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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
60 W for each time. The diameter of the maximum coagulation area shrank 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
2.1 to 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 Iymph node metastasis of metastatic lung tumor
is known to be low.

We wusually 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
lung.

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 dadta suggested that the
same thermal response could be obtained at 40 and 60 W.
The coagulation area in normal canine 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 tumors, 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. (A)Histological findings shortly after microwave coagulation showed degeneration and thickening of collagen fiber and exfoliation
and ulceration of bronchial epithelium surrounding the electrode. Surrounding bronchial 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 between the central coagulation area and normal tissue. (C) After 6
months, coagulated tissue became scar tissue that showed disappearance of stromal edéma, tight collagen fiber, mature capillaries,
disappearance of inflammatory cells and completion of epithelial hyperplasia. (Color version of figure is available online.)

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.

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



250 : *  JOURNAL OF SURGICAL RESEARCH: VOL. 123, NO. 2, FEBRUARY 2005

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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Summary Inactivation of the cadherin-mediated cell—cell adhesion system is be-
lieved to play a role in the initial steps of cancer invasion and metastasis. Expression
of E-cadherin and its intracytoplasmic binding molecules (a-catenin, B-catenin, and
plakoglobin) was examined immunohistochemically in 84 cases of intrabranchial pre-
cancerous lesions (bronchial squamous metaplasia (BSM) without atypia, BSM with
atypia, dysplasia), and 21 cases of carcinoma in situ, and 4 cases of microinvasion
to the bronchial wall, and 32 cases of stage | well differentiated squamous cell car-
cinoma (squamous cell carcinoma) to investigate the association between expres-
sion of E-cadherin and/or catenins and cancer progression. Reduced expression of
a_‘ff‘.mma,’ : E-cadherin and/or catenins was closely correlated with an atypical grade of dyspla-
“immunohistochemistry’ sia in the basal layer (p <0.05). In particular, downregulation of E-cadherin and/or
' o catenins was associated with an atypical grade of BSM with atypia in intrabronchial
lesions (p <0.01). We conclude that downregulation of a-catenin and/or B-catenin,
which may reflect dysfunction of the cadherin-mediated cell—cell adhesion system,
is an important marker for atypical grade during carcinogenesis of the bronchial
epithelium.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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between cells [1,2], and E-cadherin is the form
most strongly expressed in epithelial cells. Cad-
herins form a complex with cytoplasmic proteins,
known collectively as catenins. This molecular com-
plex, together with other cytoskeletal components
such as actin, constitutes the interceliular adher-
ence junction [2—4]. The catenins are classified into
two groups, a-catenins and B-catenins, and the lat-
ter group includes plakoglobin and Drosophila Ar-
madillo protein as well as B-catenin itself [5,6].
Plakoglobin is isolated from the desmosomal frac-
tion [7] and is present in both desmosomes and ad-
herence junctions [8], and may therefore be a com-
mon regulatory molecule in cell junctions.

Cadherin-mediated cell adhesion acts as a
suppressor of the invasion of cancer cells in vitro
[9—11], and dysfunction of the E-cadherin system
correlates with cancer cell invasion in human can-
cers [12,13]. The role of a-catenin in the cadherin
adhesion system has been revealed by studies
with cancer cells. The human lung cancer cell line
PC9 expresses an aberrant o-catenin mRNA and
shows very loose cell—cell association [14,15].
PCY cells become much more closely associated
and acquire an epithelioid arrangement after
transfection with cDNA for a subtype of a-catenin
and aN-catenin [16]. These results suggest that
a-catenin is indispensable for cadherin-mediated
cell—cell adhesion.

Previous immunohistochemical studies have re-
vealed many examples of reduced and/or hetero-
geneous expression of E-cadherin [17—19] and -
catenin [20] in undifferentiated invasive cancers,
and impaired expression of E-cadherin or a-catenin
has been reported to be associated with high inci-
dences of lymph node metastasis of human breast
[21], esophageal [22], and head and neck [23]
cancers. However, there have been few studies
on the relationship between reduced E-cadherin
expression and the prognosis of cancer patients
[24-28].

. The role of B-catenin and plakoglobin in de-
termining the fate of cells has been suggested
by work on a Drosophila homologue of this pro-
tein, Armadiltlo [29,30]. Moreover, it has been re-
vealed that the association between E-cadherin
and a-catenin is mediated by B-catenin [31], and
that B-catenin in turn mediates the interactions of
the cadherin—catenin complex with the c-erbB-2
gene product and epidermal growth factor recep-
tor (EGF-R) [32—34]. A tumor suppressor gene prod-
uct, APC protein, has been shown to interact with
. B-catenin and plakoglobin and to play important
roles in the E-cadherin-mediated cell adhesion sys-
tem and to participate in tumor invasion and metas-
tasis.

In a previous study, we divided primary lung can-
cers into two groups on the basis of their expres-
sion of E-cadherin and catenins, as detected by im-
munohistochemistry [35]. In addition, we demon-
strated a close relationship between E-cadherin-
associated cell—cell adhesion, catenins, and cyto-
logic features, in particular the formation of cel-
lular clusters and the frequency of solitary cells.
Preoperative evaluation of both cytologic features
and E-cadherin-associated cell—cell adhesion may
be useful for predicting the malignant characteris-
tics of lung cancer [36].

E-cadherin and a-catenin, and also B-catenin
and plakoglobin, play important roles in the
cadherin-mediated cell adhesion system in vari-
ous cancers. However, in the context of carcino-
genesis of the bronchial epithelium, expression of
E-cadherin, a-catenin, B-catenin, and plakoglobin
in intrabronchial precancerous lesions has not yet
been reported. In order to investigate a possible
dysfunction of the E-cadherin-mediated cell adhe-
sion system in intrabronchial lesions, we used im-
munohistochemistry to examine the expression of
E-cadherin, a-catenin, B-catenin, and plakoglobin
in biopsy specimens.

2. Materials and methods
2.1. Biopsy specimens

The biopsy samples were obtained from 109 pa-
tients with intrabronchial lesions resected between
1991 and 2000 at the Department of Surgery
of Tokyo Medical University Hospital. These le-
sions were diagnosed pathologically as BSM with-
out atypia in 32 cases, BSM with atypia'in 25 cases,
dysplasia in 5 cases, carcinoma in situ in 21 cases,
microinvasion to the bronchial wall in 4 cases, and
stage | well differentiated squamous cell carcinoma
in 32 cases. The specimens were fixed with 10% for-
malin and embedded in paraffin.

2.2. Immunohistochemistry

Mouse monoclonal antibodies against human
E-cadherin (HECD-1; Takara, Kyoto, Japan),
a-catenin and B-catenin (anti-a-catenin and anti-
B-catenin; Transduction Laboratories, Lexington,
KY), and plakoglobin (CBL175; Cymbus Bioscience,
Southampton, UK) were used for immunohisto-
chemical staining. Four-micrometer-thick tissue
sections were prepared from all paraffin-embedded
specimens and collected on silane-coated glass
slides. After deparaffinization, the formalin-fixed
paraffin-embedded sections were treated with
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0.01% trypsin and subjected to microwave antigen
retrieval [37].

The immunohistochemical method using the
avidin-biotin-peroxidase complex was described
previously [35]. The reaction products were visual-
ized with diaminobenzidine and the sections were
counterstained with hematoxylin.

Negative control staining, which was performed
with the same class of immunoglobulin instead of
the first antibody, yielded negative results in all
cases. The intensity and pattern of immunostain-
ing with HECD-1, anti-a-catenin, anti-p-catenin,
and CBL175 in intrabronchial lesions were com-
pared with those of normal bronchial epithelium,
and the immunohistochemical staining results were
evaluated as described previousty [35]. Levels of
immunostaining were evaluated in separate com-
partments of the bronchial epithelium: the basal
layer (the first two-fifths of the distance between
the basement membrane and the free surface), the
intermediate layer, and the superficial layer (the
upper one-fifth of this distance). Expression of E-
cadherin, a-catenin, B-catenin, and plakoglobin in
each layer was judged to be normal if mare than 90%

o-catenin

E-cadherin

(c) : Vil

{(A) Dysplasia (B) and (C) carcinoma in situ

Fig. 1

of the intrabronchial lesion cells were positively
stained by the appropriate antibodies. If staining
was distinctly weaker than that of normal epithe-
lium, or if less than 90% of the intrabronchial le-
sion cells were positively stained, the expression
was judged to be reduced. Immunohistochemical
staining was scored independently by two observers
(Y.K., Y.E.).

2.3. Statistical analysis

The data were analyzed using the Cochran—
Armitage test [38], which was conducted by a step-
wise method excluding E-cadherin, a-catenin, B-
catenin, and plakoglobin, since these four vari-
ables are the variables of interest. Differences
at p<0.05 were considered to be statistically
significant. '

3. Results

tn bronchial epithelium, E-cadherin and all catenins
were expressed at a high level. Inmunohistochem-

f3-catenin

plakoglobin

(A) Representative immunohistochemical staining for E-cadherin, a-catenin, B-catenin, and plakoglobin in

biopsy specimens of dysplasia (a) and carcinoma in situ (b and c). Evaluation for each layer of the intrabronchial
lesions is shown at the right side of each picture x400. (B) A borderline area between carcinoma in situ and dysplasia.
Evaluation for each layer of the carcinoma in situ area is shown at the left side of each picture, and that for each

layer of the dysplasia area at the right side of each picture.
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E-cadherin

®) (i) Carcinoma in situ, (i) dysplasia

Fig. 1

ical findings for representative intrabronchial le-
sions are shown in Fig. 1. Cases with reduced ex-
pression of either E-cadherin or catenins in intra-
bronchial lesions are summarized in Table 1. Re-
duced expression of E-cadherin and/or catenins was
closely correlated with an atypical grade of dyspla-
sia in the basal layer (p < 0.05). In particular, down-
regulation of E-cadherin and/or catenins was asso-
ciated with an atypical grade of BSM with atypia in
intrabronchial lesions (p <0.01). Additionally, re-
duced expression of E-cadherin and catenins was
observed in squamous cell carcinoma, as shown in
Table 2.

In BMS without atypia (n=32 cases), loss of ex-
pression of a-catenin, B-catenin or plakoglobin was
observed in the basal layer in six cases (18%), in
the intermediate layer in two cases (6%), and in
the superficial layer in three cases (9%). In BSM

a-catenin

(Continued).

with atypia (n=25 cases), loss of expression of E-
cadherin, a-catenin, B-catenin or plakoglobin was
observed in the basal layer in seven cases (28%), in
the intermediate layer in seven cases (28%), and in
the superficial layer in five cases (20%). In dysplasia
(n=5 cases), loss of expression of these molecules
was observed in the basal layer in two cases (40%),
in the intermediate layer in one case (20%), and
in the superficial layer in one case (20%). In carci-
noma in situ (n=21 cases), loss of expression was
observed in the basal layer in 10 cases (48%), in
the intermediate layer in 9 cases (43%), and in the
superficial layer in 8 cases {38%). In microinvasion
to bronchial wall (n=4), loss of expression was ob-
served in the basal layer in four cases (100%), in the
intermediate layer in three cases (75%), and in the
superficial layer in two cases (50%). These results
are presented in Fig. 2 and Table 3.
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4. Discussion

It has been established that malignant transforma-
tion can arise from an accumulation of genetic al-
terations. This stepwise transformation is known as
multistep carcinogenesis. In general, it is known
that primary lung carcinoma is one of the most
malignant solid tumors, and that it has a wide
range of invasive and metastatic behavior. There
is a high possibility that alterations in genotype
are reflected in the morphological phenotype of
the bronchial epithelium. In this context, bronchial
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Fig. 2 Proportion of cases with reduced expression of
either E-cadherin or catenins within the basal layer (¢},
the intermediate layer (®) or the superficial layer (a) of
the intrabronchial lesions. The relative distribution of the
different layers is shown in the upper part of the figure.

squamous metaplasia and dysplasia can be con-
sidered as precancerous lesions, mutation of the
p53 tumor suppressor gene, and deletion of chro-
mosome 17p have been reported in such lesions
[39—42]. We have reported sequential changes in
cell proliferation, DNA aneuploidy and accumula-
tion of mutant p53 protein during carcinogenesis
in the bronchial epithelium, and that these his-
tochemical changes initially occurred in the basal
layer [43]. We believe that the ability of cancer-
ous cells to invade the bronchial wall will be ac-
quired in a sequential manner during carcinogen-
esis. Therefore, we investigated the reduction of
expression of E-cadherin and/or catenins in intra-
bronchial precancerous lesions and the early stages
of bronchial squamous cell carcinoma. In intra-
bronchial lesions and squamous cell carcinoma, ex-
pression of either E-cadherin or catenins was re-
duced in 21% of BSM without atypia, 28% of BSM
with atypia, 40% of dysplasia, 48% of carcinoma
in situ, 100% of carcinoma microinvasive to the

bronchial wall, and 100% of squamous cell carci-
noma. We also demonstrated a positive correlation
between the expression of these molecules and the
grade of atypia of intrabronchial lesions. Our pre-
vious studies showed that reduced expression of
E-cadherin and catenins occurs frequently in non-
small cell lung carcinoma [35]. Hence, our present
findings indicate that downregulation of E-cadherin
and catenins may play an important role in the pro-
gression of human intrabronchial lesions and squa-
mous cell carcinoma.

Studies on cell—cell adhesion molecules may
help to clarify the mechanisms of local invasion and
metastasis. Investigations of the cadherin—catenin
complex have been carried out at the cellular and
molecular levels [14,22,44]). It has already been re-
ported that reduction of E-cadherin expression is
caused by mutation and by inactivation of the E-
cadherin gene by hypermethylation in the promoter
region [45]. Dysfunction of the cadherin—catenin
complex caused by reduction of the expression of
these molecules implies an increased ability of can-
cer cells to disperse, which is the probable early
step of local invasion and metastasis. Reduction
of expression of E-cadherin and «-catenin is asso-
ciated with local invasion and metastasis of scir-
rhous carcinoma in gastric cancer, breast cancer,
and esophageal cancer [20,22].

In BSM with atypia and dysplasia, cells showing
reduction of E-cadherin and/or catenin expression
were localized mainly in the basal layer. As his-
tological atypia increased, reduced expression of
each molecule also became evident in the interme-
diate and superficial layers. This observation par-
allels the finding that proliferating cells and cells
with accumutation of mutant p53 protein appeared
from the basal layer to the superficial layer dur-
ing carcinogenesis in the bronchus [43]. Therefore,
we hypothesize that these cellular changes indicate
an increased risk of eventual malignant transforma-
tion, and also that cells in the basal layer are the
first to acquire the capacity for local invasion.

Our present study suggests that reduction of ex-
pression of E-cadherin and/or catenins is a rela-

Table 3 Aberrant expression rate of E-cadherin and/or catenins in intrabronchial lesions

BSM without BSM with Dysplasia c.is Microinvasion to Sq.c.ca.
atypia atypia bronchial wall
Basal tayer 6 (18%) 7 (28%) 2 (40%) 10 (48%) 4 (100%) 100%
Intermediate layer 2 (6%) 7 (28%) 1 (20%) 9 (43%) 3 (75%)
Superficial layer 3 (9%) 5 (20%) 1 (20%) 8 (38%) 2 (50%)
Whole tayer 7 (21%) 7 (28%) 2 (40%) 10 (48%) 4 (100%)
Total (cases) 32 25 5 21 4 32
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tively early event in the genesis of bronchial squa-
mous cell carcinoma, and that increasing histologi-
cal atypia is accompanied by further diminution in
the expression of these molecules. Finally, reduced
levels of E-cadherin and/or catenins might play a
critical role in local invasion beyond the basement
membrane and the development of the advanced
stage of squamous cell lung carcinoma.
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Objective: Indications for surgical intervention for very limited small cell lung
cancer have not yet been determined. The objective of this study is to determine
whether resection followed by cisplatin and etoposide is feasible.

Methoeds: From September 1991 through December 1996, 62 patients with completely
resected small cell lung cancer who were less than 76 years of age from 17 centers were
entered in the trial. Of 62 patients, 61 were eligible, with a median follow-up of 65
months. Chemotherapy consisted of 4 cycles of cisplatin (100 mg/m?, day 1) and
etoposide (100 mg/m?, days 1-3). There were 49 (80%) male patients, 44 with clinical
stage I disease, 10 with stage I disease, and 6 with stage Ila disease.

Results: Forty-two (69%) patients received 4 cycles of cisplatin and etoposide. No
treatment-associated mortality was noted. Median survival time was not reached in
patients with pathologic stage 1 disease, was 449 days in patients with stage 11
disease, and was 712 days in patients with stage IIla disease. Three-year survival
was 61% overall, 68% in patients with clinical stage I disease, 56% in patients with
stage II disease, and 13% in patients with stage Illa disease (P = .02). Recurrence
was noted in 26 (43%) patients overall. Local failure was noted in 6 (10%) patients.
Locoregional recurrence tends to be found more frequently in patients with stage
ITIA disease. Distant failure was found in 21 (34%) patients overall. Brain metas-
tasis was found in 15% of the patients.

Conclusion: Major lung resection followed by postoperative cisplatin and etoposide is
feasible, with a favorable survival profile. Because nodal metastasis appears to be a
major prognostic factor, preoperative evaluation of nodal status remains a major con-
cern.

cause of cancer mortality worldwide. Small cell lung cancer (SCLC) com-
prises approximately 20% of lung cancer cases. Without treatment, SCLC
has the most aggressive clinical course of any other type of lung cancer, resulting
in a very short median survival time of approximately 2 to 4 months. Although
surgical resection is generally indicated for early stage non-small cell lung cancer,
this is not always the case with SCLC. This can be explained by the fact that

Thc prognosis of lung cancer remains poor, and this disease is the leading
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dissemination to regional lymph nodes or distant organs
would be found in most patients with SCLC at the time of
initial presentation.! Therefore, localized forms of treat-
ment, such as surgical resection or radiation therapy, rarely
produce long-term survival, and systemic treatment with
current chemotherapy regimens is usually incorporated into
the treatment program.

Indications for surgical resection for SCLC have not yel
been determined, although several authors have reported
that a small minority of patients with limited-stage disease
and adequate lung function might benefit from surgical
resection."® According to these reports, the prognosis of
resected SCLC was not so poor, especially when no patho-
logic nodal involvement was observed. The 5-year survival
ranged from 26% to 61% in these trials if the tumor was
stage L. Because SCLC tends to be disseminated and the
results of surgical intervention alone for this disease have
been reported to be poor,'® postoperative chemotherapy
has been used in most studies. However, the chemotherapy
was not standardized, and various chemotherapy protocols
were often used. Furthermore, most previous studies were
retrospective and thus suffered from the inherent weakness
of any retrospective assessment of a given treatment.

Because the combination of cisplatin and etoposide has
been considered to be standard in the treatment of SCLC,!
this combination was selected as a postoperative adjuvant
regimen. We conducted a prospective study of surgical
resection plus adjuvant chemotherapy for stage I through
ITIA SCLC to investigate the efficacy of this treatment
strategy.

Patients and Methods

Eligibility

Patients who were given postoperative diagnoses of SCLC histo-
logically or cytologically were eligible for enrollment in the study.
The patients had to have completely resected pathologic stage I, T,
or IIA disease according to the TNM classification of the Inter-
national Union Against Cancer.'? Histologic typing was deter-
mined according to the World Health Organization classification.'®
Inclusion criteria included an Eastern Cooperative Oncology
Group performance score of 0 or 1, age between 20 and 75 years,
no prior treatment for lung cancer, no other concurrent or previous
malignancies, a leukocyte count of greater than 3500/uL., a platelet
count of greater than 100,000/uL, a hemoglobin level of greater
than 9.5 g/dL, a serum creatinine level of less than 1.5 mg/dL, and
aspartate aminotransferase—alanine aminotransferase values of less
than twice the institutional upper limit of normal. Exclusion cri-
teria included a history of myocardial infarction within the past 3
months, hepatic cirthosis, and/or severe cardiopulmonary dysfunc-
tion that required oxygen therapy. The following preoperative
investigations were performed before entry into the study: com-
puted tomographic (CT) scanning of the chest, upper abdomen,
and brain; bronchoscopy; chest plain film; radionuclide bone scan-
ning; complete blood cell count and serum chemistry; and physical
examination. Preoperative mediastinoscopy was performed in

some cases. All patients provided written informed consent before
entering the study.

Treatment Schedule

Major lung resection, such as pulmonary lobectomy or pneumo-
nectomy, was required as a surgical procedure for SCLC. Com-
plete hilar and mediastinal lymph node dissections were recom-
mended on the basis of the lymph node map defined by Naruke and
colleagues.* After confirming complete resection and histologic
typing of SCLC histologically, eligible patients were registered in
the study.

Chemotherapy consisted of cisplatin (100 mg/m? on day 1) and
etoposide (100 mg/m? on days 1-3; PE regimen). This regimen was
repeated every 4 weeks and was administered in 4 courses. The
dose was modified according to the blood cell count and renal
function on the day of chemotherapy. Chemotherapy was admin-
istered unless the leukocyte count was less than 3000/uL or the
platelet count was less than 75,000/uL. Chemotherapy was with-
held until the counts recovered. If grade 4 hematologic toxicity,
according to World Health Organization (WHO) criteria,'® was
seen, the dose of etoposide was reduced to 75%. Chemotherapy
was permanently discontinued at any time when the serum creat-
inine level was 2.0 mg/dL or greater or the blood urea nitrogen
level was 30 mg/dL or greater. To assess toxicity, we subjected all
patients to complete blood cell counts and blood chemistry eval-
uations, such as for aspartate aminotransferase—alanine amino-
transferase, blood urea nitrogen, and serum creatinine, as well as
chest plain film and urinalyses at least once per week during
treatment. Toxicity criteria were evaluated on the basis of the
WHO criteria.’®

Patients were followed up at the outpatient department every 3
months postoperatively and underwent CT scans of the chest,
upper abdomen, and brain, as well as radionuclide bone scanning
every 6 months, even when they were asymptomatic. No postop-
erative radiotherapy was applied until relapse was apparent.

Sites of relapse were determined by clinical, radiologic, or
histologic criteria at initial recurrence. Local failure was defined as
recurrence at the primary lung site or hilar-mediastinal lymph
nodes. Distant failure was defined as recurrence in the contralateral
lung, bone, brain, liver, or other extrathoracic regions.

Statistical Analysis

The trial was designed as a prospective phase II trial. The primary
goal of the study was to estimate the survival. A sample size of 30
was considered to provide a power of 90% for detecting a signif-
icant improvement in the 3-year survival (from 20% to 50%) in a
1-sided test with an « value of .025 and a B value of .10. The
median follow-up period for 35 surviving patients was 65 months.
The length of survival was defined as the interval in months
between the day of surgical resection of lung cancer and the date
of death from any cause or the last follow-up. The survival curves
were constructed by using the Kaplan-Meier method,'S and curves
were compared with the log-rank test.

Resuits

Patient Characteristics

Between September 1991 and December 1996, 62 patients
were entered in this phase II trial at the 16 institutions that
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TABLE 1. Patient characteristics

TABLE 2. Treatment delivery

Total 61
Sex

Male 49

Female 12
Age (v}

Range 22-74

Median 64
Histologic subtype defined by WHO*

Oat cell type 9

Intermediate type 45

Combined type 7
Clinical stage

| 44

il 9

A 8
Side of primary tumor

Right - 32

Left 29
Operative procedure

Lobectomy 57

Pneumonectomy 4
Extent of lymph node dissectiont

Complete hilar and mediastinum 59

Only hilar 2
Pathologic stage

l 35

Il 8

IHA 18
Performance status

0 32

1 29

*Histologic subtyping was determined on the basis of the World Health
Organization (WHQ) classification, tThe extent of lymph node dissection
was defined by Naruke and associates.'

participated in the study. One patient was excluded because his
final histologic category was changed from SCLC to large cell
carcinoma. Thus, 61 patients were eligible for assessment of
survival data, and their characteristics are shown in Table 1.
The median age was 64 years (range, 22-74 years). According
to histologic typing defined by the WHO, oat cell, intermedi-
ate, and combined types were found in 9, 45, and 7 patients,
respectively. Forty-four patients had clinical stage I disease, 9
had stage I disease, and 8 had stage IIA disease. Pathologi-
cally, stage I, I, and IITA disease was found in 35, 8, and 18
patients, respectively,

Treatment Administration

As a surgical procedure, pulmonary lobectomy was per-
formed in 57 (93%) patients, and pneumonectomy was
performed in the other 4 patients. Among 4 pneumonecto-
mies, 3 were on the left side, and 1 was on the right side.
Complete hilar and mediastinal lymph node dissection was
performed in 59 (97%) patients.

Total no. of patients 61
No. of chemotherapy courses

0 1{2%)
1 5 (8%)
2 8 (13%)
3 5 (8%)
4 42 (69%)

A total of 204 courses were administered (Table 2).
Forty-two (69%) patients underwent a full course of che-
motherapy. The other 19 patients did not complete postop-
erative chemotherapy because of progressive disease in 3
patients, adverse effects in 7 patients, refusal of chemother-
apy in 8 patients, and death from pneumonia in 1 patient.

Treatment-Related Toxicity

No treatment-associated deaths were found. Postoperative
bronchopulmonary fistula was found in 1 (2%) patient who
underwent pulmonary lobectomy after completion of the
first cycle of chemotherapy. Chemotherapy-related toxicity
is shown in Table 3. Grade 4 toxicity was found in 9 (15%)
patients: leukopenia in 4 patients, thrombocytopenia in 2
patients, nausea in 2 patients, and cardiac failure in 1
patient. One patient died of pneumonia 2 months after the
first course of chemotherapy, but this was not considered to
be chemotherapy related.

Survival
Survival data are shown in Table 4. Among the 61 eligible
patients, 35 were still alive after a median follow-up of 65

TABLE 3. Chemotherapy-related toxicity in 60 eligible pa-
tients treated for resected stage | to HIA SCLC

WHO grade
Toxicity 1 2 3 4 4 {%)
Anemia 9 29 16 0 0
Leukocytopenia 7 17 26 4 6.5
Thrombocytopenia 1 8 14 2 3.2
Infection 2 i 0 0 0
Nausea 24 13 13 2 3.3
Diarrhea 8 2 2 0 0
Azotemia 35 0 0 0 0
Renal failure 18 0 0 0 0
Stomatitis 14 1 1 0 0
Dyspnes 5 0 0 0 0
Fever 10 1 0 0 0
Skin 4 2 0 0 0
Alopecia 13 23 k! 0 0
Cardiac dysfunction 5 2 1 1 1.7
CNS 1 1 1 0 0
Peripheral neuropathy 5 1 0 i} 0

WHQ, World Health Organization; CNS, central nervous system.
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TABLE 4. Survival in patients with resected SCLC who
underwent postoperative chemotherapy

Survival
Median survival time (d) 3y 5y
Clinical stage
1A Not reached 70% 66%
IB Not reached 65% 65%
Il Not reached 56% 56%
HHA 530 13% 13%
Pathologic stage
1A Not reached 78% 73%
1B Not reached 67% 67%
] 449 38% 38%
A 712 39% 39%

months. The overall estimated 3- and 5-year survivals were
61% and 57%, respectively (Figure 1). The 5-year survival was
66%, 56%, and 13% in patients with clinical stage I, 0, and
IIA disease, respectively (Figure 2). Among the 44 patients
with clinical stage I disease, 27 were classified as having
clinical stage IA disease, and the other 17 were classified as
having clinical stage IB disease. There was no significant
difference in prognosis between clinical stage 1A and IB dis-
ease. Similar results were obtained regarding the pathologic
stage. Pathologic stage I disease showed a significantly better
prognosis (Figure 3). The 5-year survivals in the 23 patients
with pathologic stage 1A disease and the 12 patients with stage

1
09 1
08 |

EO7 3

Boe |

=t

IB discase were 73% and 67%, respectively. No significant
differences in survival were observed between patients with
pathologic stage IA and IB disease.

Patterns of failure. Recurrence was noted in 26 (43%)
patients, and the sites of initial relapse at a median fol-
low-up time of 65 months are shown according to the
pathologic stage in Table 5. Recurrence was found in 30%
of patients with stage IA disease, 25% of patients with stage
IB discase, 50% of patients with stage II disease, and 67%
of patients with stage HIA disease.

Local failure was noted in 6 (10%) patients: 4 in the
mediastinal lymph nodes and 2 in the bronchial stump.
Locoregional recurrence tended to be found more frequently
in patients with stage IIIA disease (22%) than in patients
with stage I or II disease. Relapse at the bronchial stump
was only seen in patients with stage IIIA disease.

Distant failure was found in 22 (36%) patients overall: 6
(26%) with stage 1A disease, 2 (17%) with stage IB disease, 4
(50%) with stage 1I disease, and 9 (50%) with stage HIA
disease. Distant failure was most frequently noted in the brain,
followed by the liver. The incidence of brain metastasis was
15% overall, 17% in patients with stage IA disease, and 11%
in patients with stage ITIA disease. Bone metastasis was noted
exclusively in patients with stage IITA disease.

Discrepancy between clinical and pathologic stages. Table 6
shows the relationship between the clinical stage and the
pathologic stage. Among 44 patients with clinical stage I
disease, only 33 (75%) had pathologic stage I disease, and
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Figure 1. Survival curve for averall patients with resected SCLC.
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Figure 2. Survival curves for patients with resected SCLC by clinical stages.

6 had stage IIIA disease. Five patients with clinical stage A
disease had mediastinal lymph node metastasis. According
to the Bowker test of symmetry, these differences were
statistically significant.

Discussion

This phase II trial showed that postoperative PE for patients
who underwent surgical resection of stage I to IITA SCLC
was feasible, and the outcome was acceptable. Survival was
- excellent in patients with stage I disease and did not appear

O
® o =

to be inferior to that with chemoradiotherapy in patients
with stage II or Illa disease.

On the basis of the results of the British Medical Re-
search Council, radical radiotherapy has been preferable to
surgical intervention for SCLC,'™!8 and the indications for
surgical resection for SCLC are still controversial. An op-
eration would be indicated for limited SCLC because the
most common relapse site after radiotherapy was locore-
gional, and surgical intervention might improve local con-
trol.'? Several authors have reported that a small minority of
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Figure 3. Survival curves for patients with resected SCLC by pathologic stage.
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TABLE 5. Site of the first relapse by pathologic stages®

Variables Qverall Stage A Stage 1B Stage Il Stage 1A
No. of patients 61 23 12 8 18
No. of recurrence 26 (43%) 7 (30%) 3 (25%) 4 {50%) 12 (67%)
Recurrence
Local
Overall 6 (10%) 1 (4%) 1(8%} 0 {0%) 4(22%)
Mediastinum 4 1 1 0 2
Bronchial stump 2 0 0 0 2
Distant
Overall 22 (36%) 6 (26%) 2(17%) 4 {50%} 9 (50%)
Brain 9 {15%) 4 (17%) 0 (0%) 3 (38%) 2 (11%)
Bone 3 0 0 0 3
Liver 7 1 i 1 4
Lung 2 0 1 0 1
Small intestine 2 1 0 0 1

limited-stage SCLCs could be managed with an operation
and postoperative chemotherapy.™ According to those re-
ports, the 5-year survivals were 28% to 36% overall and
26% to 61% in patients with stage I disease. However, most
of those reports were retrospective and used various com-
binations of chemotherapy. Therefore, a prospective trial of
adjuvant chemotherapy for patients with resected SCLC
using standardized chemotherapy has been needed. Our
survival data suggest that postoperative PE after major lung
resection and hilar and mediastinal lymph node dissection is
a feasible and promising treatment, especially for patients
with stage I SCLC. The 3- and 5-year survivals for patients
with stage I disease were 78% and 73%, respectively, and
the median survival time was not reached. As for patients
with stage II or ITTA disease, the results were not definitive,
and a further prospective study is needed. This study dealt
with postoperatively proved SCLC. As to the indication for
surgical intervention for preoperatively diagnosed SCLC,
controversies still remain. OQur recommendation is as fol-
lows. When a patient has SCLC of clinical N1 or N2 status,
chemoradiotherapy should be considered because a survival
after an operation alone would not be good enough. Surgical
intervention should be considered, however, for patients
with clinical stage I disease because an operation followed
by chemotherapy offers a good prognosis, as shown in this

TABLE 6. Relationship between clinical and pathologic
stages

Patholegic stage

Clinical stage | it HA P value*
| 33 5 6 011
H 1 3 5
A 1 0 7

*P value in Bowker’s test of symmetry.

study, and because such SCLC sometimes turns out to be
non-SCLC postoperatively. A phase I trial comparing
chemoradiotherapy with surgical intervention followed by
chemotherapy is interesting. However, the number of pa-
tients with SCLC with clinical stage I or II disease is very
small, and we do not think it is possible to perform the phase
III trial in this population.

Because clinical stage and pathologic stage were signif-
icant prognostic factors in our trial, preoperative staging,
intraoperative staging, or both should be a major concern for
the treatment of very limited SCLC. Actually, the following
preoperative investigations were performed before entry
into the study in this cohort: CT scans of the chest, upper
abdomen, and brain; bronchoscopy; chest plain film; radio-
nuclide bone scans; complete blood cell count and serum
chemistry; and physical examination. If the diagnosis of
SCLC was made preoperatively, we recommend the same
preoperative workup as done by us in this study. Further-
more, if swollen lymph nodes are detected on thoracic CT
scans, we absolutely recommend mediastinoscopy for such
cases. As for positron emission tomography, we have no
recommendation thus far because this modality has recently
begun to be evaluated, although it could be useful for
staging N1 disease. Intraoperatively, hilar and mediastinal
lymph node sampling or dissection was performed in 59
(97%) patients. This intraoperative staging is also important
for deciding on the treatment strategy.

The site of the first relapse was another fruit of our study.
This clinical trial did not use postoperative mediastinal
irradiation or prophylactic cranial irradiation (PCI). We
should discuss the importance of these strategies for very
limited SCLC. As to locoregional recurrence, approxi-
mately 10% of the patients showed relapse in the medias-
tinal Iymph nodes, bronchial stump, or both. Five percent of
patients with stage I or II disease eventually have locore-
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gional recwrrence, whereas this is seen in 22% of patients
with stage ITITA disease. These results suggest that patients
with stage ITIA disease, at least, could benefit from postop-
erative mediastinal irradiation, whereas those with stage I or
IT disease might not need to undergo radiotherapy. Thus,
postoperative chemoradiotherapy might be used in a future
trial for stage IIA disease.

Auperin and associates”® reported that PCI improved
both overall survival and disease-free survival among pa-
tients with SCLC in complete remission. Surgically resected
SCLC would be considered SCLC in complete remission,
and PCI would be indicated. Overall, 15% of the patients in
our study showed brain metastasis. Even among patients
with stage 1A disease, more than 10% of the patients had
brain metastasis. Therefore, PCI might be necessary for all
patients with completely resected SCLC, whereas some
authors have insisted that patients with pathologic stage IA
SCLC can be cured without any adjuvant treatment.'”

Noda and coworkers®' reported that combination chemo-
therapy consisting of irinotecan (CPT-11) and cisplatin was
superior to PE for extensive SCLC. Although concurrent
radiotherapy with CPT-11 would be harmful, we would use
the new regimen for very limited SCLC, especially for stage
IT or IIA SCLC.

Major lung resection with complete hilar and mediastinal
lymph node dissection followed by postoperative PE is a
feasible treatment and results in a favorable survival profile.
Survival was especially good for patients with stage I dis-
ease. Our strategy could be used as a standard treatment arm
in a future trial for very limited SCLC.

We thank Ms Mieko Imai and Dr Haruhiko Fukuda, JCOG
Data Center, National Cancer Center Research Institute, for their
technical support in statistical analyses. We also thank Dr Hideo
Kunitoh, Medical Oncology and Internal Medicine Division, Na-
tional Cancer Center Hospital, for his critical discussion.
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Clinical-scale high-throughput human plasma proteome
analysis: Lung adenocarcinoma
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Clinical proteomics requires the stable and reproducible analysis of a large number of human
samples. We report a high-throughput comprehensive protein profiling system comprising a
fully automated, on-line, two-dimensional microflow liquid chromatography/tandem mass
spectrometry (2-D pL.C-MS/MS) system for use in clinical proteomics. A linear ion-trap mass
spectrometer {ITMS) also known as a 2-D ITMS instrument, which is characterized by high scan
speed, was incorporated into the pLC-MS/MS system in order to obtain highly improved sensi-
tivity and resolution in MS/MS acquisition. This system was used to evaluate bovine serum
albumin and human 26S proteasome. Application of these high-throughput pLC conditions and
the 2-D ITMS resulted in a 10-fold increase in sensitivity in protein identification. Additionally,
peptide fragments from the 26S proteasome were identified three-fold more efficiently than by
the conventional 3-D ITMS instrument. In this study, the 2-D uLC-MS/MS system that uses lin-
ear 2-D ITMS has been applied for the plasma proteome analysis of a few samples from healthy
individuals and lung adenocarcinoma patients. Using the 2-D and 1-D pLC-MS/MS analyses,
approximately 250 and 100 different proteins were detected, respectively, in each HSA- and 1gG-
depleted sample, which corresponds to only 0.4 L of blood plasma. Automatic operation
enabled the completion of a single run of the entire 1-D and 2-D pLC-MS/MS analyses within
11h. Investigation of the data extracted from the protein identification datasets of both healthy
and adenocarcinoma groups revealed that several of the group-specific proteins could be candi-
date protein disease markers expressed in the human blood plasma. Consequently, it was
demonstrated that this high-throughput pLC-MS/MS protein profiling system would be practi-
cally applicable to the discovery of protein disease markers, which is the primary objective in
clinical plasma proteome projects.
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Human blood plasma is generally the most informative pro-
teome from a medical viewpoint, because it is the primary
clinical specimen and it also represents the largest and dee-
pest version of human proteome present in any sample [1-3].
Almost all body cells communicate with the plasma either
directly or through tissues/biological fluids, and many of
these cells release at least a part of their contents into the
plasma upon damage or death. A comprehensive, systematic
characterization of the plasma proteome in the healthy and
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diseased states will greatly facilitate the development of bio-
markers for early disease detection, clinical diagnosis, and
therapy of cancer and other diseases. However, broad char-
acterization of the human plasma proteome may pose one of
the greatest challenges. This is because it can contain low-
level proteins, which are secreted by solid tissues, as well as
other important proteins (tssue leakage proteins at pg/mL
levels) in the presence of several relatively dominant, high-
abundance proteins (particularly HSA at 35-50 mg/mL), The
dynamic range of plasma protein concentrations minimally
spans nine orders of magnitude. For clinical and diagnostic
proteomics using human plasma, it is essential to develop a
comprehensive system, which has a high resolution and a
wide dynamic range, for large-scale proteome analysis.

Recently, multi-dimensional LC-MS/MS has been devel-
oped as a powerful tool, particularly for comprehensive
identification of highly complex proteins. This method can
achieve a resolving power that is equal to or higher than 2-DE
[4-6]. Broad protein ideniification techniques can “detect
specific proteins present in low concentrations in a highly
complex protein matrix. To characterize the human plasma
proteome, Smith et al. have achieved a protein identification
dynamic range of more than eight orders of magnitude
using 2-D LC combined with conventional ion-trap MS/MS
instrumentation [6}]. This approach has resulted in the iden-
tification of >800 plasma proteins from 5 pL plasma without
the depletion of highly abundant HSA and/or immunoglo-
bulins (Ig). The multi-dimensional LC-MS/MS techniques
reported thus far indicate the potential usefulness of broad
protein identification with high resolution and wide dynamic
range for cataloging the plasma contents. However, these
approaches require further improvement in terms of both
ease of use and industrial applicability to routine clinical use,
because their application to clinical research requires stable
and reproducible analyses of a large number of human
samples.

The establishment of a simple, robust, and high-
throughput protein profiling system as a global platform is
extremely important from the viewpoint of clinical proteom-
ics. This is because a large number of human tissue/biolog-
ical fluid samples could then be quantitatively analyzed, in a
routine and reproducible manner, for expressed proteins.
Such a system would help discover any protein that is sig-
nificantly associated with a specific disease status. We have
constructed a technically well integrated and high-through-
put LC-MS/MS system with RP microflow LC (ULC) and a
conventional ion-trap MS/MS equipped with a nanoelec-
trospray ionization {NSI) interface to detect lung cancer bio-
markers and to analyze apoptotic mechanisms [7, 8}. Addi-
tionally, the system has been combined with on- or offline
strong cation-exchange (SCX) chromatography to result in a
multi-dimensional protein profiling system. This protein
profiling system using offline 2-D SCX/RP pLC-MS/MS was
successfully applied to broad protein identification of human
plasma proteins [9]. We have also established protein deple-
tion, in-solution digestion, and data-integrating/mining sys-
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tems with an automated operation for large-scale human
plasma proteome analysis. :

The dynamic range and sequence coverage that results
from protein identification by LC-MS/MS analysis depends
on both the quality of the separation(s) applied and the MS
platform [6]. When resolution performance is not con-
sidered, the quality of the 2-D LC is substantially related to
the number of fractionation steps for the first dimension
chromatography and the analytical running time for the
second dimension chromatography. Since the dynamic
range of the MS platform is based on the performance of the
instrument used, the number of the MS/MS acquisition in
one run strictly depends on both the scan speed and the
analytical time required by the LC-MS/MS analysis. Recently,
linear ion-trap MS/MS (2-D ITMS) instruments with a
higher scan speed and sensitivity than conventional 3-D
ITMS instruments have emerged as new generation instru-
ments. Therefore, we applied the new 2-D ITMS instrument
to the fully automated on-line 2-D pLC-MS/MS system
developed by us {10].

In this study, we evaluated the performance of the pLC-
MS/MS system using the 2-D ITMS instrument for extend-
ing the sensitivity, dynamic range, and coverage for compre-
hensive protein identification. BSA and human 268 protea-
some were used as the authentic protein sample and the
protein complex sample, respectively. The system, together
with the on-line 2-D pL.C-MS/MS system, was then applied to
proteome analysis of human plasma; HSA- and IgG-depleted
samples were obtained from a few healthy individuals and
lung adenocarcinoma cases.

2 Materials and methods
2.1 Materials

HPLC-grade ACN, formic acid, and TFA were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Milli-Q grade water (Millipore, Bedford, MA, USA) was used.
BSA, ammonium formate, ammonium bicarbonate (ABC),
and iodoacetamide (IAM) were purchased from Sigma (St.
Louis, MO, USA}. Human 265 proteasome (PW9310) was
obtained from Affiniti Research Products (Devon, UK).
Tris[2-carboxyethyl]phosphine (TCEP) was purchased from
Pierce (Rockford, IL, USA). Sequencing grade-modified
trypsin was purchased from Promega (Madison, W1, USA).

2.2 Preparation of the digested BSA and human 26S
proteasome samples

BSA (1 nmol) was diluted with 225 pL. ABC (aq., 100 mm);
then, 12.5 pLTCEP (10 mwm) was added for reduction and the
solution mixture was kept at 37°C for 45min. Further,
12.5 pL IAM (50 mM) was added, and the solution mixture
was alkylated in the dark at 24°C for 1 h. The resulting solu-
tion was digested with trypsin (trypsin:protein = 1:50, w/w),
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