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Gastric Cancer Surgery: Morbidity and Mortality Results
From a Prospective Randomized Controlled Trial
Comparing D2 and Extended Para-Aortic
Lymphadenectomy—TJapan Clinical Oncology Group
Study 9501 A

Takeshi Sano, Mitsuru Sasako, Seiichiro Yamamoto, Atsushi Nashimoto, Akira Kurita,
Masahiro Hiratsuka, Toshimasa Tsujinaka, Taira Kinoshita, Kuniyoshi Arai, Yoshitaka Yamamura,
and Kunio Okajima

Purpose

Rac?ical gastrectomy with regional lymphadenectomy is the only curative treatment option for gastric
cancer. The extent of lymphadenectomy, however, is controversial. The two European randomized trials
only reported an increase in operative morbidity and mortality, but failed to show survival benefit, in the
D2 lymphadenectomy group. We conducted a randomized controlled trial to compare the Japanese
standard D2 and D2 + para-aortic nodal dissection.

Patients and Methods

Only experienced surgeons in both procedures from 24 Japanese institutions participated in the study.
Patients with potentially curable gastric adenocarcinoma (T2-subserosa, T3, or T4) who were surgically
fit were intraoperatively randomized. Postoperative morbidity and hospital mortality were recorded
prospectively in a fixed format and were compared between the two groups in this study.

Results

A total of 523 patients were randomized between July 1995 and April 2001. Postoperative complications
were reported in 24.5% of all patients. Although the morbidity for the extended surgery group (28.1%)
was slightly higher than the standard group (20.9%), there was no difference in the incidence of four
major complications {anastomotic leak, pancreatic fistula, abdominal abscess, pneumonia) between the
twa groups. Hospital mortality was reported at 0.80%: one patient in each group died of operative
complications, while one from each group died of rapid progressive cancer while inpatient.

Conclusion

Specialized surgeons could safely perform gastrectomy with D2 lymphadenectomy in patients with low
operative risks. Pars-aortic lymphadenectomy could be added without increasing major surgical
complications in this setting.

J Clin Oncol 22:2767-2773. © 2004 by American Society of Clinical Oncology

result is controversial, and there is no world-
wide consensus.

Gastric cancer is the second most common

malignancy in the world, and surgical resec-
tion remains the only curative treatment op-
tion. Lymph node metastases occur during
the early stages of this disease, and regional
Iymphadenectomy is recommended as part
of radical gastrectomy. However, the extent
of lymphadenectomy to achieve the optimal

Japanese surgeons first introduced the
extended lymphadenectomy procedure,
known today as D2, in the 1960s." This tech-
nique requires the systematic dissection of
lymph nodes in the first tier (perigastric)
and the second tier (along the celiac artery
and its branches). Early studies have re-
ported that between 30% to 40% of patients
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Table 1. Eligibility Criteria of the Study

During operation
Macroscopic T staging is T2-subserosa, T3, or T4
Potentially curative operation is possible

Peritoneal lavage cytology is negative for cancer cells

No gross metastasis in para-aortic nodes (frozen section diagnosis not allowed)

with positive lymph node metastases including the second
tier lymph nodes, have survived longer than 5 years with D2
lyrnphadenec’tomy.2 However, D2 gastrectomy has a steep
learning curve,” and may be associated with a higher-than-
expected operative morbidity and mortality.

Two European randomized controlled trials compar-
ing D1 and D2 gastrectomy revealed a high operative mor-
tality exceeding 10% in the D2 group.*” Based on these
reports, the British National Health Service Cancer Guid-
ance discourages the use of D2 technique in routine clinical
practice.® In contrast, D2 gastrectomy is considered a stan-
dard and safe procedure in Japan, where 100,000 cases of
gastric cancers are diagnosed every year. General surgeons
are taught this technique early during their surgical training.’
The Japanese nationwide registry reported an operative mor-
tality of less than 2%, and in specialized institutions, less than
1% for D2 gastrectomy.>’

Since the eighties, even more radical extended lymph-
adenectomy procedures had been practiced in many Japa-
nese specialized centers. It was reported that 20% to 30% of
patients with nonearly gastric cancer had microscopic me-
tastasis present in the para-aortic nodes.’*'® The 5-year
survival for these patients has reached 14% to 30% after
extended systematic dissection. In addition to D2 lymphad-
enectomy, lymph nodes around the upper abdominal aorta
were dissected, primarily for ultimate local tumor control.
However, this extended dissection may not only increase
operative morbidity but also may effect the function of
other abdominal organs.

There has never been a prospective study to assess the
perioperative morbidity and mortality in Japanese patients
after D2 gastrectomy or more extended surgery. To evaluate
the survival benefit and operative complications of D2 gas-
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trectomy and extended para-aortic dissection in gastric
cancer surgery, a multi-institutional randomized con-
trolled trial was conducted on behalf of the Japan Clinical
Oncology Group (JCOG). The accrual closed with 523
patients. We hereby present the data on the operative
morbidity and mortality, which are the secondary end
points of this trial. Survival analysis is scheduled to take
place in August 2006.

Objectives and End Points of the Study

A prospective randomized controlled trial was designed to
compare the two surgical techniques: the standard lymphadenec-
tomy and the standard lymphadenectomy with the addition of
para-aortic node dissection for gastric cancer. Only surgeons with
sufficient experience of para-aortic dissection for gastric cancer
participated in the trial. Since the role of neoadjuvant and adju-
vant chemotherapy was not established, no patients received che-
motherapy until recurrent disease was diagnosed.

The primary end point was the overall survival, while the
secondary end points were the relapse-free survival, operative
morbidity, hospital mortality, and quality of life. Randomization
and data handling for this study was performed by the Data Centre
of the JCOG, a government-sponsored organization for multi-
institutional clinical trials.'*

Eligibility Criteria

Eligibility criteria for this study are shown in Table 1. Patients
with advanced gastric cancer deemed curable and fit for surgery
were recruited into the trial following informed consent.
Borrmann type 4 tumors (linitis plastica) were excluded because
of their very poor prognosis after surgery. Liver cirrhosis and
ischemic heart disease were important risk factors for mortality
after surgery and hence were excluded from the study. Para-aortic
lymph node metastasis is extremely rare in T1 (invasion confined
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to the mucosa or submucosa) and T2-MP tumors (invasion con-
fined to the muscularis propria); hence, these patients were not
eligible for randomization. Only patients diagnosed with T2-SS
(subserosal invasion) or deeper tumors at the time of laparot-
omy were included in the study. T2-SS is clinically recognized
as 2 white discoloration on the serosal surface, without overt
tumor serosal exposure.

During the operation, the para-aortic nodes were inspected
to exclude patients with gross metastasis (enlarged and/or hard
nodes) in this region. Frozen section diagnosis of the para-aortic
nodes was forbidden to avoid technical contamination between
the two groups of patients. Peritoneal lavage cytology was per-
formed immediately after initial laparotomy, and absence of free
cancer cells was confirmed before enroliment.

Random Assignment

‘While waiting for the result of lavage cytology, the surgeon
examined the above eligibility criteria and started the D2 proce-
dure. When the negative cytology result was obtained 30 to 60
minutes later, he informed the JCOG Data Centre for enrollment.
Patients were then randomly assigned either to receive standard
lymphadenectomy (group A) or extended lymphadenectomy
(group B). The sizes of the groups were balanced according to
T stage (T2 v T3/T4), tumor growth pattern (expansive v infiltra-
tive growth), and institution. The randorization arm was notified
to the surgeon immediately, who then completed the operation
according to the allocated protocol. ‘

Surgical Methods

" Group A: Standard D2 gastrectomy. Patients were treated
with gastrectomy and D2 lymphadenectomy. Depending on the
location of the primary tumor, the surgeon performed either a
total, proximal subtotal, or distal subtotal gastrectomy. D2 lymph-
adenectomy was a standard procedure for dissection of tumors
located in the upper two thirds of the stomach as defined in the
12th edition of the Japanese Classification (1993)*® when the study
was initially designed. An extended D2 lymphadenectomy was
performed for tumors located in the lower third of the stomach,
which involves further dissecting the hepatoduodenal nodes
(No.12a), retropancreatic nodes (No.13) and nodes along the
superior mesenteric vein (No.14v), This technique was frequently
performed as a standard procedure in the specialized centers, and
thus adopted in this study (all except No.13 have been integrated
as “D2” in the 13th edition of Japanese classification’®).

In total or proximal subtotal gastrectomy for proximal tu-
mors, the spleen was removed in principle for splenic hilar lymph-
adenectomy, while it was preserved in distal subtotal gastrectomy
for distal tumors.

Group B: D2 gastrectomny combined with para-aortic lymphad-
enectomy. Patients in this group had similar procedure to group
A, but with additional para-aorticlymph node dissection. The area
to be dissected was defined in the Japanese classification (Fig 1).
Proximal tumors were treated with the standard D2 lymphadenec-
tomy, and also all “No.16-a2” (para-aortic nodes between the level
of the celiac axis and the left renal vein) and “No.16-b1” (para-
aortic nodes between the left renal vein and the inferior mesenteric
artery) were removed, Standard distal subtotal gastrectomy was
performed for the distal tumors including the “No.16-a2” and
“No.16-b1” nodes; however, dissection of the left upper lateral
nodes (“No.16-a2-lat”) was optional.

Both group A and group B patients were followed up accord-
ing to a fixed schedule, without receiving adjuvant chemotherapy.

www.jco.org
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Fig 1. Anatomic definitions of para-aortic lymph nodes.'® The nodes
No.16a2 and No.16b1 are defined as “regional nodes” and were dissected
in the extended surgery group. Ao, aorta; CA, celiac artery; Eso, esophagus;
IMA, inferior mesenteric artery; IVC, inferior vena cava; LRV, left renal vein;
SMA, superior mesenteric artery.

Evaluation of Operative Morbidity and Mortality

Operative methods and pathology results were recorded ac-
cording to the 12th edition of the Japanese Classification of Gastric
Carcinoma.'® The following information was included on the case
report form for prospective data collection concerning the four
major groups of operative morbidity: presence or absence of anas-
tomotic leak, pancreatic fistula, abdominal abscess, and pneumo-
nia. Anastomotic leak was diagnosed radiologically either on
routine postoperative contrast swallow or based on clinical suspi-
cion, and was recorded regardless of its clinical significance. Pan-
creatic fistula was usually diagnosed when fluid with a high
amylase concentration drained from the peripancreatic area for
more than 7 days.

Other complications were recorded on a free format. The
duration of surgery, blood loss, blood transfusion requirement
and reoperation details were also recorded. Hospital mortality was
defined as postoperative death of any cause within 30 days, or
death within the same hospitalization.

Sample Size

The projected 5-year survival rates for groups A and B pa-
tients were 50% and 62%, respectively, and we initially planned to
recruit 412 patients (206 each group) to detect this difference with
one-sided « error of .05 and statistical power of 80%. At first, the
recruitment was slow, but it improved as the study progressed.
When the planned recruitment was almost achieved, the JCOG
Clinical Trial Review Committee approved the amendment to
increase the number of patients to 520 (260 each group) to
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Table 2, Patients’ Demographics and Tumor Characteristics

Group B Total
(n = 260}

Group A
(n = 263)
Age, years
Median 60
Range 25-75

61 61
27-75

T-stage (macroscopic)

T2-S8 99
T3 150
T4 14

93 192
159 309
8 22

NOTE. Al data are numbers of patients except where otherwise indicated.
Abbreviation: SS, subserosal invasion.

enforce the statistical power to detect 8% difference in the
5-year survival rates, with a 5.5-year accrual period and an
additional 5-year follow-up.

Institutions and Quality Control of Surgery

The approval of the institutional review board from all par-
ticipating institutions was obtained. Initially, the 12 institutions of
the Gastric Cancer Surgical Study Group of the JCOG participated
in the trial. Twelve institutions were added to increase patient
recruitment before February 1999.

All participating surgeons agreed to the technical details for
surgery during the planning stages of this trial. Significant experi-
ence in gastric cancer surgery, especially experience in extended
lymphadenectomy, was a prerequisite for a surgeon’s participa-
tion in the trial. Surgeons with experience of more than 100 D2
gastrectomies, or institutions with a specialized unit with annual
gastrectomy volume of 80 cases or more were selected.

During the recruitment period, participating surgeons and
Data Centre representatives met three times per year to moni-
tor the study. In each meeting, videos of para-aortic dissection
were presented for critique from four or five institutions, and
the technical details were discussed. To assess compliance with
lymphadenectomy, dissection, node recovery status in all nodal
“stations,” and the number of dissected nodes in the para-
aortic area were recorded in the case report form, and the
results were monitored.

Statistical Methods

The operative morbidity and mortality rates were based on
the proportion of the number of cases divided by all registered
patients based on the intention-to-treat principle. The differences
in proportion between groups were evaluated using Fisher’s
exact test. Differences in length of hospital stay and blood loss
were compared by Wilcoxon test. All P values are two-sided,
and statistical analysis was done using SAS (SAS Institute, Cary,
NC) version 8.12.

211

Recruitment .

Recruitment commenced in July 1995, and closed in
April 2001. A total of 523 patients were enrolled: 263 in
group A and 260 in group B. A large variance was observed
for the number of patients recruited between the institu-
tions. Fifty-three percent of all patients were recruited by
the five major hospitals.

The JCOG site-visit audit reported that written consent
was available for all except nine patients from one institu-
tion. In another institution, an additional six patients had
informed consent submitted by a family member.

Patients and Surgery

Patient demographics and tumor characteristics are
presented in Table 2. The two groups were well balanced, as
there were no significant differences in their baseline data.

The operative details are shown in Table 3. Total gas-
trectomy was performed in 38% of all patients, and the vast
majority of total gastrectomies (186 of 199 cases) were
accompanied by splenectomy. Pancreatectomy was con-
fined to those patients whose pancreas was involved by
tumor, accounting for 11% of all total gastrectomies. In
four cases, proximal subtotal gastrectomy with splenec-
tomy was performed instead of total gastrectomy. Para-
aortic lymphadenectomy required longer operation time
(median, 63 minutes) and resulted in greater blood loss
{median, 230 mL) than the standard D2. Blood transfusion
was required approximately twice as often.

Protocol Violation and Ineligible Cases
There were 10 cases of protocol violation (1.9%). In
one case, the para-aortic nodes were examined by frozen
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Table 3. Operative Details

Group A

Group B

Total

(n = 263)

{n = 260) (N = 523) P

Splenectomy, No. of patients 98
o

Operation time, minutes )
Median 237
Range 127-625

s

lood transfusion
No. of cases 37
% 141

93 19 79
<.001
300 270
163-600 127-625

s en

< .001
78 115
' 30.0 22.0

section before registration. In another case, the surgeon per-
formed para-aortic dissection despite the allocation to group A
because after randomization, he found a positive node behind
the common hepatic artery, believed to be strongly suggestive
of metastasis in the para-aortic area. The postoperative course
of this patient, who was allocated to group A but treated as
group B, was uneventful, and analyzing this patient as either
group A or group B had no effect on the results in this study.
We left this case in group A based on intention-to-treat analy-
sis. In the other eight patients, nodal stations No.13 and/or
No.14v were not dissected in distal third tumors.

In another case, the initial histological diagnosis fol-
lowing endoscopic biopsy was poorly differentiated adeno-
carcinoma but the final histology of the resected stomach
revealed gastric lymphoma. We included this patient in the
morbidity/mortality analysis, but will exclude their data
from the final survival analyses.

Operative Morbidity

The overall operative morbidity rate was 24.5%. The
morbidity for group B patients was higher than group A
(28.1% and 20.9%, respectively), but the difference did not
reach statistical significance (P = .067). The incidence of
the four major surgical complications was not different
between the two groups (Table 4).

There were various other complications reported, and
the incidence was significantly higher in group B than group
A patients. Paralytic ileus causing significant delay of re-
commencement of oral feeding, abdominal and/or left
pleural lymphorrhea requiring prolonged drainage for
more than 1 week, and severe diarrhea, were specific to the
extended para-aortic dissection group (Table 4). Reopera-
tion was needed in 12 patients (2.3%), and there was no
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difference in the reoperation rate between the two groups.
Median hospital stay after surgery was 21 days in group A,
and 24 days in group B (P < .01).

Hospital Mortality

There were four hospital deaths (0.8%)—two in each
group. Each group had one patient who died of postopera-
tive complications, and one died of rapidly progressive can-
cer. All other patients recovered from surgery and were
discharged from hospital.

In this randomized controlled trial, the role of para-aortic
dissection will be evaluated in terms of survival benefit,

Table 4. Operative Morbidity and Hospital Mortality

Group A Group B
{n =263) (n = 260)
No. of No. of
Patients % Patients % P

Reoperation

2m
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operative morbidity/mortality, and quality of life. The re-
sults will provide important information and should guide
decision making regarding the choice of operative methods.
The quality oflife and survival among these patients are still
in the follow-up phase, and the analyses will take place in
2004 and 2006, respectively. This report compares the mor-
bidity and mortality rates of D2 plus para-aortic node dis-
section with standard D2 dissection.

There is a wide variation in operative morbidity and
mortality following gastric cancer surgery among countries
and institutions. The presence of comorbid disease that
affects patient fitness for surgery, surgical experience of the
operator, and the workload volume seem to be important
factors.'”'® The mortality for gastrectomy in Western
countries often exceeds 5% and approaches 16% in some
series.*>! Conversely, Japanese studies have consistently
reported a mortality rate of lower than 2% in retrospective
observations. To date, the present study is the first large-
scale prospective randomized controlled trial in Japan to
compare surgical techniques under strict quality control
and data management. The extremely low hospital death
rate after extended para-aortic lymphadenectomy (0.8%) in
this multi-institutional setting confirms the findings from
previous retrospective reports.

This trial is a striking contrast to the the Dutch? and
British® D1/D2 trials, in which D2 lymphadenectomy was
associated with operative mortality rates of 10% and 13%,
respectively. One important criticism of the European ran-
domized trials was the issue of learning curve, as many
British and Dutch surgeons participating in the trials were
new to the D2 procedure. Surgical experience, specific ana-
tomic knowledge, and careful postoperative managements
by experienced teams are crucial to the success of this type
of surgery. An Italian group appropriately carried out a
phase 2 study of D2 lymphadenectomy in selected institu-
tions*® until an acceptable operative mortality rate was
achieved, before conducting a randomized controlled trial
comparing D1 and D2 gastrectomies.

The D2 gastrectomy procedure is known as “extended
lymphadenectomy” in Western countries, while Japanese sur-
geons employ D2 asa standard technique, and reserve the term
“extended” for para-aortic dissection. Lymphatic drainage
from the stomach flows to the perigastricnodes and then to the
nodes around the celiac axis and its main branches. From here
it enters the para-aortic nodes before joining the systemic
circulation via the thoracic duct. Hence, the para-aortic nodes
may be regarded as the final station of nodes that can be
dissected to remove the threat of systemic metastases originat-
ing from the lymphatic system. Many Japanese surgeons in
specialized centers who performed para-aortic dissection
found microscopic metastases in this region, and believe that
this type of surgery may be potentially worthwhile. However,
the risk associated with para-aortic dissection dictates ad-
vanced operative skills and intensive postoperative care.

21m

Therefore, scientific evidence supporting a survival ben-
efit must be obtained before employing this technique in
routine gastric cancer surgery.

The very low operative morbidity and mortality
achieved in this JCOG trial can be attributed to several
factors: (1) we selected a group of fit patients who could
tolerate para-aortic dissection in the study. (2) Only special-
ist surgeons with an established track record of extended
lymphadenectomy participated in the trial. (3) High-
throughput centers were selected for their operative skills
and standardized postoperative management. (4) Pancrea-
tectomy was avoided whenever possible, while splenectomy
accompanied total gastrectomy in most cases. We report
that there was no significant difference in the overall com-
plications between the two groups; however, the para-aortic
dissection group had significantly higher “other” complica-
tions (on free format) compared with standard D2. Lym-
phorrhea and paralytic ileus were more specific to this
operation. This observation may be biased because of the
surgeon’s awareness of the patient’s randomization arm of
para-aortic dissection.

In the British and Dutch trials, splenectomy with or
without distal pancreatectomy was highlighted as a major
risk factor for operative morbidity and mortality.>* Total
gastrectomy for proximal tumor requires more advanced
surgical skill and is associated with a higher morbidity com-
pared to distal gastrectomy. Proximal gastric tumors are
rapidly increasing in number in the western countries,**
while the incidence remains stable in )'apan,26 and this may
partly explain the superior results obtained in Japanese
studies. However, no difference was observed in the distri-
bution of the primary tumor location between the Dutch*
and the Japanese cohort. The proportion of total to distal
gastrectomy was also very similar. Therefore, variation in
tumor location and type of gastrectomy could not account
for the difference in morbidity/mortality, at least between
these trials. JCOG recently launched a randomized con-
trolled trial to evaluate the role of splenectomy combined
with total gastrectomy in proximal tumors.”’

Gastric cancer, though decreasing in incidence world-
wide, remains a major health problem in many countries.
RO (no residual disease) resection is the only curative mea-
sure; but the more extended the surgery, it is believed the
greater is the risk of operative morbidity and mortality. The
type of gastrectomy and the extent of lymphadenectomy
must be carefully planned for each individual patient with
gastric cancer. The Japanese guidelines clearly define D2
gastrectomy as standard surgery”® based on the excellent
results in Japanese studies, while the British cancer guid-
ance® discourages D2 based on the poor results of their
randomized trial. This contrast should be addressed by
surgeons’ efforts, such as establishment of specialized stan-
dard training systems or production of evidence by high-
quality randomized trials in specialized centers.
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In concliusion, this study has shown that specialized

surgeons could safely perform gastrectomy with D2.

lymphadenectomy in patients with low operative risks.
Extending the surgery to para-aortic lymphadenec-
tomy did not increase the major operative complica-
tions and hospital deaths. However, compared with the
D2 procedure, para-aortic dissection requires a longer
operation time, leads to a larger volume of blood loss,
and longer hospital stay. Until survival benefits are clar-
ified when the data mature sufficiently, para-aortic
lymphadenectomy for gastric cancer should be regarded
as experimental surgery”® and only performed in special-

ized institutions within the context of a well-designed
clinical trial.

Appendix
The appendix is included in the full-text version of this

article, available on-line at www.jco.org. It is not included
in the PDF (via Adobe® Acrobat Reader®) version.
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Abstract

Two staging systems for gastric cancer, International Union
Against Cancer (UICC)/TNM and the Japanese classification,
have been used widely for clinical practice and research. The
two systems started independently in the 1960s, and wnder-
went several revisions and amendments in order to approach
each cther, but have become movre divergent in the latest
editions because of characteristics based on different philoso-
phies. The TNM system adopted a number-based system for
N-staging that provides easy and accurate prognostic stratifi-
cation. Comparative studies have shown that the TNM system
has greater prognostic power than the Japanese classification.
It contains, however, no treatment guidance and should
primarily be used as a gnide to prognosis. In contrast, the
Japanese classification has been designed as a comprehensive
guide to treatment, originmally for surgeons and patholo-
gists, and today for oncologists and endoscopists as well. Its
anatomical-based N-staging was established based on analysis
of lymphadenectomy effectiveness, and naturally provides
direct surgical guidance. Clinicians should understand the
roles of each system and must not mix the systems or terminol-
ogy when they report their study resuits.

TNM -

Key words Stomach neoplasms - Classification -

Japanese classification - Stage

Introduction

Gastric cancer is the world’s second commonest cancer,
superseded only by lung cancer in this undesirable
world ranking. While the incidence of gastric cancer
continues to decline steadily in the West, it is still the
commonest malignancy in Japan. However, the chance
of cure from the disease remains highest in Japan,
where there has been a steady improvement in survival
rate over the past three decades. Much of this is due to
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increased diagnosis of early gastric cancer, which ac-
counts for half of all cases, as well as more radical inter-
vention for advanced disease. By contrast, the majority
of the cases in the West present late with advanced
disease, and there has not been a significant improve-
ment in the overall survival, despite improvements in
surgical technique.

Narrowing the gap between Western and Japanese
outcomes will probably require changes at many levels.
However, attempts to compare gastric cancer outcomes
have been hampered by differences in both the philoso-
phy and practicality of staging the disease in Japan and
the West [1].

The two main staging systems for gastric cancer are
the TNM staging system of the International Union
Against Cancer (UICC), and the Japanese Classifica-
tion of Gastric Carcinoma by the Japanese Gastric Can-
cer Association (JGCA). Similarities between these two
staging systems exist; namely, that staging is dependent
on the extent of the primary tumor, the extent of lymph
node involvement, and the presence or absence of dis-
tant metastasis. However, there still remain funda-
mental differences between the two staging systems.
The most recognizable difference lies with the classifi-
cation of regional lymph node spread. The UICC/TNM
staging system divides N stage on the basis of the
number of metastatic lymph nodes, while the Japanese
classification stresses the location of involved nodes.

Staging has a variety of functions, which should be
reflected in the staging systems used. In addition to
providing an indication of prognosis, staging should ide-
ally be able to provide a framework for treatment deci-
sions, and should allow for evaluation of treatment with
meaningful comparisons between different treatments
or the same t{reatment modalities by different groups.

The purpose of this review is to outline the philoso-
phy, background, and major features of the current
staging systems and to assess their suitability to serve
the above functions.
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Two main classifications

The current main classification systems for gastric
cancer are the sixth edition of the UICC/TNM
classification (2002) 2] and the thirteenth edition of the
Japanese classification of gastric carcinoma (second
English edition [3] (1998), downloadable from http:/
www.jgca.jp/PDFfiles/JCGC-2E.PDF), herein referred
to as the JGCA classification. Other systems have been
proposed, which will be discussed briefly later in the
text.

UICC/TNM classification

In 1954, the UICC appointed a Committee on Tumor
Nomenclature and Statistics, which subsequently
agreed on a technique for classification of cancer ac-
cording to the anatomical extent of the disease. Gastric
cancer was first' included in the TNM staging system in
1966. There have been relatively few revisions to the
UICC classification, which is now still only in its sixth
edition. .

The UICC/TNM system was originally a purely clini-
cal classification, so that a disease. stage could be de-
cided before any treatment. In gastric cancer, however,
surgical findings were indispensable for classification,
because the principal prognostic factors were diagnosed
only after surgical exploration. The American Joint
Committee on Cancer Staging and End Results Report-
ing (AJCC) was organized in 1959 to develop a staging
system acceptable to the American medical profession,
basically using the UICC/TNM format. In 1970, the
AJCC published a TNM-based staging system, using
clinical, surgical, and histological information [4]. The
background database was from 1241 patients with gas-
tric cancer, which had been analyzed by a task force
from seven American institutions. The system used pen-
etration of stomach wall (T), proximity to the primary
cancer of metastatic perigastric lymph nodes (N), and
presence or absence of distant metastases (M), in-
cluding nodes not in the perigastric area, as these
criteria had the greatest impact on outcome in the
above cohort.

The third edition of the UICC/TNM in 1978 con-
tained a unified classification with the AJCC. The T
stage was defined by stomach-wall invasion, but the
“clinical T” and “pathological T” had different defini-
tions. The N stage was defined by anatomic location of
nodes from NO to N3. N1 nodes were defined as meta-
static perigastric nodes within 3cm of the primary, and
N2 nodes were nodes beyond 3 cm from the primary, or
along the celiac, splenic, left gastric, or hepatic arteries.
N3 nodes were paraaortic and hepatoduodenal nodes.
In the fourth of the TNM classification edition (1987), T
stage was unified to the style of the current edition, and
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Table 1. TNM classification, 4th edition; 1987

MO

M1

N1, perigastric nodes within 3 cm of the primary tumor; N2, nodes
beyond 3 cm from the primary, or along the celiac, splenic, left gastric
or hepatic arteries

Table 2, TNM classification, 5th edition; 1997

M1

M1

N1, 1-6 involved nodes; N2, 7-15 involved nodes; N3, >15 nodes

the N3 category was dropped and reclassified as M1
(Table 1).

The fifth edition (1997) of the TNM classification
contains several amendments from the previous edition.
The greatest change was that, whereas previously N
status was determined by the anatomical site of in-
volved lymph nodes, in the new classification, N stage is
determined by the number of metastatic lymph nodes
from a minimum yield of 15 lymph nodes in total (N1,
1-6 involved nodes; N2, 7-15 involved nodes; and N3,
>15 nodes; Table 2). This had been explored as an
option for some time and a proposal to add the number
of involved lymph nodes to the anatomical-based N
stage was published by the UICC in 1993 [5]. The idea
of adopting a number-based N-staging for gastric cancer
had also been proposed by some Japanese surgeons
[6,7]. Data from a German multicenter gastric cancer
study showed the effectiveness of the new proposal in
providing better prognostic stratification than previous
systems [8].



