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Abstract

Background The nationwide registry of the Japanese Gastric Cancer Association collected data of surgically resected cases
of gastric cancer between 2001 and 2013. These retrospective analyses aimed to delineate tumor characteristics, surgical
history, and survival distribution.

Methods Data from 254,706 patients with primary gastric cancer were included. The 5-year survival rates were calculated
for various subsets of prognostic factors.

Results The number of patients over 70 years old increased from 2001 to 2013. The frequency with which laparoscopic
gastrectomy was opted for increased dramatically (from 3.5 to 40.8%) in 13 years. We focused on the patients registered
between 2010 and 2013, for whom data collection was based on the 3rd edition of the Japanese classification and guidelines.
Five-year overall survival (OS) rate among 92,305 patients with resected tumors was 70.6%. The 5-year OS rates of patients
with pathological stage IA, IB, ITA, IIB, IIIA, IIIB, IIIC, and IV disease were 89.6%, 83.2%, 77.6%, 68.1%, 59.3%, 45.6%,
29.9%, and 14.0%, respectively.

Conclusion Our detailed analysis highlights the historical changes in outcomes of surgically treated gastric malignancies in
Japan, and provides robust dataset for future analysis.

Keywords Gastric cancer - Nationwide registry - Survival

>4 Yoshihiro Kakeji 7 Endoscopy Division, National Cancer Center Hospital,
kakeji @med.kobe-u.ac.jp Tokyo, Japan

Division of Therapeutic Endoscopy, Kitasato University

Division of Gastrointestinal Surgery, Department of Surgery, School of Medicine, Kanagawa, Japan

Kobe University Graduate School of Medicine, 7-5-2
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan ®  Department of Clinical Oncology, Aichi Cancer Center

Department of Medical Informatics, Niigata University Hospital, Nagoya, Japan
Medical and Dental Hospital, Niigata, Japan Department of Surgery, Teikyo University School

Department of Gastroenterological Surgery, Hyogo Cancer of Medicine, Tokyo, Japan
Center, Akashi, Hyogo, Japan Department of Gastroenterological Surgery, Cancer Institute

Department of Surgery, Keio University School of Medicine, Ariake Hospital, Tokyo, Japan
Tokyo, Japan Department of Gastric Surgery, National Cancer Center

Cancer Control Center, Osaka International Cancer Institute, Hospital, Tokyo, Japan
Osaka, Japan Department of Gastroenterological Surgery, Nagoya

Endoscopy Division, Shizuoka Cancer Center, Shizuoka, University Graduate School of Medicine, Nagoya, Japan

Japan

@ Springer


http://orcid.org/0000-0002-2727-0241
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-022-01317-6&domain=pdf

A retrospective 5-year survival analysis of surgically resected gastric cancer cases from... 1083

Introduction

A national gastric cancer registration project [1] initiated
in 1968 by the Japanese Research Society for Gastric Can-
cer, was rebooted in 2001 by the Japanese Gastric Cancer
Association (JGCA) after a 10-year period of inactivity [2,
3]. Katai et al. reported the outcomes for registered gastric
cancer patients who had a surgical intervention between
2001 and 2007 [4]. In 2010, the JGCA simultaneously
revised the Japanese Classification of Gastric Carcinoma
(JC) [5] and the Japanese Gastric Cancer Treatment Guide-
lines (JGL) [6]. The concepts of both integrated systems
were individuated as follows [7]: The JC provides the
basic rules to describe the status of a tumor and the evalu-
ation of treatment outcome. The JGL defines the treatment
methods and clarifies the indications for and details of
each treatment. The descriptions of tumor status in the JC
(T/N/M categories, stage grouping, etc.), and those in the
UICC/TNM 7th edition [8] were identical; this allowed the
Japanese experience to be expressed using international
terminology. We herein overviewed the nationwide gastric
cancer registry from 2001 to 2013. We particularly focused
on cases between 2010 and 2013, which were described
according to the 3rd JC and JGL with regard to tumor
characteristics, surgical history, and survival distribution.

The aim of this retrospective study was to update the
tumor characteristics, surgical details, and survival dis-
tribution of gastric cancer patients who underwent surgi-
cal resection between 2010 and 2013. We compared these
results to previous data gathered from patients between
2001 and 2007 [4], and overviewed the trends in the treat-
ment results from 2001 to 2013 in Japanese hospitals. This
baseline information can be used in various medical com-
munities around the world for design of future research or
clinical trials.

Patients and methods

The Registration Committee of the JGCA requested hos-
pitals affiliated with JGCA members to enroll voluntar-
ily consecutive patients with primary gastric cancer who
underwent surgical treatment from January 2001 through
December 2013, which were reported annually on the
home page of JGCA [9]. Hospitals first obtained a copy of
the database and ensured that they met the JGCA require-
ments. Five years after the patients had undergone sur-
gery, hospitals sent the anonymized data to the JGCA data
center located at Niigata University Medical and Dental
Hospital. The retrospective collection of data was related
to 53 items, including surgical procedures, pathological

diagnosis, and prognosis. The data analyzed by the JGCA
Registration Committee following earlier procedures [2].
From 2001 to 2009, definitions and item reporting were
based on the JGCA JC 2nd English edition [10] and the
Union for International Cancer Control TNM Classifica-
tion of Malignant Tumors, 5th edition [11]. From 2010 to
2013, the data were based on the JGCA JC 3rd edition [5]
and JGL 3rd edition [6].

The following data were calculated: total patients;
patients lost to follow-up within 5 years; survival rates by
year; standard error of 5 year survival; 5-year survivors;
death from gastric cancer, other cancer, other disease, and
unknown cause; and recurrence site, such as local, lymph
node metastasis, peritoneal metastasis, liver metastasis,
and unknown site. The 5-year OS rates and disease-specific
survival (DSS) rates for various subsets of prognostic fac-
tors were derived from Kaplan—Meier analysis. In the DSS
analysis, deaths from the primary disease during the 5-year
postoperative period were counted as events. Differences in
survival curves and P values were determined using the log-
rank test. The nationwide registration program was approved
by the Ethics Committee of the JGCA. Every hospital dis-
closes information about the nationwide registry of the
JGCA to the patients. Participating patients were included
on the study unless they informed study leads that they were
unwilling to participate.

Results

Between 2001 and 2013, 277,451 patients with primary
gastric carcinoma were enrolled in the JGCA nationwide
registry. Of these, 270,625 underwent surgery and 256,691
underwent gastric resection. After exclusion of 1985 cases
with missing data, we analyzed data from the remaining
254,706 patients who underwent gastric resection. The age
distribution of patients and the historical surgical procedures
are shown in Figs. 1 and 2. The proportion of patients over
70 years old increased during this period. Furthermore, there
was a dramatic increase in the frequency with which laparo-
scopic gastrectomy was performed (rising from 3.5 to 40.8%
in 13 years).

We focused on the patients registered between 2010 and
2013 according to the JGCA JC 3rd edition [5] and JGL 3rd
edition [6]. The patient demographics of 92,305 cases in this
period are summarized in Table 1. The fraction of patients
above 80 years of age was 15.2%. The male to female ratio
was 2.2:1. The proportions of location, macroscopic type,
and histological type of tumor were almost the same as
those reported between 2001 and 2007 [4]. Around half
of all patients had early gastric cancer (T1) according to
pathology reports. Among the early gastric cancer patients,
the proportion individuals with surgically treated mucosal
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Table 1 Baseline characteristics

Category Number of Percentage of ~ 5-year OS rate (%) 5-year DSS rate (%)
patients patients
Overall 92,305 100 70.6 (70.2-71.0) 80.9 (80.7-81.1)
Age (years)
<39 1553 1.7 80.4 (78.4-82.4) 81.8 (79.8-83.8)
40-59 15,805 17.1 81.8 (81.2-82.4) 84.7 (84.1-85.3)
60-79 60,893 66.0 72.3 (71.9-72.7) 81.6 (81.2-82.0)
>80 14,054 15.2 47.8 (46.8-48.8) 73.0 (72.2-73.8)
P <0.001 <0.001
Sex
Male 63,045 68.3 68.8 (68.4-69.2) 80.5 (80.1-80.9)
Female 29,260 317 74.3 (73.7-74.9) 81.9 (81.5-82.3)
P <0.001 <0.001
Location
Upper 19,960 21.6 65.0 (64.4-65.6) 77.3 (76.7-71.9)
Middle 35,680 38.7 78.2 (77.8-78.6) 87.3 (86.9-87.7)
Lower 33,329 36.1 70.1 (69.5-70.7) 80.8 (80.4-81.2)
Entire stomach 3290 3.6 25.1(23.5-26.7) 31.3(29.5-33.1)
Missing data 46 0.0
P <0.001
Macroscopic type
Type 0 48,010 52 88.0 (87.6-88.4) 97.4 (97.2-97.6)
Type 1 3309 3.6 60.1 (58.3-61.9) 78.4 (76.8-80.0)
Type 2 14,484 15.7 61.3 (60.5-62.1) 73.5 (72.7-74.3)
Type 3 17,932 19.4 49.9 (49.1-50.7) 59.4 (58.6-60.2)
Type 4 5562 6 23.0 (21.8-24.2) 28.6 (27.2-30.0)
Type 5 2709 29 54.0 (52.0-56.0) 64.8 (59.5-70.1)
Missing data 293 0.3
P <0.001 <0.001
Histological type
Differentiated type 48,671 52.7 74.0 (73.6-74.4) 86.3 (85.9-86.7)
Undifferentiated type 42,357 45.9 66.9 (66.5-67.3) 75.1 (74.7-75.5)
Other types 1277 1.4 63.1 (63.1-63.1) 73.7 (71.2-76.2)
P <0.001 <0.001
pT
pTO 382 0.4 86.2 (82.7-89.7) 91.3 (88.4-94.2)
M 19,956 21.6 91.2 (90.8-91.6) 99.4 (99.2-99.6)
SM 25,250 274 86.4 (86.0-86.8) 97.1 (96.9-97.3)
MP 10,248 11.1 78.2 (77.4-79.0) 90.3 (89.7-90.9)
SS 16,332 17.7 60.9 (60.1-61.7) 72.6 (71.8-73.4)
SE 17,643 19.1 34.3 (33.5-35.1) 42.2 (41.4-43.0)
SI 2402 2.6 24.4 (22.6-26.2) 31.3 (29.1-33.5)
Missing data 92 0.1
P <0.001 <0.001
pN
NO 54,517 59.1 85.7 (85.3-86.1) 96.0 (95.8-96.2)
N1 12,466 13.5 68.9 (68.1-69.7) 80.5 (79.7-81.3)
N2 10,303 11.2 53.5(52.5-54.5) 63.7 (62.7-64.7)
N3a 8828 9.6 33.6 (32.6-34.6) 41.2 (40.0-42.4)
N3b 5658 6.1 17.3 (16.3-18.3) 22.0 (20.8-23.2)
Missing data 533 0.6
P <0.001 <0.001
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Table 1 (continued)

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

Cytology
CYO0 44,608 48.3 65.8 (65.4-66.2) 76.6 (76.2-77.0)
CY1 4791 5.2 12.5 (11.5-13.5) 16.3 (15.1-17.5)
CYX 42,088 45.6 82.2 (81.8-82.6) 92.3 (92.1-92.5)
Missing data 818 0.9
P <0.001 <0.001

Hepatic metastasis
HO 90,201 97.7 71.6 (71.2-72.0) 82.0 (81.8-82.2)
H1 1505 1.6 12.0 (10.2-13.8) 15.6 (13.4-17.8)
Missing data 599 0.6
P <0.001 <0.001

Peritoneal metastasis
PO 87,769 95.1 73.2 (72.8-73.6) 83.8 (83.6-84.0)
P1 3890 4.2 10.1 (9.1-11.1) 13.1 (11.9-14.3)
Missing data 646 0.7
P <0.001 <0.001

Distant metastasis
MO 82,991 89.9 76.3 (72.8-73.6) 87.1 (86.9-87.3)
Ml 8758 9.5 14.0 (13.2-14.8) 17.9 (16.9-18.9
Missing data 556 0.6
P <0.001 <0.001

Stage
1A 39,794 43.1 89.6 (89.2-90.0) 99.1 (99.1-99.1)
IB 9132 9.9 83.2 (82.4-84.0) 95.4 (95.0-95.8)
A 8637 9.4 77.6 (76.6-78.6) 90.3 (89.7-90.9)
1B 7534 8.2 68.1 (66.9-69.3) 79.8 (78.8-80.8)
1IA 5905 6.4 59.3 (57.9-60.7) 70.3 (69.1-71.5)
1B 6104 6.6 45.6 (44.2-47.0) 55.3 (53.9-56.7)
1IC 5463 5.9 29.9 (28.7-31.1) 37.3 (35.9-38.7)
v 8758 9.5 14.0 (13.2-14.8) 17.9 (16.9-18.9)
Missing data 978 1.1
P <0.001 <0.001

Stage
I 48,926 53.0 88.4 (88.2-88.6) 98.4 (98.2-98.6)
I 16,171 17.5 73.2 (72.4-74.0) 85.5(84.9-86.1)
I 17,472 18.9 45.4 (44.6-46.2) 55.0 (54.2-55.8)
v 8758 9.5 14.0 (13.2-14.8) 17.9 (16.9-18.9)
Missing data 978 1.1

P

<0.001

<0.001

cancer gradually decreased from 27% (3071/11,194) in 2001
to 23% (4847/21,527) in 2010, and to 21% (4739/22,968) in
2013. The mucosa to submucosa ratio was 0.8:1, and 40%
of patients had nodal involvement. According to JGCA JC
3rd edition [5], the percentages of pathological N1, N2, N3a,
and N3b were 13.5%, 11.2%, 9.6%, and 6.1%, respectively.
Comparing these data with those from 2001 to 2007 [4],
we observed a similar proportion (about 40%) of patients
with positive nodal metastasis (pN+). Peritoneal washing

@ Springer

cytology was carried out in 53.5% of patients, 83.1% of
patients with pT4a (serosa exposed) disease, and 84.4%
of patients with pT4b (serosa infiltrating) disease. Cytol-
ogy was positive in 21.0% of patients with pT4a disease,
24.6% of patients with pT4b disease, and 5.2% of patients
in the overall population for whom intraoperative perito-
neal lavage cytology was performed. Synchronous liver
metastases were detected in 1.6% of patients, and peritoneal
seeding was identified in 4.2% of patients, which slightly
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decreased than in patients of the 2001-2007 study (2.2%
and 5.3%, respectively). These decreases might be attributed
to patients undergoing gastrectomy with curative intent, as
recommended by the guidelines. The majority (53%) of the
patients had pathological stage I disease; this was followed
by a lower frequency of stage III (18.9%), stage II (17.5%),
and stage IV (9.5%) disease.

Table 2 details the surgical procedures used and the asso-
ciated outcomes. Distal gastrectomy (DG) was performed in
61.7% of patients, pylorus-preserving gastrectomy (PPG),
total gastrectomy (TG), and proximal gastrectomy (PG) were
performed in 2.8%, 30.5%, and 4.0%, respectively. Approxi-
mately 35% of patients underwent laparoscopic gastrectomy.
The gallbladder (19.3%) was frequently resected during gas-
trectomy. The combined resection rate for the spleen was
6.5%, which was lower than the 9.3% frequency observed
in the previous period between 2001 and 2007 [4]. D2 lym-
phadenectomy was the most common type of lymphadenec-
tomy performed (44.4% of patients). Modified D1+ gastrec-
tomy was performed in 37.2% of patients. Surgery with a
sufficiently wide margin was completed in 97.3% of patients.
RO resection was performed in 90% of patients.

The median number of dissected nodes was 33 in all
the patients, 34 each in those who underwent laparotomy,
thoracotomy, and 32 in those who underwent laparoscopic
approach. The median number of dissected nodes was 14 for
DO lymphadenectomy, 23 for D1 lymphadenectomy, 31 for
D1+ lymphadenectomy, 38 for D2 lymphadenectomy, and
46 for D2+ lymphadenectomy.

Of the 92,305 patients who underwent gastrectomy, 441
died within 30 days of surgery, yielding a 30-day opera-
tive mortality of 0.5%. Furthermore, 905 (1.0%) died within
60 days of surgery, and 1460 (1.6%) died within 90 days
of surgery. In total, 25,946 patients died during follow-up.
Most often, the cause of death in patients who underwent
gastrectomy was the primary disease (n=15,986), fol-
lowed by death from other diseases (n=5089) and other
cancers (n=1933). The most common type of recurrence
was peritoneal metastasis (41.3%, 6754/16,353), followed
by hematogenous metastasis (30.5%, 4990/16,353), lymph
node metastasis (19.3%, 3164/16,353), and local recurrence
(7.0%, 1148/16,353) (Table 3a). The predominant mode of
recurrence in patients with tumor without serosal invasion
M, SM, MP, SS) was hematogenous metastasis. In patients
with tumors that had invaded the serosa (SE, SI), the pre-
dominant mode of recurrence was peritoneal metastasis,
followed by hematogenous metastasis. Recurrence rates
between 2010 and 2013 (Table 3a) were not lower than the
rates between 2004 and 2009 (Table 3b).

The 5-year OS rate in the 92,305 patients who under-
went resection of the primary gastric cancer was 70.6% (95%
confidence interval 70.2-71.0%; Table 1). OS and the dis-
ease-specific survival distributions differed between males

and females. Significant differences in the prognosis were
observed among the disease stages (Table 1, Fig. 3). Sub-
group analyses of the survival distribution as classified by
the pT and pN category are shown in Table 4. The survival
for each stage according to the age group is summarized in
Table 5. Elderly patients had poorer survival, in terms of
both OS and disease-specific survival; this was true for every
stage of the disease.

Table 6 shows the proportions of node-positive patients,
the 5-year OS rates, and the 5-year disease-specific sur-
vival rates; the table allows comparison of the outcomes
of reduced-extent lymphadenectomy, reduced-extent gas-
trectomy, and standard D2 gastrectomy for early gastric
cancer. The D2 gastrectomy group had a higher number of
node-positive patients than either the D1 or D14 group. In
all early gastric cancer groups (pT1la and pT1b), the 5-year
OS rate of those who underwent D1 gastrectomy was lower
than that of those who underwent D1+ or D2 gastrectomy.
In contrast, the 5-year disease-specific survival rates were
similar. The outcomes of reduced-extent gastrectomy and
standard D2 gastrectomy were similar to those of reported
for 2001-2007 [4].

Discussion

The annual number of gastric cancer cases registered to the
nationwide database in Japan has been gradually increasing.
The estimated number of gastric cancer incidence cases in
Japan in 2013 was 131,893 [12]. The national clinical data-
base (NCD) showed 39,957 cases of distal gastrectomy and
19,035 cases of total gastrectomy in 2013 [13]. The NCD
covers more than 95% of operative procedures performed
by surgeons in Japan and includes many diseases other than
gastric cancer. The data in this study showed 14,315 cases
of distal gastrectomy and 6915 of total gastrectomy in 2013,
which accounted for approximately 36% and 36% of the
cases from NCD, respectively. The median patient volume in
the participating hospitals in 2013 was 54 patients (1-511)
per year. Therefore, the participating hospitals were rather
representative ones including high-volume centers.

As life expectancy increased, the median age of reg-
istered patients with gastric cancer has also increased.
Patients with cancer located in the upper third of the
stomach accounted for 21.4% of cases (2399/11,218) in
2001 and 21.7% (4984/22,977) in 2013. Although esoph-
agus-invading tumors were identified, this registry does
not allow the discrimination of junctional tumors. The
proportion of cases diagnosed as early gastric cancer was
approximately 50%, which has been stable for surgical
cases. It is estimated that endoscopic treatments, mainly
for mucosal cancer [14], account for more than 60% of
early gastric cancer treatments in Japan [15]. This study

@ Springer



1088 Y. Kakeji et al.

Table 2 Surgical details

Category Number of Percentage  5-year OS rate (%)  5-year DSS rate (%)
patients of patients
Method of resection
Distal gastrectomy 56,918 61.7 76.3 (75.9-76.7) 86.0 (85.6-86.4)
Total gastrectomy 28,136 30.5 55.9 (55.3-56.5) 66.9 (66.3-67.5)
Proximal gastrectomy 3729 4.0 78.3 (76.9-79.7) 92.4 (91.4-93.4)
Pylorus-preserving gastrectomy 2556 2.8 94.0 (93.0-95.0) 98.0 (97.4-98.6)
Local/segmental resection 851 0.9 68.5 (65.2-71.8) 91.2 (89.0-93.4)
Mucosal resection 115 0.1 70.4 (61.2-79.6) 99.0 (97.0-101.0)
P <0.001 <0.001
Approach
Laparotomy 59,502 64.5 61.7 (61.3-62.1) 73.1 (72.7-73.5)
Thoracotomy 505 0.5 38.2 (33.9-42.5) 50.5 (45.6-55.4)
Laparoscopic 32,034 34.7 87.5(87.1-87.9) 95.2 (95.0-95.4)
Other types 264 0.3 62.0 (55.7-68.3) 79.9 (74.6-85.2)
P <0.001 <0.001
Combined resection
Yes 27,788 30.1 59.6 (59.0-60.2) 70.7 (70.1-71.3)
No 64,456 69.8 75.3 (74.9-75.7) 85.3 (85.1-85.5)
Missing data 61 0.1
P <0.001 <0.001
Combined resection type
Pancreas tail 1057 1.1 38.2 (35.3-41.1) 46.8 (43.5-50.1)
Spleen 6030 6.5 52.7 (51.3-54.1) 61.4 (60.0-62.8)
Transverse colon 628 0.7 36.0 (32.1-39.9) 45.2 (40.9-49.5)
Transverse mesocolon 394 0.4 36.9 (32.0-41.8) 43.4 (38.1-48.7)
Diaphragm 68 0.1 29.1 (17.9-40.3) 36.4 (24.1-48.7)
Thoracic esophagus 290 0.3 40.1 (34.2-46.0) 52.2 (45.7-58.7)
Liver 603 0.7 39.1 (35.0-43.2) 53.6 (49.1-58.1)
Gallbladder 17,816 19.3 65.8 (65.0-66.6) 77.5 (76.9-78.1)
Adrenal grand 55 0.1 83.2(73.2-93.2) 92.4 (85.3-99.5)
Kidney 60 0.1 73.2 (61.6-84.8) 92.2 (84.8-99.6)
Small intestine 98 0.1 52.4 (42.2-62.6) 70.4 (60.6-80.2)
Abdominal wall 25 0.0 21.3 (4.2-38.4) 46.3 (24.0-68.6)
Ovary 72 0.1 59.6 (48.0-71.2) 68.1 (56.7-79.5)
Portal vein 0 0 - -
Appleby’s operation 4 0.0 25.0 (0.0-67.5) 50.0 (1.0-99.0)
Pancreaticoduodenectomy 118 0.1 45.2 (36.0-54.4) 65.7 (56.1-75.3)
Other types 470 0.5 56.4 (51.7-61.1) 74.7 (70.4-79.0)
P <0.001 <0.001
Extent of lymph node dissection
DO 2848 3.1 41.8 (39.8-43.8) 56.9 (54.9-58.9)
D1 11,707 12.7 60.8 (59.8-61.8) 75.6 (74.8-76.4)
D1+ 34,341 372 80.7 (80.3-81.1) 90.9 (90.5-91.3)
D2 41,003 444 67.5 (67.1-67.9) 76.5 (76.1-76.9)
D2+ 1818 2.0 57.2 (54.8-59.6) 64.5 (62.1-66.9)
Missing data 588 0.6
P <0.001 <0.001
Proximal margin and distal margin
PMO and DMO 89,799 97.3 71.8 (71.4-72.2) 82.2 (82.0-82.4)
PM1 and/or DM1 2117 2.3 19.9 (18.1-21.7) 26.2 (24.0-28.4)
Missing data 389 0.4
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Table 2 (continued)

Category Number of Percentage  5-year OS rate (%)  5-year DSS rate (%)
patients of patients
P <0.001 <0.001
Curability
RO 83,063 90.0 76.4 (76.0-76.8) 87.0 (86.8-87.2)
R1 4214 4.6 20.9 (19.5-22.3) 26.8 (25.2-28.4)
R2 4424 4.8 8.5(7.7-9.3) 10.9 (9.9-11.9)
RX 336 0.4 37.5(32.2-42.8) 48.8 (42.7-54.9)
Missing data 268 0.3
P <0.001 <0.001
Table 3 Dominant recurrence sites and rates (a) (2010-2013), (b) (2004-2009)
M SM MP SS SE SI Total
n=19,956 n=25,250 n=10,248 n=16,332 n=17,643 n=2402 n=91,831
(a) 2010-2013
Peritoneal 28 0.14% 134 0.53% 196 19% 1317 8.1% 4478 254% 592 24.6% 6754 7.4%
Hematogenous 45 0.23% 454 1.80% 527 5.1% 1822 11.2% 1839 104% 290 12.1% 4990 5.4%
Lymph node 34 0.17% 234 0.92% 329 32% 1029 6.3% 1347 7.6% 184 77% 3164 3.4%
Local recurrence 68 0.34% 105 0.42% 102 1.0% 289 1.8% 487 2.8% 94 39% 1148 1.3%
Recurrence at unknown site 4 0.02% 15 0.06% 23 0.2% 75 05% 165 0.9% 15 0.6% 297  0.3%
Total 179 090% 942 3.73% 1177 11.5% 4532 27.7% 8316 47.1% 1175 489% 16,353 17.8%
M SM MP SS SE SI Total
n=28,755 n=32414 n=13,166 n=20,323 n=24,125 n=23547 n=122,330
(b) 2004-2009
Peritoneal 36 0.13% 148 0.46% 244 1.9% 1451 7.1% 5487 22.7% 791 223% 8157 6.7%
Hematogenous 89 0.31% 508 1.57% 600 4.6% 1946 9.6% 2262 9.4% 380 10.7% 5785 4.7%
Lymph node 44 0.15% 219 0.68% 265 2.0% 873 43% 1214 50% 198 5.6% 2813 23%
Local recurrence 67 0.23% 172 0.53% 203 1.5% 631 3.1% 964 4.0% 170 4.8% 2207 1.8%
Recurrence at unknown site 20 0.07% 66 0.20% 63 05% 237 12% 514 2.1% 85 2.4% 985 0.8%
Total 256 0.89% 1113 3.43% 1375 10.4% 5138 253% 10,441 43.3% 1624 45.8% 19,947 16.3%

showed the proportion individuals with surgically treated
mucosal cancer gradually decreased from 27% in 2001 to
21% in 2013.

The frequency at which each resection method was used
did not change in the 2001-2013 period. Almost all were
treated by standard distal or total gastrectomies. Laparo-
scopic approach increased dramatically from 2001 to 2013.
Combined resection was performed in 30% of the patients
in 2010-2013, which slightly decreased than the 32% figure
from 2001 to 2007 [4]. Especially, combined resection of
the spleen decreased from 9.3% in 2001-2007 to 6.5% in
2010-2013. As for extent of lymph node dissection, stand-
ard D2 dissection was performed for 47% of patients in
2001-2007 [4] and 44% of those in 2010-2013. Modified
gastrectomy, D1 +a and D1 + f gastrectomy was done in
28% of patients in 2001-2007 [2] and D1+ gastrectomy was
performed in 37% of those in 2010-2013. From 2001 to

2013, the guidelines, which recommends standard and modi-
fied gastrectomies, might be getting used in widespread.

As Table 3a shows, hematogenous recurrence was the
major mode of recurrence for tumors without serosal inva-
sion. In contrast, peritoneal recurrence became predominant
when the tumor invades the serosa. When compared to the
data from 2004 to 2009 (Table 3b), no remarkable change
was found on recurrence site and rates. The efficacy of S-1
adjuvant chemotherapy for stage II and III disease was con-
firmed in 2007 [16]. We checked the time trend of recur-
rence rate by tumor depth (Suppl. Table), however, there was
no obvious improvement.

The 5-year OS rate after resection in 2010-2013 was
70.6% of all patients, which was a slight improvement from
68.2% in 2001-2007 [4]. As the classification was revised
between the 2nd version and the 3rd version since 2010,
care must be taken when comparing survival rates between
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Fig. 3 a Five-year overall survival rate and b 5-year disease-specific survival rate according to the 3rd Japanese Gastric Cancer Association clas-
sification

Table 4 Five-year overall survival (5Y OS) and 5-year disease-specific survival (5Y DSS) rates

5y OS pN Stage IA 89.6 (89.2-90.0)
pT pNO  pN1  pN2 pN3 Any Stage IB 83.2 (82.4-84.0)
pT1a, pT1b 89.6 829 798 65.3 886 Stage ITA  77.6 (76.6-78.6))
pT2 835 786 730 576 792 Stage IIB  68.1 (66.9-69.3)
pT3 76.4 683 60.3 43.6 64.5 Stage IITA  59.3 (57.9-60.7)
pT4a 649 57.2 46.3 30.1 457 Stage IIIB  45.6 (44.2-47.0)
pT4b 56.8  46.7 352 222 373 Stage IIIC ~ 29.9 (28.7-31.1)
Any 864 724 60.0 37.6 Stage IV 14.0 (13.2-14.8)
5y DSS pN Stage A 99.1(99.1-99.1)
pT pNO pN1  pN2 pN3 Any Stage IB 95.4 (95.0-95.8)
pT1a, pT1b 99.1 941 89.3 1753 983 Stage ITA  90.3 (89.7-90.9)
pT2 96.1 91.1 840 66.8 914 Stage IIB  79.8 (78.8-80.8)
pT3 90.2 81.0 71.7 521 765 Stage IITA  70.3 (69.1-71.5)
pT4a 76.1 684 569 3875 554 Stage IIIB  55.3 (53.9-56.7)
pT4b 71.4 579 461 271 4638 Stage IIIC  37.3 (35.9-38.7)
Any 96.8 844 71.0 45.6 Stage IV 17.9 (16.9-18.9)
n pN Stage TA 39,794
pT pNO pN1 pN2 pN3 Any Stage IB 9,132
pT1a, pT1b 39,542 3,458 1,164 337 44,644 Stage ITA 8,637
pT2 5,635 2,276 1,363 654 9,949 Stage IIB 7,534
pT3 5,201 3,434 3,239 2,950 14,855 Stage IITA 5,905
pT4a 2,379 1,985 2,553 4,575 11,531 Stage IIIB 6,104
pT4b 262 287 | 316 480 1,352 Stage IIIC ~ 5,463
Any 53,225 11,454 8,640 9,006 Stage IV 8,758
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Table 5 Survival rates by stage according to the age group

Age (years) Stage

1A 1B A 1B A 1B IIC v
5-year overall survival
<39 99.5 (98.9- 95.7 (92.4- 95.4 (92.1- 80.0 (72.9- 68.5 (58.1- 61.8 (52.0- 42.3 (31.9- 15.1 (9.6-20.6)
100) 99.0) 98.7) 87.1) 78.9) 71.6) 52.7) n=168
n=662 n=146 n=157 n=132 n=179 n=102 n=90
40-59 97.8 (97.4- 95.5 (94.5- 89.6 (87.8— 78.8 (76.4— 68.0 (64.7— 54.9 (51.6— 38.2 (34.9- 16.6 (14.4—
98.2) 96.5) 91.4) 81.2) 71.3) 58.2) 41.5) 18.8)
n=7837 n=1487 n=1299 n=1233 n=3809 n=935 n=3805 n=1272
60-79 90.2 (89.8- 84.9 (83.9- 80.2 (79.2— 70.2 (68.8— 62.5 (60.9— 48.2 (46.6— 32.2 (30.6— 15.0 (14.0-
90.6) 85.9) 81.2) 71.6) 64.1) 49.8) 33.8) 16.0)
n=26,546 n=6034 n=5623 n=4868 n=3947 n=3991 n=3545 n=5694
>80 69.2 (67.8- 60.8 (57.9- 54.4 (51.7- 47.2 (44.3- 38.5(35.4- 24.9 (22.2— 12.5 (10.3—- 8.0 (6.4-9.6)
70.6) 63.3) 57.1) 50.1) 41.6) 27.6) 14.7) n=1624
n=4749 n=1465 n=1558 n=1301 n=1070 n=1076 n=1023
5-year disease-specific survival
<39 99.8 (99.4— 96.4 (93.3— 96.1 (93.0- 80.8 (73.9- 69.6 (59.2— 63.9 (54.1- 45.9 (35.3- 17.3 (11.2-
100) 99.5) 99.2) 87.7) 80.0) 73.7) 56.5) 23.4)
40-59 99.7 (99.5- 97.7 (96.9—- 93.5(92.1- 81.5 (79.3- 72.8 (69.7- 58.1 (54.8- 41.5 (38.0- 19.1 (16.7-
99.9) 98.5) 94.9) 83.7) 75.9) 61.4) 45.0) 21.5)
60-79 99.1 (98.9- 95.5 (94.9- 90.8 (90.0— 80.8 (79.6— 71.9 (70.3—- 57.1 (55.5- 39.0 (37.2- 18.8 (17.6—
99.3) 96.1) 91.6) 82.0) 73.5) 58.7) 40.8) 20.0)
>80 97.7 (97.1- 91.8 (90.0- 84.5 (82.3— 74.1 (71.4- 61.6 (58.3— 43.4 (39.7- 24.5 (21.0- 14.1 (11.9-
98.3) 93.6) 86.7) 76.8) 64.9) 47.1) 28.0) 16.3)

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

and D2 gastrectomy

pT Lymph node dissec- N pN+ % S5y OS Sy DSS
tion

pTla D1 3124 61 2.0 87.9 (86.7-89.1) 99.4 (99.0-99.8)
D1+ 11,532 248 2.2 92.2 (91.6-92.8) 99.6 (99.4-99.8)
D2 4302 178 4.1 92.5 (91.7-93.3) 99.3 (99.1-99.5)

pT1b (SM1) D1 931 70 7.5 84.3 (81.9-86.7) 97.8 (96.8-98.8)
D1+ 3291 289 8.8 89.2 (88.0-90.4) 98.7 (98.3-99.1)
D2 1687 230 13.6 88.7 (87.1-90.3) 98.2 (97.6-98.8)

pT1b (SM2) D1 2263 391 17.3 79.0 (77.2-80.8) 96.9 (96.1-97.7)
D1+ 9463 1577 16.7 87.8 (87.2-88.4) 97.6 (97.2-98.0)
D2 5920 1670 28.2 87.1 (86.3-87.9) 96.3 (95.7-96.9)

pT Gastrectomy n pN+ % S5y OS Sy DSS

pTla PPG 1239 31 2.5 97.0 (96.0-98.0) 99.8 (99.6-100)
PG 807 13 1.6 88.6 (86.4-90.8) 99.3 (98.7-99.9)
DG (D2) 3492 133 3.8 93.3 (92.5-94.1) 99.6 (99.4-99.8)

pT1b (SM1) PPG 299 20 6.7 92.0 (88.9-95.1) 98.6 (97.2-100)
PG 422 13 3.1 85.0 (81.5-88.5) 97.7 (96.1-99.3)
DG (D2) 1313 182 13.9 90.0 (88.4-91.6) 98.2 (97.4-99.0)

pT1b (SM2) PPG 744 105 14.1 95.2 (93.6-96.8) 98.6 (97.8-99.4)
PG 1393 155 11.1 83.5 (81.5-85.5) 96.7 (95.7-97.7)
DG (D2) 4625 1334 28.8 87.9 (86.9-88.9) 96.4 (95.8-97.0)
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patient cohorts whose disease may have been classified dif-
ferently for historical reason. A comparison of the 5-year
disease-specific survivals (DSS) of the patients in this study
(2010-2013) to those in 2001-2007 [4] revealed that the
5-year DSS of patients with pT1 (M, SM) tumors was simi-
lar, at 98.2% [4] and 98.3% (Table 4), respectively. The M
to SM tumor ratio was 0.97:1 in 2001-2007, and 0.79:1 in
2010-2013. The proportion of M tumors treated by endo-
scopic resection had increased in 2010-2013 when com-
pared to the earlier period. The 5-year DSS of the patients
with SS, SE, and SI tumors slightly improved from 69.8%,
39.0%, and 29.2% [4] to 72.6%, 42.2%, and 31,3% (Table 1),
respectively.

As for reduced extent of lymph adenectomy, the 5-year
DSS rates associated with D1 or D14 gastrectomy were not
inferior to that associated with D2 gastrectomy (Table 6).
It could be that D1 gastrectomies were often performed
for frail patients, which might explain why the 5-year OS
rates of D1 gastrectomy patients were lower than those who
underwent D14 or D2 gastrectomy.

A major limitation of this study relates to its retrospec-
tive design, which cannot evaluate enough each procedures
including reduced surgery for pT1 tumors on the basis of
the results of this study alone. And, the follow-up rate was
not so high, which was 84.7% in 2001-2007, however, that
improved to 89.5% in 2010-2013.

The registration committee of the JGCA and NCD
planned to apply the same registration items of the conven-
tional JGCA gastric registry to the NCD gastric cancer reg-
istry. The NCD gastric cancer registry started in 2018 and
enrolled the patients who underwent gastrectomy in 2011
[17]. After a 3-year trial period (2011-2013) to compare the
reliability of both registries, the NCD gastric cancer registry
has continued to enroll patients since 2014. The success of
the NCD registry will increase the number of hospitals par-
ticipating in the cancer registry and accelerate the complete
enumeration of the gastric cancer registry.

Conclusion

Our detailed analysis highlights historical changes in the
outcomes of surgically treated gastric cancer in Japan
from 2001 to 2013, and provides a robust dataset for future
analysis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10120-022-01317-6.
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