
Abstract. Background: Prognostic factors in gastric cancer
may alter with time after surgery. Ascertaining prognostic
factors appropriate for each post-operative year should
contribute to the establishment of better therapeutic strategies
and ultimately to the improvement of their long-term results.
Patients and Methods: In the present study, in order to
elucidate whether prognostic factors would alter annually,
cause of death, recurrence patterns and prognostic factors of
gastric cancer by uni- and multivariate analysis were evaluated
retrospectively in 833 consecutive patients who underwent
potentially curative gastrectomy. Results: During the first 2
years, the prognostic factors were age, T3-4, pN3, tumor
diameter and number of metastatic lymph nodes. During the
3rd and 4th years, they were age, pN2 and number of
metastatic lymph nodes; for the fourth year, age and number
of metastatic lymph nodes; for the fifth year, age alone.
Peritoneal recurrence was predominant throughout the post-
operative period, but its incidence decreased gradually with
time. The incidence of hematogenous recurrence increased
while that of lymphatic recurrence did not change with time.
Conclusion: As prognostic factors change over time,
appropriate alterations to therapeutic strategy should be
established for each successive period. Particularly, effective
therapeutic strategy for peritoneal metastasis should be
established in patients with a high number of metastatic lymph
nodes during the first five years. Moreover, the treatment of
concomitant disease and the evaluation of other malignant
disease should be continued after the 5th year.  

Despite advances in therapeutic strategies against gastric

cancer, long-term results of advanced gastric cancer are still

poor (1,2). The most frequent pattern of recurrence is

peritoneal (3-5) followed by hematogenous and lymphatic.

While many clinicians have focused on developing a

therapeutic strategy for the prevention and treatment of

peritoneal recurrence, the outcomes of the various modalities

have been conflicting and none could be demonstrated to be

superior (6-10). In Japan, a 5-year follow-up is usual, enabling

extended detection of recurrence. If recurrence stemming

from previous subclinical lesions could be detected in an

earlier phase, this would provide an opportunity to eliminate

the tumors by the use of new chemotherapeutic agents such

as S-1 (11). However, the time of recurrence for each pattern

has not been clearly identified and it is important to do so, in

order to improve therapy.

Clinicians may assume that the prognostic factors for any

patient are those defined by the pathological results

obtained only from the first surgical specimen. However, it

is likely that prognostic factors change progressively and in

a patient-specific manner, during the years following

surgery. For instance, we hypothesize that a patient who has

survived for 1 year might then have a chance of surviving

longer than was estimated 1 year before. It is easily

understood how age may become the final independent

prognostic factor in time, as patients with higher malignant

potential will have died earlier: i.e. once all patients with

prognostic factors specific to gastric cancer have died there

will be no more cancer-related deaths.  The postoperative

year when age may become a prognostic factor will differ

according to malignancy. For this reason, it is important to

reassess prognostic factors year by year after gastrectomy.

The current study reports such a reassessment, carried

out retrospectively in curatively gastrectomized patients.

Patients and Methods

A series of 833 patients (555 males, 278 females; average age

57.8±12.2) who underwent potentially curative gastrectomy with

lymph node dissection at the Second Department of Surgery,

Yokohama City University School of Medicine, Japan, between

April 1980 and March 1995, were enrolled in this study. Distal

gastrectomy was carried out in 580 patients, followed by total

377

Correspondence to: Chikara Kunisaki, MD, Second Department of

Surgery, Yokohama City University School of Medicine, 3-9

Fukuura, Kanazawa-ku, Yokohama, 236-0004, Japan. Tel: +81-45-

787-2650, Fax: +81-45-782-9161, e-mail: s0714@med.yokohama-

cu.ac.jp

Key Words: Prognostic factors, gastric cancer.

ANTICANCER RESEARCH 24: 377-384 (2004)

Yearly Alterations in Prognostic Factors in Gastric Cancer
During the Post-operative Period

CHIKARA KUNISAKI, HIROSHI SHIMADA, HIROTOSHI AKIYAMA, MASATO NOMURA, 

GORO MATSUDA, YUICHI OTSUKA and HIDETAKA ONO 

Second Department of Surgery, Yokohama City University School of Medicine, Yokohama, Japan

0250-7005/2004 $2.00+.40



gastrectomy in 239. D2 gastrectomy was adopted in 600 patients, D3

gastrectomy in 109 patients and D1+ in 124 patients. Mean tumor

diameter was 46.0±29.7 mm. The depth of invasion was classified

as: T1 (mucosal layer, submucosal layer) in 373 patients, T2

(muscle, subserosal layer) in 227, T3 (serosa exposed) in 188 and

T4 (adjacent organs) in 46. Histological type was classified into 2

subtypes: differentiated in 392 patients and undifferentiated in 441.

Lymph node metastasis was observed in 351 patients: metastasis in

the Group 1 lymph nodes (pN1) in 192, pN2 in 126 and pN3 in 33.

The mean number of metastatic lymph nodes was 7.6±9.2. 

All patients were followed-up for more than 5 years at 2 to 12-

week intervals: 795 (95.4%) patients were followed-up for 5 years

or more and 451 (54.1%) patients for 10 years or longer. To detect

any recurrence, routine blood tests and hematochemical tests,

including tests for tumor makers, were performed every 3 months,

computed tomography (CT), abdominal ultrasonography (US) and

chest radiography were performed every 6 months and

gastrofiberscopy each year. Examination for peritoneal recurrence

involved physical examination of the abdomen and testing of tumor

markers, imaging modalities and cytological assessment of

aspirated ascites. Lymphatic recurrence was sought by physical

examination of the entire body or by CT. Hematogenous

recurrence was diagnosed by CT or US. The expression "pattern of

recurrence" refers here to the predominant type of tumor

recurrence for any given period. 

Pathological aspects in this article are described in accordance

with the Japanese Classification of Gastric Carcinoma (12).

Statistical analysis. Univariate analysis was carried out using 11

clinicopathological factors: age (<60 or ≥60), gender (female or male),

location of the tumor (lower, middle or upper thirds of the stomach,

or entire stomach), macroscopic appearance (well-defined, ill-defined

excluding type 4 or type 4), tumor diameter, depth of invasion (mucosal

and submucosal (T1), muscle and subserosal (T2), or serosa exposed

and adjacent organ(s) invaded (T3-4)), histological type (differentiated

or undifferentiated), lymph node metastasis (pN0, pN1, pN2 or pN3),

number of metastatic lymph nodes, lymphatic invasion (ly0, ly1, ly2 or

ly3) and venous invasion (v0, v1, v2 or v3). The cumulative survival rate

at initial surgery and 1, 2, 3, 4 and 5 years postoperatively was

calculated by the Kaplan-Meier method and evaluated for statistical

significance by the log-rank test. Median survival time (MST) at each

year was calculated for patients remaining alive at that time.

Independent prognostic factors were evaluated for every year using

Cox’s proportional hazard regression model with forward selection,

employing SPSS software (Version 6.0J for Macintosh, Illinois, USA).

A p-value of <0.05 was taken to be significant. 

Results

Causes of death. During the first 5 years after surgery, 273

patients died; 66.3% (181/273) within 2 years and 82.8%

(226/273) within 3 years. Of the 273 deaths, 84.6% were from

gastric cancer. After 5 years, the incidence of concomitant or

other malignant disease increased (Figure 1).
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Figure 1. Causes of death. The incidence of death by gastric cancer gradually decreased with time. Conversely, the incidence of concomitant disease or
other malignant disease increased after 5 years.  



Pattern of recurrence. Within 1 year, 65 cases recurred.

Peritoneal recurrence was observed in 75.4% patients,

followed by lymphatic in 15.4% and hematogenous in 9.2%.

With time the incidence of peritoneal recurrence decreased,

whereas the incidence of hematogenous recurrence

increased and lymphatic recurrence did not alter (Figure 2).

Univariate analysis. Age, site of the tumor, depth of invasion,

lymph node metastasis, number of metastatic lymph nodes

and venous invasion significantly influenced prognosis

throughout the 5 years. Gender and histological type ceased

to be of influence after the 1st year, tumor diameter after the

4th year and lymphatic invasion after the 5th year. Median

survival times in patients with involvement of the whole of the

stomach, tumor diameter measuring 100mm or more, T3-4,

pN2-3, 7-15 metastatic lymph nodes, ly2-3 and v2-3 at the 2nd

to 5th years after surgery were longer than those estimated at

initial surgery for each clinicopathological factor (Table I). 

Multivariate analysis. Cox’s proportional regression hazard

model revealed that age, the depth of invasion (T3-4), lymph

node metastasis (pN3), number of metastatic lymph nodes

and tumor diameter were independent prognostic factors at

initial surgery, while age, T3-4, pN3 and number of metastatic

lymph nodes became so one year later. For the 2nd and 3rd

postoperative years, the independent prognostic factors were

age, pN2 and number of metastatic lymph nodes, for the 4th

year, age and number of metastatic lymph nodes and by the

5th year, age alone (Table II).

Cause of death each year in patients with independent
prognostic factors. Within 2 years, 85 of the 131 patients with

pT3-4 or pN3 had died of peritoneal recurrence, 15 of

lymphatic recurrence, 14 of hematogenous recurrence and 4

of concomitant disease. In the next 2 years, 15 of the 29

patients with pN2 or more than 7 lymph node metastases

died of peritoneal recurrence, 6 of hematogenous recurrence,

2 of lymphatic recurrence and 1 of co-morbid disease. During

the 5th year, peritoneal recurrence, hematogenous

recurrence, lymphatic recurrence and concomitant disease

each accounted for 1 death in patients with more than 7

lymph node metastases (n=5). After 5 years, out of the

patients over 60 years old (n=238), 18 patients had died of

concomitant disease, 6 of gastric cancer (2 of peritoneal

recurrence, 2 of hematogenous recurrence, 2 of lymphatic

recurrence) and 4 of other malignant diseases.

Discussion

The present study demonstrated that prognostic factors and

the pattern of recurrence of gastric cancer after curative

gastrectomy alter with time after surgery. Therapeutic

strategies should be developed which take these changes

into account. 
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Figure 2. Recurrence pattern. Peritoneal metastasis was predominantly observed during the first few years. After 5 years, the incidence of each recurrent
pattern was equal.



Gastric cancer remains a major worldwide problem and

patients have poor prognoses even after curative surgery

(1,2). Prognostic factors have been assessed by many

researchers. The tumor site, macroscopic appearance, tumor

diameter, depth of invasion, histologic type, lymph node

metastasis and the number of metastatic lymph nodes have

been shown to be prognostic factors (13-17). Other groups

have reported that any genetic alteration found in a tissue

specimen would be a prognostic factor (18-22). In our

previous study, the number of metastatic lymph nodes was

found to be an independent prognostic factor after extended

resection (23,24). However, most of these reports were based

on evaluations in which clinicopathological variables were

analyzed only at initial surgery and there have been few

reports assessing prognostic factors annually (25). The study

also emphasizes that periodic follow-up is necessary, because

of the difference of risk factor for recurrence and the

suspected recurrent pattern with time after surgery, that is

similar to the current study. Therefore, our evaluation is vital,

in order to allow annual reassessment of patient survival.

Those who have survived longer than expected from their

initial prognostic factors may be destined to live yet longer. 

The major pattern of recurrence of gastric cancer is

peritoneal metastasis. It will be clear that a tumor exposed

through the serosa, or the invasion of any adjacent organ,

are risk factors for peritoneal metastasis. In our present

study, T3-4 was a prognostic factor during the first 2 post-

operative years, which is compatible with the fact that

peritoneal metastasis was a predominant recurrence pattern

during this time, while pN3 was an independent prognostic

factor. In some patients with pN3, extranodal invasion, the

invasion of cancer cells into the tissue surrounding a lymph

node, was frequently observed. Such extranodal invasion may

well lead to peritoneal recurrence by infiltration of cancer

cells into the abdominal cavity. Furthermore, the operative

procedure of lymph node dissection in patients with

extended lymph node metastasis may cause mechanical

dissemination by releasing tumor cells from lymphatics into

the abdominal cavity. Indeed, it is probably impossible to

perform en bloc resection in gastric cancer without damaging

any lymphatics.

From the 2nd to the 4th year, pN2 and number of

metastatic lymph nodes were the independent prognostic

factors. At this time most patients with T3-4 or pN3 had

died. As a result, pN2 became a prognostic factor. However,

this does not mean that pN2 is a better prognostic factor

than pN3 at that point, since progressive states such as pN3

or T3-4 will continue to be prognostic factors, irrespective

of time since surgery. These results also indicate that

patients surviving in the face of T3-4 or pN3 may have a

malignancy of a lower grade than assumed initially.

Univariate analysis suggested that clinicopathological

variables such as involvement of the whole of the stomach,

tumor diameter of 100 mm or more, T3-4, pN2-3, 7-15

metastatic lymph nodes, ly2-3 and v2-3 were prognostic

factors. The survival time of patients with these variables

increased with time, although the mean survival time of all

patients naturally shortened. This suggests that our

hypothesis as given above may be of value compared to

reliance on overall statistics.

Lymph node metastasis is a highly independent

prognostic factor in gastric cancer. Furthermore, the

metastatic lymph node count was a better choice as a

prognostic factor than the degree of lymph node metastasis,

because 4 years after surgery, the former remained an

independent prognostic factor after the latter had been

removed. Therefore, the possibility of recurrence within 5

postoperative years may be estimated for patients with

multiple metastatic lymph nodes, for example 16 or more.

The factors gradually diminished in number, until finally

only age remained as an independent prognostic factor. This

suggests that after 5 postoperative years, aged patients tend

to die of concomitant disease rather than gastric cancer.

Therefore, monitoring concomitant diseases should be

established, in order to extend the long-term effectiveness

of therapeutic strategies. In cancers of relatively low

malignancy such as breast cancer or colon cancer, the time

at which age becomes an independent prognostic factor

would be later than the 5 postoperative years typical of

gastric cancer.

In conclusion, prognostic factors and recurrence pattern

in gastric cancer will alter during the postoperative period.

Efficient therapeutic strategies should be established to

match the altering prognostic factors. To obtain better

surgical results, it is particularly important that therapy for

peritoneal metastasis should be promptly instigated in

patients with gastric cancer invaded more deeply, having a

high number of metastatic lymph nodes during the first five

years. Furthermore, concomitant disease should be carefully

treated and the evaluation of other malignancy should be

continued after the 5th year.  

References

1 Wanebo HJ, Kennedy BJ, Chmiel G Jr, Winchester D and

Osteen R: Cancer of the stomach. A patient care study by the

American College of Surgeons. Ann Surg 218: 583-592, 1993.

2 Akoh JA and Macintyre IMC: Improving survival in gastric

cancer: review of 5-year survival rates in English language

publications from 1970. Br J Surg 79: 293-299, 1992.

3 Moriguchi S, Maehara Y, Korenaga D, Kakeji Y, Sugimachi K

and Nose Y: The relationship between prognostic significance

of pathological type and the degree of gastric wall invasion in

gastric cancer. Cancer J 5: 220-223, 1992.  

4 Tsujitani S, Oka S, Suzuki K, Saito H, Kondo A, Ikeguchi M et
al: Prognostic factors in patients with advanced gastric cancer

treated by noncurative resection: A multivariate analysis.

Hepato-Gastroenterol 48: 1504-1508, 2001.

ANTICANCER RESEARCH 24: 377-384 (2004)

380



Kunisaki et al: Altering Prognostic Factors of Gastric Cancer

381

Table I. Univariate analysis. Median survival rate (MST) was calculated in 11 clinicopathological variables. Age, tumor site, macroscopic appearance, depth
of invasion, lymph node metastasis, number of metastatic lymph nodes and venous invasion significantly affected surgical outcome throughout 5 years.

Postoperative years

initial surgery 1 year 2 years 3  years 4 years 5 years

(n)  MST p-value (n)  MST p-value (n)  MST p-value (n)  MST p-value (n)  MST p-value (n)  MST  p-value

Age 0.0019 0.0127 0.0132 0.0161 0.0466 0.0460

<60 (441)  86 (415)  80 (364) 75 (343) 66 (329) 54 (318) 44
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(excluding type 4)
Type 4 (39) 23 (30) 17 (18) 19 (12) 26 (9) 20 (7) 37

Tumor diameter (mm) <0.0001 <0.0001 <0.0001 0.0308 0.1983 0.2554

<50 (522)  91 (502)  81 (465)  73 (450) 63 (432) 52 (423) 41 

≥50 <100 (258)  52 (218)  53 (166)  58 (145) 32 (131) 47 (122) 37
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Table II. Multivariate analysis. Independent prognostic factors altered annually. The number of metastatic lymph nodes was selected throughout 5 years.
However, only age, which was not related to gastric cancer, was selected as an independent prognostic factor at the 5th year after surgery.

Hazard ratio (95% CI) p-value

Initial surgery

Age 1.0167 (1.0041-1.0295) 0.0093

Depth of invasion <0.0001

T2/T1 0.2401 (0.1663-0.3465) <0.0001

T3-4/T1 1.3994 (1.1103-1.7638) 0.0044

pN 0.0028
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1 year postoperatively
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2 years postoperatively
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4 years postoperatively
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5 years postoperatively

Age 1.0444 (1.0098-1.0802) 0.0116
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