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Genomewide cDNA Microarray Screening of Genes Related
to Benetits and Toxicities of Platinum-Based Chemotherapy
in Patients With Advanced Lung Cancer

Fumihiro Oshita, MD,* Mizuki Ikehara, MD,* Akiko Sekiyama, Nobuyuki Hamanaka, MD,*
Haruhiro Saito, MD,* Kouzo Yamada, MD,* Kazumasa Noda, MD,* Yoichi Kameda, MD,} and
Yohei Miyagi, MD, PhDY

Abstract: The authors conducted a study using cDNA microarray
analysis to determine whether expression levels of genes in tumors
wete correlated with the outcome of chemotherapy. Forty-seven
patients were studied, and all except 3 received platinum-based
chemotherapy. The expression levels of 1176 gencs in transbron-
chial biopsy specimens of tumors that were obtained before chemo-
therapy were analyzed using the Atlas Human Cancer 1.2 Array.
Multivariate regression analysis revealed that 3 genes were each
independent factors related to tumor resistance to chemotherapy and
patient survival (P < 0.01). Among various chemotherapy-related
toxicities, 1, 3, 3, 1, and 1 genes were also revealed to be indepen-
dent factors that were correlated with neutropenia, anemia, diarrhea,
infection, and increased serum creatinine respectively (P < 0.01). It
is concluded that not only the benefits but also the toxicities of
chemotherapy can be predicted by cDNA microarray using tumor
specimens obtained before chemotherapy.

Key Words: microarray, gene, lung, cancer

(Am J-Clin Oncol 2005;28: 367-370)

Lung cancer is a disseminated disease, and most affected
patients are candidates for chemotherapy. Although re-
sponders to chemotherapy may have a better prognosis than
nonresponders,' even the most effective chemotherapy can-
not always reduce the tumor volume of lung cancer. The
properties of cancer cells are determined by complicated
interactions among all the gene products they express, and it
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is certain that many proteins—including enzymes involved in
apoptosis, DNA repair, and the metabolism and detoxification
of drugs—have individual responses. The cDNA microarray
method is now widely used to analyze the expression of
thousands of genes simultancously in cancer tissues, and its
development has facilitated the analysis of genomewide ex-
pression profiles. Using the cDNA microarray technique on
tumor tissues obtained before chemotherapy, we previously
identified 3 independent genes, each of which is correlated
with chemoresistance and patient survival.>® However, an-
other important aspect of chemotherapy apart from tumor
susceptibility and patient survival is the extent of adverse
effects. Some cancer patients suffer severe adverse effects of
chemotherapy regardless of whether their tumors are cherno-
sensitive. Such patients are unable to receive repeat courscs
of chemotherapy, even if they have shown a tumor response.
Accordingly, it is important to be able to predict not only
patients who are likely to respond to chemotherapy, but also
those who will probably experience severe treatment-related
toxicities.

The current study analyzed the correlation between the
expressions of various genes in tumor specimens and chemo-
therapy-related toxicities, and compared-the genes related
with the beneficial and toxic effects of chemotherapy.

PATIENTS AND METHODS

Patients

This study was approved by the institutional review
board of Kanagawa Cancer Center. Patients with histologi-
cally proved lung cancer treated with chemotherapy were
entered into the study. All were eligible for ireatment. They
had an expected survival of at least 6 weeks, measurable
lesions, Eastern Cooperative Oncology Group performance
status score =3 points, a white blood count of =4000
cells/ul, hemoglobin =10 g/dL, platelet count =100,000
platelets/uL, total serum bilirubin less than 2 mg/dL, aspar-
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tate aminotransferase and alanine aminotransferase less than
twice the upper limit of the normal range, serum creatinine
=1.5mg/dL, and creatinine clearance more than 50 mL/
minute. None of the patients had received prior chemotherapy
for the primary lesion. Written informed consent for chemo-
therapy and a genetic analysis of tumor tissue was obtained in
every case.

Chemotherapy

All patients with nonprogressive cancer were treated
with 2 or more courses of chemotherapy. Response criteria
were evaluated according to the World Health Organization
criteria.* Toxicities were evaluated according to the NCI-
CTC version 2 criteria.’

Tumor Samples

Transbronchial biopsy specimens of tumors were ob-
tained before chemotherapy. Half the specimens were fixed in
formalin for pathologic diagnosis and the other half were
immediately frozen for storage at —80°C until genetic
analysis.

Extraction and Purification of RNA and
Preparation of Probes

The total RNA of each sample was isolated and treated
with DNase [ to avoid contamination of genomic DNA by
silica membrane affinity chromatography using Macherey—
Nagel’s total RNA isolation kit (MACHEREY-NAGEL
GmbH & Co. KG, Germany). One hundred nanograms of the
total RNA for each sample was reverse transcribed into
cDNA and amplified by SMART polymerase chain reaction
(PCR) technology® using the Super SMART PCR cDNA
Synthesis kit (BD Biosciences Clontech, CA) according to
the manufacturer’s instructions. Each ¢cDNA sample was
subjected to microarray expression profiling using the BD
Atlas Human Cancer 1.2 Array (Clontech) based on the
manufacturer’s protocol described previously.??

cDNA Microarray

Each labeled probe was then hybridized into a separate
Atlas Array. The signal intensity for each spot, which corre-
sponds to each gene examined, was determined using a
STORM image analyzer (Amersham Bioscience, Picataway,
NJ). The hybridization pattern and signal intensity were
analyzed to determine changes in gene expression levels
using AtlasImage 2.01 software (CLONTECH, Laboratory,
Inc., Japan).

Statistical Methods

_ t-tests were used to identify differences in mean ex-
pression levels among benefits and toxicities of chemother-
apy. We compared the differences of gene expression be-
tween grade 3 or grade 4 (worst grade) and others for
hematologic toxicities, and between grade 0 and others for
nonhematologic toxicities, To determine whether gene ex-
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pression profiles were associated with variety in cases of
survival, Kaplan-Meier survival plots and log-rank tests were
used. The influence of each gene expression on each outcome
of chemotherapy was examined in stepwise multivariate re-
gression analysis. P < 0.01 was considered significant.

RESULTS

Between September 2000 and December 2001, 47 pa-
tients were registered in the study (Table 1). Thirty-six
paticnts were men and 11 were women, with a median age of
66 years (range, 35-81 years). Eighteen patients had small
cell lung cancer (SCLC), and the rest had nonsmall cell lung
cancer (NSCLC). Of the patients with SCLC, 2 had limited
disease and the other 16 had extensive disease. Of the patients
with NSCLC, 12 had locally advanced disease and 17 had
metastatic disease. No patients had received prior chemother-
apy. All the patients, except for 3 who had been prescribed
paclitaxel and irinotecan, were given full-dose platinum-
based chemotherapy. Sixteen of the 18 patients with SCLC
(89%) and 12 of the 29 patients with NSCLC (41%) re-
sponded to chemotherapy.

The expression levels of 1176 genes in the tumor
specimens were analyzed using cDNA microarray screening.
Four housekeeping genes that were expressed in all 47 tumor

TABLE 1. Patient Characteristics
No. of Patients
Total 47
Gender
Male 36
Female It
Smoker 38
PS(ECOQG)
0 5
1 30
2 9
3 3
Pathology
SCLC
Stage
LD 2
ED 16
NSCLC
Stage
1IB/IITA 4
1B 8
v 17

PS, performance status; ECOG, Eastern Cooperative Oncology Group;
SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; LD,
limited disease; ED, extensive disease.

© 2005 Lippincott Williams & Wilkins
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samples were used as controls for gene expression: ubiquitin,
liver glyceraldehyde 3-phosphate dehydrogenase, 23-kDa
highly basic protein, 60S ribosomal protein L13A, and 40S
ribosomal protein S9.

When we analyzed the relationship between gene ex-
pression and chemotherapy-related hematologic toxicity, 2
and 22 genes were identified as showing significantly higher
expression in patients with grade 4 neutropenia and grade 3
anemia in comparison with grade O to grade 3 neutropenia
and grade 0 to grade 2 anemia respectively. We also identi-
fied 17, 19, 4, and | genes that showed significantly higher
expression in patients who experienced diarrhea, infection,
increased serum creatinine, and pneumonitis respectively
than in patients who did not (grade 0). Stepwise multivariate
regression analysis revealed that 1, 3, 3, 1, and 1 genes were
independent factors, each of which was correlated with tox-
icities such as neutropenia, anemia, diarrhea, infection, and
increased serum creatinine respectively (Table 2, P < 0.01).
We were unable to identify any genes that were correlated
with thrombocytopenia, emesis, increased total bilirubin, and
increased GPT.

As previously presented, stepwise multivariate regres-
sion analysis revealed that 3 genes—allograft inflammatory
factor 1, HLA-DR antigen-associated invariant subunit, and
MHC class HLA-DR-§ precursor—were factors indepen-
dently associated with chemoresistance (P < 0.0001, Table
3). When we analyzed the relationship between gene expres-
sion level and survival, G1/S-specific cyclin, type Il ¢cGMP-
dependent protein kinase, and hepatocyte growth factor-like
protein were significantly correlated (log-rank test, P < 0.01,

Table 3). Thus, not only chemotherapeutic benefits but also
some toxicitics were predicted by ¢cDNA microarray using
tumor specimens obtained before chemotherapy.

DISCUSSION

We examined the expression of cancer-related genes in
samples of lung cancer obtained before chemotherapy using
cDNA microarray screening, and analyzed the relationship
between gene expression levels and clinical outcome after
chemotherapy. We previously reported 3 genes with expres-
sion levels that were each correlated with the tumor response
to chemotherapy? or patient survival.> One surprising finding
was that chemoresistant genes related to host immunity were
different from survival-related genes. This is because patient
survival is influenced by not only the effect of chemotherapy
on the tumor but also by tumor growth and metastasis.

The current study revealed some specific genes with
expression levels that were correlated with chemotherapy-
related toxicity. Cytohesin-1 was identified as a genetic factor
that predicted neutropenia resulting from chemotherapy. This
is a guanine nucleotide exchange factor that regulates mem-
bers of the ADP-ribosylation factor family of small GTPases.
An analysis of granulocytic maturation of HL-60 cells has
revealed a marked increase in the level of cytohesin-1 ex-
pression during dibutyryl-cyclic AMP-induced granulocyte
differentiation.” These data suggest that cytohesin-1 may be
useful as a potential marker of granulocytic differentiation.

Three genes—MAD3, DNAX activation protein 12,
and interleukin-18 precursor—were identified as predictors
of anemia induced by chemotherapy. MAD3 is one of the

TABLE 2. Genes Closely Associated With Chemotherapeutic Toxicities

Factor ' Description Gene Expression (mean = SD) Coefficient SE P
Neutrophil grade 0-3 (n = 35) grade 4 (n = 12) 0.0056
Cytohesin-1 1.8 = 3.5 6.6 £79 0.033 0.011
Hemoglobin grade 0-2 (n = 43) grade 3 (n = 4) <0.0001
Major histocompatibility complex 70 =94 435 = 83.7 —0.009 0.004
enhancer-binding protein MAD3
DNAX activation protein 12 10.2 = 13.1 53.8 £63.7 0.005 0.002
[nterleukin-1 beta precursor 13.1 = 13.5 529.3 £ 1034.6 0.001 0.0003
Infection grade 0 (n = 43) grade 1-3 (n = 4) 0.0003
Hemoglobin alpha subunit 77 + 8.8 443 £ 61.0 0.007 0.002
Creatinine grade 0 (n = 41)  grade 1-2 (n = 6) 0.0021
Matrix metalloproteinase 10 123 = 19.1 62.2 £ 643 0.005 0.001
Diarrhea grade 0 (n = 35)  grade 1-3 (n = 12) 0.0002
ICH-2 protease 16.1 £ 17.5 424 % 36.8 0.008 0.073
Interferon-inducible RNA- 43 +6.8 129 = 4.0 —0.028 0.013
dependent protein kinase .
Collagen 16 alpha 1 subunit 28 +45 15.9 + 20.0 0.031 0.01
precursor
369
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TABLE 3. Genes Closely Associated With Chemotherapeutic Benefits

Factor Description Coefficient SE P
Survival G 1/S-specific cyclin D2 0.0055
Type 11 cGMP-dependent protein kinase 0.0016
Hepatocyte growth factor-like protein 0.0075
Tumor effect on chemotherapy Allograft inflammatory factor | <0.0001
HLA-DR antigen-associated invariant subunit -0.014 0.002
MHC class [I HLA-DR-beta precursor —0.001 0.0003
—-0.01 0.002

metaphase checkpoint proteins involved in cell division, and
interleukin-1 is one of the monokines that can elicit many of
the defective host responses to infection. DNAX activation
protein 12 is a membrane adaptor molecule that contains an
immunoreceptor tyrosine-based activation motif, which acti-
vates calcium signaling in immune cells. However, the mech-
anisms by which these 3 genes influence the incidence of
chemotherapy-related anemia remain unclear.

ICH-2, found to be a predictor of diarrhea, is a novel
human gene encoding a member of the interleukin-18 con-
verting enzyme cysteine protease family. ICH-2 mRNA is
widely expressed in human tissue and appears to play a
primary role in apoptosis.® Another predictor of diarrhea,
protein kinase regulated by RNA, plays an important role in
many cellular processes, including virus multiplication and
cell growth, differentiation, and apoptosis.® It is also still
unclear how these genes, including collagen 16, participate in
susceptibility to chemotherapy-related diarrhea.

Although this study revealed a number of genes related
to the beneficial and toxic effects of chemotherapy, their
mechanisms of action remain to be explained. This may be
because we used mononuclear cells from peripheral blood of
healthy volunteers as a control for gene expression. A major
objective of this study was to clarify predictors of not only
beneficial but also toxic effects of cancer chemotherapy. The
genetic characteristics of various tissues are believed to differ
from one another. Therefore cancer cells need to be examined
to clarify the factors related to tumor susceptibility to che-
motherapy, and blood cells need to be examined for suscep-
tibility to hematologic toxicities. Malignant tumor tissues are
heterogeneous and contain a number of cell types, and spec-
imens of lung cancer obtained by transbronchial biopsy are
not considered to reflect the general characteristics of tumor
tissue. The fact that genetic information on tumor cells can
predict not only tumor susceptibility to chemotherapy but
also toxicity suggests that certain genetic characteristics may
be common to all somatic cells, irrespective of whether they

370

are malignant or normal. If this hypothesis is correct, then
nonmalignant normal cells may also be used for analysis of
informative genetic factors that can predict the antitumor
effects and toxicities of chemotherapy.

We need to undertake prospective evaluations to deter-
mine whether the gencs revealed in this study are truly
important and potentially useful for predicting the beneficial
or toxic effects of chemotherapy. Accumulation of such data
could eventually allow chemotherapy to become “personal-
ized” using anticancer drugs that would be effective and
nontoxic in individual patients.
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Mutations of the Epidermal Growth Factor Receptor
Gene Predict Prolonged Survival After Gefitinib
Treatment in Patients With Non-Small-Cell Lung
Cancer With Postoperative Recurrence

Tetsuya Mitsudomi, Takayuki Kosaka, Hideki Endoh, Yoshitsugu Horio, Toyoaki Hida,
Shoichi Mori, Shunzo Hatooka, Masayuki Shinoda, Takashi Takahashi, and Yasushi Yatabe

A B S T R A C T

Purpose

To evaluate the relationship between mutations of the epidermal growth factor receptor
(EGFR) gene and the effectiveness of gefitinib treatment in patients with recurrent lung can-
cer after pulmonary resection.

Patients and Methods
We sequenced exons 18-21 of the EGFR gene using total RNA extracted from 59 patients with

lung cancer who were treated with gefitinib for recurrentlung cancer. Gefitinib etfectiveness was
evaluated by both imaging studies and change in serum carcinoembryonic antigen (CEA) levels.

Results
EGFR mutations were found in 33 patients {56%). Of these mutations, 17 were deletions

around codons 746-760 and 15 were point mutations (12 at codon 858, three at other codons),
and one was an insertion. EGFR mutations were significantly more prevalent in females,
adenocarcinoma, and never-smokers. Gefitinib treatment resulted in tumor shrinkage and/or
CEA decrease to less than half of the baseline level in 26 patients, tumor growth and/or
CEA elevation in 24 patients, and gefitinib effect was not assessable in nine patients. Female,
never-smoking patients with adenocarcinoma tended to respond better to gefitinib treatment.
Gefitinib was effective in 24 of 29 patients with £GFR mutations, compared with two of 21
patients without mutations (P<.0001). Of note, del746-750 might be superior to L858R muta-
tions for prediction of gefitinib response. Patients with EGFR mutations survived for a longer
period than those without the mutations after initiation of gefitinib treatment (P = .0053).

Conclusion
EGFR mutations were a good predictor of clinical benefit of gefitinib in this setting.

J Clin Oncol 23:2513-2520. © 2005 by American Society of Clinical Oncology

cinoma is the predominant histologic

SRR

Lung cancer has long been the leading cause
of cancer death in North America. In 1998, it
became the leading cause of cancer death in
Japan, and now claims more than 55,000
lives annually.’ Lung cancer is divided into

subtype, and is increasing among patients
with lung cancer who are candidates for sur-
gical treatment in Japan. In our institution,
adenocarcinoma accounted for 76% of 407
patients who were operated on from 2001

two morphologic types: small-cell lung
cancer and non-small-cell lung cancer
(NSCLC). NSCLCs are further subdivided
into adenocarcinoma, squamous cell carci-
noma, and large-cell carcinoma. Adenocar-

through 2003. Adenocarcinomas are charac-
terized by a high degree of morphologic
heterogeneity. Analyses of various cancer-
associated genes, including K-ras,” p53,>4
cyclin D1,% p27%%! 8 and cyclooxygenase-2,
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suggests a different molecular pathway for carcinogenesis
in lung adenocarcinomas at least partly accounts for this
heterogeneity. In addition, the NSCLC frequently over-
expresses receptors of the ErbB family, including the
epidermal growth factor receptor (EGFR) encoded by
ErbB1 (HER-1).%?

EGFR is a 170 kd receptor tyrosine kinases (TK) that
dimerizes and phosphorylates several tyrosine residues
upon binding of several specific ligands including epider-
mal growth factor and transforming growth factor alpha.®
These phosphorylated tyrosines serve as the binding sites
for several signal transducers that initiate multiple signal-
ing pathways resulting in cell proliferation, migration and
metastasis, evasion from apoptosis, or angiogenesis, all of
which are associated with cancer phenotypes.® Down-
stream pathways include ras-raf-MEK-ERK, phosphatidyl-
inositol-3 kinase-Akt, and PAK-JNKK-JNK.®

Gefitinib is an orally bioavailable small molecule that
specifically inhibits EGFR tyrosine phosphorylation.'® Clin-
ical trials revealed that there is significant variability in
response to gefitinib. Good clinical responses have been
observed most frequently in women, in nonsmokers, in pa-
tients with adenocarcinomas, and in Japanese patients.''"'?
However, it was not possible to predict gefitinib sensitivity
by levels of EGFR overexpression as determined by immu-
nohistochemistry'® or immunoblotting.'* The factors that
determine gefitinib sensitivity have long been an enigma.
Recently, it has been reported that activating mutations
of EGFR are present in a subset of pulmonary adenocar-
cinomas and that tumors with EGFR mutations are highly
sensitive to gel"xtinib]s"7 or erlotinib, another EGFR TK
inhibitor, Furthermore, the incidence of EGFR mutations
is significantly higher in female, never-smoking, Japanese
patients with adenocarcinoma.'® These features coincide
with those of good responders to gefitinib.

In this study, we studied patients who had recurrent
disease after pulmonary resection for NSCLC and who
were subsequently treated with gefitinib. We searched for
mutations of the EGFR gene in tumor specimens taken at
the time of surgery and we correlated EGFR mutations
with gefitinib effectiveness, including tumor response and
patient survival,

Patients

Seventy-five patients were treated with gefitinib for their re-
current diseases after they had undergone surgery between 1999
and 2003. We studied 59 patients whose tumors were available
for RNA extraction, which was a sole determinant of inclusion
into the present study. There were 32 men and 27 women with
ages ranging [rom 48 to 79 years. Fifty patients had adenocarcino-
mas, five had squamous cell carcinomas, three had large-cell car-
cinomas, and one had adenosquamous carcinoma, Eight patients
had stage IA disease; seven stage 1B; three stage I1A; five stage I1B; 24
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stage HIA; eight stage 111B; and three stage IV at the time of surgery.
Lobectomy had been performed in 57, and pneumonectomy and
partial resection in onc patient each. Four paticnts received post-
operative adjuvant chemotherapy (two with oral uracil/tegafur
and two with gemcitabine monotherapy). Forty patients had
had chemotherapy before gefitinib treatment (23 patients, plati-
num doublet; 16 patients, monotherapy with vinorelbine or gem-
citabine, one patient, oral uracil/tegafur). Gefitinib treatment with
a daily dose of 250 mg was initiated between July 2002 and May
2004, with the median interval between operation and gefitinib
treatment being 778 days (range, 107 to 1,931 days). Fifty patients
had distant metastatic tumors, cight patients had pleural dissem-
ination and malignant effusion, and one patient had hilar lymph-
node metastasis at initiation of gefitinib treatment.

Molecular Analysis of Lung Cancer Specimens

After we obtained appropriate approval from the institution
and written informed consent for comprehensive use of molec-
ular and pathologic analysis from the patients, tumor samples
were collected during surgery, rapidly frozen in liquid nitrogen
and stored at —80°C. A surgical pathologist (Y.Y.) grossly dis-
sected the frozen tumor specimens to enrich the tumor cell pop-
ulation as much as possible. Total RNA was isolated using the
RNeasy kit {Qiagen, Valencia, CA).

The first four exons (exons 18-21) of the seven exons (exons
18-24) that code for TK domain of the EGFR gene {which
includes all the mutations reported so far'>'”) was amplified
with primers F1 (5'-AGCTTGTGGAGCCTCTTACACC-37)
and R1 (5'-TAAAATTGATTCCAATGCCATCC-3') in a one-
step reverse transcription polymerase chain reaction (RT-PCR)
using the QIAGEN OneStep RT-PCR Kit (Qiagen). The cDNA
sequence of the EGFR gene was obtained from GenBank (acces-
sion number NM 005228). The RT-PCR conditions were: one cy-
cle of 50°C for 30 minutes, 95°C for 15 minutes, 40 cycles of 94°C
for 50 seconds, 62°C for 50 seconds, and 72°C for 60 seconds,
followed by one cycle of 72°C for 10 minutes.

RT-PCR products were diluted and cycle-sequenced using
the Big Dye Terminator v3.1/1.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA) according to the manufacturer’s in-
structions. Sequencing products were clectrophoresed on an ABI
PRISM 3100 (Applied Biosystems). Both the forward and reverse
sequences obtained were analyzed by BLAST (basic local align-
ment scarch tool) and chromatograms by manual review.
High-quality sequence variations found in both directions
were scored as candidate mutations.

Definition of Effectiveness of Gefitinib

Because this study was a retrospective analysis of the daily
clinical practice of oncology, the evaluation of tumor response
could not be performed strictly according to predefined cri-
teria, such as Response Evaluation Criteria in Solid Tumors
(RECIST)."® RECIST are not necessarily applicable or complete in
such a context and the evaluation may instead be based on a sub-
jective medical judgment that results from clinical and laboratory
data.'® Therefore, gefitinib treatment was judged as effective
when the tumors showed at least a 30% decrease in tumor diam-
eter in imaging studies. However, because of the nature of the
study, confirmation of tumor response no less than 4 weeks
apart, as in RECIST,'® was not necessarily required.

As patients with recurrentlung cancer often do not have mea-
surable disease, we also included change in serum carcinoem-
bryonic antigen (CEA) level (cut off, 5 ng/mL) as an evaluation
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criterion to avoid underestimating gefitinib effectiveness. CEA has
been reported as a useful clinical therapeutic marker.'” When the
elevated CEA level decreased 1o a level less than half of the baseline
level, gefitinib treatment wasjudged as effective. On theother hand,
gefitinib treatment was judged as ineffective when the tumors
showed any growth ora newlesionappeared in the imaging studies,
orwhen the serum CEA level increased. Any patient who did not fit
either of these criteria was classified as not assessable. All these eval-
uations were done before the EGFR gene analysis, without knowl-
edge of mutational status of the EGFR gene.

Statistical Analysis

For comparisons of proportions, the X test or Fisher’s exact
test was used. The Kaplan-Meier method was used to estimate the
probability of survival as a function of time, and survival differ-
ences were analyzed by the log-rank test. The two-sided signifi-
cance level was set at P < .05. To identify which independent
factors had a joint significant influence on gefitinib effectiveness,
the logistic regression modeling technique was used, and for mul-

tivariate analysis of the overall survival, the Cox proportional
hazards modeling technique was applied. All analyses were per-
formed using StatView version 5 (SAS institute Ine, Cary, NC)
software on a Macintosh computer.

EGFR Mutations

Mutations of the EGFR gene were detected in 33
(56%) of 59 patients. Seventeen were deletions, 15 were
point mutations, and one was an insertion. Details of
these mutations are shown in Figure 1. As previously
reported,””'” EGFR mutations were significantly associ-
ated with adenocarcinoma histology, female sex, and
never-smoking status (Table 1). However, the mutations
were not associated with the age or stage of the patients.
Furthermore, median time from the original surgery to
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Table 1. Incidence of EGFR Mutations and Clinical and
Pathologic Features
EGFR
Mutation
Variable No. of Patients % Wild-Type P
All cases 33 56 26
Sex
Male 14 44 18 0402
Female 19 70 8
Age, years
= 64 22 65 18 8342
> 64 11 58 8
Histologic type
Adenocarcinoma 32 64 18 .0033
Nonadenocarcinoma i " 8
Squamous cell carcinoma 0 0 5
Large-cell carcinoma 0 0 3
Adenosquamous carcinoma 1 100 0
Smoking status
Never smoker 20 71 8 0227
Former or current smoker 13 42 18
Stage
111 12 50 12 44772
1V 21 60 14
Abbreviation: EGFR, epidermal growth factor receptor.

recurrence was almost identical in patients with EGFR
mutations (362 days) and in those without EGFR muta-
tions (363 days; P = .8265).

Clinical Improvement After Gefitinib Treatment

Forty-one of 59 patients had measurable disease at re-
currence with imaging studies. Of these, 20 showed appre-
ciable tumor shrinkage after gefitinib treatment, whereas 17
tumors increased in size, and there was no change in tumor
size in four patients. All of these 20 tumors (pulmonary me-
tastases in 11, pleural disseminated nodules in two, hepatic
metastases in two, mediastinal lymph node swelling in two,
brain metastases in two, and chest wall tumor in one)
showed at least a 30% decrease in diameter. Figure 2 shows
representative imaging studies. A computed tomography
scan of the chest in patient L703 (73-year-old woman, ade-
nocarcinoma) showed masses in the right-lower lobe and
marked improvement 8 weeks after gefitinib initiation. A
computed tomography scan of the liver in patient L1492
(52-year-old woman, adenocarcinoma) showed masses in
the right lobe of the liver and dramatic improvement 10 days
after gefitinib initiation. A large chest-wall mass in the left
back of patient L1362 (62-year-old man, adenosquamous
carcinoma) before gefitinib treatment almost disappeared
13 weeks after gefitinib initiation. A left-lung tumor in pa-
tient L1171 (70-year-old woman, adenocarcinoma) was
smaller 6 weeks after gefitinib initiation.

CEA was above the upper normal limit (5 ng/mL) at
baseline in 32 patients. Serum CEA level decreased to
< 10%, < 50%, and to > 50% of the baseline level in
three, 12, and five patients, respectively, whereas CEA level
increased in 12 patients. When we combined the results of
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imaging studies with CEA and judged according to our
criteria, gefitinib treatment was effective in 26 (52%),
not effective in 24 (48%), and not assessable in nine pa-
tients (Table 2). There was a good correlation between
these two examinations. The imaging studies and change
in CEA levels did not conflict in any patients. In 17 pa-
tients with measurable diseases and whose baseline CEA
level was elevated, the CEA level decreased in all 11 pa-
tients showing tumor shrinkage and increased in all five
patients showing tumor growth, except for one patient
whose tumors showed no change in size (P < .001, Fisher’s
exact test), supporting the validity of our criteria.

We searched for a relation between gefitinib effective-
ness and various clinical and pathologic features (Table 2).
Never-smokers and patients with adenocarcinoma had
a significantly higher incidence of gefitinib effect. How-
ever, we could not detect significant difference in gefitinib
sensitivity by sex or presence of prior chemotherapy, prob-
ably because of the small sample size, although there was
a trend that female and chemotherapy-naive patients were
more responsive.

Relationship Between Clinical Response to
Gefitinib Treatment and EGFR Mutations

The incidence of EGFR mutations in terms of response
to gefitinib treatment as judged by imaging studies and CEA
levels is shown in Table 3. Of 20 patients who showed tumor
shrinkage, 19 (95%) had mutations of the EGFR gene. On
the other hand, two (12%) of 17 patients whose tumors
grew after gefitinib treatment harbored EGFR mutations
(P < .001, Fisher’s exact test). In Figure 2, patient L703,
L1492, and L1362 had EGFR mutations (delE746-A750,
L858R, and E746-5752insA, respectively). Of three, 12,
and five patients whose CEA level decreased to less than
10%, less than 50%, and to more than 50% of the baseline
level after gefitinib treatment, three (100%), 10 (83%), and
four (80%) had EGFR mutations, respectively. On the other
hand, of 12 patients whose CEA level increased, three (25%)
had EGFR mutations (P = .004, Fisher’s exact test).

When we used our criteria combining the results of im-
aging studies with CEA, gefitinib was effective in 24 (83%) of
29 patients with EGFR mutations, whereas it was effective
only in two (10%) of 21 patients without EGFR mutations
(P < .0001; Table 2). There were three patients with EGFR
mutations (two with L858R and one with G719A) whose
CEA level increased after gefitinib treatment but did not
have measurable diseases. There were also two patients
with EGFR mutations, one with L858R+E709H and one
with 1744-K745 ins KIPVAI whose tumor progressed.

Logistic regression analysis (Table 4) showed that
EGFR mutation was the only significant factor contribut-
ing to gefitinib sensitivity.

On the other hand, patient L1171, who showed a de-
crease in size of multiple pulmonary metastatic nodules
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Fig 2. Examples of the response 1o gefitinib in representative four patients with recurrent non-small-cell lung cancer. Computed tomography (CT) scans before
gelitinib treatment (A, C, E, G) and after the gefitinib was initiated (B, D, F, H) are shown. CT scans of patient L703 (A, B), patient L1492 (C, D), patient L1362 {E, F),
and patient L1171 (G, H}.
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Table 2. Relation Between Gefitinib Effectiveness and Various
Clinical and Pathologic Features
Etfective
No. of Not Not
Variable Patients %* Effective Assessable Pt
All patients 26 52 24 9
Sex
Male " 41 16 5 .0842
Female 15 65 8 4
Smoking status
Never-srmoker 17 68 8 3 .0235
Former or current 9 36 16 6
smoker
Histologic type
Adenocarcinoma 25 58 18 7 .0313
Nonadenocarcinoma 1 14 6 2
Prior chemotherapy
Present 17 47 19 4 2782
Absent 9 64 5 5
EGFR mutation
Mutation 24 83 5 4 < .0001
Deletion 16 100 0 1 .0108%
Insertion 0 0 1 0
Point mutation 8 67 4 3
Wild-type 2 10 19 5
Abbreviation: EGFR, epidermal growth factor receptor.
*Percentages were calculated excluding patients who were not
assessable.
1P values were calculated excluding patients who were not assessable.
#P value for Fisher's exact test comparing deletion mutants with the
other mutants,

(Figs 2G and H) and a decrease in CEA level from 16.8 to
4.3 ng/mL, did not have EGFR mutations. In this patient,
we extended our search for mutations to exons 22 and 23
of the EGFR gene, and still found none. Another patient
without EGFR mutation in whom gefitinib was effective
was a 59-year-old man who showed a decrease in serum
CEA level from 10.6 to 1.5 ng/mL after 2 weeks of gefitinib
treatment; this low level of CEA was maintained at least for
7 months.

When we further analyzed gefitinib response by clas-
ses of EGFR mutation, we found that there was a difference
of response between patients with deletion mutations and
those with the other types of mutations. Gefitinib was ef-
fective in all 16 patients with deletions, and effective in
eight of 13 with other types of mutation (P = .0108).

Effect of EGFR Mutation on Patient Survival
After Gefitinib Treatment

Patients with EGFR mutations survived for a signifi-
cantly longer time calculated from the day of gefitinib initi-
ation than those without EGFR mutations (P = .0053, log-
rank test; Fig 3). Likewise, 26 gefitinib responders survived
for a longer time than 24 nonresponders (P = .0320, log-
rank test; not shown). Multivariate analysis revealed that
EGFR mutation was the only factor that significantly and in-
dependently affected overall survival (Table 5). EGFR mu-
tation class did not affect overall survival (not shown).

Recurrence after complete resection of NSCLC often
presents as a form of distant metastases.”® In clinical prac-
tice, chemotherapy is given to these patients except for
a small number in whom re-resection of the tumor is indi-
cated. Many studies have shown that chemotherapy pro-
longs survival and improves quality of life in unresectable
stage IV tumors.*' However, patients with unresectable tu-
mors and patients with recurrent diseases may not be the
same. There have been no large-scale randomized clinical
trials addressing whether chemotherapy improves survival
of patients with recurrence. Yoshino et al** found that
chemotherapy for recurrence only tended to prolong sur-
vival in 118 of 468 consecutive patients who had recurrence
after pulmonary resections. After introduction of gefitinib
to clinical practice in 2002 in Japan, some patients with re-
current disease showed dramatic responses to gefitinib
treatment, but many others did not respond. It has been
unclear which patients respond to gefitinib and also whether
gefitinib treatment prolongs survival in these patients.
Recent studies have showed striking correlation
between gefitinib sensitivity and EGFR mutations both
in vitro and in clinical studies.”>"” Because this study was
a retrospective analysis of response to gefitinib prescribed
as routine care, judgment of gefitinib effectiveness tended
to be less strict than that in a prospective clinical trial. Yet,
changes in serum CEA level never conflicted with imaging
studies. We were able to confirm a relation between EGFR

Table 3. Response to Gefitinib Treatment in 59 Patients With Recurrent Disease

Imaging Results

CEA Level Shrinkage No Change Not Measurable Growth Total
Decreased
<10% of the baseline 3(3) 3(3)
<50% of the baseline 6 (5) 11 5 {4) 12 (10)
>50% of the baseline 21(2) 312 5 {4)
Not assessable 9 {9} 31(1) 31(1) 12 (2) 27 (13)
Elevated 7(3) 510} - 12 (3)
Total 20 (19) 4(2) 18 (10) 17 (2) 59 (33)

indicate that gefitinib treatment could not be assessad.

NOTE. Numbers in bold indicate that gefitinib treatment resulted in clinical improvement in these patients; numbers with underlines indicate the treatment
resulted in progression of the disease; numbers in parentheses show number of patients with EGFR mutations in each category; and italicized numbers

Abbreviations: EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen.
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Table 4. Logistic Regression Analysis of Various Factors
That Predict EGFR Effectiveness

Variable Odds Ratio 95% Cl P

Sex

Male/female 1.139 0.130 to 9.953 .9083
Smoking status

Never/former/current 1.496 0.165 to 13.535 7202
Histologic type

Adenocarcinoma/ 1.727 0.091 to 33.33 7159

nonadenocarcinoma

Prior chemotherapy

Yes/no 0.427 0.060 to 3.027 .3948
EGFR mutation

Mutant/wild-type 40.000 6.024 to 2750 < .0001

Abbreviation: EGFR, epidermal growth factor receptor.

mutations and gefitinib sensitivity in a slightly different
clinical setting. We correlated EGFR mutations found in
specimens taken at the time of surgery with response to
gefitinib, often after several courses of cytotoxic chemo-
therapy for recurrent disease. Multivariate analysis revealed
that EGFR mutation was the only independent predictor for
gefitinib response among several allegedly contributing fac-
tors. As in previous studies, EGFR mutation was not a per-
fect predictor of gefitinib effectiveness.'> "’ Two patients
without EGFR mutations showed response to gefitinib. It
is not clear at this time whether EGFR mutations are present
in other parts of the gene or whether mechanisms other
than EGFR mutations govern sensitivity in these patients.

We found a significant difference in gefitinib sensitiv-
ity according Lo classes of EGFR mutations. All 16 patients
with deletion mutants responded to gefitinib, compared
with eight of 12 patients with other mutations (P =
.0108). It is not clear whether this difference is based on
differences in biologic activity of these mutant proteins.

100 s

Mutation

80 l """" ‘T .

60 -

Survival (%)

40 Wild-type 1

20 -

Years After Gefitinib Treatment

No. of patients at risk
Mutation 33 28 19 12
Wild-type 26 18 10 6

Fig 3. Effect of epidermal growth factor receptor mutations on survival,
calculated from the day of initiating gefitinib treatment in patients who had
recurrent disease atter surgery (P = .0053, log-rank test).
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Table 5. Cox Proportional Hazards Model for Survival Analysis

Variable Hazard Ratio 95% ClI P
Sex
Female/male 0.359 0.068 to 1.900 .2280
Smoking status
Neverfformer/fcurrent 051 0.092 to 2.854 4445
Histologic type
Adenocarcinoma/ 0.336 0.085 to 1.184 .0894

nonadenocarcinoma
Prior chemotherapy

Yes/no 0.653 0.222 10 1.923 4397
Stage

ANV 0.848 0.322 t0 2.232 7380
Age, years

> 64/= 64 0.964 0.342 t0 2.717 .9457
EGFR mutation

Mutant/wild-type 0.342 0.117 to 0.998 0496

Abbreviation: EGFR, epidermal growth factor receptor.

Gefitinib sensitivity was essentially the same in COS cells
transfected with L858R and in cells transfected with del
L747-P753insS8."'® A more recent study showed that the ty-
rosine residue at codon 845 is highly phosphorylated in
L858R mutants, but not in deletion mutants after epider-
mal growth factor binding.” This might explain the differ-
ence in gefitinib response between tumors with L858R and
those with deletions.

Although our criteria for tumor response are soft,
these are merely a surrogate marker for the effect on sur-
vival. We were able to show, for the first time, that EGFR
mutation was the only significant and independent predic-
tor for a prolonged survival after gefitinib treatment. In
a previous study, we showed that EGFR mutation itself
is not a predictor for better postoperative survival in
236 unselected patients with adenocarcinoma,” and in
the present study, median disease-free interval was almost
identical in patients with or without EGFR mutations. A
recent placebo-controlled clinical trial showed that treat-
ment with erlotinib, another oral EGFR TK inhibitor,
significantly prolongs survival after first and second
chemotherapy for NSCLC,** although EGFR mutation fre-
quency is reported to be around 10% in Western coun-
tries.">'” This result is interpreted to mean that a subset
of patients without mutations have also benefited from er-
lotinib therapy. The present study suggests that if patients
were selected by presence of EGFR mutations, it would be
possible to concentrate patients with benefits from gefiti-
nib treatment, avoiding unnecessary adverse reactions
such as fatal interstitial lung disease, which is relatively
common in Japanese patients.”® Furthermore, our results
provide a basis for postoperative adjuvant gefitinib treat-
ment in NSCLC patients with EGFR mutations, as adju-
vant treatment is considered the earliest treatment of
metastatic disease. These possibilities should be tested in
future clinical trials.

It is common for patients to show progressive dis-
ease soon after presenting an initial striking response to
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gefitinib. However, we could not detect any evidence that
differences in classes of EGFR mutations are associated
with duration of response (data not shown).

In conclusion, tumors with EGFR mutations showed
good, but not perfect, correlation with clinical response
in patients with postoperative recurrence of NSCLC.
Furthermore, patients with EGFR mutations survived for
a significantly longer period than those without EGFR muta-
tions. Future clinical trials using gefitinib should examine
EGFR mutations for effective selection of patients who are
most likely to benefit from this molecular-targeted drug.
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Y. Ohe'*, S. Negoroz, K. Matsui’, K. Nakagawa4, T. Sugiu’ras, Y. Takadaé, Y. Nishiwaki’,
S. Yokota®, M. Kawahara’, N. Saijo’, M. Fukuoka® & Y. Ariyoshi"
On behalf of the Amrubicin SCLC Study Group

!Department of Internal Medicine, National Cancer Center Hospital, Tokyo; *Department of Clinical Oncology, Osaka City General Hospital, Osaka; *Department
of Thoracic Malignancy, Osaka Prefectural Medical Center for Respiratory and Allergic Diseases, Habikino, Osaka; “Department of Medical Oncology, Kinki
University School of Medicine, Osakasayama, Osaka; >Department of Internal Medicine, Aichi Cancer Center Hospital, Nagoya, Aichi, Department of Radiology,
Hyogo Medical Center for Adults, Akashi, Hyogo; "Division of Thoracic Oncology, National Cancer Center Hospital East, Kashiwa, Chiba; 8Department of
Internal Medicine, National Hospital Organization Toneyama National Hospital, Toyonaka, Osaka; Department of Internal Medicine, National Hospital
Organization Kinki-Chuo Chest Medical Center, Sakai, Osaka; 10Aichi Prefectural Hospital, Okazaki, Aichi, Japan

Received 2 September 2004; revised 14 October 2004; accepted 22 October 2004

Background: Amrubicin, a totally synthetic 9-amino-anthracycline, demonstrated excellent single-
agent activity for extensive-stage small-cell lung cancer (ED-SCLC). The aims of this trial were to
determine the maximum-tolerated doses (MTD) of combination therapy with amrubicin and cispla-
tin, and to assess the efficacy and safety at their recommended doses (RD).

Patients and methods: Eligibility criteria were patients having histologically or cytologically pro-
ven measurable ED-SCLC, no previous systemic therapy, an Eastern Cooperative Oncology Group
performance status of 0—2 and adequate organ function. Amrubicin was administered on days 1-3
and cisplatin on day 1, every 3 weeks.

Results: Four patients were enrolled at dose level 1 (amrubicin 40 mg/m*day and cisplatin
60mg/m?) and three patients at level 2 (amrubicin 45 mg/m?/day and cisplatin 60 mg/m®). Conse-
quently, the MTD and RD were determined to be at level 2 and level 1, respectively. The response
rate at the RD was 87.8% (36/41). The median survival time (MST) was 13.6 months and the 1-year
survival rate was 56.1%. Grade 3/4 neutropenia and leukopenia occurred in 95.1% and 65.9% of
patients, respectively.

Conclusions: The combination of amrubicin and cisplatin has demonstrated an impressive response
rate and MST in patients with previously untreated ED-SCLC.

Key words: anthracycline, cisplatin, phase I-II, smali-cell lung cancer

Introduction such as high-dose chemotherapy, dose-intensive chemother-
apy, alternating chemotherapy and introduction of new drugs,
have been investigated [2-6]. However, only the introduction
of new agents has improved the outcome of SCLC patients.
Combination chemotherapy with etoposide plus cisplatin or
etoposide plus cisplatin alternating cyclophosphamide, doxo-
rubicin and vincristine had been mainly used for SCLC in
North America. Recently, a Japanese trial [Japan Clinical
Oncology Group (JCOG) 9511] demonstrated the superiority
of the combination of irinotecan and cisplatin for ED-SCLC
patients over the combination of etoposide and cisplatin [6].

Small-cell lung cancer (SCLC) is one of the most chemosensi-
tive solid tumors, and the outcome of SCLC patients is slowly
but surely improving. Combination chemotherapy consisting
of cisplatin plus etoposide and concurrent twice-daily thoracic
radiotherapy has yielded a 26% S-year survival rate in lim-
itéd-stage (LD) patients [1]. Despite the high response rate to
combination chemotherapy, however, local and distant failure
is very common, especially in extensive-stage (ED) patients.
Moreover, resistance to chemotherapeutic agents develops
easily after failure of initial treatment. Thus, long-term survi-

vors are still very rare among patients with ED-SCLC. To
improve the outcome of SCLC patients, several strategies,
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The development of more active chemotherapy, and especially
the introduction of effective new drugs, is therefore essential
to improve the survival of SCLC patients.

Amrubicin (SM-5887) is a totally synthetic anthracycline
and a potent topoisomerase II inhibitor [7-14]. It has
antitumor activity, and is more potent than doxorubicin
against various mouse experimental tumors and human tumor




xenografts. Amrubicin and its 13-hydroxy metabolite, amrubi-
cinol, inhibit purified human DNA topoisomerase II [11].
Amrubicinol is 10—-100 times more cytotoxic than amrubicin
[9]. The potent therapeutic activity of amrubicin is caused by
the selective distribution of its highly active metabolite, amru-
bicinol, in tumors [9]. In an experimental animal model, amru-
bicin did not exhibit any chronic cardiotoxicity potential, and
no deleterious effects on doxorubicin-induced cardiotoxicity
in dogs was observed [14]. In a phase II study of amrubicin
using a schedule of 45mg/m? on days 1-3 every 3 weeks, in
33 previously untreated ED-SCLC patients, an overall
response rate of 76% and a complete response (CR) rate of
9% were reported [15]. Moreover, median survival time
(MST) was 11.7 months in the single-agent phase II study of
amrubicin. Amrubicin is one of the most active new agents
for SCLC. Thus, we conducted a phase I/II study of amrubicin
plus cisplatin for untreated ED-SCLC, because cisplatin is
considered as one of the most important drugs in the treatment
of SCLC. The aims of this trial were to determine the
maximum-tolerated doses (MTD) of combination therapy of
amrubicin with cisplatin, to assess the efficacy and safety for
ED-SCLC at their recommended doses (RD), and to examine
the pharmacokinetics of the drug combination.

Patients and methods

Patient selection

Patients with histologically and/or cytologically documented SCLC were
eligible for this study. Each patient was required to meet the following
criteria: extensive-stage disease [16]; no prior therapy for primary lesion;
measurable lesion; Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) 0—2; expected survival time >2 months; age 20-74
years; adequate hematological function [white blood cell (WBC) count
4000-12 000/mm°, neutrophils >2000/mm>, platelets 2100 000/mm>,
hemoglobin =10g/dl); adequate hepatic function [total bilirubin within
1.5% the upper limit of normal; aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) within 2.5x% the upper limit of normal]; ade-
quate renal function (creatinine within the upper limit of normal); partial
pressure of arterial oxygen 60 torr; no abnormality requiring treatment on
electrocardiogram; left ventricle ejection fraction >60%; written informed
consent. Patients with symptomatic brain metastasis, pleural effusion that
required drainage, non-steroidal anti-inflammatory drug or glucocorticoid
use for >50 days, pericarditis carcinomatous, active infection, varicella,
superior vena cava syndrome, syndrome of inappropriate secretion of anti-
diuretic hormone (SIADH), gastric and/or duodenal ulcer, severe heart
disease, severe renal disease, active concomitant malignancy, symptomatic
pneumonitis and/or pulmonary fibrosis and pregnant/nursing women were
excluded. This study was approved by the Institutional Review Board at
each hospital.

Patient evaluation

Pretreatment evaluation consisted of complete blood cell counts, diffe-
rential, routine chemistry measurements, progastrin-releasing peptide
(ProGRP), neuron-specific enolase, electrocardiogram, echocardiography,
chest radiograph, chest and abdominal computed tomography (CT) scan,
whole-brain magnetic resonance imaging (MRI) or CT scan, and isotope
bone scan. Complete blood cell counts, differential and routine chemistry
measurements were performed at Jeast once a week during the
chemotherapy.
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Treatment schedule

At level 1, chemotherapy consisted of cisplatin 60 mg/m® on day 1 and
amrubicin 40 mg/m® on days 1-3. Amrubicin was administered as an
intravenous injection over 5min and cisplatin was administered as a drip
infusion over 60-120 min with adequate hydration. At level 2 the dose of
amrubicin was increased to 45 mg/m? on days 1-3. Level 3 was planned
with cisplatin 80 mg/m” on day 1 and amrubicin 45mg/m? on days 1-3.
The chemotherapy was repeated every 3 weeks for four to six courses.
Intrapatient dose escalation was not allowed. Administration of granulo-
cyte colony-stimulating factor (G-CSF) was permitted prophylactically for
patients expected to experience grade 3 neutropenia during the first
course. Prophylactic administration of G-CSF was only permitted at
second or later courses.

The administrations of both cisplatin and amrubicin were postponed
if patients met the following criteriaz WBC <3000/mm®; neutrophils
<1500/mm?; platelets <100 000/mm>; AST and ALT >5x the upper limit
of normal; total bilirubin >1.5x the upper limit of normal; creatinine
>1.3% the upper limit of normal; ECOG PS 3 or 4; active infection; grade
2 or worse non-hematological toxicity, except for alopecia, anorexia,
nausea, vomiting or fatigue.

The administrations of both cisplatin and amrubicin were withdrawn
if patients met the following criteria: tumor regression <15% after first
course or <30% after second course; WBC <3000/mm?; neutrophils
<1500/mm>; platelets <100 000/mm>; no recovery from grade 3 or 4 non-
hematological toxicity at 6 weeks after the start of previous chemotherapy;
abnormality of electrocardiogram requiring treatment for more than 6
weeks; left ventricle ejection fraction <48%,; treatment delay of >4 weeks.

The dose of amrubicin was decreased 5 mg/m?/day if patients met the
following criteria: grade 4 leukopenia or neutropenia for >4 days; grade 3
neutropenia with fever; platelets <20 000/mm® during the previous course.
The dose of cisplatin was decreased to 75% if creatinine increased to
>1.5x the upper limit of normal during the previous course.

The dose-limiting toxicity (DLT) was defined as follows: grade 4 leuko-
penia or neutropenia for 24 days; grade 3 febrile neutropenia; platelets
<20000/mm*; grade 3 or worse non-hematological toxicity except for
nausea, vomiting, anorexia, fatigue, hyponatremia and infection. Initially,
three patients were treated at each dose level. If DLT was not observed in
any of the three patients, dose escalation was carried out. If DLT was
observed in one of three patients, an additional three patients were entered
at the same dose level. If DLT was observed in three or more of six
patients, or two or three of the initial three patients, we considered that
dose to be the MTD. If DLT was observed in one or two of six patients,
dose escalation was also carried out. Dose escalation was determined
based only on the data from the first course of chemotherapy.

Response and toxicity evaluation

Response was evaluated according to Response Evaluation Criteria in
Solid Tumors (RECIST) and tumor markers were excluded from the cri-
teria [17}. CR was defined as the complete disappearance of all clinically
detectable tumors for at least 4 weeks and no new lesions. Partial response
(PR) was defined as at least a 30% decrease in the sum of the longest
diameters of target lesion, taking as reference the baseline sum longest
diameter, the required non-progression in non-target lesions and no new
lesions for at least 4 weeks. Stable disease (SD) included: regression of
target lesions insufficient to meet the criteria for PR, a <20% increase
in the sum of the longest diameter of target lesion, taking as reference
the smallest sum longest diameters recorded since the treatment started,
the required non-progression in non-target lesions and no new lesions for
at least 6 weeks. Progressive disease (PD) indicated a >20% increase in
the sum of the longest diameters of target lesion, taking as reference the
smallest sum longest diameter recorded since the treatment started
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and/or unequivocal progression of existing non-target lesions and/or
appearance of new lesions. The evaluation of objective tumor response for
all patients was performed by an external review committee.

Toxicity grading criteria of the National Cancer Institute Common
Toxicity Criteria (version 2.0) was used for evaluation of toxicity.

Statistical analysis

This study was designed to reject response rates of 70% (P0) at a signifi-
cance level of 0.05 (one-tailed) with a statistical power of 80% to assess
the activity of the regimen as a 85% response rate (P1) at the rec-
ommended dose. The upper limit of rejection was 29 responses (CR +PR)
among 37 evaluable patients. Overall survival was defined as the interval
between the first administration of the drugs in this study and death or the

Table 1. Characteristics of treated patients

Phase I Phase 11 Total

Number of patients 7 37 44
Gender

Male 5 31 36

Female 2 6 8
Age (years)

Median 65 64 64.5

Range 54-73 50-74 50-74
ECOG PS

0 0 5 5

1 7 32 39

2 0 0 0
Stage

B 0 2 2

v 7 35 42
Prior therapy

Yes 0 1 1

No 7 36 43
Serum ALP

Normal 7 29 36

Elevated 0 7 7
Serum LDH

Normal 3 14 17

Elevated 4 23 27
Na

Normal 6 35 41

Decreased 1 2 3
Number of metastases

0 0 2 2

1 4 27 31

2 3 6 9

3 0 1 1

4 or more 0 1 1

In one patient, serum ALP level could not be measured.
ECOG PS, Eastern Cooperative Oncology Group performance status;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase.

last follow-up visit. Median overall survival was estimated using the
Kaplan—Meier method [18].

Pharmacokinetic analysis

Pharmocokinetic analysis was performed in patients entering the phase 1
section of this study. One milliliter of the blood was taken from the
patients before administration of amrubicin, and at Omin, 15min, 1, 2, 3,
4, 8 and 24h after administration on days 1 and 3 in the first course of
chemotherapy. Concentrations of amrubicin and its active metabolite,
amrubicinol, in plasma and red blood cells were measured as reported
elsewhere [9].

Results
Patient characteristics

Between April 2001 and December 2002, 45 patients with
ED-SCLC were enrolled and 44 were treated in this study
(Table 1). One patient did not receive the protocol treatment
because atrial fibrillation was observed just before adminis-
tration on day 1 of the first course. All treated patients were
assessed for response, survival and toxicity. The median age
of the treated patients was 64.5 years (range 50—74). There
were 36 males and eight females. Five patients had an ECOG
PS 0 and 39 patients had PS 1. Only one patient received sur-
gery for brain metastasis as a prior therapy.

MTD and DLT in the phase I study

Four patients were enrolled at dose level 1 (amrubicin
40 mg/m? on days 1-3 and cisplatin 60 mg/m? on day 1) and
three patients at level 2 (amrubicin 45 mg/m* on days 1-3
and cisplatin 60mg/m*> on day 1). Toxicities in the phase I
study are listed in Table 2. No DLT were observed during the
first course of level 1. At level 2, grade 4 neutropenia for =4
days and febrile neutropenia occurred in one patient, and feb-
rile neutropenia and grade 3 constipation occurred in another
patient. Consequently, the MTD and RD were determined to
be level 2 and level 1, respectively.

Pharmacokinetics of amrubicin and its active
metabolite, amrubicinol

Pharmacokinetic parameters of amrubicin in plasma were
almost identical on days 1-and 3 at the two dose levels
(Table 3). No clear dose relationship in the area under the con-
centration—time curve (AUC) of amrubicin in the plasma was
observed. The AUC of amrubicinol in red blood cells tended
to increase on day 3 at both doses (Table 4). No clear dose
relationship in the AUC of amrubicinol in red blood cells was
observed. Combination with cisplatin did not alter the pharma-
cokinetics of amrubicin and amrubicinol (data not shown).

Treatment received in patients treated at the RD

Forty-one patients were treated at the RD: amrubicin
40mg/m?* on days 1-3 and cisplatin 60 mg/m® on day 1. Of
41 patients, 32 (78%) patients received more than three




Table 2. Toxicities during the first course in the phase 1 study
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Level 1 (n=4)

Level 2 (n=3)

Amrubicin 40 mg/m* days 1-3 45mg/m’ days 1~3
Cisplatin 60 mg/m? day 1 60 mg/m? day 1

Grade (NCI CTC) Grade (NCI CTC)

0 1 2 3 4 0 1 2 3 4
Leukopenia 0 1 1 2 0 0 0 1 1 1
Neutropenia 0 0 0 2 2 0 0 0 0 3
Febrile neutropenia 4 - - 0 0 1 - - 2 0
Hemoglobin 1 1 2 0 0 2 1 0 0 0
Thrombocytopenia 1 2 0 1 0 0 2 0 1 0
Stomatitis 3 0 1 0 0 3 0 0 0 0
Nausea 1 1 2 0 - 1 1 0 1 -
Constipation 3 0 1 0 0 1 0 1 1 0
Hyponatremia 2 1 0 0 1 1 2 0 0 0
Hypocalcemia 3 0 1 0 0 3 0 0 0

Dose limiting toxicity at level 2: febrile neutropenia, two patients; grade 4 neutropenia 24 days, one patient; grade 3 constipation, one patient.

NCI CTC, National Cancer Institute Common Toxicity Criteria.

Table 3. Pharmacokinetics of amrubicin in plasma

Dose n Day T12a () Typ (0) Vo (D CL (Uh) AUCq_24, (ng h/ml)
40 mg/m? 4 1 0.11+0.04 2294031 46.6+11.0 136£1.8 2995+ 434

4 3 0.08+0.01 2.89+0.34 50.0+10.6 11.6£1.9 3511+514
45 mg/m? 3 1 0.13+0.05 239+034 56.3£10.6 149138 3052402

3 3 0.09+0.03 2.27+0.18 51.9+3.7 142+23 3217479

T124, half-life at distribution phase; T, half-life at elimination phase; V,, volume of distribution; CL, clearance; AUC, area under the concentration—

time curve.

courses of chemotherapy, and 10 (31%) of these 32 patients
needed dose reduction of amrubicin at the fourth course
(Table 5). Of 41 patients, 22 (54%) patients completed four
courses of chemotherapy without dose modification. The main
cause of dose reduction was myelosuppression, especially leu-
kopenia and neutropenia.

Objective tumor response and overall survival

The objective tumor responses are given in Table 6. Four CRs
and 32 PRs occurred, for an objective response rate of 87.8%
[95% confidence interval (CI) 73.8% to 95.9%] in 41 patients
treated at the RD. The objective response rate for all 44
patients was 88.6% (95% CI 75.4% to 96.2%). The overall
survival times of the 41 patients treated at the RD are shown
in Figure 1. The MST of the 41 patients was 13.6 months
(95% CI 11.1-16.6), with a median follow-up time for eight
censored patients of 16.4 months (95% CI 14.2--18.8). The
1- and 2-year survival rates were 56.1% and 17.6%, respect-
ively. The MST of all 44 patients was 13.8 months (95% CI
11.1-16.6). The 1- and 2-year survival rates of all 44 patients
were 56.8% and 21.4%, respectively.

Table 4. Pharmacokinetics of amrubicinol in red blood cells

Dose n Day T2 (h) AUCq_n41, (ng-h/ml)
40 mg/m? 4 1 21.0%3.1 1412+314

4 3 2074.8 2159+622
45mg/m’® 3 1 19.6+6.1 1098 £277

3 3 18.1+5.7 2027 £332

Ty, elimination half-life; AUC, area under the concentration—time curve.

Table 5. Treatment received in patients treated at the recommended dose

Cycle n Amrubicin (mg/m?) Cisplatin (mg/m?)
40 35 30 60 45

1 41 41 41

2 36 30 6 36

3 33 26 5 2 33

4 32 22 8 2 32

5 18 5 4 18

6 13 6 3 4 12 1
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Table 6. Response rates

Table 7. Toxicity in patients treated at the recommended dose (n=41)

n CR PR SD PD NE Response rate (%)

(95% CI)

All 4 4 35 3 0 88.6 (75.4-96.2)
Treated 41 4 32 3 0 87.8 (73.8-95.9)
at RD

CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; NE, not evaluated; 95% CI, 95% confidence
interval; RD, recommended dose.

100 MST: 13.6 months [95%CI, 11.1 to 16.6]
90 - 1-year survival rate: 56.1% {95%Cl, 40.9 to 71.3]
80 -
£ 704
Q
"5 60—
T 50
£ 40+
w
30 -
20 -
10 -
0 .
1 H 1 { ) 1
4} 6 12 18 24 30 36
Patients at risk Survival time {months)
41 38 23 10 4 1

Figure 1. Overall survival of patients with extensive-stage small-cell lung
cancer who were treated with amrubicin and cisplatin at the recommended
dose. MST, median survival time; 95% CI, 95% confidence interval.

Toxicity in patients treated at the RD

The worst grades of hematological and non-hematological
toxicities experienced by each patient are listed in Table 7.
Hematological toxicity, especially leukopenia and neutropenia,
was common and relatively severe. Grade 3 or worse leukope-
nia and neutropenia occurred in 65.9% and 95.1% of patients,
respectively. Febrile neutropenia was observed in two patients
at level 2. Grade 3 or worse anemia and thrombocytopenia
occurred in 53.7% and 24.4% of patients, respectively. Four
patients received platelet transfusions. Common non-hemato-
logical toxicities were gastrointestinal toxicity, such as anor-
exia, nausea, vomiting, constipation, diarrhea and stomatitis.
Gastric ulcers developed in three patients. Hepatic and renal
toxicity were not common in this study. Grade 3 or worse
hyponatremia and hypokalemia occurred in 22% and 9.8% of
patients, respectively. One patient developed myocardial
infarction; however, cardiac toxicity was not common. No
treatment-related deaths were observed.

Discussion

Doxorubicin and epirubicin are classified as active agents for
SCLC, for which single-agent activity is a >20% response rate
[19]. Doxorubicin has been used as a constituent of combi-
nation therapy for SCLC in the CAV (cyclophospamide,
doxorubicin and vincristine) and CAP (cyclophosphamide,
doxorubicin and cisplatin) regimens. Epirubicin has shown

Grade (NCI CTC)
0 1 2 3 4

Grade 3/4 (%)

Leukopenia 1 0 13 20 7 65.9
Neutropenia 0 1 1 7 32 95.1
Febrile neutropenia * 41 - - 0 0 0.0
Hemoglobin 1 8 10 17 5 53.7
Thrombocytopenia 9 14 8 10 0 24.4
Stomatitis 22 13 5 1 0 2.4
Anorexia 1 14 13 13 0 31.7
Nausea 3 15 14 9 0 22.0
Vomiting 20 8 11 2 0 4.9
Constipation 24 1 13 3 0 73
Diarrhea 26 12 1 2 0 4.9
Gastric ulcer 38 0 1 2 0 49
Bilirubin 24 12 4 1 0 2.4
Hyponatremia 18 14 - 7 2 220
Hypokalemia 31 6 - 4 0 9.8
Hyperkalemia 33 3 4 1 0 2.4
Hypocalcemia 31 5 0 1 2.4

NCI CTC, National Cancer Institute Common Toxicity Criteria.

50% and 48% response rates in two clinical studies in 41 and
80 previously untreated patients, respectively, with ED-SCLC
[20, 21]. However, currently, combination modalities contain-
ing doxorubicin or epirubicin are not being used in the therapy
of SCLC, in preference to combination therapy with cisplatin
and etoposide. Since amrubicin has shown excellent single-
agent activity [15], it can be expected to be superior to other
anthracyclines in the treatment of SCLC. Additionally, the
present results of combination therapy with cisplatin support
the view that amrubicin may be a promising agent that over-
comes the therapeutic plateau of SCLC.

Amrubicin is one of the most promising new agents for the
treatment of SCLC. In a previous phase II study of amrubicin
45mg/m? on days 1-3 every 3 weeks as a monotherapy for
chemonaive ED-SCLC, a 76% overall response rate and 11.7
month MST were observed [15]. The overall response rate and
MST were comparable to those achieved with standard combi-
nation chemotherapy, such as etoposide plus cisplatin [5, 6].
Moreover, only a few patients treated in the phase I study
received salvage chemotherapy consisting of cisplatin and eto-
poside [15]. The major toxicity of amrubicin as a monotherapy
was hematological toxicity: grade 4 leukopenia and neutrope-
nia were seen in 12.1% and 39.4% of patients, respectively,
and thrombocytopenia and anemia of grade 3 or worse in
21.2%. Hepatic, renal and cardiac toxicities with amrubicin
were not common. Cisplatin is a key drug for the treatment of
SCLC and its hematological toxicity, such as leukopenia and
neutropenia, is not severe. Thus, we conducted a phase I1-1I
study of amrubicin and cisplatin treatment for chemonaive ED-
SCLC to determine the MTD of this combination therapy, to



assess the efficacy and safety of the drugs delivered at their RD
in chemonaive ED-SCLC, and to examine pharmacokinetics.

The topoisomerase I inhibitor, irinotecan, is also very effec-
tive for SCLC [6]. Combinations of topoisomerase I and
topoisomerase II inhibitors, such as irinotecan plus etoposide,
have been reported as active combination chemotherapy for
SCLC [22]. Thus, combination of irinotecan and amrubicin is
another candidate for new combination chemotherapy for
SCLC. A phase I study of irinotecan and amrubicin for chemo-
naive non-SCLC was performed in National Cancer Center
Hospital (unpublished data). However, the MTD was less than
irinotecan 60mg/m® on days 1 and 8 and amrubicin 35 mg/m?
on days 2—4, due to relatively severe myelotoxicity. We con-
sidered that amrubicin <35 mg/m” on days 2—4 with irinotecan
60 mg/m” on days 1 and 8 was insufficient to treat SCLC.

In this study, we- determined the RD to be amrubicin
40mg/m® on days 1-3 and cisplatin 60 mg/m> on day 1 every
3 weeks, and 41 patients were treated at the RD. Main toxici-
ties of this combination chemotherapy were myelosuppression,
especially leukopenia and neutropenia, and gastrointestinal
toxicities including anorexia, nausea, vomiting, constipation,
diarrhea, stomatitis and gastric ulcer. Of 41 patients, 32 (78%)
patients received four or more courses of chemotherapy, and
22 (54%) patients completed four courses of chemotherapy
without dose modification. One patient developed myocardial
infarction; however, other cardiac toxicity, including decrease
in left ventricle ejection fraction, was not observed in up to
six courses of chemotherapy. The total dose of amrubicin was
720mg/m?. Grade 3 or 4 hyponatremia occurred in nine
(22%) patients; however, most of the patients were asympto-
matic. No unexpected toxicities and no treatment-related
deaths were observed in this study. Toxicities observed in this
study were manageable.

Four CRs and 32 PRs occurred, for an objective response
rate of 87.8% (95% CI 73.8% to 95.9%) in 41 patients treated
at the RD. In most patients, ProGRP levels changed in parallel
with tumor responses. The MST of the 41 patients was 13.6
months, and the 1-year survival rate was 56.1%. These results
were better than recently reported results for irinotecan and
cisplatin in chemonaive ED-SCLC: an objective response rate
of 84% and MST of 12.8 months [6]. The combination of
amrubicin and cisplatin has demonstrated an impressive
response rate and MST in patients with previously untreated
ED-SCLC. A possible reason for the better results is overse-
lection of patients, because we used unusual exclusion criteria
such as non-steroidal anti-inflammatory drug or adrenal corti-
cal steroid use for >50 days, and gastric and/or duodenal
ulcer. However, in a phase II study, this kind of bias is not
uncommon.

Combination chemotherapy with etoposide plus cisplatin or
etoposide plus cisplatin, alternating with cyclophospharmide,
doxorubicin and vincristine, had been considered as standard
chemotherapy for SCLC in North America and Japan. A Japa-
nese phase III trial (JCOG 9511) demonstrated that treatment
with four cycles of irinotecan plus cisplatin every 4 weeks
yielded a highly significant improvement in survival in
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ED-SCLC patients over standard etoposide plus cisplatin, with
less myelosuppression [6]. Based on the results of the JCOG
9511 trial, irinotecan plus cisplatin is considered to be the
reference chemotherapy arm for ED-SCLC in future trials in
Japan [23]. The JCOG are preparing a phase III clinical trial
of amrubicin and cisplatin for previously untreated ED-SCLC
to compare combination therapy of irinotecan with cisplatin.
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