
63© Springer Nature Singapore Pte Ltd. 2019
A. Shiotani (ed.), Gastric Cancer, https://doi.org/10.1007/978-981-13-1120-8_5

Chapter 5
Pathology of Gastric Cancer

Takashi Yao and Ryo Wada

Abstract Early detection and accurate diagnosis have strong impacts on cancer 
care; therefore, pathological diagnosis of biopsy specimen is important. It is too late 
that the lesion is followed up until the carcinoma invades the submucosa or more. 
For the better quality of life (QOL) of patients, carcinomas should be endoscopi-
cally diagnosed and resected before metastasis. To achieve correct histological diag-
nosis on early-stage gastric carcinomas by biopsy specimen, it is necessary to 
understand the difference in histological diagnosis between Japanese and Western 
pathologists and learn the characteristic histological features of noninvasive well-
differentiated adenocarcinomas, especially those of low-grade atypia. In addition, 
for selecting the suitable therapy, it is also necessary to know the clinicopathologi-
cal features of special types of gastric carcinomas and how to correctly perform a 
histological evaluation of endoscopically resected specimens.

Keywords Gastric cancer · Histological diagnosis · Adenocarcinoma with entero-
blastic differentiation · Adenocarcinoma of fundic gland type · Endoscopic curative 
resection

5.1  Differences in Histological Diagnosis between Japanese 
and Western Pathologists

It is well known that there are discrepancies in the diagnosis of gastrointestinal 
neoplasia between Japanese and Western pathologists [1–6]. In Western countries, 
the most reliable finding for the diagnosis of carcinoma is the presence of stromal 
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invasion (desmoplastic reaction). Accordingly, noninvasive epithelial neoplasia is 
classified into low-grade dysplasia (LGD) and high-grade dysplasia (HGD) sub-
types, by degree of cytological atypia. In contrast, in Japan the diagnosis of carci-
noma is made by the combination of cytological and architectural abnormalities, 
irrespective of stromal invasion. Accordingly, noninvasive epithelial neoplasia is 
classified into adenoma and adenocarcinoma by cytological features.

In Japan, the five-tiered group classification is widely used for the histological 
diagnosis of endoscopic biopsy specimens. The updated group classification [7] is 
similar to the Vienna classification [3]; however, these two classifications are partly 
different. Between the two classifications, there is no difference between Group 1 
and Category 1 (non-neoplasia) and Group 2 and Category 2 (indefinite for neopla-
sia), and the comparisons between Groups/Categories 3, 4, and 5 between the two 
classifications are demonstrated in Table 5.1.

In the Vienna classification system, the diagnoses of high-grade adenoma/HGD, 
noninvasive carcinoma, and suspicious invasive carcinoma are clustered into one 
category (Category 4), termed as noninvasive high-grade neoplasia. This category is 
defined as neoplasia with cytological and architectural features of carcinoma but 
without evidence of stromal invasion. Utilization of the Vienna classification system 
has improved the percentage of agreement during diagnoses [3, 4]. The different 
terms, HGD and intramucosal carcinoma, can be explained by simple differences in 
nomenclature.

However, histological diagnoses based on biopsy specimens using the Vienna 
classification system may result in the underestimation of the neoplastic grade or 
depth of invasion [8, 9], and this underestimation has been proven in follow-up stud-
ies from Western countries [10–15]. HGD frequently progresses to invasive carci-
noma over a short period of time, and incidences of progression are 67–85% over 
mean intervals of 4 months to 1.5 years [10–15]. It is reasonable that such lesions of 
HGD could initially have been carcinomas but did not transform into carcinomas. In 
contrast, only 10% of HGD cases were finally diagnosed as carcinoma in a Japanese 
follow-up study [16]. At the very least, the term well-differentiated adenocarcinoma 
should be used for HGD.

On the other hand, the most critical point is that even LGD (Vienna Category 3), 
as defined by Western pathologists, can be diagnosed as well-differentiated adeno-
carcinoma of low-grade atypia (WD-AC-LG) (Group 5) by Japanese pathologists 
(Table 5.1). Incidences of progression from LGD to invasive carcinoma were 0–23% 

Table 5.1 Comparison between the Vienna classification and Japanese group classification

Category
3 4 5

Group 3 Adenoma LG-adenoma/LGD
4 Suspicious carcinoma HG-adenoma/HGD
5 Carcinoma Some of LGD Most of HGD

Noninvasive carcinoma
Suspicious invasive 
carcinoma

Invasive 
carcinoma
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in Western studies [10–15] but only 3% in a Japanese study [16]. These results sug-
gest a difference in diagnostic criteria for LGD (including LG adenoma), and in 
fact, histological features of LGD that have been demonstrated in some reports [17, 
18] should be classified as WD-AC-LG by Japanese diagnostic criteria. In order to 
solve this discrepancy between biopsy and resected specimens, the differential diag-
nosis between adenoma and WD-AC-LG is critical.

5.2  Differential Diagnosis Between Adenoma 
and WD-AC-LG

Japanese pathologists have learned and gained experience from routinely assessing 
large numbers of biopsy specimens provided by endoscopists and from the subse-
quent feedback gained by examining resected specimens from the same neoplastic 
lesions. The Japanese diagnostic criteria for intramucosal carcinoma have been 
established by comparing the histological features of the mucosal component with 
that of the submucosal component in the same lesion. The intramucosal component 
of invasive carcinoma should be termed carcinoma if it shows the same cytological 
features as the submucosal component, regardless of stromal invasion. The invasive 
ability of carcinoma has already been acquired at a mucosal stage, and therefore, it 
is logical to make a carcinoma diagnosis based on the cytological features of the 
mucosal component.

We have also learned that even WD-AC-LG has invasion abilities [19] and the 
cytological features of WD-AC-LG are different from those of adenoma. The com-
mon histological feature of low-grade adenoma and WD-AC-LG is noninvasive, 
well-differentiated neoplasia with nuclei located at the basal site and low 
 nucleus-to-cytoplasm (N/C) ratio (less than 50%); however, the difference between 
them is nuclear morphology (shape and arrangement). Adenomas, except for the 
pyloric gland type, have spindle-shaped nuclei that are regularly arranged at the 
basal side (Fig. 5.1a), whereas WD-AC-LG has round-to-oval nuclei arranged at the 
basal area with or without irregular arrangement (Figs. 5.2a and 5.3a).

In addition to our experience, the reasonableness of the Japanese diagnostic cri-
teria has been supported by the following studies. First, the presence of gastric dif-
ferentiation suggests adenocarcinoma, rather than adenoma, and a follow-up study 
of borderline lesions revealed that the presence of gastric differentiation is one of 
the risk factors for malignant transformation [20, 21]. Second, by using the Japanese 
criteria, the tendency for cell differentiation is different from typical adenoma and 
has small intestinal differentiation that is distinguished by presence of goblet cells, 
brush border, and Paneth cells, and the carcinoma tends to express gastric or gastro-
intestinal differentiation [22, 23]. Third, the incidence and pattern of adipophilin 
expression are different between adenoma and carcinoma [24]. Fourth, most adeno-
mas tend to have a band-like proliferating zone near the surface, whereas carcino-
mas tend to have irregularly or diffusely distributed proliferating cells [22–24]. 
Fifth, genetic abnormalities that are the same as those observed for advanced gastric 
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carcinoma were detected even in WD-AC-LG [25]. These findings demonstrate that 
cytological differentiation and distribution of proliferating cells are important for 
differential diagnoses, in addition to nuclear findings.

The algorithm for differential diagnosis between adenoma and WD-AC-LG is 
proposed according to nuclear features and cytological differentiation (Fig.  5.4). 
This is just an algorithm, and for individual cases, intermediate lesions do exist. 
When the differential diagnosis is difficult, immunohistochemical stains are useful 
for evaluating cell differentiation through identifying MUC5AC (foveolar cells), 
MUC2 (goblet cells), MUC6 (pyloric gland and mucous neck cells), and CD10 
(small intestinal brush border). Typical adenomas present small intestinal differen-
tiation that is characterized by the presence of goblet cells, brush border, and Paneth 

a b c

Fig. 5.2 Well-differentiated adenocarcinoma of low-grade atypia. The tumor is composed of 
columnar epithelium with pale eosinophilic cytoplasm. Neither goblet cell nor Paneth cell is iden-
tified. The nuclei are rounded and located at the basal side with an irregular arrangement (a). The 
immunohistochemical stain with MUC5AC reveals gastric foveolar differentiation (b). The diffuse 
distribution f Ki-67 is also characteristic of adenocarcinoma (c)

a b c

Fig. 5.1 Tubular adenoma. The tumor is composed of columnar epithelium with eosinophilic 
cytoplasm, admixed with some goblet cells and Paneth cells. The nuclei are spindle-shaped and 
regularly arranged at the basal side (a). Immunohistochemical stains highlight the existence of 
goblet cells by MUC6 (b) and brush border by CD10 (c), which indicates small intestinal 
differentiation
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cells (Fig. 5.1b,c), whereas adenocarcinomas tend to express gastric, gastrointesti-
nal, or null phenotypes (Figs. 5.2b and 5.3b). In addition, the evaluation of prolifer-
ating cell distributions by Ki-67 is also useful. When Ki-67 positive cells are 
irregularly or diffusely distributed in the tumor (Figs.  5.2c and 5.3c), it is more 
likely that the tumor is adenocarcinoma, rather than adenoma [22, 23].

a b c

Fig. 5.3 Well-differentiated adenocarcinoma of low-grade atypia. The tumor is composed of 
columnar epithelium with pale eosinophilic cytoplasm. Neither goblet cell nor Paneth cell is iden-
tified. The nuclei are rounded and located at the basal side without an irregular arrangement (a). 
Immunohistochemically, MUC2 (b), MUC5AC, MUC6, and CD10 are negative in this tumor, 
indicating null phenotype. The irregular distribution f Ki-67 is also characteristic of adenocarci-
noma (c)

Foveolar or null
differentiation 

Adenocarcinoma

Small intestinal
differentiation 

Adenoma

Mixed GI
differentiation 

non-invasive well differentiated epithelial neoplasia of low-grade atypia

Pyloric gland
differentiation 

Round to oval nuclei

Loss or keep of
cell polarity 

Spindle-shaped nuclei
Keep of cell polarity

Round to oval nuclei
Loss of cell polarity

Foveolar
differentiation 

(+)

(-)

common rare

Fig. 5.4 Algorithm of differential diagnosis between adenoma and well-differentiated adenocar-
cinoma of low-grade atypia
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Pyloric gland-type adenomas are a rare and unique variant. Such tumors are 
mainly composed of mucous cells that are similar to M pyloric gland-type cells 
(MUC6 positive) and covered by foveolar-type cells (MUC5AC positive). The typi-
cal pyloric gland-type adenoma has a proliferating zone near the surface, between 
foveolar-type cells and pyloric gland-type cells. The irregular or diffuse distribution 
of proliferating cells and/or diffuse positivity for MUC5AC are characteristics of 
adenocarcinomas, rather than adenomas.

5.3  Special Types of Gastric Carcinoma in Japanese 
Classification

The present Japanese histological classification of gastric carcinoma [7] is similar 
to the WHO classification [26], although there are slight differences. The compari-
son between Japanese and WHO classifications is shown in Table 5.2. Three histo-
logical types of poorly differentiated adenocarcinomas, solid type (por1), 

Table 5.2 Comparison between Japanese and WHO classifications

Japanese classification 2017 (15th Ed.) WHO classification 2010
Common type
   Papillary adenocarcinoma (pap) Papillary carcinoma
   Tubular adenocarcinoma Tubular carcinoma
     Well-differentiated (tub1)
     Moderately differentiated (tub2)
   Poorly differentiated Poorly cohesive carcinoma
    Solid type (por1)   (No description)
    Nonsolid type (por2)
   Signet-ring cell carcinoma (sig) (Included in poorly cohesive carcinoma)
   Mucinous carcinoma (muc) Mucinous carcinoma
   (No description) Mixed adenocarcinoma
Special type Neuroendocrine neoplasms
   Carcinoid tumor    Neuroendocrine tumor (NET), G1 & G2
   Endocrine carcinoma    Neuroendocrine carcinoma
   (No description) Mixed adenoneuroendocrine carcinoma
   Adenosquamous carcinoma Adenosquamous carcinoma
   Squamous cell carcinoma Squamous cell carcinoma
   Adenocarcinoma with enteroblastic 

differentiation
(similar to embryonal carcinoma)

   Hepatoid adenocarcinoma Hepatoid adenocarcinoma
   Adenocarcinoma of fundic gland type   (No description)
   Carcinoma with lymphoid stroma Carcinoma with lymphoid stroma
   Undifferentiated carcinoma Undifferentiated carcinoma

T. Yao and R. Wada



69

adenocarcinoma with enteroblastic differentiation (AC-Ent), and adenocarcinoma 
of fundic gland type (AC-FG), are listed in the Japanese classification but not 
described in the WHO classification. The clinicopathological characteristics are as 
follows:

5.3.1  Poorly Differentiated Solid-Type Adenocarcinoma (por1)

Adenocarcinoma without glandular formation is classified into poorly differentiated 
adenocarcinoma, which is further classified into two subtypes: solid type (por1) and 
nonsolid type (por2). Por1 tends to metastasize through lymphatic channels and dis-
seminate throughout the peritoneum, whereas por1 tend to metastasize through 
veins. Por1 is frequently accompanied by differentiated components at the tumor 
periphery [27, 28]. Although por1 can be classified into poorly differentiated-type 
one, por1 is histogenetically and biologically similar to well-differentiated-type 
one. Por1 was firstly described in the Japanese classification of gastric carcinoma 
(12th Ed, 1993), and carcinoma with lymphoid stroma that had previously been 
categorized as por1 was redefined as special type in the Japanese classification of 
gastric carcinoma (14th Ed, 2010), because carcinoma with lymphoid stroma is a 
special type that is associated with EB viral infection. Carcinoma with solid growths, 
such as hepatoid adenocarcinoma and endocrine carcinoma, should be differenti-
ated by immunohistochemistry.

5.3.2  Adenocarcinoma with Enteroblastic Differentiation 
(AC-Ent)

AC-Ent was first reported by Matsunou [29], and only a few cases have been 
reported under a different name of clear-cell (glycogen-rich) adenocarcinoma [30, 
31]. AC-Ent diagnostic criteria have not been established, and its clinicopathologi-
cal features have not been clarified, although AC-Ent was introduced in the Japanese 
classification of gastric carcinoma (14th Ed, 2010) as a miscellaneous carcinoma 
with a short description.

In 2016, Murakami et al. established the significance of AC-Ent, which has an 
aggressive biological behavior with high incidence of liver metastasis, and defined 
AC-Ent as an adenocarcinoma with a clear cytoplasm that resembles fetal gut tissue 
and displays tubular, papillary, and solid growths with expression of at least one 
enteroblastic marker (AFP, glypican 3, or SALL4) [32] (Fig. 5.5). Even early-stage 
AC-Ent has an aggressive biological behavior, which is demonstrated by the high 
incidence of venous invasion and liver metastasis [32, 33]. Hepatoid adenocarci-
noma shares characteristic features with AC-Ent, such as histological features, 
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expression of enteroblastic markers, and high incidence of liver metastasis [34–36]. 
Therefore, hepatoid adenocarcinoma could be included in the AC-Ent category, as 
an AC-Ent solid variant.

5.3.3  Adenocarcinoma of Fundic Gland Type (AC-FG)

Adenocarcinoma with chief cell differentiation was first reported by Tsukamoto 
et al. in 2006 [37], and AC-FG was introduced by Ueyama et al. in 2010 as a new 
type of gastric adenocarcinoma with distinct clinicopathological characteristics, 
including tumor location (upper stomach), histological features, phenotypic expres-
sion, and low-grade malignancy (low proliferating activity, no lympho-vascular 
invasion, and good prognosis) [38]. Histologically, AC-FG is defined by epithelial 
neoplasia that is mainly composed of neoplastic glandular cells that mimic chief 
and/or parietal cells (Fig.  5.6) and are positive for pepsinogen I and/or H+/K+-
ATPase. Almost all cases of AC-FG were positive for pepsinogen I and MUC6, 
which suggests that AC-FG is mainly composed of carcinoma cells with immature 
differentiation toward chief cells [39]. AC-FG usually shows very low N/C ratio and 
resembles fundic glands, and therefore, diagnosis using a biopsy specimen is some-
times difficult.

AC-FG, especially when restricted to the mucosa, is recommended by 
Western pathologists to be classified as an oxyntic gland polyp/adenoma [40]. 
Although AC-FG is a low-grade malignancy, this mucosal lesion without meta-
static potential should be treated as a carcinoma and undergo endoscopic resec-
tion before acquiring metastatic potential. Recently, aggressive variants with 
lympho-vascular invasion or intramural metastasis have been found [41, 42], 
and more recently, AC-FG was identified to lack association with Helicobacter 
pylori infection [41, 43]. More attention should be paid to AC-FG now and in 
the future.

a b

Fig. 5.5 Adenocarcinoma with enteroblastic differentiation. The tumor is composed of clear cyto-
plasm growing in a tubular structure (a) or a solid sheet (b)
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5.4  Histological Evaluation of Endoscopically  
Resected Specimens

Curative endoscopic resections should be performed for carcinomas with low risk 
of lymph node metastasis, and the incidence of lymph node metastasis for intramu-
cosal gastric carcinoma has been reported to be approximately 2% [44–47].

The Japanese gastric cancer treatment guidelines (2014, ver.4) have provided 
indication of curative endoscopic resections [48] (Fig. 5.7). The curability of endo-
scopic resection is evaluated by histological examination of the status of resected 
margin, tumor size, histological type, depth of invasion, presence of ulcer (includ-
ing scar), and lympho-vascular invasion.

In order to evaluate the histological details, the proper treatment of the 
resected specimen is essential. It should be extended with pins on the board, 
fixed in 10% formalin solution, and completely cut in stepwise sections 2–3 mm 
in width. A record of macroscopic pictures before and after sectioning is also 
recommended [49].

With regard to histological type, the predominant histological type is usually 
representative of the lesion. Even if the representative type is a differentiated type, 
the presence of a poorly differentiated component increases the risk of metastasis 
[44, 47]. As our knowledge of differentiated-type adenocarcinomas that are accom-
panied with some areas of undifferentiated components is currently insufficient, 
such tumors are regarded as non-curative for the time being, and additional surgical 
treatments are recommended.

The significance of papillary adenocarcinoma (pap) has not been described in the 
Japanese guideline. Although pap is classified as a differentiated-type adenocarci-
noma, pap is known to be an adverse prognostic factor by a higher risk of lympho-
vascular invasion and metastasis to the lymph nodes and liver, compared with 
tubular adenocarcinoma [50–52]. This tendency was confirmed by analysis on 
endoscopically resected gastric cancers [53].

a b

Fig. 5.6 Adenocarcinoma of fundic gland type. The tumor is composed of highly differentiated 
columnar cells mimicking fundic gland cells, predominantly chief cells, with pale gray-blue, baso-
philic cytoplasm and mildly enlarged nuclei, growing in an irregular tubular structure (a, b)
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