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Abstract

Background The aim of this retrospective study was to
investigate the tumor characteristics, surgical details, and
survival distribution of surgically resected cases of gastric
cancer from the nationwide registry of the Japanese Gastric
Cancer Association.
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Methods Data from 118,367 patients with primary gastric
carcinoma who underwent resection between 2001 and
2007 were included in the survival analyses. The 5-year
survival rates were calculated for various subsets of prog-
nostic factors.

Results The median age of the patients was 67 years. The
proportions of patients with pathological stage (Japanese
Gastric Cancer Association) IA, IB, II, IIIA, IIIB, and IV
disease were 44.0%, 14.7%, 11.7%, 9.5%, 5.0%, and
12.4% respectively. The death rate within 30 days of
operation was 0.5%. The 5-year overall survival rate in the
118,367 patients who were treated by resection was 71.1%.
The 5-year overall survival rates of patients with patho-
logical stage IA, IB, II, IIIA, IIIB, and IV disease were
91.5%, 83.6%, 70.6%, 53.6%, 34.8%, and 16.4% respec-
tively. The 5-year disease-specific survival rates in the
patients with pT1 (mucosa) disease after D1+ dissection of
lymph node station no. 7 (D1 + o), D1+ dissection of
lymph node station nos. 7, 8, and 9 (D1+ PB), and D2
lymphadenectomy were 99.4%, 99.6%, and 99.1%
respectively. The 5-year disease-specific survival rates in
the patients with pT1 (submucosa) disease after D1 + o,
D1 + B, and D2 lymphadenectomy were 97.3%, 98.1%,
and 96.9% respectively.

Conclusion Detailed analyses of the data from more than
100,000 patients show the recent trends of the outcomes of
gastric cancer treatment in Japan and provide baseline
information for use by medical communities around world.

Keywords Gastric cancer - Nationwide registry - Modified
gastrectomy - Survival
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Introduction

A nationwide gastric cancer registration project was started
in 1968 by the Japanese Research Society for Gastric
Cancer. The society was reorganized in 1997 into the
Japanese Gastric Cancer Association (JGCA), which per-
formed detailed survival analyses of the patients registered
from 1963 to 1991 and published the results [1]. After a
10-year period of inactivity, the registration committee of
the JGCA rebooted the program in 2001. Herein, we report
the treatment outcomes of gastric cancer patients in the
registry who underwent surgical treatment between 2001
and 2007. Of particular note during this period is that the
first version of the gastric cancer treatment guidelines was
issued by the JGCA in 2001 [2], and the revised version
was issued in 2004 [3].

The gastric cancer treatment guidelines recommend
endoscopic treatment (endoscopic mucosal resection,
endoscopic submucosal dissection) and gastrectomy with a
reduced extent of lymphadenectomy than D2 as modified
gastrectomy (D1 + o, D1 + B) for stage I disease. They
also introduces optional treatment methods, such as
pylorus-preserving gastrectomy (PPG), a vagus-nerve pre-
serving method, and laparoscopic assistance.

The aim of this retrospective study was to review the
tumor characteristics, surgical details, and survival distri-
bution in surgically resected cases of gastric cancer in
Japan to demonstrate the recent trends in the treatment
results in Japanese hospitals, in general, to publish valuable
information for use by medical communities around the
world, and to provide baseline information for future
clinical trials.

Patients and methods

Hospitals to which members of the JGCA are affiliated
voluntarily downloaded and fulfilled the requirements for
the database requested by the JGCA and sent the anon-
ymized data from the patients 5 years after they had
undergone surgery to the JGCA data center. Data on a total
of 53 items, including the surgical procedures, pathological
diagnosis, and the prognosis, pertaining to patients with
primary gastric carcinoma treated surgically between 2001
and 2007 were collected retrospectively. The accumulated
data from the patients were reviewed and analyzed by the
JGCA Registration Committee according to previously
reported methods [4, 5]. The definition and documentation
of the items were based on the JGCA Japanese Classifi-
cation of Gastric Carcinoma (13th edition) [6] and the
Union for International Cancer Control TNM Classification
of Malignant Tumors (fifth edition) [7].

The 5-year overall survival rates were calculated for
various subsets of prognostic factors by the Kaplan—-Meier
method. Deaths from any cause observed during the 5-year
postoperative period were counted as events in the survival
analysis. The 5-year disease-specific survival rates were
also calculated. Deaths from the primary disease during the
5-year postoperative period were counted as events in the
survival analysis. Survival curves drawn with use of the
Kaplan—Meier method were compared by the log-rank test.
The P values were calculated by the log-rank test.

The nationwide registration program was approved by the
Ethics Committee of the JGCA. Every hospital discloses
information to the patients about the nationwide registry of
the JGCA. Participating patients were excluded only when
they specified that they were unwilling to participate.

Results

Between 2001 and 2007, 125,284 patients with primary
gastric carcinoma were enrolled from 367 institutions in
Japan. Of these, 1770 were excluded because the type of
surgery was not specified in the data. Of the remaining
patients, 120,202 underwent gastric resection and 3312 did
not undergo resection. Accordingly, the resection rate was
97.3% (120,202/123,514). In all, 1835 patients had missing
data (sex, age, vital status, survival period). After exclusion
of these patients, the data from the remaining 118,367
patients who had undergone gastric resection were inclu-
ded in the survival analysis.

Of the 118,367 patients, 17,944 were lost to follow-up,
yielding a follow-up rate of 84.8%. When the follow-up
period was less than 1825 days, the patients were regarded
as “lost to follow-up”. The 25th, 50th, and 75th percentile
of the follow-up period in the lost to follow-up patients
were 299, 881, and 1497 days after the operation respec-
tively. The most frequent value was 1821 days.

The patient volumes in the participating hospitals are
indicated in Fig. 1. The median patient volume was 58
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Fig. 1 Patient volumes in the participating hospitals

@ Springer



146

H. Katai et al.

patients per year. Five hospitals were high-volume centers,
recording more than 200 cases per year.

The patient demographics are summarized in Table 1.
The median patient age was 67 years. The proportion of
patients who were older than 80 years was 9.5%. The
male-to-female ratio was 2.2:1. In all, 74.0% of the tumors
were located in the middle third or lower third of the
stomach, with cancers in the upper third of the stomach
accounting for only 21.7% of the cases. The most frequent
macroscopic type was type 0 (53.1%), followed by type 3
(19.8%), type 2 (14.0%), and type 4 (6.6%). The ratio of
the differentiated type of cancer to the undifferentiated type
of cancer was 1.1:1. Early gastric cancer (T1) was con-
firmed pathologically in approximately 50% of the patients.
The mucosa to submucosa ratio was 1:1. Of the total
population, 40% of patients had nodal involvement, and
approximately 20% had metastasis beyond pN2 (anatomi-
cal classification of the JGCA). Peritoneal washing cytol-
ogy was performed in 50.2% of all patients, 75.7% of
patients with pT3 (serosa exposed) disease, and 77.2% of
patients with pT4 (serosa infiltrating) disease. The positive
cytology findings rate was 29.7% in the patients with pT3
(serosa exposed) disease, 34.8% in the patients with pT4
(serosa infiltrating) disease, and 11.9% in the overall
population. Synchronous liver metastases were found in
2.2% of patients, and peritoneal seeding was found in 5.3%
of patients. In all, 58.7% of the patients had pathological
stage I disease, which was followed in frequency by
pathological stage III (14.5%), stage IV (12.4%), and stage
II (11.7%) disease.

The surgical procedures adopted and the outcomes are
summarized in Table 2. Distal gastrectomy was performed
in 60.2% of patients, PPG was performed in 3.4% of
patients, total gastrectomy was preformed in 29.6% of
patients, and proximal gastrectomy was performed in 4.6%
of patients. Approximately 90% of patients underwent
open surgery and approximately 10% underwent laparo-
scopic gastrectomy. The frequency of adoption of laparo-
scopic gastrectomy increased dramatically from 3.5% to
17.8% during this period (Fig. 2). The gallbladder (17.7%)
and spleen (9.3%) were also frequently resected during the
gastrectomy. D2 lymphadenectomy was performed in
47.1% of patients and was the predominant type of lym-
phadenectomy performed. Modified D1 4+ o or DI + B
gastrectomy was performed in 27.5% of patients. The
proportion of patients undergoing modified (D1 + o or
D1 + B) gastrectomy increased from 18.5% to 35.2%
during this period (Fig. 2). Surgery with a sufficient sur-
gical margin was completed in more than 95% of patients.
RO resection (curability A and B) was performed in 87.9%
of patients.

The median number of dissected nodes was 28 in all the
patients, 28 in those who underwent surgery via
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laparotomy, 35 in those who underwent surgery via tho-
racotomy, and 25 in those who underwent surgery via the
laparoscopic approach. The median number of dissected
node was 8 for DO lymphadenectomy, 20 for D1 lym-
phadenectomy, 34 for D2 lymphadenectomy, 48 for D3
lymphadenectomy, 20 for D1 + o lymphadenectomy, and
28 for D1 + B lymphadenectomy.

Of the 118,367 patients who had undergone gastrec-
tomy, 587 died within 30 days of surgery, yielding a
30-day operative mortality of 0.5%. Further, 1252 died
within 60 days of surgery, yielding a 60-day operative
mortality of 1.1%, and 2004 died within 90 days of sur-
gery, yielding a 90-day operative mortality of 1.7%. In
total, 31,812 patients died during the follow-up period. The
most frequent cause of death in the patients who had
undergone gastrectomy was death from the primary disease
(n = 21,927), followed by death from other diseases
(n = 5004) and other cancers (n = 2007). The predomi-
nant mode of recurrence was peritoneal metastasis
(n =7769), followed by hematogenous metastasis
(n = 4526), lymph node metastasis (n = 2218), and local
recurrence (n = 1378) (Table 3). When recurrence at
unknown sites was excluded, the predominant mode of
recurrence in the patients with pT1 tumor was hematoge-
nous metastasis (47.2%, 406/861). In patients with pT3 or
T4 tumors, the predominant mode of recurrence was
peritoneal metastasis (59.4%, 6087/10,248), followed by
hematogenous metastasis (21.3%, 2178/10,248).

The 5-year overall survival rate in the 118,367 patients
who had undergone resection of the primary gastric cancer
was 71.1% (95% confidence interval 70.9-71.3%)
(Table 1). There was a difference between males and
females in the overall survival distribution, but not in the
disease-specific survival distribution. In all, 2530 patients
had tumors invading the esophagus. The 5-year overall
survival rate was 45.6% (95% confidence interval
43.6-47.6%) and the 5-year disease-specific survival rate
was 55.3% (95% confidence interval 53.1-57.5%) in these
patients. Significant differences in the prognosis were
observed among the disease stages classified according to
the JGCA classification (Table 1, Fig. 3). However, sub-
group analyses of the survival distribution in every stage by
the pT and pN category (Table 4) revealed a lack of
homogeneity in the 5-year overall survival rates among
patients classified as having stage IB, II, IIA, or IV
disease.

The survival for each stage (JGCA) according to the age
group is summarized in Table 5. Elderly patients showed
poorer survivals, not only in terms of the overall survival
but also in terms of disease-specific survival, for every
stage of the disease.

To compare the outcomes of reduced-extent lym-
phadenectomy, reduced-extent gastrectomy, and standard
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Table 1 Baseline characteristics

Category Number of patients Percentage of patients 5-year OS rate (%)" 5-year DSS rate (%)"
Overall 118,367 100 71.1 (70.9-71.3) 79.3 (79.1-79.5)
Age (years)*
<39 2458 2.1 80.0 (78.4-81.6) 82.0 (80.4-83.6)
40-59 30,555 25.8 80.1 (79.7-80.5) 82.9 (82.5-83.3)
60-79 74,080 62.6 70.0 (69.6-70.4) 78.8 (78.4-79.2)
>80 11,274 9.5 50.2 (49.2-51.2) 71.4 (70.4-72.4)
P <0.001 <0.001
Sex
Male 80,962 68.4 70.0 (69.6-70.4) 79.3 (78.9-79.7)
Female 37,405 31.6 73.7 (73.3-74.1) 79.4 (79.0-79.8)
P <0.001 0.787
Location
Upper third 25,279 217 65.4 (64.8-66.0) 75.2 (74.6-75.8)
Middle third 46,531 39.3 79.2 (78.8-79.6) 86.1 (85.7-86.5)
Lower third 41,132 34.7 70.9 (70.5-71.3) 79.6 (79.2-80.0)
Entire stomach 4530 3.8 22.3 (20.9-23.7) 26.7 (25.3-28.1)
Missing data 445 0.5
P <0.001 <0.001
Macroscopic type (JGCA)®
Type 0 62,825 53.1 89.7 (89.5-89.9) 97.2 (97.0-97.4)
Type 1 3558 3.0 63.7 (62.1-65.3) 77.4 (75.8-79.0)
Type 2 16,539 14.0 61.2 (60.4-62.0) 70.9 (70.1-71.7)
Type 3 23,384 19.8 46.7 (46.1-47.3) 54.1 (53.3-54.9)
Type 4 7809 6.6 21.4 (20.4-22.4) 25.8 (24.6-27.0)
Type 5 3361 2.8 57.2 (55.4-59.0) 65.6 (63.8-67.4)
Missing data 891 0.8
P <0.001 <0.001
Histological type
Differentiated type® 62,614 52.9 75.5 (75.1-75.9) 85.4 (85.0-85.8)
Undifferentiated type 54,923 46.4 66.5 (66.1-66.9) 72.8 (72.4-73.2)
Other types 830 0.7 46.8 (43.3-50.3) 54.8 (51.1-58.5)
P <0.001 <0.001
pT?
M 28,918 24.4 92.7 (92.3-93.1) 99.3 (99.1-99.5)
SM 29,940 25.3 88.4 (88.0-88.8) 97.2 (97.0-97.4)
MP 12,485 10.5 80.0 (79.2-80.8) 89.4 (88.8-90.0)
SS 19,273 16.3 60.6 (59.8-61.4) 69.8 (69.0-70.6)
SE 23,597 19.9 33.0 (32.4-33.6) 39.0 (38.2-39.8)
SI 3743 32 24.0 (22.6-25.4) 29.2 (27.6-30.8)
Missing data 411 0.3
P <0.001 <0.001
PN category (JGCAY)
0 69,693 58.9 87.9 (87.7-88.1) 96.0 (95.8-96.2)
1 24,547 20.7 59.4 (58.8-60.0) 68.0 (67.4-68.6)
2 18,320 15.5 36.7 (35.9-37.5) 43.2 (42.4-44.0)
3 4356 3.7 18.6 (17.4-19.8) 22.0 (20.6-23.4)
Missing data 1451 1.2
P <0.001 <0.001
Cytology
CYO 52,308 442 68.1 (67.7-68.5) 76.5 (76.1-76.9)
CYl 7094 6.0 13.5 (12.7-14.3) 16.6 (15.6-17.6)
CYX 58,306 49.3 80.7 (17.4-19.8) 89.0 (88.8-89.2)
Missing data 659 0.6
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Table 1 continued

Category Number of patients Percentage of patients 5-year OS rate (%) 5-year DSS rate (%)

P
Hepatic metastasis

<0.001

<0.001

0 115,084 97.2 72.4 (72.2-72.6) 80.7 (80.5-80.9)
1 2568 2.2 11.5 (10.1-12.9) 14.3 (12.7-15.9)
Missing data 715 0.6
P <0.001 <0.001

Peritoneal metastasis
0 111,228 94.0 74.6 (74.4-74.8) 82.9 (82.7-83.1)
1 6310 53 9.5 (8.7-10.3) 11.9 (10.9-12.9)
Missing data 829 0.7
P <0.001 <0.001

Distant metastasis other than peritoneal or liver metastases
0 115,465 97.5 72.2 (72.0-72.4) 80.4 (80.2-80.6)
1 2033 1.7 13.3 (11.7-14.9) 15.8 (14.0-17.6)
Missing data 869 0.7
P <0.001 <0.001

Stage (JGCAY)
1A 52,069 44.0 91.5 (91.3-91.7) 99.0 (99.0-99.0)
1B 17,454 14.7 83.6 (83.0-84.2) 93.2 (92.8-93.6)
I 13,805 11.7 70.6 (69.8-71.4) 79.9 (79.1-80.7)
1A 11,222 9.5 53.6 (52.6-54.6) 62.2 (61.2-63.2)
111B 5910 5.0 34.8 (33.4-36.2) 41.2 (39.8-42.6)
v 14,694 12.4 16.4 (15.8-17.0) 20.1 (19.3-20.9)
Missing data 3213 2.7
P <0.001 <0.001

Stage (UICC®)
1A 51,711 43.7 91.5 (91.3-91.7) 99.1 (99.1-99.1)
1B 18,366 15.5 83.3 (82.7-83.9) 93.0 (92.6-93.4)
I 15,468 13.1 68.9 (68.1-69.7) 78.3 (77.5-79.1)
1A 10,155 8.6 49.6 (48.6-50.6) 57.8 (56.8-58.8)
11IB 4036 34 32.3 (30.7-33.9) 38.1 (36.5-39.7)
v 16,810 14.2 17.0 (16.4-17.6) 20.8 (20.0-21.6)
Missing data 1821 1.5

P

<0.001

<0.001

The survival curves were drawn by the Kaplan—-Meier method, and the P values were calculated by the log rank test

CYO0 peritoneal cytology findings negative for carcinoma cells, CY!I peritoneal cytology findings positive for carcinoma cells, CYX peritoneal
cytology not performed, DSS disease-specific survival, JGCA Japanese Gastric Cancer Association, M mucosa, MP muscularis propria, OS
overall survival, SE serosa exposed, S/ serosa infiltrating, SM submucosa, SS subserosa, UICC Union for International Cancer Control

? The median age was 67 years

® Type 0 are superficial, flat tumors with or without minimal elevation or depression; type 1 refers to polypoid tumors, sharply demarcated from
the surrounding mucosa, usually attached on a wide base; type 2 refers to ulcerated carcinomas with sharply demarcated and raised margins; type
3 refers to ulcerated carcinomas without definite limits, infiltrating into the surrounding wall; type 4 refers to diffusely infiltrating carcinomas in
which ulceration is usually not a marked feature; and type 5 refers to nonclassifiable carcinomas that cannot be classified into any of the other
types

¢ Differentiated type refers to papillary adenocarcinoma, well-differentiated tubular adenocarcinoma, and moderately differentiated tubular
adenocarcinoma; undifferentiated type refers to poorly differentiated adenocarcinoma, mucinous adenocarcinoma, signet ring cell carcinoma,
and other types.

d

The 13th edition of the Japanese Classification of Gastric Carcinoma, which corresponds to the second English edition
¢ The fifth edition of the TNM Classification of Malignant Tumors
T The 95% confidence interval is given in parentheses
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Table 2 Surgical details

Category

Number of patients

Percentage of patients

5-year OS rate (%)°

5-year DSS rate (%)°

Method of resection
Distal gastrectomy
Total gastrectomy
Proximal gastrectomy
Pylorus-preserving gastrectomy
Local/segmental resection
Mucosal resection
P

Approach
Laparotomy
Thoracotomy
Laparoscopy
Other types
P

Combined resection
Yes
No
Missing data
P

Combined resection type
Pancreas tail
Spleen
Transverse colon
Transverse mesocolon
Diaphragm
Thoracic esophagus
Liver
Gallbladder
Adrenal gland
Kidney
Small intestine
Abdominal wall
Ovary
Portal vein
Appleby’s operation
Pancreaticoduodenectomy
Other types
P

Extent of lymph node dissection
DO
D1
D2
D3
D1 4+ a
D1 + B
Missing data
P

Proximal margin and distal margin

71,246
35,084
5440
4026
2375
196

105,622
1068
11,566
111

37,981
77,644
2742

2031
11,016
987
522
92

303
899
20,940
91

75

168

31

155

120
534

5247
20,457
55,781

2354
16,319
16,230

1979

60.2
29.6
4.6
3.4
2.0
0.2

89.2
0.9
9.8
0.1

32.1
65.6
2.3

1.7
9.3
0.8
0.4
0.1
0.3
0.8
17.7
0.1
0.1
0.1
0.0
0.1
0.0
0.0
0.1
0.5

4.4
17.3
47.1

2.0
13.8
13.7

1.7

77.1 (76.7-71.5)
54.0 (53.4-54.6)
81.6 (80.6-82.6)
93.4 (92.6-94.2)
79.9 (78.1-81.7)
72.8 (66.1-79.5)
<0.001

69.1 (68.9-69.3)
39.6 (36.5-42.7)
92.1 (91.5-92.7)
64.7 (55.1-74.3)
<0.001

59.3 (58.7-59.9)
76.6 (16.2-77.0)

<0.001

36.8 (34.6-39.0)
51.4 (50.4-52.4)
36.4 (33.3-39.5)
36.5 (32.2-40.8)
22.4 (13.4-31.4)
36.9 (31.2-42.6)
36.1 (32.8-39.4)
68.7 (68.1-69.3)
74.6 (65.4-83.8)
71.9 (60.7-83.1)
63.1 (55.5-70.7)
27.0 (10.9-43.1)
48.8 (40.6-57.0)
80.0 (44.9-100)
66.7 (13.4-100)
41.4 (32.0-50.8)
64.7 (60.6-68.8)
<0.001

55.8 (54.4-57.2)
67.9 (67.3-68.5)
69.5 (69.1-69.9)
47.5 (45.3-49.7)
76.1 (75.3-76.9)
84.3 (83.7-84.9)

<0.001

84.8 (84.6-85.0)
62.5 (61.9-63.1)
91.6 (90.8-92.4)
97.8 (97.4-98.2)
94.6 (93.6-95.6)
98.2 (96.2-100)
<0.001

77.6 (77.4-77.8)
479 (44.6-51.2)
97.3 (96.9-97.7)
77.8 (63.8-86.8)
<0.001

67.8 (67.2-68.4)
84.7 (84.5-84.9)

<0.001

43.1 (40.7-45.5)
58.9 (57.9-59.9)
43.0 (39.7-46.3)
44.8 (40.1-49.5)
29.6 (19.2-40.0)
53.2 (46.7-59.7)
452 (41.7-48.7)
77.4 (76.8-78.0)
78.7 (69.9-87.5)
86.9 (78.5-95.3)
72.9 (65.8-80.0)
37.2 (17.4-57.0)
51.1 (42.7-59.5)
100 (100-100)
100 (100-100)
58.9 49.1-68.7)
77.0 (73.1-80.9)
<0.001

68.7 (67.3-70.1)
78.2 (77.6-78.8)
76.5 (76.1-76.9)
53.6 (51.4-55.8)
85.8 (85.2-86.4)
91.1 (90.7-91.5)

<0.001
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Table 2 continued

Percentage of patients

5-year OS rate (%)b

5-year DSS rate (%)°

Category Number of patients
PMO and DMO 113,030 95.5
PM1 and/or DM1 3400 29
Missing data 1937 1.6
P

Curability®
A 77,957 65.9
B 26,054 22.0
C 13,053 11.1
Missing data 1303 1.1
P

72.6 (72.4-72.8)
22.7 (21.1-24.3)

<0.001
86.9 (86.7-87.1)
52.1 (51.5-52.7)

12.7 (12.1-13.3)

<0.001

80.7 (80.5-80.9)
28.7 (26.9-30.5)

<0.001
94.9 (94.7-95.1)
60.6 (60.0-61.2)

15.9 (15.1-16.7)

<0.001

The survival curves were drawn by the Kaplan—Meier method, and the P values were calculated by the log-rank test

DMO no involvement of the distal margin, DM involvement of the distal margin, DSS disease-specific survival, OS overall survival, PM0 no
involvement of the proximal margin, PMI involvement of the proximal margin

? Curability A corresponds to no residual tumors, with a high probability of cure; resections satisfying all of the following conditions: T1 or T2
disease; NO disease treated by D1, D2, or D3 or N1 disease treated by D2 or D3; no distant metastasis, no peritoneal metastasis, no hepatic
metastasis; proximal and distal margins greater than 10 mm. Curability B corresponds to no residual tumors but not evaluable as “curability A.”

Curability C corresponds to definite residual tumors

® The 95% confidence interval is given in parentheses
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Fig. 2 Proportions of patients over the years undergoing different
types of lymphadenectomy and the rate of adoption of the laparo-
scopic approach

D2 gastrectomy for early gastric cancer, the proportions of
node-positive patients, the 5-year overall survival rates,
and the 5-year disease-specific survival rates were calcu-
lated, as shown in Table 6.

Comparison of the patients who underwent D1, D1 + a,
D1 + B, or D2 gastrectomy revealed a higher number of
node-positive patients in the D2 gastrectomy group than in
the other groups. In the pT1 (mucosa) patients, the 5-year
overall survival rate of those treated by DI or D1 + a
gastrectomy was lower than that of those treated by D2
gastrectomy. On the other hand, the 5-year disease-specific
survival rates were similar. In the pT1 (submucosa)
patients, the S-year overall survival rate of those who
underwent D1 or D1 + o gastrectomy was lower than that
of those who were treated by D2 gastrectomy. On the other
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hand, the S5-year disease-specific survival rate in the
patients who underwent D2 gastrectomy was lower than
that in patients who underwent D or /D1 + B gastrectomy.

There were more node-positive patients among those
who had undergone distal gastrectomy (D2) than among
those who had undergone PPG. Both the 5-year overall
survival rate and the 5-year disease-specific survival rate
after distal gastrectomy (D2) were lower than those after
PPG. There were more node-positive patients among those
who had undergone distal gastrectomy (D2) than among
those who had undergone proximal gastrectomy. In the pT1
(mucosa) patients, the 5-year overall survival rate of those
who underwent proximal gastrectomy was similar to that of
those who were treated by D2 gastrectomy. In the pTl1
(submucosa) patients, the 5-year overall survival rate of
those treated by proximal gastrectomy was lower than that
of those treated by D2 gastrectomy. On the other hand, the
5-year disease-specific survival rates were similar.

Discussion

The number of gastric cancer incidence cases in Japan
between 2001 and 2007 was 785,949 [8]. The data from the
125,284 patients registered with this program accounted for
the data from approximately 15% of the total estimated
gastric cancer population in Japan.

The median age of the registered patients was
65.8 years; it was 62.0 years in 1990, and 57.9 years in
1975 [1]. The proportion of patients older than 80 years
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Table 3 Dominant recurrence sites
pT1 pT2 pT3 pT4 Missing data Total
Peritoneal 152 (15.5%) 1507 (29.0%) 5230 (54.6%) 857 (49.8%) 23 7769 (44.3%)
Hematogenous 406 (41.4%) 1929 (37.1%) 1838 (19.2%) 340 (19.8%) 13 4526 (25.8%)
Lymph node 177 (18.1%) 766 (14.7%) 1032 (10.8%) 223 (13.0%) 20 2218 (12.7%)
Local recurrence 126 (12.9%) 520 (10.0%) 627 (6.5%) 101 (5.9%) 1378 (7.9%)
Recurrence at unknown site 119 (12.1%) 475 (9.2%) 846 (8.9%) 199 (11.5%) 2 1641 (9.3%)
Total 980 (100%) 5197 (100%) 9573 (100%) 1720 (100%) 62 17,532 (100%)
The proportion of patients with cancer involving the
a upper third of the stomach gradually increased from 12.9%
1007 Stage IA in 1963 to 21.7% in 1991 [8, 9]. However, the proportion
Stage IB between 2001 and 2007 (20.7%) was similar to that in
807 Stage II 1991. Several articles have reported an increase in the
. frequency of junctional tumors. However, from this reg-
& oo Stage IIIA istry it is not possible to discriminate junctional tumors,
I although tumors invading the esophagus could be identi-
g o Stage IIIB fied. The proportion of gastric cancer patients with diag-
@ nosed early gastric cancer reached approximately 50% in
ol Stage IV the 1990s. It has been stable for surgical cases, however,
considering the increase in the frequency of endoscopic
treatment [11], and it could be concluded that the propor-
% 1 2 3 * 5 tion of patients with diagnosed early gastric cancer is still
Years after operation increasing. The proportion of patients with a diagnosis of
b | Stage IA submucosal cancer among the early gastric cancer patients
100 Stage 18 gradually decreased from 60% in 1963 to 40% in 1991.
Stage II However, in this analysis, the proportion of patients with
il submucosal cancer was more than 50%. A possible reason
g Stage IIIA is that a large number of patients with mucosal cancer were
= 60 treated by endoscopy and not by surgery during this period,
2 Stage IIIB because the guidelines approved endoscopic treatment. The
% 401 proportion of patients with pNO disease was 30% in 1963,
Stage IV and has remained at 60% through the 1990s until now.
201 PPG was recommended in the guidelines as one of the
surgical options for early gastric cancer. The penetration
o , ' ' . ' rate was 3.3%, still low. The frequency of adoption of
0 1 2 3 4 5

Years after operation

Fig. 3 a Five-year overall survival rate and b 5-year disease-specific
survival rate by the Japanese Gastric Cancer Association classification

was 0.7% in 1963 [1], 4.5% in 1991 [9], and 9.5% in the
period included in this study, representing a dramatic
increase. The population represented in this gastric cancer
registry is still aging. In regard to the life expectancy at
birth, it was 71.73 years in 1975, 75.92 years in 1990, and
79.19 years in 2006 for men, and 76.89 years in 1975,
81.90 years in 1990, and 85.99 years in 2006 for women
[10]. Thus, the increase in the average age in this study can
be considered to be mainly due to aging of the Japanese
population.

laparoscopic gastrectomy increased dramatically from
2001 to 2007. Considering that the first laparoscopic distal
gastrectomy was performed in 1999, this increase reflects
the very high interest of surgeons in this new surgical field.

The proportion of patients undergoing modified gas-
trectomy also increased during this period. The most
plausible reason is the widespread use of the guidelines,
which defined modified gastrectomy. Second, D2 laparo-
scopic gastrectomy is technically demanding, so modified
gastrectomy might be preferred when the laparoscopic
approach is adopted.

For pT1 tumors, hematogenous recurrence represented
the predominant mode of recurrence, consistent with other
reports [12, 13]. When the tumor does not invade the ser-
osa, peritoneal recurrence is rare. Lymph node recurrence
could be well controlled by lymphadenectomy. However,
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Table 4 Five-year overall survival (5Y0S) and 5-year disease-specific survival (5YDSS) rates by the Japanese Gastric Cancer Association

classification

5YOS pN

pT pNO pN1 pN2 pN3 Any

pT1 91.6 (91.4— 85.5 (84.4— | 76.1 (73.6— | 37.0 (27.6— 90.5 (90.3-
91.8) 86.6) 78.6) 46.4) 90.7)

pT2 82.0 (81.4— 67.1 (66.1- | 50.8 (49.4— | 26.9 (24.4- 68.3 (67.7-
82.6) 68.1) 52.2) 29.4) 68.9)

pT3 60.5 (58.7— 37.9 (36.7- 15.0 (13.4— 33.0 (32.4-
62.3) 39.1) 16.6) 33.6)

pT4 50.3 (45.6— 18.1 (15.9- | 11.4 (8.5- 24.0 (22.6—
55.0) 20.3) 14.3) 25.4)

Any 87.9 (87.7- 59.4 (58.8- | 36.7 (359- | 18.6 (17.4—
88.1) 60.0) 37.5) 19.8)

5YDSS | pN

pT pNO pNI1 pN2 pN3 Any

pT1 99.0 (99.0- 94.0 (93.2— | 84.8 (82.6— | 44.2 (34.2— 98.2 (98.0-
99.0) 94.8) 87.0) 54.2) 98.4)

pT2 91.9 (91.3- 76.5 (75.7- | 59.1 (57.7- | 31.4 (28.5- 77.6 (77.0-
92.5) 77.3) 60.5) 34.3) 78.2)

pT3 69.0 (67.2— 44.7 (43.5- 17.7 (15.9- 39.0 (38.2—
70.8) 45.9) 19.5) 39.8)

pT4 58.2 (53.5— 21.6 (19.2- | 144 (11.1- 29.2 (27.6—
62.9) 24.0) 17.7) 30.8)

Any 96.0 (95.8— 68.0 (67.4— |43.2 (424- | 22.0 (20.6—
96.2) 68.6) 44.0) 234)

Stage TA

Stage 1B

Stage II

Stage IITA

Stage I1IB

Stage IV

hematogenous recurrence cannot be controlled by gas-
trectomy with lymphadenectomy.

The 5-year overall survival rate after resection was
68.2% in the nationwide registry of 1991 [9] and this has
remained the same. The 5-year overall survival rate for
every stage has also remained stable. Since 1991, there has
been no increase in the proportion of patients with stage I
disease, which is associated with a better prognosis among
surgically resected cases. Surgeons have been attempting to
increase the survival rates of patients with advanced tumors
since the 1980s by applying extended surgery, but to no
avail. Several phase III trials have failed to establish the
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validity of these extended procedures [14—16]. The validity
of S-1 adjuvant chemotherapy for stage II and stage III
disease was confirmed in 2007 [17]. Since S-1 therapy had
not been established as standard treatment during most of
the study period (2001-2007), we expect better outcomes
in future analyses of data from this registry after 2008.
When we introduced reduced surgery, our concern was
that this surgery should not prove inferior to D2 gastrec-
tomy. Although the 5-year overall survival rate after D1 or
D1 + o gastrectomy was lower than that after D2 gas-
trectomy, the 5-year disease-specific survival rate associ-
ated with DI or DI 4 o gastrectomy was not inferior to
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Table 5 Survival rates by stage (Japanese Gastric Cancer Association) according to the age group

Age
(years)

Stage

IA

1B

I

IIIA

111B

v

5-year overall survival

<39

40-59

60-79

>80

P

5-year disease-specific survival

<39

40-59

60-79

>80

P

99.1 (98.5-99.7,
n = 1135)

97.4 (97.2-917.6,
n = 14,940)

90.5 (90.1-90.9,
n = 32222)

72.8 (71.2-74.4,
n = 3772)

<0.001

99.8 (99.6-100.0,
n = 1135)

99.5 (99.3-99.7,
n = 14,940)

99.0 (98.8-99.2,
n = 32,222)

97.2 (96.6-97.8,
n = 3772)

<0.001

95.3 (92.9-97.7,
n = 340)

92.6 (91.8-93.4,
n = 4365)

82.9 (82.1-83.7,
n = 10,764)

63.3 (60.9-65.7,
n = 1985)

<0.001

97.2 (95.4-99.0,
n = 340)

95.2 (94.6-95.8,
n = 4365)

92.8 (92.2-93.4,
n = 10,764)

89.8 (88.2-91.4,
n = 1985)

<0.001

80.0 (75.3-84.7,
n = 291)

80.9 (79.5-82.3,
n = 3219)

69.8 (68.8-70.8,
n = 8684)

50.0 (47.3-52.7,
n = 1611)

<0.001

83.2 (78.7-87.7,
n = 291)

83.7 (82.3-85.1,
n = 3219)

79.3 (78.3-80.3,
n = 8684)

73.7 (71.2-76.2,
n=1611)

<0.001

733 (66.8-79.8,
n = 198)

64.3 (62.3-66.3,
n = 2491)

52.6 (51.4-53.8,
n =17231)

33.0 (30.1-35.9,
n = 1302)

<0.001

77.3 (71.2-83.4,
n = 198)

67.3 (65.3-69.3,
n = 2491)

61.7 (60.5-62.9,
n=17231)

50.0 (46.7-53.3,
n = 1302)

<0.001

47.1 (36.9-57.3,

19.3 (14.8-23.8,

n = 98) n = 323)
41.9 (39.2-44.6, 20.1 (18.7-21.5,
n = 1318) n = 3456)
34.7 (33.1-36.3, 16.2 (15.4-17.0,
n = 3800) n = 9339)
18.7 (15.4-22.0, 7.8 (6.2-9.4,
n = 694) n = 1576)
<0.001 <0.001

48.8 (38.6-59.0,

21.8 (16.9-26.7,

n = 98) n = 323)
459 (43.0-48.8,  22.6 (21.0-24.2,
n = 1318) n = 3456)
412 (39.4-43.0,  20.0 (19.0-21.0,
n = 3800) n = 9339)
29.5(25.2-338,  13.6 (11.4-15.8,
n = 694) n = 1576)
<0.001 <0.001

The 95% confidence interval and the number of patients are given in parentheses

Table 6 Five-year survival rates and proportion of node-positive patients after reduced-extent lymphadenectomy, reduced-extent gastrectomy,

and D2 gastrectomy

pT1 (mucosa)

pT1 (submucosa)

Node-positive patients

(%)

5-year OS rate®

5-year DSS rate®

Node-positive patients

(%)

5-year OS rate®

5-year DSS rate®

Extent of lymph node dissection

D1
DI + o
DI + B
D2

1.9 (125/6715)
1.4 (88/6074)

2.5 (143/5833)
3.9 (307/7778)

Extent of gastrectomy

PPG
PG

DG
(D2)

1.7 (37/2182)
1.8 (26/1434)
4.0 (247/6139)

91.1 (90.3-91.9)
92.5 (91.7-93.3)
94.8 (94.2-95.4)
94.4 (93.8-95.0)

95.9 (95.1-96.7)
92.8 (91.4-94.2)
94.6 (94.0-95.2)

99.3 (99.1-99.5)
99.4 (99.2-99.6)
99.6 (99.4-99.8)
99.1 (98.9-99.3)

99.8 (99.6-100)
99.2 (98.8-99.6)
99.2 (99.0-99.4)

12.8 (736/5766)
13.0 (668/5125)
15.4 (901/5843)

24.5 (2803/11,418)

12.8 (184/1434)
9.1 (226/2472)
25.3 (2185/8653)

85.9 (84.9-86.9)
86.8 (85.8-87.8)
91.2 (90.4-92.0)
90.3 (89.7-90.9)

94.3 (93.1-95.5)
86.2 (84.8-87.6)
91.0 (90.4-91.6)

97.4 (97.0-97.8)
97.3 (96.9-97.7)
98.1 (97.7-98.5)
96.9 (96.5-97.7)

99.0 (98.4-99.6)
97.1 (96.3-97.9)
97.1 (96.7-97.5)

DG distal gastrectomy, DSS disease-specific survival, OS overall survival, PG proximal gastrectomy, PPG pylorus-preserving gastrectomy

% The 95% confidence interval is given in parentheses

that associated with D2 gastrectomy. There is the possi-
bility that D1 or D1 + o gastrectomy is often performed
for frail patients, in whom surgeons hesitate to perform D2
gastrectomy. The 5-year disease-specific survival rates
after D1, D1 + o, D1 + B gastrectomy, and PPG were
rather better than the 5-year disease-specific survival rate
after D2 gastrectomy. The reason might be that D2

gastrectomy is more often performed for more node-posi-
tive patients and the proportion of disease-specific deaths
was higher than that after modified gastrectomy. Since the
major limitations of this study relate to its retrospective
design, we cannot justify the application of reduced surgery
for pT1 tumors on the basis of the results of this study
alone. Another limitation of this study was the low follow-
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up rate, although the 75th percentile of the follow-up
period in the lost to follow-up patients was 1497 days. The
data were retrospectively collected 7 years after the sur-
gery, and the overall follow-up rate in our program was
84.7%, as already mentioned. A lower follow-up rate is
generally considered to yield misleading results in terms of
higher survival rates in patients with advanced disease.

Conclusion

Although the data were collected retrospectively and the
follow-up rate was rather low, the results of detailed
analyses of the data from more than 100,000 patients show
the recent trends in the outcomes of gastric cancer treat-
ment in Japan and provide baseline information for use by
medical communities around the world.
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