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Focus on gastric cancer
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ICarcinogenesis Division, National Cancer Center Research Institute

Department of Surgery
Nationhal Cancer Center Central Hospital, Tokyo, Japan 104-0045
*Correspondence: msasako@gan2.ncc.go.jp

Epidemiology and incidence statistics

Gastric cancer is the second most common cancer in the world
(Ferlay et al., 2001}. it is unique in that its time trend and geo-
graphical distribution are very informative in estimating its risk
factors. In the US, the crude mortality rate in Caucasian males
was 33/100,000 in the early 20" century, and this declined to
5/100,000 in the late 20" century. The declining trend is world-
wide, and the decline began earlier in developed counries.
However, even among them, mortality is still high in Korea
(43/100,000), Russia (35/100,000), Japan (31/100,000), and
Portugal (22/100,000). The age-adjusted incidence reaches as
high as 70/100,000 in Korean and Japanese males. The male to
female ratio is consistently two to one in many geographical
regions.

The decline took place following the popularization of refrig-
erators, which resulted in a decreased intake of salt and an
increased intake of fruit and vegetables (Palli, 2000; Potter et
- al., 1997). The preventive effects of fruit and vegetables are
consistently confirmed by many epidemiological studies. Most
. epidemiological studies have shown the promofing effect of salt
and the preventive effect of vitamin C. The effects of salt were
also shown by animal experiments. Some epidemiological stud-
ies suggest that consumption of grilled meatfiish increases the
risk, and that the consumption of carotenoids and green tea
reduce the risk. Epidemiological data linking A-nitrosamines fo
gastric cancers have so far been inconclusive, although their
carcinogenicity at high doses is proven.

Infection by Helicobacter pylori is prevalent in areas with
high incidences of gastric cancers, and increases the risk of
gastric cancer. However, in some Asian countries, such as India
and Thailand, incidences of gastric cancers are not high in spite
of the high H. pyloriinfection rates, a phenomenon known as the
“Asian Enigma” {(Miwa et al., 2002). Possible explanations for
this include host genetic factors, different virulence among
strains of H. pylori, and dietary factors. Polymorphisms of proin-
flammatory cytokine genes have been shown to associate with
risk of H. pylori-related gastric cancers (El-Omar et al., 2000).

Animal models

A rat model for gastric cancers induced by a chemical carcino-
gen, N-methyl-N=-nitro-N-nitrosoguanidine, has been widely
used for a variety of purposes, such as evaluation of various
promoting and preventing factors and clarification of genes
involved in genetic susceptibility (Yamashita et al., 2002). A
model in which H. pylori could infect an animal was established
using Mongolian gerbils, which contributed to clarification of the
strong promoting effect of H. pylori (Shimizu et al., 1999).

In addition, there have been more than 10 lines of genetical-
|y modified mice that show hyperplasia of the gastric epithelium
and/or intestinal metaplasia (Gut et al., 2002). These mouse
- models were created by targsting genes involved in ion trans-

port, signal transduction, transcriptional regulation, and cell
adhesion. Dévelopment of gastric cancers was observed in
mice lacking the pS2 trefoil protein, those lacking Smad4/Dpc4,
those lacking the SHP2 binding site on the II-6 family corepres-
sor gp130, and those lacking ARUNX3 (Judd et al., 2004;
Lefebvre et al., 1996; Xu et al., 2000; Li et al., 2002).

Disease mechanism and molecular targets

Histological classification and gastriclintestinal
phenolypes .
Histological classification of gastric cancers is different between
Japan and Western countries. Generally, “differentiated” and
“undifferentiated” types in Japanese classification correspond
to “intestinal” and “diffuse” types, respectively, in the Western
classification established by -Lauren. It has been considered
that intestinal-type gastric cancers are associated with intesti--
nal metaplasia, whereas diffuse-type gastric cancers are origi-
nated from gastric mucosa proper. Recent analysis of gastric
and intestinal phenotypes in early gastric cancers has shown
that cancer cells with gastric phenotypes were present in both
intestinal and diffuse fypes of gastric cancer. Furthermore, phe-
notypic expression in gastric cancer cells was shown to be inde-
pendent of phenotypic changes in the surrounding gastric
mucosa (Tatematsu et al., 2003).

Gastric cancer predisposition

Germiine mutations of E-cadherin were first found in a large
family from New Zealand in which diffuse-type gastric cancers
took place at an early age (Guilford et al., 1998). Although E-
cadherin germiine mutations are very rare, the finding provided
to be useful information for clinicians to manage high-risk
patients, Gastric cancers, mainiy of the intestinal type, can be
associated with hereditary nonpolyposis colorectal cancer
(HNPCC) syndrome, most cases of which are caused by
germline mutations of mismatch repair genes AMLH1 or
hMSH2Z, and are more prominently manifested in older genera-
tions of HNPCC patients. Patients with familial adenomatous
polyposis, which is caused by germline mutations of APC, and
Peutz-deghers syndrome also have increased risk for gastric
cancer (Oberhuber and Stolte, 2000}.

Molecular alterations in gastric cancer

~ Many genes have been analyzed in attempts to understand the

molecular bases for human gastric cancers, but only a few with
frequent alterations have been identified {Table 1). Oncogenic
activations of p-catenin (17%—-27% in intestinal type) and K-ras
{0%—18% in both histological types) have been found in human
gastric cancers (Lee et al., 2002; Park et al., 1999). ln addition,
amplifications of the c-erbB2 and the ¢-met genes have each
been found in approximately 10% of both histological types.

As for tumor-suppressor genes, p53 mutations are repeat-
edly reported in gastric cancers of the diffuse type (0%-21%)
and intestinal type (36%—43%) (Maesawa et al., 1995).
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Table 1. Histology and genetic alterations of gastric cancers
Diffuse type (%)

Intestinal type{%}

COncogene activation
B-cafenin 0 1727
K+as 06 0-18
c-erbB2 12-13 12-13
Inactivation of tumer suppressor genes
P53 0-21 3643
APC 0-5 0
E-cadherin
Mutation 33-50 0
Methylation 79 55
plé
Mutation 0 g
Meithylation 11* 50*
Microsatellite instability 5-32 23-41

*Incidences are overestimated due to analysis of CpG islands in exons.

Mutations of the APC tumor suppressor gene are found fre-
quently in gastric adenomas, but only rarely in gastric cancers;
this is clearly different from the similar frequencies of APC
mutations in colorectal adenomas and carcinomas {(Lee et al.,
2002; Maesawa et al., 1995). Somatic mutations of E-cadherin
are observed specifically in sporadic diffuse-type gastric can-
cers (33%-50%) (Becker et al., 1994). RUNX3 was recently
shown to be a tumor-suppressor gene of gastric cancers,
‘although its mutations were rare (Li et al., 2002).

Microsatellite instability (MSI) is observed in 5%—10% of dif-
fuse-type gastric cancers and in 15%—40% of intestinal-type
gastric cancers. The major mechanism for the MSI in gastric
cancer is inactivation of the mismatch repair gene AMLHT
resulting from hypermethylation of its promoter (Fang et al,,
2003). Similarly, mutation of the p76 gene is infrequent, but
hypermethylation of p76is common (25%-42% overall) in gas-
tric cancer, with the intestinal type having higher incidence
(Ding et al., 2003; Oue &t al., 2002).

Factors that induce molecular alterations

Although hMLHT and p16 can be inactivated in gastric cancers
by mutations or by promoter hypermethylation, inactivation by
methytation is much more frequent than mutation in sporadic
gastric cancers. The second hit in E-cadherin germline mutation
carriers is also generally due to methylation (Machado et al.,
2001). A genome-wide scan for aberrant methylations revealed
silencing of nine genes in gastric cancers (Kaneda et al., 2002).
Even in noncancerous gastric mucosae (Waki et al., 2002),
aberrant methylation can be present. These findings suggest
that aberrant methylation is deeply involved in gastric carcino-
genesis, and aberrant methylation seems to be useful as a new
target for diagnostics and preventicn of gastric cancers.

The presence of Epstein-Barr virus (EBV) is observed in
7%—20% of gastric cancers, being slightly more frequent in dif-
fuse-type gastric cancers. EBV is clonal in cancer tissue, and is
maintained as a ptasmid. EBV has been shown to extend cell
generations of gastric epithelial cells in in vitro cell culture, but it
cannot immortalize them (Takada, 2000). Recently, EBV-associ-
ated gastric cancers were shown to be more frequently
associated with promoter methylation of p16 (Kang et al., 2002),

There has been discussion about whether intestinal meta-
plasia (IM) is a precancercus lesion for gastric cancers.
Although gastric cancers are frequently accompanied by IM, no
molecular alterations that cause both IM and gastric cancers

have been identified. it is thus more likely that factors that
induce molecular alterations for IM, such as H. pylori infection
{Uemura et al., 2001), also induce molecular alterations for gas-
tric cancers.

Diagnosis of gastric cancers

Most patients with gastric cancer are diagnosed when they
undergo endoscopy and biopsy after exhibiting symptoms. In
Japan, about 25% of patients are diagnosed by mass screening
or a personal health check (Japanese National Gastric Cancer
Registry). In high-risk areas of this disease, the most important
issue is the education of general practitioners and the public to
make them aware of the risk of this cancer. Early diagnosis
used to be made by a barium meal study, especially in mass
screening in Japan (Oshima, 1997). Endoscopy is being used
more and more for secondary prevention in combination with a
serum test of pepsinogen subtypes. However, there is a con-
sensus that the efficacy of mass screening itself should be
reevaluated (Tsubono and Hisamichi, 2000).

At an early phase of development, a well-differentiated car-
cinoma {(WDC) replaces the mucosa of atrophic gastritis or [M
without showing any invasion. As tumors progress, they start to
invade the lamina propria mucosae or the muscularis mucosae,
then the submucosal layer. As these invasive parts are often
missed by biopsy, the lesions are often diagnosed as dysplasia.
Thus, many lesions initially diagnosed as severe dysplasia
turned out to be an invasive cancer, sometimes invading even
the muscularis propria, after histological evaluation of resected
materiais (Fertitta et al., 1993).

Diagnostic criteria for early gastric cancers and
endoscopic mucosal resection

Diagnostic ctiteria of WDC differs to some extent between the
West and the East (Schlemper et al., 1997). In Western coun-
tries, the diagnosis of adenocarcinoma is made only when
pathologists can recognize the evidence of invasion, while the
term cancer is used in the East when cellular or structural atyp-
ia is evident, even without evidence of invasion. WHO classifica-
tion now clearly states that the lesions called severe
dysplasia/adenoma in the West are the same as noninvasive
mucosal carcinoma in the East, and this is a result of patholo-
gists’ mutual communication and cooperation (Fenoglio-Preiser
et al., 1997). The Western policy runs the risk of overlooking
true cancers, but the Eastern policy may induce overtreatment.
However, as the result of the development of the technique of
endoscopic mucosal resection (EMR), the majority of such
lesions are now treated endoscopically in Japan (Ono et al.,
2001). Thus, paradoxically, “severe dysplasia”is often treated by
surgery in the West, and “noninvasive mucosal carcinoma” is
treated by EMR. This treatment can be applied exclusively to
mucosal cancer, for which endoscopic ultrasound (EUS) is
sometimes helpful, Because the histology of the entire speci-
men resected using EMR can be examined in detail, additional
surgery can be applied without much delay if a patient’s tumor is
found to have submucosal invasion. Because of these potential
advantages, distribution of the EMR technique to the West is
urgently needed.

Metastases and their diagnosis

Gastric cancer remains a localized disease for a long time and
metastasizes slowly. Table 2 shows the incidence of metastasis
to lymph nodes, the fiver, and the peritoneum according to
tumor depth. Metastasis to sites other than these three sites is
rare. Systemic metastasis seldom occurs until the late phase of
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Table 2. Incidence of metastasis and five-yecr survival rates by tumor size and depth

Incidence (%)

Depth Number of cases LN metastasis Liver metastasis Peritonedl metastasis Five-year survival rate (%)
pTi M 1063 33 0.0 0.0 93.3

SM 881 17.4 0.1 0.0 88.9
pT2 WMP 436 45.4 1.1 0.5 81.3

3S 325 43.7 3.4 22 458
P13 SE 1232 789 6.3 17.8 355
pT4 M| 724 89.8 15.5 41.6 10.1
Qverall 4683 47.8 4.5 1.5 60.3

Patients operated on between 1972-1991 at National Cancer Center Hospital, including exploratery laparotomy. pT1: pathologically confirmed tumor inva-
sien of muceosa and/or muscularis mucosa (M) or submucosa [SM). pT2: pathologically confirmed tumor invasion of muscularis propria (MP) or subserosa

[$S}. pT3: pathologically confirmed tumor penetration of serosa (SE). pT4: pathologically confirmed tumor invasion of adjacent structures (S1).

local invasion (T3/4). By deeper invasion, nodal metastasis
occurs more massively and to more distant areas. Nearly 20%
of T2 tumors have metastasis at the second tier nodes.
Systemic and local recurrences of T1/T2 lesions are rare when
treated by proper lymph node dissection, while local recurrence
is frequent after limited surgery (Sasake, 2003).
Conventional CT scanning is useful in detecting enlarged
nodes, which are often irresectable. However, 25% of metastatic
nodes are 5 mm or less and undetectable by any imaging diag-
nostic tool, including MRI, PET scan, or EUS {Noda et al., 1998),

“Treatment of gastric cancers and its recent advances
Tumars without distant metastasis are potentially curable, and
-treatment comprises resection of the primary tumor and control
of lymph node metastasis. For differentiated-type T1 mucosal
cancers, EMR is often successful, as metastasis does not gen-
erally occur (Gotoda et al., 2000). The Japanese Gastric Cancer
Treatment Guideline indicates the criteria for EMR as follows:
mucosal cancer of intestinal type, no ulcer nor ulcer scar in the
lesion, and size smaller than 21 mm (Nakajima, 2002). For more
advanced lesions, gastrectomy of over 2/3 of the stomach with
proper lymph node dissection is regarded as standard treat-
ment even in the West (Sasako, 2003; Allum et al., 2002; NCCN
Guideline [htip:/Awww.ncen.com/physician_gls/f_guidelines.htmlj),
in spite of the negative results of two large randomized trials
(Bonenkamp et al., 1999; Cuschieri et al., 1999).

Tumors with distant metastasis are mostly incurable at pre-
sent, with the rare exceptions of those with solitary liver metas-
tasis or peritoneal nodules. For these advanced or recurrent
tumors, chemotherapy shows a modest effect, and cure by
medical treatment is rare, even in combination with radiothera-
py. Combination chemotherapy using 5-fluorcuracil with other
agents remains the most popular regimen.
Chemoradiotherapy and D2 surgery
Recently, chemoradiotherapy (CRT) after a potentially curative
operation was shown to improve the results of surgery without
lymph node dissection (MacDonald et al., 2001). As adjuvant
chemotherapy has not proven its sfficacy over surgery alone,
these results strongly suggest the efficacy of radiotherapy to
achieve good local control. However, the results achieved by lim-
lted surgery followed by CRT are still worse than those of

. extended surgery, so-called D2 nodal dissection. Currently,
questions regarding whether CRT In combination with limited
surgery can replace D2 surgery and whether CRT can imprave

" the results of D2 surgery alone remain to be answered. The for-

mer should be evaluated in the Western specialized centers,
where D2 surgery can be carried out safely with sufficient quality.
If this proves the efficacy of CRT, both questions should be
investigated in Japan. Meta-analysis evaluating the effect of
adjuvant chemotherapy without irradiation after curative surgery
for gastric cancer suggested strongly the efiect of the treatment.
As none of the large sized trials has proven the effect of adjuvant
chemotherapy, it is urgent to establish standard adjuvant treat-
ment. At the moment, a large randomized trial is going on using
TS-1, which showed the highest response rate as a single agent
in the past. In Western countries, necadjuvant chemotherapy for
advanced gastric cancer is now being tested in a few large
phase lll trials. Necadjuvant CRT is just now under investigation
as a phase Il trial in some American institutions.

New chemotherapeutic agent

Some new chemotherapeutic agents, such as Irrinotecan, TS-1,
and Docetaxel, show promise as being more effective than con-
ventional drugs. A combination chemotherapy including TS-1 has
shown a response rate of over 70% (Koizumi et al., 2003). Further
studies may change the chemotherapy for gastric cancer.

Future challenges

Severe dysplasia/noninvasive mucosal carcinoma could con-
tain different entities that have different abilities to invade the
lamina propria mucosae. However, key molecular alterations
that determine this progression are unknown. The presence of
lymph node or distant metastasis s a very important factor in
deciding a treatment strategy, but accurate diagnosis is still dif-
ficuit. Clarification of molecular alterations that are closely
linked with these characteristics will be beneficial to decide on a
treatment strategy for individual cases. Popular use of EMR
raises a new question, whether or not a secondary cancer will
arise from the remnant stomach, and prediction of risk for devel-
oping gastric cancer is becoming more important. Recent
genomic approaches demonstrate great potential for address-
ing these issues (Hasegawa et al., 2002). The more important
and appropriate questions we ask, the more useful these new
approaches will be.
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Abstract In the evolution of solid cancer, there are four
steps: noninvasive tumer, local invasive cancer without me-
tastasis, local invasive cancer with lymph node metastasis,
and eventually systemic disease. For the first three phases,
local treatment, including lymph node dissection, may cure
the disease. The choice of local treatment depends on the
tumor characteristics, but surgery remains important in
many of these cancers. Gastric cancer is one of the typical
tumors which remain locally invasive, with or without nodal
metastasis, but without systemic metastasis for a rather long
period. Metastasis to lymph nodes occurs, frequently even
in T1 tumors, but seldom to other sites until the late stage.
Thus, the target of local control is the regional lymph nodes.
The Intergroup study IT-0116 proved the effect of
chemoradiotherapy. (CRT) for curable gastric cancer, and
thus proved the insufficiency of limited surgery (D0/1). The
conventicnal method of local control for gastric cancer is
surgery, including regional lymph node dissection (D2).
However, the superiority of D2 has not been proven by
randomized controlled trials (RCTs). But all RCTs so far
have a crucial problem in the quality of treatment given in
the D2 arm. D2 is not a dangerous procedure if done by
specialists in large-volume hospitals. D0/1 plus CRT is bet-
ter than D0/1 alone, but it may be worse than D2 alone. The
survival benefit of CRT after D2 is an open question. Estab-
lishing standard adjuvant chemotherapy after D2 is a more
urgent clinical issue, and there is no reason to abandon D2
gastrectomy for curable gastric cancer in Japan.
Key words Role of surgery - Gastric cancer - Chemo-
radiotherapy - Local control
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The role of surgery in multidisciplinary treatment for
cancer

‘We believe that solid cancers evolve as follows: lesions
without invasion, then locally invasive cancer, which will
soon metastasize to regional lymph nodes and then to other
organs as systemic disease. The initial lesion of cancer is
sometimes noninvasive, and is therefore called dysplasia, in
spite of cellular or structural atypia, in the West. There are
many arguments about dysplasia and early noninvasive
cancer between the West and Japan, including, recently,
Iung cancer. Due to the development of helical computed
tomography (CT), very early cancers, i.e., possible nonin-
vasive cancers, are now being diagnosed in many countries,
including the United States and Japan. For a long time, in
Japan, we have diagnosed these lesions (which are called
dysplasia in the West) in the stomach or in the colon, as
cancer. It is well known that many of these dysplastic lesions
will invade in a rather short time, at which time they are
locally invasive cancers (at this point, a diagnosis of cancer
is made in the West). The lesions then start to show me-
tastasis to the regional lymph nodes, and then finally, be-
come systemic disease, with metastases in many distant
organs. For noninvasive cancer or dysplasia, just observa-
tion or limited resection, such as endoscopic mucosal resec-
tion (EMR), is the best way to manage them. For locally
invasive cancer, just a wide excision could be sufficient.
However, as it is impossibie to discriminate exactly between
locally invasive lesions with and without regional lymph
node metastasis, these lesions are often treated by a wide
excision plus lymph node dissection. Recently, sentinel-
node biopsy has been used to discriminate those lesions
with or without nodal metastasis and to minimize the level
of aggressive surgery for these tumors. If the tumor be-
comes systemic disease, local control plus systemic treat-
ment is mandatory if we aim to cure the disease. As the
weapon for local treatment, surgery is most frequently used,
but radiation can also be used, depending on the tumor
characteristics. Different cancers have different patterns of
tumor development or evelution. For example, small-cell



lung cancer has a very short span of limited disease, and
most of the lesions of this cancer are already local regional
disease plus systemic metastasis when diagnosed. At the
opposite extreme is gastric cancer. In Japan, more than half
of newly diagnosed lesions are T1, early gastric cancers.
Advanced lesions of gastric cancer still have only local
invasion and regional lymph node metastasis, which can
often be cured by surgery alone. Squamous cell cancer of
the esophagus would be situated between these two
extremes.

Focus on gastric cancer

Table 1 shows the pattern and incidence of metastasis from
gastric cancer, according to the tumor depth.’ Lymph nodes,
liver, and peritoneum are the three frequently involved
sites. Other sites in the body, such as lung, bone, brain or
skin, may have metastasis from gastric cancer, but only at
the end of the disease development, at the terminal stage in
these patients.

Table 1. Biological behavior of gastric cancer: incidence of metasta-
sis and 5-year survival

Depth n LN Liver  Peritoneumm  5-Year survival
pT1

M 1063 33 0.0 0.0 93.3

SM 881 174 0.1 0.0 889
pT2

MP 436 464 1.1 0.5 813

88 25 637 34 2.2 65.8
pT3

SE 1232 78.9 6.3 17.8 35.5
pT4

SI 724 89.8 15.5 41.6 10.1
Overall 4683 478 4.5 115 60.3

Patients operated on between 1972 and 1991, at the National Cancer
Center Hospital (NCCH), including those with -exploratory
laparotomy: there were 22 non-resected patients, in whom T was
unknown

Table 2. Primary site of recurrence after =D2
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As shown in Table 1, metastasis occurs almost exclu-
sively to lymph nodes until the primary tumor becomes T3.
Liver metastasis occurs in just 6% of the patients with T3
tumot, and in 15.5% of those with T4 tumor. Peritoneal
metastasis occurs only after the tumor has reached the se-
1083, becoming a T3 tumor; the incidence remains at less
than 20% in T3 tumors. On the other hand, the incidence of
lymph node metastasis is rather high, even in the early stage
of disease evolution. Even T1 submucosal invasive tumors
have nodal metastasis in nearly 20% of cases. If the tumor
becomes T2, over 50% of patients have regional Iymph
node metastasis. If these nodal metastases were to be left
behind after surgery, they would metastasize and eventually
become systemic disease.

So, if the patients are treated by D2 or more extensive
surgery, which is the standard treatment in Japan, local
regional recurrence is not common, as shown in Table 2.!
This means that D2 dissection can provide rather good local
control. By far the commonest site of recurrence is the
peritoneum, and systemic and hematogenous metastases
are rare {(just 7% of all treated patients). Therefore, in
patients with gastric cancer, local control can lead to a fairly
high success rate for cure. Only 28% of patients developed
recurrence; thus, over 70% of patients survived without
recurrence, If these tumors are treated by very limited sur-
gery, local regional recurrence could be a big problem.

Dr. Gunderson® reported the pattern of failure after lim-
ited surgery with curative intent at his institute. Fifty-four
percent of recurrences occurred only in the gastric bed, and
recurrences reached nearly 90% if all those with local re-
gional failure were included regardless of other type of
recurrence. This shows the importance of local control for
gastric cancer.

In gastric cancer, the Ilymph nodes are the most impor-
tant metastatic site. Table 3 shows the topographical pN
stage according to the tumor depth.' The deeper the tumor,
the more frequently lymph nodes are metastatic and the
more frequently distant regional nodes become metastatic.
If the tumor becomes T3, three-fourths of patients have
nodal metastasis. If the tumor remains as T1 or T2, we do
not see distant regional lymph node metastasis very often.

Depth n Recurrence LN + RF Peritoneum Hematogenous (%)
pT1

M 1063 2 0 ] 2(0.2)

SM 881 18 6 3 9 (1.0
pT2

MP 436 45 10 g 26 (5.9)

Ss 325 74 15 23 31 (9.5)
pT3

SE 1232 625 146 330 149 (12.1)
pT4

SI 724 562 173 283 106 (14.6)
Overall 4683 1326 (28.3%) 330 (7.0%) 635 (13.6%) 323 (6.9%)

Patients operated on between 1972 and 1991, at the NCCH, including those with exploratory

laparotomy
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A large proportion of patients have N2 disease; even in T2
tumor, over 2(% of patients have N2 disease, and in the T3
tumors, over 40% of patients have N2 disease. This means
that main target of local control in gastric cancer is lymph
node metastasis. There are several grounds for saying that
good local control is essential to cure this cancer. First,
Professor Siewert reported that RO resection is by far the
most important prognostic factor after curative operation.’®
Second, the results of the Intergroup study (IT-0116)
showed that adding irradiation to adjuvant chemotherapy
could improve the results of limited surgery alone, which
could not be achieved by adjuvant chemotherapy alone.*
Good local control by radiation, together with chemo-
therapy, could improve the resuits of treatment remarkably.
The researchers of the Intergroup study also carefully ana-
lyzed the prognostic factors in the patients treated in that
trial, and found that surgical under-treatment was an inde-
pendent prognostic factor. This theory can be applied to
some other solid cancers as weil.

The preferred method of local control depends on the
efficacy of treatment other than surgery. If we see a non-
Hodgkin’s lymphoma in the stomach, we do not operate on

Table 3. Lymph node metastasis according to the depth of tumor in-
vasion

Depth  No.  pN+ (%) pNO pN1  pN2(%) pN3 pN4
T1

M 619 14 (2) 605 9 5008 0 0

SM 499 89 (18) 410 60 29(58 0 0
T2

MP 276 126(46) 150 74  47(17) 5 0

8§ 207 130 (63) 77 65  57(28) 3 5
T3

SE 646 484 (75) 162 171 266 (41) 28 19
T4

S 152 121 (80) 31 31 65(43) 12 13
Total 2399 964 (40) 1435 410 469 (20) 48 37

In gastric cancer, the main target of local control is lymph node metas-
tasis

Table 4. Comparison of the results of IT-0116 and JCOG 9501

the patients now, and chemotherapy alone can often control
both the primary site and the metastasis. Of course, chemo-
radiotherapy does work, too. Regarding squamous cell car-
cinoma of the esophagus, chemoradiotherapy can often
control the primary tumor and the nodal metastasis, al-
though the local recurrence rate is as high as 20%-30%
after chemoradiotherapy. For gastric cancer, even chemo-
radiotherapy can seldom control an advanced primary
tumeor, but it may well control nodal disease. Based on the
results of the IT-0116 study, if gastric-cancer is treated by
ltmited surgery plus chemoradiation (CRT), the primary
lesion is controlled by the surgery, and micrometastases in
lymph nodes are controlled by the chemoradiation. If gas-
tric cancer is treated by D2 surgery, both the primary and
these metastases are controlled by surgery.

Table 4 shows a comparison of two studies, the IT-0116
study, and the Japan Clinical Oncology Group (JCOG)
9501 study.” The JCOG 9501 study is a trial organized by the
Gastric Surgery Division of JCOG to evaluate the role of
paraaortic lymph node dissection, which is quite extensive
surgery. There are remarkable differences between these
two trials: in the IT-0116, surgery was rather limited (DO,
very limited resection) in 54% of patients, and D1 surgery
was done in 36%, while so-called Japanese-type surgery was
done in only 10%. But in the JCOG 9501 study, half of the
patients underwent D2 dissection, the standard surgery in
Japan. The other half underwent much more extensive
surgery (D3 dissection). Regarding adjuvant treatment,
those allocated to the test arm in the IT-0116 study under-
went 45-Gray radiotherapy together with chemotherapy (5-
fluorouracil {3-FU] and leucovorin). In the JCOG 9501 trial,
none of the patients underwent adjuvant treatment until
they developed recurrence. There was no difference in tu-
mor locations between these two trials, although research-
ers in the United States always say that they have more
proximal tumors than antral tumors. Unlike the pattern of
tumor location in the general population, a much larger
proportion of patients in this American trial had antral
tumors, while more tumors of the body were seen in the
Japanese trial. Tumor depth is shown in Table 4: 14 T1, 74
T2, 175 T3, and 18 T4 in the IT-0116 study; and 23 T1, 257

JCOG 9301

IT-0116
Surgery DO/D1/D2-54% :36% :10%
Adjuvant Radiation 45 Gy
Chemotherapy 5-FU + LV
No of patients 281 (Test arm)

Tumor location Antrum, 53%; corpus, 24%;

cardia, 21%; multiple, 2%

pT stage (1:2:3:4) 14:74:175:18
Treatment-related deaths 3(1.1%) + Postop.
Survival 3-Year: 50%

S-Year: 42%

D2/D3-50% :50%
None

523
Lower third, 41%; middle third 39%; upper third, 19%

23:257:230:13
4 (0.8%)
5-Year: 71.4 (66.5%~76.3%)
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Table 5. Estimated 5-year survival of the IT-0116 patients if they would have undergone D2-3

surgery
IT-0116 NCCH* Caleulated survival  CIH® Calculated survival
patients 5-Year survival  proportion S-Year survival  proportion
T1, 14 922 12.9 96.6 135
T2, 74 775 5.4 80.6 59.6
T3, 175 47.1 824 402 70.4
T4, 18 29.9 54 174 31
42% 56.3% 52.2%
*Results of National Cancer Center Hospital®
®*Results of Cancer Institute Hospital’
Fig. 1. D1 vs D2 for males and 1.0
females. High postoperative mor-
tality did not confound compari-
son in female patients
.5
—~ D2 - female
E‘e 6« 3
©
2 —
£ Dz - rmale
3
@ 4
D1 - female
2
P=0.04 in female 51 - rrale
0.0 _ - _ -
(o] 2 4 6 8 10 12

Years since surgery

T2, 230 T3, and 13 T4 in the JCOG 9501. As to the
treatment-related death rate (TRD), 1.1% was reported in
IT-G116, and 0.8% in JCOG 9501. However, if the total
population that could be candidates in this trial is consid-
ered, the TRD should be higher in IT-0116, because some
postoperative deaths that occurred before enrolment in this
trial were not counted. The survival results of IT-0116 are
50% at 3 years and 42% at 5 years, while the overall survival
rate at 5 years is 71.4% in the JCOG 9501 study, although
the observation time is not sufficient. As there is a non-
inegligible difference of T-stage distribution between the
two trials, this survival comparison is not fair. It is possible,
however, to calculate the survival proportion by applying
the survival rates of Japanese institutes by pT stage. The
hypothetically estimated survival rates are then over 52%,
which is about 10% better than the actual survival rate of
the patients in the IT-0116 study (Table 5).

The results of the IT-0116 trial are interpreted as follows:
(1} DO/1 surgery is proven to be inadequate treatment in,
terms of local control, (2) the results achieved are worse
than the standard level of those treated by D2 surgery, (3)
surgical under-treatment clearly undermined survival, (4)
whether DO/1 + CRT can be as good as D2 alone should be
tested by a RCT, (5) whether CRT after D2 can improve

the results of this type of surgery alone is another question.
At the same time, another question arose. Why was D2 not
better than D1 in the western RCTs?

In fact, the Dutch and Medical Research Council (MRC)
trials did not prove the effect of D2 dissection.*” However,
the quality of D2 dissection in these trials was questionable,
with quite high postoperative mortality with extremely
small hospital volume. The TRD rate of D2 was as high as
10% and the quality of postoperative care to avoid opera-
tive deaths was very poor, due to the small hospital volume.
Not only in these trials but also in several other RCTs in
surgery, a high TRD rate offsets the long-term. effect of
treatment. In the two trials on squamous cell carcinoma of
the esophagus reported at the 39" annual meeting of the
American Society of Clinical Oncology {(ASCO), i.e., the
German® and French" trials, a benefit of surgery after CRT
was not seen in long-term survival, with a remarkable differ-
ence of the TRD rates between CRT alone versus CRT plus
surgery. Based on the experience in these RCTs, we may
say that proper D2 dissection is technically demanding sur-
gery, requiring experience and specific postoperative care,
and it should be carried out at specialist centers in the west.

In the Dutch trial, D2 started with a handicap of about
6%, within 3 months, but caught up with the curve of D1,
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Table 6. Morbidity and mortality after D2 dissection for gastric cancer

Trial Type Number of patients Number of D2 Mortality Morbidity Reference
dissections per hospital/year
Hong Kon, R 3¢ 1.5 3% 57% nn Surg
g Kong" CT 9 Ann S
MRC’ RCT 200 15 13% 46% Lancet
Dutch® RCT 331 1.0 10% 43% Lancet
Italian*? Phase II 191 8.0 3% 21% JCo
Sue-Ling" Retrospective 142 14.2 5% 17% BMY
Pacelli® Retrospective 157 15.7 4% 22% BrJ Surg
‘Table 7. Mortality after major postoperative complications
Complications Dutch trial NCCH (1980s) P Value
(n=711) (n=1197)
Leakage 19/46 41.3% 12/84 14.3% 0.0005
Distal 9/22 40.1% 2123 8.7% 0.012
Total 10/24 41.7% 10/60 16.7% 0.0047
Abscess/pancreatic fistula 19/91 20.9% 2475 2.7% 0.0004

Experience is needed to manage major adverse effects to avoid treatment-related deaths TRD,
which occur slightly more often in surgery than in chemotherapy. Hospital volume is a concern

although the difference never reached statistical signifi-
cance. The hospital mortality for D2 and D1 showed a large
difference, at nearly 10% for D2, and 4% for D1. But this
difference was seen only in male patients, in whom hospital
mortality was 4.2% for D1 versus 14% for D2. There was no
difference in mortality between D1 and D2 in female pa-
tients. Accordingly, the hazard ratio between D1 and D2 by
time for each sex is completely different. In female patients,
the hazard ratio is almost constant. The survival curves by
procedure by sex are shown in Fig. 1. As we would expect,
the survival curves of the female patients do not cross, as
typical model curves of survival showing a constant hazard,
and the P value is 0.04. We can confirm that high immediate
mortality easily offsets the long-term effect of any cancer
treatment.

Table 6 shows the relation between the hospital volume
and the TR rates in many trials or consecutive series of D2
dissection for gastric cancer. The Dutch and MRC trials
show extremely low numbers of patients treated per year,
per hospital, and show extremely high hospital mortality,
compared with other reports.

Table 7 shows the mortality after major complications,
comparing the results of the Dutch trial and those of the
National Cancer Center Hospital (NCCH) in the 1980s.'
Even in a high-volume hospital, major complications, such
as anastomotic leakage or intraabdominal abscess, were not
rare. However, in the Dutch trial, over 40% of patients died
when they developed anastomotic leak, while only 14% of
such patients died in the NCCH. As to mortality after ab-
dominal abscess, a difference of nearly ten times was ob-
served. Experience is needed to manage major adverse
effects to avoid TRD, which occurs slightly more often in
surgery than in chemotherapy or CRT. In this regard, hos-
pital volume is a concern.

The Japanese perspective of the role of D2 dissection in
multidisciplinary treatment for advanced gastric carcinoma

can be summarized as follows. The superiority of D2 has not
been proven by RCTs. But all RCTs so far have a crucial
problem in regard to the quality of treatment given in the
D2 arm. D2 is not a dangerous procedure if it is done by
specialists in large-volume hospitals, D0/1 plus CRT is bet-
ter than D0/1 alone, but it may be worse than D2 alone. The
survival benefit of CRT after D2 is an open question. Estab-
lishing standard adjuvant chemotherapy after D2 is a more
urgent clinical issue. There is no reason to abandon D2
gastrectomy for curable gastric cancer in Japan.
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