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tomy is performed in all these patients, as the lesions must be
considered to be advanced, no longer being EGC.
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Introduction

During the 1970s, a special type of Gastric Cancer with
excellent prognosis (early gastric cancer: EGC) was
identified by the Japanese Research Society for Gastric
Cancer [1,2].

EGC has been defined as a tumor which invades the
mucosa and/or submucosa, regardless of the lymph
node status [3–5]. Using this definition, we identified an
initial phase of tumor development which could be
treated both endoscopically and surgically [6–10].

The number of cases of EGC has progressively in-
creased because of better knowledge of the problem
and the consequent improvement and diffusion of en-
doscopic techniques [11–13]. Over the past 10 years,
about 30% of all gastric cancer patients who underwent
surgical treatment in our hospital had EGC [14,15].

In Japan, there are considerably more cases of EGC,
now about 50%–60% of all gastric cancers [16]. This
large number of EGCs is due both to the presence of an
active mass screening program which was introduced a
number of years ago [17], and to the existence of differ-
ent classification systems for gastrointestinal dysplasia
and gastric carcinoma in Western and Eastern countries
[18–23].

Better knowledge of EGC and the improvement and
diffusion of endoscopies have permitted the identifica-
tion of subgroups of patients affected by EGC with a
worse prognosis. These patients always require an ag-
gressive therapeutic approach with a sub or total gas-
trectomy, together with an extended lymphadenectomy
(D2) [7,14,24–28].
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1976 and 1999, with an average follow-up of 9 years. All
tumors were classified according to the macroscopic and
microscopic criteria proposed by the Japanese Society of
Gastroenterological Endoscopy (JSGE) and Lauren, respec-
tively. The infiltrative growth pattern was evaluated according
to Kodama’s classification. Only tumor-related death was con-
sidered as an end-point of interest for the survival analysis.
Results. Submucosal tumors (P 5 0.008), Pen A (see defini-
tion below) type disease (P 5 0.0001), and lymph node-
positive cancers (P 5 0.0002) were significant prognostic
factors on univariate analysis. Moreover, bivariate analysis
showed that the worst prognosis, in terms of survival, was for
patients with nodal involvment, submucosal invasion, and
node-positive and Pen-A type cancer. The abbreviation Pen,
penetrating, indicates a lesion with a diameter of less than
4 cm, which invades the submucosa diffusely. Pen A type EGC
represents a subgroup of tumors which infiltrates the submu-
cosa extensively, with nodular masses, causing the complete
destruction of the muscularis mucosae.
Conclusion. In our series, Pen A type was an important prog-
nostic factor (hazard ratio; HR, 8.32; 95% confidence interval
[CI], 3.49–19.86. For this reason, we believe it is important to
evaluate the infiltration into the wall in all patients with EGC,
paying particular attention to the growth pattern of the neo-
plasm. Moreover, submucosal Pen A type tumors had a
considerably worse prognosis and this finding was reinforced
when lymph node metastases coexisted. We suggest, there-
fore, that surgical treatment with at least a D2 lymphadenec-
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In particular, the experience we gained by evaluating
412 patients affected by EGC, with an average follow-
up period of 9 years, has demonstrated that there is a
significantly worse survival probability in node-positive
submucosal and node-positive-Pen A type patients
[14,15]. The abbreviation Pen, penetrating, indicates a
lesion with a diameter of less than 4cm, which invades
the submucosa diffusely. Pen A type EGC represents a
subgroup of tumors which infiltrates the submucosa ex-
tensively, with nodular masses, causing the complete
destruction of the muscularis mucosae.

All patients were recruited and treated in an Italian
region where there is a high incidence of gastric cancer
[29].

Subjects and methods

From 1976 to 1999, 1955 patients with gastric cancer
were treated surgically at the First Department of
Surgery, G.B. Morgagni-L. Pierantoni Hospital, Forlì,
Italy; of these patients, 493 had EGC. The EGC/
advanced cancer ratio was 25.2%. All the patients
underwent a sub or total gastrectomy with a D2 lym-
phadenectomy. The EGCs were classified according to
the macroscopic and microscopic criteria proposed by
the Japanese Society of Gastroenterological Endoscopy
(JSGE) [2,30] and Lauren [31], respectively. The JSGE
criteria divided the EGCs into polypoid (type I), el-
evated (type IIa), flat (type IIb), depressed (type IIc),
and ulcerated (type III).

From the histological point of view, two major
categories exist, designated intestinal and diffuse by
Lauren. A third group includes unclassifiable or mixed
tumoral lesions. The classification of Kodama et al. [32]
was used to define the extent and type of penetration of
the cancer. According to this classification, super (su-
perficial spreading) type is a tumor with a diameter of
more than 4 cm, either confined to the mucosa (super
M) or with slight invasion of the submucosa (super SM);
small mucosal type is a carcinoma with a diameter of
less than 4 cm, with (small mucosal SM) or without
(small mucosal M) slight submucosal invasion; and Pen
(penetrating) type is a lesion with a diameter of less
than 4cm, which invades the submucosa widely. This
type is further divided into two subgroups, according to
the way in which the muscularis mucosae is penetrated:
Pen-A type, which invades the submucosa extensively
and completely destroys the muscularis mucosae, and
Pen-B type, which grows infiltratively with fenestration
of the muscularis mucosae.

The resected stomachs were opened along the greater
curvature, pinned to a wooden plate, and fixed in 10%
buffered formalin. The tumors in the surrounding gas-
tric wall were cut into several slices, mainly parallel to

the lesser curvature, at intervals of 4–5mm. Five-
micrometer-thick sections, embedded in paraffin, were
prepared from each slide for histologic examination. All
the microscopic sections, stained with hematoxylin and
eosin, were examined by the same two pathologists
(L.S. and M.G.) and the degree of differentiation was
classified according to the outline proposed by the
WHO [33].

Follow-up analysis was performed on the 412 patients
who were examined. The average follow-up was 9 years
(range, 1–22 years). Survival analysis started the day the
EGC patients underwent surgical treatment. All the
prognostic variables used in this analysis were measured
at this time.

Only tumor-related death was considered as an
end-point of interest for the survival analysis. Survival
curves for EGC were calculated using the Kaplan-
Meier method [34], and the difference between survival
probabilities was analyzed using the log-rank test. The-
ø2 test was employed to define the association between
the subgroups of pathological and clinical criteria exam-
ined. Hazard ratio (HR) evaluation, in univariate analy-
sis, was obtained using the Cox proportional model [35].
All P values were based on two-sided testing, and statis-
tical analyses were carried out using SAS Statistical
software [36].

Results

The median age of the patients was 65 years (range, 30–
93 years) and the male/female ratio was 1.5 : 1; 245 were
men (59.5%) and 167, women (40.5%). About 64% of
the EGCs were situated in the lower-third of the
stomach and almost all cases were monofocal (90.3%).
Intramucosal and submucosal infiltration were observed
with similar frequency. As expected, the most frequent
types were IIc EGC (54.3%) and small mucosal M EGC
(47.8%); according to the macroscopic (JSGE) and
Kodama’s classifications, respectively. Histologically,
the EGC was most frequently the intestinal type (77.7%)
according to Lauren’s classification. Lymph node
metastases affected 55 patients (13.3%).

The lymph node status was significantly associated
with the histologic type (P 5 0.001), infiltration of the
wall (P , 0.001), tumor size (P 5 0.001), Kodama’s type
(P 5 0.001), and macroscopic type (P 5 0.02). In par-
ticular, the histologically diffused type and the macro-
scopically depressed type ulcerated lesions (types IIc
and III) and Pen A type, according to Kodama, were
associated with lymph node metastases in more patients
than the other subtypes (Table 1). Of the 412 patients,
284 (68.9%) are still alive and 128 (31.1%) died, 34
(8.3%) as a result of the disease. The survival probabil-
ity in our series was 93% at 5 years and 89% at 10 years.
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On univariate analysis, patient age, sex, and focality
were nonsignificant prognostic factors. Conversely, a
significantly lower survival probability was observed for
patients with submucosal tumors (P 5 0.008), Pen A
type disease (P 5 0.0001), and node-positive cancers
(P 5 0.0002), than for the other anatomo-pathological
subgroups (Table 2). In our series, in particular, the
patients affected by Pen A type EGC had a death risk
which was eight times higher than that in patients with
non-Pen A type cancer (HR, 8.32; 95% confidence in-
terval (CI, 3.49–19.86). This suggests that the biological
behavior of the neoplasm depends tightly on the growth
pattern, according to Kodama’s classification (Fig. 1).
Moreover, patients with the involvement of more than
three lymph nodes (P 5 0.0001) and of distant lymph
node levels (P 5 0.0001) had a considerably worse prog-
nosis, reflecting a more advanced stage of the disease
(Figs. 2 and 3). Bivariate analyses were performed to
evaluate the joint effect on survival of (a) lymph node
status and Kodama’s subgroups (Fig. 4), and (b) lymph
node status and infiltration of the wall (Fig. 5).

Discussion

The improvement and diffusion of endoscopic tech-
niques and a greater knowledge of the problem have led

Table 2. Univariate analysis: 5- and 10-year survival probability, hazard ratios (HRs), and their relative 95% confidence intervals
(95% CI)

5-Year 95% CI 10-Year 95% CI Logrank P value HR (95% CI)

Depth
Mucosal 96 93–99 93 89–97 1.00
Submucosal 88 83–93 85 80–91 7.05 0.008 2.60 (1.25–5.4)

Size
,2 cm 96 91–100 94 89–99 1.00
^2 cm 88 82–95 86 78–94 4.85 0.088 2.43 (0.94–6.2)

Kodama
Small MM 97 94–100 95 91–99 1.00
Small Msm 92 85–99 88 79–96 2.50 (0.88–7.13)
Super M 100 100 /
Super Msm 100 100 /
Pen A 74 64–85 67 53–81 8.32 (3.49–19.86)
Pen B 97 92–100 97 92–100 41.64 (5 df) 0.0001 0.68 (0.08–5.51)

Nodes
Negative 94 91–97 91 88–95 1.00
Positive 77 64–89 77 64–89 13.86 0.0002 3.57 (1.74–7.32)

No. nodes1
0 94 91–97 91 88–95 1.00
1–3 89 78–99 89 78–99 1.62 (0.56–4.70)
.3 42 13–71 42 13–71 49.80 (2 df) 0.0001 11.42 (4.88–26.70)

Node level
N2 94 91–97 91 88–95 1.00
N1 80 67–94 80 67–94 2.79 (1.20–6.51)
N2 62 33–92 62 33–92 20.02 (2 df) 0.0001 6.93 (2.39–20.08)

df, Degrees of freedom

Table 1. Distribution of lymph node metastases according to
Kodama [32], Lauren [31], and JSGE [2,30] classifications

Total N1
patients patientsa %

Growth pattern (Kodama)
Pen A 87 32 36.8
Not Pen A 325 23 7.1

Small MM 196 10 5.1
Small Msm 72 8 11.1
Super M 9 0 0
Super Msm 6 2 33.3
Pen B 41 3 7.3

Histologic types (Lauren)
Intestinal 320 29 9.0
Diffuse 92 26 28.3

Macroscopic types (JSGE)
I 64 8 12.5
IIa 19 0 0
IIb 19 0 0
IIc 223 28 12.6
III 86 19 22.1

JSGE, Japanese Society of Gastroenterological Endoscopy
See text for definitions of growth patterns, histological types, and
macroscopic types
a N1, lymph node metastasis
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to a significant increase in EGC cases over the past few
years. In our province, EGC represents about 30% of
all resected gastric cancers [14,15]. In the 1970s, the
most important prognostic factor was the depth of wall
invasion. Subsequent clinical evidence, however, has

consistently indicated nodal involvement as the most
important prognostic parameter, so that only cancers
without nodal invasion were considered as early neo-
plasms [8,37]. By taking this into consideration, some
authors demonstrated that the disease in patients with

Fig. 1. Probability of survival, depending
on growth pattern, according to the
classification of Kodama et al. [32]. EGC,
Early gastric cancer; Pen A, see text for
definition

Fig. 2. Probability of survival, depending
on number of lymph nodes involved. N2,
Node-negative patients (n 5 357); N1 1–
3 ln patients with one to three positive
nodes (n 5 41); N1 .3 ln patients with
more than three positive nodes (n 5 14)

Fig. 3. Probability of survival, depending
on the level of lymph nodes involved. N0,
Node-negative patients (n 5 357); N1,
level I node-positive patients (n 5 42);
N2, level II node-positive patients (n 5
13)
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gastric cancer without lymph node metastases but with
invasion of the muscularis propria behaved in a similar
way to the disease in conventional EGC patients
[8,38,39]. These findings would seem to classify all node-
negative gastric cancers as Dukes’ A tumors, regardless
of the depth of penetration [39]. Our previous studies
showed that Pen A type growth pattern and lymph node
status were two important prognostic factors in EGC
patients [14,15]. The present study, performed on a
series of 412 patients recruited in a region of Italy with
a high incidence of gastric cancer, confirms such results.
In particular, lymph node status seems to reduce pa-
tients’ survival rate when more than three lymph nodes
are involved or when there are lymph node metastases
in the distal levels, according to the Japanese
classification. Our results reinforce the role of Pen A
type EGC, according to Kodama’s criteria, as a
significant prognostic factor, in both node-negative and
node-positive EGC. Moreover, in our series, non-Pen A
types had a better prognosis than node-negative Pen A
EGC, even when associated with the presence of lymph

node metastases. The presence of nodal involvement
and a Pen A type growth pattern reduced the survival
rate of our patients (61% at 5 years). Such tumors,
although they are classified as EGC according to the
Japanese Research Society for Gastric Cancer defini-
tion, have a significantly worse prognosis and, in our
opinion, must be considered as advanced lesions.
Therefore, this knowledge suggests that we must pay
particular attention to these tumors, in order to perform
the best surgical treatment, and this knowledge is wor-
thy of consideration in subsequent studies, eventually to
modify the definition of EGC.

Apart from our results, few reports have suggested
modifying the definition of EGC, by identifying sub-
groups of patients with nodal metastases, characterized
by worse prognosis [8,38,39]. According to these au-
thors, infiltration into the wall was not as important as
lymph node status for establishing the biological behav-
ior and prognosis of the tumor. Some studies, therefore,
tried to introduce Duke’s classification for EGC [39].
Our conclusion provides a new contribution to the gen-

Fig. 4. Probability of survival, depending
on wall and lymph node invasion: N2
Intramucosal, Node-negative EGC limited
to mucosa (n 5 202); N2 Submucosal,
node-negative EGC invading submucosa
(n 5 155); N1 Intramucosal, node-positive
EGC limited to mucosa (n 5 7); N1
Submucosal, node-positive EGC invading
submucosa (n 5 48)

Fig. 5. Probability of survival, depending
on the type of growth pattern and lymph
node invasion. not Pen A N2, Node-
negative-non Pen A patients (n 5 302);
Pen A N2, node-negative-Pen A patients
(n 5 55); not Pen A N1, node-positive-
non Pen A patients (n 5 23); Pen A N1,
node-positive-Pen A patients (n 5 32)
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eral knowledge of EGC, because of the identification of
a new important prognostic factor, which is represented
by Kodama’s classification, which takes into consider-
ation the extent and type of infiltration into the gastric
wall.

In particular, submucosal Pen A type tumors had
a significantly worse prognosis in our series and this
finding was reinforced when lymph node metastases
coexisted.

In our patients, however, Pen A type was a significant
prognostic factor (HR, 8.32; 95% CI, 3.49–19.86). For
this reason, we believe it is important to evaluate infil-
tration into the wall in all EGC patients, paying particu-
lar attention to the growth pattern of the neoplasm.
These results are in agreement with our previous re-
ports [14,15], even though there was a smaller number
of patients in the previous reports.

In conclusion, we consider Dukes’ classification to be
well applied to gastric cancer as a simple and useful
staging system [39] and wish to emphasise the important
role of growth pattern, according to Kodama’s classifi-
cation, in identifying a subgroup of patients affected by
a more aggressive type of EGC, with clinical behavior
similar to that of an advanced lesion. Moreover, in these
patients, we suggest performing surgical treatment,
which includes at least D2 extended lymphadenectomy,
as several Japanese authors have previously proposed.
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