Gastric Cancer (2017) 20:217-225
DOI 10.1007/s10120-016-0601-9

) CrossMark

@

ORIGINAL ARTICLE

Proposal of a new stage grouping of gastric cancer for TNM
classification: International Gastric Cancer Association staging

project

Takeshi Sano' - Daniel G. Coit? - Hyung Ho Kim® - Franco Roviello® -
Paulo Kassab® + Christian Wittekind® - Yuko Yamamoto’ - Yasuo Ohashi’

Received: 5 January 2016/ Accepted: 3 February 2016/ Published online: 20 February 2016
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2016

Abstract

Background The current AJCC staging system for gastric
cancer (AJCC7) incorporated several major revisions to the
previous edition. The T and N categories and the stage
groups were newly defined, and adenocarcinoma of the
esophagogastric junction (EGJ) was reclassified and staged
according to the esophageal system. Studies to validate
these changes showed inconsistent results. The Interna-
tional Gastric Cancer Association (IGCA) launched a
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project to support evidence-based revisions to the next
edition of the AJCC staging system.

Methods Clinical and pathological data on patients who
underwent curative gastrectomy at 59 institutions in 15
countries between 2000 and 2004 were retrospectively
collected. Patients lost to follow-up within 5 years of sur-
gery were excluded. Patients treated with neoadjuvant
therapy were excluded. The data were analyzed in total,
and separately by region of treatment.

Results  Of 25,411 eligible cases, 84.8 % were submitted
from 24 institutions of Japan and Korea, 6.4 % from other
Asian countries, and 8.8 % from 29 Western institutions.
The T and N categories of AJCC7 clearly stratified the
patient survival. Patients with pN3a and pN3b showed
distinct prognosis in all regions, and by introducing pN3a
and pN3b into a cluster analysis, we established a new
stage grouping with better stratification than AJCC7,
especially among stage III subgroups. Survival of Siewert
type 2 and 3 EGJ tumors was better stratified by this IGCA
stage grouping than by either esophageal or gastric
scheme of AJCC7.

Conclusions For the next revision of AJCC classification,
we propose a new stage grouping based on a large,
worldwide data collection.

Keywords Gastric cancer - TNM classifications - Stage
grouping - AJCC - UICC

Introduction

The tumor-node-metastasis (TNM) classification by the
Union for International Cancer Control (UICC) and

American Joint Committee on Cancer (AJCC) is the global
standard to stage solid tumors [1, 2]. The current 7th
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edition (AJCC7) underwent several major revisions in the
chapters of esophagus and stomach, including refinements
in the definitions of T and N categories and stage grouping,
and the staging of all tumors of the EGJ according to the
esophageal system. Before to this revision, the Worldwide
Esophageal Cancer Collaboration (WECC) had assembled
a large multi-institutional international database and pro-
posed a new staging system for esophageal cancer [3, 4].
The WECC leadership proposed that this system also be
applied to gastric cancer, but the esophageal stage grouping
did not perform well for distal gastric cancers. A new stage
grouping for gastric cancer was counter proposed based on
Japanese and Korean databases, using the WECC-defined
T and N categories, and it has been adopted in AJCC7 [5].
Thus the current TNM classification for gastric cancer is a
“hybrid” of the T and N categories defined using the
worldwide esophageal cancer dataset and the stage groups
defined using Japanese and Korean databases [6].

Since adoption and publication of the AJCC7 staging
system, a number of studies evaluating this new classifi-
cation have been published [7-11]. Although most authors
generally approve its prognostic value, its complexity is
often criticized. AJCC6 had six stage groups from IA to IV,
while AJCC7 has eight stage groups, adding two additional
subgroups (IIB and IIIC), with no concomitant improve-
ment in ability to predict stage-based outcome. A number
of studies have suggested that cancer of the EGJ, especially
Siewert type 2 and 3, were better risk stratified by the
gastric rather that the esophageal staging system [12, 13].
The AJCC7 gastric staging system recognized the prog-
nostic difference between pN3a and pN3b, but failed to
incorporate N3b into any stage group.

The International Gastric Cancer Association (IGCA) is
an academic group having 1400 members from 57 coun-
tries. In 2009, the association launched a staging project
with the aim of collecting gastric cancer data worldwide to
formulate a contemporary evidence based classification
that would reflect patients’ prognosis across the global
spectrum of this disease.

Materials and methods
Project organization

A project-specific data center was set up in the nonprofit
organization Japan Clinical Research Support Unit (J-
CRSU) with two biostatisticians (Y. Y., Y. O.). In addition
to the operation office in Tokyo (T. S.), four researchers
served as regional representative (D. C., F. R., P. K, and H.
H. K. from North America, Europe, South America, and
Korea, respectively) and took charge of data collection in
each region.
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Participating institutions

Data were collected on an institutional basis. In Japan and
Korea, the Japanese Gastric Cancer Association (JGCA) and
Korean Gastric Cancer Association (KGCA) had established
nationwide database systems for gastric cancer. The Regis-
tration Committee of these Associations nominated their
leading institutions to participate individually in the project.
Besides these two countries, active IGCA members in major
institutions around the world were invited to contribute data
to the project. The ethical research committee of each par-
ticipating institution approved the project protocol.

Patients

Based on the preliminary inquiry to participating institu-
tions, it was planned to collect data of 25,000 patients:
10,000 each from Japan and Korea, and 5,000 from other
countries. As AJCC7 has a general rule that stage IV means
M1 disease, only MO cases with complete follow-up were
collected. The inclusion criteria were: histologically proven
adenocarcinoma of the stomach or esophagogastric junction
(Siewert type 2 or 3); RO resection was performed during the
S5-year period between January 2000 and December 2004;
the patient’s vital status at the 5th postoperative year (alive,
or date of death) must be confirmed; no chemotherapy or
radiation therapy was given before surgery. Cases of gastric
stump carcinoma and operative deaths were excluded.

Data collection and analysis

The data center sent a specially designed Excel spreadsheet
to participating institutions by e-mail. Thirty clinical and
pathological factors listed in Electronic Supplementary
Material 1 were requested, of which 18 were mandatory.
The returned spreadsheets were checked for validity and
the data were integrated and analyzed using SAS software,
version 9.2 (SAS Institute, Cary, NC, USA). Overall sur-
vival (OS) was calculated from the date of surgery to the
date of death from any cause and was censored at 5 years.
Survival curves were estimated using the Kaplan—Meier
method, and compared by means of log-rank test. For stage
grouping, a cluster analysis (k-means clustering) was per-
formed for estimated hazard ratios, and the proposed model
was compared with the AJCC7 stage groupings using the
Schwarz Bayesian criterion.

Results

In response to the initial IGCA invitation, 72 institutions
agreed to participate in the project, and 62 submitted the
datasheet by December 2013. Preliminary data screening
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and subsequent inquiries identified three institutions whose
data lacked information on at least one mandatory field,;
these patients were excluded. Ultimately, we collected
analytical data on 25,411 patients from 59 institutions in 15
countries (Table 1, Appendix 1, Electronic supplementary
material 2—1). All analyses were made using the total data,
as well as for each of the four country/regional categories:
Japan, Korea, other Asia, and the West, accounting for
41.8 %, 43.0 %, 6.4 %, and 8.8 % of the study population,
respectively.

Patients, tumors, and surgery

Table 2 shows clinical and pathological features of the
study population. Korean patients were younger, and
Western patients were more often female, than other
regions. The majority of the tumors were located in the
distal two-thirds of the stomach in all regions. Siewert type
2 and 3 esophagogastric junction (EGJ) tumors accounted
for 4.6 % of all cases, and their proportion in the Western
patients (18.0 %) was significantly higher than in other
regions. The proportion of pT1 tumors (early gastric can-
cer, EGC) was significantly higher in Japan (58 %) and
Korea (48 %) than in the West (28 %) and other Asia
(18 %). Results of peritoneal lavage cytology were repor-
ted in 25 % of all cases, of which 390 patients (1.5 %)
were positive; positive cytology patients were excluded
from survival analysis, because positive cytology (Cy+) is
regarded as M1 in AJCC7.

Table 1 Number of participating institutions and countries

Region/country No. of institutions No. of eligible cases
Japan 15 10,633
Korea 9 10,922
Other Asia 6 1,627
China 3 979
Taiwan 1 494
Hong Kong 1 65
Singapore 1 89
West 29 2,229
USA 1 322
Italy 17 971
Germany 3 261
Spain 1 75
Netherlands 1 25
Sweden 1 50
Chile 1 171
Brazil 3 250
Australia 1 104
Total 59 25,411

Distal gastrectomy was the most frequently performed
operation in all regions, followed by total and proximal
gastrectomy. D2 or extended lymphadenectomy was per-
formed in the majority of this study population. The
median number of retrieved lymph nodes per patient was
32, which was highest in Japan (36) and lowest in other
parts of Asia (22). The proportion of DO0/D1 lym-
phadenectomy was highest in Japan (40.9 %), a finding
associated with the high incidence of EGC.

Information about postoperative adjuvant therapy was
incomplete in many institutions in this study. Among the
cases having this information, 69.7 % of patients did not
receive adjuvant chemotherapy. Patients with advanced-
stage disease tended to receive such therapy. Adjuvant
radiotherapy was uncommon in all regions.

T and N categories and survival

Survival curves according to the histological depth of
tumor invasion (pT) and the number of regional lymph
nodes with histological metastasis (pN) as defined in
AJCC7 are shown in Fig. la, b, respectively. Survival
decreased in a stepwise fashion with increasing pT.
Although the difference between pTla and pTlb was
small, it was statistically significant. Survival also
decreased in a stepwise fashion with increasing pN, with
almost identical intervals between the curves. These trends
were seen equally in all regions.

Cluster analyses and proposal of new stage grouping

The patients were divided into 25 groups according to
their tumor/node status by combining five T categories (1/
2/3/4a/4b) and five N categories (0/1/2/3a/3b), from
TINO, TINI1...to T4bN3b. In cluster analysis, the dis-
tance between a group and the base group (T1NO) was
calculated based on the number of deaths in each group
during the postoperative 5-year period, and the groups
were clustered into seven (Fig. 2a) stage groups from IA
to IIIC. We propose this matrix as “IGCA stage
grouping.”

Seven of the 25 groups in the IGCA stage grouping have
a different definition from their counterparts in the AJCC7
(Fig. 2b), mostly in the subgroups of stage III. The influ-
ence of N3a and N3b on outcome was the principal reason
for this difference. As shown in Fig. 3, the largest subgroup
of stage IIl by the AJCC7 is IIIC, whereas the largest
subgroup in the IGCA stage grouping proposal is IIIA.
Survival curves according to the stage grouping in the two
systems (Fig. 4a, b) reflect this difference in distribution of
stage III patients: the IGCA stage grouping widens the
distance between the curves, thus better stratifies the sur-
vival probabilities.
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Table 2 Clinicopathological factors in each region
Japan Korea Other Asia West Total
Number of eligible cases 10,633 10,922 1,627 2,229 25,411
Age (median, range) 63 (20-93) 59 (16-91) 64 (23-88) 67 (22-93) 62 (16-93)

Sex
M
F
Site of primary lesion
Upper 1/3
Middle 1/3
Lower 1/3
Entire
EGJ-Siewert 2
Siewert 3
Missing
Depth of tumor invasion
Mucosa
Submucosa
Muscularis propria
Subserosa
Serosa
Invasion of adjacent structure
Number of lymph nodes examined
Mean
Median (range)
Lymph node metastasis (TNM 7)
pNO
pNI1 (1-2)
pN2 (3-6)
pN3a (7-15)
pN3b (16-)
Missing
Type of resection
Total gastrectomy
Distal gastrectomy
Proximal gastrectomy
Others
Missing
Lymphadenectomy
DO/D1 or “Limited”
D2/D3 or “Extended”
Missing
Adjuvant chemotherapy
Yes
No
Missing

7,243 (68.2 %)
3,383 (31.8 %)

1,974 (18.6 %)
4,793 (45.1 %)
3,343 31.4 %)
183 (1.7 %)
168 (1.6 %)
93 (0.9 %)

79 (0.7 %)

3,191 (30.0 %)
3,009 (28.3 %)
1,207 (11.4 %)
1,451 (13.6 %)
1,595 (15.0 %)
180 (1.7 %)

394
36 (1-171)

6,918 (65.1 %)
1,306 (12.3 %)
990 (9.3 %)
834 (7.8 %)
469 (4.4 %)
116 (1.1 %)

2,824 (26.6 %)
6,432 (60.5 %)
578 (5.4 %)
790 (7.4 %)

9 (0.1 %)

4,354 (40.9 %)
6,252 (58.8 %)
27 (0.3 %)

1,032 (9.7 %)
5433 (51.1 %)
4,168 (39.2 %)

7,292 (66.8 %)
3,630 (33.2 %)

1,002 (9.2 %)
3,164 (29.0 %)
6,166 (56.5 %)
146 (1.3 %)
132 (1.2 %)
201 (1.8 %)
111 (1.0 %)

2,815 (25.8 %)
2,382 (21.8 %)
1,375 (12.6 %)
1,824 (16.7 %)
2,376 (21.8 %)
150 (1.4 %)

33.0
31 (1-129)

6,255 (57.3 %)
1,428 (13.1 %)
1,240 (11.4 %)
1,133 (10.3 %)
662 (4.4 %)
204 (1.9 %)

4,300 (39.4 %)
6,503 (59.5 %)
71 (0.7 %)

44 (0.4 %)

4 (0.0 %)

1,215 (11.1 %)
7,182 (65.8 %)
2,525 (23.1 %)

2,524 (23.1 %)
3,675 (33.6 %)
4,723 (43.3 %)

1,125 (69.1 %)
502 (30.9 %)

200 (12.3 %)
421 (25.9 %)
808 (49.7 %)
21 (1.3 %)
14 (0.9 %)
162 (10.0 %)
1 (0.1 %)

144 (8.9 %)
150 (9.2 %)
256 (15.7 %)
260 (16.0 %)
764 (47.0 %)
53 (3.3 %)

24.8
22 (1-103)

664 (40.8 %)
268 (16.5 %)
287 (17.6 %)
255 (15.7 %)
141 (8.7 %)
12 (0.7 %)

308 (18.9 %)
1,063 (65.3 %)
247 (152 %)
6 (0.4 %)

3 (0.0 %)

178 (10.9 %)
1,422 (87.4 %)
27 (1.7 %)

869 (53.4 %)
247 (152 %)
511 (31.4 %)

1,376 (61.7 %)
853 (38.3 %)

247 (11.1 %)
511 (22.9 %)
1,014 (45.5 %)
29 (1.3 %)
240 (10.8 %)
160 (7.2 %)
28 (1.2 %)

209 (9.4 %)
420 (18.8 %)
377 (16.9 %)
534 (24.0 %)
613 (27.5 %)
76 (3.4 %)

29.5
27 (1-123)

898 (40.3 %)
341 (15.3 %)
350 (15.7 %)
345 (15.5 %)
158 (7.1 %)
137 (6.1 %)

936 (41.5 %)
1,015 (45.5 %)
257 (11.5 %)
30 (1.3 %)

1 (0.0 %)

415 (18.6 %)
1,767 (79.3 %)
47 2.1 %)

322 (14.5 %)
1,586 (71.2 %)
320 (14.3 %)

1,7042 (67.0 %)
8,369 (33.0 %)

3,423 (13.5 %)
8,889 (35.0 %)
11,331 (44.6 %)
379 (1.5 %)
554 (2.2 %)
616 (2.4 %)
219 (0.8 %)

6,359 (25.0 %)
5,961 (23.5 %)
3,215 (12.7 %)
4,069 (16.0 %)
5,348 (21.0 %)
459 (1.8 %)

349
32 (1-171)

14,735 (58.0 %)
3,343 (13.2 %)
2,867 (11.3 %)
2,567 (10.1 %)
1,430 (5.6 %)
469 (1.8 %)

8,358 (32.9 %)
15,013 (59.1 %)
1,153 (4.5 %)
870 (3.4 %)

17 (0.0 %)

6,162 (24.2 %)
16,623 (65.4 %)
2,626 (10.3 %)

4,748 (18.7 %)
10,941 (43.1 %)
9,722 (38.2 %)

The proposed IGCA stage grouping system was derived
from the entire cohort of patents. Although the analysis is
heavily influenced by the preponderance of Japanese and
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Korean patients, it appears to be valid in risk stratification
for other Asian and Western patients as well (Electronic
supplementary material 2-2).



Proposal of a new stage grouping of gastric cancer for TNM classification: International...

221

Fig. 1 Overall survival by (a)
a histological depth of invasion 100 -
and b histological lymph node Ceee—=Soooooo—— pTla (Mucosa)
metastasis 90 ====<= pTib (Submucosa)
1Y
80 1 N, -~ pT2 (Muscularis propria)
70 J ‘.--‘~~-~-
g 60 - . T=====< pT3 (Sub serosa)
= o (N=6350) e
g 307 N=5943 ~~
g 40 - oM (N=5543) Seean pT4a (Serosa exposed)
0 e Mp (N=3186) ‘-,_~
30 | = e s5(N=4019) STse—- ——- pT_4b (Invasion of
20 - se (N=5096) adjacent structure)
10 4 === si(N=427)
0 T T T T !
0 365 730 1095 1460 1825
b
( )100 E
90 - pNO
o >~ 1(1-2
. e pN1 (1-2)
§ 60 - ~-~---_~- pNZ (3'6)
©
% 50 1 o (N=14703)
@ 40 (N=3307) PN3a (7-15)
01w (N=2815)
20 1 N3a (N=2470) pN3b (16-)
10 A
e N3b (N=1301)
0 T T T T ]
0 365 730 1095 1460 1825

EGJ tumors (Siewert type 2 and 3)

A total of 1170 patients were reported to have an EGJ tumor
of Siewert type 2 or 3, of which 34.2 % were Western
patients. Figure S5a, b, ¢ shows survival curves according to
the stage grouping by the AJCC7 esophageal system, by the
AJCCT7 gastric system, and by the proposed IGCA system,
respectively. In the esophageal system, almost 40 % of
tumors were classified as stage I1IC, and the survival curves of
stage ITA and IIB were reversed. In the gastric system, the
subgroups show a more balanced case distribution and the
survival was better stratified than by esophageal scheme. The
Schwarz Bayesian criterion selected the IGCA stage grouping
as the best model among the three. Both Siewert type 2
(n = 554) and type 3 (n = 616) tumors were well stratified
by this scheme (Electronic supplementary material 2-3).

Discussion
Gastric cancer shows large geographic differences in the

world, not only in incidence and mortality but also in
treatment results [14, 15]. The remarkable difference of

long-term survival after curative surgery between the East
and the West is attributable primarily to the differences in
disease stage at presentation. Differences in stage-specific
outcomes between East and West can be at least partly
attributed to stage migration associated with differences in
the extent of surgery and the pathological handling of
dissected lymph nodes [16]. To appropriately compare
treatment results in different regions, common staging rules
of the disease using widely available prognostic factors are
needed. The UICC/AJCC TNM classification is the global
standard and should be constantly reviewed and refined
based on worldwide data.

The IGCA Gastric Cancer Staging Project was launched
to establish a classification that is applicable worldwide.
We chose not to collect data from existing administrative
databases such as the American Surveillance, Epidemiol-
ogy, and End Results program or National Cancer Data-
base, or the JGCA Registry. To assure high-quality
contemporary data, for this project we requested specifi-
cally prepared datasets from individual high-volume insti-
tutions. The strength of this study includes the large sample
size (25,411 patients), geographic variety (15 countries
from the East and West), a short, recent, defined period of

@ Springer
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(a)
NO N1 N2 N3a
T 1A IB 1A 1B 1B
T2 IB 1A 1B 1A nB
T3 1A 1B A B
T4a 1B A A nB
T4b 1A B B
(b)
NO N1 N2 N3a, N3b
™ 1A 1B 1A 1B
T2 1B 1A 1B 1A
T3 1A 1B 1A B
T4a 1B 1A 1B
T4b 1B 1B

Fig. 2 Stage grouping based on cluster analysis. a International
Gastric Cancer Association (IGCA) stage grouping. Blue-framed
categories are different from (b). b AJCC-7 stage grouping

1B 1A B ne
IGCA proposal 2481 3044 2218
AJCC-7 2512 1972 2226

0% 20% 40% 60% 80% 100%

Fig. 3 Patient distribution in stage IIB and III. The largest proportion
of stage III is IIIC by AJCC-7, but it is IIIA by IGCA stage grouping

treatment (surgery during the 5 years between 2000 and
2004), and complete 5-year follow-up data. Weaknesses of
this methodology include the retrospective nature of the
data, incomplete data on postoperative treatments, and the
lack of standardized methods of pathological handling of
the specimens.

The vast majority of data were from Japan and Korea
because the patient volume of specialized institutions in
these countries is much larger than in the rest of the world,
and institutional databases are well established. We would
have been able to collect far more data from these two
countries, but restricted the number of institutions in con-
sideration of the balance in the world. Although results of
this study are heavily influenced by the data from Japan
and Korea, all analyses were validated separately in the
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other regions (Other Asia and West). Although the survival
of each stage group is different among the regions, the
IGCA stage grouping stratifies survival very well within
each region (Electronic supplementary material 2-2).

The fact that only specialized major institutions sub-
mitted the data may raise concern that the results do not
necessarily represent the general practice, particularly in
the Western series: in this study, D2 lymphadenectomy was
performed in 79 % of the Western institutions. The median
number of examined nodes was as many as 27, much
higher than the number of examined nodes reported from
administrative databases. However, the goal of this study
was not to find a simple staging method using limited
information but to establish an accurate prognostic classi-
fication using sufficient surgical and pathological infor-
mation, regardless of the regional differences in general
practice.

We excluded patients receiving neoadjuvant therapy
because of the potential for neoadjuvant therapy to affect
pathological staging of the resected specimen. As the
neoadjuvant strategy had already been adopted widely in
the West during the study period of this project, several
institutions in the United States and the United Kingdom
could not contribute patients to our dataset. The aim of this
study is to establish a pathological classification of the
original, non-pretreated gastric cancer to correctly stratify
patient prognosis. In the future, when we have sufficient
clinical/pathological and outcome data on patients treated
with neoadjuvant therapy, we will be able to derive a
separate “yp” staging system. The data of the current
project should provide the basis for that.

On the other hand, we did include patients who received
postoperative adjuvant therapy from the study for the fol-
lowing reasons. In this retrospective survey, the quality of
data on postoperative therapy was inadequate for analysis
because of missing information and the wide range of
adjuvant regimens employed. If we excluded patients in
whom postoperative adjuvant therapy status was unknown
or those patients who received adjuvant therapy, it would
have introduced significant selection bias, especially
among patients with stage II/III disease.

The TNM classification has undergone several major
revisions in its half-century history. The 4th edition (1987)
had two levels of regional lymph node metastasis (N1/N2)
based on the anatomical location of the positive nodes.
Then, the 5th edition (1997) had three levels based on the
number of positive nodes: N1 = 1-6 positive nodes;
N2 = 7-15 nodes; N3 = more than 15 nodes. In the 7th
edition (2010), the cutoff levels of N category were
changed to harmonize with esophageal cancer: N1 = 1-2
nodes; N2 = 3-6 nodes; N3 = more than 6 nodes. The
definition of T-category has been also changed to harmo-
nize with other gastrointestinal tract: T2/T3/T4a/T4b.
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Fig. 4 Survival curves by the stage grouping systems of IGCA proposal (a) and AJCC-7 (b). The IGCA stage grouping widens the distance

between the curves, especially of stage III subgroups
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Fig. 5 Survival curves of Siewert type 2 and 3 esophagogastric junction tumors by AJCC-7 esophageal system (a), AJCC-7 gastric system (b),

and IGCA stage grouping (c¢). The IGCA stage grouping shows the best separation among the curves

With the large database assembled for this project, we
first examined the validity of definitions of T and N cate-
gories of AJCC7. Our analyses in the current dataset ver-
ified that the T and N categories in AJCC7 stratify patient
survival quite well (Fig. la, b). Thus we decided not to
seek further subclassifications of tumor depth or cutoff
numbers of lymph nodes; we thought that minor modifi-
cations of these well-established categories would be
confusing for clinicians and researchers without improving
the classification.

We then evaluated the stage grouping. In AJCC7, the
former N2 (7-15 positive nodes) and N3 (more than 15
nodes) were renamed as N3a and N3b, and grouped toge-
ther as N3 for defining stage groups. This point was also a
part of harmonization with esophageal cancer in which
metastasis in more than 6 nodes means very poor prognosis
[3]. In contrast to esophageal cancer, where involvement of
more than 6 nodes is not associated with worse survival
than involvement of 6 nodes, in gastric cancer there was a
significant difference in survival comparing N3a to N3b
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(Fig. 1b). This trend was observed in the entire patient
cohort, as well as in each region. N3a and N3b were des-
ignated as separate groups in the stage grouping cluster
analysis and N3b maintained definite survival impact. With
this modification, the distribution of patients in stage III
subgroups changed (Fig. 3), and the survival curves
became more distinct from each other (Fig. 4).

Staging of EGJ tumors has caused controversy since
AJCCT7 adopted the rule that a tumor whose epicenter is
within 5 cm of the EGJ and extends into the esophagus is
classified and staged according to the esophageal system.
This rule did not mean that EGJ tumors should be treated as
esophageal cancer, but did provoke opposition from gastric
surgeons [11]. In the first instance, the initial WECC
dataset upon which this recommendation was made had no
information on Siewert type; tumors of the gastric cardia
(type 3) were grouped with tumors arising in a background
of Barrett’s dysplasia (type 1). In this IGCA project, we
collected the data on 1170 patients with a Siewert type 2 or
3 tumor and tested the three staging systems in survival
analysis (Fig. 5a, b, ¢). The best stratification was obtained
by the IGCA stage grouping. As compared to non-EGJ
tumors (Fig. 4a), survival of EGJ tumors (Fig. 5¢) was
generally inferior in each stage, probably reflecting the
different tumor biology and/or difficult surgical approach.
However, those factors that govern outcome within the
subgroup of patients with Siewert type 2 and 3 tumors are
much better characterized by the proposed IGCA gastric
cancer system than by the existing AJCC7 esophageal
system. As such, we propose that the IGCA gastric system
is more appropriate to risk stratify patients with Siewert
type 2 and 3 tumors. Accurate staging of patients with
locoregionally advanced EGJ cancers will be further
complicated by the fact that most of those patients are now
treated with neoadjuvant chemotherapy with or without
radiation. Staging of EGJ patients based on treatment with
surgery alone is now almost obsolete, and efforts to create
an “yp” staging system are likely to be an important
component of AJCCS.

In conclusion, based on our analysis of this global
dataset, we propose a new evidence-based stage grouping
for gastric cancer, including Siewert type 2 and 3 EGJ
adenocarcinoma. The new system more accurately risk
stratifies patients with gastric cancer than the AJCC7 sys-
tem, and much more accurately risk stratifies patients with
Siewert type 2 and 3 EGJ cancer than the AJCC7 eso-
phageal system. The system has been derived from and is
applicable to patients with gastric cancer from all regions
of the world. We believe it to be suitable for the next
edition of the AJCC gastric cancer staging system.
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Appendix 1: Participating institutions (in
alphabetical order in each region)

Japan: Aichi Cancer Center Hospital, Chiba Cancer Center,
Hiroshima City Hospital, Iwate Prefectural Central
Hospital, Kanagawa Cancer Center, Keio University
Hospital, Keiyukai Sapporo Hospital, Kurashiki Central
Hospital, National Cancer Center Hospital, National
Hospital Organization Osaka National Hospital, Niigata
Cancer Center Hospital, Osaka Medical Center for Cancer
and Cardiovascular Diseases, Shikoku Cancer Center, The
Cancer Institute Hospital of JFCR, Tochigi Cancer Center,
Toyama Prefectural Central Hospital, Yamagata Prefec-
tural Central Hospital. Korea: Ajou University, Asan
Medical Center, Catholic University, Chonnam National
University, Korea University, National Cancer Center,
Samsung Medical Center, Seoul National University,
Yonsei University. Other Asia: Beijing Cancer Hospital
(China), National University of Singapore (Singapore),
National Yang-Ming Hospital (Taiwan), Prince of Wales
Hospital (Hong Kong), Shanghai Jiao Tong University
(China), Tianjin Medical University Cancer Institute
(China). West: Azienda Ospedaliera Citta della Salute e
della Scienza di Torino, Turin (Italy), Busto Arsizio
Hospital, Varese (Italy), Catholic University, Rome (Italy),
Cologne University (Germany), Federal University of Sao
Paulo (Brazil), Hospital Mutua de Terrassa, Barcelona
(Spain), Humanitas Clinical and Research Center, Milan
(Italy), Istituto Tumori G. Paolo II, Bari (Italy).
Karolinska University Hospital (Sweden), Leiden
University (Netherlands), Memorial Sloan-Kettering Can-
cer Center (USA), Morgagni-Pierantoni Hospital, Forli
(Italy), Princess Alexandra Hospital, Brisbane (Australia),
Regina Elena National Cancer Institute, Rome (Italy), San
Raffaele Scientific Institute, Milan (Italy), Santa Casa
Medical School (Brazil), San Vincenzo Hospital, Taor-
mina, Messina (Italy), Second University of Naples (Italy),
Technical University of Munich (Germany), University of
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Brescia (Italy), University of Chile (Chile), University of
Florence (Italy), University of Heidelberg (Germany),
University of Insubria, Varese (Italy), University of Padova
(Italy), University of Perugia (Italy), University of Sao
Paulo (Brazil), University of Siena (Italy), University of
Verona (Italy), Valdarno Hospital, Arezzo (Italy).
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