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The first edition of ‘A Standardized Pathology Report for Gastric Cancer’ was initiated by the Gastrointestinal Pathology Study Group of
the Korean Society of Pathologists and published 17 years ago. Since then, significant advances have been made in the pathologic diag-
nosis, molecular genetics, and management of gastric cancer (GC). To reflect those changes, a committee for publishing a second edi-
tion of the report was formed within the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists. This second edition
consists of two parts: standard data elements and conditional data elements. The standard data elements contain the basic pathologic
findings and items necessary to predict the prognosis of GC patients, and they are adequate for routine surgical pathology service. Other
diagnostic and prognostic factors relevant to adjuvant therapy, including molecular biomarkers, are classified as conditional data ele-
ments to allow each pathologist to selectively choose items appropriate to the environment in their institution. We trust that the stan-
dardized pathology report will be helpful for GC diagnosis and facilitate large-scale multidisciplinary collaborative studies.
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Gastric cancer (GC) is the fifth most commonly diagnosed can-
cer and has the fourth-highest mortality rate worldwide [1]. Al-
though the incidence and mortality rates of GC have decreased
markedly during the past 50 years, Korean cancer registry data
show that GC was still the most diagnosed cancer in 2018 [2].
The Gastrointestinal Pathology Study Group (GIPSG) of the
Korean Society of Pathologists developed the first edition of ‘A
Standardized Pathology Report for Gastric Cancer’ in 2005 to
give pathologists a standard reporting format for GC diagnosis in
daily practice [3].

Considerable changes in the pathology of GC have happened
since then, such as the development of the histopathological clas-
sification for carcinoma and several pathologic features for prog-
nostication [4,5]. In addition, molecular pathology tests for GC
have become essential as treatment strategies for GC have devel-
oped rapidly, including advances in targeted therapy and immu-
notherapy [6,7]. Therefore, it is necessary to provide a second edi-
tion of the standardization report that reflects those changes.

In March 2022, a committee for revision of the report was
formed within the GIPSG of the Korean Society of Pathologists.
The committee consisted of subcommittees to discuss four top-
ics: (1) radical resection specimens, (2) endoscopic resection
specimens, (3) histologic classification, and (4) molecular markers
for GC. This second edition of ‘A Standardized Pathology Report
for Gastric Cancer’” was developed after several meetings of the
subcommittees and entire committee.

The purpose of this report form is to standardize pathologic di-
agnosis of GC and enhance treatment capacity by facilitating
communication between clinicians and pathologists. The basic
pathologic findings for prognostication of GC are described in
the “Standard data elements” section of the form, and other fac-
tors related to diagnosis and adjuvant therapy, including molecu-
lar biomarkers, are documented in the “Conditional data elements”
section. A Korean version as well as an English version is also pro-
vided to enable Korean pathologists to use this report (Supple-
mentary Material S1).

APPLICATION OF STANDARD
PATHOLOGY REPORT

This standard pathology report is for use with primary gastric
carcinomas. Neuroendocrine tumors, lymphomas, gastrointesti-
nal stromal tumors, and other sarcomas are excluded. Carcinomas
involving the esophagogastric junction (EGJ) with a center <2
cm into the proximal stomach are considered to be distal esoph-
ageal carcinoma and excluded, as defined in the American Joint
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Committee on Cancer (AJCC), 8th edition [8]. This pathology
report is also used for residual (post-chemotherapy or post-en-
doscopic resection) carcinomas. The report forms for pathologic
diagnosis from radical resection and endoscopic resection speci-
mens are shown in Tables 1 and 2, respectively.

Radical resection specimens

Gastrectomy (specimen) type

The type of surgical procedure should be mentioned in the sur-
gical record.

Gross type

The gross type of each lesion should be recorded individually.
The classification of early gastric cancer (EGC) uses the Japanese
guideline (subclassification of type 0) [9], and classification of
advanced gastric cancer (AGC) uses the Borrmann classification.
The unclassifiable type is Borrmann type 5, according to the Jap-
anese guideline [9]. The gross type is determined by macroscop-
ic examination. If there is discrepancy between the macroscopic
and microscopic findings, i.e., EGC on macroscopic examination
but tumor invades the proper muscle microscopically (AGC),
the macroscopic type should remain as the gross finding and not
be corrected according to the microscopic finding. In such cases,
the following descriptions are recommended: AGC, mimicking
EGC type X or EGC, mimicking Borrmann type X. If the lesion
is AGC grossly, at least four representative sections should be
submitted for microscopic examination, including the deepest
invasion, and ink should be applied at the serosal surface nearest
the tumor. If the lesion is EGC grossly, grid mapping should be
performed at 4 to 5 mm width.

Previous treatment

Any treatment before surgical resection should be recorded
when applicable. If there are residual tumor foci, it should be
mentioned that these are residual tumors. In post-chemotherapy
gastrectomy situations, representative sections are sufficient if the
lesion is large and obvious. However, the entire tumor bed must
be microscopically examined when the representative sections
contain no residual cancer cells or the residual lesion is small or
inconspicuous grossly. For post-endoscopic resection specimens,
the entire tumor bed should be submitted for microscopic eval-

uation.

Tumor focality

Tumor focality should record whether it is a single lesion or
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Table 1. Report form for pathologic diagnosis using radical resection specimens
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Standard and Conditional data elements

Gastrectomy (specimen) type®
[ Total gastrectomy
[J Distal (subtotal) gastrectomy
[J Proximal gastrectomy
[J Wedge resection

[ Others ( )
Gross type?
[J EGC type
[ EGC type ia/lo/lic/ll
[J Mixed EGC type ( )
[J AGC type
[J Borrmann type 1/2/3/4/unclassifiable
[ Others (
Residual with previous treatment? (when applicable)
[ Residual
[ Previous treatment
[J Chemotherapy
[J Chemoradiotherapy
[J Endoscopic mucosal resection
[J Endoscopic submucosal dissection
[J Unknown
[J Others ( )
Tumor focality?
[ Single
[J Multiple

Tumor location?
[ Involvement
[J Esophagus/Upper/Middle/Lower third of the stomach/Duodenum
[J Center
[J Cardia/Fundus/Body/Antrum/Pylorus
[J Lesser curvature/Greater curvature/Anterior wall/Posterior wall
[J Others ( )
Tumor size?
One largest dimension
J cm
Tumor size®
Secondary or tertiary tumor dimensions
O x__om

0O x__ x__cm

Histologic type?

According to the principles described in “Histologic classification” section
[J WHO
[J Lauren

Tumor regression grade® (when applicable)
[J Grade 0: Complete response (no viable cancer cells)

[] Grade 1: Near complete response (single cells or rare small groups of cancer cells)

[J Grade 2: Partial response (residual cancer with evident tumor regression, but more than single cells or rare small groups of cancer cells)

[J Grade 3: Poor or no response (extensive residual cancer with no evident tumor regression)

Lymph node tumor regression® (when applicable)
[J Not identified
[J Present
Depth of invasion (pT)?
Invades lamina propria (pT1a)
Invades muscularis mucosae (pT1a)
Invades submucosa (sm1/sm2/sm3) (pT1b)
Invades proper muscle (pT2)
Invades subserosa (pT3)
Invades serosa (visceral peritoneum) (pT4a)
Directly invades adjacent structure (pT4b)
specify (___ )
Resection margin®
[ Proximal margin
[J Free from carcinoma (safety margin, ___cm)
[J Involved by carcinoma

ooooogo
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Table 1. Continued

Standard and Conditional data elements

[ Distal margin
[J Free from carcinoma (safety margin, ___cm)
[ Involved by carcinoma
Circumferential resection margin®
Applied in EGJ or cardia cancer
[ Free from carcinoma (safety margin, ___cm)
[ Involved by carcinoma
Regional lymph node metastasis®
At least 16 regional lymph nodes should be assessed
[J no metastasis in ____regional lymph nodes
[J metastasisin ___out of ___regional lymph nodes
Extranodal tumor extension®
[J Not identified
[ Present
Isolated tumor cell clusters®

Applied in incidentally identified tumor cell cluster less than 0.2 mm in greatest dimension with no other regional lymph node metastasis (pNO)

[J Present [pNO (i+)]
Lymphovascular invasion®
[J Not identified
[J Present
Venous invasion®

Applied when identified in large vessels with an identifiable smooth muscle layer or elastic lamina

[J Not identified
[ Present
Perineural invasion®
[J Not identified
[ Present
Pre-existing adenoma? (when present)
Used if the carcinoma is within the adenoma
[ Tubular/Tubulovillous/Villous adenoma
[J Low grade dysplasia/High grade dysplasia
Associated findings® (when present)
[J Tumor perforation
[ Serosal (peritoneal, mesenteric) seeding
[ Distant metastasis
Other organ, specify:
Distant lymph node
Separate lesions? (when present)
[J Peptic ulcer
[J Adenoma
[ aIst
[J Others ( )

EGC, early gastric cancer; AGC, advanced gastric cancer; WHO, World Health Organization; EGJ, esophagogastric junction.

Standard data elements; °Conditional data elements.

multiple lesions. Multiple lesions should be evaluated individually
both macroscopically and microscopically in descending order
from the tumor with the deepest level of invasion. However, re-
gional lymph node metastasis, associated findings, and separate
lesions are listed only for the deepest lesion.

Tumor location

The description of the tumor location is recorded in two parts:
involvement and center. The involvement of the tumor uses up to
three portions from the esophagus to duodenum beginning with
the most involved area. The delineation of the upper, middle, and
lower thirds of the stomach follows the Japanese guideline [9].

https://jpatholtm.org/

The center of the tumor is described using a combination of loca-
tions according to the International Classification of Diseases for
Oncology classification [10] (cardia, fundus, body, antrum, pylo-
rus, lesser curvature, greater curvature) plus the anterior wall and
posterior wall [11]. If none of those options appropriately describes
the location of the tumor, other can be used.

Tumor size

The tumor size is recorded using the largest dimension of the
tumor [11]. Secondary or tertiary dimensions can be measured as
conditional data elements. However, the tumor size is not used in
the current staging of GC [8], and it is sometimes very difficult to
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Table 2. Report form for pathologic diagnosis using endoscopic
resection specimens

Standard and Conditional data elements

Specimen size?
__X__Ccm
Gross type of tumor?
Same as method of surgical specimen
Tumor size?
One largest dimension
O cm
Histologic type?
According to the principles described in “Histologic classification” section
[J WHO
[ Lauren
Histologic components®
All morphologic components of tumor cell may be described
Depth of invasion (pT)?
[ Invades lamina propria (pT1a)
[ Invades muscularis mucosae (pT1a)
[ Invades submucosa (submucosal depth: mm or pum)
[ Invades proper muscle (pT2)
Depth of invasion (pT)°
In case of submucosa invasion, the invasion width can be additionally
described
[ invades submucosa (submucosal depth: mm or um)
(submucosal width: mm)
Resection margin®
[J Lateral margin
[ Free from carcinoma (safety margin, ___ cm)
[ Involved by carcinoma
[1 Deep margin
[J Free from carcinoma (safety margin, ___cm)
[J Involved by carcinoma
Resection margin®
[ Proximal margin
[J Free from carcinoma (safety margin, ___cm)
[ Involved by carcinoma
[J Distal margin
[J Free from carcinoma (safety margin, ___cm)
[J Involved by carcinoma
(] Anterior margin
[ Free from carcinoma (safety margin, ___ cm)
[J Involved by carcinoma
1 Posterior margin
[J Free from carcinoma (safety margin, ___cm)
[J Involved by carcinoma
[J Deep margin
[J Free from carcinoma (safety margin, ___cm)
[J Involved by carcinoma
Ulceration®
[J Absent
[ Present
Ulceration®
[J Absent
1 Non-significant (<4 mm)
[ Significant (>4 mm)
Cases with adenoma components?
[J Absent
[ Present
specify:
En bloc resection?
[ Yes
[J No (piecemeal/tearing)
Lymphatic invasion®
[J Not identified
[ Present
Venous invasion?
[J Not identified
[ Present

WHO, World Health Organization.
aStandard data elements; "Conditional data elements.
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measure accurately, such as in Borrmann type 4 cancer. For scat-
tered residual tumor foci following previous treatment, it is rec-
ommended to measure the maximum diameter that includes all
foci [12].

Tumor regression grade

Although preoperative chemotherapy has not been estab-
lished as a standard treatment for patients in Korea [5], studies
have shown survival benefits in local AGC in European [13],
Asian [14], and Korean patients [15]. Therefore, the need to ade-
quately evaluate the tumor response to chemotherapy is increas-
ing [16]. Various tumor regression grading (TRG) methods are
available for gastrointestinal cancers [17,18]. The Becker system
[19] is one that has been proposed for GC. The previous edition
of “A Standardized Pathology Report for Gastric Cancer” [3]
used the Japanese guideline [9]. The Becker and Japanese sys-
tems both estimate the proportion of residual tumor and use it as
a cutoff value between TRGs. However, because some tumors have
more abundant fibrosis than tumor cells (before chemotherapy),
estimation of the residual tumor proportion could show low
concordance between observers [20,21]. Therefore, we suggest a
new TRG system: the modified Ryan system currently recom-
mended in the College of American Pathologists (CAP) guide-
line [11] and the second edition of the standardized pathology
report for colorectal cancer in Korea [22]. It is a descriptive four-
tier system that evaluates residual cancer rather than fibrosis as
none, single cells or rare small groups, more than single cells but
evident tumor response, and extensive residual cancer cells. Acel-
lular mucin pools and necrotic or degenerative cells are not con-
sidered to be residual cancer [8]. Only the primary tumor is eval-
uated in this TRG, but tumor regression of the regional lymph
nodes [16,23] can be reported as a conditional data element when
there is evidence of partial (viable cancer cells with regressive
changes) or complete tumor regression (only fibrosis, mucin pool,
or foam cells without viable cells) in the regional lymph nodes.
Evidence suggests that the presence of tumor regression in the
lymph nodes is associated with better clinical outcomes [24,25].

Depth of invasion

The depth of the tumor invasion follows the AJCC 8th edi-
tion [8] and Japanese guidelines [9]. Notably, the Japanese guide-
line does not accept carcinoma 7z situ (pTis). In the AJCC 8th edi-
tion, pTis is defined as an intraepithelial tumor without invasion
of the lamina propria, which is equivalent to high-grade dysplasia.
pT1b is subdivided into sm1, sm2, and sm3. If cancer cells are
present below an imaginary line dividing the submucosa and
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proper muscle, the case is considered pT2 even if the cancer cells
are not actually within the muscle fibers. If there is no proper
muscle layer due to ulceration, and the cancer cells are below the
imaginary line drawn at the lower border of the proper muscle,
the case is considered pT3. Invasion of the omentum and peri-
gastric fat is considered pT3. Ink should be applied at the sero-
sal surface nearest the tumor during gross examination to prop-
erly evaluate serosal (visceral peritoneum) invasion. The case is
considered pT4a if the cancer cells are adherent to or exposed
beyond mesothelial cells. Because the mesocolon and gastric se-
rosa (including the greater and lesser omentum) have different
embryological origins, invasion of the mesocolon should be clas-
sified as pT4b. However, some areas are tightly fused, such as
the posterior wall of the antrum, the gastric serosa, and the an-
terior side of the transverse mesocolon. Therefore, the Japanese
guideline indicates that invasion of the transverse mesocolon is
not pT4b unless it extends to the colic vessels or penetrates the
posterior surface of the mesocolon [9]. Some cases can be either
pT4a or pT4b, depending on the site of the tumor. Invasion of
the pancreas capsule is considered pT4b. Direct duodenal or
esophageal invasion is not considered pT4b. Any involvement of
other organs, such as the liver, pancreas, colon, spleen, diaphragm,
or kidney, should be recorded. Cancer cells within lymphatic or
vascular spaces are not considered in the determination of inva-
sion depth [8]. The presence of lymphatic or vascular invasion
should be recorded separately in parentheses (e.g., tumor invades
proper muscle [involvement of subserosa by lymphatic emboli]).

Resection margin

The distance from the proximal or distal resection margin is
the length from the edge of the carcinoma to the nearest resection
margin. It is important to locate the true resection margin in the
gross specimen, especially when the stomach is opened along the
lesser curvature or obliquely along the anterior or posterior wall.
In some cases, cancer cells approach the resection margin much
more closely than can be observed grossly (cancer spreading un-
derneath the mucosa). Therefore, the resection margin is final-
ized in a microscopic evaluation. The circumferential and radial
resection margin statuses can be reported as conditional data ele-
ments. Determination of the circumferential margin is often re-
quired if the cumor is located near the EG]J.

Regional lymph node metastasis

The presence of lymph node metastasis is one of the most im-
portant prognostic factors, even post-chemotherapy [26,27]. Both
the total number of evaluated lymph nodes and the number of

https://jpatholtm.org/

metastatic lymph nodes are reported. Although pathological
evaluation of more than 30 regional lymph nodes is desirable ac-
cording to the AJCC 8th edition [8], 2 minimum of 16 regional
lymph nodes is acceptable per the CAP guideline [11] because
the definition of pN3b is 16 or more metastases. Therefore, if
fewer than 16 lymph nodes were initially retrieved for evalua-
tion, additional effort to recover more lymph nodes should be
made and reported. This does not apply in cases of previous par-
tial gastrectomy, preoperative chemotherapy, or radiation thera-
py. Microscopic evaluation should be performed on the largest
plane of each lymph node. In general, if the size of the metastasis
observed in the lymph node is <0.2 mm, the metastasis is called
isolated tumor cells (ITCs); if the size is more than 0.2 mm but
not greater than 2 mm, it is a micrometastasis. Because micro-
metastases are not reported separately in GC, they are considered
to be positive lymph nodes [8]. According to the AJCC 8th edi-
tion, ITCs should not be reflected in the pN stage and should
be reported as pNO (i+) in the absence of another lymph node
metastasis. However, it is hard to ignore ITCs, which are readily
seen on hematoxylin and eosin (H&E) slides. Therefore, in most
practices, all metastatic tumor cell clusters in the lymph nodes are
reflected in the pN stage regardless of size, and only ITCs inci-
dentally detected by cytokeratin immunohistochemistry (IHC)
are excluded from the pN stage. The stations of the lymph nodes
are not reported unless they are separately submitted with corre-
sponding labels. Tumor deposit (TD) is defined as discrete tumor
nodules separate from the tumor bed (within the lymphatic drain-
age of the primary tumor) without identifiable lymph node tis-
sue or vascular or neural structure (Fig. 1) [8]. Unlike colorectal
carcinoma, TDs are considered to be metastatic lymph nodes in

Fig. 1. An example of a tumor deposit. It usually has irregular out-
lines without identifiable lymph node tissue or identifiable vascular
or neural structures.

https://doi.org/10.4132/jptm.2022.12.23



GC and are thus reflected in the pN stage. TD and serosal (peri-
toneal) seeding nodules should be distinguished because perito-
neal seeding is graded as pM1. Metastasis to a distant lymph node
is pM1 and should not be considered in the pN stage. The defini-
tion of distant lymph nodes is different in the AJCC 8th edition
than in the Japanese guideline, and we recommend following
the AJCC 8th edition, in which superior mesenteric lymph node
metastasis is pM1 [8].

Extranodal tumor extension

If the cancer cells show infiltration of the extranodal adipose
tissue beyond the capsule of the lymph node, extranodal tumor
extension (ENE) can be reported. ENE is associated with poor
prognosis in GC [28-30].

Lymphovascular invasion

Lymphovascular invasion includes both lymphatic and vascu-
lar invasion. Discrimination of lymphatics from blood vessels on
H&E slides is often difficult, especially when they are small (Fig.
2A, B). Although IHC for D2-40 or CD31 can be used, the prog-
nostic differences between lymphatic and blood vessel invasion
have not been sufficiently evaluated in GC [12]; therefore, we
recommend using ‘lymphovascular invasion.” However, when tu-
mor invasion or emboli are observed in large vessels with an iden-
tifiable smooth muscle layer or elastic lamina, it is called venous
invasion and can be reported as a conditional data element (Fig.
2C). Venous invasion has been reported as a risk factor for recur-
rence in both early [31,32] and advanced GCs [33].

Perineural invasion

Perineural invasion is reported when cancer cells are observed
within or around the nerve [34].

Pre-existing adenoma

Pre-existing adenoma is reported when carcinoma is observed
within an adenoma. If the adenoma is discrete from the carcinoma,

Standardized pathology of gastric cancer © 7

it is reported as a separate lesion.

Associated findings

Tumor perforation, serosal (peritoneal, mesenteric) seeding,
and distant metastasis (including specific site) are reported when
present.

Separate lesions

Peptic ulcers, adenomas, gastrointestinal stromal tumors, and
other separate lesions are reported when present.

Endoscopic resection specimens

Description of the specimen

The size of the specimen is expressed as the length of the lon-
gest axis and the length perpendicular to the longest axis. The
size of the tumor is indicated only by the length of the largest axis.
The gross type of the tumor is described in the same way as for a
surgical specimen.

Sectioning of the specimen

Apply ink to the entire deep margin and lateral margins of
the specimen so that it can be viewed under a microscope. Pre-
pare paraffin blocks by sequential parallel sectioning of the entire
specimen at 2 mm intervals. Among the lateral margins of the
four directions, the closest margin and the tumor should be in-
cluded together in the sectioning direction.

For gastrointestinal specimens, the distal part is generally placed
at the 9 o'clock position in a gross photograph. If the distances
from each of the lateral margins are similar, serial sectioning of
the specimen is commonly performed in the same direction. When
visual observation indicates that the closest lateral margin is not
included in this general sectioning direction, however, the direc-
tion of the sample or mapping frame should be turned so that
the closest lateral margin and the tumor appear together on the
section (Fig. 3).

Fig. 2. Histologic features of lymphovascular invasion in sections of gastric cancer. An example of lymphovascular invasion on hematoxylin
and eosin examination (A) and stained for D2-40 (B). Tumors involving vessels with an identifiable smooth muscle layer are considered to
have venous invasion (C).
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Fig. 3. Sectioning of an endoscopically resected specimen. When the direction of the photograph matches the direction of the closest lateral
margin (A). If the direction of the photograph does not match, turn the specimen toward the closest lateral margin for mapping (B).

Histologic type and components

The histologic type of the tumor is described in the same way
as for a surgical specimen. For the criteria and description of each
type, refer to the information in the “Histologic classification”
section below. The histologic type of the tumor should be de-
scribed; the histologic diversity of tumor cells may be desctibed
separately as histologic components. If various morphologic com-
ponents are observed within the tumor, all are described according
to the histologic type. In such a case, the description should sig-
nify the quantitative majority of the tumor components. The de-
scription method can be selected according to institutional pref-
erences. For example, record in order: well differentiated (WD)~
moderately differentiated (MD) > poorly differentiated (PD) >
signet ring cell (SRC) carcinoma; interval variable: WD-MD >
50%, PD < 50%, SRC < 10%; and continuous variable: WD-MD
65%, PD 30%, SRC 5%. Many studies have reported that tumors
with a mixture of differentiated-type and undifferentiated-type
components have a higher risk of lymph node metastasis than tu-
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mors with only one component [35-40]. Within the undifferen-
tiated type, SRC has a lower lymph node metastasis frequency,
which is reported to be at a level similar to that of the differen-
tiated type [41-43]. In addition, some reports indicate that the
lymph node metastasis frequency is lower in pure SRC cases than
in SRC cases mixed with other component types [44-47]. How-
ever, only the histologic type is applied for determining whether an
endoscopic resection is curative, and because differences in histo-
logic components are not applied, they are reflected as conditional
elements rather than a standard element. A pathological study of
the criteria for determining whether an endoscopic resection is
curative is currently underway by the GIPSG of the Korean Soci-
ety of Pathology as a research project of the National Evidence—
based Healthcare Collaborating Agency. If important results are
obtained from that study, they should be reflected in the elements
of this guideline.

https://doi.org/10.4132/jptm.2022.12.23



Tumor size

Only the length of the largest axis of a histologically confirmed
tumor is recorded.

Depth of invasion

The method for describing the depth of invasion is basically
the same as for a surgical specimen. The difference is that the in-
vasion depth in the submucosal layer is measured and described
in cases of submucosal invasion, and it is measured in mm or pm.
The measurement is the length from the lowest surface of the
muscularis mucosae to the most deeply invaded point. In some
cases, the muscularis mucosae are modified by tumor invasion
(hypertrophied, displaced, completely disappeared). In these cas-
es, depth is measured using an imaginary line extending from
adjacent muscularis mucosae in the normal area not deformed
by the tumor (Fig. 4A). Always ensure that the lowest surface of
the original, unmodified muscularis mucosae is used as the refer-
ence point. If the progressing course of the adjacent muscularis
mucosae forms a curve, the virtual line is set as a matching curve
(Fig. 4B).

No definitive description or research results indicate how to
measure the depth of invasion when muscularis mucosae are mod-
ified. In the Japanese guideline, an explanation first appeared in
the 14th edition from 2010: “if the muscularis mucosae are ob-
scure due to ulcerative changes, the length should be measured
on the virtual line based on the adjacent normal layer” [9]. In the

Well-preserved Hypertrophied
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15th edition from 2017, it changed to recommend measuring
from the surface of the tumor [48]. When muscularis mucosae
are modified, some Korean pathologists measure from the lowest
muscle fiber of the modified layer, and some measure from the
imaginary line of the adjacent normal area. Two Korean studies re-
ported that it is approptiate to measure from the imaginary line
of the adjacent normal area in all modified situations [49,50]; ac-
cordingly, we use that recommendation as the standard measure-
ment method in this guideline.

In cases of submucosal invasion, studies have shown that not
only the invasion depth, but also the invasion width are signifi-
cant risk factors for lymph node metastasis [50,51]. However, be-
cause few multicenter studies have been done and it has not yet
been applied to the curative resection criteria, the invasion width is
a conditional data element. This point is being addressed in the
ongoing GIPSG pathological study on the criteria for determin-
ing whether an endoscopic resection is curative. The method for
measuring the invasion width is as follows (Fig. 5): if submucosal
invasion is observed on only one section, write the actual size
measured on the slide of that section. If submucosal invasion is
observed across two or more slices, write the larger of the following
two values: (1) the actual size measured on the slide with the
largest invasion width, or (2) the number of slices spanned by the
invasion x 2 mm (thickness of slice).

Displaced Disappeared

Yv ¥ W%

[ ] Muscularis mucosae
@) Adenocarcinoma

®

Fig. 4. Method to measure submucosal invasion depth. Always use the lowest surface of the original, unmodified muscularis mucosae as
the reference point (A). When the progressing course of the adjacent muscularis mucosae forms a curve, the virtual line is set as a matching

curve (B).
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Fig. 5. Method to measure submucosal invasion width. The actual size measured within the slide (A). Number of slices that the invasion spans

x 2 mm (thickness of slice) (B).

Resection margin

The resection margin is described for the nearest lateral mar-
gin and deep margin. If the lateral margin is close (<0.2 cm) or
is involved in the tumor, the corresponding directions should
be written together. If multiple margins are involved, all should
be written. This is the information needed by the gastroenterol-
ogist to decide whether to perform additional procedures (endo-
scopic resection, argon plasma coagulation, follow-up biopsy). As
a conditional element, the distance in all four directions of the
lateral margin can be described.

The degree of invasion of the lateral resection margin and the
probability of residual cancer are related. A high risk of residual
cancer was reported when two or more of the four lateral mar-
gins were involved (multiple involvement) or when the length
of involvement was large (more than 4 mm or 6 mm). However,
it has not been determined whether additional treatment can be
decided according to the degree of margin involvement because
the risk is low but present in the group with a small degree of mar-
gin involvement.

Ulcer

Ulceration is defined as a full-thickness disruption of muscu-
laris mucosae, both active and scarring, and determined by his-
tological findings, not endoscopic findings [5,9,52]. The pres-
ence or absence of an ulcer is an important criterion for judging
whether an endoscopic resection is curative in mucosal cancer
[5], so it must be described in the pathology report for mucosal
cancer. Because ulcers are included in the indications for an endo-
scopic resection, the presence of ulcers is determined by endo-
scopic findings. Ultimately, however, it must be confirmed by
pathological examination findings of the resected specimen. En-
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doscopic diagnosis is difficult in the absence of a mucosal break
[53], and ulcer-negative endoscopy findings with ulcer-positive pa-
thology findings were reported in 4.6%-5.5% of cases [54,55].
Another problem that occurs in practice is a lack of clarity in
the criteria for differentiating original small ulcers from biopsy-in-
duced changes after endoscopic biopsy in a case that did not origi-
nally have ulcers. Due to the low accuracy of ulcer determination
in endoscopic findings, a finding of no ulcer during endoscopy
cannot guarantee a biopsy-induced change. Diagnostic criteria for
this have been suggested by Shimoda et al. [56], and the Japanese
gastric cancer treatment guidelines describe this as follows: “A
biopsy-derived scar is usually observed histologically as fibrosis
restricted to small areas just beneath the muscularis mucosae. If
it cannot be discriminated from the ulcer scar, it should be clas-
sified as ULL.” [57]. According to JCOG1009/1010, a clinical
study on undifferentiated-type EGC: “UL was judged as pres-
ent if the muscularis propria was completely disrupted and if fi-
brosis in the submucosal layer was observed to be wider than
the range of disrupted muscularis propria.” [58]. In our study
group, ulcer size was measured in the ongoing GIPSG study on
the criteria for curative resection, and the possibility of offering dif-
ferentiation criteria for this problem was investigated. We found
that the risk of lymph node metastasis with an ulcer of 4 mm
or less was the same as in cases with no ulcer. Using that criterion,
very small ulcers can be excluded from the risk factors for lymph
node metastasis, which removes the need to differentiate them
from biopsy-induced changes. The grading of ulcer size is reflected
as a conditional element. The method for measuring the size of
an ulcer (Fig. 6) is similar to that used to measure the submu-
cosal invasion width. If an ulcer (full-thickness disruption of the
muscularis mucosae) is observed on only one section, write the

https://doi.org/10.4132/jptm.2022.12.23
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Fig. 6 . Method to measure ulcer size. The actual size measured within the slide (arrow: ulcer size within the slide) (A). Number of slices that
the ulcer spans x 2 mm (thickness of slice) (star: ulcer-positive slices, arrow: slices that the ulcer spans) (B).

actual size measured on the slide. If it is observed across two or
more slices, write the larger of the following two values: (1) the
actual size measured on the slide with the largest disruption size
or (2) the number of slices spanned by the disruption x 2 mm
(thickness of slice). The ulcer size is measured only within the tu-
mor. If the ulcer spans the tumor and surrounding mucosa, mea-
sure the ulcer size only within the tumor area.

Cases with adenoma components

The adenoma component should be described only when the
histological findings of adenoma are clear, and the intratumoral
region is distinct from the adenocarcinoma component.

In diagnosis, only the adenocarcinoma contents should be
described, and adenomas should be described separately as an
additional item. For the size of the tumor, the size of the adeno-
carcinoma is described first, followed by the size of the total tu-
mor. The distance from the resection margin describes the closest
distance to any tumor component. If the resection margin is in-
volved in a tumor or is less than 0.2 cm, the component should
be described.

Unlike colorectal cancer, GC occurs in the adenoma-adenocar-
cinoma pathway in only a small number of cases, and adenocarci-
nomas of very small size are common. In addition, in many cases
of WD adenocarcinoma, structural abnormalities are not severe,
so areas that are difficult to differentiate from adenoma can be
mixed in the tumor. Therefore, a background adenoma is identi-
fied only when the histological findings are clear and the area
within the tumor is distinct from the adenocarcinoma compo-
nent. If it is difficult to distinguish the mixed components, the
entire lesion is treated as an adenocarcinoma. For example, if one
component corresponds to adenocarcinoma and another compo-
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nent is severely dysplastic but difficult to determine as adenocarci-
noma, the whole is treated as an adenocarcinoma component.
For an adenoma, only the presence of the adenoma component
is briefly described in a separate section.

En bloc resection

Piecemeal resection or full-thickness tearing should be con-
firmed and documented in the histological examination. Even
if the specimen is resected into several pieces, it is not piecemeal
if the tumor is intact within one piece.

Lymphatic/venous invasion

Unlike surgical specimens, lymphatic and venous invasions are
recorded separately in endoscopic resection specimens because of
the differing risks of lymph node metastasis. Both lymphatic
invasion and venous invasion are criteria for determining a non-cu-
rative resection. However, the risk of lymph node metastasis posed
by lymphatic invasion is times higher than that from venous inva-
sion, and a higher score is assigned in the risk prediction model
[59]. This information is helpful when clinicians decide whether
or not to petform gastrectomy; thus, it is recommended to report
them separately. The standard method for differentiating lym-
phatic and venous invasion is H&E staining with the following cri-
teria: it is determined as a lymphatic vessel when there is a thin
wall or lymphatic fluid and as a venous vessel when there is a thick
muscle wall or many red blood cells in the lumen. When it is dif-
ficult to distinguish between lymphatic vessels and small venules,
classify them as lymphatic vessels.

IHC staining may be performed to better observe lymphatic
or venous vessels. However, because H&E and other immunos-
tained slides are obtained from different levels, they should be

https://jpatholtm.org/
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interpreted separately. A specimen is deemed to be positive even
if invasion is observed on only one slide.

Histologic classification

Histologic classification of GC is based on the 5Sth edition of
the World Health Organization (WHO) blue book [4]. Repre-
sentative histopathologic types described in the WHO classifica-
tion are summarized in Table 3 and Fig. 7. The diagnosis of GC
is usually determined according to the component that occupies
the largest portion of the tumor, but the diagnosis of special his-
tologic subtypes is based on the diagnostic criteria of each sub-
type. The most common subtype is tubular adenocarcinoma,
characterized by prominent dilated or slit-like tubules. Carcino-
mas composed of solid tumor clusters with rare tubule forma-
tion are also classified as tubular adenocarcinoma. Tumor cells
can be columnar, cuboidal, or flat, and luminal mucin/cell debris
is common.

Papillary adenocarcinoma shows a papillary tumor structure
with a central fibrovascular core and columnar or cuboidal tumor
cells. For a diagnosis of papillary adenocarcinoma, more than 50%
of the tumor area must contain the papillary tumor component
[60-62]. High rates of liver metastasis, lymphovascular invasion,
lymph node metastasis, and poor prognosis are reported in papil-
lary adenocarcinoma [61-64].

Mucinous adenocarcinoma is defined when more than 50% of
the tumor area shows extracellular mucin. Tumor cells in muci-
nous adenocarcinoma can show a glandular growth pattern, solid
pattern, or scattered single cell pattern, including SRC carcino-

ma [4]. Mucinous adenocarcinoma is classified as the intestinal,
diffuse, or indeterminate type according to the main compo-
nent of tumor cell differentiation [4]. Mucinous adenocarcino-
ma tends to be diagnosed at an advanced stage [65,66).

Pootly cohesive carcinoma (PCC) is the second most common
subtype of GC and is composed of isolated or small groups of tu-
mor cells without gland formation [4]. Until the 3rd edition of

Table 3. Histopathologic classification of gastric carcinoma

Histopathologic classification

WHO classification
[J Tubular adenocarcinoma
[J Tubular adenocarcinoma, well differentiated
[J Tubular adenocarcinoma, moderately differentiated
[J Tubular adenocarcinoma, poorly differentiated
Papillary adenocarcinoma
Mucinous adenocarcinoma
Poorly cohesive carcinoma
[J Poorly cohesive carcinoma, signet-ring cell type
[J Poorly cohesive carcinoma, not otherwise specified
Mixed adenocarcinoma
Adenocarcinoma with lymphoid stroma
Hepatoid adenocarcinoma
Micropapillary adenocarcinoma
Adenocarcinoma of fundic-gland type
Undifferentiated carcinoma
Squamous cell carcinoma
Adenosquamous carcinoma
Gastroblastoma
Others (specify: )
Lauren classification
[J Intestinal
[ Diffuse
[J Indeterminate
] Mixed

WHO, World Health Organization.
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Fig. 7. Representative pictures of each histologic subtype of gastric carcinoma. Tubular adenocarcinoma (A), papillary adenocarcinoma (B),
mucinous adenocarcinoma (C), poorly cohesive carcinoma, not otherwise specified (D), poorly cohesive carcinoma, signet-ring cell type (E),
adenocarcinoma with lymphoid stroma (F), hepatoid adenocarcinoma (G), micropapillary adenocarcinoma (H), adenocarcinoma of the fun-
dic-gland type (I, J), undifferentiated carcinoma (K), and crawling-type adenocarcinoma (L).

https://jpatholtm.org/

https://doi.org/10.4132/jptm.2022.12.23



the WHO classification, SRC carcinoma was an independent
subtype, but since the 4th edition of WHO classification, SRC
has been included in the PCC category. Recently, several studies
have suggested that non-SRC PCC (PCC-NOS) has a relatively
poor prognosis compared with SRC and that SRC and PCC-NOS
have different molecular profiles [67-70]. The WHO classification
defines SRC as “composed predominantly or exclusively of signet-
ring cell components” [4]. A European group suggested a PCC
classification definition according to the percentage of the SRC
component (SRC, >90%; PCC-NOS, < 10%; PCC with SRC
component, 10% —90%), but no definite criteria for diagnosing
PCC-NOS and SRC have been established, so more studies are
required [71].

Mixed adenocarcinomas, according to the WHO definition,
are carcinomas with both glandular (tubular adenocarcinoma/
papillary adenocarcinoma) and pootly cohesive (PCC/SRC) com-
ponents [4]. Some reports recently suggested that mixed adeno-
carcinomas have poorer prognosis, such as frequent local recurrence
and lymph node metastasis, than a pure subtype of carcinoma, es-
pecially in EGC [72,73]. However, no clear criteria have estab-
lished a minimum ratio of glandular/poorly cohesive components
for a diagnosis of mixed adenocarcinoma. Contrary to the WHO
definition, many studies define mixed adenocarcinoma as PD ad-
enocarcinoma or a PCC/SRC component mixed with gland-
forming components; those studies also report that the prognosis
of mixed adenocarcinoma in EGC is worse than that of pure sub-
types [39,74,75]. Although mixed adenocarcinoma does not have
a clear definition, it seems that EGC has a poor prognosis when
a glandular component coexists with other components in the
same tumor; therefore, when both a glandular component and
other components are observed in an EGC, it is recommended
that they be mentioned separately.

Adenocarcinoma with lymphoid stroma (medullary carcinoma
with lymphoid stroma) was previously called ‘lymphoepithelio-
ma-like carcinoma’ or ‘medullary carcinoma.” Tumor cells of this
subtype show irregular sheets, poorly defined clusters or tubules,
trabeculae, or syncytial cells with dense lymphocytic infiltration
and intraepithelial lymphocytes [4,76]. Such a tumor usually
shows a well-defined margin without infiltrative growth and min-
imal desmoplasia. This type of tumor is frequently associated
with Epstein-Barr virus (EBV) infection and sometimes shows
microsatellite instability/mismatch repair deficiency [4,76]. Pa-
tients with this subtype show a lower number of lymph node me-
tastases and better prognosis after surgery than those with other
subtypes [77,78].

Hepatoid adenocarcinoma is composed of hepatocyte-like tu-
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mor cells, which are large polygonal cells with eosinophilic-abun-
dant cytoplasm arranged in a trabecular pattern [4,79]. This al-
pha-fetoprotein-positive tumor is often diagnosed preoperatively
with multiple liver and lymph node metastases [4,79].

Micropapillary adenocarcinoma is characterized by an inside-
out pattern of tumor clusters, which are small tumor clusters
without a fibrovascular core, in clear spaces [4,80]. Micropapil-
lary adenocarcinoma can be diagnosed when more than 10% of
the tumor comprises micropapillary components [4,81]. This
subtype is associated with poor prognosis and lymph node me-
tastasis [4,30,81].

Adenocarcinoma of the fundic-gland type is composed of tu-
mor cells showing chief cell differentiation, parietal cell differ-
entiation, or both. Because this tumor does not show obvious
nuclear dysplasia or structural abnormalities, it would be rea-
sonable to regard it as adenocarcinoma only when it invades the
submucosal layer. Lymph node metastasis is very rare in this sub-
type [4,82,83].

Undifferentiated carcinoma is composed of anaplastic cells
without specific differentiation [4]. Grossly, a large ulcerating or
fungating mass with necrosis is common. Tumor giant cells and
thabdoid tumor cells are common in this subtype, and spindle
sarcomatoid cells can be seen [84,85]. Most patients show dis-
mal prognosis with distant metastasis.

Squamous cell carcinoma is a very rare gastric tumor and shows
morphology similar to that found in other organs. Adenosqua-
mous carcinoma has both glandular and squamous tumor com-
ponents, with >25% squamous component [4]. Gastroblastoma
is a biphasic tumor composed of spindle and epithelial cells.

Crawling-type adenocarcinomas are charactetized by complex
branching or anastomotic structures and low-grade nuclei and
have not yet been classified as a distinct subtype in the WHO
classification [4]. Because of their low-grade nuclear atypia, re-
active looking structural change, and mucosal location, crawl-
ing-type adenocarcinomas were once called a very WD form of
gastric adenocarcinoma. Recent studies have shown that large
crawling-type adenocarcinomas are often accompanied by PD
components, and one report indicates that lymph node metastasis
occurs frequently when the cancer invades beyond the submuco-
sal layer [86,87]. Although it has not yet been classified as a for-
mal subtype, some research results on crawling-type adenocarci-
noma have recently been published, and attention needs to be
paid in terms of prognosis.

Tubular adenocarcinoma and papillary adenocarcinoma can be
graded. When two or more differentiations are mixed in an ade-
nocarcinoma, the differentiation grade reflects the largest tumor
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area. A distinct glandular structure composed of columnar cells
is classified as WD, and a small glandular structure composed
of cuboidal or flat cells is classified as MD. In a tumor with an in-
distinct glandular structure, carcinoma forming frequent lumi-
nal structures is classified as MD, and that with a rare luminal
structure is classified as PD (Fig. 8) [3]. Although the WHO rec-
ommends a two-tier grading system of low- (WD and MD) and
high-grade (PD), most pathologists and clinicians use a three-tier
grading system. We have agteed to use a three-tier grading system
that can be easily switched to a two-tier grading system.

Histologic types in biopsy specimens

In endoscopic gastric biopsy samples, it is often difficult to
diagnose a specific subtype of gastric carcinoma. However, his-
tologic subtypes and differentiation are important in the selection
of a treatment modality. We recommend reporting a histologic
component or subtype if there is a PD component or subtypes as-
sociated with poor prognosis (such as PCC, PD tubular adeno-
carcinoma, or micropapillary feature), irrespective of the propor-
tion. Some peculiar subtypes of adenocarcinomas, such as
adenocarcinoma of the fundic-gland type and EBV-associated
gastric carcinoma, have a lower rate of lymph node metastasis
than other subtypes with similar invasion depth, especially in
EGC [82,88,89]. Reporting these subtypes and testing for EBV
in situ in biopsy specimens could thus be helpful for patient
management [89].

Lauren classification

The Lauren classification has been one of the most commonly
used classification systems for GC worldwide since its publication
in 1965 (Table 3) [90]. According to the WHO 5th edition,
WD and MD papillary adenocarcinoma and tubular adenocar-
cinoma are classified as the intestinal type, and PCC and SRC
are classified as the diffuse type (Fig. 9). In the Lauren classifica-
tion, the mixed type (not the same as mixed adenocarcinoma in
the histological classification) is used when intestinal and diffuse
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tumor components coexist in similar proportions. Although a
table in the WHO blue book indicates that solid type, PD ade-
nocarcinoma is classified as indeterminate type, this does not
mean that all PD adenocarcinoma should be classified as such,
and there is some disagreement among pathologists about the
definition of the indeterminate type. Further discussion is needed
to decide whether other special histological types of adenocarci-
noma are excluded from the Lauren classification or whether
they can be classified as intestinal, diffuse, or indeterminate ac-
cording to their morphology.

To determine the feasibility of an endoscopic resection of tumors,
most clinical guidelines and studies apply the differentiated type
(papillary adenocarcinoma, tubular adenocarcinoma, WD and
MD)/undifferentiated type (tubular adenocarcinoma, PD and
poorly cohesive carcinoma, including SRC carcinoma) criteria of
the Japanese guidelines [57]. In these criteria, PD adenocarcino-
ma is classified as the undifferentiated type. To prevent confusion
with undifferentiated carcinoma, we do not recommend using the
‘differentiated type/undifferentiated type’ criteria in pathology re-
ports. Instead, using the histologic classification and/or Lauren
classification can provide sufficient information to clinicians and
researchers.

Adenoma

Neoplastic epithelial proliferation without stromal invasion
is called either adenoma or dysplasia. This intraepithelial neopla-
sia is usually called an adenoma by Western pathologists when
the tumor shows a protruding, polypoid appearance with a dis-
tinct border and dysplasia when the tumor appears as a flat, de-
pressed lesion o elevated indistinct lesion [4]. The Japanese classi-
fication tends to refer to elevated, flat, and depressed intraepithelial
lesions as adenomas. Both adenoma and dysplasia can be used as
terms for intraepithelial neoplasia in Korea.

Gastric adenomas can be subclassified into the intestinal type,
foveolar type, pyloric gland type, and oxyntic gland type. Intes-

tinal-type adenomas are the most common adenomas and usually
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Fig. 8. Grading of gastric tubular adenocarcinoma. Well-differentiated adenocarcinoma showing glandular structures composed of columnar
tumor cells (A). Moderately differentiated adenocarcinoma exhibits more complex tubular structures with cuboidal and/or flat epithelial cells
(B). Tubular structure is unclear in most tumor glands in poorly differentiated adenocarcinoma (C).
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Fig. 9. Intestinal (A) and diffuse (B) Lauren type gastric adenocarcinomas characterized by well-formed tumor glands and interspersed tumor

cells, respectively.

show tubule formation and columnar cells with elongated nu-
clei, with or without goblet cells and Paneth cells [4]. Foveolar-
type adenomas are the second most common type of gastric ad-
enoma, and an apical mucin cap is characteristic [91]. Pyloric
gland type adenomas consist of columnar cells with ground-glass-
like cytoplasm, basally located nuclei, and closely packed tubu-
lar glands with occasional dilatation [92]. Oxyntic gland type
adenomas, also called oxyntic gland neoplasms because they can
be diagnosed as adenocarcinoma only when submucosal inva-
sion is confirmed, can progress into adenocarcinoma of the fun-
dic gland type. This adenoma is composed of tumor cells with
an oxyntic gland (chief cells, parietal cells, and mucous neck cells)
and exhibits structural irregularity and minimal to mild nuclear
atypia [82,88].

A two-tier system (low-grade/high-grade) is recommended
for grading adenomas. Low-grade adenomas are characterized
by a simple tubular or papillary architecture, hyperchromatic
elongated or ovoid nuclei without severe atypia, preserved cellu-
lar polarity with basally located nuclei, and relatively regular in-
tervening stroma without structural disruption. Goblet cells,
apoptotic features, and mild to moderate mitotic features can be
observed in low-grade adenomas (Fig. 10A). High-grade adeno-
mas show more complex structures such as fusion, crowding, and
budding of glands and the formation of glands with varying di-
ameters. Cellular atypia is more pronounced in high-grade adeno-
mas, such as loss of polarity, a high nuclear/cytoplasm ratio, pleo-
morphic nuclei, frequent mitosis, and atypical mitosis [93,94].
Intraglandular necrotic debris is also a diagnostic clue for high-
grade dysplasia and, more commonly, adenocarcinoma (Fig. 10B)
[95]. A diagnosis of adenocarcinoma should be considered when
more than one of the following is present: evidence of stromal in-
vasion (including single cell invasion into stroma and desmoplastic
reaction), marked structural atypia, and marked glandular crowd-
ing (Fig. 10C) [94].
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Helicobacter pylori

H. pylori infection is the most common cause of gastric adeno-
carcinoma, and eradication of H. pylori is associated with meta-
chronous GC [96,97]. To detect H. pylori infection in a patholo-
gy specimen, additional staining (such as the Wright-Giemsa stain
or Warthin-starry stain) is recommended. The proportion of
drug-resistant H. pylori is increasing, and in patients with clar-
ithromycin-resistant H. pylori infection, the failure rate of stan-
dard eradication treatment is also increasing. In patients with H.
Pylori infection, testing for clarithromycin-resistance is helpful for
H. pylori eradication.

Molecular markers

All molecular tests are optional, conditional data elements.
All report forms for the pathologic diagnosis of molecular mark-
ers are shown in Table 4.

Human epidermal growth factor receptor 2 testing

Determination of human epidermal growth factor receptor 2
(HER2) status is critical to identify patients with advanced-stage
cancer for appropriate precision therapy. HER2-positive GC pa-
tients are currently treated with trastuzumab in combination with
chemotherapy as first-line therapy, and fam-trastuzumab derux-
tecan-nxki, a.k.a. trastuzumab deruxtecan, was recently approved
by the Food and Drug Administration as a third- or later-line
treatment [5,7,98,99]. HER2 status is principally determined by
IHC or in situ hybridization (ISH) assays. HER2-positivity is de-
fined as THC 3+ or IHC 2+/ISH-positive [100,101]. HER2 test-
ing requites formalin-fixed paraffin-embedded biopsy tissues with
an adequate number of tumor fragments (ideally at least four) or
representative surgical specimens with more differentiated com-
ponents [102,103].

In currently recommended testing algorithms, HER2 status
should be initially established using THC [7,100] to estimate the
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Fig. 10. Tubular adenoma with low-grade dysplasia shows simple tubular architecture composed of elongated tumor cells with preserved
polarity (A). More crowding and variation in the size of the tumor glands are noted in high-grade adenoma (B). The diagnosis of adenocarci-
noma can be made when tumor cells show single-cell infiltration into the lamina propria (C) and/or marked structural fusion and atypia (D).

immunoreactive intensity and percentage of basolateral membra-
nous expression on cancer cells [7,104]. The score ranges from
0 to 3 based on >10% cutoff level of HER2 expression in surgical
specimens and >5 clustered cells in biopsy specimens as follows:
0 (negative), no reactivity or membranous reactivity in < 10% of
cancer cells from surgical specimens or any cancer cells in biopsy
specimens; 1+ (negative), faint or barely perceptible membrane
reactivity; 2+ (equivocal), weak to moderate complete or basolat-
eral membrane reactivity; and 3+ (positive), strong complete or
basolateral membrane reactivity (Fig. 11).

Cases with a score of 2+ or indeterminate by THC should be
confirmed with ISH techniques to determine the final HER2 sta-
tus [7,100]. Positive HER2 amplification is defined as a HER2:
CEP17 (centromeric region of chromosome 17) ratio >2.0. To
evaluate the ISH results, first check the HER2 IHC slide to select
the most strongly stained region that might predict a higher level
of HER? amplification. Next, at least 20 evaluable, non-overlap-
ping invasive cumor cells should be counted. If CEP17 signals are
>3 and the ratio of HER2:CEP17 is < 2.0, an average HER?2 copy
number > 6 signals/cell is considered positive for HER2 amplifi-
cation by ISH and <4 signals/cell is considered negative. If an
average HER?2 copy number is between four and six signals/cell,
another 20 cells should be counted in a different area. Sometimes,
the determination of HER2 status is uncertain due to sample prob-
lems or technical issues [103,105]. In that case, the test should be
reported as “cannot be determined.”

https://jpatholtm.org/

Some studies have revealed a significant correlation between
HER?2 expression and histologic subtype in GC. The Trastuzum-
ab for Gastric Cancer (ToGA) trial and other published studies
showed that the HER2 positivity rate was higher in differenti-
ated subtypes (Lauren intestinal type and WD and MD type)
than in the Lauren diffuse type or PD type [106-108]. Further-
more, intratumor heterogeneity of HER2 expression was reported
in approximately 50% of GC cases [106,109]. Inter-lesional
heterogeneity of HER2 expression for either positive or negative
shifting has been reported between primary carcinomas and syn-
chronous or metachronous locoregional/distant metastases at a
rate of 29%—14% [110-115].

Therefore, HER?2 status should be re-evaluated for all newly
diagnosed secondary, recurrent, and metastatic lesions, regardless
of the HER?2 status of the primary cancer because it affects the
therapeutic strategy and prognosis of patients [116,117].

Microsatellite instability and mismatch repair deficiency

Microsatellites, also called short tandem repeats, consist of re-
peats of a sequence that ranges from 1-6 nucleotides in length
[103,118,119]. DNA mismatch repair (MMR) is a highly con-
served mechanism to recognize and replace or repair mismatched
nucleotides during DNA replication [119]. MMR deficiency
(dMMR) is commonly caused by a germline mutation or sporadic
epigenetic silencing and leads to insertions or deletions of nucleo-
tides in microsatellite regions during DNA replication [119,120].
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Table 4. Report form for pathologic diagnosis using molecular mark-
ers

Molecular markers

All molecular markers are “conditional data element”
HER2 immunohistochemistry
[J Negative (0/1+)
[ Equivocal (2+)
[J Positive (3+)
[J Undetermined (explain):
HER2 (ERBB2) in situ hybridization
Number of invasive cancer cells counted: cells
[ Using dual-probe assay
[J HER2 (ERBB2)/CEP17 ratio:
[J Average number of HER2 (ERBB?2) signals per cancer cell:

[J Average number of CEP17 signals per cancer cell:
[J Using single-probe assay
[J Average number of HER2 (ERBBZ2) signals per cancer cell:

Summary: Negative/Positive for HER2 (ERBB2) gene amplification
[J Undetermined (explain):
Microsatellite instability (MSI)
Summary:
[ Microsatellite stable (MSS)
[J Microsatellite instability-low (MSI-L)
[ Microsatellite instability-high (MSI-H)
[J Undetermined (explain)
DNA mismatch repair immunohistochemistry
MLH1:
[J Positive (retained expression)
] Negative (loss of expression)
[J Undetermined (explain):
MSH2:
[ Positive (retained expression)
[J Negative (loss of expression)
1 Undetermined (explain):
PMS2:
[ Positive (retained expression)
[J Negative (loss of expression)
[J Undetermined (explain):
MSH6:
[J Positive (retained expression)
] Negative (loss of expression)
[J Undetermined (explain):
Summary:
[J DNA mismatch repair deficiency (was/was not) observed
[J Because it is difficult to determine DNA mismatch repair deficiency,
PCR-based testing and/or NGS for MSI is recommended.
In situ hybridization for Epstein-Barr virus-encoded small RNAs
[ Positive [diffuse/heterogenous (focal and/or mixed intensity)]>°
[J Negative
Summary: Epstein-Barr virus-associated gastric carcinoma
PD-L1 immunohistochemistry
PD-L1 [Antibody (22C3 PharmDx/22C3 conc. Ventana/28-8 Phar-
mDx/others: )
[J CPS=

HER?2, human epidermal growth factor receptor 2; CEP17, centromeric region
of chromosome 17; MLH1, mutL homolog 1; MSH2, mutS homolog 2; PMS2,
PMS1 homolog 2; MSH6, mutS homolog 6; PCR, polymerase chain reaction;
NGS, next-generation sequencing; PD-L1, programmed death ligand 1; CPS,
combined positive score.

4Because it is difficult to determine MSI status, mismatch repair immuno-
histochemistry and/or NGS is recommended; "Checking the signal pattern
is optional; °The term “Epstein-Barr virus-associated gastric carcinoma”
applies to positive cases.
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Standardized pathology of gastric cancer ¢ 17

The four genes that play an important role in this process are
mutL homolog 1 (MLHT), mutS homolog 2 (MSH2), mutS ho-
molog 6 (MSHG), and PMS1 homolog 2 (PMS2) [103,119-121].
When MMR does not function normally, it is called microsatel-
lite instability (MSI) [119,122].

MST is the hallmark of Lynch syndrome and is found in many
sporadic cancers [103,123]. MSI-high (MSI-H) is observed in
6.9%-22.7% of sporadic GC cases [124-127]. As a distinct
molecular subtype, MSI-GC is characterized by the gastric CpG
island methylator phenotype with MLH] silencing [124]. The
clinical characteristics of MSI-GC are antrum (distal) locations,
intestinal type of Lauren histology, early disease stage, and favor-
able prognosis [5,103,125,126]. Clinically, MSI is an actionable
predictive biomarker for resistance to S-fluorouracil-based adju-
vant chemotherapy and indicates good suitability for immuno-
therapy [128-132]. For this reason, clinician requests for MSI
and/or MMR test are increasing. In the National Comprehensive
Cancer Network Guidelines for Gastric Cancer V.2.2022, uni-
versal MSI and MMR testing is recommended for all newly di-
agnosed GC patients, in accordance with the CAP DNA Mis-
match Repair Biomarker Reporting Guidelines [100].

The three main methods used to detect MSI/AMMR are as fol-
lows: (1) polymerase chain reaction (PCR) amplification of micro-
satellite sequences; (2) IHC staining to determine the expression
of the four MMR proteins MLH1, MSH2, MSHG6, and PMS2;
and (3) next-generation sequencing (NGS) [103,119,120,133].
Additionally, a new kit enables diagnosis of MSI according to
the number of deleted base mutations by using a melting curve
analysis with a peptide nucleic acid (PNA) probe [134].

PCR can compare the allelic position of the microsatellite locus
in the tumor with that in normal tissue [103,120,133]. The Na-
tional Cancer Institute recommends the so-called Bethesda Panel
as reference [133,135]. This panel is composed of two mononu-
cleotide repeats (BAT-25 and BAT-26) and three dinucleotide re-
peats (D2S123, D58346, and D175250) [22,103,133,135].
These regions are amplified in parallel using fluorescent PCR,
and their sizes are assessed by capillary electrophoresis [133,136)].
However, because the dinucleotide markers are less sensitive and
specific than the mononucleotide markers [137], an alternative
panel with five poly-A mononucleotide repeats (NR-21, NR-24,
NR-27 [or Mono-27], BAT-25, and BAT-26) has also been sug-
gested [22,103,119].

MSI-H is defined as instability of two or more of five microsat-
ellite loci; MSI-low (MSI-L) is defined as instability of one site,
and microsatellite stable (MSS) is defined as no instability at any
site. Currently, clinical studies tend to categorize MSI-L and MSS

https://jpatholtm.org/
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Fig. 11. Representative images of human epidermal growth factor receptor 2 (HER2)—-positive gastric cancer. HER2 immunohistochemistry
(IHC) of this case showed heterogeneous intratumoral expression, composed of some areas featuring a score of 2+ with HER2 gene amplifi-
cation and others scoring 0 (A). HER2 IHC of this case showed homogenous HER2 positivity (score of 3+) (B).

as one type. This PCR method enables a functional measure of
dMMR by directly measuring DNA changes. However, the meth-
od does not identify the MMR gene to be investigated. When the
PCR test fails or the interpretation of the results is difficult, the test
should be reported as “undetermined,” and ITHC testing or NGS
is recommended.

THC for MMR proteins in GC samples is a simple and useful
practice to determine dMMR. This method shows performance
characteristics similar to MSI detection by PCR and a high con-
cordance rate (>90%) [138]. The use of all four proteins, MLHI,
MSH?2, MSHO6, and PMS2, is recommended for the IHC test.
However, in more than 90% of cases, MSI-GC is associated with
MLHI1 and/or PMS2 losses by hypermethylation of the MLH1
gene. Because this THC method is based on the ubiquitous expres-
sion of the MMR proteins in cell nuclei, nuclear staining should
be checked when determining MMR positivity [22,119]. The
presence of internal positive controls such as normal mucosa, lym-
phocytes, or stromal cells is essential for the interpretation of re-
sults [119]. IMMR is determined when the nuclear expression of
at least one MMR protein is absent (Fig. 12) [22]. Heterogeneity
of IHC or abnormal staining (cytoplasmic or membranous
staining) is sometimes observed [138-143]. When it is difficult to
interpret the THC results, the test should be reported as “unde-
termined,” and PCR-based testing or NGS is recommended to
confirm the MMR status. Using both IHC and PCR analyses for
the detection of MSI-H/AMMR can reduce indeterminacy in the
results.

https://jpatholtm.org/

EBV testing

EBV-associated gastric carcinoma belongs to one of four types
of molecular classification suggested by the Cancer Genome At-
las (TCGA) [124]. Virus-host interactions play a pivotal role in
EBV-induced carcinogenesis [144]. In EBV-associated gastric car-
cinoma, BamHI-A rightward frame 1 (BARFI) and latent mem-
brane 2A (LMP2A) are putative viral oncogenes [145-147]. Once
EBV enters the epithelium, EBV DNA methylation occurs glob-
ally. Hypermethylation of the CpG island promoter occurs
throughout human cellular progress, which inactivates tumor
suppressor genes [148]. Unique methylation leading to CDK-
N2A (p16) downregulation seems to be essential [124]. Even-
tually, EBV-infected gastric epithelial cells begin clonal growth,
and gene mutations in EBV-infected cells lead to carcinogenesis
[144]. EBV-associated gastric carcinoma is molecularly charac-
terized by frequent mutations in phosphatidylinositol-4,5-bi-
phosphate 3-kinase catalytic subunit o (PIK3CA) [124] and AT-
rich interaction domain 1A (ARIDIA) [125], rare TP53 mutations
[124], and the overexpression of interferon-y [149] and pro-
grammed death ligand 1 (PD-L1) [124,150].

EBV-associated gastric carcinoma has distinct histologic, ge-
netic, and immune microenvironmental features. Notably, EBV-
associated gastric carcinomas exhibit a dramatic response to
pembrolizumab immunotherapy (100% overall response rate)
[130]. EBV positivity can be a good indication for immuno-
therapy in GC. Moreover, in submucosal invasive GC, EBV pos-
itivity has been associated with a low risk of lymph node metas-
tasis [151,152].

https://doi.org/10.4132/jptm.2022.12.23
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Fig. 12. A representative figure of gastric cancer with DNA mismatch repair deficiency. Immunohistochemistry for MLH1 (A) and PMS2 (B)
showed loss of nuclear expression in tumor cells and positive nuclear expression in adjacent inflammatory cells. In contrast, immunohisto-
chemistry for MSH2 (C) and MSH6 (D) showed retained nuclear expression in tumor cells. MLH, mutL homolog 1; PMS2, PMS1 homolog 2;

MSH2, mutS homolog 2; MSH6G, mutS homolog 6.

ISH for EBV-encoded small RN As (EBERs) is the most suitable
and widely used method to detect EBV in formalin-fixed paraffin-
embedded tissues and cytology specimens [153,154]. It is a
highly sensitive detection method because of the large number of
EBERs (10°-10" copies/cell) [19], but it cannot be used for quan-
titative analysis of viral particles. Several commercial probes for
EBERs are available, in which EBERs labeled with biotin, digoxi-
genin, or fluorescein can be visualized by microscopic examina-
tion. In most EBV-associated GCs, EBER signals are observed
with strong intensity in almost all cancer cell nuclei. In certain
cases, EBER signals are heterogeneous, i.e., positive only in a focal
portion of the cancer or mixed—weak to strong—intensity (Fig.
13). Recently, focal positivity of EBER signals was reported in
18% of EBV-associated GC cases in Germany [155]. In daily prac-
tice in Korea, however, intratumoral heterogeneity of EBER sig-
nals is not as high as in those German cases. Whether focal nega-
tive/weak intensity represents an absence of EBV infection or a
subcritical or insufficient copy number of EBERs remains unclear
[156]. EBER signals are rarely detected in intracumoral or peri-
tumoral lymphocytes, which originate from peripheral B lympho-
cytes infected with EBV in a latent state.

PD-L1 immunohistochemistry

The programmed death-1 receptor (PD-1)-PD-L1 interac-
tion is one of the major mechanisms of immune modulation
that allow T-cell inactivation and tumor immune evasion [157].

https://doi.org/10.4132/jptm.2022.12.23

Blocking the PD-1/PD-L1 pathway is a standard therapeutic
strategy for various solid tumors, including GCs [158].

Pembrolizumab was granted accelerated FDA-approval as a
third-line treatment of GC based on the findings of the phase 2
KEYNOTE-059 trial, which demonstrated its treatment benefit
in advanced GC patients with PD-L1 combined positive score
(CPS) positivity (CPS 21). Accompanying approval was granted
for the PD-L1 IHC 22C3 pharmDx assay on the Autostainer
Link 48 platform as a companion diagnostic assay [159]. However,
the subsequent phase 3 KEYNOTE-061 trial failed to demon-
strate a significant survival improvement in PD-L1-positive GC
patients [160].

Another phase 3 trial, CheckMate-649, demonstrated the effi-
cacy of nivolumab in combination with fluoropyrimidine and
platinum-based chemotherapy as a first-line treatment for HER2-
negative advanced or metastatic GC, gastroesophageal junction
cancer, and esophageal adenocarcinoma patients with PD-L1 CPS
>5 [161]. In that trial, PD-L1 expression was determined using
the PD-L1 THC 28-8 pharmDx assay on the Autostainer Link 48
platform. Recently, that assay earned the CE-IVD mark in Europe
as a companion diagnostic for identifying candidates for nivolum-
ab treatment.

Both assays share the CPS scoring system to determine PD-L1
expression, which is the number of PD-L1-stained cells (tumor
cells, lymphocytes, and macrophages) divided by the total num-
ber of viable tumor cells, multiplied by 100. For adequate evalu-

https://jpatholtm.org/
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Fig. 13. A representative figure of Epstein-Barr virus (EBV) in situ hybridization. Diffuse positive EBV-encoded small RNA (EBER) signals (A).
Heterogenous pattern of EBER signals in cancer cells. EBER signals appear within a few intratumoral lymphocytes (B).

ation, a specimen containing a minimum of 100 viable tumor cells
is required [162]. A PD-L1-stained tumor cell should present
partial or complete membrane staining of viable cells with more
than faint staining intensity (>1+). PD-L1-stained immune cells
include only mononuclear inflammatory cells (lymphocytes or
macrophages) within tumor nests and adjacent stroma and show
membrane and/or cytoplasmic staining. Other stromal cells such
as fibroblasts, neutrophils, and plasma cells should be excluded
from the CPS numerator. If the result of the calculation exceeds
100, it is presented as a maximum score of 100. If the PD-L1
staining shows heterogeneous results, the final CPS should be
estimated by calculating each area’s CPS result (Fig. 14).

Because two different PD-L1 assays have been approved based
on different CPS cutoff values, the interpretation of PD-L1 posi-
tivity should be based on the CPS cutoff value appropriate to the
assay used for evaluation. The PD-L1 IHC 22C3 pharmDx as-
say uses CPS 21 for CPS positivity, and the 28-8 pharmDx assay
uses CPS >5. The report should specify the assay type and appro-
priate cutoff value used for the PD-L1 positivity interpretation.

Previous studies have reported changes in PD-L1 expression
during chemotherapy [163,164] and discrepancies between pri-
mary and metastatic lesions [164,165]. Therefore, re-evaluation of
PD-L1 IHC in secondary, recurrent, and metastatic lesions is rec-
ommended for GC patients.

https://jpatholtm.org/

Next generation sequencing

Recently identified molecular profiles are not only important
for improving our understanding of driver alterations involved
in gastric carcinogenesis, but also for identifying clinically rele-
vant biomarkers and new potential therapeutic targets [124,125].
Therefore, the clinical need for NGS in AGCs is increasing.

According to the recent National Comprehensive Cancer Net-
work (NCCN) guideline, the biomarkers implicated in clinical
management of AGC include HER2, MSI, PD-L1, tumor mu-
tation burden (TMB) status, and neurotrophic tyrosine receptor
kinase (NTRK) gene fusion [100]. Among these, TMB can only
be assessed using NGS, and NTRK fusion is best evaluated us-
ing NGS (preferential RNA sequencing) [166]. Alternatively,
it can be screened with TRK THC, and then sequencing can be
performed in positive cases [166]. Some other targets also showed
promising clinical results in advanced GC, such as fibroblast
growth factor receptor 2 (FGFR2) amplification [167], epider-
mal growth factor receptor (EGFR) amplification [168], MET
amplification [169], and alterations of homologous recombina-
tion deficiency—related genes [170]. In addition, there are very
rare (prevalence <1%) targetable tissue—agnostic variants [171]
such as BRAF VG0OE [172], anaplastic lymphoma kinase (ALK)
fusion [173], and reactive oxygen species 1 (ROST) fusion [174].

TMB is defined as the total number of somatic coding muta-

https://doi.org/10.4132/jptm.2022.12.23
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Fig. 14. A representative example of programmed death ligand 1 staining. Combined positive score (CPS)< 1 (A), CPS>1 and <5 (B), CPS

>5(O).

tions in a tumor and represents an emerging biomarker for im-
munotherapy response in cancer patients [175]. The exploratory
analysis for KEYNOTE-062 suggested an association between
TMB and the clinical efficacy of first-line pembrolizumab-based
therapy in patients with advanced GC [176]. Although whole
exome sequencing is considered the gold standard for TMB, re-
cent targeted gene panels have also provided accurate quantifi-
cation [175]. The lack of harmonization in panel-based TMB
quantification and lack of robust predictive cutoffs are currently
some of the main limitations of TMB as a biomarker in clinical
practice [175].

The gold standard for MSI detection is PCR or IHC. Recently,
several MSI detection methods based on NGS have shown high
concordance (> 95%) with the conventional PCR-based assay
[171,177,178]. The recent NCCN guidelines indicate that se-
quencing via a validated NGS assay may be used to determine
MSI status and other biomarkers when limited tissue is available
for testing [100].

Tissue preparation is one of the most important factors for get-
ting accurate and reliable results from NGS. In general, the total
DNA and RNA requirements range from 10 to 300 ng for tar-
geted gene panels [179]. Tissue specimen requirements are for-
malin-fixed, paraffin-embedded tissue or cytology specimens
[179]. The minimum sample requirement for reliable sequenc-
ing results is a specimen with a tumor fraction and surface area
>10%-20% and 5 mm’, respectively [179].

Mucin phenotype

GC is classified as the gastric type, intestinal type, mixed type,
or unclassified type based on the expression of MUC5SAC, MUCG,
MUC2, and CD10 [3]. The gastric type is positive for MUC5SAC
and/or MUCG, and the intestinal type is positive for MUC2 and/
or CD10. The mixed type is positive for both gastric and intesti-
nal mucins, and the unclassified type is negative for both.

Easy methods for molecular classification

Molecular profiles of GCs have been published in recent stud-

https://doi.org/10.4132/jptm.2022.12.23

ies by TCGA and the Asian Cancer Research Group (ACRG).
TCGA classified GCs into EBV, MSI, genomically stable, and
chromosomally unstable [124]. In contrast, ACRG published a
molecular classification of MSI, microsatellite stable/epithelial
mesenchymal transition (MSS/EMT), MSS/TP53+, and MSS/
TP53— [125]. The MSS/EMT subtype is closely associated with
the SRC and PCC histology and Lauren’s diffuse type, and pa-
tient survival is poor. The EBV and MSI subtypes are related to
the histologic type of adenocarcinoma with lymphoid stroma and
have relatively better prognosis. High TMB and increased ex-
pression of PD-L1 are commonly reported in the EBV and MSI
subtypes.

Several studies have reported that these molecular classifica-
tions could be reproduced in GCs using simple techniques, in-
cluding EBV ISH, MSI testing, MMR IHC, E-cadherin IHC,
and p33 THC [127,180,181]. Using those tests, GC is classified
as EBV, MSI, EMT, altered p53, and not altered p53. Those mo-
lecular subtypes showed distinct clinicopathologic characteristics.
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