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Abstract

AIM: To evaluate the clinicopathological features
of mixed-type gastric cancer and their influence on
prognosis of mixed-type stage I gastric cancer.
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METHODS: We analyzed 446 patients who underwent
curative gastrectomy for stage 1 gastric cancer between
1999 and 2009. The patients were divided into two
groups: those with differentiated or undifferentiated
cancer (non-mixed-type, 7 = 333) and those with a
mixture of differentiated and undifferentiated cancers
(mixed-type, n = 113).

RESULTS: The overall prevalence of mixed-type gastric
cancer was 25.3% (113/446). Compared with patients
with non-mixed-type gastric cancer, those with mixed-
type gastric cancer tended to be older at onset (P =
0.1252) and have a higher incidence of lymph node
metastasis (P = 0.1476). They also had significantly
larger tumors (P < 0.0001), more aggressive lymphatic
invasion (P = 0.0011), and deeper tumor invasion (P <
0.0001). In addition, they exhibited significantly worse
overall survival rates than did patients with non-mixed-
type gastric cancer (P = 0.0026). Furthermore, mixed-
type gastric cancer was independently associated with
a worse outcome in multivariate analysis [P = 0.0300,
hazard ratio = 11.4 (1.265-102.7)].

CONCLUSION: Histological mixed-type of gastric
cancer contributes to malignant outcomes and highlight
its usefulness as a prognostic indicator in stage 1 gastric
cancer.

Key words: Mixed-type gastric cancer; Histological type;
Prognosis; Early gastric cancer

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about the clinical outcome
of the histological mixed-type gastric cancer, which
consists of differentiated and undifferentiated com-
ponents. We evaluated the clinicopathological features
of this cancer and their influences on the prognosis of
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patients with mixed-type stage I gastric cancer.
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INTRODUCTION

Gastric cancer presents a variety of histological types,
each of which shows different features. It is well known
that the histological type is defined as one of the crucial
factors for endoscopic treatment and lymphadenectomy
in the treatment guidelines'
advanced gastric cancer. In the early stage of gastric
cancet, the histological type influences the extent of lymph
node metastasis; the undifferentiated type, in particular,
is one of the independent risk factors of lymph node
metastasis” . In the advanced stage of gastric cancer,
the histological type is an important factor that predicts
prognosis, recurrence patterns, and chemosensitivity in
patients[()’()]. Thus, the histological type of gastric cancer
has been regarded as a crucial factor that may have a
potentially useful role in determining treatment strategies.

However, gastric cancer tissues often present with
histological heterogeneity; a cancer tissue does not always
consist of a single histological type of tumor cell but
sometimes consists of a mixture of several different
types. Therefore, it is difficult for pathologists to diagnose
accurately the histological differentiation state of the
tissues of mixed-type gastric cancer due to the restricted
tumor volume, even from several biopsy specimens.
Morteover, there are some differences in the definitions
of the histological type described by the 14" Japanese
classification of gastric carcinoma (JCGC)!"" and the
7" tumour-node-metastasis (TNM) classification”". For
example, mixed-type gastric cancer is classified based
on the predominant component by the JCGC, whereas
it is classified based on the weakest differentiated
component by the TNM classification. Such differences
in the definitions could give rise to disagreement about
the recognition of the histological types, particularly of
mixed-type gastric cancer.

In this study, therefore, we hypothesized that a mixture
of differentiated and undifferentiated components itself
might be associated with malignant clinical outcomes

I 'and chemotherapy for

and poorer prognosis in patients undergoing curative
gastrectomy for stage | gastric cancer. To verify this
hypothesis, we evaluated prognosis relative to the extent of
differentiated or undifferentiated components by comparing
the clinicopathological features between two groups: the
non-mixed-type, which consists of either differentiated or
undifferentiated cancers; and the mixed-type, which is a
mixture of differentiated and undifferentiated cancers.
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Our results suggest that the presence of mixed-type ga-
stric cancer serves as an indicator of poor prognosis in
patients with stage [ disease and needs meticulous follow-
up with clinical satisfaction.

MATERIALS AND METHODS

Patients and samples

Four hundred and forty-six patients with stage I gastric
cancer diagnosed according to the criteria of the 14"
]CGC“O] and the 7" TNM classification" were enrolled
in this study. All patients underwent curative gastrectomy
with radical lymphadenectomy in the Department
of Digestive Surgery, Kyoto Prefectural University of
Medicine, Japan between 1999 and 2009. Patients who
underwent chemotherapy prior to surgery, had multiple
lesions of gastric cancer, or both were excluded from this
study. Median follow-up time was 63.0 mo. All patients
were examined in the outpatient clinic by blood tests
for carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA)19-9 every 3-6 mo after surgery, and annual
computed tomography (CT) scans.

The resected stomach was opened and then placed
on a flat board with the mucosal side up and was fixed in
10% buffered formalin solution. After fixation, tumors
in the resected stomach were generally sectioned on the
maximum cross-sectional plane parallel to the lesser
curvature line based on the rules of the ]CGCM. Tumors
were sectioned in their entirety parallel to the reference
line at intervals of 5 mm. The resected specimens were
embedded in paraffin, and stained with hematoxylin and
eosin. The clinicopathological features of these patients
were obtained from hospital records based on the 14"
]CGCW and the 7" TNM classification!"", excluding the
definition of the histological type.

The histological types of resected tumor specimens
were categorized into two major types: (1) expanding,
intestinal or differentiated type; and (2) infiltrative, diffuse
or undifferentiated type!™'?, based on the Japanese gastric
cancer treatment guidelines 2010". These state that
the differentiated cancer includes papillary and tubular
adenocarcinomas, which arise from the gastric mucosa
with intestinal metaplasia, whereas the undifferentiated
cancer includes pootly differentiated adenocarcinoma,
signet ring cell carcinoma, and mucinous adenocarcinoma,
which arise from ordinary gastric mucosa without
intestinal metaplasiam. Quantitation of the relative
extent of differentiated and undifferentiated components
in resected specimens was determined by histological
analysis by at least two pathologists in our hospital.

Subgroups based on histological differentiation state

No universal standard has existed regarding the definition
of the histological type, particularly in mixed-type gastric
cancer. To define histological type according to both the
JCGC and the TNM classification, all of the gastric cancers
were divided into four subgroups: (1) a group that consisted
solely of a differentiated component (pure D group); (2)
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Figure 1 Representative case of mixed-type gastric carcinoma. A 68-year-old man, who underwent curative gastrectomy with lymphadenectomy for mixed-type
gastric carcinoma (pT1bNOMO, 75 mm x 45 mm), died of peritoneal recurrence. A: Mixed-type gastric carcinoma consists predominantly of a differentiated component
and has < 50% of an undifferentiated component; B: At a higher magnification.

a group that consisted predominantly of a differentiated
component and has < 50% of an undifferentiated com-
ponent (D > U group); (3) a group that consisted of >
50% of an undifferentiated component (U > D group);
and (4) a group that consisted solely of an undifferentiated
component (pure U group). According to the JCGC, the
pure D and the D > U groups were classified as the diffe-
rentiated type of gastric cancer, whereas the U > D and the
pure U groups were classified as the undifferentiated type.
On the other hand, according to the TNM classification,
only the pure D group was classified as the differentiated
type, and the remaining three groups as the undifferentiated
type. Histological mixed-type gastric cancer consisted
of both differentiated and undifferentiated components
and belonged to the D > U or the U > D groups[15]. A
representative case of mixed-type gastric cancer is shown
in Figure 1.

Statistical analysis

The Fisher’s exact probability test and ZZ test were per-
formed for categorical variables between two groups.
Cause-specific death was recorded when death resulted
from recurrent gastric cancer. The cumulative cause-
specific overall survival rates were calculated by using the
Kaplan-Meier method, and the log rank test was used to
assess differences between clinical factors. Multivariate
analysis using the Cox regression model was performed
in order to identify significant contributors that were
independently associated by univariate analysis. HRs
are presented with 95%ClIs. For all tests, P < 0.05 was
considered to be statistically significant.

RESULTS

Distribution of gastric cancer patients among
histological subgroups

The four subgroups of histological differentiation state
consisted of the pure D group of 191 patients (43%),
the pure U group of 142 patients (32%), the D > U
group of 60 patients (13%), and the U > D group of 53
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patients (12%). According to the criteria of the JCGC,
251 of the 446 patients (56%) were diagnosed with
differentiated gastric cancer (the pure D and the D > U
groups), whereas 195 patients (44%) were diagnosed with
undifferentiated gastric cancer (the U > D and the pure
U groups). In contrast, according to the criteria of the
TNM classification, 191 of the 446 patients (43%) were
diagnosed with differentiated gastric cancer (the pure D
group), whereas 255 patients (57%) were diagnosed with
undifferentiated gastric cancer (the D > U, U > D, and
pure U groups). Moreover, the histological mixed-type
was made up of the D > U and the U > D groups of
113 patients (25%), and the non-mixed-type consisted of
the pure D and the pure U groups of 333 patients (75%).

Comparison of cause-specific survival rates of patients
in each of the histological subgroups

Cause-specific survival curves showed that the 5-year
survival rates of patients in the pure D, pure U, D > U,
and U > D groups were 99.0%, 100.0%, 96.3%, and
96.1%, respectively (Figure 2). There was no significant
difference in the cause-specific survival rates between the
differentiated and undifferentiated gastric cancer groups
as defined by the JCGC (P = 0.72506) and the TNM
classification (P = 0.3423). The prognosis of patients with
mixed-type gastric cancer was significantly worse than
that of patients with non-mixed-type gastric cancer (P
= 0.0026) (Figure 3). These data implied that a mixture
of differentiated and undifferentiated components was
associated with poor prognosis of patients with gastric
cancer. Indeed, in differentiated gastric cancer as defined
by the JCGC, the prognosis of patients in the D > U
group was significantly worse than that of patients in
the pure D group (P = 0.0391) (Figure 2). Similatly, in
undifferentiated gastric cancer as defined by the JCGC,
the prognosis of patients in the U > D group was
significantly worse than that of patients in the pure U
group (P = 0.0231) (Figure 2). These findings strongly
suggest that a mixture of these two components in each
histological type could be related to poor prognosis in
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Figure 2 Comparison of cause-specific survival rates of patients in each
of the histological subgroups. Four hundred and forty-six patients were
divided into four histological subgroups, pure D, pure U, D > U, and U > D
groups. Five-year cause-specific survival rates of the patients in each group
were analyzed with the Kaplan-Meier method and log rank test. P < 0.05 was
considered statistically significant. °P < 0.05 vs control; D: Differentiated; U:
Undifferentiated.
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Figure 3 Comparison of cause-specific survival rates between the
histological mixed-type and non-mixed-type in stage I gastric cancer.
Five-year cause-specific survival rates in two groups, the mixed-type and the
non-mixed-type, were analyzed with the Kaplan-Meier method and log rank
test. P < 0.05 was considered statistically significant. P < 0.05 vs control.

patients with stage [ gastric cancer.

Comparison of clinicopathological factors between

the histological mixed-type and non-mixed-type in

stage I gastric cancer

Clinicopathological factors were compared between
the histological mixed-type and non-mixed-type of
stage | gastric cancer (Table 1). Patients with the mixed-
type cancer tended to be older at onset (P = 0.1252) and
have a higher incidence of lymph node metastasis (P =
0.1476). They also had significantly larger tumors (P <
0.0001), more aggressive lymphatic invasion (P = 0.0011),
and deeper tumor invasion (P < 0.0001).
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Table 1 Association between clinicopathological characteristics
and histological mixed-type in pathological stage I gastric

cancer n (%)

n Histological type P value
Mixed-type Non-mixed-type

Sex 446 113 333

Male 305 76 (67) 229 (69)

Female 141 37 (33) 104 (31) 0.7651
Age (yr)

<65 233 52 (46) 181 (54)

=65 213 61 (54) 152 (46) 0.1252
Location

Upper 340 81 (72) 259 (78)

Middle or Lower 106 32 (28) 74 (22) 0.1883
Histological type
(JCGC)

Differentiated 251 60 (53) 191 (57)

Undifferentiated 195 53 (47) 142 (43) 0.4302
Macroscopic appearance
(CGC)

Type 0 402 99 (88) 303 (91)

Type 1-5 44 14 (12) 30 (9) 0.2977
Tumor size (mm)

<25 214 36 (32) 178 (53)

=25 232 77 (68) 155 (47) <0.0001"
Venous invasion

0 410 102 (90) 308 (92)

1-3 36 11 (10) 25 (8) 0.4526
Lymphatic invasion

0 370 82 (73) 288 (86)

1-3 76 31 (27) 45 (14) 0.0011"
TNM classification
pT categories

Tla 11 34 (30) 185 (56)

T1b 11 59 (52) 124 (37)

T2 31 20 (18) 24 (7) <0.0001"
PN categories

NO 427 105 (93) 322 (97)

N1 19 8(7) 11 (3) 0.1476

'Statistically significant values (P < 0.05). P values were calculated by z* or
Fisher’s exact test. JCGC: Japanese classification of gastric carcinoma.

Investigation of the potential use of the histological
mixed-type as a prognostic factor in patients with

stage I gastric cancer

Cause-specific survival rates of 446 patients with
stage | gastric cancer were evaluated by univariate and
multivariate analyses (Table 2). By univariate analysis, the
presence of venous invasion (P < 0.0001) or histological
mixed-type cancer (P = 0.0026) was considered as a
significant prognostic factor. Multivariate analysis using Cox
regression procedures revealed that the presence of mixed-
type cancer was an independent factor that could predict a
poor prognosis [P = 0.0300, HR = 11.4 (1.265-102.7)].

DISCUSSION

Several studies have identified clinical features associated
with the histological mixture of differentiated and
undifferentiated components in gastric cancer!™?

I However,
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Table 2 Univariate and multivariate survival analyses using

Cox’s proportional hazard model in pathological stage I gastric
cancer

Variables Univariate' Multivariate’
P value HR 95%Cl P value
Sex
Male vs female 0.5618
Age (yr)
= 65 vs < 65 0.1001
Location
Uwvs ML 0.8450
Histological type (JCGC)
Undiff vs Diff 0.7256
Tumor size (mm)
=25vs<25 0.1918
Venous invasion
Positive vs Negative <0.0001° 13513 2252 83.33 0.0044°
Lymphatic invasion
Positive vs Negative 0.1796
pT-stage
T2vs T1 0.4781
pN-stage
N1 vs NO 0.6373
Histological type
Mixed vs Non-mixed 0.0026°  11.402 1.265 102.74 0.0300°

'Kaplan-Meier method, and statistical significance was determined by
log-rank test; “multivariate survival analysis was performed using Cox’s
proportional hazard model; *Statistically significant values (P < 0.05). Diff:
Differentiated; Undiff: Undifferentiated.

the prognostic effects of these components in patients
with gastric cancer remain little known, particulatly in the
early stages. In the present study, we demonstrated that
the presence of histological mixed-type gastric cancer was
associated with old-age onset, large tumor, deep tumor
invasion, lymphatic invasion, and lymph node metastasis
in stage I gastric cancer. Furthermore, mixed-type cancer
was observed to be an independent prognostic factor in
stage | gastric cancer. These results clearly suggest that
patients with mixed-type stage I gastric cancer should
receive more cateful attention.

With respect to clinical outcomes of mixed-type gasttic
cancer, only a few studies have reported that mixed-type
cancer is assoclated with lymph node metastasis"*'"*”
and larger tumors'"®, Regarding the prognostic effects of
the differentiation state, we previously demonstrated that
mixed-type cancer was associated with poor prognosis in
differentiated T1/T2 cancer, as defined by the JCGC",
On the other hand, we did not clarify the relevance of this
factor in undifferentiated cancer, as defined by the JCGC.
In this study, however, we elucidated that the prognosis
of patients in the U > D group was significantly worse
than that of patients in the pure U group (P = 0.0231).
Including other results, our data suggest that a mixture of
histologically differentiated and undifferentiated components
itself contributes to malignant clinical outcomes and poor
prognosis of patients with gastric cancer, whether or not
undifferentiated components predominate.

Consistent with our results, Huh ¢ @/ demonstrated
the significance of the histological mixed-type in the
undifferentiated type of eatly gastric cancer. Specifically,
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the histological mixed-type of signet ring cell carcinoma
was one of the independent risk factors of lymph node
metastasis, and patients with the mixed-type of this
carcinoma showed significantly lower survival rates
than those of patients with the non-mixed-type of the
. That study also supports our finding
that the clinical aggressiveness of histological mixed-
type components in undifferentiated gastric cancer is
independent of the predominance of the undifferentiated
component. Furthermore, from the viewpoint of molecular
pathology, mixed-type gastric cancer exhibited increased
expression of Ki-67, extracellular matrix metalloproteinase
inducer, and vascular endothelial growth factor proteins,
which are involved in angiogenesis and cell proliferation™,
and enhanced the status of CpG island hypermethylation
in tumor suppressive genes” . These data also support
the idea that the histological mixed-type gastric cancer is
clinically aggressive. However, further studies are needed
to validate the detailed mechanisms by which histological
mixed-type gastric cancer is more aggressive than non-
mixed-type gastric cancer.

The histological type has been defined as one of the
factors that determine limited treatments according to
Japanese gastric cancer treatment guidelines!". Consequently,
endoscopic submucosal dissection with narrow-band
imaging magnifying endoscopy and limited gastrectomy
with laparoscopic surgery” have emerged as new, less-
invasive technologies, and are widely accepted as limited
treatments for early gastric cancer. However, it is true that
there might be some problems in using the classification of
histological types in clinical settings, because it is difficult
for pathologists to diagnose accurately the histological
differentiation, particularly in the histological mixed-
type gastric cancer, let alone to diagnose the histological
differentiation in biopsy specimens. Therefore, in order to
apply histological differentiation to clinical settings, whether
the histological mixed-type or not itself may also be a
better factor to determine limited treatments, as proposed
by recent studies and our results’”"**", Tndeed, it is not
so difficult for pathologists to diagnose whether tumor
specimens are histological mixed-type gastric cancer ot not.

In conclusion, this is believed to be the first report to
demonstrate that histological mixed-type cancer is related
to malignant outcomes and poor prognosis in the eatly
stage of gastric cancer, and to highlight its usefulness as
an indicator of poor prognosis. Therefore, for patients
with mixed-type gastric cancer, meticulous follow-up
should be performed after curative gastrectomy, even at
the early stage of this disease.

COMMENTS

Background

Several studies have identified clinical features associated with the histological
mixture of differentiated and undifferentiated components in gastric cancer.
However, little is known about the prognostic effects of these components in
patients with gastric cancer, particularly in the early stages.

Research frontiers

This is believed to be the first report to demonstrate that histological mixed-
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type cancer is related to malignant outcomes and poor prognosis in the early
stage of gastric cancer, and to highlight its usefulness as an indicator of poor
prognosis. Therefore, for patients with mixed-type gastric cancer, meticulous
follow-up should be performed after curative gastrectomy, even at the early
stage of this disease.

Innovations and breakthroughs

Four hundred and forty-six patients, who underwent curative gastrectomy for
stage 1 gastric cancer between 1999 and 2009, were enrolled in this study.
The patients were divided into two groups: patients with either differentiated or
undifferentiated cancer (non-mixed-type, n = 333) and patients with a mixture
of differentiated and undifferentiated cancers (mixed-type, n = 113). The overall
prevalence of mixed-type gastric cancer was 25.3% (113/446). Compared with
patients with non-mixed-type gastric cancer, those with mixed-type gastric
cancer tended to be older at onset (P = 0.1252) and have a higher incidence of
lymph node metastasis (P = 0.1476). They also had significantly larger tumors
(P < 0.0001), more aggressive lymphatic invasion (P = 0.0011), and deeper
tumor invasion (P < 0.0001). In addition, they exhibited significantly worse
overall survival rates than did patients with non-mixed-type gastric cancer (P =
0.0026). Furthermore, mixed-type gastric cancer was independently associated
with a worse outcome in multivariate analysis [P = 0.0300, hazard ratio = 11.4
(1.265-102.7)).

Applications

These findings suggest that the histological mixed-type of gastric cancer
contributes to malignant outcomes and highlight its usefulness as an indicator
of poor prognosis in stage I gastric cancer.

Terminology

Histological mixed-type gastric cancer: gastric cancer consists of both
differentiated and undifferentiated components.

Peer review

This was a good descriptive study showing that the presence of mixed-
type gastric cancer serves as an indicator of poor prognosis in patients with
stage 1 disease and requires meticulous follow-up with clinical satisfaction.
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