5 o 2PN L AL <) 2 RN

FIG. 1. A specially designed single-needle electrode, 150 min in
length and 1.6 mm in diameter, was inserted 20 mm into the normal
hang.

MATERIALS AND METHODS

Measurements of Thermal Response

Animal studies were performed with the approval of the Institu-
tional Comrnittee for Ethical Research Animal Care. Adult beagles
(10-15 kg) were given artificial respiration under general anesthesia
with 30 mg/kg of phentobarbital sodium intravenously and placed in
the lefl 1ateral recumbent position. Using an aseptic technique, tho-
racotomy was performed through the 5th intercostal space. A spe-
cially designed single-needle electrode (MD-16CBT-10/150, Azwell,
Osaka, Japan, Fig. 1) that is 150 mm in length and 1.6 mm in
diameter was inserted 20 mm into the normal lung. Then, tissue
coagulation was performed using a microwave generator (Microtaze
HSD-20W, Azwell, Fig. 2) that emitted 2450 MHz microwaves of 12
cm wavelength at a power output of 20, 40, and 60 W for 4 min.
Temperature change was continuously monitored for 4 min using a
K-type electric thermometer at 5§ mm and 10 mm from the electrode
with a sensor inserted 10 mm into the normal lung. The data of
temperature were plotted for every 15 s. Measurements of temper-
ature change were performed three times in each condition. Three
beagles were used for this study.

Measurements of Coagulation Area

Microwave electrodes were inserted into normal lung tissue of
beagles using the same procedure as mentioned above. Microwave
coagulation was performed three times under each condition at
power outputs of 20, 40, and 60 W for 1, 2, 3, and 4 min. Three
beagles were used for this study. Shortly after microwave coagula-
tion, the beagles were euthanized with an intravenous phentobarbi-
tal sodium overdose and pneumonectomy was performed. The re-
sected canine lungs were inflated with bubbling air and 10% buffered
formalin from the bronchial stump using an enema syringe pump
and preserved in 10% buffered formalin for tissue fixation.

Under the same conditions, microwave coagulation was perfortned
for normal human fresh lung tissue after resection of central type
lung carcinoma, inflated with bubbling air using an enema syringe
pump from the bronchial stump. Coagulation was performed once
under each condition using two fresh lung lobes after resections.
Informed consent was obtained in all cases. Tissue fixation was
performed in the same manner as in the animal experiment.

The fixed lung tissue was transected perpendicular to the direc-
tion of the inserted electrode. The longest dimension of the maximum
coagulation area of fixed ung tissue was measured.

Histological Examinations after Microwave Coagulation

Microwave coagulations were performed in three beagles at a
power cutput of 40 W for 3 min. One beagle was euthanized with an
intravenous phentobarbital sodium overdose immediately, and the
other two beagles were followed up to assess histological change of
the coagulated tissue. The normal activity and condition of each
beagle was monitored daily. These beagles were euthanized at 3 and
6 months after the procedure. Histological changes of normal lung
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tissue immediately, 3 and 6 months after microwave coagulation
were investigated by H-E staining and Elastica von Gieson staining.

Statistical Analysis

Data were expressed as means * standard deviations (SD), and
statistical analyses were done using Student’s ¢ test with computer
software (Microsoft Excel, version 2002). A P value of less than 0.05
was considered to indicate a statistically significant difference.

RESULTS

Measurements of Thermal Response

The data of thermal response of normal canine lung
tissue to microwave coagulation is shown in Fig. 3. At 5
mm from the electrode (Fig. 3A), the temperature rose
rapidly over 80°C (15 s for 60 W: 83.1 * 13.0°C; 30 s for
40 W: 83.9 = 3.4°C), and thereafter the temperature
reached a plateau around 90-100°C at both 40 and 60 W.
There was no significant difference between the two
groups for each time point. At 20 W, the temperature rose
gradually to only 65°C and reached a plateau. At 10 mm
from the electrode (Fig. 3B), the temperature rose grad-
ually to 70°C (45 s for 60 W: 70.6 + 11.6°C; 90 s for 40 W:
70.9 = 13.0°C), and thereafter the temperature reached a
plateau around 80°C at 40 and 60 W. There was no
significant difference between the two groups for each
time point. At 20 W, the temperature rose to only 50°C
after 90 s and reached a plateau. It appeared that 20 W
was not enough for coagulation. The same thermal re-

FIG. 2. Microwave coagulation was performed using a micro-
wave generator that emitted 2450 MHz microwaves of 12 em wave-
tength at a power output of 20, 40, and 60 W.
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FIG. 3. (A) At 5 mm from the electrode, the temperature rose

rapidly to 85°C (for 15 s at 60 W and 30 s at 40 W). The temperature
reached a plateau around 90-100°C at 40 and 60 W. There was no
significant. difference between 40 and 60 W fov each time point. (B) At
10 mm from the elecirode, the temperature rose gradually to 70°C
(45 s at 60 W and 90 s at 40 W). The temperature reached a plateau
around 80°C at 40 and 60 W. There was no significant difference
between 40 and 60 W for each time point,

sponse was obtained in the two groups of 40 W and 60 W
at same distances from the electrode.

Measurements of Coagulation Area

The data of the diameter of the maximum coagula-
tion area in the animal model is shown in Fig. 4. The
maximum coagulation area increased with increased
power and coagulation time. The diameter of the max-
imum coagulation area was 18.3 + 10.4 mm at 40 W for
4 min and 21.7 * 2.9 mm at 60 W for 4 min. There was
no significant difference in the coagulation area at each
time period when using 40 W and 60 W.

The diameter of the maximum coagulation area in
normal human fresh lung tissue after resection of
central-type lung cancer is shown in Fig. 5. The max-
imum coagulation area increased with increased power
and coagulation time until 3 min. After 3 min, the
diameter of the maximum coagulation area was 25 mm
at 40 W and 26 mm at 60 W. At 40 and 60 W for 4 min,
the diameter of the maximum coagulation area shrank
to 156 mm. There was no difference between 40 and 60
W for each period of coagulation.

Histological Examinations after Microwave Coagulation

All beagles tolerated the procedure well. During 6
months of follow up to assess histological change of the
coagulated tissue, the normal activity and condition of
each beagle was monitored daily. There was no death
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due to serious complications such as hemoptysis or
pneumothorax during the period.

The histological changes after microwave coagula-
tion are shown in Fig. 6. Histological findings shortly
after microwave coagulation showed degeneration and
thickening of collagen fiber and exfoliation and ulcer-
ation of bronchial epithelium surrounding the elec-
trode. No surrounding bronchioli or veins were de-
stroyed. No blood clots or debris were observed in
surrounding veins (Fig. 6A). After 3 months, histolog-
ical findings showed stromal edema and loose collagen
fiber, immature neoangiogenesis, progression of bron-
chial epithelial hyperplasia, infiltration of inflamma-
tory cells at the boundary zone (lymphocyte > plasma
cell > neutrophil) between the central coagulation area
and normal tissue (Fig. 6B). After 6 months, coagu-
lated tissue became scar tissue that showed disappear-
ance of stromal edema, tight collagen fiber, mature
capillaries, disappearance of inflammatory cells, and
completion of epithelial hyperplasia (Fig. 6C).

DISCUSSION

With the increasing use of high-resolution CT scans,
the rate detection of small nodules in the peripheral
lung, such as early-stage lung cancer, small metasta-
ses, or AAH has increased. Kaneko et al. demonstrated
that the detection rate of peripheral lung carcinoma by
mass screening using CT scan was 0.45% (15 of 3457
examinations), 73% of which were detected by low-dose
spiral CT but were not visible on standard chest radi-
ography [5]. Noguchi et al. investigated 236 surgically
resected small-size peripheral adenocarcinomas mea-
suring 2.0 cm or less in greatest dimension and dem-
onstrated that type A (localized bronchioloalveolar car-
cinoma: LBAC) and type B (LBAC with foci of
structural collapse of alveoli) that showed ground glass
opacity (GGO) on CT scanning images demonstrated

mm
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FIG. 4. The diameter of the maximum coagulation area was 18
mn at 40 W for 4 min and 22 mm at 60 W for 4 min, There was no
significant difference between 40 W and 60 W {or each coagulation
time.
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FIG.5. The diameter of the maximum coagulation area was 25 mm at, 40 W and 60 W for 3 min. There was no difference between 40 and
G0 W for each time. The diameter of the maximum coagulation area sbrank to 15 mm at 40 and 60 W for 4 min.

no lymph node metastasis and had the best 5-year
survival rate (100%) [6]. Meanwhile, according to a
pathological study on lymph node metastasis of pri-
mary lung carcinoma after surgery, the rate of metas-
tasis (N1 and N2) was 0% with a tumor 1.0 cm or less,
17% with a tumor 1.1 to 2.0 cm, and 37% with a tumor
2.1t0 3.0 cm in diameter [7]. As a result, it seems to be
possible to control 83% of lung carcinomas smaller
than 2.0 cm in size by local treatment. Also, the rate of
local lymph node metastasis of metastatic lung tumor
is known to be low.

We usually perform surgery for such patients as a
possible cure, but this may lead to considerable lung
damage with significant loss of function. Although VATS
has widened the indication of surgery recently, some
patients are unable to undergo even VATS due to poor
cardiopulmonary function, severe adhesion, or advanced
age, etc. Radical radiotherapy or chemotherapy or both
may be offered with curative intent to such patients, but
the prospect of cure is substantially worse than with
surgical options, while it may also lead to considerable
lung damage with significant loss of function caused by
radiation fibrosis, systemic toxicity due to the anticancer
agent. Therefore, new modalities for local treatment that
effectively destroy tumor but are less invasive and less
damaging to normal lung tissue are required. Recently,
several investigators tried to use radiofrequency ablation
(RFA) [8—10] or photodynamic therapy (PDT) for periph-
eral lung tumors {11, 12].

We are interested in microwave coagulation therapy
(MCT), which has been successfully used to perform co-
agulation of hepatic tumors. In 1978, hepatic surgery
with MCT was introduced by Tabuse [1], and recently the
effectiveness of percutaneous microwave coagulation
therapy (PMCT) under ultrasonography or CT scan guid-
ance for small hepatocellular carcinoma was demon-
strated (3, 4]. We considered this modality to be applica-
ble for patients with lung tumors who are poor surgical

candidates, as well as patients with hepatic tumors, and
evaluated the efficacy and safety of MCT for lung tissue
experimentally.

The microwave generator emits a higher frequency
wavelength than electrocautery and generates dielectric
heat energy due to friction of water molecules when irra-
diating living tissue. MCT applies this mechanism to
achieve tumor necrosis. Because the dielectric heat en-
ergy cannot be generated in the presence of air, selective
tumor damage may be achieved, with limited damage to
the surrounding normal air-filled lung tissue. We consid-
ered it essential to know how MCT affects normal lung
tissue before performing PMCT clinically for peripheral
lung malignancies. An experimental study was deemed
necessary to evaluate the thermal response, coagulation
extent, and histological changes in the air-filled normal
Jung.

With regard to thermal response, the temperatures of
normal canine lung tissue rose with increased microwave
power and coagulation time. The temperatures in normal
lung tissue rose to 90-100°C at 5 mm from the electrode
after 60 s and 70-80°C at 10 mm after 90 s, thereafter
reaching a plateau. A power of 20 W was not sufficient to
coagulate lung tissue. These data suggested that the
same thermal response could be obtained at 40 and 60 W.
The coagulation area in normal ecanine lung tissue in-
creased to 18 mm and 22 mm at 40 W and 60 W for 4 min,
respectively. Therefore, it may be possible to coagulate a
diameter of approximately 20 mm. In solid tumaors, there
is a possibility to achieve more extensive coagulation. In
human resected normal lung with central-type lung car-
cinoma, the coagulation area increased to 25 mm at 40
and 60 W for 3 min and shrank to 15 mm for 4 min. This
phenomenon . may be explained by shrinking of lung tis-
sue due to rapid elevation of the temperature in the
tissue, because there is no radiator effect in the resected
lung due to the lack of blood supply. From the current
study, we concluded the optimal condition in clinical
PMCT to be 40-60 W for 3—4 min of coagulation.
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FIG. 6.
and ulceration of bronchial epithelium surrounding the electrode. Swrrounding hronchial and veins were not destroyed. (B) After 3 months,
histological findings showed stromal edema and loose collagen fiber, immature neoangiogenesis, progression of bronchiolus epithelial
hyperplasia, infiltration of inflammatory cells at the boundary zone betwesn the central coagulation area and normal lissue. (C) After 6
manths, coagulated tissue became scar lissue that showed disappearance of stromal edema, tight collagen fiber, mature capillaries,
disappearance of inflatumatory cells and completion of epithelial hyperplasia. (Color version of figure is available ontine.)

Histological analysis following MCT for normal ca-
nine lung tissue demonstrated exfoliation and ulcer
formation of the epithelium in the bronchioli and de-
generation and thickening of collagen fiber in the pa-
renchyma by heat coagulation shortly after MCT. The

_coagulated lesions were gradually repaired by progres-
sion of epithelial hyperplasia and infiltration of inflam-
matory cells, showing stromal edema and granulation
tissue after 3 months and finally becoming scar tissue
after 6 months. We concluded MCT to be a safe modal-
ity for lung tissue because no destruction of bronchioles
or veins was seen in the specimens during 6 months.

The present studies of MCT for peripheral lung tis-
sue demonstrated that this new modality had no seri-
ous adverse effects and could be performed safely.

(A) Histological findings shortly after microwave coagulation showed degeneration and thickening of collagen fiber and exfoliation

However, the incidence of pneumothorax by CT-guided
RFA was demonstrated to be 38.5% (3/8) in a rabbit
model [8] and 33.3% (1/3) and 53.8% (7/13) in clinical
cases [9, 10}, which seems to be relatively high. There-
fore, the development of a fine electrode with a cooling
system will be necessary to prevent complications such
as pneumothorax and heat sensation for clinical use.
From our experimental studies, the advantages of
PMCT are the fact that this modality is minimally
invasive, may be performed by local anesthesia, and is
applicable for patients with poor cardiopulmonary
function. In addition, the microwave generator is a
very simple device, maintenance free, easy to handle,
and portable, and the procedure is easy compared with
RFA and PDT. The possibility of pneumothorax, heat
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sensation or pain, or both during treatment and the
limited coagulation area are considered the disadvan-
tages for clinical use at present. Nevertheless, our re-
sults demonstrated the possibility of MCT for patients
with small peripheral lung tumors with the intent of
curative treatment. Although MCT is considered to be
a useful modality as minimally invasive therapy for
small peripheral lung tumors, further comparative re-
search is necessary with other modalities such as RFA
and PDT for peripheral lung tumors.
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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

o

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 recurrent lung cancer. Gefitinib effectiveness 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 746-750 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 resuited in tumor shrinkage andfor
CEA decrease to less than half of the baseline level in 26 patients, tumor growth and/or
CEA elevationin 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 EGFR 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 .
£GFR 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
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

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
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-

patients who were operated on from 2001
through 2003. Adenocarcinomasare charac-
terized by a high degree of morphologic
heterogeneity. Analyses of various cancer-
associated genes, including K-ras,? p53,>*
cyclin D1,° p275°" 8 and cyclooxygenase-2,’

2513

information downloaded from jco.ascopubs.org and provided by AICHI CANCER CENTER on April 13, 2007 from

61.213.193.122,
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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 EGER 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 gefitinib'>'” 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 discases 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 from 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; sevenstage IB; three stage I1A; five stage I1B; 24

2519

stage ITTA; eight stage I11B; and three stage IV at the time of surgery.
Lobectomy had been performed in 57, and pneumonectomy and
partial resection in one patient each. Four patients 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, eight 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 Fl1 (5'-AGCTTGTGGAGCCTCTTACACC-3')
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 search 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 Evajuation 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.'® Thercfore, gefitinib treatment was judged as cffective
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 recurrent lung 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

Jourxal. oF CLINICAL ONCOLOGY
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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 to a level less than half of the baseline
level, gefitinib treatment was judged aseffective. On the other hand,
gefitinib treatment was judged as ineffective when the tumors
showed any growth or a newlesionappeared in the imaging studies,
or when 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 Inc, 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 1) 18 .8342
> 64 1" 68 8
Histologic type
Adenocarcinoma 32 64 18 .0033
Nonadengcarcinoma 1 11 8
Squamous cell carcinoma 0 0 5
Large-cell carcinoma 0 o} 3
Adenosguamous carcinoma 1 100 0
Smoking status
Never smoker 20 al 8 0227
Former or current smoker 13 42 18
Stage
- 12 50 12 4472
13-V 21 60 14
Abbreviation: EGFR, epidermal growth factor receptor.

recurrence was almost identical in patients with EGER
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

2516

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
Theincidence 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-S752insA, 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 EGEFR 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 to gefitinib in representative four patients with recurrent non-small-cell lung cancer. Computed tomagraphy (CT} scans before
gefitinib treatment (A, C, E, G) and after the gefitinib was initiated (8, 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
Effective
No. of Not Not
Variable Patients %* Effective Assessable Pt
Ali patients 26 52 24 9
Sex
Male 11 41 16 5 0842
Femate 15 65 8 4
Smoking status
Never-smoker 17 68 8 3 0235
Former or current 8 36 16 6
smoker
Histologic type
Adenocarcinoma 25 58 18 7 0313
Nonadenocarcinoma 1 14 6
Prior chemotherapy
Present 17 47 19 4 2782
Absent 9 64 5 5
EGFR mutation
Mutation 24 83 5 4 < .0001
Deletion 16 100 ] 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 exciuding patients who were not
assessable.
tPvalues 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 §9 Patients With Recurrent Disease

Imaging Resuits

CEA Level Shrinkage No Change Not Measurable Growth Total
Decreased
<10% of the baseline 3{3) 3@
<50% of the baseline 6 {5) 10 5 {4} 12 {10}
>50% of the baseline 24{2) 312) 5 (4)
Not assessable 9 (9} 311 3(1) 12 (2) 27 {13)
Elevated 7{3) 51(0) 12{3)
Total 20{19) 412) 18 (10} 17 (2) 59 (33)

indicate that gefitinib treatment could not be assessed.

NOTE. Numbers in bold indicate that gefitinib treatment resulted in clinicat 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 cstegory; 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

Veriable Odds Ratio 95% Ct P

Sex . ’

Maleffemale 1.139 0.130 to 9.953 .8063
Smoking status

Neverfformer/current 1.496 0.165 to 13.535 7202
Histologic type

Adenocarcinoma/ 1.727 0.091 to 33.33 7189

nonadenocarcinoma

Prior chemotherapy

Yes/no 0.427 0.060 to 3.027 .3948
EGFR mutation

Mutantiwild-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 to 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
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. s | T
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g 40 - Wild-type " 3ofo
(7] i
204
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Years After Gefitinib Treatment

No. of patients at risk
Mutation 33
Wild-type 26

28
18

19 12
10 6

Fig 3. Effect of epidermal growth factor receptor mutations on survival,
caiculated from the day of initiating gefitinib treatment in patients who had
recurrent disease after surgery (P = 0053, log-rank test).
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Table 5. Cox Proportional Hazards Model for Survival Analysis
Variable Hazard Ratio - 95% CI P
Sex
Female/male 0.359 0.068 to 1.900 .2280
Smoking status
Neverfformer/current 0.511 0.092 to 2.854 4445
Histologic type
Adenocarcinoma/ 0.33% 0.095 to 1.184 0894
nonadenocarcinoms
Prior chemotherapy
Yes/no 0.653 0.222 t0 1.923 4397
Stage
iV 0.848 0.322 t0 2.232 7380
Age, years
> 64/= 64 0.964 0.342 t0 2.717 .9457
£GFR mutation
Mutant/wild-type 0.342 0.117 to0 0.998 0496
Abbreviation: EGFR, epidermat growth factor receptor.

Gefitinib sensitivity was essentially the same in COS cells
transfected with L858R and in cells transfected with del
L747-P753insS."® 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."®"!7 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 EGER 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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Background: Amrubicin, a totally syathetic 9-amino-anthracycline, demonstrated excellent single-
agent activity for extensive-stage small-cell lung cancer (ED-SCLC). The aims of this tria} 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 40mg/m?%day and cisplatin
60mg/m>) and three pa{t‘i‘ents 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 Jevel 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-1I, small-cell lung cancer

Introduction

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-
ited-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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E-mail: yohe@nce.go.jp
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such as high-dose chemotherapy, dose-intensive chemother-
apy, altemating 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].
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 iphibitor [7-14]. It has
antitumor activity, and is more potent than doxorubicin
against various mouse experimental tumors and human tumor
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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, amu-
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 45 mg/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 discase [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 celi (WBC) count
4000-12000/mm?>, neutrophils 22000/mm°®, platelets >100000/mm>,
hemoglobin 210g/dl]; adequate hepatic function ftotal 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 60torr; no abnormality requiring trcatment on
clectrocardiogram; left ventricle gjection fraction >60%; written informed
consent. Patients with symptomatic brain metastasis, pleural effusion that
required drainage, non-steroidal anti-inflammatory drug or glucocerticoid
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
discase, severe renal disease, active concomitant malignancy, symptomatic
pneumonitis and/or pulmonary fibrosis and pregnant/nursing women were
cxcluded. 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 chemisty 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 least 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 40mg/m® on days 1-3. Amrubicin was administered as an
intravenous injection over Smin and cisplatin was administered as a drip
infusion over 60-120min with adequate hydsation. 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/mz on day | and amrubicin 45 mg/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 neutvopenia during the first
course. Prophylactic administration of G-CSF was only permitted at
second or Jater courses.

The administrations of both cisplatin and amrubicin were postponed
if patients met the following criteriaz WBC <3000/mm> neutrophils
<1500/mm®; platelets <100000/mm>; AST and ALT »>5x the upper limit
of nommal; total bilirubin >1.5% the upper limit of normal; creatinine
>1.3x 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/mm3; no recovery from grade 3 or 4 non-
hematological toxieity 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 wecks.

The dose of amrubicin was decreased 5mg/m?/day if patients met the
following criteria: grade 4 leukopenia or neutropenia for 24 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 levko-
penia or neutropenia for 24 days; grade 3 febrile neutropenia; platelets
<20000/mm>; grade 3 or worse non-hematological toxicity except for
nausea, vomiting, anorexis, 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 thre 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 ali 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 Jesions for
at least 6 weeks. Progressive discase (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



andfor 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 rcject response rates of 70% (PO) at a signifi-
cance level of 0.05 (onc-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 | Phase 11 Total

Number of patients 1 37 44
Gender

Male 5 3t 36

Femate 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

1B 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
Scrum LDH

Normal _ 3 14 17

Elcvated 4 23 27
Na

Nommal 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.
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last follow-up visit. Mecdian overall survival was estimated using the
Kaplan-Mecier method {183.

Pharmacokinetic analysis

Pharmocokinetic analysis was performed in patients eniesing the phase I
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 24 h 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 [91.

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 pitient received sur-
gery for brain metastasis as a prior therapy.

MTD and DLT in the phase I study

Four patients were enrofled 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 45mg/m? on days 1-3
and cisplatin 60mg/m® on day 1). Toxicities in the phase 1
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 biood 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
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Table 2. Toxicities during the first course in the phase I study

Level 1 (n=4)

Level 2 (n=3)

Amrubicin 40 mg/m? days 1-3 45 mg/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 i 2 3 4
Leukopenia 0 1 1 2 0 0 0 1 | 1
Neutropenia 0 0 0 2 2 0 0 0 0 3
Febrile neutropenia 4 - - 0 0 1 - - 2 0
Hemoglobin i 1 2 o] 0 2 1 0 0 [
Thrombocytopenia 1 2 0 1 0 0 2 0 1 0
Stomatitis 3 0 I 0 0 3 0 0 0 0
Nausea 1 1 2 0 - i 1 0 1 -
Constipation 3 0 1 0 0 1 0 1 1 0
Hyponatremia 2 1 0 0 1 t 2 0 0 0
Hypocalcemia 3 0 1 0 0 3 0 0 0 0

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

NCI CTC, National Cancer Institute Common Toxicity Criteria.

Table 3. Pharmacokinetics of amrubicin in plasma

Dose a Day Tirn () Ting () VoD CL (/) AUCq_24n (ng /ml)
40 mg/m? 2 1 0.1120.04 2292031 46.6£11.0 13.6+18 2995 £ 434

4 3 0.08£0.01 2.8940.34 50.0+10.6 116£19 3511514
45 mg/m?® 3 1 0.13£0.05 © 239:0.34 56.3+10.6 149:1.8 3052402

3 3 0.09£0.03 2.27+0.18 51.9+37 142223 3217479

Tir2a, half-life at distribution phase; Tyzp, half-life at climination phase;Vy, volume of distribution; CL, clearance; AUC, arca 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% Cl 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.
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Table 4. Pharmacokinetics of amrubicinol in red blood cells

Dose n Day Tz (h) AUCy_ 245, (ngh/ml)
40 mg/m? 4 1 21.0£3.1 1412314

4 3 20.7x4.8 2159622
45mgim? 3 1 19.6+6.1 1098 £277

3 3 18.1£5.7 2027 £332

T\p. 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 33

4 32 22 8 32

5 18 9 5 4, 18

6 13 3 12 1
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Table 7. Toxicity in patients treated at the recommended dose (n=41)

n CR PR Ssb PD NE  Response rate {%0)

(95% CI)
88.6 (75.4-96.2)
87.8 (73.8-95.9)

All 4 4 35 3 0 2

Treated 41 4 32

at RD

CR, comptlete response; PR, partial response; SD, stable disease;
PD, progressive disease; NE, not evaluated; 95% CI, 35% confidence
interval; RD, recommended dose.

MST: 13.6 months [95%Ct, 11.1to 16.6)
90 -4 1-year survival rate: 56.1% [95%Cl, 40.9 to 71.3)

Survival rate (%)

0- ¥ T U T T
0 & 12 18 24 30 36
Patients at risk Survival time (months)
3] 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
dosc. 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, especiaily 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.

Discassion

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
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Grade (NCI CTC) Grade 3/4 (%)

0 1 2 3 4
Leukopenia 1 0 13 20 2 65.9
Neutropenia 0 1 1 7 32 95.1
Fcbrile ncutropenia 41 - - 0 0 0.0
Hemoglobin i 8 10 17 5 $3.7
Thrombocytopenia 9 14 8 10 0 24.4
Stomatitis 22 13 5 1 0 24
Anorexia 1 14 13 13 0 317
Nausea 3 15 14 9 0 220
Vomiting 20 8 11 2 0 49
Constipation 24 1 13 3 0 13
Diarrhea 26 12 1 2 0 4.9
Gastdc ulcer 38 0 1 2 0 4.9
Bilirubin 24 12 4 1 0 24
Hyponatremia 18 14 - 7 2 22.0
Hypokalemia 3 6 - 4 0 9.8
Hyperkalemia 33 3 1 0 24
Hypocalcemia 31 5 4 0 1 2.4

NCI CTC, National Cancer Institute Common Toxicity Critena.

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 1I 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 II 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 leukoperia and
neutropenia, is not severe. Thus, we conducted a phase I1-II
study of amrubicin and cisplatin treatment for chemonaive ED-

. SCLC to determine the MTD of this combination therapy, to
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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 ]I 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 60 mg/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
40 mg/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 uicer. 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 paratlel
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-
fection 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, altenating with cyclophosphamide,
doxorubicin and vincristine, had been considered as standard
chemotherapy for SCLC in North America and Japan. A Japa-
nese phase I 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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