-free survival (PFS) time of 3.3 and 2.0
months for AMR and DTX, respectively. The primary endpoint was PFS; secondary endpoints included overall
survival (OS), overall response rate (ORR), disease control rate (DCR), and adverse events according to
Common Terminology Criteria for Adverse Events v 4.03.

® Results

From October 2010 to June 2012, 202 pts were enrolled from 32 institutions. Patient characteristics were well
balanced between both groups. OS was measured after a median follow-up of 13.5 months. Median PFS was 3.6
and 3.0 months with AMR and DTX, respectively (adjusted Hazard Rate (HR) 0.98, 95% Confidence Interval (Cl)
0.69-1.34, p = 0.831). Median OS was 14.6 and 13.5 months with AMR and DTX, respectively (adjusted HR
1.02, 95% C1 0.72-1.43, p = 0.933). ORR was 14.8% and 18.8% with AMR and DTX, respectively (p = 0.544).
DCR was 55.7% for both AMR and DTX (p = 1.000). The most frequent adverse events (zgrade 3) for AMR and
DTX were neutropenia (82.7% and 78.8%, respectively) and leukopenia (63.3% and 70.7%, respectively). Two



treatment-related deaths occurred in the DTX arm: a case of interstitial pneumonia and another of drowning in a
bath.

# Conclusions

We were not able to demonstrate superiority of AMR over DTX for PFS, despite the 20-day PFS prolongation. Qur
results suggest that AMR may become a treatment option for patients with previously treated NSCLC.
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Abstract

B Aim

A previous study has shown that PCl reduced the risk of brain metastases (BM) and prolonged the overall survival
(OS) of patients with ED-SCLC (Slotman B et al, NEJM 2007). There were, however, several concerns that arose
in association with that study, including the lack of magnetic resonance imaging (MRI) assessment to confirm the
absence of BM before enroliment, the use of induction chemotherapy other than platinum, and variations in the
radiation doses. The aim of this study is {o assess the efficacy and safety of the PCI in the patients with ED-
SCLC.

# Methods

From March 2009, patients with ED-SCLC who had any response to first-line chemotherapy (platinum agent plus
irinotecan or etoposide) were randomized to either PCI (25Gy/10 fractions) or observation (Obs) alone. The
patients were required to prove the absence of BM by MRI prior to enroliment. The primary endpoint was OS and
a planned sample size of 330 was determined to detect the hazard ratio (HR) of 0.75 at a significance level of
0.05 and a power of 80%. Secondary endpoints included time to BM, progression-free survival (PFS), and
adverse effects (AEs).

% Results

In July 2013, a preplanned interim analysis was conducted for the survival data of 163 pts from 41 centers. The
study was terminated because of futility; with a median follow-up of 9.4 months and 111 observed deaths, the
median OS was 10.1 and 15.1 months for PCI (n=84) and Obs (n=79), respectively (HR=1.38, 95%Cl= 0.95-
2.01; stratified log-rank test, P=0.091). Bayesian predictive probability of showing superiority of PCl over Obs was
0.01%. PCI significantly reduced the risk of BM as compared to Obs (32.4% vs 58.0% at 12 months; Gray's test,
P<0.001), whereas PFS was comparable between the two arms (median, 2.2 vs. 2.4 months; HR=1.12,
95%CI1=0.82-1.54). No significant difference in AEs greater than Grade 2 was observed between the two arms.

# Conclusions




PCI after response to chemotherapy might have a negative impact on OS in pts with ED-SCLC. Updated safety
data will be presented at the conference.
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Abstract

Background 1t is unclear whether there is a difference in
the effect of gefitinib treatment between patients with post-
operative recurrent non-small cell lung cancer (NSCLC)
and those with stage IV NSCLC harboring mutations in the
epidermal growth factor receptor (EGFR).

Methods We retrospectively reviewed the medical
records of consecutive patients with postoperative recurrent
NSCLC (postoperative group) or stage IV NSCLC (stage
IV group) harboring EGFR mutations who were treated
with gefitinib at the Shizuoka Cancer Center between
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September 2002 and March 2012 to compare the effect of
gefitinib on survival from treatment initiation.

Results A total of 168 patients were treated with gefi-
tinib (postoperative group, 49 patients; stage IV group,
119 patients). The response rate of gefitinib treatment in
the postoperative group was similar to that in the stage IV
group (58 vs. 61 %, p = 0.613). In contrast, median pro-
gression-free survival (PFS; 15.8 vs. 9.8 months, p < 0.001)
and median overall survival (OS; 51.1 vs. 22.2 months,
p < 0.001) were significantly longer in the postoperative
group. In addition, postoperative recurrent disease, per-
formance status (0-1), and a single metastatic organ were
independent favorable prognostic factors in the multivariate
analysis of survival.

Conclusions PFS and OS were superior in patients with
postoperative recurrent NSCLC harboring EGFR mutations
treated by gefitinib than in those with stage IV disease.
These results suggest that postoperative recurrent disease
may be considered a stratification factor in clinical trials for
NSCLC with EGFR mutations.

Keywords Non-small cell lung cancer - Epidermal
growth factor receptor mutations - Postoperative
recurrence - Stage IV - Gefitinib

Introduction

Surgical resection is considered the most effective treat-
ment for early stage non-small cell lung cancer (NSCLC),
and can provide the best opportunity for cure and to
improve survival. However, despite complete surgical
resection, 50-60 % of patients with stage I-IIIA NSCLC
relapse and die [1, 2]. Postoperative NSCLC relapse is sel-
dom curable, and the median survival time after recurrence
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is estimated at 8.1-17.7 months [3, 4]. An optimal treat-
ment strategy for postoperative recurrence is designed for
each patient to relieve clinical symptoms, maintain quality
of life, and delay disease progression.

Gefitinib is an oral epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor with reported efficacy in
limited populations, harboring EGFR mutations including
activating mutations such as a deletion in exon 19 and the
L858R point mutation in exon 21 [5]. Several clinical trials
in patients with advanced NSCLC harboring EGFR muta-
tions have demonstrated that as compared with chemother-
apy, gefitinib results in significantly longer progression-free
survival (PFS) and higher response rates [6, 7]. Accord-
ing to these results, gefitinib can be considered a standard
therapy for patients with stage IV NSCLC harboring EGFR
mutations.

Therefore, gefitinib is frequently used for treatment of
patients with postoperative recurrent NSCLC harboring
EGFR mutations in clinical practice, in accordance with
treatment for patients with stage IV NSCLC. However, it
remains unclear whether there is a difference in the effect
of gefitinib treatment between patients with postoperative
recurrent NSCLC and patients with stage IV NSCLC har-
boring EGFR mutations. The objectives of this retrospec-
tive study were to evaluate the effect of gefitinib on sur-
vival in these two patient groups.

Patients and methods
Patients

We retrospectively reviewed clinical data from the medi-
cal records of consecutive patients with postoperative
recurrent or stage IV NSCLC harboring EGFR mutations,
who were treated with gefitinib, at the Shizuoka Cancer
Center between September 2002 and March 2012. Gefi-
tinib was administered at 250 mg/day until disease pro-
gression or unacceptable toxicity. Treatment change such
as dose reduction or skipping was based on the physi-
cian’s decision. Patients were excluded if they had received
other EGFR tyrosine kinase inhibitors before gefitinib
administration.

Evaluation of patient characteristics

All pretreatment and treatment parameters were com-
pared between the following two groups: one group with
postoperative recurrent NSCLC (postoperative group) and
a second group with stage IV NSCLC at diagnosis (stage
IV group). All patients underwent systematic evaluation
and standardized staging procedures before the start of sys-
temic treatment. Clinical stage was assigned based on the

@ Springer

results of physical examination, chest radiography, com-
puted tomography scans of the chest and abdomen, com-
puted tomography or magnetic resonance imaging of the
brain, and bone scintigraphy or positron emission tomogra-
phy. Patients were excluded if they had only postoperative
local recurrence without distant metastases. Performance
status (PS) was evaluated based on the Eastern Coopera-
tive Oncology Group (ECOG) PS scale. EGFR mutations
were examined by commercial clinical laboratories. Only
one patient with a single brain metastasis was diagnosed
as pathological stage IV NSCLC and was included in the
postoperative group. Although both the primary lesion
and brain metastasis were completely resected, the patient
experienced postoperative disease recurrence. On the other
hand, patients who had received only exploratory thoracot-
omy were included in the stage IV group. Adjuvant chemo-
therapy in the postoperative group was not considered as
first-line chemotherapy in this study. If patients had symp-
tomatic brain metastases, we selected stereotactic radio-
therapy or whole brain radiotherapy before gefitinib treat-
ment in our institution.

Evaluation of efficacy

The response to gefitinib treatment was evaluated accord-
ing to the guidelines of the Response Evaluation Criteria
in Solid Tumors version 1.1 [8]. After the start of gefitinib,
chest radiography was performed at 1-monthly intervals.
Also, computed tomography of the chest and abdomen
was performed every 2-3 months. When patients had been
treated with gefitinib longer than 1 year, the frequency of
radiological examinations was suitably adjusted according
to the physician’s judgment. If disease progression was sus-
pected by chest radiography, additional computed tomog-
raphy was performed as necessary. When clinical signs
and symptoms suspicious for brain and bone involvement
were present, magnetic resonance imaging of the brain
and positron emission tomography were performed based
on the physician’s decision. PFS was defined as the period
between the start of gefitinib treatment and progressive dis-
ease or death from any cause. Overall survival (OS) was
defined as the period between the start of gefitinib treat-
ment and the date of death from any cause.

Statistical analyses

The chi-squared and Mann—Whitney U tests were used to
evaluate differences in categorical and continuous variables
between the two groups, respectively. OS and PFS were
evaluated using the Kaplan—Meier method and compared
using the log-rank test. Cox proportional hazards models
were used to adjust for potential confounding factors. A p
value of <0.05 was considered statistically significant. All
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analyses were performed using JMP 10 for Windows sta-
tistical software (SAS Institute Japan Inc., Tokyo, Japan).
This study was approved by the institutional review board
of Shizuoka Cancer Center.

Results
Patient characteristics

A total of 168 patients with postoperative recurrent NSCLC
(49 patients, 29.2 %) or stage IV NSCLC (119 patients,
70.8 %) were included in this study. In the postopera-
tive group, pathological stages I, II, III, IV, and multiple
primary sites were noted in 14 (28.6 %), 17 (34.7 %), 15
(30.6 %), 1 (2.0 %), and 2 (4.1 %) patients, respectively.
The median interval from surgical resection for the primary
disease to the start of cytotoxic chemotherapy or gefitinib
was 17.0 months. The baseline characteristics stratified
by the groups are summarized in Table 1. The distribution
of gender and age were similar between the two groups.

Table 1 Patient characteristics at the start of gefitinib treatment

Postoperative Stage IV group 14
group (n = 49) (n=119)
n (%) n (%)
Sex 0.951
Male 15 (30.6) 37 (31.1)
Female 34 (69.4) 82 (68.9)
Age median (range) 71 (42-85) 66 (31-92) 0.077
Performance status 0.049
0-1 43 (87.8) 88 (73.9)
2-4 6(12.2) 31 (26.1)
Smoking status 0.479
Never 31 (63.3) 82 (68.9)
Previous/current 18 (36.7) 37 (31.1)
Histology . -
Adenocarcinoma 46 (93.9) 119 (100)
Nonadenocarci- 3(6.1) 0
noma
Type of EGFR 0.970
mutation
Exon 19 deletion 25 (51.0) 59 (49.6)
L858R 20 (40.8) 49 (41.2)
Other 4(8.2) 11(9.2)
Prior chemotherapy 0.525
before gefitinib
treatment
No 35(71.4) 79 (66.4)
Yes 14 (28.6) 40 (33.6)

EGFR epidermal growth factor receptor

Patients in the postoperative group showed better PS than
those in the stage IV group (p = 0.049). Almost all patients
were pathologically diagnosed with adenocarcinoma. The
type of EGFR mutation did not differ between the two
groups. About 30 % patients in both groups received cyto-
toxic chemotherapy before gefitinib treatment.

Metastatic sites

Metastatic sites stratified by the groups are summarized
in Table 2. At the start of gefitinib treatment, 20 (40.8 %)
patients in the postoperative group and 71 (59.7 %) in the
stage IV group had multiple metastatic organs. Patients in
the stage IV group had significantly more metastatic organs
than those in the postoperative group (p = 0.033). The
predominant metastatic organs differed between the two
groups: bone and liver metastases were more common in
the stage IV group (p < 0.001 and p = 0.034, respectively),
while pulmonary metastases were more common in the
postoperative group (p = 0.003).

Responses and survival

The median follow-up period from the start of gefitinib
treatment was 24.6 months. Of the 168 patients, 153
(91.1 %) were observed until disease progression and 103
(61.3 %) until death. The response rate (RR) of gefitinib
treatment in the postoperative group was comparable with
that in the stage IV group (57.1 vs. 61.3 %, p = 0.613).
However, the median PFS was significantly longer in the
postoperative group than in the stage IV group (15.8 vs.
9.8 months, p < 0.001) (Fig. 1). The median OS was also
significantly superior in the postoperative group than in the
stage IV group (51.1 vs. 22.2 months, p < 0.001) (Fig. 2).

Prognostic factors

The results of univariate and multivariate analyses for OS
are shown in Table 3. In the univariate analysis for OS,
postoperative group, PS (0-1), and a single metastatic
organ were associated with favorable survival. Multivari-
ate analysis showed that postoperative group (hazard ratio
(HR) 0.389, 95 % confidence interval (CI) 0.220-0.657,
p < 0.001), PS (0-1) (HR 0.461, 95 % CI 0.272-0.787,
p = 0.005), and a single metastatic organ (HR 0.442, 95 %
CI 0.279-0.690, p < 0.001) were independent favorable
prognostic factors.

Discussion

In our study, the RR of gefitinib treatment was comparable
between both groups, but PFS and OS were significantly
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Table 2 Metastatic sites

Postoperative Stage IV group p
group (n = 49) n=119)
n (%) n (%)
Number of meta- 0.033
static organs
1 29 (59.2) 48 (40.3)
>2 20 (40.8) 71 (59.7)
Metastatic sites
Brain 0.181
No 35 (71.4) 72 (60.5)
Yes 14 (28.6) 47 (39.5)
Bone <0.001
No 34 (69.4) 49 (41.2)
Yes 15 (30.6) 70 (58.8)
Lung 0.003
No 27 (55.1) 93(78.2)
Yes 22 (44.9) 26 (21.8)
Liver 0.034
No 48 (98.0) 104 (87.4)
Yes 12.0) 15 (12.6)

superior in patients with postoperative recurrent NSCLC
harboring EGFR mutations than in those with stage IV dis-
ease. To our knowledge, there are only two reports in the lit-
erature that have presented similar results. Mitsudomi et al.
reported the results of a phase III study (WJTOG3405) that
compared the effect of gefitinib with that of cisplatin plus
docetaxel in patients with NSCLC harboring EGFR muta-
tions. In this study, 71 of 172 (41.3 %) patients had post-
operative recurrent disease. Exploratory analyses of PES in
this study showed that patients with postoperative recurrent
disease had a significantly better prognosis than those with
stage IIIB/IV disease (HR 0.433, 95 % CI 0.290-0.649,
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Fig. 1 Progression-free survival of patients in the postoperative
(n = 49) and stage IV (n = 119) groups
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Fig. 2 Overall survival of patients in the postoperative (n = 49) and
stage IV (n = 119) groups

p <0.001) [7]. Sekine et al. conducted a retrospective study
to compare the effects of chemotherapy in postoperative
recurrent NSCLC patients with those in stage IV NSCLC
patients regardless of EGFR mutations. Although the RR
of chemotherapy was comparable between postoperative
recurrent NSCLC patients and stage IV NSCLC patients,
PFES and OS were superior in the former (median PFS;
5.5 vs. 4.2 months, p = 0.007 and median OS; 21.3 vs.
13.3 months, p < 0.001). Multivariate analysis showed that
patients with postoperative recurrent NSCLC had a better
prognosis than those with stage IV NSCLC (HR 0.66, 95 %
CI0.540-0.810, p < 0.001) [9]. In our study, the HR of the
postoperative group to the stage IV group for OS was 0.389
(95 % CI 0.220-0.657, p < 0.001). These results suggested
that patients with postoperative recurrent NSCLC may have
better prognosis than those with stage IV. These results
were also confirmed in a report by ECOG [10].

Although the reasons for these results remain unclear,
there are several hypotheses. These results may be related to
tumor heterogeneity and burden because tumor heterogeneity
may contribute to resistance, and small cell subpopulations
may acquire or stochastically already possess some features
that enable them to emerge under selective drug pressure
[11-15]. Most patients with postoperative recurrent NSCLC
received regular follow-ups after surgical resection; thus, the
tumor burden may be lower than that in patients with stage
IV NSCLC at diagnosis. These differences in tumor hetero-
geneity and burden may be associated with favorable PFS
and OS in patients with postoperative recurrent NSCLC
[12, 15-17]. In our study, patients in the postoperative group
had fewer metastatic sites than those in the stage IV group.
The results may support the difference in tumor burden
between the two groups [16]. These results suggest that sur-
gical reduction of tumor burden may improve the effective-
ness of gefitinib treatment in patients with stage IV NSCLC



