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Table 2 The combination of cisplatin and docetaxel
Characteristics Japan [7] ECOG [9] USA [10]
Chemotherapy dose
CDDP {mg/m?) 80(day1) 75 (day 1) 75 {day 1}
DTX (mg/m?) 60 (day 1) 75 {day 1) 75(day 1)
Demographics (% not specified)
No. of patients 1M 289 408
Age (median) (range) 63 (30—74) 63 (34—84) 61(30-81)
Female 36 37 28
PS 01 96 94 96
Stage IV 100 86 67
Non-squarmous 89 NA 68
Treatment delivery and efficacy (% not specified)
Cycles {median) 3 4 5
Response rate (95% Cl) 37 (29-45) 17 {12-21) 32(27-36)
MST (month) (95% Ci {month)} 11.3 (NA) 7.4 (6.6—8.8) 11.3 (10.1—12.4)
1-year survival 48 31 46
Grade 3-4 toxicity (%)
Neutropenia 74 69 75
Febrile neutropenia i 1 5
Thrombocytopenia 1 3 3
Neuropathy 0 5 4

The toxicity was similar among many studies except
for the gemcitabine and cisplatin arm of the Iressa NSCLC
Trial Assessing Combination Treatment (INTACT) study [11],
where the incidence of grade 3-4 neutropenia and throm-
bocytopenia was reported to be about one tenth of that in
other studies (Table 3).

3.3. Vinorelbine and cisplatin

The dose of vinorelbine per one course was also smaller
in the Japanese study than in other studies outside Japan
(Table 4). The RR in the Greek study was higher than that in
an American study. There was no difference in survival for
this combination among all studies. There was no correla-
tion between demographic variables and the RR or MST in a
multiple linear regression analysis.

Grade 3-4 neutropenia was less common in the Greek
study than in other studies, but the frequency of febrile
neutropenia in that study was intermediate among studies.

4, Discussion

This study showed that geographical differences in the
outcome of lung cancer chemotherapy may be present.
However, extrapolation of clinical data in a country to
another population and global clinical trials were consid-
ered possible with adequate considerations as discussed
below.

The dose of third-generation cytotoxic agents was
smaller in Japanese studies than in European and Ameri-
can studies. The toxicity profile was generally acceptable
and similar among many studies. Thus, the dose and sched-
ule of anticancer agents established in prior phase | and

Il studies conducted in each country were appropriate and
applicable to large patient populations of these countries.
Patient demographics were very similar through all studies,
indicating that extrinsic ethnic factors may be comparable
and consistent between geographically different oncology
groups. These factors include socioeconomic factors, med-
ical service background, and patient selection process for
clinical trials.

RRs in phase il studies including third-generation cyto-
toxic agents seemed to be distributed randomly from one
study to another, whereas patient survival might have been
better in Japanese studies. The Japanese phase Ili trials
were performed in acadernic institutes, including university-
affiliated hospitals, cancer center hospitals, and central city
general hospitals. Thus, the distribution of patients selected
for Japanese phase il trials may be skewed, in that they
were in good general condition, although established prog-
nostic factors in patients with NSCLC were almost fdentical
among Japanese and non-Japanese studies. In addition, bet-
ter survival among Japanese patients may be attributable to
true ethnic differences. One possibility is the relatively high
frequency of non-squamous histology in Japanese studies,
but the reason is largely unknown,

The severity and frequency of common toxicity were
comparable in all these phase Il studies with a few excep-
tions. The incidence of grade 3-4 neutropenia was only 5—6%
in the carboplatin and paclitaxel arm of the INTACT2 study
[12] and in the cisplatin and gemcitabine arm of the INTACT1
study [11], both of which were sponsored by one pharmaceu-
tical company. Similarly, the incidence of neutropenia was
lower in Greek studies [13—15] than in other studies. These
differences in the incidence of toxicity may be associated
with the frequency of monitoring, including patient hospital
visits and blood cell count and chemistry evaluation.
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Anticancer agents are considered to be sensitive to eth-
nic factors, because of a steep pharmacodynamic curve for
both efficacy and safety, a narrow therapeutic dose range,
non-linear pharmacokinetics, their metabolic enzymes with
the potential for drug-drug interaction, and these enzymes
with the potential for ethnicalty variable activity caused by
genetic polymorphism. Thus, bridging studies using pharma-
cologic endpoints are extremely important to apply efficacy,
safety, and dose data from one place to another [16]. These
pharmacologic studies can be incorporated into phase [ tri-
als and, when it is necessary, phase Il trials. Furthermore,
the current study suggests that, once the pharmacological
property and recommended dose of a new cytotoxic agent
are established in one country, the outcome of randomized
controlled trials developed in other countries can be extrap-
olated to the population.

We defined ethnic populations in the current study
according to the country where the study was performed.
However, patients enrolled into multicenter European and
North American studies may include patients with a diverse
ethnicity. It would be greatly interesting to see RR, MST and
toxicity in subgroups of patients with different ethnicity in
those trials, although there has been no such data published.

Randomization of patients in a trial guarantees the com-
parability between treatment arms within the trial, but not
between treatment arms in different trials. Thus, it is impos-
sibte to compare the outcome of different trials exactly.
Nevertheless, we frequently refer to the gutcome of tri-
als performed outside Japan and they furnish us with much
information. To compensate this limitation, we tried to com-
pare patient characteristics between trials, but other fac-
tors including the frequency of monitoring may also affect
the outcome greatly. The number of combination regimens
evaluated in this study is insufficient, but no large scale
Japanese trials of other combination regimens have been
available so far.

This study failed to demonstrate whether this approach
to clinical trial analysis was really helpful. For future clinical
trials, consistency in monitoring, as well as the use of the
common toxicity and response criterfa, is important to keep
comparability between trials. A meta-analysis using individ-
ual patient data may be more useful than a subgroup analysis
within a trial to compare the outcomes between ethnic sub-
groups with adequate statistical power.

A phase Il study of gefitinib in patients with advanced
NSCLC who had previcusly received one or two chemother-
apy regimens was conducted in cooperation with 43 hospi-
tals across Europe, Australia, South Africa, and Japan. The
population was prospectively stratified into Japanese and
non-Japanese patients to investigate whether there were
any differences between the two patient populations with
respect to efficacy [17]. This study clearly showed that a
global study of NSCLC using the same protocol was com-
pleted, and this global strategy was an effective method
to speed up the development of a new anticancer agent in
Japan. In addition, the stratification by the county or eth-
nicity is important in a global study of an investigational new
drug to investigate geographical differences in efficacy and
toxicity.

In conclusion, the dose of anticancer agents, RR, survival
and toxicity of lung cancer chemotherapy showed some dif-
ferences among Japanese, European, and USA studies. How-

ever, extrapolation of clinical data in a country to another
population and global clinical trials including many countries
were considered possible with adequate dose adjustment
based on dose finding studies using a carefully projected
protocol.
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Abstract

The identification of somatic mutations in the tyrosine kinase
domain of the epidermal growth factor receptor (EGFR} in

patients with non-small ceil lung cancer (NSCLC) and the,

association of such mutations with the clinical response to
EGFR tyrosine kinasc inhibitors (TKI), such as gefitinib and
erlotinib, have had a substantial effect on the treatment of this
disease. EGFR gene amplification has also been associzted
with an increased therapeutic response to EGFR-TKIs. The
effects of these two types of EGFR alteration on EGFR function
have remained unclear, however. We have now examined 16
NSCLC cell lines, including eight newly established lines from
Japanese NSCLC patients, for the presence of EGFR mutations
and amplification. Four of the six cell lines that harbor EGFR
mutations were found to be positive for EGFR amplification,
whereas none of the 10 cell lines negative for EGFR mutation
manifested EGFR amplification, suggesting that these two
types of EGFR alteration are closely associated. Endogenous
EGFRs expressed in NSCLC cell lines positive for both EGFR
mutation and amplification were found to be constitutively
activated as a result of ligand-independent dimerization.
Furthermore, the patterns of both EGFR amplification and
EGFR autophosphorylation were shown to differ between cell
lines harboring the two most common types of EGFR mutation
(exon 19 deletion and L858R point mutation in exon 21). These
results reveal distinct biochemical properties of endegenous
mutant forms of EGFR expressed in NSCLC cell lines and may
have implications for treatment of this condition. [Cancer Res
2007:67(5):2046-53)

Introduction

The epidermal growth factor receptor {EGFR) is a 170-kDa
transmembrane glycoprotein with an extracellular ligand binding
domain, a transmembrane region, and a cytoplasmic tyrosine
kinase domain and is encoded by a gene (EGFR) located at human
chromosomal region 7pl2 {1-3). The binding of ligand to EGFR
induces receptor dimerization and consequent conformational
changes that result in activation of the intrinsic tyrosine kinase,
receptor autophosphorylation, and activation of a signaling
cascade (4, 5). Aberrant signaling by EGFR plays an important
role in cancer development and progression (3).
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University School of Medicine, 377-2, Ohno-higashi, Osaka-Sayama, Osaka 589-8511, Japan.
Phone; 81-72-366-0221; Fax: 81-72-360-5004; E-mail: ckamoto@dotd.med kindatac.jp.

©2007 American Association for Cancer Research.

doi:10.1158/6008-5472.CAN-116-3339

EGFR is frequently overexpressed in non-small cell lung cancer
{NSCLC) and has been implicated in the pathogenesis of this
disease (6, 7). Given the biological importance of EGFR signaling
in cancer, several agents have been synthesized that inhibit the
receptor tyrosine kinase activity. Two such inhibitors of the
tyrosine kinase activity of EGFR (EGFR-TKI), gefitinib and
erlotinib, both of which compete with ATP for binding to the
tyrosine kinase pocket of the receptor, have been extensively
studied in patients with NSCLC (8, 9). We and others have shown
that a clinical response to these agents is more common in
women than in men, in Japanese than in individuals from Europe
or the United States, in patients with adenocarcinoma than in
those with other histologic subtypes of cancer, and in patients
who have never smoked than in those with a history of smoking
(10-14). Mutations in the tyrosine kinase domain of EGFR have
also been detected in a subset of lung cancer patients and shown
to predict sensitivity to EGFR-TKIs (15-17). Indeed, the clinical
characteristics of patients with known EGFR mutations are
similar to those of other individuals most likely to respond to
treatment with EGFR-TKIs (18-22). These mutations arise in the
first four exons (exons 18-21) corresponding to the tyrosine kinase
domain of EGFR, and they affect key amino acids surrounding
the ATP-binding cleft (23, 24). In-frame deletions that eliminate
four highly conserved amino acids (LREA) encoded by exon 19 are
the most common type of EGFR mutation, with missense point
mutations in exon 21 that result in a specific amino acid
substitution at position 858 (L858R) being the second most
common. In addition to EGFR mutations, other molecular
changes may play a role in determining sensitivity to EGFR-TKIs
(22, 25-28). NSCLC patients with an increased EGFR copy number,
as revealed by fluorescence in situ hybridization (FISH), have
thus been found to show an increased response rate to and
prolonged survival after gefitinib therapy (22, 25-27).

Given that EGFR is mutated or amplified (or bothj in NSCLC,
it is important to determine the biological effects of such EGFR
alterations on EGFR function {15, 29-32). Transient transfection
of various cell types with vectors encoding wild-type or mutant
versions of EGFR showed that the activation of mutant receptors
by EGF is more pronounced and sustained than is that of the wild-
type receptor (15, 30). However, detailed biochemical analysis of
NSCLC cell lines with endogenous EGFR mutations has been
limited. We have now identified EGFR mutations in three NSCLC
cell lines newly established from Japanese patients. Furthermore,
we have characterized a panel of 16 NSCLC cell lines for EGFR
mutations and amplification and evaluated the relation between
the presence of these two types of EGFR alteration and sensitivity
to gefitinib. The effects of EGFR alterations on activation status
of EGFR and on downstream signaling were also evaluated.

Cancer Res 2007; 67: (5). March 1, 2007
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Differential Properties of Mutant EGFRs in NSCLC

Finally, in EGFR mutant cell lines showing constitutive EGFR
activation, we assessed how the mutations activate the tyrosine
kinase domain of the receptor.

Materials and Methods

Cell lines. The human NSCLC cell lines NCI-H226 (H226), NCI-H292
(H292), NCI-H460 (H460), NCI-H1299 (H1299), NCI-H1650 (H1650), and
NCI-H1975 (H1975) were obtained from the Armerican Type Cuiture
Collection {Manassas, VA). PC-9 and A549 cells were obtained as described
previously (33). Ma-1 cells were kindly provided by E. Shimizu (Tottori
University, Yonago, Japan). We established seven cell lines (KT-2, KT-4,
Ma-25, Ma-31, Ma-34, Ma-45, and Ma-53) from tissue or pleural effusion of
Japanese patients with advanced NSCLC. These cell lines were cunltured
under a humidified atmosphere of 5% CO, at 37°C in RPMI 1640 (Sigma,
8t Louis, MO} supplemented with 10% fetal bovine serum. Informed
consent. for establishment of cell lines and tumor DNA sequencing was
obtained in accordance with the ethical guidelines for human genorne/
genetic analysis in Japan.

Growth inhibition assay. Gefitinib was kindly provided by AstraZeneca
(Macclesfield, United Kingdom) as a pure substance and was diluted in
DMS0 to obtain a stock solution of 20 mmol/L. For growth inhibition
assays, cells (0.5 x 10" to 4.5 X 10" were plated in 96-well flat-bottomed
plates and cultured for 24 h before the addition of various concentrations of
gefitinib and incubation for an additional 72 h. TetraColor One (5 mmuol/L
tetrazolium monosodivm salt and 0.2 mmol/L 1-methoxy-5-methyl
phenazinium methylsulfate; Seikagaku, Tokyo, Japan) was then added to
each well, and the cells were incubated for 3 h at 37°C before measurement
of absorbance at 490 nm with a Multiskan Spectrum instrument (Thermo
Labsystems, Boston, MA). Abserbance values were expressed as a
percentage of that for untreated cells, and the concentration of gefitinib
resulting in 50% growth inhibition (ICs,) was calculated.

Genetic analysis of EGFR. Genomic DNA was extracted from cell lines
with the use of a QlAamp DNA Mini kit (Qiagen, Tokyo, Japan), and exons
18 to 21 of EGFR were amplified by the PCR and sequenced directly. PCR
was done in a reaction mixture {25 pL) containing 50 ng of genomic DNA
and TaKaRa Taq polymerase (TaKaRa BIO, Tokyo, Japan} and with an initial
incubation for 3 min at 94°C followed by 30 cycles of 20 s at 94°C, 30 5
at 58°C, and 20 s at 72°C and by a final incubation for 7 min at 72°C. The
PCR products were purified with a Microcon YM-100 filtration device
{Millipore, Billerica, MA} before sequencing with the use of an ABI BigDye
Terminator v. 3.1 Cycle Sequencing kit (Applied Biosystems, Foster City,
CA). Sequencing reaction mixtures were subjected to electrophoresis with

an ABI PRISM 3100 Genetic Analyzer {Applied Biosystems). Primers for
mutation analysis (sense and antisense, respectively) were as follows:
exon 18, 5-CAAATGAGCTGGCAAGTGCCGIGTC-3 and 5-GAGTTTCC-
CAAACACTCAGTGAAA-C-3% exon 19, 5-GCAATATCAGCCTTAGGT-
GCGGCTC-3'and 5-CATAGAAAGTGAACATTTAGGATGTG-3; exon 20,
5-CCATGAGTACGTATTTTGAAACTC-3' and 5-CATATCCCCATGG-
CAAACTCTTGC-3" and exon 21, 5-CTAACGTTCGCCAGCCATAAGTCC-3'
and 5-GCTGCGAGCTCACCCAGAATGTCTGG-3.

FISH. EGFR copy number per cell was determined by FISH with the use
of the LSI EGFR Spectrum Orange and CEP7 Spectrum Green probes (Vysis;
Abbott, Des Plaines, IL). Cells were centrifuged onto glass shides with a
Shandon cytocentrifuge (Thermo Electron, Pittsburgh, PA) and fixed by
consecutive incubations with ice-cold 70% ethanol for 10 min, 85% ethanol for
5 min, and 100% ethanol for 5 min. Slides were stored at —20°C until analysis,
Cells were subsequently subjected to digestion with pepsin for 10 min at
37°C, washed with water, dehydrated with a graded series of ethancl
selutions, denatured with 70% formamide in 2% S$SC for 5 min at 72°C, and
dehydrated again with a graded series of ethanol solutions before incuba-
tion with a hybridization mixture consisting of 50% formamide, 2X SSC, Cot-1
DNA, and labeled DNA. The slides were washed for 5 min at 73°C with
3x SS8C, for 5 min at 37°C with 4% 5SC containing 0.1% Triton X-100, and
for 5 min at room temperature with 2% SSC before counterstaining with
antifade solution containing 4'6-diamidino-2-phenylindole. Hybridization
signals were scored in 40 nuclei with the use of a ¥ 100 immersion objective.
Nuclei with a disrupted boundary were excluded from the analysis, Gene
amplification was defined by an EGFR/chromosome 7 copy number ratio
of 22 or by the presence of clusters of 215 copies of EGER per cell in 210%
of eells, as described previously {25, 27).

immunoblot analysis. Cell lysates were fractionated by SDS-PAGE on a
7.5% gel, and the separated proteins were transferred to a nitrocellulose mem-
brane, After blocking of nonspecific sites witls 5% skim milk, the membeane
was incubated overnight at room temperature with primary antibodies.
Antibodies to phosphorylated EGFR {pY845, pY1068, or pY1173), extracellular
signal-regulated kinase (ERK), phosphorylated AKT, AKT, Src homology
and collagen (She), and phosphorylated She were obtained from Cell Signaling
Technology (Beverly, MA); antibodies to EGFR were from Zymed (South San
Francisco, CA); antibodies to phosphorylated ERK were from Santa Cruz
Biotechnology (Santa Cruz, CA}; and entibodies to B-actin (loading control)
were from Sigma. Immune complexes were detected by incubation of the
membrane for 1 h at room temperature with horseradish peroxidase—
conjugated goat antibodies to mouse or rabbit immunoglobulin (Amersham
Biosciences, Little Chalfont, United Kingdom) and by subsequent exposure
to enhanced chemiluminescence reagents (Perkin-Elmer, Boston, MA),

Table 1. Characteristics of NSCLC cell lines

Cell lines Gefitinib 1G5y (pmolfL) EGFR mutation EGFA amplification Histology

PC-5 0.07 del(E746-A750) + Adenocarcinoma

KT-2 0,57 L.858R + Adenocarcinoma

KT-4 1.26 L858R + Large cell carcinoma

Ma-1 2.34 del{E746-A750) + Adenocarcinoma

H1650 6.66 del (E746-A750) - Adenocarcinoma

A549 870 Wild type - Adenocarcinoma

H1975 9.32 L858R+T790M - Adenocarcinoma

H292 9.44 Wild type - Mucoepidermoid carcinoma

H226 9.53 Wild type - Squamous cell carcinoma

Ma-25 10.17 © Wild type - Large cell carcinoma

Hae0 10.38 Wild type - Large cell carcinoma

Ma-45 1047 Wild type - Adenocarcinoma

Ma-53 1047 Wild type - Adenocarcinoma

Ma-34 1117 Wild type - Adenocarcinoma

H1299 11.28 wild type - Large cell carcinoma

Ma-31 1246 Wild type - Adenocarcinoma
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Treatment of cells with neutralizing antibodies. Cells were exposed
to newtralizing antibodies {each at 12 pg/mLl) for 3 h before EGF
stimulation. The antibodies included those to EGF and to transforming
growth factor-ct (TGF-ot), both from R&D Systems (Minneapolis, MN) as
well as untibodies to EGFR (Upstate Biotechnology, Lake Placid, NY). Cell
lysates were then prepared and subjected to immunoblot analysis with
antibodies Lo phosphorylated EGFR (pY1068) and to EGFR as described
above,

Chemical cross-linking assay. Chemical cross-linking was done as
described previously {34, 35). Cells were washed twice with ice-cold PBS and
then incubated for 20 min at 4°C with 1 mmol/L bis(sulfosuceinimidyl)-
suberate (Pierce, Rockford, IL} in PRS, The cross-linking reaction was termi-
nated by the addition of glycine to a final concentration of 250 rmmol/L
and incubation for an additional 5 min at 4°C. The cells were washed with
PB3, and cell lysates were resolved by SDS-PAGE on a 4% gel and subjected
to immunoblot analysis with anti-EGFR (Santa Cruz Biotechnology).

PC-Y Ma-1
KT-2 KT-4
H1975 H1650

Figure 2. FISH analysis of EGFR
amplification in NSCLC cell lines. The
analysis was done with probes specific
for EGFR (red signals) and for the
centromere of chremasome 7 (green
signals) in the indicated cell lines.

PC-9 and Ma-1 cells manifest an EGFR/
chromesome copy number ralio of =2,
whereas KT-2 and KT-4 celis manifest
EGFR clusters. H1975 and H1650 cells
are negalive for EGFA amplification.
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Results

Effect of gefitinib on the growth of NSCLC cell lines. We first
examined the effect of the EGFR-TKI gefitinib on the growth of 16
NSCLC cell lines, eight of which (KT-2, KT-4, Ma-1, Ma-25, Ma-31,
Ma-34, Ma-45, and Ma-53) were established from Japanese NSCLC
patients for the present study. The ICs;, values for gefitinib
chemosensitivity ranged from 007 to 1246 pmol/L (a 178-fold
difference; Table 1).

Four cell lines (PC-9, KT-2, KT-4, and Ma-1) were relatively
sensitive to gefitinib with ICs, values between 0.07 and 2.34 pumol/L,
whereas the remaining 12 lines were considered resistant to
gefitinib (ICy, > 6 umol/L). No relation was apparent between
sensitivity to gefitinib and histologic subtype of NSCLC for this
panel of cell lines (Table 1).

EGFR mutation and amplification in NSCLC cell lines. We
screened the 16 NSCLC cell lines for the presence of EGFR
mutations in exons.18 to 21, which encode the catalytic domain of
the receptor. As previously described (36-39), PC-9, H1650, and
H1975 cell lines were found to harbor EGFR mutations [del(E746-
A750} in PC-9 and H1650 and both L858R and T790M in H1975].
Furthermore, we detected EGFR mutations in three of the newly
established cel lines (Ma-1, KT-2, and KT-4). Ma-1 cells, which were
isolated from a female ex smoker with adenocarcinoma {>30 years
of age), were found to harbor a small deletion within exon 19
[del{E746-A750); Fig. 14; Table 1]. Both KT-2 cells [derived from a
male ex smoker with adenocarcinoma (>30 years of age}] and KT-4
cells (derived from a male nonsmoker with large cell carcinoma)
harbor a point mutation (L858R) in exon 21 {Fig. 1B; Table 1). Four
of these six NSCLC cell lines with EGFR mutations (PC-9, Ma-1,
KT-2, and KT-4) are sensitive to gefitinib (Table 1), consistent with
clinical observations (15-17, 20, 22).

We next examined the 16 NSCLC cell lines for the presence of
EGFR amplification by FISH analysis with a probe specific for

EGFR and a control probe for the centromere of chromosome 7,
Four (PC-9, Ma-1, KT-2, and KT-4) of the 16 cell lines, all of which
harbor EGFR mutations, were found to be positive for EGFR
amplification (Fig. 2; Table 1). PC-9 and Ma-1 cell lines, both of
which harbor the same exon 19 deletion, showed an EGFR/
chromosome copy number ratio of 22, whereas KT-2 and KT-4,
both of which harbor the L858R mutation in exon 21, showed =z
clustered unbalanced gain of EGFR copy number (Fig, 2). The four
cell lines that manifested both EGFR mutation and amplification
were sensitive to gefitinib (Table 1). The EGFE mutant cell lines
H1650 and H1975 showed no evidence of EGFR amplification
(Fig. 2), and both of these lines were relatively resistant to gefitinib
(Table 1). None of the cell lines negative for EGFR mutations
manifested EGFR amplification (Table 1), suggesting that EGFR
mutation is closely associated with EGFR amplification (P < 0.05,
x* test).

EGFR expression in NSCLC cell lines. We examined the basal
abundance of EGFR in £GFR wild-type and mutant NSCLC cell
lines by immunoblot analysis. The amount of EGFR in the cell
lines PC-9, Ma-1, KT-2, and KT-4, all of which manifest EGFR
amplification and EGFR mutation, was increased compared with
that in EGFR wild-type cell lines {(A549 and H1299) or EGFR mutant
cell lines negative for EGFR amplification (H1975 and H1650;
Fig. 3}, These results, thus, reveal a close relation between increased
EGFR expression and EGFR amplification in this panel of NSCLC
cell lines, consistent with the results of previous analyses of NSCLC
tisstie specimens {6, 7).

EGFR phosphorylation in NSCLC ceill lines. We examined
tyrosine phosphorylation of endogenous EGFRs in NSCLC cell lines
by immunoblot analysis with phosphorylation site-specific anti-
bodies, In cells (A549) that express only wild-type EGFR,
phosphorylation of the receptor at Y845, Y1068, or Y1173 was
undetectable in the absence of EGF but was markedly induced on

L838R
+
Wild type Ex19 del L358R T790M  Ex19del
Mutation - + + + + + +
Amplification - + + + + - .
A549  HI29% PC-9 DMa-1 KT-2 KT-4 HI975 HI650
Figure 3. EGFR expression in NSCLC cell EGFR CxeEmD mrm we ol “ e q
lines. Lysates {40 pg of protein) of NSCLG — ey G quem)
cell lines positive or negative for EGFA
mutation or amplification, as indicated, B-Actin

were subjected to immunoblot analysis with
antibodies to EGFR and to p-actin {top}.
The abundance of EGFR relative to that of
p-actin was determined by densitemetry
{bottom). Representative of three 400

independent experiments.

EGFR/f-Actin
Ié
—

A549 H1299 PC-9

Ma-1 KT-2 KT4 HI975 HI1650
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exposure of the cells to this growth factor (Fig. 4). Similar results
were obtained with H1650 cells, which are positive for the deletion
in exon 19 of EGFR but negative for EGFR amplification. In
contrast, PC-9 and Ma-1 cells, which are positive for both the exon
19 deletion and EGFR amplification, manifested an increased
basal level of EGFR phosphorylation at Y1068, indicative of
constitutive activation of the EGFR tyrosine kinase. Exposure of
PC-9 or Ma-1 cells to EGF induced EGFR phosphorylation at Y845
and Y1173, showing that the mutant receptors remain sensitive
to ligand stimulation. Furthermore, the cell lines (11575, KT-2,
and KT-4) with the L858R point mutation manifested an increased
basal level of EGFR phosphorylation at Y845, Y1068, and Y1173,
and the extent of phosphorylation at these residues was increased
only slightly by treatment of the cells with EGF, indicative of
constitutive activation of the EGFR tyrosine kinase. These results
thus showed that endogenous EGFR mutations result in
constitutive receptor activation, and that the patterns of tyrosine
phosphorylation of EGFR differ between the two most common
types of EGFR mutant. .

Phosphorylation of signaling molecules downstream of
EGFR in NSCLC cell lines. Given that constitutive activation of
EGFR was detected in NSCLC cell lines with endogenous EGER
mutations, we examined whether signhaling molecules that act
downstream of the receptor are also constitutively activated in
these cell lines. We first examined the basal levels of phosphor-
ylation of AKT and ERK, both of which mediate the oncogenic
effects of EGFR. Immunoblot analysis with antibodies to phos-
phorylated forms of AKT or ERK revealed that these molecules are

indeed constitutively activated in the EGFR mutant lines (PC-9,
Ma-1, H1975, KT-2, and KT-4) that manifest constitutive activation
of EGFR, although the extent of phosphorylation varied (Fig. 4).
The increased levels of AKT and ERK phosphorylation in these
mutant cell lines are consistent with the increased level of EGFR
phosphorylation on Y1068, which serves as the docking site for
phosphatidylinositol 3-kinase and growth factor receptor binding
protein 2, molecules that mediate the activation of AKT and the
Ras-ERK pathway, respectively (2, 40). We next examined whether
the differences in the pattern of constitutive tyrosine phosphor-
ylation of EGFR apparent between NSCLC cell lines harboring
the exon 19 deletion and those with the L858R mutation in exon 21
are associated with distinct alterations in downstream signaling
pathways. Given that Y1173, a major docking site of EGFR for the
adapter protein She {2, 40, 41), is constitutively phosphorylated
in cells with the L858R mutation but not in those with the exon 19
deletion, we compared Shc phosphorylation between cell lines
with these two types of EGFR mutation. Ligand-independent
tyrosine phosphorylation of the 52- and 46-kDa isoforms of Shc was
apparent in cell lines with either type of EGFR mutation {Fig, 5).
However, cell lines (KT-2 and KT-4) that harbor the L858R
mutation exhibited a markedly greater basal level of phosphory-
lation of the 66-kDa isoform of She than did those (PC-9 and Ma-1)
that harbor the exon 19 deletion or those {A549) that harbor only
wild-type EGFR. These data suggest that the constitutively active
mutant forms of EGFR induce selective activation of downstream
effectors as a result of differential patterns of receptor autophos-
phorylation.
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Ligand-independent dimerization and activation of EGFR
mutants. Evidence suggests that EGFR ligands, including EGF and
TGF-a, secreted by tumor cells themselves might be responsible
for activation of mutant receptors in an autocrine loop {29, 42).
To investigate whether EGFR is constitutively activated as a result
of such an autocrine mechanism in £EGFR mutant NSCLC cell lines,
we treated the cells with a combination of three neutralizing
antibodies (anti-EGF, anti-TGF-a, and anti-EGFR) for 3 h and then
examined the effect of EGF on EGFR phosphorylation. The ligand-
dependent activation of EGFR in A549 cells (which express only
wild-type EGFR) was blocked by such antibody treatment (Fig, 64).
In contrast, treatment of the £GFR mutant cell lines PC-9 or KT4
with the neutralizing antibodies failed to inhibit the constitutive
phosphorylation of EGFR on Y1068. These observations sugpgest
that the constitutive phosphorylation of the mutant receptors is
not attributable to autocrine stimulation, although we are not able
to exclude a possible role for other EGFR ligands.

Ligand-induced EGFR dimerization is responsible for activation
of the receptor tyrosine kinase (4, 5). To determine whether mutant
receptors are constitutively dimerized, we treated EGFR wild-type
or mutant cell lines with a cross-linking agent before immunoblot
analysis with antibodies to EGFR. Whereas ligand-induced dime-
rization of wild-type EGFR was observed in A549 cells, receptor
dimerization in PG-9 and KT-4 cells, which express mutant
receptors, was apparent in the absence of ligand and was not
increased substantially by exposure of the cells to EGF
(Fig. 6B). These data indicate that ligand-independent receptor
dimerization is responsible for the constitutive activation of the
mutant forms of £GFR.

Discussion

The discovery of somatic mutations in the tyrosine kinase
domain of EGFR and of their association with a high response rate
to EGFR-TKIs has had a substantial effect on the treatment of
advanced NSCLC (15-17, 20, 22), Asian patients with NSCLC seem
to have a higher prevalence of these mutations, ranging from 20%
to 40% {18, 20, 21, 43-45). We have now identified EGFR mutations

in three of eight newly established cell lines from Japanese patients
with advanced NSCLC. Characterization of these eight new cell
lines and eight previously established NSCLC lines revealed that,
consistent with previous observations (29, 31, 36), those cell lines
that harbor EGFE mutations are morte likely to be sensitive to
gefitinib than are those without such mutations. Not all EGFR
mutant cell lines (e.g, H1650 and H1975} are semsitive to this
EGFR-TKI, however, suggesting the existence of additional deter-
minants of gefitinib sensitivity. In addition to the L858R mutation
in exon 21 of EGFR, HI1975 cells contain the T790M mutation in
exon 20, which has been shown to confer resistance to EGFR-TKis
(38, 39). H1650 cells, which do not harbor mutations in EGFR other
than the exon 19 deletion, manifest loss of the tumor suppressor
phosphatase and tensin homologue deleted on chromosome 10
(37), which enay result in resistance to EGFR-TKIs. EGFR ampli-
fication in NSCLC cells has also been shown to correlate with a
better response to gefitinib (22, 25-27). Given that little is known
of the relation between EGFR mutation and amplification in
NSCLC, we examined the 16 NSCLC cell lines used in this study for
EGFR amplification by FISH. Four of the six cell lines with £GFR
mutations were found to be positive for gene amplification,
whereas none of the 10 mutation-negative cell lines manifested
EGFR amplification. This finding thus suggests that £GFR mutation
and amplification are linked. Cappuzzo et al. showed that 6 of 9
(67%) NSCLC patients with EGFR amptification also had EGFR
mutations {25). Furthermore, Takano et al. sequenced EGFR and
determined the EGFR copy number by real-timie PCR analysis for
the tumors of 66 NSCLC patients (22); all of the patients with a high
EGFR copy number {=6.0 per cell} also had EGFR mutations.
Moreover, PCR analysis revealed selective amplification of the
mutant EGFR alleles in the patients with a high EGFR copy
number. Qur sequencing electrophoretograms for the EGFR
mutant cell lines positive for EGFR amplification also revealed
that the mutant signals were dominant, and the wild-type sequence
was barely detectable (Fig. 1), indicative of selective amplification
of the mutant alleles. We used the recently proposed definition of
EGFR amplification as determined by FISH (25, 27} and found that
the pattern of gene amplification seemed to be dependent on the
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were incubated for 15 min in the absence
or presence of EGF (100 ng/mL), after
which cell lysates (40 pg of protein) were
subjected to immunoblot analysis with
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type of EGFR mutation; gene clusters were observed in cells with
the L858R mutation in exon 21, whereas an EGFR/chromosome
copy number ratio of 22 was detected in those with the small
deletion [del(E746-A750)] in exon 19. Together, these data support
the notion that EGFR mutation and amplification may be co-
selected for during the growth of NSCLC cells. The four cell
lines (PC-9, Ma-l, KT-2, and KT-4} positive for both EGFR
mutation and amplification were sensitive to gefitinib, suggesting
that EGFR amplification may increase sensitivity to gefitinib in
EGFR mutant cells.

Previous biochemical studies of cells transiently transfected with
vectors for wild-type or mutant forms of EGFR suggested that
EGFR mutations increase EGF-dependent receptor activation
(15, 30). Infection of NIH 3T3 cells with a retrovirus encoding
EGFR mutants showed that the mutant receptors are constitutively
activated and able to induce cell transformation in the absence
of exogenous EGF (32). We examined the activation status of
endogenous EGFRs in the six NSCLC cell lines that harbor EGFR
mutations, The H1650, PC-9, and Ma-1 cell lines, all of which
harbor the same exon 19 deletion, showed different patterns of
EGFR autophosphorylation in the COOH-terminal region of the
protein. EGFR autophosphorylation was ligand dependent in
H1650 cells, which are negative for EGFR amplification, whereas
Y1068 {but not Y845 and Y1173) was constitutively phosphorylated
in PC-9 and Ma-1 cells, both of which manifest EGFR amplification.
These results suggest that both EGFR mutation and amplification
may be required for constitutive activation of EGFR in NSCLC cells
that harbor the exon 19 deletion. In contrast, NSCLC cell lines
(H1975, KT-2, and I(T-4) that harbor the L858R mutation exhibited
constitutive phosphorylation of EGFR at Y845, Y1068, and Y1173,
regardless of the absence or presence of EGFR amplification. It is
thought that EGFR mutations result in repositioning of critical

residues surrounding the ATP-binding cleft of the tyrosine kinase
domain of the receptor and thereby stabilize the interactions with
ATP and EGF-TKIs, leading to incrensed tyrosine kinase activity
and EGFR-TKI sensitivity (15, 23, 24). The differential activation
of EGFR mutants observed in the present study may resuit from
distinct conformational changes within the catalytic pocket caused
by the different types of EGFR mutation. NSCLC patients with
exon 19 deletions were recently shown to manifest Jonger overall
survival than did those with the exon 21 point mutation after
treatment with EGFR-TKIs, supporting the notion that the two
major types of mutant receptors have different biological
properties (46, 47}.

Ligand-induced receptor dimerization underlies the activation
of receptor tyrosine kinases {4, 5). Chermical cross-linking revealed
that EGF binding to EGFR induced receptor dimerization in
AS549 cells, which express only the wild-type form of the receptor.
In contrast, endogenous EGFRs in NSCLC cells harboring either
the exon 19 deletion or the point mutation in exon 21 of
EGFR were found to dimerize in the absence of ligand, suggesting
that the constitutive activation of the mutant receptors is attri-
butable to ligand-independent dimerization, EGFR dimerization
was shown to be induced by interaction of quinazolines with
the ATP-binding site of the receptor in the absence of ligand
binding, suggesting that a change in conformation around the
ATP-binding pocket of EGFR is sufficient for receptor dimeriza-
tion (35). Conformational changes induced by EGFR mutations
may therefore also trigger EGFR dimerization in EGFE mutant
cells.

In conclusion, we have found that EGFR mutation is closely
associated with EGFR amplification in NSCLC cell lines. Endoge-
nous EGFRs expressed in NSCLC cells positive for both EGFR
mutation and amplification are constitutively activated as a result
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of ligand-independent dimerization. Cells with the two most
common types of EGFR mutation also manifest different patterns
of EGFR autophosphorylation. Prospective studies are required to
determine the potential for exploitation of these EGFR alterations

in the treatment of advanced NSCLC.
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Summary

Pemetrexed is a novel antimetabolite that targets multiple enzymes in the folate
pathway, and has exhibited clear antitumor activities in the treatment of malignant pleural
mesothelioma and non-small cell lung cancer. Although many adverse events of pemetrexed,
such as bone marrow suppression, have been reported, edema of the eyelid has been previously
reported in only one case (0.2%, n=519), according to the Pemetrexed Clinical Investigator’s

Brochure, April 2005 version. We experienced a patient who developed the valuable edema of
the eyelid. We believe that medical oncologists should be aware of this rare adverse event,
atthough the mechanism responsible for it is not yet known,

© 2006 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Pemetrexed is a novel antimetabolite that targets multi-
ple enzymes'in the folate pathway, and has exhibited clear
antitumor activities in the treatment of malignant pleu-
ral mesothelioma and non-small cell lung cancer [1,2]. In
early-phase pemetrexed studies, severe unpredictable tox-
icities were observed. Recently, Niyikiza et al reported that
pemetrexed-based toxicities were associated with elevated
serum homocysteine levels at baseline [3], and that to avoid
pemetrexed-based severe toxicities, patients have received
folic acid and vitamin B4z supplements. n the Japanese pro-
tocol, prophylactic steroids need not be administered, since

* Corresponding author. Tel,: +81 72 366 0221;
fax: +81 72 360 5000.
E-mail address: ctc002@peh.osaka-med.ac.jp (T. Kurata).

the incidence of severe rash is very low in Japanese patients

[4]-

2. Case description

A 56-year-old Japanese man was diagnosed with adenocar-
cinema of the lung with brain and pulmonary metastases in
April, 2004 (cT4N3M1; stage V). He received three courses
of cisplatin/gemcitabine and subsequently received gefi-
tinib as maintenance therapy from April to August, 2004,
with a best response of partial response. After radiation
therapy to the brain metastasis, which had exhibited aggra-
vation, he was enrolied in a clinical trial of pemetrexed
{Alimta®} in December, 2004 and received 1000 mg/m? of
pemetrexed on day 1 of a 21-day cycle according to the triak
design using randomized assignment (500 or 1000 mg/m?
arm). He developed edema of the eyelid, which appeared
on day 8 of the second course of pemetrexed (cumulative

0169-5002/5 — see front matter ©® 2006 Elsevier Ireland Ltd. All rights reserved.
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(A)
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Fig. 1 A 56-year-old man with adenocarcinoma of the lung,
Edema of the eyelid appeared on day 8 of the second course of
pemetrexed. {A) Photograph taken from the front. {B) Profile.

dose: 3900 mg/body) (Fig. 1). He developed no other type
of edema. He had no hypoproteinemia or did not undergo
hydration. Initially, cardiac failure and conjunctivitis were
considered possible causes. A diuretic was given, but did not

Fig. 2

The edema of the eyelid was improved by the admin-
istration of corticosteroid.

improve the edema. The edema was therefore thought to be
a side effect of pemetrexed, and 8 mg dexamethasone was
administered, The edema was dramatically improved 6 days
after administration of steroid (Fig. 2). Since the tumor had
decreased in size, administration of pemetrexed was con-
tinued. The eyelid edema appeared whenever a course of
pemetrexed was repeated. This edema was therefore con-
sidered probably related to pemetrexed.

3. Discussion

Pemetrexed-associated edema of the eyelid has been previ-
ously reported in only one case {0.2%, n=519), according
to the Pemetrexed Clinical Investigator’s Brochure, April
2005 version. The mechanism responsible for this severe
swelling is unknown. Similarly, docetaxel has also been
documented to cause peripheral edema. Recently, Semb
et al. [5] reported that docetaxel enhances fluid filtra-
tion, followed by capillary protein leakage that causes
edema and nonmalignant effusion. Prophylactic adminis-
tration of corticosteroid during docetaxel administration
appears to delay and decrease the severity of these adverse
events, It may be that pemetrexed-induced eyelid edema
is due to the same mechanism as the edema produced by
docetaxel.

There are stilt unanswered guestions regarding this drug-
induced eyelid edema. Why is it confined to the eyelid? Is it a
cumulative adverse event? We believe that medical oncoto-
gists should be aware of this rare adverse event and attempt
to determine its cause.
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Phase II Study of Etoposide and Cisplatin With Concurrent
Twice-Daily Thoracic Radiotherapy Followed by Irinotecan
and Cisplatin in Patients With Limited-Disease Small-Cell
Lung Cancer: West Japan Thoracic Oncology Group 9902
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Kazuhiko Nakagowe, Minoru Takada, Shunichi Negoro, Kenji Tamura, Masihiko Ando, Takuhite Tado,
and Muasahiro Fukucka

Purpose

Wepinitially conducted a randomized phase || study 1o compare irinotecan and cisplatin {IP} versus
irinotecan, cisplatin, and etoposide {IPE) after etoposide and cisplatin (EP) with concurrent
twice-daily thoracic radiotherapy (TRT) in limited-disease small-cell lung cancer (LD-SCLC). We
amended the protocol 1o evaluate IP after EP with concurrent twice-daily TRT in a single-arm phase
Il study because of an unacceptable toxicity in IPE.

Patients and Methods

Previously untreated patients with LD-SCLC were treated intravenously with etoposide 100
mg/m? on days 1 through 3 and cisplatin 80 mg/m? on day 1 with concurrent twice-daity TRT {1.5
Gy per fraction, a total dose of 46 Gy) beginning on day 2 followed by three cycles of irinctecan
60 mg/m? on days 1, 8, and 15 and cisplatin 60 mg/m? on day 1 of a 4-week cycle.

Results

Of the 51 patients enrolled, 49 patients were assessable for response and toxicity. The overall
response rate and complete response rate were 88% and 41%, respectively. The median survival
time for all patients was 23 months. The 2-year and 3-year survival rates were 49% and 29.7%,
respectively. The median progression-free survival was 11.8 months, The major toxicities
ohserved were neutropenia (grade 4, 84%), febrile neutrepenia (grade 3, 31%), infection grade 3
to 4, 33%), electrolytes imbalance (grade 3 to 4, 20%), and diarrhea (grade 3 to 4, 14%!.

Conclusion
EP with concurrent twice-daily TRT followed by the consolidation of |P appears to be an active
regimen which deserves further phase [l testing in patients with LD-SCLC.

J Clin Oncol 24:5247-5252. ® 2006 by American Society of Clinical Oncology

SCLC. However, the 5-year survival rate is less than
309, and most patients experience a relapse of the

Small-cell lung cancer {SCLC), which accounts for
approximately 15% of all lung cancer cases, is clini-
cally categorized as the two stages, limited disease
and extensive disease. Two meta-analyses have
shown the combined modality of chemotherapy
and thoracic radiotherapy (TRT) to improve the
survival of patients with limited-disease (LI3-) SCLC
in comparison to chemotherapy alone.* The
schedule, dose, and fractionation of TRT have pre-
viously been examined in patients with LD-SCLC
in several randomized controlled studies.>” On the
basis of the results of these studies, etoposide and
cisplatin (EP) with concurrent twice-daily TRT is
currently a standard care for the treatment for LD-

primary tumor or distant metastasis."® To further
improve the therapeutic efficacy, one approach isto
develop a new chemoradiotherapy regimen incor-
porating with a novel active agent.

Irinotecan hydrochloride, a camptothecin de-
rivative, is among the most active chemotherapeutic
agents against SCLC with a response rate of 37% asa
single agent.® A randomized phase I study revealed
that irinotecan and cisplatin (IP) was superior to EP
in patients with extensive-disease SCLC (ED-
SCLC).? However, the role of IP in the treatment of
1L.D-SCLC remains to be defined. To clarify the role
of this combination regimen in LD-SCLC, we ini-
tially conducted a randomized phase II study to

5247
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compare two consolidation chemotherapy regimens, TP versus irino-
tecan, cisplatin and etoposide (IPE), after EP with concurrent twice-
daily TRT in LD-SCLC.'® However, EP with concurrent twice-daily
TRT followed by IPE was not feasible because of unacceptable toxicity
including grade 4 neutropenia (929%), grade 4 diarrhea {25%), grade 4
infection (25%) and one treatment-related death. We therefore
amended the protocol to evaluate EP with concurrent twice-daily TRT
followed by consolidation therapy with IP in a single-arm phase 11
study and herein report the results of this study.

Eligibility Criteria

Patients with histologically or cytologically confirmed LD-SCLC {stage |
disease was excluded) were eligible for this study. A limnited stage was defined as
disease confined to one hernithorax, the mediastinum, and the bilateral supra-
clavicular area, Cases with a small amount of pleural effusion and a negative
cytology were included in the limited-stage group. Other eligibility criteria
included the following: no prior chemotherapy or radiotherapy; measurable
disease; Eastern Cooperative Oncology Group (ECOG) performance status of
0 to 2; age berween 20 and 70 years; life expectancy of at least 3 months;
adequate baseline organ function defined as leukocyte count ranging from
4,000 to 12,000/mm*, hemogiobin concentration of at least 9.5 g/dL, platelet
countat least 100,000/mm?, AST and ALT 2.0X the upper iimit of the normal
range (ULN} o less, serwn total bilirubin 1.5 mg/dL or less, serum creatinine
ULN or less, 24-hour creatinine clearance of at least 60 ml/min, and Pao, at
rest of at least 70 mmHg, The radiation portal should be equal or less than half
af one lung.

The patients were ineligible if they had the following criteria: interstitial
preumonitis or pulmonary fibrosis; other respiratory diseases that precluded
TRT; malignant pleurat effusion or malignant pericardial effusion; active cor-
comitant or a recent (< 3 years} history of any malignancy; uncontrolled
angina pectoris, myocardial infarction less than 3 months before the enroll-
ment or congestive heart failure; uncontrolled diabetes meliitus or hyperten-
sion; severe infection; intestinal paralysis or obstruction; pregnancy or
lactation; or other serious concomitant medical conditions. The study proto-
colwasapproved by each institutional reviewboard for clinical use. All patients
gave their writien informed consent before enrollment.

Study Evaluation

The pretreatment baseline evaluation included a complete medical his-
toryand physical examination, a CBC, blood chemistry studies, flexible bron-
choscopy, electrocardiography, chest radiography, computed tomography of
the chest, computed tomography or ultrasound study of the abdomen, com-
puied tomography ur magnetic resonance imaging of the brain, bone scintig-
raphy and bone marrow aspiration with or without biopsy. A CBC and blood
chernistry studies were repeated every week, At the end of the study, all of these
studies except for flexible bronchoscopy and bone marrow aspiration were
repeated unless the patient had stable or progressive disease.

Treatment Schedule

The patients initially received induction chemoradiotherapy consisting
of etoposide 100 mg/m?® on day | through 3 and cisplatin 80 mg/m® on day |
with concurrent twice-daily TRT. After the induction chernoradiotherapy, the
patients received three cycles of consolidation chemotherapy consisting of
irinotecan 60 mg/m® on days 1, 8, and 15 and cisplatin 60 mg/m?* on dlays !.
Consolidation chemotherapy was repeated every 4 weeks for three cycles.

The first cycle of consolidation chemotherapy wasbegun 4 week after the
initiation of induction chemoradiotherapy if the lewkccyte count was at jeast
4,000/mm?; the platelet count was at least 100,000/mm™; AST and ALT 2.0%
ULN or less; serum bilirubin 1.5 mg/dL or less; serum creatinine of ULN or
fess; the patient did not have fever (= 38°C), diarrhea within the past 24 hours,
or intestinal paralysis or obstruction; and Pao, of at least 70 mmHg. The
subsequent cycle of consolidation chemaotherapy was repeated if the leukocyte

5248

count was at least 3,300/mm™; the platelet count was at least 100,000/mm?;
AST and ALT 2.0X ULN or less; serum bilirubin 1.5 mg/dL ar less; serum
creatinine ULN or less; the patient did not have fever (= 38°C), diarchea within
the past 24 hours, or intestinal paralysis or obstruction. The use of granulocyte
colony-stimulating factor (GCSF) was recommended after day 4. Flowever, its
administration was withheld on the day of administration of irinotecan.

TRT was performed with 6 MV or higher photons from a linear acceler-
ator and began on day 2 of the induction chemoradiotherapy. Patients re-
ceived 1.5 Gy per fraction twice daily with atleast a 4-hour interval (preferably
a 6-hour interval or more) between each fraction over a 3-week period (a total
dose of 45 Gy). A radiation field included the primary tumor, the bilateral
mediastinal and ipsilateral hilar lymph nodes with a margin of 1.5 to 2.0 cm.
Radiation to the supraclavicular lymph nodes was administered only if they
were involved. The inferiot border extended 5 cm below the carina or to a level
inchuding ipsilateral hilar structures, whichever was lower, After initial irradi-
ation with a dose of 30 Gy, off-cord (ie, the spinal cord was outside the field)
oblique baost fields were used. The radiation field in the afternoon was not
different from that in the morning. Computed tomography planning was not
required and lung density corrections were not performed. Prophylactic cra-
nial irradiation (PCI) was administered to the patients achieving compiete
respanse or good partial response with a total dose of 25 Gy in 10 fractions.

Dose Modification

Dose moditfication based on the toxicity of the induction chemoradio-
therapy was not allowed at the time of the first administration of IP. In each
cycle of TP, irinotecan on day 8 or 15 was withheld if a leukocyte count of less
than 2,000/mm” or a platelet count of less than 50,000/mm® was determined,
or if a patient had fever (= 38°C) or grade 2 or higher hepatotoxicity or any
diarrhea within the last 24 hours or intestinal paralysis or ubstruction, In the
second and the third cycle of consolidation chemotherapy, the dose modifica-
tion was made as follows. If a leukocyte nadir count of less than 1,000/mm? or
a neutrophil nadir count of less than 500/mm?® for 3 or more days or if febrile
neutropenia developed orifa platelet nadir count of tess than 25,000/mm” was
wbserved or if grade 2 hepatotoxicity or diarrhea was observed, irinotecan was
decreased by 10 mg/m?® in the subsequent cyele, if grade 2 or lower renal
toxicity was observed during the previous course of treatment, anly cisplatin
decreased by 25%, if grade 3 or higher nonhematologic toxicity {excluding
nausea, vomiting, and hair loss) developed, then cisplatin decreased by 25%
and irinotecan decreased by 10 mg/m? in the following cycie. The patients were
removed from the study if the following toxicities were ohserved: grade 4
diarrhea; grade 3 or higher renal toxicity or creatinine of at least 2.0 mg/dL;
grade 3 or higher hepatotoxicity; grade 2 or higher pulmonary toxicity or Pao,
at rest less than 60 mmHg.

Evaluation

The Response Evatuation Criteria in Solid Tumors (RECIST) were
used for the response assessment.'! Toxicity was evaluated according to the
National Cancer Institute~Commuon Toxicity Criteria {version 2.0). An
extramural review was conducted to validate the eligibility of the patients,
staging, and response,

Statistical Analysis

The primary end point of this study was the 2-year survival rate. We
calculated the sample size based or Fleming's single-stage design of the phase I
study."? We seta 2-year survival rate of 35% asa baseline survival rate and 20%
as the high level of interest with a power of 0.9 at a one-sided significance level
of .03, requiring an accrual of 53 efigible patients. The study was initially begun
asarandomized phase Il study to compare two consalidation arms, namely I[P
versus [PE after concurrent chemoradiotherapy. Because of the unacceptable
toxicity in the triplet regimen, the study was medified to a single-arm phase I}
study to evaluate TP after EP with concurrent TRTand 1 [ patientsin the TParm
were included in the analysis of this study.

The duration of survival was measured from the day of entry onto the
study, and the overall survival curve and progression-free survival curve were
calcudated according to the methed of Kaplan and Meier,™®
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EP/TRT Followed by IP in LD-SCLC

P dta
Patients Characteristics
Between February 2008 and November 2002, 51 patients were
enrolled onto this study. Table 1 lists the baseline characteristics of the
patients. Two patients were considered to be ineligible because a
secondary primary tumor was found after the administration of EP
with concurrent TRT. Therefore, 49 patients were assessable for re-
sponse and toxicity.

Treatment Administration

Seven patients were removed from the study after the administration
of EP with concurrent TRT because of treatment delay due to toxicity (six
patients) and patient rejection (one patient). Eight patients each discon-
tinued the treatment after each cycle of IP. The major reasons for the
discontinuation of IP included treatment delay due to toxcity (three
patients), diarthea (three patients), and ileus {three patients}), patient re-
jection {two patients), and the doctor’s judgment (two patients), Overall,
34 patients (69%) received at least two cycles of IP and 26 patients {53%)
completed the entire treatment. Irinotecan was omitted in 35 (11%) of
306 cycles. The dose-intensity of irinotecan was 30.5 mg/m*/wl {68% of
the planned dose) and cisplatin 11.6 mg/m?*fwlk (77% of the planned
dose) in the consolidation chemotherapy.

Response and Survival

On an intention-to-treat basis, the overall response rates and the
complete response rates were 88% (95% CI, 78.6% to 96.9%) and
41%, respectively. After a median follow-up of 29.9 months, the me-
dian survival time for all patients was 23 months (Fig 1). The 2-year
and 3-year survival rates were 499 and 29.7%, respectively. The me-
dian progression-free survivai was 11.8 months (Fig 2).

Toxicity

Tables 2 and 3 show the major toxicities. Grade 4 neutropeniawas
observed in 80% of the patients and 10 (20%) patients had febrile
neutropenia in concurrent chemoradiotherapy, whereas grade 4 neu-
tropenia was observed in 40% of the patientsand seven patients (17%)
had febrile neutropenia in consolidation chemotherapy. In contrast,
anemia and thrombocytopenia were relatively mild. One patient had
grade 4 esophagitis in concurrent chemoradiotherapy, In the consol-

Tahle 1. Patient Characteristics {N = 51}
Characteristic No, %

Age, years

Median . 62

Range 45-70
Sex

Male 42 82

Female 9 18
ECOG performance status

0 22 43

1 28 56

2 1 2
Stage

1l 2 4

HiA 35 89

flIB 14 27
Abbreviation: ECOG, Eastern Cooperative Oncolegy Group.
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Fig 1. Kaplan-Meier survival curve of 49 eligible patients with limited-disease
small-cell 3ung cancer. The median survival time was 23 months, and the 2-year
and 3-year survival rates were 48% and 29.7%, respectively.

idation chemotherapy, grade 3 or 4 diarrhea was abserved in six
patients (14%) and grade 3 or 4 infection was observed in seven
patients (17%). Two patients had grade 3 or 4 radiation pneumonitis.
Grade 4 adhesive ileus developed in a patient who had a history of
abdominai surgery and ileus. The major toxicities observed through
the entire course of the treatment were neutropenia (grade 4, 34%),
febrile neutropenia (grade 3, 31%), infection (grade 3 to 4, 33%),
electrolytes imbalance (grade 3 to 4, 20%) and diarrhea (grade 3 to
4, 149%). There was one treatment-related death cansed by radia-
tion prieumonitis.

Patterns of Relapse

Table 4 lists first sites of relapse. Of 12 patients (24%) with local
relapse (defined as relapse within the radiation portal), only one had a
relapse solely at locoregional sites and 11 at both local and distant site
including three with brain metastasis. Of 27 patients {55%) with
distant relapse only, 13 had brain metastasis. Overall, 16 patients
(33%) showed brain metastasis as the initial site of relapse, and eight of
them had received PCI.
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Fig 2. Kaplan-Meier progression-free survival curve of 48 eligible patients with
{imited-disease small-cell lung cancer, The median progression-free survival time
was 11.8 months,

52449

Information downloaded from www.jco.org and pro:ided@;g PéhN:(éPﬁ)lgAKU IGAKUBU TOSHOKAN on February 19, 2007
Tom .51.161.100.
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.



Saito et al

Table 2, Major Toxicities During Concurrent Chemoradictherapy {n = 49}

Grade 3 Grade 4
Toxicity No. % MNo. %
Hematologic
Laukopenia 27 b5 19 39
MNeutropenia 8 18 39 80
Anemia 2 4 1 2
Thrombocytopenia 10 20 0 0
Febrile neutropenia 10 20 1] 0
Nonhematologic
Nausea/vomiting 7 14 0 0
Diarrhea g 0 0 0
Constipation G 0 0 0
Infection 9 18 o 0
Mucositis o 0 0 0
Esophagitis 0 0 1 2
Dyspnea 1 2 0 0
Pneumanitis 0 0 0 [
Hepatic 0 Q 0 o]
Electrolytes 2 4 2 4

In this phase Il study, we evaluated the consolidation of IP after EP with
concurrent twice-daily TRT and thus achieved an overall response rate of
88%, a 2-year-survival rate of 49% and a 3-year-survival rate of 29.7%.
Although the nuniber of assessable patients was slightly smaller than the
planned sample size, this study confirmed 24 2-year survivors, and the
power calculation showed a $7% probability to correctly reject inactive
treatment, thus yielding only a 35% or less 2-year-survival rate. These
vesults are comparable to those in phase T studies evaluating EP with
concurrent twice-daily TRT.** Jerernic et af’ reported a better survival
ouicome by using daily carboplatin and etoposide with concurrent twice-
daily TRT followed by EP. However, this result has rarely been confirmed

Table 3. Major Toxicities During Consolidation Chemotherapy {n = 42)
Grade 3 Grade 4
Taoxicity No. % No. %
Hematologic
Leukopeniz 27 64 8 18
Neutropenia 18 43 17 40
Angmia 17 40 5 12
Thrombocytopenia 2] 19 0 0
Febrile neutropenia 7 17 0 0
Nonhematologic
Mausea/vorniting g 21 0 Q
Diarrhes 5 12 1 2
Constipation 3 7 p) 5
lleus 2 5 1 2
Infection 9 21 1 2
Mucositis 0 0 0 0
Esophagitis ] 0 0 0
Dyspnea 2 5 4 0
Pagumonitis i 2 1 2
Hepatic 1 2 [ 0
Electrolytes 4 10 1 2

5250

Table 4. Site of First Failure (n = 49)
MNo. of

Site Patients %
Progression free 10 20
Locoregicnat 1 2
Locoregional and distant 11 22
Distant 27 55
Brain only 8 16
Brain and others 5 10
GOthers 14 29

by other groups. The Japanese Clinical Oncology Group (JCOG) con-
ducted a pilot study to evaluate the feasibility of TP after EP with concur-
rent TRT (JCOG9903)." The doses and schedule of cisplatin, etoposide,
and irinotecan and dose, fractionation and schedule of TRT were similar
to ours, They reported that this regimen was feasible with a response rate
of 97%, a 2-year survival rate of 41% and a 3~year survival rate of 38%,
which are similar to those in our study. Although a phase 11T study con-
ducted in Japan showed the superiority of IP aver EP in ED-SCLC,?
another phase [ study conducted in North America failed to confirm the
superiority of IP aver EP."® A randomized phase 11 study to compare IP
versus EP after EP with conawrent TRT is currently ongoing in patents
with LD-SCLC in Japan.

Although = potential approach is to substitute irinotecan for
etoposide in the combination of EP with concurrent TRT, we did not
combine IP concurrently with TRT because two phase I studies dem-
onstrated that combining IP with concurrent TRT was not feasible
when the full dose of irinotecan was administered on days 1, &, and
15."%17 On the basis of these results, we adininistered IP as consolida-
tion therapy after EP with concurrent twice-daily TRT. After this
article was initially submitted, Langer et al'® reported phase 1 study of
once every 3 weeks scheduling of TP with concurrent twice-daily TRT
(45 Gy) or once-daily TRT {70 Gy) in patients with LD-SCLC, thus
concluding that [P with concurrent twice-daily TRT was safe and
feasible, A further evaluation of this regimen is thus warranted.

One group evaluated IP administered as an induction followed
by EP with concurrent twice-daily TRT."” Their results are compara-
ble to those of our study and EP with concurrent twice-daily TRT.*¢
However, this regiren was highly myelotoxic {grade 4 neutropenia,
91%) with febrile neutropenia in 60% of the patients. Furthermore,
early TRT is an important issue to obtain the improved outcome in
LD-SCLC. Recent meta-analyses revealed that when platinum-based
chemotherapy was concurrent with TRT in LD-SCLC, an improved
survival was associated with early TRT.**** Another group evaluated
the addition of paclitaxel to EP with concurrent TRT.? Although their
results are comparable to thuse of our study and EP with concurrent
twice-daily TRT,* they concluded that the triplet regimen would not
further improve the survival outcome in patients with LD-SCLC.

Esophagitis is a toxicity of a particular concern in concurrent cheme-
radiotherapy. We observed grade 3 or 4 esophagitis in one patient (29),
whereas the JCOG9903 trial reported itin 7% of the patients, These figures
contrast with those in the studies evaluating etoposide and a platinum
with concurrent twice-daily TRT (9% to 3296).*7 The substitution of
irinotecan for etoposide may reduce the incidence of grade 3 or 4 esoph-
agits. Furthermaore, a lower incidence of esophagitis has been noted in a
Tapanese trial! A possible explanation for this includes differences in the
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