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had Eastern Cooperative Oncology Group performance status of
0 and 45 (82%) patients had stage IV disezse. The predominant
histology type was adenocarcinoma (67%). |

Response and Sorvival. Among all 55 eligible patients,
1 had a complete response and 25 had a partial response. Thus,
the overall response rate was 47% (95% C1, 34-61%). Because
one ineligible patient had & partial response, the overall response
of all registered 56 patients was 48% (95% CI, 35-62%). The
responding patients were classified in terms of the items shown
in Table 2. There was no statistically significant difference in
the response rates between the items cornpared. The median
response duration was 4.2 months. ‘

The median follow-up period was 28 months (range,
20-33 months). As shown in Fig. 1, median survival time of the
55 eligible patients was 11 months and the 1-year and 2-year
survival rates were 45% (95% CI, 32-59%) and 17% (95% CI,
6-27%), respectively. |

Adverse Events. The adverse events observed through-
out the treatment of the 55 eligible patients are shown in Table
3. Among the hematologic adverse event, grade 3/4 neutropenia
and anemia was observed in 29 and 22% of the patients, respec-
tively. However, grade 3 thrombocytopenia was observed in
only one patient (2%), and no patient had grade 4 thrombocy-

Table 2 Patient characteristics in relation to the response

Response

No. of ———— Response
Characteristics patients CR PR, INC PD rate (%)
All 55 1 25|23 6 47
Gender
Male 41 1 2015 5 51
Female 14 0 5 8 1 35
Stage
nms 10 0 4|5 1 40
v 45 1 21|18 5 49
Histology
Adenocarcinoma 37 0 1517 5 41
Squamous celt carcinoma 14 1 7|35 1 57
Others 4 0 31 0 75

Abbreviations: CR, complete response; PR, partial response; NC,
no change; PD, progressive disease.

Percent Survival
g

] ‘—[—-1__

EIES

0 S5 6 5 12 15 1@ 21|24 27

Months

No. of patients et fisk
55 40 25 18 6 3

Fig. 1 Overall survival. Each fick represents a patient who is alive. The

bars represent the 95% confidence interval of the survival rate at 1 year

and 2 years afier treatment.
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Table 3 Hematologic and nonhematologic toxicities

Grade
Frequency of
Toxicity 1 2 3 4 3ord(%)
Leukopenia g8 18 2 1 6
Neutropenia 7 13 13 3 29
Anemia 14 24 10 2 22
Thrombocytopenia 28 4 1 0 2
Aspartate aminotransferase 7 0 1 0 2
Alanine aminotransferass 6 1 1 0 2
Creatinine 9 H 1 0 2
Anorexia 21 15 7 O 13
Vomiting 14 3 4 0 7
Diarrhea 12 3 4 0 7
Stomatitis 12 2 0 0 0
Dermatitis 13 o 0 0 0

topenia. Among the observed nonhematologic adverse events,
no grade 4 level was Observed. There were fio unexpected
toxicities.

Compliance. A range of 1 1o 12 treatment cycles were
administered (1 cycle, 6 patients; 2 cycles, 18 patients; 3 cycles,
5 patients; 4 cycles, 12 patients; >4 cycles, 14 patients). The
reasons for only one cycle of treatment were progressive disease
in 4 patients and adverse events in 2 patients. The dose of 5-1
was reduced in 8 patients because of adverse events including
myelosuppression in 4 patients, pastrointestinal toxicity in 2
patients, glycemia in 1 patient, and dermatitis in 1 patient. A
total of 197 cycles were given to the 55 patients. Sixty-nine
(49%) of 142 teatment cycles excluding the first cycle was
given at 4-week interval, 58 (40%) were at a 5-week interval,
and 15 (11%) were at a >5-week interval.

DISCUSSION

Because the half-life of 5-FU is as short as 5 to 20 minutes
(13) and the antitumor activity of 5-FU is time dependent, the
continuous intravenous administration of 5-FU is considered to
be appropriate rather than a bolus intravenous injection of 5-FU.,
In fact, a meta-analysis of six randomized trials in patients with
colorectal cancer showed that the response rate was clearly
higher for continuous infusion of 5-FU over 5 consecutive days
than for weekly beolus injection of 5-FU (14). Although NSCLC
has also been reported not to respond to a bolus injection of
5-FU (15), whether or not continuous treatment with 5-FU is
effective for NSCLC remains unclear. However, studies have
shown that a combination of cisplatin and protracted intrave-
nous injection of 5-FU is effective for NSCLC (16). In prior
trials, we wsed this combination chemotherapy with daily oral
administration of UFT in place of the protracted intravenous
injection of 5-FU which negatively affects the quality of life of
a patient for advanced NSCLC (9-11).

The combination chemotherapy of cisplatin and 5-FU has
been proven to have synergic antitamor effect in many experi-
mental and clinical studies (17, 18). However, the optimal
sequence for the administration of these drugs has yet to be
determined. The sequence of cisplatin followed by 5-FU has
been shown to be more cytotoxic than the reverse succession in
in vitro and in vive studies (19, 20) whereas the sequence of
5-FU followed by cisplatin has been proven to have a greater
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antitumor activity than the opposite order of administration in
tumor-bearing animals (21). Therefore, in our prior trials using
UFT, we designed a treatment regimen that is thought to be a
compromise solution between the present conflicting experi-
mental data; namely, a daily administration of UFT from day 1
to 14 or 21 and a bolus infusion of cisplatin on day 8 (9, 10).

In the present study with S-1, the treatment modality was
determined based on the UFT trials (9, 10) and phase /I trial of
S-1 combined with cisplatin in patients with advanced gastric
cancer (22). The dose of cisplatin was decreased from 80 mg/m?
in prior UFT trial to 60 mg/m? in the present trial because phase
1 tria! indicated that 60 mg/m?® of cisplatin on day 8 was the
recommended dose when it was combined with daily adminis-
tration of S-1 from day 1 for 3 weeks (22). Concerning the dose
of cisplatin in combination chemotherapy in NSCLC patients,
the effect of the dosage on survival has not yet been clearly
elucidated, Klastersky et al. (23) reported the median survival
time of patients who received vindesine plus combination chem-

otherapy consisting of either 60 or 120 mg/m? of cisplatin to be-

7.6 and 6.4 months, respectively, and no overall survival differ-
ence between the two groups was observed (P = 0.138). On the
other hand, the incidence of adverse events was significantly
higher in the 120-mg dosz than that in 60-mg dose.

Although a comparison between the present S-1 trial and
the prior UFT trial with 108 patients (10) has limitation because
of different trials, the response rate and survival seeros to be
favorable in the present trial despite the fact that proportion of
stage IV patients in the present trial was higher than that in the
UFT trials (82% versus 68%). The response rate and median
survival time was 47% and 11.2 months in the present study and
29% and 10 months in the UFT trial, respectively. The fre-
quency of severe adverse events in the both trials was similarly
low,

The standard chemotherapy regimen for NSCLC is consid-
ered to be a platinum-based two-drug combination chemother-
apy that uses paclitaxel, docetaxel, gemcitabine, or vinorelbine.
The response rate and median survival ime in the recent phase
I trials that use these combination chemotherapies have been
reported to be 17 to 28% and 7 to 9 months, respectively, Grade
3 or 4 hematologic and nonhematologic adverse events were
observed in 57 to 76% (neutropenia) and 4 to 35% (vomiting),
respectively (24, 25). In the present study with S-1 and cisplatin,
the incidence of those adverse events seems to be lower than the
above mentioned data. In addition, the antitumor mechanism is
different from those agents. On the basis of these observations,
we plan to conduct 2 randomized trial comparing the present
combination chemotherapy with standard platinum-based two-
drug combination chemotherapy regarding survival and the
quality of life.
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Background. The biological behavior of small adeno-
carcinoma is different in each patient and these are
especially enormous differences when evaluating solid
tumors and nonsolid tumors.

Methods. A total of 159 adenocarcinomas 2 ¢m or less in
diameter were studied. Several clinicopathological fac-
tors were retrospectively analyzed.

Results. The diameter of the primary tumors was less
than 1 ¢cm in 47 patients, 1-1.5 cm in 49 patients, and 1.5-2
cm in 63 patients, respectively. Almost all patients (147)
were pathologic NO and there were 12 node-positive
patients {7.5%). Lymph-node involvement was observed
in 1 patient with a tumor diameter measuring less than 1
cm and in 11 patients with a tumor diameter measuring
1-2 em. According to Noguchi’s classification, 33 patients
belonged to class A or B, 71 patients belonged to class C,

ung cancer is the greatest cause of cancer-related
death in the world because most lung cancers are
detected at a late stage and curative treatment is not an
option. Nevertheless a cure rate of greater than 70% was
obtained in completely resected patients of stage I cancer
[1]- Prevention and early detection are thus essential with
regard to the reduction of lung cancer mortality. Adeno-
carcinoma is the most common type of lung cancer
arising from the peripheral lung parenchyma. Chest
x-ray surveys have been considered useful for early
detection. However if the lesions are located in a “dead
angle” on the chest roentgenogram film, such as behind
the aorta or heart, abnormalities may be overlooked.
Bronchioloalveolar carcinoma {(BAC) seldom reveals ab-
normalities on chest roentgenogram because it grows
without destroying alveolar structure [2]. Helical com-
puted tomography (CT) screening has greatly increased
the sensitivity of cancer detection compared with that of
conventional chest roentgenogram screening [3-7]. A
prospective randomized trial comparing the lung cancer
morttality rate of a CT screening group with that of a
conventional chest roentgenogram screening group has
been conducted by the National Cancer Institute [8). In
this respect, the biggest issue facing thoracic surgeons is
the treatment strategy for small cancers detected by CT
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and 55 patients belonged to class D, E, or F. The ratio of
ground-glass opacity (GGO) area in the main tumor in
high resolution computed tomography was classified
into two groups with a threshold of 50%. There were 44
patients with a GGO ratio of equal fo or greater than 50%,
none of which indicated Iymph-node metastasis or tumor
recurrence during follow-up (5-year survival = 100%).
On the contrary among 115 patients with a GGO ratio
less than 50%, lymph-node involvement was indicated in
12 patients (10.4%) and the 5-year survival rate was 83.9%.
Conclusions. The biological malignancy of small ade-
nocarcinomas might be accurately evaluated by the pro-
portion of GGO area as well as the Noguchi classifica-
tion.
(Ann Thorac Surg 2004;78:1011-6)
® 2004 by The Society of Thoracic Surgeons

screening, including the possibility of limited resection.
BAC is known to exhibit a relatively nonaggressive na-
ture, therefore a favorable cutcome can be expected after
curative operation 2, 9-12]. However patients with solid
images on chest CT tend to have invasive adenocarcino-
mas and their survival is definitely worse than that of
BAC [9-11]. Pathologic classification of the tumor is
essential regarding the evaluation of the aggressiveness
of each patient [2] but postoperative pathologic findings
cannot exhibit a strong impact on the choice of treatment.

There are several reports indicating that the ratio of the
size of ground-glass opacity (GGO) and that of consoli-
dation on high resclution CT (HRCT) is strongly related
to the stage and prognosis of the cancer [10, 13-15]. Lung
cancers with a large GGO component tend to be BAC or
minimally invasive adenocarcinomas that exhibit favor-
able prognoses {10, 13-15]. If a definition of peripheral
early cancer could be established, it would be useful with
regard to selecting optimal treatment for individual pa-
tients. For this purpose we retrospectively analyzed clin-
icopathological features of adenocarcinomas with a di-
ameter of 2 em or less resected in our hospital between
1997-2002.

Patients and Methods

Patients
A total of 983 lung cancer operations were performed
from January 1997 to December 2002 at the Department

0003-4975/04/$30.00
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Table 1. Patient Characteristics

Character |
Age
Average ‘ 63
Minimum 40
Maximum | 84
Sex !
Male ‘ 67
Female 92
Smoking habit
Non-smoker | 89
Smoker ' 70
Operative procedure ‘
Lobectomy 112
Segmantectomy | 20
27

Wedge resection

of Thoracic Surgery, Tokyo Medical University Hospital
(Tokyo, Japan). Among these, there were 168 patients
with peripheral adenocarcinomas less than 2 em in di-
ameter as well as a total of 159 patients who had under-
gone high-resolution computed tomography (HRCT) and
in whom complete records were available for study
(Table 1). There were 67 men and 92 women ranging in
age from 40-84. There were 89 ncnsmokers and 70
smokers. The primary lesions were detected by chest
x-ray in 115 patients: detection was determined by mass
survey or private general check-up in 81 patients, fol-
low-up for other diseases in 18 patierts, and respiratory
symptoms in 16 patients. The other 44 patient’s lesions

Fig 1. Thin section computed tomographic scan of lung cancer de-
picting solid attenuation and ground-glass opacity (GGQ). The larg-
est aren of tumor (solid line) and solid attenuation (dotted line)
were decided based on this film. The proportion of GGO area to the
entire tumor was defined; GGO ratio = (maximum GGO — maxi-
mum consolidationymaximum GGO. Max GGQ (solid arrow);
Max consolidation (dotted arrows). |

Ann Thorac Surg
2004;78:1011-6

were detected by chest CT performed by mass survey
program or private general check-up.

All patients underwent a physical examination and
blood examination, respiratory function test, electrocar-
diogram, and chest radiography. Also, all patients re-
ceived helical CT of the chest preoperatively with 10-mm
thick continuous sections. HRCT images with 1-2 mm
slices of the primary tumors were then performed to
obtain the precise findings of GGO and consolidation of
the tumors. Histologic typing was diagnosed based upon
the classification of the World Health Organization
(WHO) and we also classified all of the patients into six
subtypes using the Noguchi classification. The staging of
patients was determined by the thoracic wail, node
involvement, and metastases (TNM) classification of the
International Union Against Cancer (UICC).

Lobectomy combined with systemic mediastinal
lymph-node dissection was performed in 112 patients
and limited surgery was performed in 47 patients. Of
these 47 patients, 37 received intentionally limited oper-
ation because of the nonaggressive appearance on HRCT
and the remaining 10 patients because of impaired con-
dition. Segmentectomy with mediastinal sampling was
performed in 27 patients and wedge resection without
nodal dissection was performed in 20 patients, All pa-
tients that underwent wedge resection indicated pure
GGO or enormously GGO-dominant findings on HRCT
as well as being clinically node negative.

CT Findings

In this study the ratio of the size of solid attenuation to
that of GGO was extensively analyzed. GGO was defined
as a hazy increase in lung attenuation without obscura-
tion of the underlying vascular marking. At least two
experienced chest surgeons and radiologists reviewed
the hard-copy films of HRCT and determined the maxi-
mal area of GGO and tumor. Discrepancies between
reviewers were resolved by consensus. The ratio area of
GGO to the area of primary tumor was calculated as
illustrated in Figure 1. Patients were divided into two
groups: those with a GGO ratio greater than 50% and
those with a GGO ratio less than 50%.

Pathology

Resected lungs were fixed in formalin and stained by
hematoxylin and eosin staining in a routine manner and
also stained with elastica van Gieson. Experienced pa-
thologists diagnosed the subtypes of primary tumors
according to the Noguchi classification as well as the
nodal status. The Noguchi classification is presented in
Table 2. Types A and B are considered to be noninvasive
cancers and types D, E, and F are considered to be
invasive cancer.

Statistics

We examined the relation of the proportion of GGO area
to maximal tumor size, stage, Noguchi classification, and
other prognostic factors. The x* test using StatView 5.0
(SAS Institute Inc, Cary, NC) was performed and the
differences were considered to be statistically significant

&0
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Table 2. Tumor Size and Nodal Status
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Table 4. GGO Area and Noguchi Classification

Tumor Size NO N1 N2 GGO% A B Cc D, EF

1.0 cm or less {n = 47) 46 0 1 50 1 25 17 2 44
1.0-15 cm (n = 49) 46 1 2 50 | 8 54 53 115
15-2.0 cm (n = 63) 55 2 6

when the p value was less than 0.05. All patients were
periodically examined and the average length of fol-
low-up was 40 months. The 5-year survival curve was
obtained using the Kaplan-Meier method.

Results

A total of 159 patients were studied. The size was classi-
fied into three categories: 1 cm or less, 1-1.5 cm, and 1.5-2
cm. There were 47, 49, and 63 patients, respectively.
There were 147 pathologic N0 patients and lymph-node
metastasis was recognized in 12 patients (7.5%); N1 in 3
patients and N2 in 9 patients. Table 3 lists the rate of
lymph-node involvement according to tumor size.
Lymph-node involvement was not indicated in 98% of
patients who had a tumor size of 1 cm or less, however
even in patients with tiny tumors, 2% indicated N2
disease. In patients who had a tumor size of 1 and 1.5 cm,
94% indicated no metastasis but 6% were either N1 or N2.
In patients who had a tumor size of 1.5 and 2 cm,
lymph-node involvement was recognized in 13%.

In this study the proportion of the size of GGO to that
of the tumor was extensively analyzed. We divided
patients into two categories according to how much of the
lesion consisted of GGO findings. According to these
criteria, 44 tumors consisted of greater than 50% of GGO
and 115 tumors consisted of less than 50% of GGO.
Patients with a GGO ratio of greater than 50% indicated
no lymph-node metastases. On the contrary all node-
positive patients indicated a GGO ratio of less than 50%
(Table 3). The relationship between the proportion of
GGO area onn HRCT and the Noguchi classification is
indicated in Table 4.

Twenty-five out of 44 patients (76%) of types A and B
indicated a GGQO component of greater than 50% on
HRCT. Seventeen out of 71 patients (24%) of type C
indicated greater than 50% GGO and the remaining 54
patients (76%) indicated less than 50% GGO. Fifty three
out of 55 patients (96%) of types D, E, and F tumors
indicated less than 50% GGOQ. A favorable correlation
between CT findings and the Noguchi classification was
recognized.

Table 3, GGO Area and T,N Status

GGO% T=1 1<Ts5 15<T=2
50 ¢ 18 16 10 44
50 | 29 (1)* 33 (39 53 (8)* 115 (12§

* The number in parentheses corresponds to the number of node-positive
cases.

GGO = ground-glass opacity.

GGO = ground-glass opacity,

The relationship between representative clinicopatho-
logical factors and the proportion of GGO area is indi-
cated in Table 5. According to the x* test, the ratio of
GGO area to that of the tumor is related to the tumor size
(p = 0.0135) and pathologic stage (p = 0.04). In particular
a significant relationship was obtained regarding the
pathologic features including Noguchi classification (p =
0.0001), vascular invasion, and lymphatic invasion .

Patients were followed-up in the outpatient clinic and
periodically received blood examinations, chest roent-
genogram, and chest CT. The median follow-up period
for all patients was 40 months. The overall 5-year survival
rate of patients studied was 88.0% (Fig 2}, but it was 96.7%
in patients with tumors less than 1 ¢cm in diameter, 81.6%
in patients with tumors between 1 and 1.5 ¢, and 84.4%
in patients with tumors between 1.5 and 2 cm (Fig 3).

The 5-year survival rate according to how much of the
lesion consisted of GGO findings was also analyzed. In
patients with tumors greater than 50% GGO, a 100%
5-year survival rate was obtained, but in patients with
tumors less than 50% GGO an 83.9% 5-year survival rate
was obtained (Fig 4)

The survival rate according to the Noguchi classifica-
tion is illustrated in Figure 5. A 100% 5-year survival rate
was obtained in types A and B, 97.4% in type C, and
67.1% in types D, E, and F, respectively, which was
statistically lower than the results of types A, B, and C.

Comment

Because of the increasing widespread application of
helical CT, the detected number of small lung peripheral
nodules has enormously increased [3-7]. In addition the
size of peripheral type adenocarcinomas has been
smaller on average when they were detected. This has
raised several issues: discerning how to discriminate

Table 5. Relationship Between Prognostic Factors and GGO
Ratio on HRCT

Prognostic Factor e p Value
Gender 0.162 0.687
Tumor size 8,616 0.0135
P stage

Toril-IV 4.168 0.0412
Noguchi classification

A, B, CorDEF 14.442 0.0001
Vascular invasion 6.76 0.0093
Lymphatic invasion 5.326 0.0206

GGO = ground-glass opacity; HRCT = high resclution computed tomog-
raphy.

£
o
3
=4
[
=
=
-l
-
-4
=
z
&
O




o
m
Z
m
=
ot
o
-
=
Q
=
-
a
]

1014 IKEDA ET AL
ADENOCARCINOMA 2 CM OR LESS

»,
%} 50 ——»—-M :
———
80 8B0%  (n=159)
&0
40
Patient st rish
11 3436 48 60 dmontha) |
0 155 113 B0 M 0 ‘
0
0 10 26 30 4 | 50 60 (Month)

Fig 2. Five-year survival rate of adenocarcinema less than or equal
to 2 cm was 88.0%.

malignant from benign nodules, the usefulness of CT
screening in diminishing lung cancer mortality, the op-
timal intervention in patients who have small nodules,
and so on [16, 17). The management of small cancers is a
particular concern of thoracic surgeons. because some of
these small cancers might be managed appropriately by
limited resection. As previously reported adenocarci-
noma tends to metastasize to the regmnal lymph nodes
even if small in size. Nearly 20% of adenocarcinomas less
than 2 cm in diameter were reported to be node positive
and 5% of adenocarcinomas less than 1 ¢cm were also
considered as N1 or N2 disease [18-20]. The Lung Cancer
Study Group failed to demonstrate positive results with
regard to limited resection for clinical T1 lung cancers.
The limited surgery group indicated a local recurrence
rate of 5-6 times higher than the lobectomy group [21].
Thus lobectomy and lecoregional lymph-node dissection
have been recommended as standard lung cancer proce-
dures. However if peripheral early cancer is properly
defined, such patients could be managed by lesser resec-
tion, which would be useful with regard ko decreasing the
operative mortality and morbidity as well as enhancing
the performance status of the patients.

In our study 12 out of 159 patients (7.5%) exhibited
lymph-node metastasis and even tumors measuring lcm
or less indicated lymph-node metastasis in 2% of pa-
tients. The 5-year survival rate did not mdlcate a statis-

tically significant difference between the three groups
!
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Fig 3. Five-year survival rate according fo tumor size, Less than or
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Fig 4. Five-year survival rate according to the proportion of ground-
glass opacity (GGO) area. A GGO dominant patient indicated a
100% 5-year survival, whereas patients exhibiting a GGO area less
than 50% indicated an 83.9% 5-year survival.

according to tumor size in this study. There are reports
that 5%-8% of such tiny adenocarcinomas indicated
lymph-node metastasis [18, 22]. Kondo reported 57 ade-
nocarcinomas measuring 1 ¢m or less, none of which
indicated lymph-node metastasis, and 49 revealed BAC
without destructive growth that were categorized as
nonaggressive tumors [23). This demonstrates that the
indications of limited surgery cannot be determined by
size alone. In our study, 47 patients received limited
resection. Out of these, mediastinal lymph node or sam-
pling were performed in 20 patients and the rest of 27
patients received wedge resection without nodal dissec-
tion. Of these 27 patients stage migration may occur
because nodal status was not evaluated pathologically.
However these patients indicated pure GGO or over-
whelmingly dominant GGO findings on chest CT as well
as being clinically node negative. Such patients have
been reported to be free from lymph-node metastasis [10,
12-15, 20] and recurrence was not observed in any of
these patients by chest CT examination during follow-up.
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Fig 5. Five-year survival rate according te the Noguchi classifica-
tion. Noguchi A, B indicated a 100% 5-year survival, type C indi-
cated a 97.4% 5-year survival, and types D, E, and F, indicated a
67.1% 5-year survival, respectively.
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Therefore we classified these patients as N0 in this study.
Noguchi classified small adenocarcinomas into six cate-
gories (types A-F) and this classification indicated a
favorable correlation with the bioclogically aggressive
nature of the tumor [2]. Types A and B are localized BAC
with or without foci indicating a collapse of alveolar
structures that are recognized to be noninvasive. Types
D, E, and F are poorly differentiated, tubular, papillary
type, respectively, and are invasive. Pathologic analysis
revealed that all type A and B patients were NO, however
25%-56% of type D, E, and F patients indicated lymph-
node metastasis [2]. Many thoracic surgeons postulated
that certain types of adenocarcinomas might be candi-
dates for limited resection and have sought for criteria of
“peripheral early cancer.” The Noguchi classification is
useful with regard to evaluating the aggressive nature in
individual patients, but this criteria is based on postop-
erative pathologic findings and could not have a strong
impact on the choice of treatment. Therefore we require
criteria that are available preoperatively to define early
minimally invasive cancers.

Increased amounts of collagenization or hyalinization
microscopically detected in the central fibrotic focus in
adenocarcinoma have been reported to influence the
prognosis and the smaller the central fibrosis, the more
favorable the prognosis [24, 25]. Suzuki reported that
central fibrosis in a tumor corresponds to consolidation
on HRCT. Thus the ratio of the area of GGO and that of
consolidation seems to be strongly related to nodal status
and stage [25].

In our study there were 12 N1 or N2 out of 159 patients,
in all of whom the proportion of the area of GGO to the
entire tumor was less than 50%. All patients with a ratio
of GGO greater than 50% survived without recurrence
during the follow-up period, although patients with
GGO less than 50% indicated an 83.9% 5-year survival
rate, The proportion of the GGO area correlates well with
the Noguchi classification [26]. There were 33 Noguchi
type A and B patients, 25 of which indicated a GGO area
of greater than 50% and 8, of which indicated a GGO area
of less than 50%. As for type D, E, and F patients, 53 out
of 55 indicated a low GGO% and only 2 patients be-
longed to the high GGO ratio group., A statistically
significant correlation was obtained between GGO% and
Noguchi classification but types A and B could be com-
pletely diagnosed by HRCT findings as they should be
the suitable indication of limited surgery. The 5-year
survival rate of the high GGO group was 100% and the
5-year survival rate of the low GGO group was 83.9%.
Similar results were obtained by Matsuguma who com-
pared the preoperative HRCT findings with pathologic
results in 96 patients who underwent surgical resection
because of stage Ia cancers [14]. They determined that
patients in whom the proportion of GGO to the whole
tumor on CT was equal to or greater than 50% exhibited
no nodal metastasis or postoperative recurrence. Smal!
cancers with a high GGO ratic might be candidates for
limited resection and a large multicenter study is neces-
sary to confirm this postulate,

Limited resection has mostly been performed on pa-
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tients with poor pulmonary reserve, Intentional limited
surgery has not been common, particularly because lo-
bectomy has been considered to be the standard treat-
ment, which was confirmed by a randomized trial of the
Lung Cancer Study Group [21]. However some successful
results regarding limited surgery for T1 NO tumors were
published by Yamato who proposed limited resection for
BAC by employing intraoperative pathological examina-
tion to confirm the absence of nodal metastasis [27]. They
planned to convert limited resection to lobectomy if some
invasive signs were recognized by frozen section, Tsub-
ota performed extended segmentectomy for 55 patients
with peripheral cancers measuring less than 2 cm in
diameter and only 1 patient locally recurred in whom N2
disease was not indicated during operation [28). Nakata
performed thoracoscopic wedge resection for 33 pure
GGO patients with tumors measuring less than 1 ¢m and
no recurrence or metastasis was indicated during the
follow-up period [12]. However well-differentiated ade-
nocarcinomas or GGO-dominant tumors are considered
to be indelent and slow-growing, therefore a long-term
observation period is necessary to evaluate whether
limited surgery could be an alternative to lobectomy.

In this study the ratio of GGO and consolidation on
chest CT allows for the evaluation of the aggressive
nature of small adenocarcinomas. However further in-
vestigation is required in this-area, especially to charac-
terize GGO on HRCT. Also genomic or proteomic studies
are necessary to provide the clues to discriminate tumors
with an indolent nature from those with an aggressive
nature. Comprehensive research including pathology
and molecular analysis will alter the conventional
method of management regarding tiny cancers, which
will be of great importance in daily practice.
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Abstract. We conducted a study using ¢cDNA microarray
analysis to determine whether expression levels of genes in
tumors were correlated with survival after chemotherapy.
Between September 2000 and December 2001, 47 patients
were registered in the study. Eighteen patients had small cell
lung cancer (SCLC), and the others had non-small cell lung
cancer (NSCLC). All patients except three received platinum-
based chemotherapy. Transbroncheal biopsy specimens of
tumors were obtained before chemotherapy. The expression
levels of 1176 genes in tumor specimens were analyzed using
the Atlas™ Human Cancer 1.2 Array. The expression levels of
three genes, G1/S-specific cyclin, type II ¢cGMP-dependent
protein kinase and hepatocyte growth factor-like protein,
were significantly correlated with survival (p<0.01). Ten of
the 47 patients who showed an elevated expression level of
one or more of the three genes had a significantly increased
chance of survival (p=0.0056). In conclusion, some survival-
related genes were detected in the tumor tissue of lung cancer
patients using ¢cDNA microarray analysis. A prospective
study is required to confirm whether expression levels of
these genes can be used for prognosis.

Introduction
Lung cancer is a leading cause of cancer death and most

patients with this disease are candidates for chemotherapy.
To improve the prognosis of lung cancer patients, attempts

Correspondence to: Dr Fumihiro Oshita, Department of Thoracic
Oncology, Kanagawa Cancer Center, Nakao 1-1-2, Asahi-ku,
Yokohama 241-0815, Japan

E-mail: foshita@kech.jp

Key words: microarray, lung cancer

have been made to develop treatment of lung cancer and
thereby decrease the mortality from this disease. To develop
new therapeutic strategies for lung cancer we require a better
understanding of the cell biology of this disease. Although a
number of clinicopathological characteristics may affect the
prognosis of lung cancer, these characteristics have not yet
been defined. Several molecular markers have been evaluated
in association with established histological and clinical
prognostic parameters of non-small cell lung cancer (NSCLC)
(1-5), although the intrinsic nature of gene dysregulation that
leads small tumors to metastasize remains unclear. It is
suspected that tumor invasion and metastasis involve complex
alterations of gene expression that may be selective for specific
cancer types.

We identified that survivin and cyclin D1 are indicators
of poor prognosis in small adenocarcinoma of the lung (6,7).
Moreover, other factors have also been reported to be
prognostic factors in resected NSCLC, including cyclin E
(1), FHIT (2), VEGF (3), cadherin (4) and RAR-B (5). These
factors have different functions in tumors, such as tumor
suppression, angiogenesis, apoptosis, adhesion and cell
differentiation. Clarification of the many genetic abnormalities
that influence tumor progression in NSCLC is clearly required
when considering new therapeutic strategies for resectable
NSCLC.

The ¢cDNA microarray method is now widely used to
analyze the expression of thousands of genes simultaneously
in cancer tissues, and its development has facilitated the
analysis of genome-wide expression profiles that can
generate a large body of information concerning genetic
networks related to pathological conditions. Large-scale gene
expression microarray studies of lung cancer have shown that
expression patterns of various genes is associated with
pathological characteristics (8,9). In other studies, different
sets of genes were identified which may act as predictive
markers for chemosensitivity to drugs in human cancer cell
lines or tumor tissues using cDNA microarray (10-12).

In the present study, we used cDNA microarray screening
to examine the expression levels of specific genes in tumor
tissue obtained by transbroncheal biopsy, in order to determine
any correlations with survival after chemotherapy.
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Patients and methods

Patients. This study was approved by the Institutional Review
Boards of Kanagawa Cancer Center. The patients with histo-
logically proven lung cancer treated with chemotherapy were
entered into the present study. All were ellglbIe for treatment.
They had an expected survival of at least six weeks; measurable
lesions; Eastern Cooperative Oncology Group performance
status (PS) score <3; white blood count >4000/ul; hemo-
globin 210 g/dl; platelet count 2100000/pl; total serum
bilirubin <2 mg/dl; aspartate aminotransferase and alanine
aminotransferase less than twice the upper limit of the
normal range; serum creatinine £1.5 mgldl and creatinine
clearance >50 ml/min. None of the patlents had received
prior chemotherapy for the primary lesion. Written informed
consent for chemotherapy and a genetic analysis of tumor
tissue was obtained in every case. All patients with non-
progressive cancer were treated with two or more courses of
chemotherapy. |
|

Tumor samples. Transbroncheal biopsy spemmcns of tumors
were obtained before chemotherapy. One half of the
specimens were fixed in formalin for pathglogical diagnosis
and the other half were immediately frozen for storage at
-80°C until genetic analysis. \

Extraction and purification of RNA and preparation of probes.
The total RNA of each sample was isolated and treated with
DNasel to avoid contamination of genomic DNA by silica
membrane affinity chromatography using Macherey-Nagel's
total RNA isolation kit (Macherey-Nagel ‘GmbH and Co.,
KG, Germany). Total RNA (100 nanograms) for each
sample was reverse transcribed into cDNA and amplified by
SMART polymerase chain reaction (PCR)‘technology (18)
using the Super SMART™ PCR ¢DNA Synthesis kit (BD
Biosciences Clontech, CA, USA) according to the
manufacturer's instructions. To represent the expression
profile of the initial total RNA material, the optimal
conditions for PCR cycling were determmed for each
sample by testing the amplified ¢cDNA with gel electro-
phoresis. All samples were amplified for 19 to 23 cycles.
Each ¢cDNA sample was subjected to microarray expression
profiling using the BD Atlas™ Human Cancer 1.2 Array
(Clontech) based on the manufacturcr'§ protocol. The
following is a brief overview of the procedures used. A
radioactively labeled probe mixture for hybridization with
array membranes was synthesized from each cDNA sample
using the CDS Primer Mix specific for the Atlas™ Human
Cancer 1.2 Array and [a-32P]-dATP. |

¢DNA microarray. Each labeled probe was Hybﬁdized into a
separate Atlas Array. After appropriate lwashing, array
membranes were exposed to a phosphor screen and the signal
intensity for each spot, which corresponds to each gene
examined, was determined using a STORM image analyzer
(Amersham Bioscience, Picataway, NJ). The hybridization
pattern and signal intensity were analyzed to determine
changes in gene expression levels using Aflaslmage"‘ 2.01
software (Clontech, Laboratory, Inc., Japan). |
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Table I. Patient characteristics.

No. of patients

Total 47
Gender
Male 36
Female 11
Smoker 38
PS (ECOG)
0 5
1 30
2 9
3 3
Pathology
SCLC
Stage
LD 2
ED 16
NSCLC
Stage
IIB/IIIA 4
1IIB 8
v 17

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

Statistical methods. To determine whether gene-expression
profiles were associated with variety in cases of survival,
Kaplan-Meier survival plots and log-rank tests were used.
p<0.01 was considered statistically significant,

Results

Between September 2000 and December 2001, 47 patients
were registered in the study. Patient characteristics are
summarized in Table 1. Thirty-six patients were male and "
eleven were female, with a median age of 66 years (range
35-81 years). Thirty-eight patients were smokers. The PS
was 0 for five patients; 1 for 30 patients; 2 for nine and 3 for
three patients. Eighteen patients had small cell lung cancer
(SCLC), and the remaining had NSCLC. Of the patients with
SCLC, two had limited disease and the other 16 had extensive
SCLC. Of the patients with NSCLC, four had stage IIB/IIA,
eight had stage IIIB, and 17 had stage IV. None of the
patients had received prior chemotherapy.

All patients except three who had been subscribed paclitaxel
and irinotecan were given platinum-based chemotherapy. Three
patients with SCLC and seven patients with NSCLC received
thoracic radiotherapy concurrently or sequentially with
chemotherapy (Table II). Sixteen of the 18 patients with
SCLC (89%) and 12 of the 29 patients with NSCLC (41%)
responded to chemotherapy, respectively. Eight cut of the
total 47 patients were alive at analysis.
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Table II. Therapeutic regimens.

No. of patients

SCLC
Cisplatin + etoposide
Cisplatin + etoposide + TRT
Cisplatin + irinotecan
Cisplatin + irinotecan + etoposide
Carboplatin + etoposide
Cisplatin + TRT

NSCLC
Cisplatin + gemcitabine
Cisplatin + vinorelbine
Cisplatin + vinorelbine + TRT
Cisplatin + vindesine + TRT
Cisplatin + irinotecan
Cisplatin +TRT
Carboplatin + etoposide
Carboplatin + paclitaxel
Nedaplatin + irinotecan
Paclitaxel + irinotecan

— W BN

W O = ke BN = ) N WD

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer;
TRT, thoracic radiation therapy.

The expression levels of 1176 genes in the tumor specimens
were analyzed using cDNA microarray screening. Four house-
keeping genes which were expressed in all 47 tumor samples
in the present study were used as controls for gene expression:
ubiquitin, liver glyceraldehydes 3-phosphate dehydrogenase,
23-kDa highly basic protein, 60S ribosomal protein L13A
and 408 ribosomal protein S9.

When we analyzed the relationship between gene
expression level and survival, three genes, G1/S-specific
cyclin, type II ¢cGMP-dependent protein kinase and
hepatocyte growth factor-like protein, were significantly
correlated (Table III, log-rank test, p<0.01). Ten of 47
patients who showed an elevated expression of one or more
of the three survival genes compared to the mean expression

Table IIL. Genes closely associated with patient survival.
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Figure 1. Survival curves constructed using the Kaplan-Meier method. Ten
of 47 patients who showed an elevated expression of one or more of the
three survival genes compared to the mean expression level of control genes
had a significantly better chance of survival (log-rank, p=0.0056).

level of control genes had a significantly better chance of
survival (Fig. 1, log-rank; p=0.0056).

Discussion

We examined cancer-related gene expressions in lung cancer
samples obtained before chemotherapy using cDNA micro-
array screening, and analyzed the relationship between gene
expression levels and survival after chemotherapy. We
identified three genes whose expression could be used to
predict the survival outcomes of patients in the present study,
These genes were involved in cell cycling, adhesion and
invasion. The families of G1-cyclins such as cyclins D and E,
and their dependent kinases, control the transition through
the restriction point of the middle and late G1 cells during.
cell cycles. A previous examination of gastric cancers
revealed that positivity of cyclin D2 and negativity for p27 in
the tumor tissue were independent of prognostic factors -
(13).

For cancer to metastasize, tumor cells present in the
circulation must first adhere to the endothelium. An

Description Symbol p-value
G1/8-specific cyclin D2 (CCND2) + KIAK0002 M90813 + Dx13639 0.0055
Type 11 cGMP-dependent protein kinase X94612 0.0016
Hepatocyte growth factor-like protein (HGF activator-like protein); D49742, 583182 0.0075

hyaluronan-binding protein (PHBP)
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investigation of the mechanism of adheston and trans-
endothelial migration of cancer cells showed that stimulation
of cancer cells by CD44 cross-linking or fragmented
hyaluronan markedly induces the expression‘of lymphocyte
function-associated antigen (LFA)-1; that stimulation of CD44
also induces expression of the hepatocyte grow:th factor (HGF)
receptor c-Met on cancer cells; and that HGF further amplifies
the LFA-1-mediated adhesion of cells (14). Another study
demonstrated that HGE/SF-Met binding up-regulated the
expression of CD44v6 in murine melanoma cells (15). These
data support the hypothesis that HGF influences the outcome
of patient survival. ‘

Tumor hypoxia is associated with a poor prognosis for
patients with various cancers, often resulting in an increased
metastasis. A study demonstrated that cu]tuq‘ng tumor cells
under hypoxic conditions results in lower cyclic GMP levels,
The study revealed that an important mechanism by which
hypoxia increases tumor cell invasiveness requires inhibition of
the nitric oxide signaling pathway involving plrotein kinase G
activation (16). Moreover, in another study, a potent inhibitor
of cyclic GMP-dependent protein kinase displayed cytostatic
activity against Toxoplasma gondii in vitro (17). These data
may support the hypothesis that the three survival genes
identified in this study do influence the outcome of patient
survival. |

In this report we have discussed the mechanisms related
to tumor cell survival with regard to three genes implicated
in patient survival outcomes. We need to undertake
prospective evaluations to determine whether the selected
genes in this study are truly important and potentially useful
for predicting patient survival. It is also necessary to
determine whether administration of drugs will result in
changes to the expression levels of the suryival genes we
identified, and if any such changes are related to survival. If
the expression level of a gene changes with treatment, that
gene will be the new target of cancer chemotherapy. In this
study we measured the expression levels of genes in patients
treated with platinum-based chemotherapy. Recently,
patients with NSCLC have been treated with non-platinum
chemotherapy. It is thus also necessary that the expression
levels of our survival genes can be used to predict clinical
outcome with non-platinum chemo-therapy. Alccumulation of
these data could eventually Iead to the prescription of
‘personalized chemotherapy® with effective anticancer drugs.
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We conducted a phase Il study of 0K-432 intrapleural
administration followed by systemic chemotherapy
using cisplatin with gemcitabine to determine their
combined effects on non-small cell lung cancer
(NSCLC) with pleuritis carcinomatosa. Between
December 1999 and October 2001, 15 patients were
registered in the study. Fourteen patients had an
Eastern Cooperative Oncology Group performance
status (PS) of 1, and one patient had a PS of 2. Ten
patients had adenocarcinoma, one had squamous cell
carcinoma, and four had malignant mesothelioma.
Patients underwent thoracocentesis and received an
OK-432 intrapleural injection. They were then treated
every three weeks with chemotherapy consisting of 80
mg/m2 cisplatin on day 1 and 100¢ mg/m2
gemcitabine on days 1 and 8. Thirteen patients received
two or more courses of chemotherapy. Grade 3 or 4
neutropenia, anemia and thrombocytopenia occurred in
five, two and three patients, respectively. Non-
hematological toxicities were mild, except for one
patient who experienced a grade 3 elevation of
transaminase and two patients who experienced grade
3 nausea. Of the 15 patients, one achieved partial
response (PR), 13 a stable disease (SD) rating, and cne
a progressive disease (PD) rating, and the overall
response rate was 6.7%. The median survival time was
13.5 months and the one-year survival rate was 60.0%.

* This work was supported in part by Kanagawa Health
Foundation.

In conclusion, OK-432 intrapleural administration
followed by cispiatin and gemcitabine systemic
chemotherapy did not reduce patients’ tumors but did
prolong their survival time. A large-scale phase |l study
of the efficacy of this combination therapy is required.

INTRODUCTION

Non-small cell lung cancer (NSCLC) is the ieading
cause of cancer death in Japan. To improve the
prognosis of lung cancer patients, attempts have been
made to develop tests that will facilitate the early
diagnosis and treatment of lung cancer and thereby
decrease the mortality from this disease. Pleuritis
carcinomatosa is one type of advanced stage NSCLC,
and shows poor prognosis due to micrometastatic
lesions and respiratory failure by massive pleural
effusion. Standard therapy for NSCLC with pleuritis
carcinomatosa consists of drainage of pleural effusion
followed by intrapleural administration of sclerosing
agents, Until recently, there has been controversy
regarding which agent was most effective for treatment
of sclerosing pleural lesions. A randomized phase 11
study has been conducted to compare three regimens
for intrapleural treatment in patients with pleuritis
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carcinomatosa of NSCLC (1). The smdy suggested that
intrapleural OK-432 administration was more effective
for the management of malignant effusion compared to
intrapleural administration of bleomycin or cisplatin
plus etoposide.

Systemic chemotherapy is usually performed after
sclerosing modality treatment for patients. In the past
decade, a number of new anti-cancer agents have been
approved for the treatment of advanced NSCLC,
including vinorelbine, gcmcnabme docetaxel and
paclitaxel. Regimens based on the combination of these
drugs with platinum compounds have presented
interesting new possibilities for treatment of patients
with NSCLC. Randomized studies comparing these
platinum-based combinations with single-agent
treatment have demonstrated a small but significant
survival benefit with the combination treatments (2, 3).
The treatment for NSCLC with pleuritis carcinomatosa,
usual]y performed in accordance with the chemotherapy
regime for metastatic NSCLC, is controversial. A phase
II stedy of cisplatin and gemcitabine combination
chemotherapy, one of the standard therapies for
metastatic NSCLC, has been conducted to determine its
effects on malignant mesothelioma (4). The study
reported 10 responders out of the 21 patients treated, and
a median survival time of 41 weeks, suggesting an
efficacy of cisplatin and gemcitabine for treating
malignant plevral lesions of NSCLC. |

With reference to these data, we conducted a phase
IT study to determine the efficacy of intrapleural
administration of OK-432 followed by cisplatin and
gemcitabine systemic chemotherapy for the treatment
of NSCLC with pleuritis carcinomatosa. For this study,
we used a gemcitabine and cisplatin regimen with a 21-
day schedule. In previous phase 11 studles based on a
28-day cycle, gemcitabine was given at a dose of 1000
mg/m? on days 1, 8 and 15 (5, 6). However the number
of omissions and reductions of the day-15 gemcitabine
dose was quite high. As a previous study has shown
that cisplatin and gemcitabine treatment on a 21-day
cycle has a high-dose intensity with high activity (7),
we chose a 21-day cycle of this combination
chemotherapy for the present study. This study allowed
the entry of patients with malignant me:\;othelioma

IKEHARA M, et al.

PATIENTS AND METHODS |
Patients \

Patients with histologically or cyto]oglcally diag-
nosed NSCLC with pleuritis carcinomatosa or malig-
nant mesothelioma were registered for intrapleural
therapy using OK-432 followed by cispiatin and gemc-
itabine systemic chemotherapy. The eligibility criteria

were: expected survival time =6 weeks, age S 75 years,
Eastern Cooperative Oncology Group performance sta-
tus (PS) score =1, leukocyte count =4,000/u], hemo-
globin count 210 g/dl, platelet count =100.,000/u1, total
serum bilirubin <1.5 mg/dl, aspartate aminotransferase
and alanine aminotransferase <90 IU/L, serum creati-
nine 1.5 mg/dL, and creatinine clearance =60 ml/min.
Patients who had already received radiotherapy to their
metastatic sites were not eligible for the present study.
Written informed consent was obtained from every
patient.

Treatment

Patients underwent thoracocentesis, and a 19-Fr
chest drainage tube was kept in place until the drained
volume of pleural effusion was less than 100 ml/day.
Then, a 5-10 Klinische Einheit unit of OK-432 diluted
by 100 m! saline was administered into the pleural
cavity. The chest tube was clamped for 1-3 hours and
then released for drainage, When the drained effusion
volume was less than 100 ml/day, the chest tube was
removed. Following intrapleural therapy, patients were
treated every three weeks with two or more courses of
systemic chemotherapy consisting of 80 mg/m?
cisplatin on day 1 and 1000 mg/m?® gemcitabine on
days ! and 8. Subsequent courses of chemotherapy
were started when the leukocyte count was 2 4000 /uL,
with a platelet count 2 100,000 /yL., The dose of
gemcitabine was reduced to 800 mg/m? for the
subsequent course if the patient experienced grade 4
thrombocytopenia, or grade 4 neutropenia lasting four
days. Physical examination, complete blood cell
counts, biochemical tests, and chest roentgenograms
were obtained weekly. Tumor responses were
evaluated according to the Response Evaluation
Criteria for Solid Tumors (8). Toxicities were
evaluated according to the National Cancer Institute
Common Toxicity Criteria (NCI-CTC Version 2.0).

Fifteen patients were treated in the first stage. We
decided to stop the study if less than three of the 15
patients responded at this stage. If four or more
patients responded, a total of 26 patients would be
required. This regimen was defined as active if the
number of responders was 2 10 and inactive if the
number of responders was £ 9 (Simon minimax two
stage; & <0.05 and B< 0.10) (9, 10). This plan allowed
early termination of the study as soon as possible
should it become evident that the true rate of response
was less than 25% or greater than 45%. Overall
survival time was estimated using the method devised
by Kaplan and Meier. The Review Board of the
Kanagawa Cancer Center reviewed and approved the
protocol prior to commencement of the trial.
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Teble 1. Patient characteristic.

OK-432, cisplatin and gemcitabine for lung cancer

Table 2. Toxicities

He. of patients
Total 15
Age, vears Median 62
Range 29-74
Gender Male 10
Femate 5
Performance status 1 14
(ECOG) 2 1
Histology Adenocarcinoma 10
Squamous cell carcinoma 1
Mesothelioma
No. ofmetastatic sites 10
1 5

RESULTS

Between December 1999 and October 2001, 15
patients were registered in the study. Patient
characteristics are summarized in Table 1. Ten patients
were male and five were female, with 2 median age of
62 years (ranging from 29 to 74). Fourteen patients had
aP5 of 1 and one patient had a PS of 2. Ten patients had
adenocarcinoma, one had squamous cell carcinoma, and
four had malignant mesothelioma. No patients had
received prior treatment, including any radiotherapy for
metastatic lesions. All fifteen patients were assessed for
their response and for toxicities. Thirteen patients
received two or more courses of chemotherapy. Two
patients were not given a second course of
chemotherapy, one because of PD, and another because
of no improvement from a depressed PS 3.

Patients’ hematologic and non-hematologic toxicities
are summarized in Table 2. Grade 3 or 4 neutropenia,
anemia and thrombocytopenia occurred in five (33%,),
two (13%) and three (20%) patients, respectively. Non-
hematological toxicities were mild, except in one
patient, who experienced a grade 3 elevation of
transaminase, and in two patients who experienced
grade 3 nausea.

The outcome of chemotherapy in 15 patients with
measurable lesions is shown in Table 3. One patient
achieved a PR, 13 an SD, and one a PD, and the overall
response rate was 6.7%. As only one patient responded,
no further patients were registered for the first stage. The
overall survival curve is shown in Figure 1. The median
potential follow-up time was 18.5 months (range,
10.1-34.4), and the median time to progression (MTP)
was 3.7 months (range, 1.9-11.2). Four patients were
still alive and the other 11 patients died during the
follow-up period. The median survival time (MST) was
13.5 months and the one-year survival rate was 60.0%.
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No, of patients with Toxlcity
NCI-CTC ver.2 grade
Toxicity 1] 1 2 3 4
Hemoblobin 0 8 5 2 0
Leukocytes 2 2 8 3 0
Neutrophils 2 2 6 3 2
Piatelets 4 5 3 3 0
Bilirubin 14 0 1 0 0
AST 8 5 1 1 0
ALT 7 5 2 1 0
Creatinine 14 1 0 0 0
Nausea 4 5 4 2 0
Vomiting 8 0 5 1 o
Phlebitis 14 0 1 0 0
Headache 14 1 0 0 ¢]
Weight loss 12 3 0 0 0
Stomototis 14 1 0 0 ]

Table 3. Chemotherapeulic response.

Besponce Number of Patients
PR 1
NC 13
PD 1

Survival rate

-

0 200 400 600 800 1000
Time (days)

Figure 1. Kaplan-Meier estimation of overall
survival of 15 patients with NSCLC with pleuritis
carcinomatosa treated with cisplatin plus
gemcitabine.
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An effective treatment for NSCLC with pleuritis
carcinomatosa has not been established. Sufferers
usually experience massive pleural effusion and
require pleurodesis before systemic chemotherapy. A
randomized study conducted by the ICOG
demonstrated the efficiency of intrapleural injection of
OK-432 compared to bleomycin or cisplatin plus
etoposide (1), Thirty-four patients in the study who
received intrapleural treatment of OK-432 showed 28
weeks of median pleural progression-free survival and
48 weeks of MST. As these survival data were
promising compared to those obtained with other
treatments, we selected OK-432 administration for
treating sclerosing pleural lesions in our study. Use of
systemic chemotherapy after pleurodesis is also
controversial, and the patients Fith pleuritis
carcinomatosa are usually treated in accordance with
the chemotherapy regimen for metastatic NSCLC. A
large-scale, phase III study demonstrated an equal
efficiency of cisplatin plus gemcitabine compared to
cisplatin plus docetaxel, cisplatin plus paclitaxel, or
carboplatin plus paclitaxel (11). We selected cisplatin
plus gemcitabine for the treatment of pleuritis
carcinomatosa after pleurodesis because the regimen
was effective for malignant mesothelioma (4). Both
pleuritis carcinomatosa and mesothehoma are pleural
lesions, and the effective treatment for malignant
mesothelioma is considered to also be effective for
pleuritis carcinomatosa. It is also ‘expectcd that
cisplatin and gemcitabine shift to the thorac:c cavity,

Unfortunately, only one patient responded to the
combination of cisplatin and gcm*xtabmc 50 we
terminated our study in the first stage However, it
should be noted that nine of the fifieen patlems (60%)
who entered our study survived over one year. While a
combination of cisplatin and gemcitabine is one of the
standard chemotherapies for advanced NSCLC,
previous researchers have reported an MST of less than
one year (3, 6, 11). Whether a measurable response is a
good substitute for an increased survival time in the
treatment of advanced cancer is still a matter of
controversy (12). The survival time data in our study
could not be confirmed as an outcome of treatment for
pleuritis carcinomatosa because of the small number of
patients analyzed, however it may suggest this
combined therapy has potential for treatment of
pleuritis carcinomatosa. Cisplatin and gemcitabine
treatment induced a response rate similar to that of
other standard chemotherapies in a randomized study
against advanced NSCLC (11). The data showed that
cisplatin and gemcitabine had a cytotoxxc but not a
cytostatic effect. The MTP was 3.7 months in our
study, which is similar to other active feglmens (11)

DISCUSSION
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and is considered to be long in spite of the poor
response rate. The MTP is 2 measure of the quality of
response, taking into account both objective response
and stable disease qualifications. The reason why a
good survival time was obtained in our study could not
be explained; a tumor-stabilizing effect was certainly
achieved with the treatment.

The JCOG study demonstrated that intrapleural
sclerosing modality treatment using OK-432 is
promising compared to intrapleura] injection of anti-
cancer agents such as bleomycin or cisplatin plus
etoposide (1). OK-432 is not a cytotoxic agent and is
used to achieve asclerosing effect for pleuritis
carcinomatosa in Japan. The non-shrinking agent is
more effective than cytotoxic agents for prolonging the
survival of patients with lung cancer and pleuritis
carcinomatosa, suggesting that stabilization of pleural
lesions is most important for treatment of pleuritis
carcinomatosa. OK-432 intrapleural administration
followed by cisplatin and gemcitabine systemic
chemotherapy did not reduce the tumor size in this
study, but only one patient experienced tumor
progression during the treatment. Chemotherapy
regimens with a poor response rate usually have a
20-30% progression response and, therefore, the
treatment used in this study may have the potential to
stabilize pleural lesions and prolong survival.

We terminated this study in the first stage because of
the poor response rate. In order to confirm the efficacy of
OK-432 intrapleural administration followed by systemic
chemotherapy with cisplatin and gemcitabine against
pleuritis carcinomatosa, a large trial with survival time as
the primary end-point is required.
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Abstract Pemetrexed is a novel multita‘rgeted antifolate
with significant clinical activity against a variety of
tumors. We studied the schedule-dependent cylotoxic
effects of pemetrexed in combination with paclitaxel in
vitro to improve our understanding of how this combi-
nation might be used clinically. Human lung cancer
AS549 cells, breast cancer MCF7, ovarian cancer PAI,
and colon cancer WiDr cells were exposed to both
pemetrexed and paclitaxel in vitro. Cell growth inhibi-
tion after 5 days was determined and the effects of drug
combinations were analyzed by the isobdlogram method
(Steel and Peckbam). Simultaneous exposure to
pemetrexed and paclitaxel for 24 h produced antago-
nistic effects in A549 and PAI cells, ddditive/antago-
nistic effects in MCF7 cells, and additive effects in WiDr
cells. Pemetrexed for 24 h followed by paditaxel for24 h
produced synergistic effects in A549 anc MCF7 cells and
additive effects in PA1 and WiDr cells, while the reverse
sequence produced additive effects in all four cell lines.
Cell cycle analysis supported these observations. Our
findings suggest that the simultancous administration of
pemetrexed and paclitaxel is suboptimal. The optimal
schedule of pemetrexed in combination with paclitaxel is
the sequential administration of pemetrexed followed by
paclitaxel, and this schedule should be assessed in clin-
ical trials for the treatment of solid tumors.
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Introduction

The development of several new antifelates with dis-
tinctive chemical features and target enzymes has pro-
vided new opportunities to expand the role of antifolates
in cancer chemotherapy. Multitargeted antifolate
(MTA, pemetrexed) is a pyrrole-pyrimidine analogue of
folate [33] currently in broad clinical evaluation,
Pemetrexed is transported into cells mainly through the
reduced folate carrier system and metabolized to
polyglutamated forms [7] which inhibit thymidylate
synthase, dihydrofolate reductase, and glycinamide
ribonucleotide formyl transferase [30, 31], and has an-
tithymidylate and antipurine effects [5]. Preclinical
studies of pemetrexed have demonstrated its antitumor
activity against a variety of human cancer cells [2, 29].
Phase T studies have shown that the dose-limiting
toxicity includes neutropenia and thrombocytopenia,
and other toxicities which are manageable, such as
mucositis, skin rashes and transient elevations of trans-
aminases [18, 23-25]. Daily and weekly schedules are’
associated with severe toxicity and 500 mg/m® of
pemetrexed every 3 weeks was selected as the optimal
schedule and dose for the further development of
pemetrexed. Patients with a folate-deficient state showed
severe toxicity, In preclinical models, folate supplemen-
tation reduced toxicity while maintaining antitumor
activity. Based on these observations, folate and cobal-
amin administration before pemetrexed has been routine
in recent clinical trials of pemetrexed {9, 26]. Pharma-
cokinetic studies have shown that pemetrexed undergoes
biphasic plasma clearance with a terminal half-life of
1.1-3.1 h, depending on the schedule of administration
[23). The findings from the phase Il trial results are
encouraging: clear responses were observed in colorectal
cancer, pancreatic cancer, lung cancer, breast cancer,
mesothelioma, etc. {3, 4, 8, 10, 19-21, 26, 37]. A recent
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phase 111 study has shown that treatment with pemetr-
exed and cisplatin results in survival times superior to
those achieved with cisplatin alone in patients with
malignant pleural mesothelioma [39).

Paclitaxel is an established anticancer agent with
activity against a variety of solid tumors [1, 6]. Paclitaxel
is a mitotic inhibitor that promotes the polymerization
and stabilization of tubulin to microtubules [27]. Clinical
studies have indicated that neutropenia is the dose-lim-
iting toxicity of paclitaxel {1, 6]. Other toxicities include
hypersensitivity reactions, neurotoxicity, mucositis, mild
nausea and vomiting, and cardiac injury.

The combination of pemetrexed and paclitaxel may
have a major role in the treatment of a variety of solid
tumors. The wide range of antitumor activity of pemetr-
exed and paclitaxel, their different cytotoxic mechanisms
and toxic profiles, and the absence of cross-resistance,
provide the rationale for using combinations of these
agents. Since pemetrexed and paclitaxel are cell cycle-
specific agents {17, 38], the disturbances of the cell cycle
produced by these agents may influence the cytotoxic ef-
fects of each agent, and the drug schedule may play a
significant role in the outcome. Therefore, the design of a
protocol using them in combination requires careful
consideration. As expected, experimental studies for the
combination of pemetrexed [22, 30, 36] or paclitaxel [13-
15] with other agents have shown schedule-dependent
mteractions.

The aim of the present study was to elucidate the
cytotoxic effects of combinations of pemetrexed and
paclitaxel in various schedules on four human carci-
noma cell lines. The data obtained were analyzed using
the isobologram method of Steel and Peckham [32]. The
combination showed schedule-dependent synergism and
antagonism,

Materials and methods
Cell lines

Experiments were conducted with the human lung cancer
AS549, breast cancer MCF7, ovarian cancer PA], and
colon cancer WiDr cell lines. These cells were obtained
from the American Type Culture Collection (Rockville,
Md.) and maintained in 75-cm” plastic tissue culture flasks
containing RPMI-1640 medium (Sigma Chemical Co., St
Louis, Mo.) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (Grand Island Biological Co.)
and antibiotics. The cells used were devoid of mycoplasma
infection. The doubling times of A549, MCF7, PAIL, and
WiDr cells under our experimental conditions were in the
range 20-24 h.

Drugs

Pemetrexed was kindly provided by Eli Lilly and Com-
pany (Indianapolis, Ind.). Paclitaxel was purchased from
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Bristol-Myers Squibb Japan Co. (Tokyo). The drugs, at
a concentration of 1 mM, were stored at —-20°C and
diluted with RPMI-1640 plus 10% FBS prior to use.

Cell growth inhibition using combined anticancer agents

On day 0, cells growing in the exponential phase were
harvested with 0.05% trypsin and 0.02% EDTA and
resuspended to a final concentration of 5.0x10? cells/ml
in fresh medium containing 10% FBS and antibiotics.
Cell suspensions (100 ul) were dispensed into the indi-
vidual wells of a 96-well tissue culture plate (Falcon,
Oxnard, Calif.). Each plate had one eight-well control
column containing medium alone and one eight-well
control column containing cells without drug. Eight
plates were prepared for each drug combination. The
cells were preincubated overnight to allow attachment.

Simultaneous exposure to pemetrexed and paclitaxel

After the overnight incubation for cell attachment,
solutions of pemetrexed and paclitaxel (50 pl) at differ-
ent concentrations were added to the individual wells.
The plates were also incubated under the same condi-
tions for 24 h. The cells were then washed twice with
culture medium containing 1% FBS, and then fresh
medium containing 10% FBS (200 pl} and antibiotics
was added. The cells were incubated again for 4 days.

Sequential exposure to pemetrexed followed
by paclitaxe! or the reverse sequence

After overnight incubation, medium containing 10%
FBS (50 pl) and solutions (50 pl} of pemetrexed (or
paclitaxel) at different concentrations was added to
individual wells. The plates were then incubated under
the same conditions for 24 h. The cells were washed
twice with culture medium containing 1% FBS; then
fresh medivm containing 10% FBS (150 pl) and anti- .
biotics was added, followed by the addition of solutions
{50 pl) of paclitaxel (or pemetrexed) at different con-
centrations. The plates were incubated again under the
same conditions for 24 h. The cells were then washed
twice with culture medium, and fresh medium contain-
ing 10% FBS (200 pl) and antibiotics was added. The
cells were then incubated again for 3 days.

MTT assay

Viable cell growth was determined by the 3-(4,5-dim-
ethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide
{MTT) assay as described previously {12]. For all four
cell lines examined, we were able to establish a linear
relationship between the MTT assay value and the cell
number within the range shown.



