Isobologram

The dose-response interactions between pemetrexed and
paclitaxel for the MCF7, PAl and WiDr cells were
evaluated at the ICy, level by the isobologram method
(Fig. 1) [32]. The IC;yy was defined as the concentration
of drug that produced 80% cell growth inhibition, i.e.,
an 80% reduction of absorbance. Since the A549 cells
were resistant to pemetrexed and the ICgq level was not
obtained, the interactions between p'cmetrexed and
paclitaxel were evaluated at the IC;, Ic‘vel We used the
isobologram method of Steel and Peckham because this
method can cope with any agents with unclear cytotoxic
mechanisms and a variety of dose-response curves of
anticancer agents [32]. The concept of the isobologram
has been described in detail previously [11, 16].

Three isoeffect curves, mode I and mode II, were
constructed, based upon the dose-response curves of
pemetrexed and paclitaxel (Fig. 1). Mode I and mode II
were generated by the assumption regarding overlap and
non-overlap damage in combinations, respectively.
Thus, when the data points of the drug combination fell
within the area surrounded by mode | and/or mode 11
lines (i.e., within the envelope of additivity), the com-
bination was described as additive. We used this enve-
lope not only to evaluate the simultaneous exposure
combinations of pemetrexed and paclitaxel, but also to
evaluate the sequential exposure combinations, since the
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Fig. 1 Schemaltic representation of an isobologram (Steel and
Peckham) [32]. The envelope of additivity, surrounded by mode 1
(solid line) and mode I1 (dotted lines) isobologram lines, was
constructed from the dose-response curves of MTA and paclitaxel.
The concentrations which produced 80% cell growth inhibition are
shown as 1.0 on the ordinate and the abscissa of all isobolograms
for MCF7, PAI, and WiDr cells, while the concentrations which
produced 50% cell growth inhibition are shown as 1.0 on the
ordinate and the abscissa of all isobolograms for A549 cells.
Combined data points Pa, Pb, Pc, and Pd show supraadditive,
additive, subadditive, and protective effects, respectively

o
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second agent under our experimental conditions could
modulate the cytotoxicity of the first agent.

A combination that gives data points to the left of the
envelope of additivity (i.e., the combined effect is caused
by lower doses of the two agents than is predicted) can
confidently be described as supraadditive (synergistic). A
combination that gives data points to the right of the
envelope of additivity, but within the square or on the
line of the square can be described as subadditive (i.e.,
the combination is superior or equal to a single agent
but is less than additive). A combination that gives data
points outside the square can be described as protective
{i.e., the combination is inferior in cytotoxic action to a
single agent). A combination with both subadditive and/
or protective interactions can confidently be described as
antagonistic. The Steel and Peckham isobologram is,
generally more strict regarding synergism and antago-
nism than other methods.

Data analysis

The findings were analyzed as described previously [14].
When the observed data points of the combinations
mainly fell in the area of supraadditivity or in the areas
of subadditivity and protection, i.e., the mean value of
the observed data was smaller than that of the predicted
minimum values or larger than that of the predicted
maximum values, the combinations were considered to
have a synergistic or antagonistic effect, respectively. To
determine whether the condition of synergism {(or
antagonism) truly existed, a statistical analysis was
performed. The Wilcoxon signed-ranks test was used for
comparing the observed data with the predicted mini-
mum (or maximum) values for additive effects, which
were closest to the observed data (i.e., the data on the
boundary (mode I or mode II lines) between the additive
area and supraadditive area (or subadditive and pro-
tective areas). Probability (P} values <(.05 were con-
sidered significant, Combinations with P>0.05 were
regarded as indicating additive to synergistic (or additive
to antagonistic) effects. All statistical analyses were
performed using the Stat View 4.01 software program
(Abacus Concepts, Berkeley, Calif).

Results

The ICqgy values of pemetrexed for a 24-h exposure
against MCF7, PAl, and WiDr cells were 3.31+0.4,
0.15+£0.02, and 0.45+0.04 uM, respectively, while those
of paclitaxel against MCF7, PAl, and WiDr cells were
5.9+0.4,2.5+0.06, and 5.8 £0.06 nM, respectively. The
ICsy values of pemetrexed and paclitaxel for a 24-h
exposure against A549 cells were 2.540.3 pM and
3.4+0.3 nM, respectively.

Figure 2 shows the dose-response curves obtained
from simultaneous exposure and sequential exposure
to pemetrexed and paclitaxel for the MCF7 cells. The
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Fig. 2 Schedule dependence of the interaction between MTA and
paclitaxel in MCF7 cells. Celis were exposed to (a) these two drugs
simultaneously for 24 h, (b) MTA first for 24 h followed by
paclitaxel for 24 h, or (¢) the reverse sequence. The cell number
after 5 days was measured using the MTT assay and was plotted as
a percentage of the control (cells not exposed to drugs). The
concentrations of MTA are shown on the abscissa. The concen-
trations of paclitaxel were 0 (open circles), 1 (filled cireles), 2 (filled
squares), 3 (filled uptriangles), 4 (filled downtriangles), 6 (filled
diamonds), and 8 (crosses) nM, respectively. Data are the mean
values for three independent experiments; SE was <20%

dose-response curves were plotted on a semilog scale as a
percentage of the control, the cell number of which was
obtained from the samples not exposed to the drugs
administered simultaneously. The pemetrexed concen-
trations are shown on the abscissa. Dose-response
curves in which paclitaxel concentrations are shown on
the abscissa could be made based on the same data
(figure not shown).

Based upon the dose-response curves of pemetrexed
alone and paclitaxel alone, three isoeffect curves (mode 1
and mode I lines) were constructed. Isobolograms at
the ICgg and ICsq levels were generated based upon these
dose-response curves for the combinations.

Simultaneous exposure to pemetrexed
and paclitaxel for 24 h

Figure 3 shows the isobolograms of the A54%9, MCF7,
PA1l, and WiDr cells exposed to both agents simulta-
neously. For the A549 and PAIl cells, all or most com-
bined data points fell in the areas of subadditivity and
protection (Fig. 3a,¢). The mean values of the data were
larger than those of the predicted maximum data (Ta-
ble 1). The differences were significant (P <0.05 and
P <0.03), indicating antagonistic effects. For the MCF7
cells, the combined data points fell within the envelope
of additivity and in the areas of subadditivity and pro-
tection (Fig. 3b; Table 1). The mean value of the data
was larger than that of the predicted maximum data.
The difference was not significant (P20.05), indicating

-
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additive/antagonistic effects. For the WiDr cells, the
combined data points fell mainly within the envelope of
additivity (Fig. 3d). The mean value of the data was
larger than that of the predicted minimum data and
smaller than that of the predicted maximum data
(Table 1), indicating additive effects. A quite similar
tendency was observed in the 1Cs; isobologram of the
MCF7, PAI1, and WiDr cells (not shown).

Sequential exposure to pemetrexed for 24 h
followed by paclitaxel for 24 h

Figure 4 shows the isobolograms of the four cell lines
exposed first to pemetrexed and then to paclitaxel. For
the A549 and MCF7 cells, the combined data points fell
in the area of supraadditivity and within the envelope of
additivity (Fig. 4a,b). The mean values of the data were
smaller than those of the predicted minimum data
(Table 1). The differences were significant (#<0.05 and
P<0.05), indicating synergistic effects, For the PAl
cells, the combined data points fell within the envelope
of additivity (Fig. 4¢), indicating additive effects
(Table 1). For the WiDr cells, the combined data points
fell within the envelope of additivity and in the area
of supraadditivity (Fig. 4d). The mean value of the
data was smaller than that of the predicted maximum
data and larger than that of the predicted minimum data
(Table 1), indicating additive effects. A quite similar
tendency was observed in the 1Cs; isobologram of the
MCF7, PAL, and WiDr cells (not shown).

Sequential exposure to paclitaxel for 24 h
followed by pemetrexed for 24 h

Figure 5 shows the isobolograms of cells exposed first to
paclitaxel and then to pemetrexed. For all four cell lines,
all or most of the data points fell within the envelope of
additivity, indicating additive effects (Table 1). A quite
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similar tendency was observed in the ICIISO isobologram
of the MCF7, PAI, and WiDr cells. ‘

. . i
Discussion '

We studied the cytotoxic activity of various schedules of
pemetrexed in combination with paclitaxel in culture to
investigate the optimal schedule of this combination.
The analysis of the effects of drug—drug'interaction was
carried out using the isobologram method of Steel and

MTA

MTA

Peckham [32]. Among the solid tumnor cell lines studied,
PA1 was most sensitive to pemetrexed, while A549 was
most resistant to pemetrexed. The pemetrexed concen-
trations required for 1Cyy and/or ICsy were well within
the range that can be attained in human plasma using
standard dosing regimens [23].

We demonstrated that cytotoxic interactions between
pemetrexed and paclitaxel were schedule-dependent and
cell line-dependent. Simuitaneous exposure to pemetr-
exed and paclitaxel showed antagonistic effects in A549
and PA1 cells, additive/antagonistic effects in MCF7

Table 1 Mean values of ‘

observed data, predicted Schedule Cellline n  Observed Predicted data for an Effect
minimum, and predicted | data additive effect
maximum values of MTA in .. ;
combination with paclitaxel at | Minimum  Maximum
ICyo for MCF?, PALand WiDr o cliiaxel  AS89 6 092 0.2 0.69 Antagonism (P <0.05)
cells and at ICs for AS49 cells | MCF7 11 06l 0.42 0.52 Additive/antagonism
' PAl 7 071 0.33 0.60 Antagonism (P <0.05)
‘ WiDr 9 0.6] 0.29 0.78 Additive
MTA — rpaclitaxel AS549 8 031 0.36 0.80 Synergism (P <0.05)
| MCF7 g8 045 0.60 0.66 Synergism (P <0.05)
PA1 7 041 0.32 0.70 Additive
‘ WiDr 10 0.34 0.33 0.83 Additive
Paclitaxel -»' MTA  A549 6 0.78 0.31 0.82 Additive
MCF7 g8 0.58 0.44 0.66 Additive
| PAl 6 055 0.44 0.67 Additive
WiDr 9 0.64 0.25 0.93 Additive
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cells and additive effects in WiDr cells. Sequential
exposure to pemetrexed for 24 h followed by paclitaxel
showed synerg:stlc effects in A549 and MCF7 cells and
additive effects in PA1 and WiDr cells However, the
combined data points in PA1 and WiDrt cells were close
to the borderlines between supraadditive and additive
areas (Fig. 4), and the observed data were close to the
predicted minimum values for an additive effect (Ta-
ble 1). The combined data points in WiDr cells fell both
in the area of supraadditivity and within the envelope of
additivity (Fig. 4). Since the isobologram of Steel and
Peckham is more strict for synergism and antagonism
than other methods for evaluating thei effects of drug
combinations, simultaneous exposure to pemetrexed and
paclitaxel and sequential exposure to pemectrexed fol-
lowed by paclitaxel would be defined as having antag-
onistic and synergistic effects, respectively, using other
methods.

On the other hand, sequential exposure to paclitaxel
followed by pemetrexed showed additive effects in all
four cell lines tested. The results of flow cytometric
analysis of PA1 cells were consistent wnth these findings.
Enhanced apoptosis was observed oniy in the pemetr-
exed—paclitaxel sequence (data not shown).

Our findings suggest that the simultaneous adminis-
tration of pemetrexed and paclitaxel on the same day is
convenient for clinical use but is subopt:mal The
sequential administration of pemetrexed followed by
paclitaxel may be the optimal schedule for these com-
binations. For example, administrations of pemetrexed
on day 1 and paclitaxel on day 2 would be worthy of
clinical investigation. Several in vitro and in vivo studies
of combinations of pemetrexed with paclitaxel have been
reported [28, 34, 35]. Schultz et al. observed synergistic
effects when pemetrexed exposure pre ceded paclitaxel
exposure by 24 h, while the reverse order produced only
additive effects in three human cancer cells in vitro [28].
Although the detailed experimental systems are not
described in the abstract, our data support their findings.

Teicher et al. studied the combinaticm of pemetrexed
and pachtaxe] in vivo against EMT-6 munne mammary
carcinoma using a tumor cell survival assay [34]. They
observed that pemetrexed administered four times over
48 h with paclitaxel administered with the third dose of
pemetrexed produced an additive or more than additive
tumor response. They further studied the combination
of pemetrexed and paclitaxel in human tumor xenografts
[35). Administration of pemetrexed (days 7-11,
days 14-18) along with paclitaxel (da)s 8, 10, 12, and
15) produced greater-than-additive effects on human
lung cancer H460 tumor growth delay, while that of
pemetrexed (days 7-11) along with paclitaxel (days 7, 9,
11, and 13) produced additive effects on human breast
cancer MX-1 tumor growth delay. Since the schedules of
administration of pemetrexed with paclitaxel were quite
different from ours, comparison seems difficult.

The mechanisms underlying the schedule-dependent
synergism and antagonism of the combination of
pemetrexed and paclitaxel are unclear. Cell cycle
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analysis showed that initially exposing cells to pemetr-
exed leads to synchronization in the S phase (data not
shown). Cells in the S phase are sensitive to paclitaxel, in
addition to cells in G»/M phase [17]. This may explain
the synergistic effects of sequential exposure to pemetr-
exed followed by paclitaxel. Simultaneous exposure to
pemetrexed and paclitaxel produced antagonistic effects.
Pemetrexed has a cytotoxic effect by blocking cells in the
S phase [38], while paclitaxel has cytotoxic effects by
blocking cells in the G,/M phase [17, 27]. Thus, one
agent might reduce the cytotoxicity of the other agent by
preventing cells from entering the specific phase in which
the cells are most cytotoxic to the other agent. Inter-
estingly, we have observed similar cytotoxic interactions
between methotrexate and paclitaxel [15]. Simultaneous
exposure to methotrexate and paclitaxel produces
antagonistic effects, while the methotrexate/paclitaxel
sequence produces synergistic effects and the reverse
sequence produces additive effects. These experimental
data suggest that antifolates, which inhibit dihydrofolate
reductase, may enhance the cytotoxic action of paclit-
axel in sequential administration.

It should be noted that in vitro studies cannot eval-
uate toxic and pharmacokinetic interactions. Thus, in
vivo studies are required to confirm whether the
pemetrexed-paclitaxel sequence is optimal or not. In
clinical oncology, drug interaction may result in syner-
gism, not only in terms of efficacy but also in terms of
toxic side effects. If the toxicities of the drug combina-
tions were compared between the schedules of syner-
gistic and antagonistic interactions at the same doses,
the schedules with antagonistic interactions may pro-
duce less toxicity than the schedules with synergistic
interactions. Our data showed that the drug doses
required for ICgg or 1Cs levels with sequential exposure
to pemetrexed followed by paclitaxel are less than 70%
of the drug doses required for 1Cgg or 1Csp with simul-
taneous exposure to the two agents (Figs. 3 and 4). This
suggests that the optimal doses for sequential adminis-
tration of pemetrexed followed by paclitaxel may be
lower than those for the simultaneous administration of
the two agents. This is important and must be kept in -
mind for translating in vitro data to clinical applications,
since the schedule showing antagonistic effects of the
combination may be selected because of less toxicity
during the first stage of clinical study.

In conclusion, our findings suggest that the cytotoxic
effects of the combination of pemetrexed and paclitaxel
are schedule-dependent. The optimal schedule of
pemetrexed in combination with paclitaxel is the
sequential administration of pemetrexed followed by
paclitaxel. Although there are a number of difficulties in
the translation of results from in vitro to clinical ther-
apy, this schedule should be assessed in clinical trials for
the treatment of solid tumors.
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| ORIGINAL ARTICLE

ARandomized Trial of' Adj uvant Chemotherapy with Uracil-Tegafur
for Adenocarcinoma of the Lung

Harubumi Kato, M.D., Yukito ichinose, M.D., Moric Ohta, M.D., Enjo Hata, M.D., Noriaki Tsubota, M.D.,
Hirohito Tada, M.D., Yoh Watanabe, M.D., Hiromi Wada, M.D., Masahiro Tsubei, M.D., Nobuyuki Hamajima, M.D.,
and Mitsuo Ohta, M.D., for the Japan Lung Cancer Research Group on Postsurgical Adjuvant Chemotherapy*

| ABSTRACT

BACKGROUND |
In a previous phase 3 trial of adjuvant chemotherapy after resection of non-small-cell
Iung cancer, a combination of uracil arid tegafur (often referred to as UFT) taken orally
was shown to prolong survival. A subgrloup analysis disclosed that most patients who
benefited had pathological stage I adenocarcinoma.

|
METHODS |
We randomly assigned patients with completely resected pathological stage I adenocar-
cinoma of the lung to receive either oral uracil-tegafur (250 mg of tegafur per square
meter of body-sutface area per day) for two years or no treatment. Randomization was
performed with stratification according to the pathological tumor category (T1vs. T2),
sex, and age. The primary end point was overall survival.

|

RESULTS

From January 1994 through March 1997, 999 patients were enrolled. Twenty patients
were found to be ineligible and were excluded from the analysis after randomization;
491 patients were assigned to receive uracil-tegafur and 488 were assigned to observa-
tion. The median duration of follow-up for surviving patients was 73 months. The dif-
ference in overall survival between the two groups was statistically significant in favor
of the uracil-tegafur group (P=0.04 by a stratified log-rank test). Grade 3 toxic effects
occurted in 10 of the 482 patients (2 percent) who actually received uracil-tegafur.

CONCLUSIONS |
Adjuvant chemotherapy with uracil- tegafur improves survival among patients with

completely resected pathological stagre I adenocarcinoma of the lung.

|
\
|
I
|
|
N ENGL J MED 350,17 \www,NEjM.onc APRIL 22, 2004
|
|
|
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5 tegafur (also referred to as UFT) ata molar

% ratio of4:1is an oral anticancer agent with
good absorption in the small intestine. Tegafur is
a prodrug that is gradually converted to fluorouracil
in the liver by the cytochromte P-450 enzyme. Uracil
enhances the serum concentration of fluorouracil
by competitive inhibition of dihydropyrimidine de-
hydrogenase, the enzyme responsible for fluoro-
uracil catabolism.2 Oral uracil-tegafur generates
a higher maximal plasma level of fluorouracil than
the protracted intravenous injection of fluoroura-
cil given in a dose that is equimolar to the amount
of tegafur in uracil-tegafur.3

In patients with advanced non-small-cell lung
cancer, the rate of response to treatment with uracil-
tegafur ranges from 6 percent to 8 percent,*5 and a
regimen of daily uracil-tegafur for 2 or 3 weeks plus
a bolus injection of cisplatin yields a response rate
of 29 to 38 percentand a median survival of 8 to 13
months.5-8 In two trials of uracil-tegafur plus cis-
platin with concurrent radiotherapy in patients with
locally advanced non-small-cell lung cancer, the re-
sponse rates wete 80 percent® and 94 percent,®
with a median survival 0f 16.5 months.® The results
with uracil-tegafur plus cisplatin are similar to the
results of other regimens of cisplatin-based combi-
nation chemotherapy.11:12

The West Japan Study Group for Lung Cancer
Surgery reported that survival was significantly
longer in patients assigned to adjuvant treatment
with uracil-tegafur than in patients assigned to ob-
servation alone after complete resection of stage I,
11, ot [1I non—small-cell lung cancer.13 The five-year
survival rate was 64 percent in the uracil-tegafur
group and 49 percentin the control group {P=0.02).
In a subgroup analysis, there was no significant dif-
ference in overall survival between the uracil-tegafur
group and the control group among patients with
squamous-cell carcinoma (P=0.24). In contrast, pa-
tients with adenocarcinoma in the uracil-tegafur
group had a significantly better survival than those
in the control group (P=0.009).%4 In addition, most
patients with adenocarcinoma had stage 1 disease.
These results prompted us to conduct a randomized
trial of uracil-tegafur as a postoperative adjuvant
treatment for patients with completely resected
stage ] adenocarcinoma.

P’E""‘"{ HE COMBINATION OF URACIL AND

METHODS

PATIENTS

Enrollment began in January 1994. Eligible patients
had undergone a complete surgical resection of a
pathologically documented stage I (TINOMO or
T2NOMO) adenocarcinoma of the lung {according
to the 1986 classification of the American Joint
Committee on Cancer).15 Visceral pleural involve-
ment was classified according to the rules of the
Japan Lung Cancer Society,16 and a tumor that was
larger than 3 cm in diameter or a tumor of any size
that was exposed on the visceral pleural surface was
classified as a pathological T2 tumor. Other inclu-
sion criteria were an age of 45 to 75 years; the ab-
sence of preoperative anticancer treatment, previous
cancer, and synchronous multiple cancers; an East-
ern Ceoperative Oncology Group (ECOG) perfor-
mance statust? of 0, 1, or 2; a leukocyte count of at
least 4000 per cubic millimeter; a platelet count of
atleast 100,000 per cubic millimeter; a hemoglobin
level of at least 100 g per liter; serum aspartate ami-
notransferase and alanine aminotransferase levels
that were no more than twice the upper limit of the
nornal range; and an absence of severe postopera-
tive complications, such as pneumeonia or empye-
ma. Written or oral informed consent was obtained
from all patients or their representatives, and the
study was approved by the institutional review board
of each participating center.

Confirmation of eligibility and randomization
were performed by telephone or fax at a central site
within 28 days after each patient’s operation. All el-
igible patients were stratified according to age (less
than 65 years vs. 65 years or older), sex, and patho-
logical tumor category (T1vs. T2).18

TREATMENT
Patients assigned to the control group were ob-
served, with no treatment after surgery. In the treat-
ment group, uracil-tegafur (250 mg of tegafur per
square meter of body-surface area per day) in the
form of 100-mg capsules (100 mg of tegafur plus
224 mg of uracil) was given orally before meals twice
daily for two years, starting four weeks postopera-
tively. The dose was rounded up or down to the near-
est 100 mg. Most patients received two capsules of
uracil-tegafur (200 mg of tegafur and 448 mg of
uracil) twice daily. The patients were asked at each
follow-up visit whether they had taken the capsules
as prescribed.

N ENGL J MED 350,17 WWWw.NEJM.ORG APRIL 22, 2004
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Toxic effects of uracil-tegafur were graded ac-
cording to the criteria of the Japan Society of Clini-
cal Oncology, which consist of the World Health
Organization criteria with minor modifications.*?
If a grade 2 adverse reaction occurred, the dose of
uracil-tegafur was reduced to 200 mg per square
meter. Treatment was stopped if there was a grade
3 or higher adverse reaction, a ]eukocyte count of
less than 3000 per cubic millimeter, a platelet count
ofless than 70,000 per cubic millimeter, a hemoglo-
bin level of less than 9.5 g per Ceiliter, oran aspar-
tate aminotransferase or alanine aminotransferase
level that was more than three times the upper limit
of the normal range. ‘

FOLLOW-UP )

A follow-up evaluation was performed every three
months for the first two years after the operation
and every six months thereaftez. The evaluation in-
cluded a physical examination, a complete blood
count, blood chermical tests, screemng for serum
tumor markers, and chest rad1ooraphy A computed
tomographic (CT) scan of the thorax and brainand
either a CT scan or a2 sonogram. of the upper abdo-
men were obtained every six months for the firsttwo
years after the operation and at ieast twice during
the subsequent three years. Whe never possible, a bi-
opsy of any new lesion suspectec‘l of being a recur-
rence or a second primary cancer was performed.
A final dizgnosis of such lesions was made by the
physician in charge. |

STATISTICAL ANALYSIS ‘

The primary end point was overal! survival; second-
ary end points were cancer-free survival and safety.
All eligible patients were includ: =d in the analysis of
overall survival and cancer-free survwal and all pa-
tients who were given urac1l—teg'aﬁ1r were included
in the safety assessment.

The sample size was calculateé by the method of
Schoenfeld and Richter2? according to the following
assumptions: a five-year survival rate of 70 percent
in the no-treatment group, a hazard ratio for death
of 0.67 in the uracil-tegafur groyp, a two-year ac-
crual period, a five-year follow-up, a one-sided sig-
nificance level 0f 0.05, and a statistical power of 80
percent. Since these calculations tesulted in a sam-
ple size of 518 patients, the sam pIe size was deter-
mined to be 600, with an allowance of about 15 per-
cent for ineligible patients or patsents who were lost
to follow-up. In May 1995, the sample size was ex-
panded to 984 patients after it be came clear that the

five-year survival rate for those in the control group
was better than expected. The newly adopted five-
year survival rate was 83 percent, and the accrual pe-
riod was extended to three years. A committee for
efficacy and safety provided independent monitor-
ing of the study. Haybittle-Peto horizontal bound-
aries, 21 with a criterion of P<0.001, were used in the
interim analyses conducted to determine whether
the study should be terminated eatly.

Overall survival was defined as the time from sur-
gery until death from any cause, and cancer-free sur-
vival was defined as the time from surgery until the
appearance of the first recurrence of cancer, a sec-
ond cancer, or death from any cause. Survival was
estimated by the Kaplan—Meier method, and any dif-
ferences in survival were evaluated with a stratified
log-rank test. Multivariable analyses with the Cox
proportional-hazards model were used to estimate
the simultaneous effects of prognostic factors on
survival.?? Interactions with prognostic factors were
also examined with the Cox proportional-hazards
model. The SAS statistical software package (ver-
sion 6.09, SAS Institute) was used for all calcula-
tions. Differences were considered to be statistically
significant when the P value was 0.05 or less. All
statistical tests were two-sided.

The protocol committee of the Japan Lung
Cancer Research Group designed the study. Taiho
Pharmaceutical Company collected and analyzed
the data, and the authors interpreted the data and
wrote the report. The authors had access to the
primary data.

RESULTS

CHARACTERISTICS OF THE PATIENTS

From January 1994 through March 1997, 999 pa-
tients were enrolled and randomly assigned to re-
ceive uracil-tegafur (498 patients) or no treatment
(501 patients). Seven patients in the uracil-tegafur
group and 13 patients in the control group were in-
eligible for the following reasons: pathological
N1 or M1 disease in 7 patients, histologic findings
other than adenocarcinoma in 6, no laboratory data
at registration in 2, and miscellaneous reasons in
5. Therefore, there were 491 eligible patients in the
uracil-tegafur group and 488 in the control group.
Table 1 lists the base-line clinical characteristics
of the two groups, which did not differ significant-
ly. All but one patient in each group underwent
lobectomy.

N ERGL ) MED 350:17 WWW.NEJM.ORG APRIL 22, 2004

86

1715



The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Base-Line Characteristics of the Patients.
Uracil-Tegafur
Group Control Group

Characteristic {(N=491) {N=488)
Age

Mean {yr) 62 62

Range (yr) 45-75 45-75

<65 yr (no.) 274 275

265 yr {nD,) 217 213
Female sex {no.) 253 249
ECOG performance status (no.)*

o 376 369

1 105 113

2 10 6
Pathological tumer stage (no.)

Tl 362 354

12 129 134
Invasion of pleura (ne.)}

o 340 346

1 120 114

2 29 28

Unkrown 2 0
Tumor size (no.)

s2ecm 208 204

>2t0 =3 cm 174 170

=3cm 109 114
Location of the tumor {no.}

Right upper lobe 182 139

Right middle lobe 41 34

Right lower lobe 102 37

Right lobes 2 2

Left upper lobe 107 114

Left lower lobe 54 60

Left lobes 3 2
T)rp‘e of surgery (no.)

Lobectomy 490 437

Pneumonectomy 1 1

* ECOG denotes Eastern Cooperative Oncology Group. Higher performance-
status numbers indicate greater impairment.

1 Gindicates a tumor with no pleural involvement or a tumor that reaches the
visceral pleura but does not extend beyand the elastic layer, T a tumor that ex-
tends beyond the elastic layer of the visceral pleura but is not exposed on the
pleural surface, and 2 a tumor that is exposed on the pleural surface but does
not involve the parietal pleura.

1716

ADVERSE REACTIONS AND COMPLIANCE

Ofthe 498 patients originally assigned to the uracii-
tegafur group, 482 actually received uracil-tegafur.
Few severe adverse reactions were associated with

uracil-tegafur. A grade 3 adverse reaction developed
in 10 of 482 patients (2 percent), and no grade 4 ad-
verse reactions occurred (Table 2).

Compliance with instructions to take uracil-
tegafur was calculated on the basis of the number
of patients who actually took uracil-tegafur and the
number of patients who were assigned to it, exclud-
ing those with a recurrence or second cancer and
those who died. The rate of compliance was 80 per-
cent (95 percent confidence interval, 77 to 84 per-
cent) at 6 months, 74 percent (95 percent confidence
interval, 70to 78 percent) at 12 months, 69 percent
(95 percent confidence interval, 65 to 73 percent)
at 18 months, and 61 percent (95 percent confi-
dence interval, 57 to 66 percent) at 24 months. The
main reasons for discontinuation of uracil-tegafur
were an adverse reaction (in 123 patients}, the pa-
tient’s decision (52 patients), and the doctor’s judg-
ment (34 patients).

OVERALL SURVIVAL
The median follow-up among surviving patients
was 72 months in the uracil-tegafur group and 73
months in the control group. Data were censored
for 426 patients in the uracil-tegafur group and 399
in the control group. At the last follow-up visit, 65
patients in the uracil-tegafur group and 89 in the
control group had died, and the overall survival
rates in the two groups differed significantly on the
basis of the stratified log-rank test (Fig. 1A). The
five-year overall survival rate was 88 percent (95 per-
cent confidence interval, 85 to 91 percent) in the
uracil-tegafur group and 85 percent (95 percent
confidence interval, 82 to 89 percent) in the control
group. When the survival analysis was performed
with the inclusion of all 999 randomized patients,
the result did not change (P=0.047).

The predetermined covariates were age {<65
years vs, 265 years), sex, ECOG performance status
{0vs. 1 or 2), pathological T status (T1 vs. T2), and
the assigned treatment. The covariates were selected
according to multivariate analysis with the use of a
stepwise procedure. All P values were less than 0.05.
The selected covariates were as follows: age (hazard
ratio for patients 265 years, 2.02; 95 percent confi-
dence interval, 1.46 to 2.80; P<0.001), sex (hazard
ratio forwomen, 0.66; 95 percent confidence inter-
val, 0.48 to 0.91; P=0.01}, T category (hazard ratio
for T2,1.95; 95 percentconfidence interval, 1.41to
2.69; P<0.001), and treatment group (hazard ratio
for the uracil-tegafur group, 0.72; 95 percent con-
fidence interval, 0.53 to 1.00; P=0.05).

N ENGL ] MED 150,17 WWW.NEJM.ORG APRIL 22, 2004
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Table 2. Adverse Reactions to Uracil-Tegafur,
Adverse Reaction Grade of Toxicity*
1 2 3 4
% of patients
Leukopenia 2 } ¢ 0
Thrombocytopenia «<1 0 0 0
Anemia 1 <i 0 0
Increase in bilirubin 1« g 0
Increase in aspartate aminotrans- 6 2 <1 0
ferase ‘
Increase in alanine aminotrans- 6 2I o o
ferase |
increase in alkaline phosphatase <:1I o 0
Anarexia g 8 1 0
Nausea or vomiting 10 3‘ 1 ¢
Diarrhea 2 il a o
Alopecia <1 o, 0 0

* Toxicity was graded according to criteria of thlejapan So-
ciety of Clinical Oncology. Grades range from 1 to 4, with

a higher grade indicating a more sevete reaction.
|

We also evaluated interactions bem'e‘_en the four
prognostic factors (sex, age, patholc gical umor
category, and size of the tumor) (Fig. 2) and the
treatment. We included tumor size in the analysis
because the tumor category is determmﬂd mainly by
the maximal diameter of the primary tumor. As Fig-
ure 2 shows, there were s:gmﬁcantmteracnons be-
tween the tumor category and size of the Fumor and
the treatment.

The survival rate among patients with T2 dis-
ease in the uracil-tegafur group was significantly
higher than that in the control group, whereas
among patients with T1 disease, there was no sig-
nificant difference in survival between the uracil-
tegafur and control groups. The five-year survival
rate among patients with T2 disease was 85 percent
(95 percent confidence interval, 79t 91 percent) in
the uracil-tegafur group and 74 percent (95 percent
confidence interval, 66 to 81 percent) in the control
group (Fig. 1B). The difference in overall survival
between the two groups was statistically 51gn:ﬁcant
(P=0.005 by the log-rank test). The five-year surviv-
al rate among patients with T1 disease was 8% per-
cent in the uracil-tegafur group and 90 percent in
the control group (Fig. 1C). In the subgroups of pa-
tients with a tumor that was less than 2 ca in diam-
eter, 2 to 3 cm, and greater than 3 cm, the five-year
survival rate was 89 percent, 89 percernt, :lr}d 85 per-

N ENGL J MED 350,17 WWW.NEJM.ORG
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Figure 1. Overall Survival among All 979 Eligible Patients (Panel A), 263 Patients
with T2 Disease (Panel B), and 716 Patients with T} Disease {Panel C} Who
Were Randomly Assigned to the Uracil-Tegafur Group and the Control Graup.
The hazard ratios indicate the risk of death in the uracil-tegafur group as com-
pared with the control group; 95 percent confidence intervals are shown in pa-
rentheses. P values were calculated with the use of the stratified log-rank test.
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Prognostic No. of
Factor Patients P Value Hazard Ratio
Sex 0.66 :
Male 477 —_—
Femnale 502 __..:-o—___._
Age 0.72 !
<B5 yr 549 -—-—;-0—-——-
263 yr 430 ——obe—er
Pathological '
turEor stage 0.04 :
Tl 716 e
T2 23 —
Tumor size 0.05 '
=2¢m 412 —_——
>2toslem 344 —_—
>3 cm 223 —eri
Total
0.71 O.IOO ' 0.[50 ' 1.00 ' l.;O ' 2.;)0
Uracil-Tegafur Control
Better Better
Figure 2, Hazard Ratios for Death in Patients in the Uracil-Tegafur Group
as Compared with the Control Group, According to Four Prognostic Factors.
Each square represents the estimated treatment effect, the horizontal lines
represent the 95 percent confidence intervals, and the diamond cerresponds
to the 95 percent confidence intervals for the entire group of patients. The
P value for the turnor size is for the comparison of patients who had tumeors
that were 2 cm or less in diameter with patients who had tumors that were
more than 3 cm,

cent, respectively, in the uracil-tegafur group and
91 percent, 86 percent, and 74 percent, respectively,
in the control group.

PATTERN OF FAILURE AND CANCER-FREE
SURVIVAL

Arecurrence ora second primary cancer as the first
treatment failure after surgery was documented in
23 percent of the uracil-tegafur group and 26 per-
centof the control group (Table 3). Among the 716
patients with T1 disease, recurrence or a second pri-
mary cancer was observed in 69 of 362 patients (19
percent) in the uracil-tegafur group and 76 of 354
patients (21 percent) in the control group; among
the 263 patients with T2 disease, 42 0f 129 patients
(33 percent) in the uracil-tegafur group and 53 of
134 patients {40 percent) in the control group had
recurrence or 2 second primary cancer as the first
treatment failure. On the basis of a Kaplan-Meier
analysis, the difference in cancer-free survival be-
tween the two groups was not statistically signifi-
cant (P=0.25 by the stratified log-rank test). The sur-
vival of patients after the diagnosis of 2 recurrence
orasecond primary cancer did not differ significant-

1718
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ly between the groups (P=0.14 by the log-rank test):
the one-year and two-year survival rates after diag-
nosis were 05 percent and 50 percent, respectively,
in the uracil-tegafur group and 65 percent and 42
percent, respectively, in the control group.

DISCUSSION

The Japanese Association for Chest Surgery and Ja-
pan Lung Cancer Society recently reported the long-
term survival rate of 7408 patients with lung cancer
who had undergone a surgical resection in 1994, the
year that our trial started.?3 The main histologic
types were adenocarcinoma (in 56 percent of the
patients) and squamous-cell carcinoma (in 33 per-
cent). Among patients with pathological stages
TINOMO and TZNOMO, the five-year survival rates
were 79 percent and 60 percent, respectively. In our
study of adenocarcinoma, the five-year survival rate
in the control group was 90 percentamong patients
with TINOMO disease and 74 percent among those
with TZNOMO disease. Although the figures in the
two studies cannot be directly compared, owing to
different histologic patterns and times when the
data were collected, the excellent five-year survival
rate for the control patients in our study?*25 indi-
cates that our collaborative group has made im-
provements in the quality of the surgical treatment
and the accuracy of surgical staging.

Our study shows that adjuvant chemotherapy
with uracil-tegafur has a beneficial effect on the sur-
vival of patients with resected stage I adenocarci-
noma of the lung. This benefit, however, was not
observed in patients with TINO disease. In the past
few years, the number of patients in whom small ad-
enocarcinomas have been discovered has increased
owing to the increased use of computed tomogra-
phy. In our study, 412 of 979 patients (42 percent)
had an adenocarcinoma that was less than 2 cm in
diameter. Adenocarcinomas of this size often in-
clude bronchoalveolar carcinoma, which is unlikely
to recur after resection.?é Therefore, a small adeno-
carcinoma usually has a very good prognosis26.27;
in our study, the five-year survival rate of patients
with tumors that were 2 cm or less in diameter was
01 percent. For this reason, we believe that patients
with small tumors should be excluded from adju-
vant trials unless a subgroup with a poor prognosis
is identified,

In conirast, reatment with uracil-tegafur tended
to improve the survival rate among patients with a
tumor that was 2 to 3 cm in diameter and provided
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adefinitive survival benefit for patients with atumor

thatwas more than 3 cm in diameter. These findings Table 3, Pattern of Treatment Failure

Uracil-Tegafur
Group
{N=491})

indicate that the effect of uracil-tegafur ‘may be re-
lated to certain biologic factors. In a retrospective
study, Tanaka et al.28 found that the prognosis was
good for patients with non—small-cell hing cancer
characterized by a high apoptotic index and no ab-

Pattern

Intrathoracic only

errantexpression of p53 who received postoperative Local recurrence 17

uracil-tegafur. Pulmonary metastases 36
Patient compliance is usually a problem in trials Local recurrence plus pulmonary 3

of adjuvant chemotherapy. In trials of cisplatin- metastases

based chemotherapy, which was scheduled 1o be ad- Second cancer 11

ministered in three or four cycles poskoperanvefy, Extrathoracic only

only 50 to 70 percent of the planned treatment was Recurrence 23
given.29-32 In our trial, we planned to give uracil- Second cancer 14
tegafur daily for two years. However, only 61 percent Intratharacic plus extrathoracic recurrence 7
of patients assigned to the treatment completed the | [, 11 (22.6)

two-year course. The main reasons for dlscontmu-

Control
Group
{N=488)

no. of patients (%}

3
38
12

11

33
13
9

129 (26.4)

ing uracil-tegafur were adverse reactions (which
were infrequent and usually mild) and the patient’s

decision, which suggests that compliance in trials
of adjuvant chemotherapy may notbe related to the
severity of adverse events.

The main difference between trials of cisplatin-
based adjuvant chemotherapy and trials bf adjuvant
chemotherapy with uracil-tegafur is the duration of
the treatment. The cisplatin-based regimens entail
three or four cycles (9 to 16 weeks) of chemothera-
py,29-32 whereas uracil-tegafur is taken daily for 1 or
2years.13:33-36 Fluorouracil is nota dose-dependent
drug but a time-dependent agent. Ther efore a dai-
ly regimen of uracil-tegafur is an effective way of
maintaining the blood level of fluorouracil. In ad-
dition, uracil-tegafur and its metabohtes have an
inhibitory effect on tumor anglogenems in mice.3?
Ifthis effect occurs in humans, then the daily, long-
term administration of uracil-tegafur may be ben-
eficial. |

So far, six randomized trials,13:33-3¢ including

the present one, have been conducted that com-
pare surgery alone with adjuvant chemotherapy
with uracil-tegafur. Among them, three trials have
shown a2 survival benefit from treatment with uracil-
tegafur.1334 A meta-analysis of those six trials
showed that adjuvant chemotherapy with uracil-
tegafur improved the overall survival (hazard ratio
for death, 0.77; 95 percent confidence interval, 0.63
to 0.94; P=0.01).38 It is unclear whether patients
with stage Il or stage IlI disease benefit from treat-
mentwith uracil-tegafur and whether treatment for
one year is equivalent to treatment for two years.
However, our study indicates that patients with com-
pletely resected stage [ disease, especially T2NO ad-
enocarcinoma, will benefit from adjuvant chemo-

therapy with uracil-tegafur.
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APPENDIX

Members of the Japan Lung Cancer Research Group were as follows: Trial Chair— M. Ohta (National Kyushu Cancer Center, Fukuoka); Chief
Statistical Analyst— N, Hamajima (Nagoya University, Aichi); Commissioners — $. Fujimura (Tohoku University, Miyagi); Y. Yamaguchi* (Chi-

ba University, Chiba); H. Kato (Tokyo Medical University, Tokyo); K. Kobayashi (Keio University, Tokyo); Y. Watanabe (Kanazawa University,

Ishikawa); A. Masaoka (Nagoya City University, Aichi); S. Hitomi {Kyoro University, Kyoto); N. Shimizu (Okayama University, Okayama); M.

Tomita [Nagasaki University, Nagasaki); Consultants = Y. Hayata (Tokyo Medical University, Tokyo); T. Teramatsu* (Kyoto University, Kyo-
10); K. Sawamura (Hyogo College of Medicine, Hyogo); Protocol Committee— H. Wada (Kyoto University, Kyoto); K. Kusajima (Sapporo Med-
ical University, Hokkaido); H. Kimura (Chiba Cancer Center, Chiba); R. Tsuchiya (National Cancer Center, Tokyo); C. Konaka (Tokyo Med-
ical Univetsity, Tokyo); M. Imaizumi (Nagoya Unw:rsnty. Aichi); K. Inui {Kyoto University, Kyota); T. Mari* {Nationai Kinki Central Hospital
for Chest Diseases, Osaka}; Y. Ichinose (National Kyushu Cancer Center, Fukuoka); H. Ayabe* (Nagasaki University, Nagasaki); Data Clear-

ing Committee — Y. Saito (Tohoku University, Mivagi); T. Koike (Niigata Cancer Center Hospital, Niigata); H. Miyamoto (Mitsui Memorial
Hospital, Tokyo); H. Tada (Osaka City General Mecical Center, Osaka); M. Ohta (Natonal Okinawa Hespital, Okinawa); H. Asoh (National
Kyushu Cancer Center, Fukucka); Committee for E_ﬁﬁcac:y and Safety — K. Suemasu (Nationa! Cancer Center, Tokyo); H. Niitani {the Tokyo Co-
eperative Oncology Group, Tokyo); 8. Tsukagoshi (the Tokyo Coopetative Oncology Group, Tokye); Participating Centers and Investigators —
Nationat Dohoku Hospital, Hokkaida (A. Nagase); Obihiro Kehsei Hospital, Hokkaido (T. $hiono): National Hakodate Hospital, Hok-
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kaido (M. Ishizaka); Nakadori General Hospital, Akita (M. Kawamura); Fukushima Medical University, Fukushima (R. Kanno}; National
Seiransou Haspital, Ibaraki (S. Fukai); National Nishigunma Hospital, Gunma (Q. Kawashima); National Defense Medical College, Saita-
ma (Y. Ozeki); Chiba Cancer Center, Chiba (H. Kimura); Tokyo Medical University, Tokyo (H. Kato); Mitsui Memorial Hospital, Tokyo (S.
Ikeda); Keio University, Tokyo (M. Kawamura); fapanese Red Cross Medical Center, Tokyo (I Tanaka); International Medical Center of Ja-
pan, Takyo (T. Morita); Nihon University Schocl of Medicine, Tokyo (K. Ohmori); Tokyo University, Tokyo (J. Nakajima); Kyorin University,
Tokyo (T. Goya); Kanagawa Cancer Center, Kanagawa (H. Nakayama); Kitasato University, Kanagawa {H, Hara); Niigata Cancer Center
Hospital, Niigara (T. Koike); Seirei Mikatabara Hospital, Shizuoka (H. Niwa); Aichi Cancer Center Hospital, Aichi (M. Suyama, T. Mitsudo-
mi); Toyama Prefectural Central Hospital, Toyama (H. Noto); Kouseiren Takaoka Hospital, Toyama (H. Saito); Kanazawa University, Ishika-
wa (M. Oda); Fukui Red Cross Hospital, Fukui (A, Yamanaka}; Osaka City General Medical Center, Osalea (R Yamamoto); Osaka Red Cross
Hospital, Osaka (K. Kouno); Hyogo Medical Center for Adults, Hyogo (M. Yoshimura, W, Nishio); National Kyushu Cancer Center, Fukuoka
(Y. Ichinose); National Minamifukuoka Chest Hospital, Fukuoka (A. Motohiro}; University of Occupational and Environmental Health,
Fukuoka (K. Yasumoto); Saga Prefectural Hospital Kouscikan, Saga (T. Furukawa); Almeida Memorial Hospital, Qita (M. Ichimanda); Ku-
mamoto Central Hospital, Kumamoto (T. Saishoji); National Okinawa Hospital, Okinawa (K. Genka, K. Ishikawa).

*Deceased.
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Editorial

Treatment‘ of Peripheral Early Stage Lung Cancer

|
Harubumi Kato, Haruhiko Nakamura, Masahiro Tsubot, Norihiko Ikeda, Takaaki Tsuchida,

Yasufumi Kato, a:nd ‘Takashi Hirano

Introduction |

Not only is the incidence of lung cancer inc‘reasing around
the world, this disease has become the leading cause of
cancer death. Since lung cancer kills 85% to 90% of its
victims, it is recognized as one of the most difficult to
cure diseases. Although the therapeutic results are quite
unsatisfactory as a whole, earlier stagels of lung can-
cer, stages IA and IB show better therapeutic results
(Table 1).” To improve the therapeutic results of lung
cancer, efforts for early detection and tréatment are es-
sential. In our institution, the 5-year survwal rate has
gradually improved over the past five decades These re-
sults could be due to improvement of therapeutic proce-
dures including surgery, chemotherapy, radiotherapy, la-
ser therapy and immunotherapy. Furthermore, the im-
provement of survival may be partially dlue to lung can-
cer mass screening made by the Health Insurance Act of
1987. \

Lung cancer mass screening by chest computed to-
mography (CT) was begun in Japan 10 years ago and
now is becoming subsequently used in the United States
and Europe. Since large numbers of peripheral tiny lung
shadows were detected in many of the CT screening pi-
lot trials,> it is important to establish 'm internationally
accepted definition of peripheral type early stage lung
cancer. |

1n this editorial the authors describe the present status
and prospects for the treatment of ear] ylstage lung can-

cer. |
The Criteria of Early Stage Lung Cancer

Since there are no authorized international criteria of early
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stage lung cancer, establishment of criteria is urgently
required. According to the location of the tumnor, early
stage lung cancers are classified into two categories; cen-
tral type and peripheral type.

In Japan, the criteria of early stage lung cancer were
first proposed about 30 years ago, in 1975. Peripheral
type early stage lung cancer was defined as a tumor lo-
cated in an airway more peripheral than subsegmental
bronchi, and the longest dimension of the tumor should
be 2 cm or less and with no recognized lymph node and
distant metastases. In central type early stage lung can-
cer, the tumor should be located in a segmental bronchus
or more proximal airway, and the depth of tumor inva-
sion should be limited to within the bronchial wall with
no lymph node or distant metastases. These criteria of
central type early stage lung cancer were first defined
pathologically in a resected lung by Ikeda in a study sup-
ported by the Ministry of Health and Welfare in Japan.
Now we have criteria of endoscopically diagnosed cen-
tral type early stage lung cancer defined by the Japan Lung
Cancer Society.”

Therapeutic Guidelines of Early Stage Lung
Cancer

In Japan, the therapeutic guidelines of lung cancer estab-
lished on Evidence-based Medicine were made with the
support of the Ministry of Health, Labor and Welfare in
2002. In these guidelines, surgical resection and PDT are
recommended for treatment of central type early stage
lung cancer.” '

The Possibility of Limited Resection by Video-
assisted Thoracoscopic Surgery (VATS)

The standard therapeutic procedure for peripheral type
early stage lung cancer is believed to be lobectomy with
mediastinal lymph node dissection. However the ques-
tion was raised whether lobectomy is really needed for
tiny tumors, particularly those less than 1 cm in greatest
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Table 1. Survival rates according to pathologic stages (n=7,047)

p-stage n 1 year 2 year 3 year 4 year 5 year
1A 2,142 96.5 928 87.9 827 79.2
IB 1,488 90.2 80.3 724 65.6 60.1
1A 261 90.7 73.6 68.4 62.9 58.6
I1B 785 81.3 64.5 527 47.6 422
IIA 1,337 74.7 53.8 40.3 326 28.4
1B 759 64.6 402 28.4 225 20
\Y 275 60.3 354 299 225 193

n: numbers of patients with lung cancer

dirmension. There are several reports on limited resection volvement.

of small lung cancer.®” Some of these results showed sat-
isfactory 5-year survival rates. Clinical trials to clarify
the possibility of limited resection are needed for par-
ticularly small lung cancers showing ground glass
opacity (GGO), or ground glass attenuation (GGA) . Most
of these lesions showed no lymph node metastases, and a
100% 5-year survival was obtained in such cases who
underwent resection. A multi-center clinical trial spon-
sored by the Japan Clinical Oncology Group (JCOG) just
started to examine the suitability of limited resection for
peripheral small lung cancer. Wedge resection of small
lung cancer by VATS without lymph node dissection is
one type of the minimally invasive surgery. If some types
of lung cancer could be shown to be resected by VATS
without any increase of local recurrence, this method
could become a future standard treatment for peripheral
small lung cancer.

The Rate of Lymph Node Metastasis of Periph-
eral Small Nodular Cancer

In the past five years, 783 patients with lung cancer un-
derwent surgery in our institution. Among them there were
150 patients with peripheral nodules less than 2 cm in
diameter, including 135 adenocarcinomas. Lobectomy
was performed in 93 cases and limited resection was per-
formed in 42 cases. The pathological prognostic factors
were investigated for the future selection of surgical pro-
cedures in the peripheral small nodules. Of cases less than
1 em, 97.5% of cases showed no lymph node involve-
_ment, however even in such tiny tumors 2.5% of them
already showed N2 disease. In the cases between 1 and
1.5 cm, 91.9% of cases showed no metastasis, however
8.1% showed either N1 or N2 involvements. In the cases
between 1.5 and 2 cm, lymph node involvement was rec-
ognized in 12%. Therefore it seems that the tumor size
does not have a large correlation with lymph node in-

95

According to Noguchi’s classification,® bronchio-
loalveolar cell carcinoma showing findings of GGO en
CT images did not have any nodal metastases.” The CT
images of our cases were classified into four categories
according to the percentages of areas of GGO findings in
relation to the entire tumor; 100% GGO, between 50%
and 100%, less than 50% and 0% GGO findings, Accord-
ing to these criteria, 16 cases consisted of GGO in 100%
of the tumor area and 21 cases consisted of between 50%
and 100% GGO. These two groups showed no lymph node
metastases. Furthermore, in cases with GGO findings
consisting of less than 50% or 0% of the lesion, cases
with a tumor size of less than 1 cm showed no lymph
node metastasis. However, two cases with a tumor size
more than 1 ¢m had nodal metastases. In the cases with
0% GGO, the presence of lymph node metastases was
not related to the sizes of the tumor. The overall 5-year
survival rate in adenocarcinoma 2 cm or less in tumor
size was 93.3%.

The survival curves according to the postoperative stage
showed a 98.1% 5-year survival rate in stage 1A, 54.7%
in stage II1A and no 5-year survivals in stages IIA and
IV. Since the number is small in stages IIA and IV, it is
necessary to increase the number for accurate evaluation.
In the survival curves according to the tumor size, tu-
mors less than 1 cm showed a 100% 5-year survival rate.
In tumors between 1 and 1.5 cm the survival rate was
86.5%, and in cases between 1.5 and 2 cm, the 5-year
survival rate was 92.4%. On the survival curves accord-
ing 1o area of GGO finding, the cases consisting of more
than 50% GGO showed 100% 5-year survival rate and
the cases consisting of less than 50% GGO had 91.1% 5-
year survival rate, From these data it seems that the propor-
tion of GGO in the tuimor may be related to prognosis. The
survival rate was 100% in cases of limited operation and
91.5% in lobectomy cases. The better result of limited re-
section than lobectomy might be due to selection bias.
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