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Abstract

The aim of this prospective study was to analyze Ming’s classification in correlation with other
currently used classification systems of gastric cancer. In addition, we wanted to define the
prognostic significance of the Ming classification system. The present study analyzed material of
117 patients with gastric carcinoma who underwent D2-gastrectomy with curative intent. All
specimens were catagorized according to International Union Against Cancer (UICC) classifica-
tion, World Health Organization (WHO) classification, Borrmann classification, Laurén classifi-
cation, Goseki classification, Ming classification, and tumor differentiation. For analysis of
correlation between the classification systems, the correlation coefficient according to Spearman
was calculated. The survival curves have been calculated according to the Kaplan-Meier method.
According to the Ming classification, 38.5% of the carcinomas exhibited an expanding growth
pattern, and 61.5% of specimens showed an infiltrating growth pattern. The subtypes according to
the Ming and Laurén classification correlated significantly (P < 0.001). WHO classification (P <
0.001), tumor differentiation (P < 0.001), and Goseki classification (P < 0.001), as well as the
macroscopic classification of Borrmann (P < 0.001) and the pT and pN categories of the UICC
classification exhibited a highly significant correlation with the Ming classification (P < 0.001 and
0.001, respectively). Median overall survival was 31.3 months. In Kaplan-Meier analysis, the 3-
year survival rates were lower in the infiltrative tumor type when compared to the expansive tumor
type according to Ming (P = 0.0847). In multivariate analysis, only the UICC system presented as
an independent prognostic factor in multivariate analysis (P < 0.001). This study shows that the
Ming classification correlates significantly with the currently used classification systems for gastric
cancer and with the UICC staging system, especially, the pT and pN category. The 3-year survival
rates were lower in the infiltrative tumor type than in the expansive tumor type according to Ming.
However, the Ming classification is not an independent prognostic factor.

Gastric carcinomas exhibit various pathological fea-
tures and show great differences with regard to their
histogenetic origin."”* A main problem in the histological
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classification of gastric cancer is the great variability of
architectural and cytological features that may be present
within the same tumor.” As a result, many different systems
have been proposed for the histological classification of
gastric carcinoma. The fact that so many systems are in use
simultaneously indicates that none of them are completely
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satisfactory. For clinical use, a classification system should
ideally be easy to use, reliable, reproducible, biologically
meaningful, and clinically relevant. In addition, to optimize
therapy strategies, it would be very desirable to have a
classification system of gastric carcinoma that allows pre-
operative evaluation of tumor progression and lymph node
metastasis. As we know, especially in gastric carcinoma,
the exact preoperative staging is of great importance in
choosing the best therapy options (concept of targeted
surgery). At present, the classification systems most widely
used are those of Laurén® and the World Health Organi-
sation (WHO).>® The widely applied Laurén classification
divides stomach cancers into intestinal, diffuse, and mixed
types. In contrast, the WHO classification categorizes can-
cers according to features of histopathological differentia-
tion.” Papillary, tubular, mucinous, and signet ring cell
types are defined. In 1992, Goseki et al.,”® described a
novel grading system based on tubular differentiation and
intracellular mucin; it was used to categorize gastric can-
cers in a series of 200 patients investigated by autopsy. The
Goseki system classifies gastric carcinomas into four
groups. The Ming classification, based on the growth pat-
tern of the cancer, recognizes two main growth patterns:
the expanding growth pattern accounted for 67% of gastric
cancers and the infiltrating growth pattern which ac-
counted for 33% of gastric cancers in previous studies®”'°
The aim of the present prospective study was to analyze
the relationship between the Ming classification and other
histopathological classification systems, and to investigate
the clinical and prognostic relevance of the Ming system.

METHODS

Patients

The specimens included in this prospective study were
obtained from 117 consecutive patients who underwent
gastric surgery with curative intent for primary gastric
adenocarcinoma at the Department of Surgery, University
of Cologne, Germany, between 1996 and 2000. A total of 68
specimens were obtained from men and 49 were obtained
from women. The patients ranged from 33 to 85 years of age
(median: 65 years). Of these patients, 105 (89.7%) under-
went gastrectomy with D2-lymphadenectomy with curative
intent, and 12 (10.3%) underwent subtotal gastric resection
with D2-lymphadenectomy, also with curative intent. A
mean number of 39 lymph nodes were resected per patient.
Fifteen (12.8%) patients with locally advanced tumors had
been treated preoperatively with cytotoxic drugs and/or
radiation following the concept of neoadjuvant therapy.
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Methods

The tumor samples were routinely fixed in 5% phos-
phate-buffered formalin and embedded in paraffin. Speci-
mens were stained with hematoxylin and eosin and
periodic acid-Schiff (PAS) staining according to standard
histological techniques. Appropriate tissue samples were
categorized according to the classifications of Borrmann,
the International Union Against Cancer (UICC; sixth edi-
tion, 2002),'"' the World Health Organization (WHO),
Laurén, Goseki, and Ming. All tumor specimens were
independently evaluated by two pathologists. There was a
deviation of median values <5%; in these cases, a con-
sensus was obtained between the two pathologists.

The study was performed according to the criteria for
prognostic studies.'” The relationship between the Ming
classification and the other systems was analyzed using the
correlation approach of Spearman. In univariate analysis,
overall survival was calculated by the Kaplan-Meier method.
The log rank test was used to calculate significance of dif-
ferences between subgroups, and the Cox regression model
was used for multivariate analysis. The following variables
were taken into the conditional forward model: UICC stage,
sex, Laurén, Goseki, and Ming classification. The median
follow-up was calculated according to Bollschweiler.'*

All calculations were performed using the SPSS statistical
software package (SPSS for Windows release 10.0.7de,
SPSS Inc., Chicago, IL); P values lower than 0.05 were
considered statistically significant.

RESULTS

RO resection could be achieved in 106 (90.6%) patients.
Lymph node metastases were found in 75 (64.1%) speci-
mens, and distant metastases were seen in 19 (16.2%) pa-
tients. The distribution of the different classifications and
their association with the Ming classification system are
shown in Tables 1 and 2, as are the correlations between
the different classifications and the Ming classification.

The bigger the tumor was, the more often the infiltrative
tumor type was present (P < 0.001). The higher the in-
cidence of lymph node metastasis, the more frequent the
type was observed (P < 0.001).
Conclusively, the same correlation was found between the
Ming classification and the UICC classification; the higher
the UICC classification grade, the more frequently the in-
filtrative tumor type was found (P < 0.001). In our study,
poorly differentiated or undifferentiated tumors according
to the WHO classification were shown to exhibit ex-
clusively the infiltrative tumor type according to Ming. The
lower the Goseki -classification,

infiltrative tumor

the more often the
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Correlation of Ming classification with Laurén classification and pTNM category (n = 117)

Table 1.

Luebke et al.: Ming classification

Ming tumor-type

n Expansive Infiltrative P
Laurén 0.0001
Intestinal 45 45 (100%) 0 (0%)
Diffuse 57 0 (0%) 57 (100%)
Mixed 15 2 (13.3%) 13 (86.6%)
pT category 0.0001
pT1 24 14 (58.3%) 10 (41.7%)
pT2 38 22 (57.9%) 16 (42.1%)
pT3 45 7 (15.6%) 38 (84.4%)
pT4 10 2 (20.0%) 8 (80.0%)
pN category 0.0001
pNO 42 27 (64.3%) 15 (35.7%)
pN1 35 12 (34.3%) 23 (65.7%)
pN2 18 4 (22.2%) 14 (77.8%)
pN3 22 2 (9.1%) 20 (90.9%)
M category 0.090
pMO 98 41 (41.8%) 57 (58.2%)
pM1 19 4 (21.1%) 15 (78.9%)
Table 2.

Correlation between the Ming classification and the International Union Against Cancer (UICC), World Health Organization (WHO),
Borrmann, and Goseki classification and grading systems

Ming tumor-type

n Expansive Infiltrative P
uiCC 0.0001
| 38 26 (68.4%) 12 (31.6%)
] 21 10 (47.6%) 11 (52.4%)
Il 22 4 (18.2%) 18 (81.8%)
v 36 5 (13.9%) 31 (86.1%)
WHO 0.0001
Papillary 5 4 (80.0%) 1 (20.0%)
Tubular 68 41 (60.3%) 27 (39.7%)
Signet ring cell 38 38 (100%)
Mucinous 3 3 (100%)
Undifferentiated 3 3 (100%)
Borrmann 0.0001
Type 1 9 3 (33.3%) 6 (66.7%)
Type 2 22 17 (77.3%) 5 (22.7%)
Type 3 25 9 (36.0%) 16 (64.0%)
Type 4 37 2 (5.4%) 35 (94.6%)
Goseki 0.0001
Group | 53 36 (67.9%) 17 (32.1%)
Group Il 9 2 (22.2%) 7 (77.8%)
Group I 20 7 (35.0%) 13 (65.0%)
Group IV 35 35 (100%)
Grading 0.0001
G1 1 1 (100%)
G2 33 26 (78.8%) 7 (21.2%)
G3 74 18 (24.3%) 56 (75.7%)
G4 9 9 (100%)
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expansive tumor type was predominant (P < 0.001). The
better the grading, the more often the expansive tumor
type was found (P < 0.001). And finally, the higher the
Borrmann classification, the more often the infiltrative tu-
mor type was observed (P < 0.001).

The median follow-up was 31.3 months. Median overall
survival was also 31.3 months (range: 19.8-42.7 months).
Briefly, the patients with an expansive tumor type showed a
median survival of 46.8 months (range: 17.7-75.9 months),
whereas patients with an infiltrative type had a median
survival of only 22.7 months (range: 11.8-33.7 months).

In our study, the overall cumulative 3-year survival rate
was 45.05% (SE 4.72%). The 3-year survival rate was
56.82% (SE 7.47%) and 35.82% (SE 5.86%), respectively, in
patients with the expansive and infiltrative tumor types
according to Ming. Thus, the infiltrative type of cancer
(according to Ming) had a worse prognosis than the
expansive type (P = 0.0847; Fig. 1.

The Ming classification and the Goseki, Laurén, WHO, and
Borrmann classifications, as well as tumor differentiation,
did not exert a prognostic effect on survival in multivariate
analysis. Only the UICC system proved to be an independent
prognostic factor in multivariate analysis (P < 0.00D).

DISCUSSION

The characteristics of gastric carcinomas can be de-
scribed according to many of their features: for example

the infiltrative and expansive
tumor types (P = 0.0847).

anatomic site, clinical and pathological extent of disease,
tumor size, histological type, grade, and growth pattern.
With regard to their growth pattern, many carcinoma cells
maintain a coherent relationship with each other and form
relatively circumscribed tumors, like adenocarcinomas, of
other organs, for example those of the intestine. However,
tumor cells of about one third to one half of all gastric
carcinomas show a loss of cohesive growth and invade
other organs as individual cells or small groups of cells or
glands." Some tumors exhibit a significant intratumoral
heterogeneity of these morphological features.

According to the different growth patterns and the
varying extent of invasiveness among gastric carcinomas,
Ming proposed a classification of gastric carcinomas as
“expanding” and “infiltrative” types.' As the terms sug-
gests, expanding carcinomas grow by enlargement of
cohesive tumor nodules or masses, with a well defined
periphery; infiltrative carcinoma cells grow independently
as dispersed, separate cells and clusters or small glands that
show a strong invasive potential with extensive infiltration
into the stroma. According to the literature, the expanding
and infiltrative growth patterns account for roughly 65%
and 30% of all gastric cancers, respectively.' In the present
study, we observed an obviously selected patient series. As
a result, 38.3% of our specimens were considered to have
an expanding growth pattern and 61.7% an infiltrating
growth pattern. The growth patterns are mixed in 5% of
tumors, 2% with a predominant expanding pattern and 3%
with a prominent infiltrative pattern.'® Some expanding
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tumors show an infiltrative growth pattern at their
advancing margins, a characteristic that reflects increased
malignancy of the tumor. The designation of tumor type,
however, should be based on the growth pattern of the
entire tumor; if the infiltrative pattern is limited to the
periphery of the tumor, the basic biology of the expanding
carcinoma may have not been substantially altered.'’
Expanding carcinomas are usually present in polypoid and
fungating carcinomas, whereas diffusely infiltrative carci-
nomas are made up of non-cohesive infiltrative tumor cells.
Grossly ulcerative carcinomas are about equally divided
between the expanding and infiltrative growth patterns.'?

Many different systems have been proposed for the
histologic classification and grading of gastric carci-
noma.**7 110 However, none of them meet the fol-
lowing requirements management:
prediction of (curative) resectability and determination of
prognosis. This lack is illustrated by the fact that many
investigators are still trying to find a new classification
system with prognostic value. Tumor-nodes-metastases
(TNM) staging is a well-known, important prognostic
measure of survival.'”'® However, it cannot be assessed

two of clinical

preoperatively with accuracy, especially concerning the N
status.'® In addition to the commonly accepted systems
(UICC classification, WHO classification, Borrmann clas-
sification, Laurén classification, Goseki classification), we
also analyzed the Ming classification. Compared with the
other classifications or grading methods, the Ming system
was found to be significantly correlated with the Laurén
classification (P < 0.001) and the pT and pN categories
(P < 0.001 and 0.001 respectively). Four other systems
also showed a significant relationship with the Ming
classification: the WHO classification ( < 0.001), tumor
grading (P < 0.001), the Goseki classification (P < 0.001),
and the macroscopic classification of Borrmann (P <
0.001). A group in the UK* studied 181 patients with
gastric cancers removed by potentially curative resections
and compared the Goseki subgrouping with conventional
tumor grading as well as the Laurén, Ming, and WHO
classifications. In contrast to our results, they did not find
any correlation between the Ming classification and the
Goseki group.®” Additionally, Piard et al.,*' who reviewed
211 gastric carcinomas, could not correlate the WHO
classification with the Ming classification. In accordance
with our results, other authors have observed a striking
correlation between the Laurén and the Ming classifica-
tions.>** This may be explained by the definition of the
subtypes according Ming’s and Laurén’s classifications.
Expanding carcinomas mostly exhibit an intestinal phe-
notype, and infiltrative carcinomas usually show a diffuse
growth pattern. However, the solid carcinoma, unclassi-
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fied according to Laurén’s system, represents an expand-
ing carcinoma.'?

Ming did not consider any prognostic implications for his
classification system.! However, some authors have tried to
evaluate the prognostic relevance of Ming’s classification.
Up until now, any published findings with regard to the
prognostic value of the Ming classification have been
controversial. Whereas some authors could demonstrate
prognostic value, 3%
association.

In our study of patients with the expansive and infiltra-
tive tumor types, as defined by Ming, the overall cumula-
tive 3-year survival rate was 45.05% (SE 4.72%). The 3-year
survival rate for patients with the expanding type of tumor
was 56.82% (SE 7.47%) and for those with the infiltrating
type, it was 35.82% (SE 5.86%). Thus the infiltrative type of
cancer (according to Ming’s classification) had a statistically
nearly significantly worse prognosis than the expansive
type (P = 0.0847).

In conclusion, in our study, the Ming classification was
found to correlate well with the conventional grading and
classification systems of gastric cancer, with findings that
are comparable with the results of other groups.?>*
Additionally, the Ming classification was of prognostic
relevance in our study, for the infiltrative type of cancer
(according to Ming) had a poorer prognosis than the
expansive type (P = 0.0847). This result confirmed the
findings of other groups.”****> However, the Ming classi-
fication does not fulfill the requirements of preoperative
prediction of (curative) respectability and preoperative
determination of prognosis. This is due to characteristics of
tumor growth of gastric carcinomas. Some expanding tu-
mors show an infiltrative growth pattern at their advancing
margins, reflecting increased malignancy of the tumor.
However, the designation of tumor type should be based
on the growth pattern of the entire tumor. If the infiltrative
pattern is limited to the periphery of the tumor, the basic
biology of the carcinoma may have not been substantially
altered.’ As a result, the preoperative classification of
small biopsies according to Ming may be misleading be-
cause biopsies are generally not representative of the areas
at the invasive front of a tumor.?® Thus, the Ming classifi-
cation should only be applied to the surgically resected
specimen.

In accordance with Ming and other authors,
observations confirm and extend the notion that the Ming
classification is easy to use; that it is biologically, clinically
and prognostically relevant; and that it is easily reproduc-
ible. Because of its validity, this classification is suitable for
daily practice, but it should not be determined preopera-
tively from analysis of biopsy specimens.
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