53.9% for the surgery-only group vs
71.4% for the chemotherapy group. This
rate was much higher than in the whole
meta-analysis, suggesting that these pa-
tients had a good baseline prognosis. Dis-
ease-free survival was not collected in 1
of the 2 trials and hence not analyzed.
Polychemotherapies: Fluorouracil +
Mitomycin C + Others Without
Anthracyclines. Three Japanese trials
with 1053 patients total used com-
bined chemotherapy including fluoro-
uracil derivatives, mitomycin C, and
others without anthracyclines.?> Over-
all, a statistically significant benefit for
OS was observed (HR, 0.74; 95% CI,
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0.58-0.95; P=.03), with 5-year sur-
vival rates of 76.6% for the surgery-
only group vs 82.8% for the chemo-
therapy group. A similar effect on DFS
was observed in the 2 more recent stud-
ies (HR, 0.69;95% CI, 0.48-0.98) with
5-year DFS rates of 84.2% for the sur-
gery-only group vs 88.2% for the che-
motherapy group.
Polychemotherapies: Fluorouracil +
Mitomycin C + Anthracyclines. Five
trials (4 European, 1 US) using com-
bined chemotherapy including anthra-
cyclines had 1013 patients total and
1000 patients with OS data.**** Over-
all, a statistically significant hazard re-

duction was observed for OS (HR, 0.82;
95% CI,0.71-0.96; P=.01). The 5-year
survival rate increased from 31.9% to
39.3%, and heterogeneity was not de-
tected (P=.52). The HR for DFS was es-
timated from 4 trials. The risk of re-
lapse or second primary cancer or death
was also statistically significantly re-
duced (HR, 0.80; 95% CI, 0.69-0.94;
P=.006) with 5-year DFS rates of 31.9%
for the surgery-only group vs 39% for
the chemotherapy group.
Polychemotherapies: Group “Other”
vs Surgery Alone. For 1411 of 1448 pa-
tients in 7 trials for whom survival data
were available,??* we did not detect a

Figure 2. Individual Trial and Overall Hazard Ratio for Overall Survival When Comparing Any Adjuvant Chemotherapy vs Surgery Alone

Events, No./Patients, No.

[ Observed Events—
Any Surgery Hazard Ratio Favors : Favors Expected Events
Chemotherapy Alone (95% ClI) Chemotherapy : Surgery Alone (Variance)
Monochemotherapy
Grau et al,'® 1993 42/64 49/63 0.65 (0.43-0.99) L -9.4 (21.8)
Nakajima et al,?° 2007 18/95 30/95 0.51 (0.29-0.90) —_— -79 (11.7)
Subtotal 60/159 79/158 0.60 (0.42-0.84) R -17.3 (33.5)
Heterogeneity: x3 =0.44; P=.51
Polychemotherapies
Fluorouracil + Mitomycin
C + Other Without Anthracyclines
Nakajima et al,2' 1084 102/156 52/72 0.77 (0.54-1.09) —— -8.3(31.1)
Nakajima et al,? 1999 47/288 60/285 0.77 (0.53-1.12) —I:f————— -7.0(26.7)
Nashimoto et al,?* 2003 13/128 21/124 0.60 (0.31-1.18) 4I—i—— -4.3 (8.5)
Subtotal 162/572 133/481 0.74 (0.58-0.95) = -19.7 (66.4)
Heterogeneity: x3=0.43; P=.81
Fluorouracil + Mitomycin C
+ Anthracyclines
Coombes et al,2* 1990 86/133 102/148 0.85 (0.64-1.13) :=:¥ -7.8(46.7)
Lise et al, %> 1995 88/152 99/154 0.85 (0.64-1.14) — -7.5 (46.6)
Macdonald et al,?® 1995 90/109 96/112 0.94 (0.71-1.26) Er = —2.7 (46.4)
Tsavaris et al,?” 1996 25/44 38/43 0.57 (0.35-0.94) ——— -8.7 (15.6)
Popiela et al,® 2004 42/53 47/52 0.67 (0.44-1.04) —— -8.0(20.2)
Subtotal 331/491 382/509 0.82 (0.71-0.95) <> -34.6 (175.5)
Heterogeneity: x%=3.82; P=.43 :
Other
Douglass and Stablein,?® 1982 64/88 73/82 0.66 (0.47-0.93) ——— -13.7 (33.0)
Engstrom et al 2° 1985 73/91 72/89 0.94 (0.68-1.30) —— -2.3(36.0)
Krook et al,3' 1991 51/63 50/64 1.04 (0.70-1.53) —— 0.9 (25.1)
Baijetta et al,** 2002 67/135 69/136 0.98 (0.70-1.37) ——— -0.7 (34.0)
Bouché et al,® 2005 79/133 90/138 0.82 (0.61-1.11) j—._ -8.2 (42.1)
Nitti et al,* 2006 50/103 55/103 0.88 (0.60-1.29) - -3.3(26.2)
Nitti et al,3 2006 63/89 64/97 1.05 (0.74-1.49) ——— 1.6 (31.6)
1
Subtotal 447/702 473/709 0.89 (0.78-1.02) R -25.8 (228.0)
Heterogeneity: x2=5.10; P=.53
Overall 1000/1924 1067/1857 0.82 (0.76-0.90) <> -97.4 (503.3)

Heterogeneity: 12=0%; x%=15.03; P=.49
Test for 4 regimens’ heterogeneity: x3=5.59; P=.13

0.25

05 10 20
HR (95% Cl)

The inverse of the variance of observed events minus expected events measures the weight of each trial in the analysis. P values are from P-for-effect modification
testing for heterogeneity within or across the groups of regimens. The sizes of data markers are proportional to the number of deaths in the trials. Cl indicates confi-

dence interval; HR, hazard ratio.
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Figure 3. Overall Survival Estimate After Any Chemotherapy or Surgery Alone Truncated at

10 Years
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The estimates of the survival curves use an actuarial approach as described in the Methods.

significant effect of adjuvant regimens
vs surgery alone (HR, 0.89; 95% CI,
0.78-1.02; P=.09). The 5-year sur-
vival rate was 41.5%. Heterogeneity was
not detected (P=.51) even though 1
trial® that used fluorouracil and se-
mustine showed a significant treat-
ment effect. Five-year DFS was 41.9%
for the surgery-only group vs 44.5% for
the chemotherapy group, and a mar-
ginally significant effect of treatment on
DFS was observed (HR, 0.88;95% CI,
0.78-1.0; P=.05), which was mainly
driven by the positive study?’; in a sen-
sitivity analysis excluding this trial, the
DFS effect was not significant (HR, 0.91;
95% CI, 0.79-1.04; P=.18).

Proportionality of the

Hazard Functions

Plots of survival curves for all chemo-
therapy regimens combined or in each
regimen group suggested nonpropor-
tional hazard functions, as illustrated
by late separation of the survival func-
tion estimates. Nonproportional haz-
ards were not detected using the
Grambsch and Therneau test (P=.35).
When a time-dependent model was
fitted on the full data set with a cut-
point at 2 years, treatment effect
before and after 2 years was signifi-
cantly different (P<.001). Point esti-
mates of the HR by 2-year intervals

1734 JAMA, May 5, 2010—Vol 303, No. 17 (Reprinted)

showed a regular decrease from 0.91
in the first 2 years from randomiza-
tion to 0.75 between 2 and 4 years
and 0.62 beyond 4 years. After 8
years, the number of events became
too small to provide meaningful esti-
mates. Because these cut-points were
derived from the data, they should be
considered with caution. Hazard func-
tions showed that the rate of death
reached a peak at 18 months and
steadily decreased thereafter to reach
a plateau at about 5 years (eFigure 8).

COMMENT

Adjuvant chemotherapy without
radiation for gastric cancer has
recently become the standard of care
in Japan after the publication of the
results of the ACTS-GS trial reporting
on S-1* but not in Europe or the
United States. Numerous randomized
phase 2 and phase 3 trials have pro-
duced conflicting results. However,
many of these trials had limited
sample sizes, making it difficult to
draw definitive conclusions. Based on
the individual data of 3838 patients
from 17 different trials with a median
follow-up longer than 7 years, the
largest patient-level meta-analysis per-
formed so far, we showed a modest
but statistically significant benefit
associated with adjuvant chemo-

therapy after curative resection of gas-
tric cancers. The mortality hazard was
reduced by about 18% and an abso-
lute improvement of about 6% in OS
was observed after 5 years. This
improvement was maintained at 10
years. An 18% reduction in the risk of
relapse, second primary, or death was
also observed. This treatment benefit
was maintained in 3 of the 4 investi-
gated groups of fluorouracil-based
regimens, with reductions in the risk
of death ranging from 20% to 40%
(nonstatistically significant hetero-
geneity). Only 1 trial' that enrolled
134 patients investigated a non—
fluoropyrimidines-based regimen.
Sensitivity analysis excluding this trial
led to the same results. The absence
of interaction with the class of regi-
men and with the region as well as
the long follow-up is reassuring.
Patient-level meta-analyses are the
most reliable means to provide an
exhaustive and unbiased summary
of the available evidence on a clin-
ical question of interest and com-
plete large well-conducted trials
(such as those that are currently
done).

Postoperative chemotherapy is not
the only adjuvant treatment for gas-
tric cancer. In 2001, results of a trial that
randomized between surgery and sur-
gery with chemoradiotherapy showed
an absolute increase in median sur-
vival of 9 months.*® Thereafter, che-
moradiation therapy has gained popu-
larity and has been increasingly used as
a standard of care, especially in the
United States, even though the opti-
mal chemotherapy regimen has not
been identified yet. Several trials are
currently being conducted to explore
this issue, but their results will not be
available until 2011. Similarly, neoad-
juvant trials have shown the benefit of
starting the chemotherapy treatment as
early as possible.®>* Although the short-
term results of delayed surgery are being
debated,>® neoadjuvant treatment,
which can be administered to more pa-
tients than postoperative chemo-
therapy, has gained acceptance in west-
ern countries.
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We could only collect about two-
thirds of all data available from ran-
domized trials in early gastric cancer,
which is disappointing in view of the
intensive efforts made at repeatedly
contacting the principal investigators
of the trials. However, for all but 3
trials with unavailable individual
patient data, we could extract sum-
mary statistics from the published
articles. Our results remained
unchanged when these summary sta-
tistics were included in the calcula-
tions. Combining unverified pub-
lished summary statistics with
carefully checked individual patient
data is not a satisfactory way of esti-
mating an unbiased overall treatment
effect, but it provides a way of assess-

ADJUVANT CHEMOTHERAPY AND RESECTABLE GASTRIC CANCER

ing the robustness of a meta-analysis
with respect to unavailable trials.

The optimal design of future adju-
vant gastric cancer clinical trials, par-
ticularly the choice of an adequate
control group, is a delicate issue. It is
beyond the scope of our meta-analysis
to identify the optimal regimen;
however, based on our data, chemo-
therapy seems justified as a control
group. Fluoropyrimidines-based regi-
mens, in particular the oral forms
(uracil plus tegafur and recently S-1
monotherapy) that have been shown
to be better tolerated,® seem reason-
able treatment options, although their
applicability outside East Asian coun-
tries remains uncertain. This raises
the question of why fluoropyrimi-

dines (intravenous fluorouracil or oral
tegafur) appear to have activity in the
adjuvant setting for gastric cancer as
well as in colon cancer even though
their efficacy is disappointing for the
treatment of advanced disease.

In conclusion, this patient-level meta-
analysis shows that adjuvant fluoroura-
cil-based chemotherapy, even in
monotherapy, is associated with im-
provement in overall survival (HR, 0.82)
and is recommended for patients who
have not received perioperative treat-
ments after complete resection of their
gastric cancer. Future reports based on
data being collected will explore prog-
nostic factors and the surrogacy of dis-
ease-free survival for overall survival in
this population.

Figure 4. Individual Trial and Overall Hazard Ratio for Disease-Free Survival When Comparing Any Adjuvant Chemotherapy vs Surgery Alone

Events, No./Patients, No.

1

Observed Events—

Any Surgery Hazard Ratio Favors : Favors Expected Events
Chemotherapy Alone (95% CI) Chemotherapy | Surgery Alone (Variance)
Monochemotherapy
Nakajima et al,2° 2007 20/95 34/95 0.49 (0.29-0.84) _— -9.3 (18.1)
Polychemotherapies
Fluorouracil + Mitomycin C
+ Other Without Anthracyclines
Nakajima et al,? 1999 36/276 48/270 0.72 (0.47-1.11) i -6.8(21.0)
Nashimoto et al,?* 2003 16/128 23/124 0.62 (0.33-1.16) - -46(9.5)
Subtotal 51/404 71/394 0.69 (0.48-0.98) -11.4 (30.5)
Heterogeneity: x2=0.17; P= 68
Fluorouracil + Mitomycin C
+ Anthracyclines
Coombes et al, 24 1990 89/133 102/148 0.87 (0.66-1.16) — -6.6 (47.5)
Lise et al,?> 1995 89/152 103/152 0.77 (0.58-1.02) -12.6 (47.7)
Macdonald et al, 26 1995 89/107 97/112 0.88 (0.66-1.17) — -6.1 (46.4)
Tsavaris et al,?” 1996 28/44 38/43 0.57 (0.35-0.92) — -9.2 (16.1)
Subtotal 295/436 3407455 0.80 (0.69-0.94) ‘ -34.6 (157.7)
Heterogeneity: x3=2.74; P = .43
Other
Douglass and Stablein,?® 1982 65/90 75/88 0.73 (0.53-1.03) —— -10.7 (34.4)
Engstrom et al, % 1985 74/91 74/89 0.89 (0.64-1.24) —il— -4.3(36.7)
Krook et al,*' 1991 52/63 51/64 0.94 (0.64-1.39) —F— -15(25.6)
Bajetta et al,%2 2002 72/135 77/136 0.90 (0.66-1.25) — i -3.7(37.2
Bouché et al,* 2005 81/133 91/138 0.82 (0.61-1.10) —— -8.6 (42.8)
Nitti et al,* 2006 52/103 56/103 0.90 (0.61-1.31) —— -3.0(27.0)
Nitti et al,* 2006 65/89 63/96 1.06 (0.75-1.50) ——— 1.9(31.9)
Subtotal 461/704 487/714 0.88 (0.78-1.00) < -29.9 (235.5)
Heterogeneity: x2=2.64; P =.85
Overall 827/1639 932/1658 0.82 (0.75-0.90) < -85.2 (436.8)
Heterogeneity: 12=0%; %3 =11.20; P= .60
Test for regimens’ heterogeneity: x3=5.60; P=.13
025 05 10 20
HR (95% CI)

The inverse of variance of observed events minus expected events measures the weight of each trial in the analysis. P values are from P-for-effect modification testing
for heterogeneity within or across the groups of regimens. The sizes of the data markers are proportional to the number of events. Cl indicates confidence interval; HR,

hazard ratio.
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Abstract

Background Lavage cytology positive (Cyl) is well
known as a poor prognostic-factor in advanced gastric
cancer patients. However, the optimal therapeutic strategy
for patients with Cy1 has not yet been established. The aim
of this study was to evaluate the clinical significance of
Cyl1 for the purpose of establishing a suitable therapeutic
strategy.

Methods The data of 996 consecutive advanced gastric
cancer patients who underwent gastrectomy between 1992
and 1998 at the National Cancer Center Hospital were
retrospectively studied.

Results The 2- and 5-year survival rates of the patients
who underwent gastrectomy without any other noncurative
factors besides Cyl were 25.3 and 7.8%, respectively.
When the analysis was limited to type 4 advanced gastric
cancer patients, none of the patients with Cy1 survived for
more than 40 months.

Conclusions The prognosis of gastric cancer patients with
Cyl is very poor. Some patients show long survival after
standard gastrectomy with D2 lymph node dissection;
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however, the prognosis of type 4 gastric cancer patients
with Cy! is so poor that multimodality therapy, including
perioperative chemotherapy, is essential.

Introduction

Recently, standard therapeutic strategies have been estab-
lished for gastric cancer patients based on the results of
some clinical trials [1-3]. The treatment outcomes of early
gastric cancer patients are now favorable [4] due to the
remarkable progress in endoscopic treatments [5, 6] and
minimally invasive surgery, including function-preserving
gastrectomy [7] and laparoscopic gastrectomy [8]. How-
ever, many surgeons believe that the treatment outcomes of
advanced gastric cancer patients remain poor.

Peritoneal dissemination is one of the most frequent
modes of metastasis in advanced gastric cancer. The pos-
sibility of cure in patients with this metastasis is considered
to be low because no effective curative therapy has been
established so far. Even after curative surgery in patients
without evidence of peritoneal dissemination at the time of
the operation, many patients develop peritoneal recurrence,
which is extremely difficult to overcome [9].

The majority of patients showing lavage cytology-
positive (Cyl) intraoperatively develop peritoneal recur-
rence [9]. Cyl can be interpreted as a state in which free
cancer cells are floating in the abdominal cavity, with small
peritoneal foci already established in the peritoneum [10].
However, despite Cyl being recognized as a definite pre-
dictive factor for peritoneal recurrence of gastric can-
cer[11-13], no effective treatment strategies have been
established for Cyl gastric cancer patients. In some cases
prolonged survival has been achieved, even in Cyl
patients. When the analysis is limited to patients with type
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4 advanced gastric cancer, however, the prognosis of Cyl
seems to be particularly severe [14].

In this study, the exact relevance of Cy1 and the clinical
outcomes of these patients were evaluated based on data
from a large-volume center of gastric cancer patients. This
is expected to be helpful for developing a suitable new
therapeutic strategy for this condition.

Patients and methods

The data of 996 consecutive patients who underwent gas-
trectomy between 1992 and 1998 for advanced gastric
cancer that invaded the gastric wall deeper than the mus-
cularis propria, as assessed by histopathological examina-
tion performed after the surgery at the National Cancer
Center Hospital, were studied retrospectively. All patients
underwent partial or total gastrectomy with lymph node
dissection. Basically, patients with peritoneal dissemina-
tion underwent simple gastrectomy with minimum dissec-
tion; other patients underwent standard dissection. Patients
with preoperative, clinically definitive peritoneal dissemi-
nation, i.e., ascites, hydronephrosis, and colonic stenosis by
barium enema study, were not included in this study. Both
the patients with diffuse peritoneal dissemination detected
at surgery and those with locally resectable peritoneal
dissemination were included in this study.

The former Japanese Classification of Gastric Carci-
noma defined peritoneal dissemination as PO, P1, P2, and
P3 according to its extent, while the current classification
(13th) is PO and P1: with or without. All patients were
classified according to the Japanese Classification of Gas-
tric Carcinoma. Macroscopic features of advanced gastric
cancer are classified as type O: superficial, flat tumors; type
1: polypoid tumors; type 2: ulcerated tumors; type 3:
ulcerated tumors without definite limits; type 4: diffusely
infiltrating carcinomas; and type 5: nonclassifiable carci-
nomas. For the purpose of the present analysis, the patients
were divided into two groups based on the macroscopic
features of type 4 gastric cancer and others.

Cytopathology

Cytological samples were obtained just after laparotomy.
Approximately 100 ml of sterile saline was instilled into
the pouch of Douglas and then aspirated. The samples were
subjected to cytocentrifugation onto slide glasses at
1700 rpm for 60 s at room temperature. The slides were
then fixed in 95% ethanol, followed by Papanicolaou and
alcian blue stains. Additional slides were stained immu-
nocytochemically for CEA (Mochida, CEA010,Tokyo,
Japan), and also for epithelial antigen using the BerEP4
antibody (DAKOPATTS, Glostrup, Denmark). Two to
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three cytotechnologists and cytopathologists independently
examined all the slides to arrive at a diagnosis by con-
sensus. A patient was considered to have positive perito-
neal cytology (Cy1) if adenocarcinoma cells were detected,
regardless of the number of cells. In cases where atypical
cells were present but could not be definitely identified as
cancer cells, the peritoneal cytology was estimated as class
3, or indeterminate. Basically, lavage cytology was carried
out intraoperatively for advanced gastric cancer cases. The
data of cytology in this article, recorded in our database, is
the final result confirmed by immunohistochemistry several
days after surgery.

Statistical analysis

Statistical analysis was carried out using SPSS software
version 11.5 (SPSS Inc., Chicago, IL). The Kaplan—-Meier
method was used for constructing the survival curves, and
the log-rank test was used for evaluating the statistical
significance of differences between the survival curves.

Results

Among the 996 cases included in our study, cytological
examination was performed in 779 (Table 1). Cytological
examination was positive for cancer cells mainly in
advanced gastric cancer patients in whom the tumor had
invaded outside the serosal surface (T3) or directly invaded
adjacent organs (T4) (Table 1).

As expected, many of the patients with peritoneal dis-
semination (P1) were cytology-positive (Cyl) but 27
patients with peritoneal dissemination (P1) were cytology-
negative (Cy0) (Table 2).

Among the 996 consecutive patients, 217 patients who
did not undergo cytological examination and 13 whose
cytological examination revealed an indeterminate result
were excluded from the analysis; in addition, 65 patients
who had distant metastasis to the liver, lung, and supra-
clavicular lymph nodes were also excluded. The remaining

Table 1 Correlation between cytological examination and the depth
of the tumors

T2 (MP) T2 (SS) T3 T4 Total
Cy0 78 156 251 56 541
Cyl 1 5 137 82 225
Indeterminate 0 0 9 4 12
Undone 105 58 44 10 217

184 219 441 152 996

MP muscularis propria, S§S subserosa,

Cyl cytology-positive

Cy0 cytology-negative,
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Table 2 Correlation between the results of cytological examination

and presence/absence of peritoneal dissemination
PO P1 Total

Cy0 514 27 541 8

Cyl 101 124 225 =

Indeterminate 8 5 13 § ’

Undone 196 21 217 = e W
819 177 996 =

PO without peritoneal dissemination, P/ with peritoneal dissemina- R

tion, Cy0 cytology-negative, CyI cytology-positive

Table 3 Number of patients per peritoneal dissemination and

cytology type of tumors

Type4 Other Types Total
POCy0 53 432 485
POCy1 33 55 88
PICy0 9 13 22
P1Cyl 61 45 106

156 545 701

PO without peritoneal dissemination, P/ with peritoneal dissemina-
tion, Cy0 cytology-negative, Cyl cytology-positive

701 patients were divided into four groups: (1) peritoneal
dissemination-negative and cytology-negative (POCy0), (2)
peritoneal dissemination-negative and cytology-positive
(POCy1), (3) peritoneal dissemination-positive and cytol-
ogy-negative (P1Cy0), and (4) peritoneal dissemination-
positive and cytology-positive (P1Cyl). The number of
patients in each category is given in Table 3.

Survival

The overall survival curves of the four groups are shown in
Fig. 1. The prognosis of the patients with P1 and/or Cyl
was worse than that of the patients with POCy0. The
prognosis of the POCy1 patients was better than that of the
PICyl1 patients (p = 0.0002, log-rank). The median sur-
vival time of the POCyl patients was 12 months. The 2-
year and 5-year survival rates in the POCyl patients were
25.3% (95% confidence interval [CI] = 16.2-34.4%), and
7.8% (95% CI = 2.0-13.5%) (Table 4). Five (5.7%) of the
88 POCy1 patients survived for more than 5 years without
evidence of recurrent disease.

The 88 POCyl patients consisted of 33 patients with
type4 gastric cancer and 55 with other types of gastric
cancer. The survival of POCy1 patients with type 4 gastric
cancer was significantly worse than that of the patients with
other types of gastric cancer, as shown in Fig. 2
(p = 0.0072, log-rank). The median survival time was
10 months. The 2-year survival rate was 12.1% (95%

- il ZIACTEICTEC LT L
0.0 e o e e
o 40 80 120

Time after surgery (months)

———— PICYD - =—=-PICy1l

Fig. 1 Overall survival curves of gastric cancer patients (POCy0,
POCyl, P1Cy0, and PICyl) are shown. The survival of POCyl
patients was poor but better than that of P1Cy1 patients (p = 0.0002)

Cl = 0.12-22.1%) (Table 4). None of the patients survived
for more than 40 months. Among the 88 POCy1 patients,
51 patients received postoperative adjuvant chemotherapy,
mainly based on fluorouracil, while 35 did not, although
this was not randomized. There was no information about
adjuvant therapy for two patients who had moved to other
hospitals soon after surgery. There was no significant dif-
ference in the survival curves between the POCy1 patients
who received and did not receive adjuvant chemotherapy
(p = 0.1238, log-rank) (Fig. 3).

Discussion

Lavage cytology-positive (Cyl) is most commonly
encountered among gastric cancer patients with deeply
invading tumors that extend outside the gastric wall [9, 15];
therefore, it is thought that the cancer cells escape from the
surface of the tumors into the intraperitoneal cavity [16].
This is not clearly supported by some experiments, but Cy1
may reflect systemic spread of the tumor cells via the
lymphatic pathway, which can cause retroperitoneal inva-
sion, hydronephrosis, and rectal stenosis [17].

The prognosis of the patients who are found at the time
of surgery to show peritoneal dissemination is expectedly
very poor. The indication of mass reductive or palliative
surgery should be evaluated by clinical trial [18], but it is
regarded, by consensus, that gastric cancer patients with
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Table 4 Survival rate and median survival time of POCyl gastric cancer patients per type of tumor

1 year 2 years 3 years 5 years MST
POCyl
All (n = 88) 46.0 (35.5-56.5) 25.3 (16.2-34.4) 13.8 (6.5-21.0) 7.8 (2.0-13.5) 12 (9.7-14.3)
Type 4 (n = 33) 45.5 (28.5-62.4) 12.1 (0.1-22.1) 0 0 10 (6.8-13.2)
Others (n = 55) 51.9 (38.5-65.2) 33.3(20.8-45.9) 222 (11.1-33.3) 125 (3.5-21.5) 13 (7.6-18.4)

MST median survival time in months (95% confidence interval)
Values are % (95% confidence interval)

P=0.0072

% survival X100

Banmany,
Srswredon

0 40 80 120
Time after surgerny (months)
Type4 seeecnceas Other Types
Fig. 2 The survival of POCy1 patients with type 4 advanced gastric
cancer was significantly worse than that of patients with other types of
advanced gastric cancer (p = 0.0072)

P=0.1238

% sunvival x100

1
AL W———

00
o 40 80 120
Time after surgeny (months)
Adjuvant chemotherapy with without

Fig. 3 There was no significant difference in the survival curves
between POCy1 patients treated/not treated by adjuvant chemotherapy
(p = 0.1238)
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definite peritoneal dissemination are not suitable candi-
dates for gastrectomy.

Cytological examination of intraperitoneal lavage fluid
is performed in many institutions in Japan. In some insti-
tutions the result is confirmed intraoperatively, while in
others it is confirmed on the following day. Cyl is now
included as one of the factors defining Stage IV in the
Japanese classification of gastric carcinoma [19] because
the prognosis of these patients with Cy1 is poor. However,
the knowledge of a patient being Cy1 alone does not seem
to be sufficient to decide on the therapeutic procedure [20].
The current consensus is that gastric cancer patients with
intraoperatively confirmed Cyl undergo standard gastrec-
tomy and postoperative adjuvant chemotherapy [21].
Extended lymph node dissection and resection of other
organs have gradually become less frequent in these
patients. The efficacy of adjuvant chemotherapy with S-1
(1 M tegafur-0.4 M gimestat-1 M otastat potassium) after
curative surgery has been reported [3]; however, no satis-
factory postoperative adjuvant chemotherapy regimen for
gastric cancer patients with Cyl has been established. In
our study, adjuvant chemotherapy using agents other than
S-1 yielded no survival benefit. At our institution, S-1 was
given as adjuvant chemotherapy to the patients, mainly
after the end of the study period. In a future article we shall
report on the efficacy of adjuvant chemotherapy with S-1 in
gastric cancer patients with Cy1 compared with that in the
subjects of this study as the historical control.

In this study, the 5-year survival rate of gastric cancer
patients with POCy1 was 7.8%. This poor result must be
interpreted as suggesting that previously used treatment,
including surgery alone, was not suitable for these patients
[22]. If those patients undergo surgery first, more intensive
adjuvant chemotherapy would be needed. Currently, S-1 is
given to these patients as adjuvant therapy [21, 23], but is
S-1 monotherapy sufficient? A feasibility study of S-1 plus
platinum as adjuvant therapy is ongoing (data not pub-
lished); however, compliance with this therapy may not be
favorable due to the unstable postoperative status of the
gastric cancer patients. It is quite natural to expect that
preoperative chemotherapy might be useful for those
patients [24].
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In order to carry out preoperative chemotherapy, infor-
mation on Cyl must be confirmed by staging laparoscopy
[25]. In Japan, staging laparoscopy has been popular, but it
may be difficult for it to be routinely performed in every
advanced gastric cancer patient at every institution.
Definitive evidence on the efficacy of preoperative che-
motherapy, such as that from the MAGIC trial [26], is
mandatory for encouraging the use of this therapy in Japan.

When only type 4 advanced gastric cancer patients are
included in the analysis, the prognosis of those with Cyl1 is
extremely poor. No patient survived for more than
40 months after surgery in this study. The survival curve of
the patients with POCy1 was almost the same as that of the
patients who were found to have peritoneal dissemination
(P1Cy1) at the time of the surgery (data not shown). The
indication for gastrectomy for these patients must be dis-
cussed [27]. No surgeon performs gastrectomy for linitis
plastica with peritoneal dissemination, except for palliating
stenosis or bleeding. The former therapeutic strategy of
immediate surgery and adjuvant chemotherapy has a less
curative power for these patients with such a poor prognosis,

and preoperative chemotherapy should be tried. Controlled

arm may be the chemotherapy without surgery [28]. Infor-
mation on Cy1 is necessary for determining the therapeutic
strategy in patients with type 4 advanced gastric cancer,
therefore, staging laparoscopy must be carried out first.

The patients with peritoneal dissemination are not
always cytology-positive. The survival of P1Cy0 patients is
better than that of P1Cy1 patients (Fig. 1) (P = 0.0028, log-
rank). When the analysis is limited to type 4 gastric cancer,
the survival of P1Cy0 patients is also better than that of
POCy1 and P1Cylpatients (not shown), but the sample size
(P1Cy0: n = 9) is too small for statistical evaluation. The
P1Cy0 patients with local disseminated nodules may be the
subset that can benefit from intraoperative chemotherapy.

In conclusion, curative treatment has been scarce for
gastric cancer patients with Cy1 until now. The prognostic
benefit of adjuvant chemotherapy with S-1 has been
expected for years, but more intensive adjuvant chemo-
therapy, preoperative chemotherapy, and intraperitoneal
chemotherapy [29] also warrant trials. The prognosis of
type 4 gastric cancer patients with Cy1 is especially poor;
therefore, it is recommended that such patients be treated at
large-volume institutions with new therapeutic strategies
developed based on clinical trials.

’

References

1. Sasako M, Sano T, Yamamoto S et al (2008) D2 lymphadenec-
tomy alone or with para-aortic nodal dissection for gastric cancer.
N Engl J Med 359(5):453-462

11.

12.

13.

14.

19.

20.

21

. Sasako M, Sano T, Yamamoto S et al (2006) Left thoracoab-

dominal approach versus abdominal-transhiatal approach for
gastric cancer of the cardia or subcardia: a randomised controlled
trial. Lancet Oncol 7(8):644-651

. Sakuramoto S, Sasako M, Yamaguchi T et al (2007) Adjuvant

chemotherapy for gastric cancer with S-1, an oral fluoropyrimi-
dine. N Engl J Med 357(18):1810-1820

. Sano T, Sasako M, Kinoshita T, Maruyama K (1993) Recurrence

of early gastric cancer. Follow-up of 1475 patients and review of
the Japanese literature. Cancer 72(11):3174-3178

. Gotoda T (2007) Endoscopic resection of early gastric cancer.

Gastric Cancer 10(1):1-11

. Oda I, Saito D, Tada M et al (2006) A multicenter retrospective

study of endoscopic resection for early gastric cancer. Gastric
Cancer 9(4):262-270

. Morita S, Katai H, Saka M et al (2008) Outcome of pylorus-

preserving gastrectomy for early gastric cancer. Br J Surg
95(9):1131-1135

. Kitano S, Shiraishi N, Uyama I et al (2007) A multicenter study

on oncologic outcome of laparoscopic gastrectomy for early
cancer in Japan. Ann Surg 245(1):68-72

. Burke EC, Karpeh MS Jr, Conlon KC et al (1998) Peritoneal

lavage cytology in gastric cancer: an independent predictor of
outcome. Ann Surg Oncol 5(5):411-415

. Nath I, Moorthy K, Taniere P et al (2008) Peritoneal lavage

cytology in patients with oesophagogastric adenocarcinoma. Br J
Surg 95(6):721-726

Ribeiro U Jr, Safatle-Ribeiro AV, Zilberstein B et al (2006) Does
the intraoperative peritoneal lavage cytology add prognostic
information in patients with potentially curative gastric resection?
J Gastrointest Surg 10(2):170-176 discussion 176-177

Hayes N, Wayman J, Wadehra V et al (1999) Peritoneal cytology
in the surgical evaluation of gastric carcinoma. Br J Cancer 79(3-
4):520-524

Bentrem D, Wilton A, Mazumdar M et al (2005) The value of
peritoneal cytology as a preoperative predictor in patients with
gastric carcinoma undergoing a curative resection. Ann Surg
Oncol 12(5):347-353

Kodera Y, Nakanishi H, Ito S et al (2004) Detection of dissem-
inated cancer cells in linitis plastica-type gastric carcinoma. JpnJ
Clin Oncol 34(9):525-531

. Bando E, Kawamura T, Kinoshita K et al (2003) Magnitude of

serosal changes predicts peritoneal recurrence of gastric cancer.
J Am Coll Surg 197(2):212-222

. Yonemura Y, Kawamura T, Bandou E et al (2007) The natural

history of free cancer cells in the peritoneal cavity. Recent
Results Cancer Res 169:11-23

. Rosenberg R, Nekarda H, Bauer P et al (2006) Free peritoneal

tumour cells are an independent prognostic factor in curatively
resected stage IB gastric carcinoma. Br J Surg 93(3):325-331

. Fujitani K, Yang HK, Kurokawa Y et al (2008) Randomized

controlled trial comparing gastrectomy plus ‘chemotherapy with
chemotherapy alone in advanced gastric cancer with a single non-
curable factor: Japan clinical oncology group study JCOG 0705
and Korea gastric cancer association study KGCAO1. JpnJ Clin
Oncol 38(7):504-506

Japanese Gastric Cancer Association (1998) Japanese classifica-
tion of gastric carcinoma, 2nd English edn. Gastric Cancer
1(1):10-24

Miyashiro I, Takachi K, Doki Y et al (2005) When is curative
gastrectomy justified for gastric cancer with positive peritoneal
lavage cytology but negative macroscopic -peritoneal implant?
World J Surg 29(9):1131-1134

. Kodera Y, Ito S, Mochizuki Y et al (2009) A phase II study of

radical surgery followed by postoperative chemotherapy with S-1

@ Springer



568

World J Surg (2010) 34:563-568

22

23.

24.

25,

for gastric carcinoma with free cancer cells in the peritoneal
cavity (CCOGO0301 study). Eur J Surg Oncol 35(11):1158-1163
Sano T (2007) We have entered a new era of adjuvant/neoadju-
vant therapy for gastric cancer. Gastrointest Cancer Res 1(4):
156-157

Ako E, Ohira M, Yamashita Y et al (2008) Efficacy of S-1 for
gastric cancer patients with positive peritoneal lavage cytology.
Hepatogastroenterology 55(86-87):1939-1942

Kinoshita T, Sasako M, Sano T et al (2009) Phase II trial of S-1
for neoadjuvant chemotherapy against scirrhous gastric cancer
(JCOG 0002). Gastric Cancer 12(1):37-42

Feussner H, Omote K, Fink U et al (1999) Pretherapeutic lapa-
roscopic staging in advanced gastric carcinoma. Endoscopy
31(5):342-347

@ Springer

26.

27.

28.

29.

Cunningham D, Allum WH, Stenning SP et al (2006) Perioper-
ative chemotherapy versus surgery alone for resectable gastro-
esophageal cancer. N Engl J Med 355(1):11-20

Kodera Y, Yamamura Y, Ito S et al (2001) Is Borrmann type IV
gastric carcinoma a surgical disease? An old problem revisited
with reference to the result of peritoneal washing cytology. J Surg
Oncol 78(3):175-181; discussion 181-182

Bryan RT, Cruickshank NR, Needham SJ et al (2001) Laparo-
scopic peritoneal lavage in staging gastric and oesophageal can-
cer. Eur J Surg Oncol 27(3):291-297

Fujimoto S, Takahashi M, Mutou T et al (1999) Successful
intraperitoneal hyperthermic chemoperfusion for the prevention
of postoperative peritoneal recurrence in patients with advanced
gastric carcinoma. Cancer 85(3):529-534



Gastric Cancer (2010) 13: 191-196
DOI 10.1007/s10120-010-0556-1

Original article

© 2010 by
International and
Japanese Gastric
Cancer Associations

The prognostic significance of isolated tumor cells in the lymph nodes

of gastric cancer patients

TAKEO FUKAGAWA', MITSURU SASAKO?, SEUT IT0®, HAYAO NAKANIsHI', HISAE TINUMA®, SHOJI NATSUGOE®,

Hirostr Katar', and TApakAZU SHIMODA'

! Gastric Surgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

*Digestive Surgery, Hyogo Medical College, Hyogo, Japan

*Department of Gastrointestinal Surgery, Aichi Cancer Center Hospital, Nagoya, Japan
*Division of Oncological Pathology, Aichi Cancer Center Research Institute, Nagoya, Japan

*Department of Surgery, Teikyo University, Tokyo, Japan

Department of Surgical Oncology, Kagoshima University, Kagoshima, Japan
" Clinical Laboratory Division, National Cancer Center Hospital, Tokyo, Japan

Abstract

Background. The clinical significance of isolated tumor cells
(ITC) detected immunohistochemically in the lymph nodes of
gastric cancer patients is controversial. The aim of this study
was to examine the prognostic impact of ITC in patients with
gastric cancer.

Methods. The data of a total of 402 patients with pathological
T2NO and T2N1 gastric cancer who underwent gastrectomy
with D2 lymph node dissection between 1984 and 1990 at four
participant hospitals were analyzed. All resected lymph nodes
were reexamined by serial sectioning with hematoxylin &
eosin (H&E) staining, and evaluated by immunohistochemis-
try using antibody against cytokeratin (AE1/3). The preva-
lence and prognostic significance of ITC were investigated.
Results. ITC were detected in 187 of the 402 (47%) patients.
A multivariate analysis identified the nodal status, histological
type, and tumor size as significant factors predictive of the
presence/absence of ITC. The 5-year and 10-year overall sur-
vival rates of patients with vs those without ITC were 84.4%
(95% confidence interval [CI], 79.1-89.0) and 70.4% (95% CI,
64.1-76.7) vs 83.9% (95% CI, 78.6-89.2) and 72.0% (95% CI,
65.4-78.5), respectively. The hazard ratio for death in patients
with ITC as compared with those without ITC was 0.90 (95%
CI, 0.64-1.26; P = 0.53).

Conclusions. The presence of ITC in the lymph nodes does
not affect the prognosis of patients with gastric cancer who
have undergone gastrectomy with D2 lymph node dissection.

Key words ITC - Lymph node metastases - Gastric cancer -
Immunohistochemistry - Lymph node dissection

Introduction

The major prognostic factors in patients with gastric
carcinoma are the depth of the primary tumor and the
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presence/absence of lymph node, peritoneal, and distant
metastases. Complete tumor removal is deemed to be
the only potentially curative treatment in patients with
gastric cancer. Locally advanced gastric cancer fre-
quently recurs after a curative operation, and even early
gastric cancer relapses occasionally [1]. In patients with
recurrent disease, it is considered that such disease
arises, presumably from residual tumor cells, in the form
of occult micrometastases, left behind at the time of
apparently curative surgery.

Recent advances in immunohistochemistry (IHC)
and molecular biological techniques [2] allow the iden-
tification of discrete and occult tumor cells in the lymph
nodes [3], peripheral [4] blood, and bone marrow [5-7]
of patients with malignant diseases that remain unde-
tected during routine pathological examination. After
some debate regarding the terminology for occult tumor
cells, micrometastases (MM) are now defined as depos-
its of tumor cells measuring 2 mm or less but larger than
0.2 mm, while the term “isolated tumor cells (ITC)”
refers to single tumor cells or clusters of tumor cells
measuring 0.2 mm or less [8, 9]. The prevalence and
prognostic significance of ITC are still controversial.

The aim of this study was to analyze whether the
presence of ITC in the lymph nodes of gastric cancer
patients treated by curative resection portends a worse
prognosis.

Methods

Patients

A total of 402 patients with pathological T2ZNOMO or
T2N1MO gastric cancer (T2, tumor invades the muscu-
laris propria or subserosa, N0, no lymph node metasta-
ses; N1, with perigastric lymph node metastases; MO,
no distant metastases) who underwent gastrectomy with
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D2 lymph node dissection between January 1984 and
December 1990 at any of the four participant hospitals
in this study in Japan were included in this study. One
hundred seventy-seven patients were treated at the
National Cancer Center Hospital, Tokyo; 130 at Aichi
Cancer Center Hospital, Nagoya; 67 at Teikyo Univer-
sity Hospital, Tokyo; and 28 at Kagoshima University
Hospital, Kagoshima.

The patients in this study were basically consecutive,
except for a few whose follow-up or material blocks
were not available. All patients underwent partial or
total gastrectomy with systematic lymphadenectomy,
including complete dissection of perigastric lymph nodes
and the second-tier lymph nodes along the common
hepatic, proper hepatic, celiac, and splenic arteries.

Pathology and immunohistochemistry

All specimens containing the primary tumors were his-
tologically classified according to the Japanese classifi-
cation of gastric carcinoma [10] and the World Health
Organization tumor classification system [11], and the
following data were recorded at each hospital: tumor
size, histological type, depth of invasion, and presence/
absence of vascular or lymphatic invasion. Lymph nodes
were examined in one cross-section obtained through
the center of each lymph node.

Two consecutive sections measuring 4 um in thick-
ness were newly cut from 15899 lymph nodes of the 402
patients for H&E staining and IHC. The median number
of lymph nodes examined per patient was 32.5 (range,
6-124). The diagnosis in 32 patients who had been diag-
nosed as node-negative was revised to node-positive at
this review, based on the examination of sections stained
with H&E (T2NO to T2N1).

IHC was performed using AE1/AE3 (Boehringer
Mannheim, Indianapolis, IN, USA), a monoclonal anti-
body reactive with a broad spectrum of human cyto-
keratins. The procedure has been reported in detail
previously [12]. Lymph nodes stained by IHC were
evaluated by the pathologists at each hospital and
revised by T.S., without any knowledge of any clinical
information about the patients. ITC were defined as
single tumor cells or clusters of tumor cells measuring
0.2 mm or less; they could not be detected by routine
H&E staining and were detected by cytokeratin-specific
IHC. When ITC were detected in a lymph node without
overt metastases, this case was regarded as I'TC-positive.
When both single cells and clusters were observed in a
lymph node, the ITC were classified as the cluster type.

Statistical analysis

Statistical analysis was carried out using the SPSS soft-
ware, version 11.5 (SPSS, Chicago, IL, USA). The clini-
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copathological features of the studied cases were
compared by a y’ test or Student’s t-test. Multivariate
analysis was conducted using a logistic regression model
and Cox’s proportional hazard model. The Kaplan-
Meier method was used for drawing the survival curves,
and the log-rank test was used for evaluating the statisti-
cal significance of the differences between the survival
curves.

Results

Frequency and location of ITC

ITC were identified in 187 of the total of 402 patients
(46.5%), in 81 of the 221 T2NO patients (36.7%), and in
106 of the 181 T2N1 patients (58.6%). The median
number of lymph nodes containing ITC was 2 (range,
1-25) per patient.

Among the 81 T2NO patients detected as having ITC,
59 had the ITC in the perigastric lymph nodes, 19 in the
second-tier lymph nodes, and 3 in distant lymph nodes
including paraaortic lymph nodes. Among the 106 T2N1
patients detected as having ITC, 76 had the ITC in the
perigastric nodes, 28 in the second-tier nodes, and 2 in
distant nodes. Seventy-five patients had the single-cell
type of ITC, while 112 had the cluster type.

Relationship between the presence of ITC and
clinicopathological factors

The correlations between the presence of I'TC and clini-
copathological factors are shown in Table 1. Tumor size,
histological type (differentiated or undifferentiated),
lymphatic invasion, tumor depth (mp, muscularis
propria;ss, subserosa) and nodal status (NO or N1) were
identified by univariate analysis as significant factors
predictive of the presence/absence of ITC in the lymph
nodes. Among these factors, the histological type, size of
the tumor (<50 or 250 mm), and nodal status were iden-
tified as significant factors by multivariate analysis based
on a logistic regression model (Table 2). Tumors of the
undifferentiated type, large-sized tumors, and originally
node-positive tumors were more likely to be associated
with ITC in the lymph nodes; the odds ratios were 1.78
(95% CI,1.18-2.69; P = 0.006), 1.67 (95% CI, 1.05-2.66;
P = 0.029), and 2.11 (95% CI, 1.36-3.26; P = 0.001),
respectively.

Relationship between the presence of ITC and
the prognosis of patients

The median follow-up period of the surviving patients
was 127 months (range, 3-215 months). Disease recur-
rence was observed in 32 patients. Of these, 18 patients
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Table 1. Relationships between ITC and clinicopathological factors

Positive Negative P value
Age (years) 59.0+11.9 61.4 +11.9 0.04
Tumor diameter (mm) 50.6 £25.2 40.5 £ 19.0 <0.001
Sex
Male 124 162 0.03
Female 63 53
Histology
Diff. 84 130 0.001
Undiff. 103 85
v
- 152 180 0.30
+ 35 35
Ly
- 68 101 0.02
+ 119 114
Depth
mp 105 147 0.008
ss 82 68
Nodal status
NO 81 140 <0.001
N1 106 75

ITC, isolated tumor cells; Diff, differentiated; Undiff, undifferentiated; V, vascular invasion; Ly,

lymphatic invasion; mp, muscularis propria; ss, subserosa; —, negative; +, positive

Table 2. Multivariate analysis to determine the relationship between the presence of

ITC and clinicopathological factors

Histology (diff./undiff.)

Depth (mp/ss)

Tumor diameter (>50 / <50 mm)
Nodal status (NO/N1)
Lymphatic invasion (—/+)

OR, odds ratio; CI, confidence interval

had ITC, while 14 did not. The incidence of recurrence
was not related to the presence of ITC (P = 0.26).

The 5-year and 10-year overall survival rates of the
patients with and without ITC were 84.4% (95% CI,
79.1-89.0) and 70.4% ( 95% CI, 64.1-76.7); and 83.9%
(95% CI, 78.6-89.2) and 72.0% (95% CI, 65.4-78.5),
respectively. The hazard ratio for death in the patients
with ITC as compared to those without ITC was 0.90
(95% CI, 0.64-1.26; P = 0.53).

There were no significant differences in the survival
curves between patients with and without ITC (P =0.53
by log-rank test; Fig. 1). The type of ITC (single cell,
cluster), and the number of lymph nodes with ITC did
not affect the prognosis. The effects of the clinicopatho-
logical factors on the prognosis of the patients are
shown in Table 3. Age (<60 /260 years), histological type
(differentiated type/undifferentiated), depth of invasion
(mp/ss), and nodal status (NO/N1) were identified as
significant prognostic factors by univariate analysis.
Multivariate analysis using representative factors from

OR 95% CI P value
1.780 1.179-2.687 0.006
1.271 0.814-1.986 0.292
1.673 1.053-2.658 0.029
2111 1.366-3.262 0.001
1.146 0.734-1.791 0.549

1.0
.9
.8
71
.6 1
5
4 P=0.53
KE
— ITC+ -——-ITC-
21
1
0.0 =
0 60 120

Months after surgery

Fig. 1. Overall survival of pT2NO and pT2N1 gastric cancer
patients. There was no significant difference in survival
between patients with and without isolated tumor cells (I7C)



194

T. Fukagawa et al.: ITC in the lymph nodes in gastric cancer

Table 3. Univariate analysis to determine the clinicopathological factors related to

overall survival

HR 95% CI P value
Age (<60/260 years) 3.539 2.375-5.273 <0.001
Histology (diff./undift.) 0.531 0.371-0.760 0.001
Depth (mp/ss) 1.414 1.005-1.989 0.047
Tumor diameter (<50/250 mm) 1.035 0.716-1.495 0.855
ITC (—+) 0.897 0.638-1.262 0.534
Nodal status (NO/ N1) 1.763 1.251-2.485 0.001
Sex (male/female) 0.762 0.515-1.130 0.176
Lymphatic invasion (—/+) 1.503 1.052-2.148 0.025
Vascular invasion (—/+) 1.413 0.936-2.113 0.100

HR, hazard ratio

Table 4. Multivariate analysis to identify the clinicopathologi-
cal factors determining the overall survival

HR 95% CI

Age (>60 / <60 years) 3.189
Histology (diff./undiff.) 0.693

P value

2.113-4.814 <0.001
0.476-1.008 0.055

Depth (mp/ss) 1178 0821-1.689 0374
Nodal status (NO/N1) 1.800  1229-2638  0.003
Ly (—/+) 1127 0.765-1.661 0.546
ITC (-i+) 0.888  0.621-1268 0513

Table 3 showed that age and nodal status were the most
significant prognostic factors (Table 4). The presence of
ITC did not have any impact on the prognosis of the
patients.

Discussion

The results of this study suggest that the presence of
ITC in lymph nodes does not imply systemic involve-
ment by the disease, and has no influence on the prog-
nosis of gastric cancer patients who have undergone
gastrectomy and systematic lymph node dissection.
There is increasing interest in the presence and prog-
nostic relevance of occult tumor cells in various malig-
nant diseases [13]. In breast cancer and melanoma,
lymph nodes involved with tumor metastases are no
longer the objects of drastic dissection, but are an indi-
cator of patients with a poor prognosis needing inten-
sive adjuvant therapy. Lymph nodes containing occult
tumor cells have been considered similarly in some
other reports as well [14, 15], and this concept has been
adopted even in the sentinel nodes theory [16, 17]. In
contrast, metastatic lymph nodes are targets for local
control in gastric cancer patients [18], although extended
lymph node dissection is still controversial [10]. The
clinical significance of the detection of occult tumor
cells in the lymph nodes of gastric cancer patients is an
important subject for more intensive study, because it

may provide some directions regarding the extent of
lymph node dissection [19] and the necessity for adju-
vant therapy after curative surgery.

The biology of ITC in the lymph nodes has not been
fully elucidated, but several conclusions can be drawn
from a recent analysis [20]. ITC may be present in many
lymph nodes that are originally diagnosed as tumor-
negative by H&E staining, as previously reported. In the
present study,such an occurrence was significantly more
frequent in T2N1 than in T2NO gastric cancer patients.
In addition, ITC were detected in second-tier lymph
nodes more frequently in N1 patients than in NO patients
(29 of 181 patients vs 19 of 221 patients, P = 0.02). This
behavior of ITC is consistent with the concept that
lymph node metastases proceed from the perigastric
area to the next area in order. ITC were found even in
distant lymph nodes, including paraaortic lymph nodes,
as reported before [21]. This shows that ITC can also
reach lymph node stations far away from the primary
tumor, but further discussion may have to be limited
because only a proportion of patients in the present
study underwent super-extended lymph node dissection
including the paraaortic area. In this study, the fre-
quency of ITC in lymph nodes was higher in patients
with larger and more undifferentiated tumors. It is con-
ceivable that tumor cells can escape more easily from
such tumors.

Many authors have reported on the clinical signifi-
cance of occult cancer cells in the lymph nodes of gastric
cancer patients. Morgagni et al. [22] and Choi et al. [23]
reported a negative impact on the prognosis for early
gastric cancer, while others have refuted such a sugges-
tion [24-26] by the analysis of patients including those
with early and advanced gastric cancer. The studies
including a majority of patients with early gastric cancer
have the problem of too low an incidence of disease-
specific death to allow reasonable prognostic evalua-
tion. If many cases of locally advanced gastric cancer
invading the serosal surface of the stomach were to be
included, the prognostic significance of occult tumor
cells in the lymph node would be confounded by the
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high frequency of peritoneal recurrence. For this reason,
we previously carried out a study similar to the present
one in patients with T2NO disease [27]; in the present
study, T2N1 gastric cancer patients with perigastric
lymph node metastases were examined in addition
for the purpose of including a larger number of patients.
T2N2 patients with lymph node metastases in the
second-tier lymph nodes were not included, because
such patients might include those with paraaortic
lymph node metastases which cause potential stage
migration.

Previous discussions about occult tumor cells in the
lymph nodes have always included diagnostic problems.
Occult tumor cells detected by IHC have been divided
into ITC and MM, as mentioned above. Some of the
reported MMs may actually be small metastases, associ-
ated with a worse prognosis, which could probably
have been detected by routine H&E staining by well-
experienced pathologists. Many lymph node metastases
diagnosed at our institution measure less than 2 mm in
greatest dimension [28]. Furthermore, decisions reached
among pathologists for resolving this delicate problem
are quite mandatory, as shown by some studies report-
ing difficult reproducibility of the diagnosis of occult
tumor cells [29, 30].

In the present study, the presence of ITC was not
found to be an independent factor for worse prognosis,
as assessed by both multivariate analysis of prognostic
factors and survival analysis. Although one of the pur-
poses of an investigation of ITC might be to find a target
for additional therapy after curative surgery, based on
the results of the present study, it will not be necessary
hereafter to take into account the presence of ITC in
the lymph nodes of gastric cancer patients. In Japan,
pT2N1 gastric cancer patients are already candidates
for adjuvant chemotherapy, based on the results of a
clinical trial [31]. In the West, node-positive gastric
cancer patients are included as candidates for postop-
erative chemoradiotherapy, based on the results of the
INTO116 trial [32].

The viability and clinical significance of the presence
of ITC in lymph nodes is better discussed separately.
Some reports [6, 33] suggest that ITC do not progress
to become metastatic lesions, and will probably die or
be eliminated by the host immune response, even if they
have reached distant sites, but the potential tumorige-
nicity of single cells in the lymph nodes has also been
reported [20, 34]. Therefore, what is the malignant
potential of ITC? Evaluation of the viability of a small
number of tumor cells and the discrimination of actual
malignant tumor cells are probably subjects of great
interest and importance that need to be studied [34,35];
however, further basic investigation will be needed
before there are clinical applications. We still cannot
provide a clear answer to the essential question of
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whether or not a lymph node containing ITC should be
dissected. The similar outcomes in patients with and
without ITC in our study may have occurred because
all of the participants in this study underwent standard
D2 lymph node dissection, but these similar outcomes
could also be interpreted to suggest that ITC in the
lymph nodes may be basically ignorable without dissec-
tion. However, these essential issues are so far from
being clearly resolved that any discussion about the
indications for limited surgery or the necessity for
extended lymph node dissection based on the preva-
lence of ITC in the lymph nodes is futile.

In conclusion, the results of this study, an analysis of
a large group of patients with limited disease, may
provide some suggestions regarding the clinical impact
of ITC in the lymph nodes of gastric cancer patients.
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Epidemiology: Gastric cancer is the second most common cancer in Asia, more than half
of the world’s gastric cancer cases arise in Eastern Asia, and the majority of Asia’s cases
still occur in the distal part of the stomach.

Etiology and Prevention: The etiology of gastric cancer consists of genetic susceptibility,
Helicobacter pylori infection and environmental risk factors. Helicobacter pylori eradication
treatment, consumption of fresh vegetables and fruits and use of aspirin and non-steroidal
anti-inflammatory drugs seem to reduce the risk of gastric cancer.

Endoscopy and Diagnosis: Screening for gastric cancer is cost-effective in countries with
high incidence. Risk stratification may increase the cost-effectiveness of screening in
populations at moderate risk. Endoscopic resection is curative in a subset of patients with
early cancer.

Surgery and Adjuvant Treatment: RO resection with D2 lymph node dissection has pro-
duced the best survival data. Some kind of post-operative adjuvant chemotherapy including
S-1 is recommended after D2 surgery.

Chemotherapy for Advanced Gastric Cancer: As chemotherapy for gastric cancer, fluor-
ouracils plus platinum are the most widely accepted first-line regimens, whereas taxanes
or irinotecan are mostly used in second- and third-line settings. Differences in the approval
and medical insurance systems may influence the status of these regimens. Trastuzumab
in combination with fluorouracils/platinum will be a standard regimen for HER2-positive
gastric cancer. Many new targeting agents are currently under investigation, and Asian
countries are playing important roles in investigation and development of new and better
treatments for this malignancy.

Key words: gastric cancer — Helicobacter pylori — D2 lymphadenectomy — adjuvant
chemotherapy — endoscopic treatment — chemotherapy

The Gastric Cancer Working Group report was divided into
five chapters: epidemiology, etiology and prevention, endo-
scopy and diagnosis, surgery and adjuvant treatment and
chemotherapy for advanced gastric cancer.

EPIDEMIOLOGY

In spite of the remarkable spontaneous decline in the inci-
dence of stomach cancer in most Western countries, in Asia
it is still one of the two most common cancers, following

only lung cancer and accounting for 13% of all cancers in
Asia (Fig. 1) (1). Estimation of the distribution of gastric
cancer in the world in 2002 showed that 56%, more than
half of all new cases in the world, occurred in Eastern Asia,
with 41% from China and 11% from Japan (Fig. 2) (1). The
highest incidences occurred in Korea and Japan. Gastric
cancer is relatively common in Asia, Eastern Asia, other
Asia, South America and Central and Eastern Europe,
whereas it is rare in other European areas and Northern
America (Fig. 3) (1). In the common areas, including
Eastern Asia, cancer of the distal part of the organ is still the

© The Author (2010). Published by Oxford University Press. All rights reserved.
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Figure 1. Number of new cases for 10 common cancers (both sexes).
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Figure 2. Estimated distribution of gastric cancer in the world in 2002.

most frequent, whereas the proximal gastric cancer is more
common in Western countries (Fig. 4) (2).

In conclusion, gastric cancer is the second most common
cancer in Asia, more than half of the world’s gastric cancer
cases still arise in Eastern Asia, and the majority of those
cases still occur in the distal part of the stomach. An
increased trend for EC-junction adenocarcinoma is suggested
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in Western countries, but there is no evidence of such a

trend in Asia.

ETIOLOGY AND PREVENTION

Three major factors are involved in the development of
gastric cancer: Helicobacter pylori infection, genetic
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Figure 4. Subsite distribution of gastric cancer, 2000.

susceptibility (CDH1 etc.) and environmental factors (such study by Dr Uemura et al. (4), published in the
as smoking, a high-salt diet and low vegetable consumption) New England Journal of Medicine, found no development of
(3). Helicobacter pylori infection is the most important. A gastric cancer in cases without H. pylori infection, whereas
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