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Pulmonary Nodules at Chest
CT: Effect of Computer-aided
Diagnosis on Radiologists’
Detection Performance’

PURPOSE: To evaluate the effect of computer-aided diagnosis (CAD) on radiolo-
gists’ detection of pulmonary nodules.

MATERIALS AND METHODS: Fifty chest computed tomographic (CT) examina-
tion cases were used. The mean nodule size was 0.81 cm = 0.60 (SD) (range,
0.3-2.9 cm). Alternative free-response receiver operating characteristic (ROC) anal-
ysis with a continuous rating scale was used to compare the observers’ performance
in detecting nodules with and without use of CAD. Five board-certified radiologists
and five radiology residents participated in an observer performance study. First
they were asked to rate the probability of nodule presence without using CAD; then
they were asked to rate the probability of nodule presence by using CAD.

RESULTS: For all radiologists, the mean areas under the best-fit alternative free-
response ROC curves (4,) without and with CAD were 0.64 * 0.08 and 0.67 = 0.09,
respectively, indicating a significant difference (P < .01). For the five board-certified
radiologists, the mean A, values without and with CAD were 0.63 * 0.08 and
0.66 * 0.09, respectively, indicating a significant difference (P < .01). For the five
resident radiologists, the mean A, values without and with CAD were 0.66 = 0.04
and 0.68 = 0.04, respectively, indicating a significant difference (P = .02). At
observer performance analyses, there were no significant differences in A, values
obtained either without (P = .61) or with (P = .88) CAD between the board-certified
radiologists and the residents. For all radiclogists, in the detection of pulmonary
nodules 1.0 cm in diameter or smaller, the mean A, values without and with CAD
were 0.60 = 0,11 and 0.64 = 0.11, respectively, indicating a significant difference
(P < .01}

CONCLUSION: Use of the CAD system improved the board-certified radiologists’
and residents’ detection of pulmonary nodules at chest CT.
© R3NA, 2004

Helical computed tomography (CT) of the chest is the imaging modality with the highest
sensitivity for the detection of pulmonary nodules, Lung cancer screening with low-
radiation-dose helical CT has gained attention during the past 10 years {1-8). It has been
reported that the detection rate of lung cancer screenting with low-dose CT is 2.6- to
tenfold higher than that with chest radiography (2-4,8). It has also been reported that
stage 1 cancers represent 56%-93% of the lung cancers detected by using low-dose CT.
These data suggest that this modality can help detect lung cancer at an earlier stage than
chest radiography can (1-8). Therefore, low-dose CT is a promising method for lung
cancer detection.

In the screening for lung cancer with CT, however, radiologists have to analyze large
amounts of data, numerous image sections per case, and 50-100 cases per day. There is
always the risk of missing a lesion. In a retrospective study of first annual CT examinations,
Swensen et al (7) found that nodules were missed in 26% of patients. There are some
methods to help avoid missing a pulmonary nodule, such as independent reading by two
or more radiologists and the use of computer-aided diagnosis (CAD) for the detection of
pulmonary nodules. Some researchers have reported the use of a CAD system in lung
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cancer screening with CT (9-18). We also
have developed an integrated CAD sys-
tem for lung cancer screening with CT
(19). The purpose of the present study
was to evaluate the effect of using a CAD
system on radiologists’ performance in
detecting pulmonary nodules.

MATERIALS AND METHODS
Case Selection

During the 12 months of 2001, 198
patients who were suspected of having
pulmonary nodules at chest radiography
were sent to Rinku General Medical Cen-
ter for further examination with CT. Of
the 198 patients, 133 gave consent for
their CT data to be used for CAD re-
scarch. This study was approved by the
institutional review board of Rinku Gen-
era]l Medical Center, The 133 cases were
those of 65 men and 68 women aged
26-81 years (mean age, 57.4 years). The
mean age of the men was 55,9 years (age
range, 28-81 years), and the mean age of
the women was 58.9 years (age range,
26-80 years).

All chest CT examinations were per-
formed by using a LightSpeed QX/i scan-
ner (GE Medical Systems, Milwaukee,
Wis) without contrast material adminis-
tration. Helical CT images of the entire
lung were obtained by using a detector
row width of 5.0 mm, helical pitch of 3.0,
7.5-mm section thickness and intervals,
0.8-second rotation time, 120 kVp, and
160-200 mA. Fifty-one of the 133 cases
(of 133 patients) were excluded because
of the presence of four or more pulmo-
nary nodules, a pulmonary nodule larger
than 3 cm in diameter, severe pulmonary
fibrosis, diffuse bronchiectasis, or exten-
sive inflammatory scars.

The chest CT images in the remaining
82 cases (of 82 patients) were reviewed for
the location, number, and size of pulmo-
nary nodules. The CT images obtained in
the 133 cases were reviewed by two expe-
renced radiologists (K.A. and S.H.) who
did not participate in the observer perfor-
mance study. K.A. and 5.H. had more than
16 and 27 years of CT imaging experience,
respectively. The two radiologists reviewed
all images twice, with an interval of 1
month between the two review sessions. A
final interpretation was performed by con-
sensus.

The 82 cases were those of 29 patients
without pulmonary nodules, 33 patients
with one nodule, 15 patients with two
nodules, and five patients with three
nodules. The nodules examined in this
study were located both centrally and pe-
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ripherally in the lung parenchyma. In
general, it is difficult to identify nodules
smaller than 0.3 ¢mt on 7.5-mm-thick CT
image sections. Therefore, the two radi-
ologists did not search for nodules
smaller than 0.3 ¢m. As a result, the
smallest nodules included in this study

“were 0.3 cm. The mean size of the 78

nodules was 0.89 cm * 0.67 (SD) (range,
0.3-3.0 cm). Fifty-five nodules were 0.3—
1.0 ¢cm in diameter, and 23 nodules were
1.1-3.0 ¢m in diameter., A functional
evaluation of our CAD system was per-
formed by using these 82 cases.

' Before the observer performance study,
a|pilot study was conducted with two
observers, who were not involved in the
observer performance study. It took these
observers about 5 hours to read the im-
ages obtained in all 82 cases in the pilot
study; this indicated that fatigue owing
tq reading would be an important factor
in the observer performance study. For
this reason, 50 of the 82 cases were ran-
domly chosen for the observer perfor-
mance study. These 50 cases were those
of 14 patients without pulmonary nod-
ules, 21 patients with one nodule, 10 pa-
tients with two nodules, and five patients
with three nodules, The mean size of
these 56 nodules was 0.81 cm = 0.60
(range, 0.3-2.9 cm). Forty-five of these
nodules were 0.3-1.0 ¢m in diameter,
anld 11 nodules were 1.1-2.9 cm in diam-
eter. These 50 cases were those of 27 men
and 23 women aged 28-81 years (mean
age, 57.8 years). The mean age of the men
was 56 years (age range, 28-81 years),
and the mean age of the women was 60
YETI’S (age range, 42-73 years).

Computerized Scheme for
Automated Detection of
Pulmonary Nodules

|

Our method of nodule detection at CT
is dutlined in Figure 1. First, the lungs
were segmented by using a gray-level
threshold (—300 HU). The gray level se-
lected for lung segmentation has resulted
in ‘the erroneous exclusion of nodules,
vessels, and bronchi within the lungs. To
compensate for this type of segmentation
error, a three-dimensional labeling tech-
nique (20) and a mathematic morpho-
logic technique (21) were used. Second,
intrapulmonary structures such as pul-
monary nodules, pulmonary vessels, and
bronchi were segmented by using the
top-hat transformation technique (22),
with which a smocthed image is sub-
tracted from the original image. Third,
initia] potential nodules were identified
by using a sieve filter, which is used to

|
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Segmentation of lungs

v

Segmentation of intrapulmonary structures

¥

Identification of initial nodule candidates

v

Selection of true nodules using image features

Figure 1. Diagram of the computerized
scheme for detection of pulmonary nodules on
CT images.

analyze the intrapulmonary struchires
with the skeleton technique (22) and to
select structures that are larger than a pre-
defined size. The mesh size of the sieve
filter is altered according to the section
level in the vertical direction and the loca-
tion within the lungs on individual sec-
tions.

Finally, various image features of each
potential nodule were assessed to separate
true nodules from false-positive nodules.
These image features included volume,
roundness, average diameter, maximum
diameter, diameter perpendicular to the
maximum diameter, and distance between
the potential nodule and the thoracic wall.
An artificial neural network was applied to
determine the likelihood of the lesion be-
ing a true nodule on the basis of the image
features.

A workstation (Windows NT, PRIM-
ERGY, with Dual Intel Pentium II1 [1.0-
GHz] processors; Fujitsu, Tokyo, Japan) was
used in this study, and the average nodule
detection time for each case was about 7
minutes. To indicate the CAD output, the
computer-detected location of each pul-
monary nodule was marked by a small
square, the center of which was placed in
the center of the nodule. The computer-
detected locations of potential nodules
were marked by small squares. The true
nodule was indicated by a large square.
Figure 2 shows an example of this auto-
matic nedule detection at chest CT.

Observer Performance Study

A total of 10 observers—five board-cer-
tified radiologists who did not specialize
in chest radiclogy and five residents in
radiology—took part in the observer per-
formance study. The board-certified radi-
ologists had 6-20 years of experience
(mean, 11.4 years), and the residents had
2-4 years of experience (mean, 2.8 years).
The sequential test method (23) was used

Awal et al



Figure 2. Automatic nodule detection on
transverse chest CT image obtained at the level
of the lower pulmonary veins. The computer-
detected locations of the potential nodules are
indicated by small squares. The true nodule is
outlined by the large square.
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Figure 3. Averaged alternative free:response
ROC curves for all observers in the detection of
all pulmonary nedules without and with CAD
output. The A, values obtained without and
with CAD output were 0.64 = 0.08 and 0.67 *+
0.09, respectively, indicating a significant dif-
ference (P < .01).

in the observer performance study: Each
observer first read the chest CT images
independently and rated his or her con-
fidence in determining the presence or
absence of a nodule. The observer then
performed the reading and rating again
after seeing the results obtained by the
CAD system. The observers were required
to indicate only the presence or absence
of a nodule without characterizing the
lesions.

The results of automated detection of
pulmonary nodules performed by using
the NT workstation were stored in the da-
tabase of a picture archiving and commu-
nication system, or PACS (HOPE/Dr ABLE-
Ex; Fujitsu, Tokyo, Japan). The 10 observers
read the CT images displayed on a gray-
scale monitor (model SMM21200P; Sie-
mens, Munich, Germany) with a spatial
resolution of 2,048 x 2,560. The monitor
screen could be split into up to 24 parts to
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display the CT images, and the observers
were allowed to select the number of split
parts on the monitor screen. They were
also permitted to use the cine mode for
displaying the images.

All 50 cases (of 50 patients) were pre-
sented to the observers in the same order,
The observers were provided with the fol-
lowing information before the test to ex-
pedite the observer performance study:
{(a) The sequential test method was being
used, (b} the cases of patients with nod-
ules accounted for about 70% of all the
cases, {¢) the number of nodules was
three or fewer in each case, and (d) the
nodules were 0.3-3.0 cm in diameter. No
restriction was placed on reading time.

Each observer used a continuous rating
scale of a line-marking method to rate his
or her contfidence level by marking on a
line that was 7 cm in length. The left end
of the line indicated complete confi-
dence that the chest CT image showed
no nodule, whereas the right end indi-
cated complete confidence that the chest
CT image showed a nodule. Intermediate
levels of confidence were indicated by
the different positions of the marks be-
tween these two ends on the line, and
positions close to the right and left ends
indicated, respectively, greater and lesser
degrees of confidence regarding the pres-
ence of a nodule. One author (H.H.) then
measured the distance between the left
end and the marked point and converted
this distance to an ordinal confidence
rating that ranged from 0 to 100.

The results of the initial review by the
two radiologists (K.A., $.H.) who did not
participate in the observer study were
used as the reference standard. A contin-
uous rating scale containing a pair of hor-
izontal lines was used in the sequential
test. Observers first recorded their non-
computer-aided rating results on the up-
per line; then, they rerecorded their rat-
ing results on the lower line after seeing
the CAD output. They entered the read-
ing results for each case on a record form.
This form had six sets of continuous rat-
ing scales containing two horizontal
lines each {(two sets each for up to three
possible nodules). Each observer was re-
quired to mark the continuous rating
scale to indicate his or her level of confi-
dence regarding the presence or absence
of a nodule in each case and to record the
number of the section showing a nodule
and the general schematic location of the
nodule on the right side. Before the ob-
server test, each observer underwent a
training session that involved reading
the images obtained in five training cases
to become familiarized with the observer

test. These five training cases were not a
part of the 50 cases used in the observer
performance study.

Statistical Analysis

Observer performance was evaluated by
using alternative free-resporise receiver op-
erating characteristic (ROC) analysis, in
which one takes into account nodule loca-
tion and which allows evaluation of mul-
tiple nodules per case (24,25). Alternative
free-response ROC curves for each observer
when not using and when using the CAD
output were calculated by plotting the
true-positive fraction against the likeli-
hood of obtaining an image with false-pos-
itive findings (ie, with one or more false-
positive lesions) at each confidence level,
The area under each alternative free-re-
sponse ROC curve (4,) was used to com-
pate the observers’ performance in detect-
ing pulmonary nodules when they did not
use CAD with their performance when
they did use CAD. Analyses of the detec-
tion of all nodules and of the detection of
nodules 1 cm in diameter or smaller were
performed.

The significance of the difference be-
tween the A, values obtained without and
those obtained with CAD outputs was eval-
uated with a two-tailed paired ¢ test. The
significance of the difference in A, values
between the board-certified radiclogists
and the radiclogy residents was evaluated
with a two-tailed two-sample t test. P val-
ues of less than .05 were considered to in-
dicate a significant difference. Statistical
analyses were performed by using a statis-
tical software package (StatView, version
5.0; SAS Institute, Cary, NC).

RESULTS

In the total of 82 cases {total of 78 pui-
monary nodules), our CAD system iden-
tified 62 and missed 16 nodules, yielding,
a true-positive rate of 80%. The total
number of sections scanned by our CAD
system was 3,556, and the total number
of nodules falsely detected was 3,092,
vielding a false-positive rate of 0.87 nod-
ule per section. The mean sizes of the 16
unidentified nodules and the 62 correctly
identified nodules were 0.81 cm * 0.60
(SD) (range, 0.3-2.4 ¢m) and 0.91 cm =
0.70 (range, 0.3-3.0 cm), respectively.
There was nio significant difference in size
between the unidentified and correctly
identified nodules (P = .58).

The graph in Figure 3 shows the aver-
aged alternative free-response ROC curves
for all 10 observers in the detection of all
pulmonary nodules. The A, values for all
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10 observers in the detection of all pulmo-
nary nodules without and with CAD out-
put are summarized in Table 1. The mean
A, values obtained without and with CAD
output were 0.64 * 0.08 and 0.67 = 0.09,
respectively, indicating a significant differ-
ence (P < .01).

Figure 4 shows the averaged alternative
free-response ROC curves for the five
board-certified radiologists in the detection
of all pulmonary nodules. Figure 5 shows
the averaged alternative free-response ROC
curves for the five radiology residents in
the detection of all pulmonary nodules. In
the board-certified radiologist group, the
mean A, values obtained without and with
CAD output were 0.63 = 0.08 and 0.66 *
0.09, respectively, indicating a significant
difference (P < .01). In the resident group,
the mean A, values obtained without and
with CAD output were 0.66 * 0.04 and
0.68 + .04, respectively, indicating a sig-
nificant difference (P = .02). There was no

-significant difference in the mean 4, values
cbtained without (P = .61) and with (P =
.88) CAD output between the two groups.

Figure 6 shows average alternative free-
response ROC curves for all 10 observers
in the detection of pulmonary nodules
1.0 cm in diameter or smaller. The A,
values for all 10 observers in the detec-
tion of pulmonary nodules 1.0 ¢m in di-
ameter or smaller obtained without and
with CAD output are summarized in Ta-
ble 2. The A, values were lower with than
without CAD output for two of the 10
observers: one board-certified radiologist
and one resident. The mean A, values
obtained without and with CAD output
for all of the observers were 0.60 * 0.11
and 0.64 * 0.11, respectively, indicating
a significant difference (P < .01}

DISCUSSION

There are a number of published studies
on CAD systems that automatically de-
tect pulmonary nodules on chest CT im-
ages (9-18). In the studies of Giger et al
(9), Armato et al (12), and Lee et al {13},
the researchers made clear reference to
true-positive rates of 94%, 72%, and
72%, respectively, and false-positive rates
of 0.08, 4.60, and 1.10 nodules per sec-
tion, respectively, with the CAD system.
On the other hand, our CAD system
yielded a true-positive rate of 80% and a
false-positive rate of 0.87 nodule per sec-
tion. It is not known whether Giger et al
(9), Armato et al (12), or Lee et al (15)
used comparable exclusion criteria or
similar instructions with regard to the
number and prevalence of nodules to ex-
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Figure 4, Averaged alternative free-response
RCC cusves for five board-certified radiologists
in the detection of all pulmonary nodules
without and with CAD output. The A, values
obtained without and with CAD output were
0.63 = 0.08 and 0.66 = 0.09, respectively, in-
dicating a significant difference (P < .01).

pect in each case. Therefore, it is difficult
to compare our results with the results of
these other studies.

A true-positive rate of 100%, a false-
negative rate of 0%, and a false-positive
ratz of 0 nodule per section would be
ideal. In fact, however, as the true-posi-
tive rate approaches 100%, the false-posi-
tive rate also tends to increase. Therefore,
to dqvelop a clinically useful automatic sys-
tem for the detection of pulmonary nod-
ules, an increased true-positive rate and de-
creased false-positive rate, with a sufficient
balance between the two values, are neces-
sary. With present technical levels, the de-
velopmental target of our CAD system is a
true-positive rate of 90% or greater and a
false-positive rate of 0.1 or fewer nodule
per section. The reformation of our CAD
system is ongoing.

The results of the observer study sug-
gest that the use of our CAD system led to
1mproved performance in the detection
of pulmonary nodules at chest CT for
both! the radiology residents and the
board-certified radiologists. There was no
significant difference between the two
groups in their performance in detecting
pulmonary nodules either without or
with CAD output. In the observer study,
the observers were required only to de-
tect pulmenary nodules: They were not
required to determine the likelihood of
malignancy of any lesions.

The basic knowledge required to detect
pulmonary nodules is only the sectional
anatomy of the lungs. All of the residents
who took part in the observer study had 2
or mc‘)re years of experience and were con-

TABLE 1
A, Values for Performance
in Detecting All Nodules

Without  With CAD
Observer No,  CAD Qutput  Output
Board-certified
radiologists

1 0.49 0.52
2 0.64 0.70
3 0.74 0.79
4 0.59 0.61
5 0.66 0.67
Radiology residents

6 0.65 0.70
7 0.70 0.76
8 0.56 0.57
9 0.75 0.78
10 0.64 0.65

Note.—The mean A, value for all observers
(ie, board-certified radiologists and radiology
residents) obtained without CAD was 0.64 =
0.08 (SD), and the mean A, value for all ob-
servers obtained with CAD was 0.67 = 0.09.

sidered to be thoroughly familiar with the
sectional anatomy of the lungs, like the
board-certified radiologists. This factor pre-
sumably accounts for the finding that
there was no significant difference be-
tween the two groups in their performance
in detecting pulmonary nodules either
without or with CAD output. In other
words, radiclogists’ performance in detect-
ing pulmonary nodules probably depends
more on how attentively each observer
reads CT images than on his or her experi-
ence and knowledge as a radiologist (with
the exclusion of theilr knowledge of the
sectional anatomy). In these conditions,
the use of CAD is expected to improve ra-
diclogists’ detection performance, irrespec-
tive of the knowledge or experience of each
observer.

The A, values for all the observers in
the detection of nodules 1 cm in diame- |
ter or smaller were significantly higher
with than without CAD output. How-’
ever, for one board-certified radiologist
and one radiology resident, the A, values
for the detection of these small nodules
were lower with than without CAD out-
put. In general, it is frequently difficult to
distinguish a l-cm or smaller nodule
from the cross section of a blood vessel
on an image with a relatively large (ie,
7.5-10.0-mm) section thickness. Reading
on a workstation in cine mode is useful
for tracing the continuity of a blood ves-
sel (26). However, even in cine mode, it is
frequently difficult to distinguish a small
nodule of about 5 mm from a blood ves-
sel on an image with a section thickness
of 7.5-10.0 mm.

Awaj et al
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Figure 5. Averaged alternative free-response
ROC curves for five radiology residents in the
detection of all pulmonary nodules without
and with CAD output. The A, values obtained
without and with CAD output were 0.66 *
0.04 and 0.68 * 0.04, respectively, indicating a
significant difference (P = .02).
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Figure 6. Averaged alternative free-response
ROC curves for all observers in the detection of
pulmonary nodules 1.0 cm in diameter or
smaller without and with CAD output. The A,
values obtained without and with CAD output
were 0.60 = 0.11 and 0.64 = 0.11, respectively,
indicating a significant difference (P < .01).

The present problem with our CAD
system is a high false-positive rate. When
a nodule is small—that is, 1 cm or
smaller—it is difficult to verify in a short
time the presence of such a small nodule
that has been identified by using the
CAD system. This appears to be the rea-
son that the A, values were lower with
than without CAD output for two observ-
ers. Use of an image with a thin section
thickness—that is, 1-2 mm—makes it
easier to distinguish a nodule 1 cm or
smaller from a blood wvessel. However,
our systern was developed for use with
relatively thick sections—that is, 5-10
mm. Therefore, it is necessary to develop
a new system with which CAD can be

Volume 230 + Number 2

TABLE 2
A, Values for Performance in
Detecting Nodules 1.0 cm or Smaller

Without  With CAD
Observer No.  CAD Output  Output
Board-certified
| radiotogists
1 0.47 0.54
2 0.61 0.68
3 0.73 0.72
4 0.64 0.71
5 0.72 0.79
Radiclogy residents
| 6 0.74 0.77
7 0.41 0.44
8 0.60 0.58
g 0.48 0.53
10 0.55 0.69

Note.—The mean A, value for all observers
(ie, board-certified radiologists and radiology
residents) obtained without CAD was 0.60 =
0.11 (SD), and the mean A, value for all ob-
servers obtained with CAD was 0.64 + 0.11.

used with images with section thick-
nesses of 1-2 mm.

The minimum target size of a nodule at
CT lung cancer screening is important for
setting scanning parameters (ie, section
thickness, section interval, detector row
width, helical pitch, and reconstruction
algorithm) and determining the detec-
tion capacity of the CAD system. The
minimum target size of a nodule must be
decided with consideration of how much
improvement in prognosis is sought, af-
ter confirming the correlation between
the pulmonary nodule size and the prog-
nosis. Although some study results sug-
gest that pulmonary nodule size and
prognosis do not necessarily correlate
(27), the results of a study by Sobue et al
{8)‘ suggest that small lung cancers are
as§ociated with a better survival rate. Ac-
cording to the results of that study, the
S-year survival rate was almost 100% for
patients with nodules 9 mm or smaller.
However, they considered all nodules 9
mm or smaller in their analysis and did
not include a breakdown of the 5-year
survival rates for patients with pulmo-
nary nodules 9 mm or smaller. Although
w¢ developed our CAD system with the
2im of detecting nodules up to 3 mm in
diameter out of convenience, more stud-
ies are needed to determine the actual
minimum target size.

This study had several limitations.
First, to expedite the observer perfor-
mance study, we provided the observers
with certain information, such as the
number of nodules in each case, the sizes
of the nodules, and the fact that the cases

with nodules accounted for about 70% of
the total number of cases. However, pro-
viding such information may have
skewed the observational data. In daily
clinical work, more nodules may actually
be present. Furthermore, if the readers
assume that only three nodules are
present, they will stop searching for nod-
ules after identifying three, even though
they perceive that there are more, and,
thus, the potentially false-positive re-
ports will be artificially excluded.

Second, we excluded the cases of se-
vere pulmonary fibrosis, diffuse bronchi-
ectasis, and extensive inflammatory scars
because lung segmentation with the CAD
system may be difficult in cases with such
severe interstitial lung discase. We also
excluded the patients who had four or
more pulmonary nodules and those who
had pulmonary nodules larger than 3 cm
in diameter. However, these exclusions
may have biased the results in favor of
the usefulness of the CAD system.

Third, we used the sequential test
method in the observer performance
study. However, reading the itnages with-
out CAD output and then reading them
with CAD output may have introduced a
training effect.

Fourth, the observers were allowed to
select the number of split parts on the
monitor screen in the observer perfor-
mance study; however, there might be a
substantial diffetence in the conspicuity
of nodules when the screen is one part or
split into 24 parts to display CT images.
This factor may partially explain the
poorer performance of the radiologists as
compared with that of the CAD system.

Fifth, we used the results of the initial
review by the two experienced radiolo-
gists as a reference standard in the
observer performance study; however,
determining whether they accurately
identified the “true” nodules is problem-
atic. Pathologic confirmation for or clin-
jcal follow-up of patients to assess nodule
growth patterns is necessary to identify
and avoid missing the true nodules.

In conclusion, the use of our CAD sys-
tem helped to improve both the residents’
and the board-certified radiologists’ perfor-
mance in detecting pulmonary nodules.
However, the next challenge is to decrease
the false-positive rate associated with our
CAD system.
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mootecan (CPL 1) has bren shown to exhibit excellent antitumour activity against small-cell Jung cancer (SCLC). A nulti-
257 tuendl phase 1 study was therefore conducted to evaluate the efficacy and toxiaty of CPT-11 combined with cisplatn (CDDP)
i~ etoposde (ETOP) (PEl regmen) for the treatment of senstive refapsed SCLC. Patients who responded to first-lne
cremotherapy but reiapsed more than 8 weeks after the completion of first-ine therapy {n = 40) were treated using the PEl regmen,
whih consisted of CDOP (25 mgm™2) weekly for 9 weeks, ETOP (60 mgm ™2} for 3 days on weeks 1, 3,5, 7, and 9, and CPT-1
JUmgm *) on weeks 2, 4, 6, and 8 with granulocyte colony-stmulating factor support. Five complete responses and 26 partial
© responses were observed, and the overall response rate was 78% (95% confidence interval 61.5-89.2%). The median survival time
was | 1.8 months, and the estmated |-year survival rate was 49%. Grade 3/4 leucocytopenia, neutropenia, and thrombocytopenia
were observed n 55, 73, and 33% of the patients, respectively. Nonhaematological toxicities were mild and transient in all patients. In
conclusion. the PEI regimen 15 considered to be highly active and well tolerated for the treatment of sensitive relapsed SCLC.

Eaan journat of Concer (2001) 91, 659 665 dor10.1038/5.bjc.6602056  www.bjcancer.com

Published online 27 july 2004
e 2004 Concer Research UK

Keywords: innotecin, eloposide; small-cell lung cancer; sensitive relapse; second line; salvage chemotherapy

wmali-cell Jung cancer (SCLC) is vne of the most chemosensitive
whd wmaours, and first-line combination chemotherapy improves
nrvival. However, despite a high response rate to chemotherapy,
the majority of SCLC patients relapse. At the time of recurrence,
the umour s broadly resistant 10 second-line chemotherapy and is
¥thal within a few 10 several months {Glisson, 2003). The further
dvelopment of not wnly first-line chemotherapy but also of
diwlive salvage chemotherapies is needed.

In predicting the efficacy of salvage chemotherapy, two major
acters are important: the response to the initial chemotherapy and
¢ duration of time between the last exposure to chemotherapy
d the confirmation of recurrence {Postmus et al, 1987; Giaccone
«al, 1988; Ardizzoni er al, 1997; Ebi et al, 1997). Based on these
wtors. relapsed SCILC is now commonly classified inte two main
goups. Patients who both respond to the initial chemotherapy and
zipse more than 2 or 3 months after the completion of
demotherapy are considered to be ‘sensitive relapse’ patients,
shile patients whose tumour is stable or progresses during the
it chemotherapy or who have a recurrence within 2 or 3
zoniths after the completion of chemotherapy are considered to be

Lespongence. D K Gole: E-mail: kgoto@east.nccgo.p
=zzeg 14 Apnl 2004: revised | line 2004; accepted 2 June 2004:
.z snec onhine 27 July 2004

‘refractory relapse’ patients {Giaccone er al, 1988). Since the
outcomes of salvage chemotherapy for relapsed SCLC patients are
different between these two groups, the ratios of sensitive and
refractory cases must be carefully considered when evaluating the
results of clinical trials for second-line chemotherapy.

The combination of cisplatin (CDDP) and etoposide (ETOP) (PE
regimen} has been the standard chemotherapeutic regimen for SCLC
{Fukuoka et al, 1991; lhde, 1992; Roth et al, 1992; Aisner, 1996).
Moreover, PE is a reasonable second-line chemotherapy for relapsed
SCLC after combination chemotherapy consisting of cyclopho-
sphamide, doxorubicin (ADM), and vincristine (VCR) (CAV regi-
men}; the likelihood of a response to this regimen is 40 - 50% (Evans
et al, 1984; Porter et al, 1985). Since PE has a relatively mild toxicity
profile, other cytotoxic agent can be combined with PE.

Irinotecan (CPT-11), a camptothecin derivative topoisomerase I
inhibitor, has been shown to exhibit excellent antitumour activity
against SCLC in monotherapy and in combination with CDDP
{Masuda et al, 1992; Kudoh et al, 1998). Based on these results, the
Japan Clinical Oncology Group (JCOG) conducted a randomised
phase 11l trial comparing CPT-11 and CDDP (IP regimen) with
standard PE for previously untreated extensive stage (ED) SCLC
(JCOG 9511) (Noda et al, 2002). The response rates were
significantly higher for IP than for PE, and overall survival was
also significantly better for IP than for PE. This was the first study
to show the superiority of any one regimen over PE for the

. 4T



@

i
I
|
CPT-11, CODP, and ETOP for sensitive relapsed SCLC

| K Goto et af

660

treatment of ED SCLC, and IP has become one of the standard
regimens for ED SCLC in Japan. Thereafter, several clinical trials of
CPT-11-containing regimens for patients with limited disease
(LD), ED, and relapsed SCLC have been conducted by Japanese
clinical study groups (Masuda et al, 1998; Mori et al, 2002; Sekine
et al, 2002). :

Consequently, a phase [ trial of CPT-11 combined with weekly
CDDP (25 mgm *) and biweekly ETOP (60 mgm %) (PEI regimen)
was conducted, and the recommended dose of 90mgm™? of CPT-
11 was repeated every Z weeks (JCOG 9507) (Sekine et al, 2003).
This regimen showed promising antitumour activity in patients
with untreated ED SCLC {response rate, 91%, 1-year survival rate
46%). Moreover, since the drug dose and tresatment schedule can
be easily modified in a weekly regimen, this protocol is considered
10 be suitable for relapsed SCLC patients, who usually present with
severe haematological toxicities during salvage chemotherapy
because of poor bone marrow reserve (Masuda et al, 1990; Faylona
et al, 1995).

Based on these results, we conducted two |phase II trials to
evaluate the efficacy and toxicities of PEI in patients with sensitive
and refractory relapsed SCLC, separately. In this paper, the final
results for the sensitive relapsed SCLC group are reported.

PATIENTS AND METHODS

Patient selection

Patients with histologically or cytologically confirmed SCLC who
respond to first-line chemotherapy or chernoradiotherapy and
relapsed more than 8 weeks after the completion of first-line
treatment were candidates for the presen: study. Additional
eligibility criteria were as follows: (1) age of 75 years or yourfger;
(2) performance status of 0-2 on the Eastern Cooperative
Oncology Group scale; (3) measurable disease; (4) adeguate organ
function as documented by a  40x10°17'<WBC
count< 12.0 > 10°1”', haemoglobin level of >9.0gdl~', platelet
count of =100x 101", total serum bilirubin level of
<1.5mgdl"', a hepatic transaminase level ‘of €2 times the
institutional upper limit of normal, a serum |creatinine level of
£1.5mgdl ': and (5) written informed consent. Patients were not
eligible for the study if they had experienced any of the following
events: (1) massive pleural effusion requiring drainage; (2) prior
radiotherapy with an irradiated area larger than one-third of the
bone marrow volume; (3) active infection; (4) contraindications
for the use of CPT-11, including diarrhoea, ileus, interstitial
pulmonary fibrosis, massive ascites, or hypersensitive reaction to
CPT-11; (5) serious concomitant medical illness, including severe
heart disease, uncontrollable diabetes mellitus or hypertension; or
(7) pregnancy or lactation. This study was approved by the
institutional review board at each participating institution.
|

Treatment schedule

Figure 1 shows the treatment schema of the PEI regimen. CDDP
(25mg m™%) was administered intravenously {i.v.) over 60 min on
day 1 and at 1-week intervals for 9 weeks; ETOP (60 mg m~?) was
administered i.v. over 60 min on days 1-3 of weeks 1, 3,5,7, and 9;
and CPT-11 (90 mg m™?) was administered i.v,'over 90 min on day
1 on weeks 2, 4, 6, and 8. Hydration (2000 ml) and granisetron
{40 pgkg™") were given on day 1. After day 1 on week 2,
granulocyte colony-stimulating factor (G-CSF) (50 ug m™Y) was
administered routinely according to JCOG 9507 on days when the
cytotoxic drugs were not given, unless the WBC count exceeded
10.0 x 10°17. Patients were expected to complete at least six cycles
of this regimen; if the toxicities were acceptable and the tumour
responded to the treatment, a maximum of nine cycles of
chemotherapy were performed. '
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PEI regimen {at leas! six cycles)

Week 12 3 4 5 6 7 8 9
CODP 25mgm?x1day @ ® ® @ & @ € € &
ETOP 60mgm3x3days # n = jad
CPT-11 90 mg m*?x1 day + * * <

G-CS5F —n

{After day 1 on week 2, G-CSF was adminisiered on days
when cylotoxic drugs were nol given)

Figure 1 Treatment scheduic

Toxicity assessment and treatment

During the course of treatment, complete blood cell counts
and differential counts were analysed twice a week, and routine
chemistry measurements and a chest X-ray were performed once a
week. Toxicity was graded according to the toxicity critéria of the
JCOG (Tobinai er al, 1993}, a modified version of the
NCI Common Toxicity Criteria issued in 1991, Grade 4 neutrope-
nia was defined as <0.5x10°1 ', and grade 3 neutropenia
was defined as between (and including) 0.5-1.0 x 10°1 ', accord-
ing to the JCOG criteria. The second and subsequent cycles of
chemotherapy were delayed for 1 week if one of the following
toxicities was noted on day 1: a WBC count of <2.0x10°1"', a
platelet count of <50x 10’17, a serum creatinine level of
220mgdl™’, an elevated hepatic transaminase level or total
serum bilirubin of grade 2 or higher, diarrhoea of grades 1-2,
fever 238°C, or 2 performance status of 3. The treatment was
terminated if the above-mentioned criteria did not disappear in 3
weeks or if one of the following severe nonhaematological
toxicities was noted: diarrhoea of grade 2 lasting for mare than |
week, diarrhoea of grade 3, neurotoxicity of grade 3, or drug-
induced pneumonitis.

Dose modifications for toxicity

The CPT-11 dosage was reduced to 67.5mgm * (25% reduction)
in subsequent cycles if one of the following toxicities was noted: a
WBC count of <1.0 % 10°1 ', or a platelet count of <25 x 10°1 ",
If the above-mentioned toxicities reappeared afler a 25% reduction
in the dosage, the CPT-11 dosage was further reduced to
SOmgm‘2 (44% reduction). Since CDDP (25 mgm Y and ETOP
(60mgm'2) in this regimen were relatively low dose, no dose
modifications for these drugs were permitted.

Pretreatment evaluation

Pretreatment assessment included a complete blood cell count,
differential counts, routine chemistry measurements, creatinine
clearance, blood gas analysis, electrocardiogram, chest X-rays,
computed tomography (CT) scan of the chest, brain CT scan or
magnetic resonance imaging (MRI), abdominal CT scan or
ultrasound sonography, radionuclide bone scan, and bone X-rays,
if indicated.

Response evaluation

Objective tumnour responses were evatuated in all enrelled patients
according to the WHO criteria issued in 1979 (WHQO, 1979). A
complete response (CR) was defined as the disappearance of all
known disease for at least 4 weeks with no new lesions appearing.
A partial response (PR) referred to a decrease in the total tumour
size of at least 50% for at least 4 weeks without the appearance of
new lesions. No change (NC) was defined as the absence of a
partial or complete response and the appearance of no progressive
ot new lesions for at least 4 weeks. Progressive disease (PD) was
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defined as a 25% or greater increase in the size of any measurable
lesion or the appearance of new lesions. Patients whose responses
were not evaluated were included in the analysis as not evaluable
{(NE).

Statistical methods

The primary end point of this study was the response rate, defined
as the proportion of patients whose best response was CR or PR
among all eligible patients, and its confidence interval was based
on an exact binomial distribution. Simon’s two-stage minimax
design was used to determine the sample size and decision criteria.
Assuming that a response rate of 40% in eligible patients would
indicate a potential usefulness of the regimen while a rate of 20%
would be the lower limit of interest and that alpha=0.05 and
beta = 0.20, the estimated number of required patients was 33
(Simon, 1989). Finally, this regimen would be considered worthy of
further testing if 11 (33%) or more eligible patients showed an
objective response. At the first stage decision, this regimen would
be rejected if four (22%) or fewer of 18 eligible patients had an
objective response. Thus, we determined that the sample size
would be 35 registered patients. The planned accrual period was 2
years, and the follow-up period was set as I year after the
completion of accrual. Secondary end points were toxicity and
overall survival, The duration of overall survival was measured
from the date of registration to the date of death from any cause or
the last follow-up examination. Progression-free survival was
calculated from the date of registration until evidence of PD. All
patients started the treatment within 1 week of registration. The
survival distribution was estimated by the method of Kaplan and
Meier (1958).

RESULTS

Patient characteristics

From October 1998 to March 2001, 40 patients were enrolled in
this study. The first-stage decision was made in Qctober 1999,
when 22 patients were registered. Three CRs and 13 PRs
were observed in 18 analysed patients, resulting in a response
rate of 89% (95% confidence interval (CI), 65.3-98.6%). This
result did not meet the criteria for stopping the study as defined in
the protocol, and the study was continued. At the time of the final
analysis, there were three censored cases {§%). The median follow-
up period for these cases was 25.5 months {range, 4.4-46.1
months).

The clinical characteristics of the enrolled patients are listed in
Table 1. Of the 40 patients in the total, 29 (73%) were male
and 11 (27%) were female; the median age was 67 years. A total
of 39 patients (97%) had a good performance status of 0 or 1.
The extent of the disease at the time of recurrence was LD in five
patients (12%) and ED in 35 (88%). Al 40 patients had
been previously treated using platinum-based chemotherapy,
such as PE in 11 patients, carboplatin plus ETOP in 11, PE plus
weekly CDDP/VCR/ADM/ETOP (CODE} in six, CDDP plus CPT-11
in six, PEl in two, and other regimens in four. Eight {20%) of these
patients received theracic radiotherapy. All patients were eligible,
and the toxicity and efficacy of the regimen was evaluated in all 40
patients.

Compliance with treatment

A total of 251 treatment cycles were administered, with a median of
six cycles per patient (range, 1-9 cycles). A total of 32 patients
80%) completed six or more cycles of chemotherapy, and the
median number of weeks for completing six cycles of chemother-
1py was 7 weeks (range 6-10 weeks). Eight patients could not
complete the planned six or more cycles for the following reasons:
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toxicities in four cases (grades 4 and 3 diarrhoea, grade 3 liver
dysfunction, and grade 3 erythema); patient refusal in three cases;
and PD in one case. Six patients (15%) had their dosage of CPT-11
reduced because of lencocytopenia in three, thrombocytopenia in
two, and both in one.

Clinical response and survival

All the patients were included in the analyses of tumour response
and survival, Five CRs (13%) and 26 PRs (65%) were observed, for
an overall response rate of 78% (31 out of 40 patients; 95% CI,
61.5-89.2%). Four NC, four PD, and one NE were also observed.
One patient was lost to follow-up and only two patients were still
alive as of April 16, 2003, The median survival time (MST) was 11.8
months (95% CI, 10.1-13.5 months), and the estimated 1-year
survival rate was 49% (Figure 2).

Table 1 Patient characteristics

Total no. of patients 40
Age. median (range) 67 (41-74)

Sex
Male 29
Female . 11

ECOG performance status
0

1 30
2 |

Disegse extent ot relgpse
Limited disease 5
Extersive disease 35

Pror chemotherapy
CDDP/ETOP Kl
CBDCAETQP I
CODP/ETOPICCODE
CDDP/CPT.I1 |
PEI
Cthers

Pror thorotic radiotherapy

Lo - L e S

ECOG =Eastem Cooperative Oncology Group; CODP=cisplatn. ETOP=
stcposide; CBDCA = carboplatin, CODE = cisplatinfvincristine/doxorubicin/etopo-

side: CPT-1| =irinotecan; PEl = eisplatinfetoposide/irnotecan.
100
80 -
oy Median survivat time: 11.8 months
:.:' 60 - (95’/.9 Cl 10.1-13.5 months)
© 1-year survival rate: 49%
g
= 40 1
=
7]
20 4
0 +——v—r—r—r e S— ——————
0 10 20 30 40 50

Survival time {months)

Figure 2 Overall survival (n=40).
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Site of first relapse and progression-free survival

The majority of patients (n=30, 75%) experienced a systemic
relapse after completing PEL, including 17 patients (43%) with
central nerve metastases. Six patients (15%) 'developed only a
locoregional recurrence, and one had no recurrence and died of
acute myacardial infarction. No data on recurrence patterns were
avaitable in three patients because these patients were followed up
at other hospitals. In all, 13 patients received additional
chemotherapy treatment after recurrence (no data on response
to third-line chemotherapy were available), while four patients
underwent palliative chest radiotherapy and 18 underwent whole-
brain irradiation for cerebral metastases. One patient, who
achieved a CR by this regimen, developed a locoregional
recurrence and underwent a right upper lobectomy. He has not
experienced any further relapse and is still alive. The median
progression-free survival period was 5.0 months (95% CI, 4.1-5.9
meonths) (Figure 3).

Toxicities ‘

All the patients were included in the toxiciry analysis. Severe
toxicities were mainly haematological. Grades|3-4 leucopenia,
neutrapenia, and thrombocytopenia were observed in 22 (55%), 29
{73%), and 13 (33%) patients, respectively (Table 2). Nonhaema-
telogical toxicities were mild and transient in all patients. Grades
3 -4 diarrhoea was noted in only three patients (8%) (Table 3). No
treatment-related deaths occurred. !

100
{
T 80 -
g
T B0 Median progression-free survival time: 5.0 months
7 {95% Cl 4.1-5.9 months)
L
£ 40
[
o
&
o 20
on
e
a
0 T F M T v | r 1 . M T
0 5 10 15 20 | 25 30

Progression-free time {(months)

Figure 3 Progression-free survival (n = 40).

Table 2 Hacratological toxates (JCOG toxicty entera)

‘ % ofGrs 3
0 1 2 3 4 and 4
| eucocytopenta 2 3 13 17 5 55
Neutropemia 3 4 4 12 7 73
Anemia 2 4 16 18 — 45
Treomoocytoperia 10 7 10 7 I3 33
Elevated total iirubim 33 —_ 6 | 0 3
Eievated GOT n o7 0 1 o 3
Elevated GPT 30 7 2 1 0 3
Elevated creatinine 37 3 4] 0 0 0
Hyponatrem:a 28 4 6 0 2 S
Hypokalermia 32 5 3 0 o o]

Grs = grades: GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruwic
fransaninase
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Table 3 Nonhaematologrcal toxicities {JCOG ity cateria)

0 ; 2 3 4 % of Grs 3 and 4

FS i 30 gl Y ¢] |

i
Infection 28 4 7 i 7 3
fever 29 7 H {) L ]
Nausealvormting i 15 i 3 A
Diarrhoea 15 16 f 2 i 8
Mucositis 36 1 0 0 0 0
Arrythmia 36 2 0 I I 5
Eruption 37 ! ! i 0 2
Alopecia 6 17 7
Allergy 39 0 | 0 0 0

Gr = grades. PS o perfarmanc e whator,

DISCUSSION

Despite a high response rate to first-line chemotherapy, most
patients with SCLC experience a relapse within a year of the
completion of therapy (Hansen, 1992). Although many relapsed
patients in good physical condition undergo second-line che-
motherapy, the results are disappointing. The obtained responsc is
usually brief, and the median survival period is generally less than
4 months (Albain er al, 1993 Glisson, 2003).

Although one phase 111 trial for patients with relapse SCLC
comparing the use of topotecan with CAV has been reported {von
Pawel ef al, 1999), a standard treatment for relapsed SCLC has not
been agreed upon. However, the repeated use of the original
induction regimen is the most popular treatment for sensitive
relapsed patients. Reinduction chemotherapy has been reported to
produce a response rate of 50%, and patients who relapsed more
than 3 months after the end of their previous chemotherapy
regimen were sensitive to reinduction chemotherapy {Giaccone
et al, 1987; Postmus et al, 1987). Giaccone ef al (1988) suggested
that sensitive tumour cells, which were not completely eradicated
by the induction chemotherapy, regrow spontaneously after the
suspension of chemotherapy, eventually constituting a clinically
significant part of the tumour burden. In the present study, two
patients received the PEI regimen as a reinduction chemotherapy,
and both patients showed PRs.

Many clinical trials of salvage chemotherapy for relapsed
SCLC have been reported. In these studies, the single administra-
tion of CPT-11 or ETOP produced good resulls, with respansc
rates of 16-47% and an MST of 3.5-6.2 months (Einhorn et al,
1990; Johnson et al, 1990; Masuda et al, 1992; Le Chevalier
et al, 1997). Moreover, CPT-11 or ETOP-containing .combined
chemotherapy regimens showed favourable results, with response
rates of 20-88% and an MST of 4.7-8.7 months (Table 4)
(Evans et al, 1985; Masuda er al, 1990; Sculier et al, 1990; Gridelli
et al, 1991: Roth er al, 1992; Favlona et ol, 1995 Kubota ¢t al.
1997; Masuda et al, 1998; Groen er al, 1999; Nakanishi ef al, 1999
von Pawel et al, 1999 Domine e¢f al, 2001 Kosmas ef al,
2001). Therefore, these two drugs arc considered to be key
drugs for the treatment of relapsed SCLC. In particular, the
combination of CPT-11 and ETOP (a combination of topoisome-
rase 1 and 1l inhibitors) produced a high response rate (71%)
and the best survival results (MST, 8.7 months) (Masuda et al,
1998). In addition, a weekly chemotherapy regimen containing
ETOP (CODE) was highly active in patients with relapsed
SCLC, with a favourable response rate (88%) and survival duration
(MST, 8.2 months) (Kubota et al, 1997). In the two studies
mentioned above, four patients (16%) with refractory relapsed
SCLC were included in the CPT-11 and ETOP study, and six
patients (35%) with refractory relapsed SCLC were included in the
CODE study. Three and five of these patients achieved PR,
respectively.
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e 4  Combination chemotherapy studies for relapsed small-cell lung

% of RR in
No. of refpts RR ref pts MST
hor  Regimen pts (%) (%) (%) (month)
ar CAvV 6! 75 2t 5 62-75
Pawel CAV 104 20 18 5 6.2
cAav 41 12 12 8 NM
PE 59 16 2 15 NM
> FE 78 50 35 28 NM
da PE 20 NM 50 NM 47
2l CONU/MTX 33 100 11 21 10
na PEAFO a6 4 55 50 68
ot CODE 17 35 B8 83 82
ida CPT-11IETOP 25 16 71 75 87
msh. CPT-11/CODP 5 100 0 20 M
ne GEM/PTX 31 58 S¢ 40 NM
n CBDCA/PTX 35 100 74 74 72
It CDDPAFQIPTX 33 6l 73 70 6.5

patents, ref =refractory. RR = response rate, MST =median surwval time;
= cyclophosphamide/doxonibrgnivingnstine, PE = asplatin/etoposde, CONU =
stne. MTX = methotrexate, IFC = ifosfarmde,  CODE = asplatinfvincnstine/
rubicn/etoposide, CPT-11 = innotecan, ETOP = etoposde; CODP = asplating
== gemnctabine, PTX = pachtaxel, CBDCA = carboplatin, NM = not mentioned.

1 response and survival data from Japanese clinical trials
relapsed SCLC were generally better than those obtained
vestern countries. We have no proof that this difference
:nds on either drug metabolism or tumour sensitivity, It
issibly related to the difference in patient follow-up interval
een Japan and western countries. Since intensive follow
after completion of first-line treatment is common in
n, relapses can be detected in the early stage by CT or
before becoming symptomatic. Therefore, relapsed patients
a relatively good performance status, and showed good
onses to second-line chemotherapy as well as better survival
Its.
1¢ weekly regimen was designed to increase the overall relative
- intensity of the chemotherapeutic drugs {(Murray er al, 1991).
rever, several phase 11 trials have made it clear that intensive
<dy chemotherapy does not improve the survival of patients
SCLC (Furuse et al, 1998; Murray et al, 1999). On the other
1, drug dosages and treatment schedules are easy to modify in
iy chemotherapy regimens. Since patients with relapsed SCLC
have lower bone marrow reserve, a high-dose regimen or
1sified dosage can lead to treatmeni-related death (Masuda
. 1990; Faylona et al, 1995}, In the PEl regimen, the individual
ge of each drug is within the commonly used range and the
given at one time is lower than that of a standard 3-week cycle
nen. The PEI regimen therefore permits greater flexibility in
ge adjustment and treatment delays based on laboratory data
he physical condition of patients. Thus, this regimen is
idered 1o be suitable for the treatment of patients with relapse
= In addition, this weekly schedule may be of great advantage
nabling the svnergistic effects of ETOP (a topoisomerase 11
ritor) and CPT-11 o be realised because the development of

‘ERENCES

| (1996) Extensive-chsease small-cell lung cancer: the thrill of
tory; the agony of defeat. } Clin Oncol 14: 658 -665

n KS, Crowley ]J, Hutchins L, Gandara D, O'Bryan RM, Von Hoff DD,
tfin B, Livingston RB (1993) Predictors aof survival following relapse
progression of small cell lung cancer. Southwest Oncology Group

24 Cancer Research UK

CPT-11, CDDP, and ETOP {dr sensitive relapsed SCLC
K Geto et ol

@

resistance to topoisomerase I inhibitors has been reported to
increase tumour sensitivity to subsequent treatment with topoi-
somerase | inhibitors (Vasey and Kaye, 1997).

Three cytotoxic drugs were used in this PEI regimen. However,
three-drug combination chemotherapy was reportedly associated
with more severe toxicity and showed no survival benefit as
compared with the two-dug combination (Mavroudis er al, 2001;
Niell et al, 2002). The main reason for mild toxicities was that the
PEI regimen consists of a weekly schedule. With a weekly
chemotherapy regimen, drug dosages and treatment schedules
can easily be adjusted according to haematological data and the
patient’s physical condition. These careful modifications resulted
in a mild toxicity profile with the PEI regimen. Moreovet, the PEI
regimen did not consist of concomitant administration of three
drugs but rather weelly alternative administration of a two-drug
combination chemotherapy, that is, PE and IP. As a result, the
toxicity prefile was similar with that of two-drug combination
chemotherapy.

Although all the patients in this study were sensitive relapsed
cases, the overall response rate of 78% is one of the best results
reported for relapsed SCLC. Moreover, although only selected
patients with a good performance status were included in this
study, it is notable that the median survival time was 11.8 months
and the 1-year survival rate was 49%. In JCOG- 9511, the MST was
12.8 months in the 1P arm and 9.4 months in the PE arm for
chemotherapy naive ED SCLC patients (Noda et al, 2002), Our
survival data for PEl is almost equivalent to that of first-line
treatment. Salvage chemotherapy may be possible to prolong the
survival of sensitive relapsed SCLC patients who are in good
physical condition.

Since second-line chemotherapy for relapsed SCLC patients is a
palliative treatment, a reasonable toxicity profile is essential. The
main toxicities of the PEI regimen were haematological. Although
G-CSF was routinely administered, Grades 3-4 leucopenia and
neutropenia were observed in 55 and 73% of patients, respectively,
Grades 3-4 thrombocytopenia was observed in 33% of patients.
However, the frequencies of these haematological toxicities were
approximately equal to that of first-line PE treatment (Noda er a,
2002). Nonhaematological toxicities were mild and transient in all
patients. Grades 3-4 diarrhoea was noted in only three patients
(8%). Irinotecan dose modifications as a result of haematological
toxicities were only performed in six patients (15%). All toxicities
were easily manageable, and no treatment-related deaths occurred.

In conclusion, PEI is a highly active and well-tolerated treatment
for sensitive relapsed SCLC. Another phase II trial restricted to
refractory relapsed SCLC patients is presently being performed by
our clinical group. Further phase IIl studies comparing PEI
regimen with rechallenges of the same drugs used in the first-line
chemotherapy regimen should clarify the role of second-line
chemotherapy for sensitive relapsed SCLC and are now being
planned.

ACKNOWLEDGEMENTS

This study was supported in part by Grants-in-Aid for Cancer
Research from the Ministry of Health Labour and Welfare of
Japan.

Study 8605 report and analysis of recurrent disease data base. Cancer 72:
1184-1151

Ardizzoni A, Hansen H, Dombernowsky P, Gamucci T, Kaplan §, Postmus
P, Giaccone G, Schaefer B, Wanders |, Verweij ] (1997) Topotecan, a new
active drug in the second-line treatment of small-cell lung cancer: a

British Journal of Cancer (2004} 91(4), 659 - 665
7 O

663




CPT-11, CDDP, and ETOP for sensifive relapsed SCLC
! K Goto et af

phase 11 study in patients with refraciory and sensitive discase. The
European Organization for Research and Treatment of Cancer Early
Clinical Studies Group and New Drug Development Office, and the Lung
Cancer Cooperative Group. J Clin Oncol 15: 2090 - 2096

Donine M, Larriba |, Morales $, Gomez R, Isla D, Terrasa S, Giner V., Giron
(.. Andrade ], Maestu I, Lobo F, Diaz F {2001) Gemcitabine and paclitaxel
as second line treatment in small cell lung cancer. A multicentric phase I1
study. Proc Am Soc Clin Oncol 20: 317a |

Fhi N. Kubota K, Nishiwaki Y, Hojo F, Matsumoto T, Kakinuma R.
Ohmaisu H, Sekine I, Yokosaki M, Gotoh K, Yamamoto H, Kodama T
{1997} Second-line chemntherapy for relapsed small cell lung cancer. fpr
F Clin Oneol 27: 166 - 169

Einhorn LH, Pennington K, McClean | (1990) Phase Ii trial of daily oral VP-
16 in refractory small cell lung cancer: a Hoosier Oncology Group study.
Semin Oncol 17: 32-35

Evans WK, Feld R, Osoba D, Shepherd FA, Dill ], D-'boer G (1984) VP-16
alone and in combination with cisplatin in previously treated patients
with small cell lung cancer, Cancer 53: 1461 - 1466

Fvans WK, Osaba D, Feld R, Shepherd FA, Bazos M], DeBoer G (1985)
Etoposide {VP-16) and cisplatin: an effective treatment for relapse in
small-cell lung cancer. | Clin Oncol 3: 65-71 1

Faylona EA, Loehrer P], Ansari R, Sandler AB, Gonin R, Einhorn LH {1995)
Phase Il study of daily oral etoposide plus ifosfam ide plus ¢isplatin for
previously treated recurrent small-cell lung cancer: a Hoosier Oncology
Group Trial. J Clin Oneol 13: 1209-1214

Fukuoka M, Furuse K, Saijo N, Nishiwaki Y, ikegaml H, Tamura T,
Shimoyama M, Suemasu K (1991) Randomized trial of cyclopho-
sphamide, doxoruhicin, and vincristine versus c1sp{atm and ctoposide
versus alternation of these regimens in small-cell lung cancer. | Natl
Carncer Inst 83: R55- 861 )

Furuse K, Fukuoka M, Nishiwaki Y, Kurita Y, Watanabe K, Noda K,
Ariyoshi ¥, Tamura T, Saijo N (1998} Phase IT1 stucy'of intensive weckly
chematherapy with recombinant human granulocyte colony-stimulating
factor versus standard chemotherapy in extensive-disease small-cell
lung cancer. The Japan Clinical Oncology Group, ] Clin Qncol 16:
2126-2132 |

(haccone G, Donadio M, Bonardi G, Testore F, Calciati A (1988) Tcmposnde
in the treatment of small-cell lung cancer: the influence of prior
chemotherapy. | Clin Oncol 6: 1264-1270 |

Giaccone G, Ferrati P, Donadio M, Testore F, Calciati A (1987) Reinduction
chemotherapy in small cell lung cancer. Eur | Cancer Clin Oncol 23:
1697 - 1699 |

Glisson BS {2003) Recurrent small cell lung cancer: update. Semin Oncol 30:
72-78

Gridelli C, Contegiacomo A, Lauria R, Gentile M, Airoma G, De Placido §,
Perrone F, Ferrante G, Bianco AR (1991) Salvage chemotherapy with
CCNU and methotrexate for small cell lung cancer resistant to CAV/PE
alternating chemotherapy, Tumeori 77: 506-510 !

Groen HI, Fokkermna E, Biesma B, Kwa B, van Putten lW Postmus PE, Smnt
EF (1999) Paclitaxel and carboplatin in the treatment of smali-cell lung
cncer paticals resistant to cyclaphosphamide, doxorubicin, and etopo-
side: a non-cross-resistant schedule. | Clin Oncol 171 927 -932

Hansen HH (1992) Management of small-cell cancer of the lung. Larnce:
339; B46-R49 |

thde DC (1992) Chemotherapy of lung cancer. N Engl ] Med 327:
1434 - 1441

Johnson DH, Greco FA, Strupp |, Hande KR, Ha.nsworth 1D (1990)
Prolonged administration of oral etoposide in patients with relapsed or
refractory small-cell lung cancer: a phase II Irnl‘ } Clin Oncol 8:
1613- 1617
Rapian F. Meter P (1958) Nonparameiric estimatinn from incomplete
ohservations. J Am Stat Assoc 53: 457 - 481 |

Rosmas C, Tsavaris NB, Malamos NA, Vadiaka M, Koulos C (2001) Phase H
study of paclitaxel, ifosfamide, and cisplatin as second-line treatment in
relapsed small-cell lung cancer. ] Clin Oncol 19: 119-126

Kubota K, Nishiwaki Y, Kakinuma R, Hojo F, Matsumoto T, Ohmatsu H,
Sekine 1, Yokozaki M, Goto K, Ebi N, Kodama T (1997) Dose-intensive
weekly chemotherapy for treatment of relapsed small-cell lung cancer. |
Clin Oncol 15: 292 -296

Kudoh S, Fujiwara Y, Takada Y, Yamamoto H, Kinoshita A, Ariyoshi Y,
Furuse K, Fukuoka M {1998) Phase 11 study of i irinotecan combined with
cisplatin in patients with previousty untreated small-cell lung cancer.
Woest Japan Lung Cancer Group. [ Clin Oncol 16: 1058 -1074

Le Chevalier T, Ibrahim N, Chomy P, Riviere A, Monrier A, Magherini E,
Pujol ] {1997) A phasc Il study of irinotecan in paheula with small cell

Ptk fesirnal of Cancer (2004) 91{4). 659 665 ‘

tung cancer progressing after inttial response to fire hine chemotherapy.
Proc Am Soc Clin Oncel 16: 450a

Masuda N, Fukucka M, Kusunoki Y, Matsu K, Takafugi N, Kudoh S, Negoro
S. Nishioka M, Nakagawa K, Takada M {1992) €PT-11: a new derivative
of camptothecin for the treatment of reiraciory or relapsed small-cell
lung cancer, J Clin Oncol 10: 1225- 1229

Masuda N, Fukuoka M, Matsui K, Negora S, Taknda M, Sakai N, Ryu S,
Takifuji N, Tio K, Kudoeh & Kusunoki Y {1990) Evaluation of high-dose
etoposide combined with cisplatin for treating rebapsed small cell ung
cancer, Cancer 65: 2615 - 2640

Masuda N, Matsai K, Negoio 5, Takilog N, Tanesa By Tana i, Rersayasti
M, Hirashima T, Kusunoki Y, Ushijima 8 Kawase [, Tada T, Sawaguchi
H, Fukuoka M (1998) Combination of irnatecan and cinpaoside for
treatment of refractory or relapsed small-cell lung cancer. | Clin Oneal
16: 3329-3334

Mavroudis D, Papadakis E, Veslemes M, Tsiafaki X, Stavrakakis |,
Kouroussis C, Kakolyris S, Bania E, Jordanoglou ), Agelidou M.,
Vlachonicolis 1, Georgoulias V (2001) A multicenter randomized clinical
trial comparing paclilaxel - cisplatin - etaposide versns cisplatin - etopa-
side as first-line treatment in patienis with smuall-cell Jung enncer Ann
Oncol 12: 463 -470

Mori K, Kubota K, Nishiwaki Y, Sugiura T, Noda K, Kawahara M, Negoro §,
Watanabe K, Yokoyama A, Nakamura S, Fukuda H, Tamura T, Saijo N
{2002} Updated results of a pilot study of etoposide and cisplatin plus
concurrent accelerated hyperfractionated thoracic radiotherapy followed
by three cycles of irinotecan and cisplatin for the treatment of limited-
stage small cell lung cancer: Japan Clinical Oncology Grouap {(JCOG903).
Proc Am Soc Clin Oncel 21: 294a

Murray N, Livingston RR, Shepherd FA, lames K. Zee B, Langlehen A,
Kraut M, Bearden ], Goodwin IW, Gratton 2 Turrisi A, Walde 1), Cront
H, Osoba D, Ottaway [, Gandara I3 (1999 Randonured studyv of CODIE
versus alternating CAV/EP for extensive stage small-cell lung cancer; an
Intergroup Study of the Natwonal Cancer Instiiule of Canada Chimeal
Trials Group and the Southwest Oncolopy Group. f Chn Oneol 17:
23002308

Murray N, Shah A, Osoba D, Page R, Karsai H, Grafion C, Goddard K.
Fairey R, Voss N (1991) [ntcnsive weekly chemotherapy for the
treatment of extensive-stage small-cell lung cancer. | Clin Oncal 9
1632 - 1638

Nakanishi ¥, Takayama K, Takano K, Inouc K, Osaki §, Watava H, Takaks
Y, Minami T, Kawasaki M. Hara N (1999) Sccond-line chemotherapy
with weekly aisplatin and irinotecan 1n panents with refractory lung
cancer. Am J Clin Oncol 22: 395 - 402

Niell HB, Herndon JE, Miller AA, Watson DM, Sandler A, Kelly K, Marks R,
Green MR (2002) Randomized phase T imicrgroup trial (CALGR 9732)
of etoposide (VP-16) and cisplatin {DDP) with or withan paclitaxe!
{TAX) and G-CSF in patients with extensive stage small cell lung eancer
{ED-SCLC). Proc Am Soc Clin Oncol 21: 2932

Noda K, Nishiwaki Y, Kawahara M, Negara S, Sugmra T, Yokayama A,
Fukuoka M, Mori K, Watanahe K, Tamura T. Yamamoio § Saitn N
(2002) frinatecan plus cisplatin compared with ctoposide plus asplann
for extensive small-ccll lung cancer N Fngl | Aied 146: 85 - 0y

Parter U1 LL, lohnson DXH, Hainsworth [}, Hande KR, Greco FA (1983)
Cisplatin and etoposide combination chemotherapy for relracthry small
cell carcinoma of the lung. Cancer Treat Rep 69: 479~ 481 ’

Postmus PE, Berendsen HH, van Zandwijk N, Splinter TA, Burghouts JT,
Bakker W (1987) Retreatment with the induction regimen in small cell
lung cancer relapsing after an initial response to short term chemother-
apy. Eur | Cancer Clin Oncol 23: 1409~ 1411

Roth BI, Jobnson DH, Einhern 1.H. Schacter 1P, Cherng NC. Cnhen HI.
Crawford J, Randolph JA, Goodlow ., Biroun GO, Omura GAL Greeo A
(1992) Randomized study of cvelaphosphamide, doxorubucmn, and
vincrisine versus etoposide and cisplatin versns alternanon of these
two regimens in extensive small-cell lung cancer: a phase i1 trinl of the
Southeastern Cancer Study Group. [ Clin Oncol 10 282-29)

Sculier JP, Kiastersky ], Libert P, Raver P. Brohce D, Vandermalen G,
Michel ], Thiriaux }, Bureau G, Schmerber |, Sergysels R, Coune A (1990)
Cyclophosphamide, doxorubicin and vineristine with amphotericin B in
sonicated liposomes as salvage therapy for small celt lung cancer. Eur }
Cancer 26: 919-92]

Sekine I, Nishiwaki ¥, Kakinuma R, Kubota K, Hojo F. Matsemate T,
Ohmatsu H, Goto K, Kadama T, Eguchi K, Shinkai T, Tamura T, Ohe Y,
Kunitoh H, Yoshimura K, Saijo N (2002) Phase Ul trial of weekly
cisplatin, etoposide, and irinatecan chemolherapy for melasiatic lung
cancer: JCOG Y507, Hr ] Cancer 88: BOR - K13

2004 Cancer Research UK



kine I, Nishiwaki Y, Noda K, Kudch S, Fukuoka M, Mori K, Negoro §,
Yokoyama A, Matsui K, Ohsaki Y, Nakana T, Saijo N (2002) Randomized
phase 1I study of cisplatin, irinotecan, and etoposide combinations
administered weekly or every four weeks for extensive small cell lung
cancer: JCOG9902-D1. Proc Am Soc Clin Oncol 21: 1223a

mon R (1989) Optimal two-stage designs for phase 1l clinical trials.
Control Clin Trials 10: 1-10

sbinai K, Kohno A, Shimada Y, Watanabe T, Tamura T, Takeyama K,
Narabayashi M, Fukutomi T, Kondo H, Shimeyama M, Suemasu K
(1993) Toxicity grading criteria of the Japan Clinical Oncology Group.
The Clinical Trial Review Committee of the Japan Clinical Oncology
Group, Jpr J Clin Oncol 23: 250~ 1257

2004 Cancer Research UK

CPT-11, CDDP, and ETOP for sensitive relapsed SCLC
K Goto et al

@

Vasey PA, Kaye SB (1997) Combined inhibition of topoisomerases 1
and 11 - is this a worthwhile/feasible strategy? Br | Cancer 76:
1395-1397

von Pawel ], Schiller JH, Shepherd FA, Fields SZ, Kleisbauer JP, Chrysson
NG, Stewart D], Clark P1, Palmer MC, Depierre A, Carmichael ], Krebs JB,
Ross G, Lane SR, Gralla R (1999) Topotecan versus cyclophosphamide,
doxorubicin, and vincristine for the treatment of recurrent small-cell
lung cancer, ] Clin Oncol 17: 658- 667

World Health Organization (1979) World Health Organization:
WHO Handbook for Reporting Results of Cancer Treatment,
Vol. WHO Offset Publication Mo, 48, Geneva, Switzerland: World Health
Organization

British Journal of Cancer {2004) 91(4), 659 - 665

665



T860 Vol. 10, 7860-7864, December I, 2004

Clinical Cancer Research

S-1 Plus Cisplatin Combination Chemotherapy in Patients with
Advanced Non-Small Cell Lung Cancer: A Multi-Institutional

Phase II Trial
|

Yukito Ichinose,* Kozo Yoshimori,’

Hiroshi Sakai,® Yushi Nakai,* Takahiko Sugiura,®
Masaaki Kawahara,® and Hisanobu Niitani’
'Department of Thoracic Oncology, National Kyushu Cancer Center,
Fukuoka, Japan; *Department of Respiratory Organs, Fukujuji
Hospital Anti-TB Association, Tokyoe, Japan; *Department of
Respiratory Disease, Saitama Cancer Center, Saitama, Japan;
‘Department of Internal Medicine, Sendai Kohsei Hospital, Miyagi,
Japan; *Department of Pulmonary Disease, Aichi Cancer Center,
Aichi, Japan; ®Department of Internal Medicine, National Kinki
Central Hospital for Chest Discases, Osaka, Japan; and "Tokyo
Cooperative Oncology Group, Tokyo, Japan

ABSTRACT

Purpose: To evalnate the efficacy and toxicity of a novel
combination chemotherapeutic regimen including cisplatin
with an oral anticancer agent, S-1 that consisted of tegafur,
5-chloro-2, 4-dihydroxypyridine, and potassium oxonate, for
non-small-cell lung cancer (NSCLC) patients.

Experimental Design: In this phase I trial, patients with
locally advanced and metastatic NSCLC were treated with
the oral administration of $-1 at 40 mg/m* twice a day for 21
consecutive days while cisplatin (60 mg/m?) was adminis-
tered intravenously on day 8. This schedule was repeated
every 5 weeks.

Results: Of 56 patients enrolled in the: study, 55 patients
were eligible and analyzed. The median number of cycles
administered was 3 (range, 1-12 cycles). Among these 55
patients, one complete response and 25 partial responses
were observed with an overall response rate of 47% (95%
confidence interval, 34~61%). The median survival time
was 11 months and the 1-year survival rate was 45%. Be-
matologic toxicities of grades 3 and 4 jncluded neutropenia
(29%) and anemia (22%). No grade 4 ncnhematologic tox-
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icity was observed. Grade 3 toxicity included anorexia
(13%), vomiting (7%), or diarrhea (7%).

Conclusions: S-1 plus cisplatin combination chemother-
apy showed & promising effectiveness with acceptable toxic-
ity rates in patients with advanced NSCLC. These results
warrant further investigations of this regimen including a
randormized controlled trial for its use as a first line treat-

ment for NSCLC.

INTRODUCTION

S-1 (Taiho Pharmaceutical Co., Ltd, Tokyo, Japan) is an
oral anticancer agent comprised of tegafur, 5-chioro-2, 4-dihy-
droxypyridine, and potassium oxcnate, in 2 molar ratic of
1:0.4:1 (1). Tegafur is a prodrug that generates S5-fruorouracil
(5-FU) in the blood primarily via metabolism by liver enzyme
cytochrome P450. 5-Chloro-2, 4-dihydroxypyridine enhances
the serum 5-FU concentration by the competitive inhibition of
dibydropyrimidine dehydrogenase, an enzyme responsible for
5-FU catabolism. The inhibitory effect of 5-chloro-2, 4-dihy-
droxypyridine on dihydropyrimidine dehydrogenase in vitro is
reported to be 180 times higher than that of uracil (2). Potassium
oxonate is a reversible competitive inhibitor of orotate phospho-
ribosyl transferase, a phosphoenzyme for 5-FU. Diarthea in-
duced by 5-FU administration is thought to be attributable to the
phosphorylation of 5-FU by the enzyme in the gastrointestinal
tissue. After the oral administration of potassium oxonate, the
concentration of potassium oxonate in the gastrointestinal tissue
is high enough to inhibit the enzyme, and the concentration in
blood and tumor is reported to be either slight or nil (3). Because
of these mechanisms, oral 5-1 administration generates a higher
concentration of 5-FU than protracted intravenous injection of
5-FU given in a dose equimolar to the tegafur in S-1 whereas the
tncidence of adverse events concerning the gastrointestinal tract
does not increase (4, 5).

In a phase II trial of 5-1, which was orally administered at
approximately 40 mg/m? twice a day for 28 days followed by a
2-week rest period in 59 advanced non-small-cell lung cancer
(NSCLC) patients without prior chemotherapy, the response rate
was 22% [95% confidence interval (CI), 12-35%)] and the
median survival time was 10.2 months. As expected, the inci-
dence of severe gastrointestinal adverse events was low: Le., the
incidence of grade 3 was 10% in anorexiz, 8% in diarrhea, and
2% in stomatitis whereas no grade 4 nonhematologic adverse
events were cbserved. In addition, there were few severe hema-
tologic adverse everts. The incidence of grade 3 or 4 was 7% in
neutropenia, 2% in anemia, and 2% in thrombocytopenia (6).

UFT is another dihydropyrimidine dehydrogenase-inhibi-
tory fluoropyrimidine consisting of tegafur and uracil in a 1:4
molar concentration (7). UFT has a similar profile of adverse
events but a weaker antitumnor activity against NSCLC than 5-1
(8). However, combination chemotherapy consisting of a daily
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administration of UFT for 2 or 3 weeks and 2 bolus injection of
cisplatin at mid-cycle of administration of UFT for advanced
non~small-cell lung cancer yields a response rate of 29 to 38%
and a median survival time of 10 to 13 months (9-11).

With these backgrounds, we conducted 2 phase IT trial
combining the oral administration of $-1 for 21 days and a bolus
injection of cisplatin on day 8 in patients with advanced
NSCLC.

PATIENTS AND METHODS

Patient Eligibility. The patients were eligible for this
phase II trial if they had been either cytologically or histologi-
cally confirmed to have NSCLC,; stage IIIB without any indi-
cations for radictherapy or stage IV; measurable disease; no
prior treatment; an age range from 20 to 74 years; an Eastern
Cooperative Oncology Group performance status of 0, 1, or 2;
and a projected life expectancy of at least 3 months. Other
eligibility criteria for an organ function were as follows: a
leukocyte count of 4,000 to 12,000/pL; platelet count
2100,000/pL; hemoglobin level of =% g/d]; a serum bilirubin
level <<1.5 mg/dl; serum aspartate aminotransferase and alanine
aminotransferase levels <100 TU/L; alkaline phosphatase level
of twice the upper limit or less; normal creatinine level; creat-
inine clearance rate of at least 60 mL/minute; partial pressure of
arterial oxygen =70 Torm. For staging, 2il patients underwent a
computed tomography scan of the thorax, including upper &b-
domen, and either a brain computed tomography scan or mag-
netic resonance images of brain, and a radioisotopic bone scan
was also done in almost all patients.

Any patients who were pregnant or had concomitant seri-
ous diseases, a concomdtant malignancy, pleural effusion neces-
sitating treatment, or symptomatic cerebral involvement were
excluded from the study. Written informed consent was required
from all patients, and the protocol was approved by the institu-
tional ethics committee of each of the participating institutions.
On entrance to the study, the eligibility of patients was checked
via facsimile by the central administration office of the Tokyo
Cooperative Oncology Group (Tokyo).

Treatment Schedule.  S-1 capsule in the form of a 20 and
25 mg capsule containing 20 and 25 mg tegafur, respectively,
was provided by the Taiho Pharmaceutical Co., Ltd. (Tokyo,
Japan). §-1 was administered orally, 40 mg/m? twice a day, after
meals between days 1 and 21. The actual dose of S-1 was
selected as follows: in & patient with body surface area (BSA) <
1.25 m®, 40 mg twice a day; BSA of 1.25 m? but <1.5 m?, 50
mg twice 2 day; and BSA = 1.5 m®, 60 mg twice a day.
Cisplatin (60 mg/m®) was administered intravenously on day 8
when patients were hydrated with at least a 2,500 mL infusion.
An antiemetic agent could be administered at the discretion of
each patient’s physician. The treatment regimen was repeated
every 5 weeks at least two cycles unless disease progression or
unacceptable toxicity ocowrred. A leukocyte count of
23,000/pL and the entry eligibility criteria regarding organ
functions had to be satisfied to start the next cycle, If these
criteria were satisfied 4 weeks after day 1 of each cycle of
chemotherapy, the next cycle could be administered. The doses
of S-1 were adjusted according to the degree of hematologic and
nonhematologic toxicity. The dose was reduced by one level (20

.Bh

g per day) in patients whose BSA was =1.25 mg, with
evidence of grade 4 hematologic toxicity or grade 3 or more
nonhematologic toxicity during any cycle of administration. If
recovery from such toxicities was confirmed at a reduced dose,
administration at the reduced dose was continued, If a patient
with BSA <1.25 m® experienced the above toxicities, then no
further treatment with S-1 was done. If a rest period of >4
weeks was required, then the patient was withdrawn from the
study.

Evaluation of Response and Toxicity. All eligible pa-
tients who received any part of the treatment were considered
assessable for response and toxicity, Chest X-ray, complete
blood count, and blood chemistry studies were repeated weekly.
The response was assessed based on the chest X-ray or com-
puted tomopraphy scan findings that initially had been used to
define the tumor extent. The response was evaluated in accord-
ance with the criteria of the World Health Organization (12). A
central radiological review was done to determine the eligibility
of patients and the response of treatment. Adverse events were
graded according to the National Cancer Institute-Common
Toxicity Criteria (NCI-CTC) version 2.0,

Statistical Analysis. The number of patients to be en-
rolled in this stody was calculated to be 54, which was required
to reject the null hypothesis that the lower bound of 95% CI of
the expected response rate (50%) would be <30% under the
conditions of a error of 0.025 {(one side) and f error of 0.2. The
overall survival of the eligible patients was defined as the time
from the start of the treatment until death from any cause, and
it was estimated by the Kaplan-Meier method. Differences be-
tween the proportions were evaluated by the x* test. The data
were considered to be significant when the P value was =0.05.

RESULTS

Patient Population. Between September 2000 and No-
vember 2001, 56 patients were enrolled in this study. One
patient was considered to be ineligible because of prior treat-
ment for pleurodesis in which OK432 was used for his malig-
nant plevral effusion. The clinical characteristics of all eligible
55 patients are listed in Table 1. They included 41 men and 14
women, with 2 median age of 64 years. Thirty (55%) patients

Table ] Patient characteristics

No. of patients 55
Age (years), median (range) 64 (46-74)
Gender
Male 41 {(75%)
Female 14 (26%)
Performance status (ECOG)
0 30{55%)
1 23 (42%)
2 2 (4%)
Stage
nIB 10(18%)
v 45 (82%)
Histology
Adenocarcinoma 37(67%)
Squamous cell carcinoma 14 (26%)
Others 4 (7%)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.



