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Introduction

Approximately 5% of all primary non-Hodgkin’s lym-
phomas (NHL) are located in the gastrointestinal tract
[1,2], and the stomach is the most common site of
extranodal NHL [3]. The incidence of primary gastric
NHL has doubled within the past 10 years [4]; however,
the definition of this type of tumor remains a matter of
debate, because the stomach is more often secondarily
involved in the dissemination of nodal lymphomas.

To date, the main treatment modality has been sur-
gical resection, while the role of adjuvant therapy has
remained poorly defined. However, although primary
gastric lymphomas are resectable, several studies have
documented that nonsurgical treatment has yielded
reasonable outcomes [2,5]. This dilemma over mana-
gement is further compounded by reports of massive
hemorrhage or perforation of nonresected, medically
treated lesions. The infrequency of gastric NHL makes
it difficult to evaluate therapeutic results and discour-
ages the conducting of prospective trials.

In 1984, Isaacson and Wright [6] introduced the new
concept of extranodal lymphomas arising from mucosa-
associated lymphoid tissue (MALT), and classification
schemes for gastric lymphomas had to be changed. The
revised European-American lymphoma (REAL) clas-
sification was introduced in 1994 [7], and has helped
to define new, potentially more appropriate classifica-
tion schemes for gastric lymphomas. We therefore re-
classified gastric lymphomas previously resected at the
Saitama Cancer Center according to the REAL classifi-
cation, and here discuss their treatment outcomes.
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patients. Univariate analysis indicated that the tumor histol-
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degree of nodal involvement, Ann Arbor staging, and chemo-
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Conclusions. These data reveal that gastric NHL, especially of
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a good prognosis after surgery. The REAL classification was
useful for classifying new categories of NHL, including the
MALT-type, in the clinical setting, and for determining the
optimal treatment modality for gastric NHL.
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Subjects and methods

Fifty-one patients with gastric lymphoma underwent
gastrectomy at our division of the Saitama Cancer Cen-
ter from January 1981 to July 1997. According to the
criteria proposed by Dawson et al. [8], the lesions were
all primary to the stomach; patients with secondary gas-
tric lymphoma were excluded from the study. Clinico-
pathologic data, such as age, sex, tumor location, tumor
number, tumor gross type, depth of tumor invasion,
degree of lymph node involvement, and clinical staging
were obtained from the patients’ hospital records. Re-
cent follow-up information was obtained for all patients
either from their outpatient records or by contacting the
patient or a close relative.

Depth of invasion and degree of
lymph node involvement

The depth of invasion and degree of lymph node in-
volvement were classified according to the 1987 version
of the TNM staging criteria for gastric cancer [9]. T
staging was modified slightly according to the Japanese
classification of gastric carcinoma [10] as follows: T1,
tumor invades the lamina propria or submucosa; T2-
MP, tumor invades the muscularis propria; T2-SS, tu-
mor invades the subserosa; T3, tumor penetrates the
serosa, no invasion of adjacent structures; T4, tumor
invades adjacent structures. N staging was classified as
follows: N0, negative nodes; N1, positive nodes among
the perigastric nodes within 3cm of the primary tumor;
N2, positive nodes among the perigastric nodes more
than 3cm from the primary tumor or along the hepatic,
left gastric, splenic or celiac arteries; N3, positive nodes
among the hepatoduodenal, paraaortic or distant ab-
dominal nodes; N4, positive nodes beyond N3.

Clinical staging and histologic classification

The lesions were staged according to the Ann Arbor
staging system criteria for Hodgkin’s lymphoma [11],
modified for NHL of the stomach. These lesions were
then histologically reclassified according to the REAL
classification criteria [7].

Treatment modalities

The principal treatment plan for gastric lymphoma at
the Saitama Cancer Center consists of: (1) surgical
resection of the stomach (either partial or total gas-
trectomy) with lymph node dissection, followed by (2)
systemic chemotherapy for patients with nodal involve-
ment, mainly using the cyclophosphamide/doxorubicin/
vincristine/prednisone (CHOP) regimen, with (3) no ir-
radiation. Chemotherapy is also performed if the lym-

phoma is not completely resected or if the tumor recurs
during the follow-up period.

The CHOP regimen used as the principal
chemotherapy protocol consists of: cyclophosphamide,
750mg/m2 intravenously on day 1; doxorubicin, 50 mg/
m2 intravenously on day 1; vincristine, 1.4mg/m2 intra-
venously on day 1; and prednisone, 100 mg/m2 orally on
days 1–5. Cycles are repeated at 21- to 28-day intervals,
and the patients participating in this study received a
mean total of 7 cycles (range, 1–16 cycles).

Statistical methods

The �2 test was used to analyze discrete clinical
variables, and Fisher’s exact test was applied when the
number of observations was small. For 46 patients (ex-
cluding 5 who died of unrelated diseases), survival data
were calculated by the Kaplan–Meier actuarial method,
and various subgroups and their therapeutic results
were compared to identify potential prognostic factors
that might have an effect on treatment outcome.
Significant differences between the calculated survival
curves were identified by univariate analysis, using the
Cox–Mantel test. P values less than 0.05 were consid-
ered statistically significant.

Results

Tumor staging

The 51 patients with gastric NHL were classified ac-
cording to the Ann Arbor system. According to this
classification, 27 had stage IE, 19 had stage IIE, and 5
had stage IV disease. The 46 (90.2%) patients classified
as having stage IE or IIE disease were suitable for sur-
gery. The 5 stage IV patients were not really suitable for
surgery, but 1 underwent gastrectomy because of gastric
perforation that occurred during chemotherapy.

Treatment modalities

Treatment modalities were selected according to the
principal treatment plan of the Saitama Cancer Center.
However, treatment methods varied according to the
extent of the disease, the patient’s clinical condition,
and the preference of the attending physicians. The
treatments actually performed were: (1) surgical resec-
tion of the stomach (n � 51) with lymph node dissection
(n � 50), followed by (2) systemic chemotherapy (n �
26), mainly using the CHOP regimen (n � 22), with (3)
no irradiation. The non-CHOP chemotherapy regimens
used were mostly developed for gastric cancer, and
seemed ineffective against gastric lymphoma.

Chemotherapy was given in addition to surgery in
7 of the 27 stage IE patients, 15 of the 19 stage IIE
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patients, and 2 of the 5 stage IV patients. The CHOP
regimen was used in 4 of the 27 stage IE patients, 15 of
the 19 stage IIE patients, and 3 of the 5 stage IV pa-
tients. At our hospital, adjuvant chemotherapy is not
normally used for stage IE gastric lymphoma, i.e., when
the tumor is limited to the stomach and there is no nodal
involvement. Therefore, chemotherapy was added to
surgery significantly more often for stage IIE patients
than for stage IE patients (P � 0.0080).

As regards surgical therapy, total gastrectomy was
not always performed if the lesion was confined to the
stomach. Total gastrectomy was performed in 41 pa-
tients (80.4%), while partial (distal) gastrectomy was
performed in the remaining 10 (9 of the 27 stage IE
patients and 1 of the 19 stage IIE patients). Distal
gastrectomy was performed significantly more often in
stage IE patients (P � 0.0124). Of the 41 patients who
underwent total gastrectomy, the spleen was coresected
in 37. In 12 of these 37 patients (3 of 17 with stage IE, 6
of 15 with stage IIE, and 3 of 5 with stage IV disease)
the pancreatic tail was also coresected to achieve com-
plete D2 dissection. Lymph node dissection was per-
formed, as for gastric cancer, in 50 patients. In 48 of
the 51 patients, D2 or more lymph node dissection was
performed.

Histologic classification

When the tumors were reclassified according to the
REAL system, diffuse large B-cell lymphoma (DLBL)
was diagnosed in 23 patients, marginal-zone B-cell lym-
phoma (MZBL) in 22, follicle center lymphoma (FCL)
in 4, mantle cell lymphoma (MCL) in 1, and peripheral
T-cell lymphoma (PTL) in 1.

There were 22 low-grade MALT-type lymphomas in
the 51 patients with gastric NHLs (43.1%) and all were
classified as MZBLs. Six (27.3%) of the 22 patients with
MZBLs had lymph node involvement, and were classi-
fied as stage IIE. Compared with the frequency of other
histologic types of lymphomas, MZBLs occurred signifi-
cantly more often in less advanced disease stages (P �
0.0240), especially in stage I (P � 0.0137). All stage
IV tumors were classified as DLBL (Table 1). In 16
(72.7%) of the 22 patients with MZBL (low-grade
MALT-type), the depth of invasion was T1 (within the
submucosal layer), and in 19 (86.4%) it was within the
proper muscle layer (T1 or T2-MP). Compared with
the frequency of other histologic types of lymphoma,
MZBL occurred significantly more often within the
proper muscle layer (P � 0.0155) (Table 2).

In 25 of the 27 stage IE patients, 8 of the 19 stage IIE
patients, and 1 of the 5 stage IV patients, the tumor
remained within the subserosal layer (T1 or T2). In 25
of the 27 N0 patients, 5 of the 11 N1–2 patients, and 4 of
13 N3–4 patients, the tumor also remained within the

subserosal layer. Therefore, the depth of tumor inva-
sion correlated with the Ann Arbor tumor stage (P �
0.0001) and with the degree of lymph node involvement
(P � 0.001).

Patient outcomes

Nine of the 51 patients relapsed, and 8 died of their
cancer. Six died within 14 months of surgery, despite
having received postoperative chemotherapy. Two died
more than 5 years after surgery. For 46 patients (exclud-
ing 5 who died of unrelated diseases), the survival rate
at 5 years after surgery was 87.0% (Fig. 1A), being
96.0% for stage IE patients and 83.3% for stage IIE
patients (Fig. 1B).

The results of the univariate analysis to determine
predictors of survival are shown in Table 3. The tumor
histology, depth of invasion, degree of nodal involve-
ment, Ann Arbor staging, and chemotherapy had an
impact on patient outcome (P � 0.0018; P � 0.0002;
P � 0.0308; P � 0.0016, and P � 0.0118, respectively).
However, because tumor stage was correlated with
other factors in this study, these may not be indepen-
dent predictors of survival.

Patients in stage IE had a significantly better outcome
than those in stage IIE or IV (P � 0.0124 and P �
0.0001, respectively) (Fig. 1B, Table 3). Survival rates at

Table 1. Tumor staging and histologic types of NHL accord-
ing to the REAL classification

Stage DLBL MZBL FCL MCL PTL Total

IE 8 16 2 0 1 27
IIE 10 6 2 1 0 19
IV 5 0 0 0 0 5
Total 23 22 4 1 1 51

NHL, Non-Hodgkin’s lymphoma; REAL, revised European-
American lymphoma; DLBL, diffuse large B-cell lymphoma; MZBL,
marginal-zone B-cell lymphoma; FCL, follicle center lymphoma;
MCL, mantle cell lymphoma; PTL, peripheral T-cell lymphoma

Table 2. Depth of invasion and histologic types of NHL

T2

Histology T1 MP SS T3 T4 Total

DLBL 7 2 2 4 8 23
MZBL 16 3 0 2 1 22
FCL 1 0 2 1 0 4
MCL 0 0 0 1 0 1
PTL 1 0 0 0 0 1
Total 25 5 4 8 9 51

DLBL, diffuse large B-cell lymphoma; MZBL, marginal-zone B-cell
lymphoma; FCL, follicle center lymphoma; MCL, mantle cell lym-
phoma; PTL, peripheral T-cell lymphoma; MP, proper muscle layer;
SS, subserosal layer
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Fig. 1. A Kaplan–Meier survival curve for all patients with
gastric non-Hodgkin’s lymphoma (NHL) after gastrectomy.
B Kaplan–Meier survival curves for patients with gastric
NHL, classified by the Ann Arbor staging system. C Kaplan–
Meier survival curves for patients with gastric NHL, classified
by the revised European-American lymphoma (REAL) sys-
tem: i.e., marginal-zone B-cell (MZBL), follicle center, or dif-
fuse large B-cell lymphomas. The probability of survival was
significantly greater in patients with MZBL than in patients
with diffuse large B-cell lymphoma. D Kaplan–Meier survival
curves for patients with gastric NHL, classified by depth of

invasion: i.e., T1 or T2 (tumor confined within the subserosa),
and T3 or T4 (tumor penetrating through the serosa). The
probability of survival was significantly greater when the
tumor remained within the subserosa. E Kaplan–Meier sur-
vival curves for patients with gastric NHL, classified by degree
of lymph node involvement, i.e., N0 (without nodal involve-
ment), N1 or N2 (with regional lymph node involvement), and
N3 or N4 (with spread beyond the regional nodes). The prob-
ability of survival was significantly greater in patients without
lymph node metastasis
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5 years after surgery were 100% for MZBLs or follicle
center lymphomas and 68.4% for diffuse large B-cell
lymphomas, and patients with MZBL had a significantly
better outcome than those with DLBL (P � 0.0006)
(Fig. 1C). Univariate analysis also showed that patients
with MZBL (low-grade MALT-type) had a significantly
better outcome than patients with other types of
NHL (P � 0.0018) (Table 3). While one of the patients
with MZBL relapsed after surgery, complete response
was observed after chemotherapy. In contrast, patients
with DLBL had a significantly worse outcome (P �
0.0220). Patients with lymphoma confined within the
subserosal layer (T1 or 2) had a significantly better out-
come than those whose tumors penetrated through the
serosa (T3 or 4; P � 0.0002) (Fig. 1D). Patients without
nodal involvement (N0) had a significantly better
outcome than those with regional lymph node involve-
ment (N1 or N2) and those with spread beyond
the regional nodes (N3 or N4) (P � 0.00032 and P �
0.0012, respectively) (Fig. 1E). However, there was no
significant difference between patients with N1 or N2

involvement and patients with N3 or N4 involvement
(P � 0.5754).

Discussion

Various standard systems, such as Rappaport’s [12], the
Kiel system [13], and the National Cancer Institute’s
working formulation [1], have been proposed for the
histological classification of lymphomas, and have been
adopted for extranodal lymphomas such as gastric lym-
phoma. Although these systems have served well for a
long time, they have become increasingly unable to deal
with modern concepts of immunology and with newly
described clinicopathologic entities. An example of an
important, recently recognized clinical entity is the low-
grade lymphoma, MALT. Since its recognition, classifi-
cation schemes for gastric lymphomas have had to be
changed completely, because almost one-third of gastric
lymphomas can be classified as MALT types (such as the
MZBL discussed in this study). Our results confirm pre-
vious reports that most patients with gastric MALT-type
lymphoma achieve long-term remission. The MALT
concept offers several reasons, stemming from the spe-
cial biological features of MALT lymphomas, to explain
this favorable clinical outcome. These include the hom-
ing phenomenon and the tendency of MALT lympho-
mas to differentiate and regress [6,14–16]. Moreover,
molecular genetic investigations support the theory that
lymphomas derived from MALT are essentially differ-
ent from nodal lymphomas, in spite of their morphol-
ogical similarities [17,18]. Therefore, past attempts to
classify MALT lymphomas with the standard systems
(Rappaport, Kiel, and the National Cancer Institute’s
working formulation) were unproductive [19].

The REAL classification is suitable for any kind of
lymphoma, even though extranodal lymphomas differ
from nodal ones and MALT lymphomas differ from
other types of extranodal NHL. The REAL classifica-
tion describes several clinical entities that have been
recognized in recent years and cannot easily be identi-
fied in the National Cancer Institute’s working formula-
tion. Rosenberg [20] criticized the REAL classification
on the grounds that it appeared needlessly complex and
lacked the clinical underpinnings of earlier systems. He
also considered this proposed system, as detailed and
helpful as it is for a pathologist, to be inadequate from a
clinician’s point of view, because all 19 authors of the
proposal were pathologists. However, the introduction
of the MALT concept has revolutionized lymphoma
classification, and earlier standard systems need to be
changed dramatically in consequence. According to the
REAL classification, low-grade MALT lymphoma can
clearly be classified as MZBL. Our present data show
the usefulness of the REAL system for classifying gas-

Table 3. Results of univariate analyses to identify predictors
of survival in patients with gastric non-Hodgkin’s lymphoma

5-Year
survival Univariate

Variables (%) P value

Age (years)
�60 (n � 23) 82.6 0.1556
�60 (n � 23) 91.3

Sex
Male (n � 27) 85.2 0.9680
Female (n � 19) 89.5

No. of lesions
Single (n � 40) 87.5 0.2502
Multiple (n � 6) 83.3

Depth of invasion
T1 or 2 (n � 31) 96.8 0.0002
T3 or 4 (n � 15) 83.3

Lymph node involvement
N0–2 (n � 35) 91.4 0.0308
N3 or 4 (n � 11) 72.7

Stage (Ann Arbor classification)
IE (n � 25) 96.0 0.0016
IIE, IV (n � 21) 76.2

Histology
MZBL (n � 21) 100 0.0018
Others (n � 25) 76.0

Gastrectomy
Partial (n � 10) 90.0 0.6966
Total (n � 36) 86.1

Chemotherapy
With (n � 24) 75.0 0.0118
Without (n � 22) 100

MZBL, Marginal zone B-cell lymphoma
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tric NHL in the clinical setting, even though the system
was proposed for use in pathology. Therefore, we be-
lieve the REAL classification to be a more appropriate
standard system for gastric NHL classification.

At the same time as the REAL classification was
introduced, a new, simple classification of gastrointesti-
nal lymphoma was introduced [21], in which MALT
lymphoma was classified into two grades, low and high.
This system, a pathologic classification of gastrointesti-
nal lymphoma, was based on the updated Kiel classifi-
cation [22] which had been modified to adopt new
categories of NHL. The high-grade MALT lymphoma in
this classification [21] is biologically different from the
low-grade MALT lymphoma. However, the same name,
MALT, is sometimes confusing for clinicians in terms of
determining the optimal treatment modality. According
to the REAL classification, the high-grade MALT-type
lymphoma was classified as DLBL in our present study.
Our data showed that about 90% of gastric NHLs were
classified as DLBL or MZBL, similar to high- or low-
grade lymphoma. These two classifications were made
according to the same concept, consequently, they seem
to be the same. Therefore, the REAL classification was
really simple, not as complicated as Rosenberg [20] indi-
cated, when this classification was used for gastric NHL.
Moreover, we showed that the REAL classification was
correlated with the Ann Arbor stage, depth of invasion,
and degree of lymph node metastasis. Thus, the REAL
classification is useful not only for pathologists but also
for clinicians like us. However, there is no doubt that
current classification systems, including the REAL clas-
sification, must be slightly modified for gastrointestinal
lymphomas.

In our study, the Ann Arbor staging system [11] was
initially used for the clinical staging of gastric NHLs.
This system was originally designed for Hodgkin’s lym-
phoma, but is commonly applied to non-Hodgkin’s lym-
phoma. In a review of published data from 100 series of
gastric lymphoma patients, the most common grading
system used was based upon the Ann Arbor classifica-
tion [23]. However, we consider that this system is not
entirely suitable for classifying primary gastric lympho-
mas, which seldom involve the upper side of the
diaphragm. Furthermore, the incidence of stage IIIE
disease is quite low. Stage IIE can be divided into two
substages, as in Musshoff’s modification [24]: stage
IIE1, tumor in the stomach with spread to contiguous
lymph nodes; and stage IIE2, tumor in the stomach with
spread to lymph nodes that are noncontiguous with the
primary tumor. This more precise subclassification may
be required in stage IIE disease, because regional
radicality can be achieved by performing lymph node
dissection in stage IIE1 patients, but not in stage IIE2
patients. However, in our series, patients with N1 or N2
nodal involvement did not have a better prognosis than

patients with N3 or N4 nodal involvement. This finding
implies that Musshoff’s modification may not be re-
quired as a predictor of survival, and this also suggests
that lymph node dissection may not have an important
impact on the patient. The outcome for patients with
NHL involving the lymph nodes (stage IIE or greater)
thus seems to depend on the efficacy of the adjuvant
chemotherapy regimen, and this may be the optimal
role for chemotherapy in the treatment of gastric
NHL.

A major deficit of the Ann Arbor staging system is
the lack of variables to describe the extent of the pri-
mary tumor and the depth of tumor invasion, which
have been reported to be of prognostic significance in
many studies, including ours [2,25–29]. Naqvi et al. [30]
developed guidelines for predicting prognosis by grad-
ing lymphoma of the gastrointestinal tract into four
stages, taking into consideration the extent of the pri-
mary tumor, the presence of lymph node involvement,
invasion of adjacent structures or the presence of perfo-
ration, and distant metastasis. This was a reasonable
clinical staging system because it took into account both
T and N factors. However, in this classification, penetra-
tion through the serosa was not considered a predictor
of survival (which it was in our study), whereas invasion
of adjacent structures and perforation were important
factors. In 1994, Shimodaira et al. [29] proposed a stag-
ing system based on the principles of the TNM system.
The T variable was classified into five stages based on
the depth of invasion, with invasion of adjacent organs
included in the pattern of nodal spread. In our study, we
classified the depth of invasion into four stages accord-
ing to the TNM system for gastric cancer [9], with a
slight modification according to the Japanese classifica-
tion of gastric carcinoma [10]. Our T-staging system was,
therefore, similar to that proposed by Shimodaira et al.
[29]. Our results suggested that there was no need
to separate the proper muscle layer (T2 MP, or
Shimodaira’s T2) and the subserosal layer (T2 SS, or
Shimodaira’s T3) within the grading system. However,
separating T2 and T3 (Shimodaira’s T3 and T4) is im-
portant, because our results indicated that patients with
lymphoma confined within the subserosal layer had a
significantly better outcome than those whose tumor
penetrated through the serosa, and the proposal of
Shimodaira and colleagues was based on similar results.
These findings suggest that a simpler classification of
the depth of tumor invasion than that of our T-staging
system may be useful for gastric NHL. In the older
version of the TNM system for gastric cancer that we
used, the N-staging classification is similar to that in the
modified Ann Arbor system. We believe that a simpler
TNM staging system, based on the Ann Arbor system,
could be proposed after more patients have been
studied.
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Conclusions

The REAL classification proved useful for classifying
new categories of NHL, in particular MZBL (low-grade
MALT type), in the clinical setting. Our data showed
that gastric NHL, in particular, MZBL, often remains
localized and has a good prognosis after surgery.
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