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Abstract:
Background. Although the results of gastric cancer treatment
have markedly improved, this disease remains the most
common cause of cancer death in Korea.
Methods. Clinicopathologic characteristics were analyzed for
10 783 consecutive patients who underwent operation for
gastric cancer at the Department of Surgery, Seoul National
University Hospital, from 1970 to 1996. We also evaluated
survival and prognostic factors for 9262 consecutive patients
operated from 1981 to 1996. The clinicopathologic variables
for evaluating prognostic values were classified as patient-,
tumor-, and treatment-related factors. The prognostic
significance of treatment modality [surgery alone, surgery 1
chemotherapy, surgery 1 immunotherapy 1 chemotherapy
(immunochemosurgery)] was evaluated in patients with stage
III gastric cancer (according to the International Union
Against Cancer TNM classification of 1987). For the assess-
ment of lymph node metastasis, both the number of involved
lymph nodes and the ratio of involved to resected lymph
nodes were analyzed, as a quantitative system.
Results. The mean age of the 10 783 patients was 53.5 years
and the male-to-female ratio was 2.07 : 1. Resection was per-
formed in 9058 patients (84.0% resection rate). The 5-year
survival rates were 55.9% for all patients and 64.8% for pa-
tients who received curative resection. Age, sex, preoperative
hemoglobin and albumin levels, type of operation, curability
of operation, tumor location, Borrmann type, tumor size,
histologic differentiation, Lauren’s classification, perineural
invasion, lymphatic invasion, vascular invasion, depth of inva-
sion, number of involved lymph nodes, ratio of involved to
resected lymph nodes, and distant metastasis had prognostic
significance on univariate analysis. Radical lymph node dissec-
tion, with more than 25 resected lymph nodes improved
survival in patients with stage II and IIIa disease. As postop-
erative adjuvant therapy, immunochemotherapy was most
effective in patients with stage III disease. Patients with iden-
tical numbers of lymph nodes -either the number of involved

lymph nodes or the number of resected lymph nodes- were
divided according to their ratios of involved-to-resected
lymph nodes. In each numeric group, there were significant
survival differences according to the ratio of involved-to-
resected lymph nodes. However, patients who had the same
involved-to-resected lymph node ratio did not show signifi-
cant differences in survival rate according to either the
number of involved or the number of resected lymph nodes.
On multivariate analysis, curability of operation, depth of
invasion, and ratio of involved to resected lymph nodes were
independent significant prognostic factors.
Conclusions. Curative resection, depth of invasion, and lymph
node metastasis were the most significant prognostic factors
in gastric cancer. With regard to the status of lymph node
metastasis, the ratio of involved to resected lymph nodes had
a more precise and comprehensive prognostic value than only
the number of involved or resected lymph nodes. Early detec-
tion and curative resection with radical lymph node dissection,
followed by immunochemotherapy, particularly in patients
with stage III gastric cancer should be the standard treatment
in principle, for patients with gastric cancer.
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Introduction

The results of gastric cancer treatment have markedly
improved as a result of early detection and extensive
radical operation, reflecting the progress in diagnostic
methods and surgical techniques. However, gastric car-
cinoma still remains a major cause of death from malig-
nant disease worldwide and is the most common cause
of cancer death in Korea. The identification of prog-
nostic factors and determination of their relevance is an
important aspect of oncological understanding of stag-
ing, and the establishment of therapeutic strategies. Of
the many factors relevant to survival, depth of invasion,
lymph node metastasis, and distant metastasis have
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been considered major prognostic factors [1–10]. We
have previously reported that depth of invasion and
lymph node metastasis were the most important
prognostic factors in gastric cancer, and that for patients
with advanced gastric cancer, immunochemosurgery
(surgery plus immunotherapy plus chemotherapy) was
the most effective treatment modality in patients with
stage III gastric cancer according to UICC TNM classi-
fication of 1987 [11,12].

In this study, we analyzed the clinicopathologic char-
acteristics and prognostic factors related to patient,
tumor, and treatment in a large series of gastric cancer
patients from one institute. We also analyzed quantita-
tively the number of involved lymph nodes and the ratio
of involved to resected lymph nodes to determine the
status of lymph node metastasis.

Patients and methods

We have experienced 10 783 gastric cancer patients
treated surgically at the Department of Surgery, Seoul
National University Hospital from January 1970 to
December 1996. The clinicopathologic characteristics of
the 10783 patients were analyzed, and for prognostic
factor analysis, we studied 9262 consecutive patients
treated in the period 1981 to 1996 for whom there
was a reliable computerized database. Follow-up was
achieved in 8577 of the 9262 patients (92.6%), through
the records of outpatient clinics, postcard replies, tele-
phone interviews, and with the aid of the Korean Na-
tional Statistical Office. The follow-up ended on August
1 1997 with the mean period of follow-up being 64.3
months. The precise causes of death could not be rou-
tinely ascertained in 8577 patients. The extent of re-
section was determined according to the location and
extent of primary tumors. En-bloc resection with modi-
fied D3 (D2 1 α) lymph node dissection, according to
the Japanese classification, was the surgical procedure
of choice.

Clinicopathologic variables

The clinicopathologic variables evaluated to determine
prognostic factors were classified as patient, tumor, and
treatment factors.

(1) Patient factors: age in years (#39, 40–64, $65), sex,
duration of symptoms (#6 months, .6 months),
preoperative hemoglobin and albumin levels, T-cell
percentage.

(2) Tumor factors: tumor location (upper third, middle
third, lower third, entire stomach), Borrmann type,
tumor size (#2cm, 2–5cm, 5–10cm, .10cm), histo-
logic type (well differentiated [WD], moderately

differentiated [MD], poorly differentiated [PD],
undifferentiated [UD], mucinous, signet ring cell),
Lauren’s classification (intestinal, mixed, diffuse),
perineural invasion, lymphatic invasion, vascular
invasion, depth of invasion (mucosa, submucosa,
proper muscle, subserosa, serosa, adjacent organ),
number of involved lymph nodes (0, 1–3, 4–6, $7),
ratio of involved to resected lymph nodes (0, #0.1,
#0.3, #0.5, .0.5), distant metastasis.

(3) Treatment factors: extent of resection (subtotal
gastrectomy, total gastrectomy, combined resection
of invaded adjacent organ, non-resection), residual
tumor (R) category (R0, R1, R2; see below),
intraoperative blood transfusion, operation time,
number of resected lymph nodes (#25, 26–35, 36–
45, $46), postoperative complications, postopera-
tive adjuvant therapy.

R0 was defined as a resection that resulted in com-
plete macroscopic and microscopic tumor removal on
intraoperative and histopathologic evaluation, done in
accordance with the recommendations of the Inter-
national Union Against Cancer (UICC) (1987) [13].
Histologic classification of the tumor was done in accor-
dance with the grade of differentiation proposed by the
World Health Organization. For evaluating postopera-
tive adjuvant therapy, we allocated patients with stage
III disease to an immunochemotherapy group, a chemo-
therapy group, and a surgery-alone group.

Protocol for immunochemotherapy (PMF)

Immunotherapy was started on postoperative day 4 or
5, with Picibanil (P), (a Streptococcus pyogenes prepara-
tion; Tokyo, Japan). Dose was 1.0 KE IM weekly.

Chemotherapy was started on postoperative day 8–10
with mitomycin-C, (M) 4 mg/50kg and 5-fluorouracil,
(F) 500mg/50kg given twice a week for 2 weeks, then
weekly for 6 weeks. After 8 weeks, 5-fluorouracil was
changed to oral form and continuously taken (800mg/
50kg/day). Duration was 24 months (PMF, 2 months;
PF, 22 months).

Protocol for chemotherapy (FAM)

Chemotherapy was started on postoperative days 25–30
with 5, fluorouracil 600mg/m2 on days 1, 8, 29, 36;
adriamycin (A), 30mg/m2 on days 1, 29; and mitomycin-
C 10mg/m2 on day 1. There was a 2-week interval
between each cycle, with a total of six cycles.

Quantitative analysis of lymph node metastasis

The extent of lymph node dissection was categorized
according to the number of resected lymph nodes,
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based on previous anatomical studies [14]. We analyzed
survival rates according to the ratio of involved to
resected lymph nodes, as well as according to the num-
bers of involved and resected lymph nodes. To mini-
mize the effect of the stage migration phenomenon and
to obtain a creditable value for the number of involved
lymph and the ratio of involved to resected nodes [15–
16], patients with fewer than 15 isolated lymph nodes
were excluded from the analysis of the relationship
between number of involved lymph nodes and ratio of
involved to resected lymph nodes.

Statistical analysis

Survival rates were calculated by the Kaplan-Meier
method and differences in survival curves between the
applicable variables were determined by the log-rank
test on univariate analysis. Significant factors deter-
mined by univariate analysis were assessed by multiple
stepwise regression analysis with a Cox proportional
hazards model.

Results

The mean age of the 10783 patients was 53.5 years
(range, 16–94 years), with peak incidence in the sixth
decade. There was a male predominance of 2.07 :1, but
females were relatively predominant in patients
younger than 40 years (1.12 :1). Regarding the location
of the primary tumor, 87.3% of lesions were located in
the distal two-thirds of the stomach. However, upper-
third lesions, particularly cardia cancer, increased in
incidence from 5.8% in the 1970s and 1980s to 13.0% in
the 1990s. Resection was performed in 9058 of these
patients (resection rate, 84.0%). The operative proce-
dures and residual tumor data are listed in Table 1.

According to the macroscopic classification,
Borrmann type III was the most common (65.1%), fol-
lowed by type II (19.1%), type IV (13.2%), and type I
(2.5%), in advanced gastric cancers, while in early

gastric cancers (EGCs), type IIc (53.8%) was the most
frequently encountered, followed by types IIa 1 IIc
(13.2%). The most common histologic classification was
poorly differentiated adenocarcinoma (38.3%). The dif-
fuse type of Lauren’s classification accounted for 67.3%
of cases. The overall incidence of EGC was 21.4%; its
incidence showed a steady increase (7.7% in 1970–1980,
16.0% in 1981–1985, 21.2% in 1986–1990, 29.0% in
1991–1995, and 35.6% in 1996). Lymph node metastasis
was found in 56.6% of the patients. The average
number of resected and involved lymph nodes for each
resected patient was 31.5 and 5.43, respectively.

According to the UICC TNM stage classification
(1987) [13] 17.3% of patients were stage Ia; 11.6%,
stage Ib; 15.0%, stage II; 20.0%, stage IIIa; 23.3%, stage
IIIb; and 13.2%, stage IV.

The 5-year overall survival rate for patients treated
in the period 1981–1996 was 55.8%, and that of patients
who received curative resection was 64.8%. The 5-year
survival rates according to TNM stage were 92.9% for
Ia, 84.2% for Ib, 69.3% for II, 45.8% for IIIa, 29.6% for
IIIb, and 9.2% for IV (Fig. 1). The 5-year survival rate
was 91.7% for EGC and 45.7% for advanced gastric
cancer.

Table 1. Type of operation (op.) and residual tumor data in 10 783 patients with gastric
cancer treated between 1970 and 1996 at Seoul National University Hospital

Type of op./Residual tumor R0 R1 R2 Total (%)

Subtotal gastrectomy 6837 81 137 7 055 (65.5)
Total gastrectomy 1543 63 95 1 701 (15.7)
Combined resection 262 13 27 302 (2.8)
Bypass 499 499 (4.6)
Feeding tube insertion 527 527 (4.9)
Vessel ligation 161 161 (1.5)
Explo ratory laparotomy only 538 538 (5.0)

Total (%) 8642 (80.2) 157 (1.5) 1984 (18.3) 10 783 (100)

For definitions of residual tumor (R) categories R0, R1, R2, see text

Fig. 1. Survival curves in gastric cancer patients according to
TNM stage (International Union Against Cancer classifica-
tion (1987)[13])
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to resected lymph nodes, and distant metastasis
had prognostic significance on univariate analysis.
The number of resected lymph nodes had prognostic
significance in patients with stage II and IIIa disease
(P , 0.05). The postoperative adjuvant treatment
was significant in patients with stage III gastric cancer
(P , 0.05).
Patient-related factors. Patients over 64 years old had a
significantly lower survival rate than patients in the

Table 2. Univariate analysis of clinicopathologic variables in patients with gastric cancer in this series

Variable 5-YSR (%) P value Variable 5-YSR (%) P value

Age (years) ,0.0001 Lauren classification ,0.0001
,40 57.9 Intestinal 72.9
40–64 58.2 Mixed 70.4
$65 44.9 Diffuse 57.2

Sex 0.0175 Lymphatic invasion ,0.0001
Male 54.6 (2) 60.3
Female 57.8 (1) 42.2

Symptom duration 0.1478 Perineural invasion ,0.0001
T-cell percentage 0.2929 (2) 58.9
Hemoglobin 0.0017 (1) 38.5

,12 mg% 47.3 Vascular invasion ,0.0001
$12 mg% 62.4 (2) 31.3

Albumin 0.0021 (1) 57.8
,3.5 mg% 45.4 Depth of invasion ,0.0001
$3.5 mg% 64.8 Mucosa 93.4

Location ,0.0001 Submucosa 89.8
Lower 1/3 59.6 Muscle 77.2
Mid 1/3 57.8 Subserosa 60.5
Upper 1/3 49.4 Serosa 39.7
Whole 15.8 Adj. organ 8.7

Extent of op. ,0.0001 No. of res. LN 0.0569
STG 68.7 #25 62.4
TG 45.4 26–35 63.0
Combined 19.6 36–45 63.6
Resection (2) 6.8 (3-YSR) $46 59.0

Postop. complication 0.0581 No. of inv. LN ,0.0001
R category ,0.0001 0 85.4

R0 64.8 1–3 65.6
R1 9.9 4–6 33.9
R2 8.2 .7 27.4

Tumor size (cm) ,0.0001 Ratio of inv. to res. LN ,0.0001
#2 87.6 0 85.4
2–5 63.7 #0.1 70.1
5–10 35.2 #0.3 49.4
.10 25.2 #0.5 27.8

Borrmann type ,0.0001 .0.5 14.1
I 60.7 Distant metastasis ,0.0001
II 59.7 (2) 60.7
III 47.5 (1) 9.4
IV 16.7 Adjuvant therapya 0.0012

Histology ,0.0001 No. adj. tx. 27.2
W/D 72.4 Chemotx. 36.8
M/D 64.2 Immunochemotx. 44.8
P/D 52.6
U/D 30.3
Mucinous 47.4
Signet ring 63.4

STG, Subtotal gastrectomy; TG, total gastrectomy; R, residual; W/D, well differentiated; M/D, moderately differentiated; P/D, poorly differen-
tiated; U/D, undifferentiated; adj., adjacent; tx, therapy; inv., involved; res., resected; 5-YSR, 5-year survival rate; LN, lymph nodes
a Analysis in patients with stage III gastric cancer according to International Union Against Cancer classification (1987) [13]

Univariate analysis

The results of univariate analysis are summarized in
Table 2. Age, sex, preoperative status (hemoglobin and
albumin levels), type of operation, R-category, tumor
location, Borrmann type, tumor size, histologic differ-
entiation, Lauren’s classification, perineural invasion,
lymphatic invasion and vascular invasion, depth of inva-
sion, number of involved lymph nodes, ratio of involved
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proper muscle, subserosa, serosa, and extension to adja-
cent organ were 93.4%, 89.8%, 77.2%, 60.5%, 39.7%,
and 8.7%, respectively.

Survival rates were markedly decreased in relation
to increased numbers of metastatic lymph nodes (P ,
0.0001). The 5-year survivals were 85.4% for patients
without nodal involvement, 65.6% for patients with one
to three metastatic nodes, 49.9% for patients with four
to six metastatic nodes, and 27.4% for patients with
more than six metastatic nodes. Patients were divided
into five groups according to the ratio of involved to
resected lymph nodes (0, #0.1, #0.3, #0.5, .0.5). The
5-year survival rates were 85.4% for patients with a
ratio of 0, 70.1% for those patients with a ratio of up to
0.1, 49.4% for those with a ratio of up to 0.3, 27.8% for
those with a ratio of up to 0.5, and 14.1% for patients
with a ratio of more than 0.5. Patients in identical nu-
meric groups — either the number of involved or of
resected lymph nodes — were classified according to the
ratio of involved-to-resected lymph nodes (P , 0.0001).
In each numeric group, there were significant survival
differences according to the ratio of involved-to-
resected lymph nodes (P , 0.0001). In patients grouped
according to the ratio of involved-to-resected lymph
nodes the number of involved and resected lymph
nodes had no significant prognostic value, except for
patients with more than six involved lymph nodes who
had a ratio of up to 0.3, who had a poor survival rate
(Table 3). Lymphatic invasion, perineural invasion, and
vascular invasion also had prognostic significance on
univariate analysis. (all, P , 0.0001).
Treatment-related factors. The 5-year survival rates ac-
cording to extent of resection were 68.7% for subtotal
gastrectomy, 45.4% for total gastrectomy, and 19.6%
for combined resection. There were no 5-year survivors
in the non-resection group. According to curability of

Table 3. Five-year survival rates according to the ratio of involved to resected lymph
nodes (LNs) in relation to the numbers of involved and resected LNs

Ratio of inv. to res LN

0 #0.1 #0.3 #0.5 $0.5 P value

No. of inv. LN
0 85.8 — — — —
1–3 — 70.3 53.5 — — 0.0001
4–6 — 65.4 53.7 23.9 — 0.0013
$7 — 75.0 43.4 27.2 13.7 0.0001
P value 0.877 0.003 0.560

NO. of res. LN
15–25 85.8 69.7 48.9 30.0 9.9 ,0.0001
26–35 85.1 64.9 52.9 21.9 14.6 ,0.0001
36–45 86.3 71.4 46.2 32.3 14.2 ,0.0001
$46 84.7 72.1 46.9 21.3 10.2 ,0.0001
P value 0.371 0.426 0.148 0.131 0.600

other two age groups (,40 and 40–64 years) (P ,
0.0001). Survival rates in those aged less than 40 years
and those in the 40- to 64-year group showed no signifi-
cant difference. There were no significant differences in
stage of disease among the three age groups, but elderly
patients (more than 64 years) had a significantly lower
proportion of EGC than the other two age groups. The
proportions of EGC in the young (,40 years), interme-
diate (40–64 years), and elderly (.64 years) patients
were 26.2%, 23.5%, and 19.4%, respectively. Women
had a slightly better prognosis than men (5-year survival
rates 54.6% and 57.8%, respectively). Preoperative
hemoglobin and albumin levels had prognostic signifi-
cance (P , 0.05), but preoperative T-cell percentage
and symptom duration had no significant prognostic
value.
Tumor-related factors. Most of the carcinomas were
found in the distal two-thirds of the stomach. Patients
with tumor arising in the distal two-thirds showed
significantly better survival than patients with tumor
arising in the upper-third or entire stomach (P ,
0.0001). The size of tumors was directly correlated with
survival (P , 0.0001). Patients with Borrmann type I
had the best survival rate, while those with Borrmann
type IV (linitis plastica) had the worst. There were no
significant differences in survival rate according to mac-
roscopic type in EGC. Patients with more differentiated
tumors had a better prognosis (P , 0.0001). Signet ring
cell carcinoma is regarded as a poor prognostic histol-
ogy. In this study it was predominant in EGC and con-
sequently indicated a good prognosis, comparable to
that of moderately differentiated carcinoma.

Survival curves in relation to depth of invasion
revealed that the deeper the invasion, the lower the
survival rate (P , 0.0001). The 5-year survival rates of
patients with invasion of the mucosa, submucosa,
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Table 4. 5-year survival rates according to number of resected
lymph nodes at different TNM stages

No. of resected LNs

Stage #25 26–35 36–45 $46 P value

Five-year survival rates (%)
Ia and Ib 89.0 89.2 92.7 88.2 0.1448
II 64.4 70.1 71.9 75.4 0.0352*
IIIa 43.1 52.9 55.9 61.4 0.0052*
IIIb 27.5 30.0 31.3 30.1 0.3826
Overall 62.4 63.0 63.6 59.0 0.0569

* Difference in survival between patients with #25 resected LNs and
those with 26 to 35 resected LNs. TNM stages according to reference
[13]

Table 5. Independent progrostic factors in gastric cancer
identified by multivariate analysis

Factor Relative risk P value

Curability of operation 3.6735 0.0147
Depth of invasion 2.1835 0.0056
LN ratio (no. of inv. LN/no. 2.0576 0.0076

of. res. LN)

operation, patients with curative resection (UICC R0
resection) had a significantly better survival rate than
patients with noncurative surgery (P , 0.0001). Patients
with stage II and IIIa gastric cancer in whom 26 or more
lymph nodes were removed had a better survival rate
than patients with fewer than 26 removed lymph nodes
(P , 0.05), while the number of resected lymph nodes
had no significant survival impact on patients with stage
Ia, Ib, IIIb, IV gastric cancer, or overall (Table 4).
Transfusion, operation time, and postoperative com-
plications didn’t show any impact on survival rates.
Regarding adjuvant treatment modality, there were sig-
nificant differences in survival in stage III patients (P 5
0.0012); the 5-year survival rates were 44.8% for the
immunochemosurgery group, 36.8% for the surgery 1
chemotherapy group, and 27.1% for the surgery-alone
group (Fig. 2).

Multivariate analysis

Table 5 shows the independent prognostic factors iden-
tified by the multivariate analysis performed with
significant factors identified by univariate analysis. In-
dependent prognostic factors were curability of opera-
tion (Fig. 3), depth of invasion (Fig. 4), and ratio of
involved to resected lymph nodes (Fig. 5). The number

Fig. 3. Survival curves according to R-category, i.e., curability
of operation. See text for explanation of R0, R1, R2

Fig. 5. Survival curves according to ratio of involved to
resected lymph nodes

Fig. 4. Survival curves according to depth of invasion

Fig. 2. Survival curves according to adjuvant therapy in stage
III gastric cancer patients
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of involved or resected lymph nodes was not a prognos-
tic factor on multivariate analysis.

Discussion

The prognosis of gastric cancer has improved in recent
years, with the 5-year survival rate being 50%–60% in
Eastern series [5,7,11,17], in contrast to the still grim
results in most Western series [18–20]. The present
study showed that curability of operation, depth of inva-
sion, and lymph node metastasis (ratio of involved to
resected lymph nodes) were the most significant prog-
nostic factors in gastric cancer.

There are some reports that young patients with gas-
tric cancer have a poorer prognosis than older patients
because they include a higher proportion with advanced
stage tumors, due to less suspicion of malignant disease
and aggressive tumor biology [21]. However, in the
present study, young patients (less than 40 years)
showed no significant difference in stage of disease,
although Lauren’s diffuse type was predominant. In
contrast, the proportion of patients with EGC was sig-
nificantly lower in elderly patients (.64 years) than in
the intermediate (40–64 years) and young (,40 years)
patients, and the survival of the young patients was
significantly better than that of the elderly patients, pos-
sibly because of the higher proportion with EGC. This
may be explained by the young patients having better
nutritional and immune status, which may lead to a
better prognosis, provided early detection and reason-
able treatment is employed.

Gastric cancer is most common in the distal two-
thirds of the stomach, but upper-third lesions, particu-
larly cardia cancer, have been increasing in incidence;
patients with these lesions have a poorer survival than
those with lesions in the distal two-thirds, because of
detection at a more advanced stage and extensive lym-
phatic spread [22–24]. We [25] have reported that be-
cause the poorer prognosis of cardia gastric cancer was
due to a more advanced stage at the time of detection,
better means for early diagnosis should be developed,
and curative resection with at least 2-cm cancer-free
resection margins should be performed. In the present
study, results were similar, in that the incidence of up-
per-third lesions increased from 5.8% in the 1970s and
1980s to 13.0% in the 1990s, and the survival rate was
poorer than that of patients with distal two-thirds le-
sions, while patients with lesions involving the entire
stomach had the worst prognosis.

Depth of invasion was one of the independent prog-
nostic factors on multivariate analysis. The increase
in incidence of EGC has contributed greatly to the
improvement in survival of gastric cancer patients. Our
data also showed an increase in the incidence of EGC.

The proportion of early gastric cancers was 7.7% in the
1970s, 19.1% in the 1980s, 29.0% in the 1990s, and
35.6% in the 1996, with these results lower than those in
Japanese reports of the same periods. We [26,27] have
reported that proper muscular and subserosal lesions
should be considered as different T stages, because they
have significantly different survival rates. In the present
study, results were similar in that 5-year survivals in
patients with proper muscular and subserosal lesions
were 77.2% and 60.5%, respectively (P , 0.05). With
regard to locally advanced gastric cancer which directly
invades pancreas, duodenum, or liver, without distant
metastasis, we [28] have previous data showing that
combined curative resection, such as the Whipple op-
eration, increases survival.

Generally, curative resection is defined as a complete
tumor removal with adequate margins of clearance and
lymphatic drainage. There have been controversies
over the value of extended lymph node dissection
for the treatment of gastric cancer [16,29–38]. We be-
lieve that curative gastric resection with extended
lymphadenectomy, along with early detection of cancer,
markedly contributed to improved survival. The Ger-
man Gastric Cancer Study Group reported that the rel-
evance of lymph node metastasis did not depend on the
number of resected lymph nodes, provided 15 or more
nodes were resected, as stage migration played a rather
small role. They found that extirpation of more than 25
lymph nodes (defined as radical lymph node dissection)
had a prognostic impact on survival in patients with
stage II and IIIa disease [16]. In the present study
we had a similar result, which may explain findings
that radical lymph node dissection contributes to
locorerional control and improved survival in patients
with stage II and IIIa gastric cancer.

With regard to the status of lymph node metastasis,
the patterns of lymphatic spread through lymph nodes
at various anatomical locations have provided valuable
information about prognosis. But nodal staging by
anatomical location is a somewhat artificial classifica-
tion that is poorly reproducible, and it is sometimes
difficult to classify certain lymph nodes into the correct
anatomical levels. Neither the number of nodes in-
volved nor the ratio of resected to involved nodes is an
artificial classification, and either emerges as a simple,
objective assessment tool. Therefore we performed a
quantitative analysis to determine the status of lymph
node metastasis as a prognostic factor in gastric cancer.
Previously, we had suggested that the staging of lymph
node metastasis should be based on the number of in-
volved lymph nodes [26], and several reports agreed
with our suggestion [39–41]. The UICC TNM classifica-
tion revised in 1997 [42] ultimately adopted the number
of involved lymph nodes as a parameter for the assess-
ment of lymph node metastatic status, although the cat-
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egories were rather different from ours. Verification of
the cut-off value for number of involved lymph nodes
may be necessary. We believe that gastric cancer pa-
tients with more than seven metastatic lymph nodes will
not show a significant survival difference according to
the number of involved lymph nodes. Therefore in the
present study, we assessed the number of involved
lymph nodes as nil, one to three, four to six, and more
than six. There was a linear trend showing decreasing
survival rate associated with an increasing number of
involved lymph nodes. The ratio of involved to resected
lymph nodes has been identified as an another in-
dependent prognostic factor in centers where D2
lymphadenectomy is already established as a standard
procedure [43–47]. This ratio and the number of
involved lymph nodes depend on the extent of
lymphadenectomy; therefore, this ratio or the number
of involved nodes is expected to be a more comprehen-
sive factor that includes surgical and pathologic values.
We classified the involved-to-resected lymph node ratio
as nil, #0.1, #0.3, #0.5 and .0.5, and this showed a
linear trend for decreasing survival rate associated with
an increasing ratio of involved-to-resected lymph
nodes. The ratio of involved-to-resected lymph nodes
was an independent prognostic factor on multivariate
analysis, while the number of involved or resected
lymph nodes was not. Thus, when radical lymph node
dissection is the standard operation for gastric cancer,
the ratio of involved-to-resected lymph nodes has a
more comprehensive and precise prognostic value than
the number of involved or resected lymph nodes.

Stage III gastric cancer is already considered to be a
systemic disease. To improve the prognosis, systemic
treatment, such as immunotherapy or chemotherapy, is
needed in the early postoperative period to kill the
micrometastatic or remaining cancer cells after curative
resection. We [11,12,48] have already reported the
effectiveness of immunochemosurgery, that is, radical
surgery followed by early postoperative adjuvant
immunochemotherapy, in randomized prospective
trials with stage III gastric cancer patients. Since the
present study was carried out retrospectively and ran-
domization was incomplete, the differences in survival
rates according to modality of postoperative adjuvant
therapy are not as conclusive as those in our previous
study.

Apart from the clinical and pathologic prognostic
factors in gastric cancer, recent molecular biological
studies have indicated new prognostic factors that are
now being extensively investigated. These are: growth
factors and receptors (such as epithelial growth factor
and receptors, and transforming growth factor T-â1
receptor); oncogene and suppressor genes (such as c-
erbB2, ras, HST-1, K-sam, c-met, p53, DCC, Rb P21,
and nm23); cell adhesion molecules (such as integrins,

cadherin, the immunoglobulin superfamily, and CD44);
chromosome deletion of 1q, 5q, 7p 17p; tissue inhibitor
of metalloproteinase, matrix metalloproteinases and
urokinase plasminogen activator and microsatellite in-
stability. We are also investigating some of these factors
and expect to find new prognostic factors.

In conclusion, curative resection, depth of invasion,
and lymph node metastasis were the most significant
prognostic factors in gastric cancer. With regard to the
status of lymph node metastasis, the ratio of involved-
to-resected lymph nodes had a more precise and
comprehensive prognostic value than the number of
involved nodes. Consequently, early detection and
curative resection with radical lymph node dissection,
followed by immunochemotherapy, particularly in
patients with stage III gastric cancer, should be the
treatment strategy of choice for patients with gastric
cancer.
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