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The first edition of the ‘Standardized Pathology Report for Colorectal Cancer,” which was developed by the Gastrointestinal Pathology
Study Group (GIP) of the Korean Society of Pathologists, was published 13 years ago. Meanwhile, there have been many changes in
the pathologic diagnosis of colorectal cancer (CRC), pathologic findings included in the pathology report, and immunohistochemical
and molecular pathology required for the diagnosis and treatment of colorectal cancer. In order to reflect these changes, we (GIP) de-
cided to make the second edition of the report. The purpose of this standardized pathology report is to provide a practical protocol for
Korean pathologists, which could help diagnose and treat CRC patients. This report consists of “standard data elements” and “condi-
tional data elements.” Basic pathologic findings and parts necessary for prognostication of CRC patients are classified as “standard
data elements,” while other prognostic factors and factors related to adjuvant therapy are classified as “conditional data elements” so
that each institution could select the contents according to the characteristics of the institution. The Korean version is also provided
separately so that Korean pathologists can easily understand and use this report. We hope that this report will be helpful in the daily
practice of CRC diagnosis.
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The first edition of the ‘Standardized Pathology Report for
Colorectal Cancer’ was developed by the Gastrointestinal Pathol-
ogy Study Group of the Korean Society of Pathologists and pub-
lished in the Korean Journal of Pathology (predecessor of the
Journal of Pathology and Translational Medicine) in 2006 [1].
Colorectal cancer (CRC), which was the fourth most common
cancer in Korea at the time, is now the second most common

cancer in Korea. Meanwhile, there have been many changes in the
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pathologic diagnosis of CRC, such as the diagnostic criteria for
carcinoma, and pathologic findings included in the pathology re-
port [1,2]. Molecular pathology tests for CRC have also become
necessary tests, as targeted therapy and immunotherapy were in-
troduced into the treatment of CRC. The existing standardiza-
tion report does not reflect the recent changes in colon cancer
diagnosis.

There has been considerable demand for the revision of the
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standardized pathology report, which is used by many Korean
pathologists. From September 2017 to October 2018, the com-
mittee for the revision of the report was organized, and after sev-
eral discussions and meetings, the second edition of the ‘Stan-
dardized Pathology Report for Colorectal Cancer’ was completed.
This new report is based on the previous report with reference to
the College of American Pathologists (CAP) protocol, American
Joint Committee on Cancer (AJCC) 8th edition, World Health
Organization (WHO) classification of tumors of the digestive
system Sth edition, and International Classification of Diseases
for Oncology (ICD-O) [3-6].

The purpose of this standardized pathology report is to enable
standardized diagnosis and treatment of CRC patients and, fur-
thermore, to help select the same patient group and exchange
information in multicenter clinical trials or international studies.
It would be desirable to include all the latest findings up to now
in this report, but this would lead to an increase in the workload of
the pathologist. In the current medical system of Korea, increased
workloads cannot be appropriately reflected in the medical fee,
which may lead this report to be unpractical for Korean pathol-
ogists. Therefore, the basic pathologic findings and parts necessary
for prognostication of CRC patients are classified as “standard
data elements,” and other prognostic factors and factors related
to adjuvant therapy are classified as “conditional data elements”
so that each institution can select the contents according to the
characteristics of the institution. As with the first edition, we have
written this in English for the internationalization of pathology
reports. We also have restricted the use of abbreviations or numer-
ical taxonomy so that we can keep track of future data elements
even if the diagnostic criteria and classification methods change.

As The Korean Journal of Pathology has become an English-
language journal named The Journal of Pathology and Transla-
tional Medicine, this report was written in English, but the Korean
version is also provided separately so that Korean pathologists
can easily understand and use this report (Supplementary Mate-
rial 1).

STANDARD DATA ELEMENTS FOR
RESECTED COLORECTUM

All report forms mentioned in this document are shown in
Table 1. If there are two or more tumors, the data elements
should be listed for each tumor, starting with the tumor that has
the deepest level of invasion. ‘Regional lymph node metastasis,
‘Associated findings,’ and ‘Separate lesions’ are noted only in the
deepest tumor.

http://jpatholtm.org/

Histopathologic type of invasive carcinoma

Histologic classification of tumors is based on WHO classifi-
cation (5th edition) [5]. Although most CRCs are “adenocarci-
noma, not otherwise specified (NOS),” if there are other histo-
logic variants, it is recommended to mention them separately.
This is because some histologic variants may be associated with
specific molecular alteration or patient prognosis [3,7]. Repre-
sentative histologic types of CRC described in WHO classifica-
tion and AJCC 8th edition are shown in Table 1 [4,5].

Mucinous adenocarcinoma and signet ring cell carcinoma can
be diagnosed when extracellular mucins are over 50% of tumor
areas and signet ring cells are over 50% of tumor component,
respectively. At levels of 50% or less, it is recommended to describe
the ratio of mucin or signet ring cells along with histologic type
[5]. When patients received preoperative neo-adjuvant therapy,
which may produce mucin, it is advisable to describe the diag-
nosis of the preoperative specimen [8]. Medullary carcinoma is
a rare histologic type that requires differentiation from undif-
ferentiated carcinoma and it is diagnosed when cancer cells appear
as solid or sheet-like structures and lymphocytic infileration is
prominent with intraepithelial (tumor-infiltrating) lymphocytes
and neutrophils [5,7]. Tumor cells of medullary carcinoma usually
show abundant eosinophilic cytoplasm, vesicular nuclei, and prom-
inent nucleoli [5]. Another rare histologic type, micropapillary
adenocarcinoma, can be diagnosed when small tumor cell clusters
are surrounded by empty spaces, resembling lymphatic or small
vessel invasion [9-11]. Micropapillary adenocarcinoma has a
high risk of lymph node metastasis and is frequently accompanied
with poor prognostic factors such as lymphatic and vascular inva-
sion [9-13]. However, CRC with pure micropapillary patterns
are extremely rare and most micropapillary lesions coexist with
another histologic type [5,14]. The WHO classification suggests
that tumors consisting of 5% or more micropapillary component
should be diagnosed as micropapillary adenocarcinoma [5]. How-
ever, the minimal proportion of micropapillary components re-
quired for the diagnosis of micropapillary adenocarcinoma is
controversial, and our committee could not reach a consensus.
Serrated adenocarcinoma is also a special subtype of CRC that is
morphologically similar to serrated polyps and is characterized by
neoplastic glands with prominent epithelial serrations, low nu-
cleus-to-cytoplasm ratio, eosinophilic and abundant cytoplasm,
and vesicular nuclei [5,15,16]. Although some studies have sug-
gested diagnostic criteria for serrated adenocarcinoma [17], a
consensus has not yet been reached. Adenosquamous carcinoma
is diagnosed when an area of definite squamous differentiation is
present in the tumor. Although the WHO classification sug-
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Table 1. Report form of pathologic diagnosis for resected coloectal
cancer

Standard data elements

Specimen type
O Right hemicolectomy
O Transverse hemicolectomy
O Left hemicolectomy
O Anterior resection
O Low anterior resection
O Abdominoperineal resection
O Subtotal/total colectomy
O Total proctocolectomy
O Transanal excision
O Endoscopic mucosal resection
O Other: (specify: )

Histopathologic type of invasive carcinoma

0O Adenocarcinoma, NOS
O Low-grade (well differentiated and moderately differentiated)
O High-grade (poorly differentiated)

O Mucinous adenocarcinoma

0 Signet ring cell carcinoma

O Medullary carcinoma

O Serrated adenocarcinoma

O Micropapillary adenocarcinoma

0 Squamous cell (epidermoid) carcinoma (excluding upwardly
spreading anal tumors)

O Adenosguamous carcinoma

0O Small cell neuroendocrine carcinoma

O Large cell neuroendocrine carcinoma

O Mixed neuroendocrine-non-neuroendocrine neoplasm
O Undifferentiated carcinoma

O Other: (specify: )

Location
0 Cecum
0 Ascending colon
O Hepatic flexure
O Transverse colon
O Splenic flexure
0 Descending colon
0 Sigmoid colon
O Rectosigmoid junction
O Rectum
O Other: (specify: )

Gross type
O Fungating/polypoid
0 Uleerofungating
O Ulceroinfiltrative
O Infiltrative
0 Unclassifiable

Tumor size
X X cm

Standardized pathology report: colorectum ¢ 3

Standard data elements

Depth of invasion
O Intramucosal carcinoma (pTis)
O Tumor invades the submucosa (pT1)
O Tumor invades the muscularis propria (pT2)

O Tumor invades through the muscularis propria into pericolorectal
tissue (pT3)
O Tumor invades through the visceral peritoneum (pT4a)

O Tumor directly invades or adheres to adjacent organs or structures
(pT4b)

- [Endoscopic excision (Endoscopic submucosal dissection/polypectomy)
or transanal excision]
O Tumor invades the lamina propria with no extension through
muscularis mucosae (pTis)
O Tumor invades the submucosa (pT1)
For sessile lesion:
Distance of tumor from muscularis mucosae: mm
For pedunculated lesion:
Haggitt level (head, neck, stalk, beyond stalk)
Distance of tumor invasion in stalk: mm

Resection margin

Proximal margin
O Free from carcinoma
O Involved by carcinoma

Distal margin
O Free from carcinoma
O Involved by carcinoma

Circumferential margin (rectum only)
O Free from carcinoma
O Involved by carcinoma

Safety margin: proximal cm, distal ____cm,

circumferential cm
- [Endoscopic excision (Endoscopic mucosal resection/submucosal
dissection/polypectomy) or transanal excision]

Deep margin
O Free from carcinoma
O Involved by carcinoma
O Not applicable

Horizontal margin
O Free from carcinoma
O Involved by carcinoma
O Involved by adenoma: (specify grade: )
O Not applicable

Safety margin: deep _____cm, horizontal ______cm

Regional lymph node metastasis
O No metastasis in all regional lymph nodes (pNO)
O Metastasis to out of regional lymph nodes
pN

Lymphatic (small vessel) invasion
O Not identified
O Present

Venous invasion
O Not identified
O Present
O Intramural
O Extramural

(Continued)
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Table 1. Continued

Conditional data elements

Standard data elements

Perineural invasion
O Not identified
O Present

Pre-existing adenoma
O Absent
O Tubular/Tubulovillous/Villous adenoma
Low grade dysplasia/High grade dysplasia
O Sessile serrated lesion (sessile serrated adenoma/polyp)
O Sessile serrated lesion (sessile serrated adenoma/polyp) with dysplasia
O Traditional serrated adenoma
O Other (specify: )

Associated findings

0 Absent

O Tumor perforation (pT4a)

O Perforation (non-tumor perforation)

O Metastasis to one site or organ without peritoneal metastasis (pM1a)

O Metastasis to two or more sites or organs without peritoneal
metastasis (pM1b)

O Metastasis to the peritoneal surface with or without other site or
organ metastasis (pM1c)
Specify metastatic sites or organs:

Separate lesions
O Absent
O Adenoma
O Polyp
OGIST
O Ulcerative colitis/Crohn’s disease
O Others

Specify:

Conditional data elements

Tumor budding
O Not identified
O Present
0 <4 buds (low)
0 5-9 buds (intermediate)
0 >10 buds (high)
O Cannot be assessed (specify: )

Completeness of total mesorectal excision
0 Complete
O Nearly complete
O Incomplete
0 Cannot be determined

Preoperative chemoradiotherapy
O Yes ONo O Not known
If yes) Tumor regression grade

O Grade 0: No viable cancer cells (complete response)

0 Grade 1: Single cells or rare small groups of cancer cells
(near-complete response)

0 Grade 2: Residual cancer with evident tumor regression,
but more than single cells or rare small groups of cancer cells
(partial response)

O Grade 3: Extensive residual cancer with no evident tumor
regression (poor or No response)

(Continued)
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DNA mismatch repair immunohistochemistry
MLH1: O Positive (retained expression)
O Negative (loss of expression)
MSH2: O Positive (retained expression)
O Negative (loss of expression)
PMS2: O Positive (retained expression)
O Negative (loss of expression)
MSH®6: O Positive (retained expression)
O Negative (loss of expression)
Summary: DNA mismatch repair deficiency (was/was not) observed

Microsatellite instability (MSI)
Summary: O MSI-stable (MSS)

0O MSl-low (MSI-L)
0 MSI-high (MSI-H)

KRAS mutation analysis
O No mutation detected
O Mutation detected (specify: example: ¢.35G>A, p.Gly12Asp )

NRAS mutation analysis
O No mutation detected
O Mutation detected (specify: example: ¢.35G>A, p.Gly12Asp )

BRAF mutation analysis
O No mutation detected
0 BRAF VB0OE (c.1799T > A) mutation
O Other BRAF mutation (specify: )
Comment: This report is intended to be applicable to endoscopic resection

or transanal excision specimens as well as surgical resection of CRC.
NOS, not otherwise specified; CRC, colorectal cancer.

gests a greater than 20% and 25% adenocarcinoma component
or squamous cell carcinoma component, respectively, for the di-
agnosis of adenosquamous carcinoma in esophageal and gastric
cancer, respectively, there is no standardized diagnostic criteria
for adenosquamous carcinoma in terms of the squamous cell car-
cinoma component [5]. We recommend diagnosing adenosqua-
mous carcinoma when the squamous cell carcinoma component
is clearly seen in “more than occasional small foci” as described
in the previous report [1]. Undifferentiated carcinoma is diag-
nosed when the epithelial tumor lacks morphological, immuno-
histochemical, and molecular evidence of specific differentiation
[5]. Adenoma-like adenocarcinoma, also called villous adenocar-
cinoma, was first introduced as a histological subtype of CRC in
the WHO 5th edition [5]. Adenoma-like adenocarcinoma is
composed of villous adenoma-like well differentiated tumors in
the invasive portion, showing pushing border and minimal des-
moplasia [5]. Whether adenoma-like adenocarcinoma should
be classified as a specific subtype of CRC is still controversial
and has not been added as a subtype in this report.

https://doi.org/10.4132/jptm.2019.09.28



Differentiation of tumors is determined by the area ratio of
gland or tubule formation by tumor cells [7]. The degree of dif-
ferentiation of the tumor is applicable to adenocarcinoma, NOS.
This is because other histologic types show their own prognosis
[7]. Recently, tumor differentiation has been shown to affect the
prognosis of patients with mucinous adenocarcinoma [5,18].
However, standardized tumor grading of mucinous adenocarci-
noma has not been presented yet. Tumor grading is preferably
performed using a two-tiered system with low-grade and high-
grade [5]. In the 3-tiered grading system, tumor differentiation
is graded as well differentiated (> 95% gland formation), mod-
erately differentiated (50%-95% gland formation), or poorly
differentiated (< 50% gland formation). The “well- and moder-
ately differentiated” grades correspond to low-grade, while “poorly
differentiated” corresponds to high-grade of the two-tiered grad-
ing system [5,19)].

Location

The location of the tumor follows the ICD-O classification
[6]. The length of the cecum is approximately 6 cm and the
length of the sigmoid colon is approximately 40 cm. The rectum
begins at 1-2 cm above the dentate line and is 12-15 cm long.
The upper third of the rectum is covered by peritoneum on the
anterior and lateral sides, the middle third is covered by perito-
neum on the anterior side, and the lower third is not covered by
peritoneum. In this revision, “overlapping lesion of the colon”
was removed from the tumor location section because it is prac-
tically not used in most institutions. When tumors are involved in
two locations of the colon, the tumor epicenter and more in-
volved area should be considered in the determination of tumor

location.

Gross type

Superficial type is not recommended for describing tumor gross
morphology, because superficial type could be defined by micro-
scopic examination. Fungating/polypoid type can substitute most
gross morphology of the previously established superficial type.
Nevertheless, if superficial type is used, it should be applied to
tumors that are confined to mucosa or submucosa and with tumor
thickness of no more than two-fold thickness of adjacent mucosa.
Other criteria for tumor gross types are the same as in the pre-
vious version. Fungating/polypoid, ulcerofungating, ulceroinfil-
trative, and infiltrative gross types correspond to the Borrmann
classification of gastric cancer.

https://doi.org/10.4132/jptm.2019.09.28
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Tumor size

The tumor size is expressed as the product of the longest axis
and the length perpendicular to it. The depth of the tumor is
measured with a microscope at the thickest point.

Depth of invasion

According to the AJCC 8th edition, “intraepithelial carcino-
ma” that is confined to the crypt epithelium and lacks invasion
beyond the basement membrane is considered synonymous to
high-grade dysplasia and is excluded from the pTis category. In-
tramucosal carcinoma that shows invasion into lamina propria
with no penetration through the muscularis mucosae into the
submucosa is assigned to pTis considering the negligible risk
for metastasis [4]. The histopathologic features of intramucosal
carcinoma are defined as follows: (1) infiltration of the stroma
by either single or small clusters of tumor cells with basement
membrane disruption; (2) a stromal response such as desmo-
plasia or inflammatory cell infiltrates around the invasion front;
(3) definite nuclear anaplasia and severe glandular structural ab-
normality including marked glandular crowding or excessive
branching and budding that endows high suspicion of basement
membrane destruction (Fig. 1A, B) [20]. In comparison, high-
grade dysplasia is diagnosed when the tumor gland shows (1) nu-
clear pleomorphism with loss of polarity, (2) architectural com-
plexity of intraluminal cribriforming or necrosis, and (3) back-to-
back fusion of multiple glands without lamina propria invasion.
Low-grade dysplasia is used when the pseudostratified nucleus is
seen without complex architectural change of the glands, regard-
less of the nuclear ratio to the cell length (Fig. 1C) (refer to ‘Pre-
existing adenoma’). However, intraepithelial carcinoma of the
colorectum had been classified as pTis in the AJCC 7th or earlier
editions, while intraepithelial carcinoma of other gastrointestinal
tracts except the colorectum is still diagnosed as pTis [4]. There-
fore, we recommend minimizing the use of intraepithelial cat-
cinoma or adenocarcinoma in situ in order to reduce confusion and
suggest using high-grade dysplasia or intramucosal carcinoma for
the diagnosis of mucosal high-grade lesions.

If there is a tumor at the site where the proper muscle has
disappeared by ulceration, it is defined as subserosal infiltration
of the tumor (pT3). If tumor cells approach the serosal surface by
a gap of <1 mm with a fibroinflammatory reaction, scrupulous
examinations using deeper sections and/or additional tissue blocks
are needed to uncover serosal surface involvement [4,21]. In
colorectal tumors, similar to other gastrointestinal organs, pT4 is
subcategorized into pT4a and pT4b. Although pT4a is basically
defined as direct involvement of the serosal surface (visceral peri-

http://jpatholtm.org/
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Fig. 1. Histologic features of intramucosal carcinoma. (A) The in-
tramucosal carcinoma shows irregular invasive glands accompa-
nied by desmoplasia. (B) The glands show excessive budding and
luminal serration, which is highly suspicious for disruption of the
basement membrane. (C) The elongated nuclei are seen in low-
grade dysplasia, regardless of the ratio to the cell length.

toneum) by tumor invasion, pT4a encompasses the cases in which
tumors with perforation display carcinoma cells running through
inflammation to the serosal surface and are accompanied by me-
sothelial proliferation. The pT4a category is not applicable in
nonperitonealized portions of the colorectum, including poste-
rior aspects of the ascending and descending colon and lower
portion of the rectum. The pT4b category is assigned when the

http://jpatholtm.org/

tumor directly invades the adjacent organs or structures. For distal
rectal tumors, tumors with involvement of the external sphincter
are assigned to pT3, whereas those with the involvement of the
levator ani muscle are assigned to pT4b.

The presence of tumor cells within the lymphatic or venous
vessels is not considered when determining the depth of invasion.
The presence of vascular invasion should be recorded in paren-
theses separately (e.g., invades proper muscle [involvement of
subserosa by lymphatic emboli]). The skip metastasis of multi-
ple lesions in mucosa or submucosa of the adjacent bowel is not
classified as distant metastasis. The presence of a peritumoral ab-
scess or acellular mucin pool in cancers with preoperative chemo-
radiotherapy has been known to be unrelated to patients’ prognosis
in CRC, and also is not considered in determining the depth of
invasion [22-24].

Endoscopic excision (endoscopic submucosal dissection/
polypectomy) or transanal excision

Invasive adenocarcinomas arising in colorectal adenomas have
been called “malignant polyps,” in which tumor cells penetrate
through the muscularis mucosae into the submucosa. Indepen-
dent prognostic factors that prompt further surgical treatment
of endoscopically resected polyps are as follows: (1) poorly differ-
entiated carcinoma, (2) tumors at or less than 1 mm from the
resection margin, and (3) presence of lymphatic and/or venous
vessel involvement. Submucosal invasion depth is also an impor-
tant factor in determining subsequent surgical treatment, since a
submucosal invasion depth of 21,000 pm in malignant polyps of
sessile (non-pedunculated) morphology indicates a significantly
increased risk for lymph node metastasis [25,26)].

In this committee, measurement methods were discussed to
reduce measurement error in submucosal invasion depth. Polyps
are classified into pedunculated and nonpedunculated polyps.
For pedunculated polyps, submucosal invasion is classified as ‘head,
‘neck,” ‘stalk,’ and ‘beyond stalk’ according to the Haggitt clas-
sification, in which the neck of the polyp (level 2) is the refer-
ence point for measuring stalk invasion (Fig. 2A, B) [27,28]. In
nonpedunculated polyps, when the muscularis mucosae is pre-
served, submucosal invasion depth is measured vertically from the
lowest part of the muscularis mucosae. When the muscularis
mucosae has been disrupted or has disappeared, the depth of sub-
mucosa invasion is measured from the imaginary line that is con-
tinuous from the residual muscularis mucosae of the neighboring
mucosa (Fig. 2C, D) [29].

https://doi.org/10.4132/jptm.2019.09.28
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Fig. 2. Measuring depth of invasion in tumors with submucosal invasion. (A) Haggitt level of invasion is composed of head, neck, stalk, and
beyond stalk in pedunculated tumors. (B) The depth of invasion should be measured from the neck of the polyp (Haggitt level 2). (C) In cases
with disrupted muscularis mucosae, the depth of submucosa invasion is measured from a continuous line of the residual muscularis muco-

sae. (D) To highlight indistinct muscularis mucosae, immunohistochemistry for desmin may be performed.

Resection margin

The distance from the proximal and distal resection margins
is the length from the edge of the carcinoma to the nearest resec-
tion margin. In rectal cancer, the circumferential resection margin
should be measured in the areas uncovered by peritoneum. After
confirming the circumferential resection margin of the resected
specimen, mark the margin with ink, and obtain sections includ-
ing the site where the tumor is most deeply infiltrated. The involve-
ment of carcinoma in the margin is finally assessed by microscopic
examination. If the distance between circumferential resection
margin and carcinoma (including lymph node, neural invasion,
and intravascular tumor emboli) is 0.1 cm or less than 0.1 cm,
the resection margin is regarded as positive [3,4]. Circumferen-
tial margins of colon cancers other than rectal cancers can be re-
ported when necessary.

Endoscopic excision (endoscopic mucosal resection/
submucosal dissection/polypectomy) or transanal excision
This form is applied to the endoscopic resection (polypectomy,

https://doi.org/10.4132/jptm.2019.09.28

mucosal resection, and submucosal dissection) and trans-anal
resection. The deep and horizontal margins are examined micro-
scopically. Margin involvement by adenoma is reported in the
horizontal margin. When it is impossible to evaluate the resection
margins, such as in specimen fragmentation, it shall be marked as
‘not applicable.’

Regional lymph node metastasis

Diagnosis of regional lymph node metastasis is made according
to the AJCC 8th edition [4]. Although it is recommended to
examine 12 or more lymph nodes for determination of accurate
prognosis, pNO can be used if fewer lymph nodes are available,
but no lymph node metastasis is observed. Preoperative chemo-
therapy and radiotherapy can cause fewer lymph nodes to be har-
vested. Metastasis to lymph nodes other than regional lymph
nodes should be diagnosed as distant metastasis and should not
be included in lymph node metastasis numbers.

If the size of the metastatic tumor is less than 2 mm and more
than 0.2 mm, it is classified as micrometastasis. If it is less than

http://jpatholtm.org/
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0.2 mm, it is classified as isolated tumor cell [4]. A lymph node
with micrometastasis is counted as a metastatic lymph node.
Although isolated tumor cells are known to be associated with
poor prognosis in some stages, pNO is recommended in AJCC
[4]. However, this is controversial and difficult to apply in rou-
tine pathologic diagnosis. Thus, we recommend that isolated
tumor cells found on hematoxylin and eosin (H&E) slides are con-
sidered to be lymph node metastasis and included in the meta-
static lymph node numbers, as in the first edition of this report [1].

Tumor deposits are tumor nodules observed separately from
the primary tumor in the subserosa, mesentery, and perirectal
tissues, regardless of size, shape, and border. Lymph node, vessel,
and neural invasions are excluded from tumor deposits [4]. If a
blood vessel or nerve structure is observed within the tumor
nodule, it should be regarded as a blood vessel invasion or a neu-
ral invasion. Elastic stain or immunohistochemical stain IHC),
such as smooth muscle actin, may be helpful in differentiating
tumor deposits. pN1c is used when there is no lymph node me-
tastasis, regardless of the invasion depth of the primary tumor,
and when there is a tumor deposit. If there are metastatic lymph
nodes, tumor deposits are not included in the number of positive
lymph nodes. Care should be taken if the patient received pre-
operative therapy, because regressed residual tumor in subserosa
or perirectal soft tissue can be seen as a tumor deposit.

Lymphatic (small vessel) invasion and venous invasion
Identification of lymphatic invasion by the tumor has been
recognized as a predictor of lymph node metastasis [26], and
identification of venous invasion is a well-known independent
prognostic indicator [30]. IHC for D2-40 may be performed
additionally to identify endothelial cells because it can be diffi-
cult to differentiate the lymphatic vessel from retraction artifacts
on H&E sections (Fig. 3A). It is commonly difficult to distinguish
lymphatic vessels from blood vessels on H&E sections. Thus, it
is considered as lymphatic (small vessel) invasion when the tumor
cells involve small vessels, such as lymphatics, capillaries, and
postcapillary venules (Fig. 3B), whereas venous invasion is when
the tumor cells involve large vessels with an identifiable smooth
muscle layer or elastic lamina (Fig. 3C) [31]. This should be
considered lymphatic (small vessel) invasion if the size of the
involved vessel corresponds to that of small vessel, even though
there are red blood cells in the involved vessel. Additionally, spe-
cial stains for elastic fiber or IHCs for CD31, D2-40, and smooth
muscle actin can be used if necessary. It is recommended extra-
mural venous invasion be reported separately from the intramural
venous invasion, because the former is an adverse prognostic factor
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Fig. 3. Histologic features of lymphatic invasion and venous inva-
sion. (A) Tumor clusters with retraction artifacts can be misinter-
preted as lymphatic invasion (H&E stain and D2-40 immunohisto-
chemical stain). (B) Tumor invasion of small vessels is considered
as lymphatic invasion (H&E stain and D2-40 immunohistochemical
stain). (C) Tumors involving vessels with identifiable smooth muscle
layer or elastic lamina are considered as venous invasion.
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and an independent risk factor for liver metastasis [30].

Perineural invasion

Perineural invasion has been known as an independent predictor
of poor prognosis in CRC [32]. Perineural invasion is an essential
element of the pathologic report for CRC and it can be assessed
on routine H&E sections. Although there is no clear definition of
perineural invasion, it is considered as perineural invasion when
the tumor cells invade any of the three layers of nerve sheath,
around the nerve, as well as into the nerve [33].

Pre-existing adenoma

Two major categories of CRC precursor lesions include conven-
tional adenomas and serrated lesions [34]. According to the latest
WHO classification of tumors of the digestive system, conven-
tional adenomas are morphologically classified into tubular (villous
component < 25%), tubulovillous (villous component 25%—
75%), or villous (villous component > 75%) adenomas based on
the proportion of tubular and villous architectures in an adeno-
ma [5]. By definition, all conventional adenomas show dysplastic
epithelium, and dysplasia in conventional adenomas can be graded
as low-grade or high-grade [5]. High-grade dysplasia is charac-
terized by architectural complexities (e.g., intraluminal cribri-
forming or necrosis, or back-to-back fusion of multiple glands),
nuclear pleomorphisms, loss of nuclear polarity, and increased
nuclear-to-cytoplasmic ratio (Fig. 4A). Features of low-grade
dysplasia include non-complex architecture, pseudostratified/
elongated nuclei with hyperchromasia, and preserved cellular
polarization (Fig. 4B). The most important part of the distinc-
tion between high-grade and low-grade dysplasia is a complex
glandular structure formation of tumor glands without invasion
of lamina propria. Dysplastic glands only showing cytologic atypia
without complex structural change are not diagnosed as high-
grade dysplasia. In the previous edition, we recommended the
diagnosis of high-grade dysplasia when there are three contiguous
dysplastic gland structures showing high-grade features, which
include cytologic atypia. According to the previous edition, there
was a tendency to diagnose high-grade dysplasia with only focal
cytologic atypia, but tumors with glandular structural abnor-
malities were sometimes missed as low-grade dysplasia. So, in this
edition, complex structural abnormality is described as an essential
part of the diagnosis of high-grade dysplasia. When high-grade
and low-grade dysplasia components are mixed in a conventional
adenoma, the adenoma should be diagnosed as high-grade dys-
plasia [1].

Serrated lesions include hyperplastic polyps (HPs), sessile ser-
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rated lesions (SSLs, formerly called sessile serrated adenoma/polyp),
and traditional serrated adenomas (TSAs), according to the latest
WHO classification [5]. However, the classification and diagnostic
criteria of serrated lesions have continuously changed [35,36].
Based on a comprehensive review of the latest WHO classifica-
tion (2019) [5], expert panel recommendations from the US
(2012) [35], and UK guidance (2015) [36], we recommend the
use of three diagnostic terms for serrated lesions as pre-existing
adenomas in CRC: SSL, SSL with dysplasia (SSLD), and TSA. Be-
cause HP is regarded as a benign, non-precancerous lesion, it is
excluded from serrated lesions as a pre-existing adenoma of CRC.

All SSLs are regarded as premalignant lesions, and morpho-
logic dysplasia in SSLs can be present or absent. In comparison to
SSL without dysplasia, SSLD is regarded to have a higher risk of
progression into carcinoma. SSL is morphologically characterized
by crypt luminal serrations extending to the crypt base, horizontal
growth of the crypt, and asymmetrical proliferation with typical
dilated/branching bases of crypts (Fig 4C). The diagnosis of SSL
can be made when there is at least one typical architecturally
distorted crypt [5,35]. Morphologic changes in SSLD can be di-
verse, and multiple morphologic patterns can be seen in a single
lesion. Structural changes in SSLD include villous change, elon-
gation of crypts, crowding of crypts, cribriform formation, and
excessive decrease of luminal serration. Cytologically, dysplastic
cells can show conventional adenoma-like dysplasia (so-called
intestinal dysplasia) or round atypical nuclei with prominent
nucleoli (serrated dysplasia) [5]. Loss of MLH1 expression is fre-
quently found in SSLD and MLH1 immunohistochemical staining
may help to define dysplasia [37]. However, the grading system
for SSLD has not been suggested yet. Therefore, we simply recom-
mend the presence or absence of dysplasia, regardless of dysplasia
subtype or grade, for the description of SSL as a pre-existing ade-
noma of CRC.

All TSAs are regarded as precancerous dysplastic lesions, al-
though classification or grading systems for dysplasia in TSAs have
not been established. Thus, we recommend the term TSA without
any description of dysplasia as a pre-existing adenoma of CRC.
TSA is morphologically characterized by broad-topped, sharply-
invaginated luminal serration, tall columnar cells with abundant
eosinophilic cytoplasm, pencillate nuclei, and ectopic crypt forma-
tion (Fig. 4D). TSAs can frequently be found as mixed lesions
accompanying other serrated lesions or conventional adenomas
(37,38].

In the case of a premalignant lesion consisting of two or more
different histologic types of conventional adenomas and/or set-
rated lesions, the lesion can be referred to as a mixed adenoma.
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Fig. 4. Histologic features of premalignant lesions of the colorectum. (A) Tubular adenoma with high-grade dysplasia. Note the architectural
complexity including cribriform pattern or back-to-back fusion of dysplastic glands. (B) Tubulovillous adenoma with low-grade dysplasia.
Note the retained cellular polarity with pseudostratified, elongated nuclei. (C) Sessile serrated adenoma without dysplasia. Note the dilated
base of crypts. (D) Traditional serrated adenoma. Note the deep-invaginated pattern of crypt serration with hypereosinophilic cytoplasm and
pencillated nuclei.

Associated findings

Tumor petforation is associated with a poor outcome in CRC
[39]. It is known that perforation of the uninvolved colon prox-
imal to an obstructing tumor can cause peritonitis or sepsis, and
is associated with poor prognosis. Distant metastasis is now divided
into metastasis to one site or organ (pM1a), or metastasis to two
or more sites or organs (pM1b), in the absence of peritoneal surface
metastasis according to the AJCC 8th edition. Peritoneal surface
metastasis is classified as pM1c [4].

Separate lesions

When there are lesions other than colorectal cancer, such as
separate adenomas, polyps, gastrointestinal stromal tumors, or
inflammatory bowel disease, they can be denoted in this section.

http://jpatholtm.org/

CONDITIONAL DATA ELEMENTS FOR
RESECTED COLORECTUM

Tumor budding

Tumor budding is a well-known independent adverse prog-
nostic factor of CRC [40]. Tumor budding components in the
pathologic report can be potentially helpful in the decision-
making process for the management of patients with CRC. First,
in patients presenting with endoscopically resected submucosal
invasive CRC, the presence of tumor budding is positively cor-
related with increased risk of lymph node metastases [26,41,42].
Therefore, patients with tumor budding can be potential surgical
candidates. Second, stage I CRC patients with high-grade tumor
budding show worse disease-free survival than those with no or
low-grade tumor budding. Therefore, high-grade tumor budding
may be useful for screening patients who need adjuvant therapy
[43]. Finally, the presence of tumor budding in pre-operative bi-
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opsies can aid in the selection of high-risk rectal cancer patients
for neoadjuvant therapy [44,45]. As mentioned above, in endo-
scopically resected pT'1 CRC patients and stage II CRC patients,
it is recommended to include tumor budding in the pathologic
repott.

The International Tumor Budding Consensus Conference
(ITBCC) held in 2016 has recommended the following criteria
for evaluation of tumor budding [46]. (1) Tumor budding is
defined as a single tumor cell or a cell cluster containing <4 tumor
cells. (2) Tumor budding should be assessed in the hotspot at the
invasive tumor front (in a field measuring 0.785 mm’, which
corresponds to a 20 X objective lens with an eyepiece having a
field number that is 20 mm in diameter) chosen after a review of
the available slides. (3) Tumor budding can be assessed on H&E
slides. THC for keratin can be helpful in evaluation of obscure cases
showing a peritumoral inflammatory infiltrate on H&E-stained
slides, which is difficult to distinguish from reactive stromal cells.
In such cases, IHC enables better visualization of tumor budding
and superior reproducibility and inter-observer agreement [47].
However, keratin also stains apoptotic bodies and cellular debris,
which should not be misinterpreted as tumor budding [46,48].

We also recommend a 3-tier grading system for reporting of
tumor budding. However, this grading system is not an absolute
standard. Measuring and reporting the number of tumor bud-
dings could be more beneficial to avoid any loss of information
that may occur when applying a cut-off value in borderline cases.
In rare histopathological subtypes, such as mucinous, signet-ring
cells, micropapillary, and medullary carcinomas, the evaluation of
tumor budding should be performed with caution [46]. Therefore,
when tumor budding cannot be accurately assessed, it is recom-
mended that the findings be reported as “cannot be assessed” with
an explanatory note added to the report.

Tumor border configuration

Regarding tumor border configuration, there is currently no
recommendation in the AJCC 8th edition, nor in the CAP pro-
tocol for CRC, and only a brief mention in the WHO classification
[3-5]. Although the assessment of tumor border configuration
can be easily carried out using H&E slides, inter-observer repro-
ducibility is lacking due to ambiguous definitions [49]. For these
reasons, the tumor border configuration was excluded from this
standardization report.

Completeness of total mesorectal excision
Total mesorectal excision is a surgical technique that dissects
within the areolar plane outside the visceral mesorectal fascia to
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remove rectum [50]. A large number of non-randomized studies
have shown that if total mesorectal excision is appropriately per-
formed, then adequate resection margin is secured, and local re-
currence rate is reduced. The surface of the fresh rectal specimen is
examined circumferentially, and the completeness of the mesorec-
tal excision is scored according to the worst area, as below [3,4,7].

- Complete: Mesorectum is totally resected. The surface of the
specimen is smooth and there is no coning towards the distal
margin (there is no surface defect greater than 0.5 cm in depth).

- Nearly complete: There is irregularity of the mesorectal
surface. The surface defect is greater than 0.5 cm, but proper
muscle layer is not exposed (except for levator ani muscles).

- Incomplete: Severe mesorectal defects down to the muscu-
laris propria. Muscularis propria is exposed.

Preoperative chemoradiotherapy

Preoperative chemoradiotherapy (CRT) followed by curative
resection with TME has been established as a standard treatment
for patients with locally advanced rectal cancer [51,52]. Tumor
regression after preoperative CRT has an important role that
can improve patient outcomes and the potential for achieving no
residual tumor status [53-55]. Many studies have been performed
to perceive a practical and applicable tumor regression grading
(TRG) system [4,53-59]. The tumor regression after CRT was
assessed only in the primary tumor and the nodal status was not
included in the assessment of the TRG system [4]. The TRG sys-
tem recommended in the previous edition of the “standardized
pathology report for colorectal cancer” used a descriptive S-tier
system and can be easily translated into the Mandard and Dworak
TRG scoring system [1]. However, even with a descriptive TRG
system there is an inter-observer variation between pathologists,
and this descriptive TRG system is not widely used and is often
confused with other existing TRG systems. To overcome this, we
suggest a new TRG system, which can be widely used in the
pathologic practice, based on the AJCC 8th edition and CAP
cancer protocol (Fig. 5) [3,4].

The number of blocks taken is dependent on the size of the
residual cumor. If the tumor is grossly visible, a minimum of 4
paraffin blocks should be taken from the tumor, including sam-
ples from its closest point to the nearest margin. However, if the
tumor is ill-defined and impossible to distinguish from fibrous
stromal tissue or the tumor bed size is less than 2.0 cm, the entire
embedding of the macroscopically identifiable tumor bed or en-
tire scar area is recommended, orientated from proximal to distal
in 0.4-cm levels. Careful examination of the residual tumor cells
is essential and is mandatory for assessment of complete response
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Fig. 5. Recommended tumor regression grading system. (A) Grade 0, complete response. No residual tumor cells are identified. (B) Grade 1,
near complete response. The tumor bed contained abundant fibrosis with only a few or scattered tumor cells. (C) Grade 2, partial response.
Residual tumor glands are easily identified in tumor bed. (D) Grade 3, poor or no response. The tumor cells do not demonstrate any response
to chemoradiotherapy because abundant residual adenocarcinoma is present.

after CRT in CRC patients. Histologically, the tumor bed is char-
acterized by abundant fibrotic stroma with a moderate number
of mononuclear inflammatory cells or foamy macrophages. In
these areas, there may be edema or mucinous or myxoid changes
of the stroma or even areas of necrosis. The presence of mucin
lakes without viable tumor cells (acellular mucin) should be de-
fined as a pathologically complete response. If it is difficult to dif-
ferentiate between giant cells or fibroblast and tumor cells, it may
be helpful to perform serial H&E sections, mucin staining, or cy-
tokeratin IHC in TRG grading.

EGFR immunohistochemistry

Expression of epidermal growth factor receptor (EGFR) by
IHC has been reported in 25% to 90% of patients with CRC
[60-64]. In almost all of the initial studies regarding the efficacy
of targeted therapies with cetuximab or panitumumab in CRC
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patients, evidence of EGFR expression by IHC was essential for
the application of therapeutic agents [65]. However, subsequent
studies have shown no correlation between the degree of EGFR
expression and the therapeutic responses to these drugs [66-68].
Thus, immunohistochemical expression of EGFR is not consid-
ered a predictor of response to EGFR-targeted drugs, and a num-
ber of recent studies do not include EGFR expression in selection
criteria for anti-EGFR targeted therapy. However, in Korea, EGFR
THC has been routinely performed on CRC tissues of patients
with stage IV CRC who are candidates for EGFR-targeted ther-
apy according to the reimbursement criteria proposed by the
Health Insurance Review and Evaluation Center, which man-
dates patient selection based on EGFR testing prior to applica-
tion of EGFR-targeted therapy. In conclusion, whether immu-
nohistochemical expression of EGFR accurately predicts the
patients who would benefit from EGFR-targeted drugs has not
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been demonstrated until now.

DNA mismatch repair immunohistochemistry

THC for the detection of DNA mismatch repair (MMR) proteins
in CRC samples is a simple and useful tool to determine MMR
deficiency, which is caused by germline mutation in one of the
MMR genes (MLHI1, MSH2, MSHG, or PMS2) or promoter
CpG island hypermethylation of the MLH1 gene [69-71]. MMR
deficiency results in a high level of microsatellite instability (MSI-
H) that is characterized by genome-wide length alterations of
DNA microsatellite repeat sequences [72]. Because MLH1 di-
merizes with PMS2 in order to conduct DNA MMR function,
when a mutation or promoter hypermethylation in MLH1 occurs
in CRC, THC expression of both MLH1 and PMS2 is negative
in the tumor [69,70]. Similarly, as MSH2 dimerizes with MSH6,
MSH?2-mutated CRCs show negativity for both MSH2 and
MSHG6 [69,70]. However, when mutations in PMS2 or MSHG
occur, expression of only PMS2 or MSHO, respectively, is lost, with
the expression of MLH1 and MSH2 remaining intact [69,70].

Nuclear staining should be observed for the IHC detection of
MMR positivity. MMR deficiency is determined when the nuclear
expression of at least one of the MMR proteins is not observed
in tumor cells (Fig. 6).

MMR THC is a well-established histopathological screening
tool for Lynch syndrome or sporadic MSI-H molecular subtype
in CRCs [69-71]. Previous data and meta-analyses have shown
that MMR deficiency (or MSI-H) in CRCs is significantly asso-
ciated with both a better prognosis as well as resistance to 5-flu-
orouracil-based adjuvant chemotherapy [72-74]. Moreover, recent
evidence has indicated that MMR deficiency (or MSI-H) is a
significant predictor of a positive response to immunotherapy
using immune checkpoint blockade in solid tumors [75,76].
Therefore, the pathologic reporting of MMR or microsatellite
instability (MSI) status is strongly recommended for all surgi-
cally resected CRC cases.

Immunoscore

Tumor-infiltrating lymphocytes (TILs) in tumor tissue has
emerged as a strong prognostic factor in CRC. Many previous
studies have consistently shown that TIL count is a strong prog-
nostic factor with a high TIL count being significantly associated
with a better prognosis in CRC [77]. Several investigations have
reported that TIL count can be a strong predictor of patient prog-
nosis in CRC regardless of both TNM staging and MSI [78,79].
The anti-tumor functions of TILs are conducted mainly by cyto-
toxic T cells. Thus, IHC for CD3" and CD8" T cells has been

https://doi.org/10.4132/jptm.2019.09.28

Standardized pathology report: colorectum ¢ 13

Fig. 6. A representative case of colorectal cancer with MMR defi-
ciency (MLH1 deficiency). (A) MLH1 immunohistochemical staining
showed negativity of nuclear expression in tumor cells. Note the
retained nuclear expression in adjacent inflammatory cells. (B)
MSH2 immunohistochemical staining demonstrated positivity of
nuclear expression in tumor cells.

used as one of the major methods for the evaluation of TILs in
CRC [78,80].

Based on the accumulating data, a TIL-based methodology
named “immunoscore” has been under development and vali-
dation since 2012 by an international consortium led by Dr. Je-
rome Galon (http://www.immunoscore.org) [80,81]. The steps for
determining the immunoscore of a CRC are as follows: (1) se-
lection of a representative tumor section, (2) IHC for CD3 and
CD8 on the tumor section, (3) evaluation of CD3" and CD8*
cell densities at two tumor areas—invasive margin (IM) and tumor
center (TC), (4) dichotomous categorization (high vs. low) of each
of the four CD3/CDS variables (CD3* IM, CD3" TC, CDS8*
IM, and CD8" TC), (5) determination of the final immunoscore
based on the four CD3/CD8 variables (e.g., no “high” variable
indicates 10; one “high” variable indicates I1; two “high” variables
indicate 12; three “high” variables indicate I3; four “high” variables
indicate I4).

Although there is strong evidence for the prognostic signifi-
cance of the immunoscore in CRC, there is still a lack of global
consensus regarding the application of immunoscore in terms
of indication, evaluation, and classification. One of the critical
limitations of the current immunoscoring system is the absence
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of a standard cut-off value for the high versus low categorization
of CD3" or CD8" cell density. It is expected that a consensus es-
tablished from digitalized image-based, automated analyses will
aid the establishment of a standardized immunoscoring system.

Microsatellite instability

MST is a condition of genome-wide alterations in the number
of repeat nucleotide(s) caused by a defective mismatch repair
(dMMR) system in the context of germline mutations in mis-
match repair genes, including MLHI1, MSH2, MSHG, and
PMS2, or MLH1 promoter hypermethylation [72]. MSI testing
is recommended for all CRC patients for the screening of Lynch
syndrome in NCCN guidelines and guidelines from the Ameri-
can Society for Clinical Pathology (ASCP)/College of American
Pathologists (CAP)/Association for Molecular Pathology (AMP)/
American Society of Clinical Oncology (ASCO) [82]. Moreover,
MSI-H is associated with better prognosis but poor therapeutic
response to S-fluorouracil-based cytotoxic chemotherapy [83,84].
Recently, MSI-H is considered as a predictive marker for PD-1
inhibitor-based cancer immunotherapy [75,85].

The gold standard method to evaluate MSI is the capillary gel
electrophoresis, which compares the length in polymerase chain
reaction (PCR) products of mono- or di-nucleotide repeats between
cancer tissue and normal tissue. The Bethesda panel is composed
of two mononucleotide repeat markers (BAT-25 and BAT-26)
and three dinucleotide repeat markers (D55346, D2S123, and
D178250), while the quasimonomorphic mononucleotides panel
is composed of five mononucleotide repeat markers (NR-21,
NR-24, NR-27 [or Mono-27], BAT-25, and BAT-26) [86,87].
Real-time PCR can be an alternative method for MSI evaluation
in quasimonomorphic mononucleotides panel. Cancers classified
as MSI-H should undergo immunohistochemistry of mismatch
repair genes to screen for Lynch syndrome. If the BRAF V60OE
mutation is detected in MSI-H CRCs with MLH1 loss, Lynch
syndrome can be ruled out [88]. Because MSI corresponds to
dMMR, immunohistochemistry of four mismatch repair proteins
(MLH1, MSH2, MSH6, and PMS2) could be acceptable for an
alternative method to capillary gel electrophoresis. The results of
the MSI testing using the Bethesda panel are reported as MSI-H,
MSI-low, and MSI-stable (MSS) if the tumor show instability in
at least two, only one, and none of the 5 markers, respectively [87].
In determination of MSI using the quasimonomorphic mononu-
cleotide panel, there is a controversy regarding the cut-off of MSI-
H (>3/5 or 22/5) [89,90].
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KRAS and NRAS mutation analysis

The extended RAS mutation test is a molecular test for the
detection of mutations in exons 2 to 4 of KRAS and NRAS
genes [82,91]. It is widely known that EGFR blockers improve
survival in patients with metastatic CRCs. However, mutations
of exons 2 to 4 of KRAS and NRAS genes are associated with
resistance to EGFR blockers. Thus, European Society for Medi-
cal Oncology (ESMO) guidelines for metastatic CRCs, NCCN
guidelines, and ASCP/CAP/AMP/ASCO guidelines recommend
extended RAS mutation tests in patients with metastatic CRCs
[82,91-93]. Besides, a point mutation of KRAS exon 2 is associ-
ated with poor prognosis in CRCs [94-98]. Sanger sequencing,
pyrosequencing, and real-time PCR-based methods can be used
for extended RAS mutation testing. Next generation sequencing
(NGS) panels for solid tumors should include KRAS and NRAS
tests in South Korea. The presence or absence of nucleotide and
amino acid changes in KRAS and NRAS exons 24 should be
reported with appropriate nomenclature.

BRAF mutation analysis

BRAF VG600E mutations are observed in approximately two-
thirds of MSI-H CRCs caused by MLH promoter hypermeth-
ylation, however, it never occurs in Lynch syndrome [99]. Thus,
if the MSI-H CRCs harbor the BRAF V600E mutation, we can
exclude Lynch syndrome. Genetic tests for germline mutation of
mismatch repair genes are not indicated in MSI-high CRCs
with the BRAF V600OE mutation [88].

Of the molecular subtypes generated by MSI and BRAF/KRAS
mutations, MSS CRCs with BRAF V600E mutations wete asso-
ciated with the worst prognosis. However, the association between
BRAF V600E mutations and worse prognosis is weakened by the
presence of MSI-H, because MSI-H CRCs with BRAF V600E
mutations showed no difference in survival compared with MSS
CRCs with wild-type KRAS/BRAF [95-98]. Hence, MSI tests
and BRAF mutation tests should be performed in CRC pa-
tients. Two retrospective studies showed that the BRAF V60OE
mutation is associated with shorter relapse-free survival and over-
all survival in metastatic CRC patients that underwent liver resec-
tion [98,100].

Some studies reported that the BRAF V60OE mutation is as-
sociated with poor therapeutic response to EGFR blockers. How-
ever, it is still controversial whether the BRAF V600E muta-
tion is an independent predictive marker for EGFR blockers
[101,102]. 2017 National Comprehensive Cancer Network
(NCCN) guidelines recommend BRAF V600E mutation test-
ing for metastatic CRC patients; however, ASCP/CAP/AMP/
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ASCO and ESMO guidelines for metastatic CRCs do not rec-
ommend BRAF V600E mutation testing for metastatic CRC
82,91].

Sanger sequencing, pyrosequencing, and real-time PCR-based
methods can be used for BRAF mutation testing. NGS panels
for solid tumors should include BRAF tests in South Korea. The
presence or absence of nucleotide and amino acid changes in
BRAF exon 15 should be reported. Appropriate nomenclature
should be used.
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AT S ATSHES A1), oSEE Yefes A2 v, 2w A2E FUSHIE 494 ot
Qo= B4 B35 HolA| & ¢ AA3Itt5]. MEY M UE(adenoma-like adenocarcinoma)y> 824 E(villous adeno-
carcinoma P11 7125, WHO SBo] th9Fe] 28H4 o 02 48 EUSALHs] A A Fope] 284
2191 50% ool 2P MEH2 2 B35 Hol= T2 =, BAA Al (pushing border)E 7HA 1L A-7-221 7 (des-
moplasia)®] A9 =] ¢k O}h [5]. 8L LTS ALY 54 olF o & EFofof oh=A]= oF4] =%to] 17| ti&
of & BIAOA ofg o 27I5HA] AT
o

TYO 2ote= M 2 E e WY o R Aoy, ofefdt U H3tE= M YE(adenocarcinoma, NOS)] 22| 8H4]
73S Hol= Aol A&3ttd(7]. o= o2 22T {32 15 179 A% EAS 711 917] fqi—E*O]DH 7]. H+ A
B ALE E3F 237t ol AA o S25tths Aol Hej x| glou, Bt S A4 67| 9t #E3HE 7] A|AH A
&L TH5,18]. T E3He = A5 F(low-grade)?t 5 high-grade)?] T+ THAIZ U= 7S HASICHS). 7|29 E3}

£ U 7182 A2 E thes W0 95%F ZIFoHH 1L iﬁé MAE, 50%-95%H Sw2Hd MUE, 50% vlTrolH
A3ty 0 2 3HA| G o, F BA 23 SaolA 123 SRS A5 e, A=t 155 2R ERETH5,19].

Location
U Cecum
0 Ascending colon
U Hepatic flexure
U Transverse colon
U Splenic flexure
U Descending colon
U Sigmoid colon

[J Rectosigmoid junction

U Rectum
U Other: (specify: )
atiAd: Hxlh[ CD-09] £35 w2rH6]. BH2 Zoli= thzk 6 emo] I of| A% AAFe] Z ol 40 cmolth, A4 T2 9]
12-15 cm /YHE] 214049 1-2 em APE7EA] o] ok, 2] k0] A 1732 "J@J«L FEHo| Fotol SRt gl 2] &
H132 O—%OI Seroll ek Jlek. 2A789] SR 132 =oto] SRl 2ol gl oWl AW oA 58 W overlap-
ping lesion) == A 2 ARG-0] WA| ot AAISHATH Tl TS| F T2 (subsite) 01 dE HHIIHS e ST T

A3k o] Bo] WY 912 Busto] Eawit

Gross type
[J Fungating/polypoid
O Ulcerofungating
U Ulceroinfiltrative
U Infiltrative
U Unclassifiable




B A Y supertical eypey® FOIFoIARE BT & Gl He A=) gol= Holsl] uh2of 51| AeA
deth #APoR 7w 2YE thi2ol 713 /28 B fungating/polypoid type) O & 272 4 Atk wef 2 P& &
chel, Qo] S0k HRot o] Futolut Wekstoel Faklo] 9T, S0l FA7 73 eto] 24 ofshel ok s
£ Qo Yy 2] 272 oA 3t o] §719/Z2HE, %6719 (ulcerofungating), Hl U323 (ulceroinfiltrative), -2 (in-
filtrative), O]-53 (unclassifiable)0] o, Y &H9] E 2 9kBorrmann) -5 1t 5 A5t
Tumor size
x x cm
Sie: SFO 271 7HE 21 F9f Aol ool 22191 Holof Fo2 HARI, SF9] Zol= 7MY FAL 3ol A duld
o2 St
Depth of invasion
U Intramucosal carcinoma (pTis)
O Tumor invades the submucosa (pT1)
0 Tumor invades the muscularis propria (pT2)
U Tumor invades through the muscularis propria into pericolorectal tissue (pT3)
U Tumor invades through the visceral peritoneum (pT4a)
[ Tumor directly invades or adheres to adjacent organs or structures (pT4b)
SiA: AJCC 8ol =t 7] A4 9t Lo i"i’i ]'3] U} & (intraepithelial carcinoma) 11553 d (high grade dysplasia)
I B2 FREY pTisol]l ZEA| = AL 74 % %It I-3-H(lamina propria)e ¥ E.Ll‘gf(muscularis mu-

cosaeye ‘A %= A U YS(intramucosal carcmoma)o] o] fldo] gle &5 pTisoll sHETH4]. Ao g5 (1) 9
Azt Al 23 o] 714 ek & %H]'O]‘Uq I AES B W, () A-+22 34 (desmoplasia)©] L Oﬂi}\ﬂiﬂ = Hol
= IR I LS o, 3) Bt APHE 7= AlZ7F AlRE MR o] 4 (marked glandular crowding, excessive branch-
ing and budding)& E.oJA 71;<12 mtdo] N E = 92 A 5= lthFig. 1A, B) [20]. ©]ofl v]5te] 15Fo]F/d2 Al
Zalo] v]g g Bo|HA B9t M0 (intraluminal cribriforming or necrosis, back-to-back fusion of multiple glands)©]
A o Akstn], B39k R0l glol S E #o] BY ti= Al olof thgt vlgof Fglol Asaold A (low
grade dysplasia) & +573FTHFig. 1C) (pre-existing adenoma ¥ 2). AJCC 8ol A= thAE 2] ol dEs 115w°137
I} -5oof 2 Aot A pTisoll A A &JstlA| g AJCC 73 o] Aol = AE Y AEO] pTisE =75 o] UL, et A<
oF thE 29| YFolA= o45] pTis® A= AL QUek4). Wb 2 A9]old = 52 E0l7] flsf duuietsolu:
AAH2] Y & (adenocarcinoma in sitw)2] ARS-S 2|A8tokal, AsgolP Tt FUUAE] o] 2ok e AMgSH S
Aste}

Aol oJalf T30l 2-H Feloll TFol oW Futst & pI3=E # af
0|1 ¥Fo] FhE o] glow ALAH|Y 37 S5 AlAste] 327 et ol glod pT3e ‘?_]'D}
(4,21]. T}2 719t 5 L6HA pT4+= pT4a®t pT4bE 234 YA 27 40 &2 w25 of AU YA 271t ol o
NoHA SHA L] FAoU HF 59 §h= FEohe 8% pT4a B73tch 12Ut A3 9 ofd 274e] &5} 5hi
A3t 2ol Auto] gl FelollM = pTdaE A8 o itk A 227 ohs £ R 71 & J&ots te pT4bE
TEotI Y A7]E 7SS 21 4ee] 9w %}—E—i A Hexternal sphincter muscle) F ¥ pT3=& &70HA| o &



HX(levator ani muscle) H'H o] 91O H pT4b=E 3Hr.

HIH 52 JWET Yof FotE YAIE= Fe ol sfidotA] o 2 B35 9tof| 7|53 Hinvades proper mus-
cle [involvement of subserosa by lymphatic emboli]). 5% eto|Lt ‘1."3]-—%01] ko] e o2 Lpebh= AU Aol (skip me-
tastas1s)‘_ Aol 2 2R deth TF FH Y0l SitE = BeU e A AR T DA E S THRAAIZ7}

) o $¥0l7} BT F 9L o4 JFeAF o 202 Yal o, oleie 2ok A1E AE Lolg

7 b?rtﬂ a2 oidol obth22-24].

| Ke)
Rus
=
T

[Endoscopic excision (Endoscopic submucosal dissection/polypectomy) or transanal excision]
U Tumor invades the lamina propria with no extension through muscularis mucosae (pTis)
U Tumor invades the submucosa (pT1)
For sessile lesion:
Distance of tumor from muscularis mucosae: mm
For pedunculated lesion:
Haggitt level (head, neck, stalk, beyond stalk)

Distance of tumor invasion in stalk: mm

it o &3 (malignant polyp) S¢H 0 2 ME/d B4 Dol Aok AT A7 a6t o] A EE2 ¢
5{:3 olt], YA A o2 HAE ZHA (1) I-5FY(poorly differentiated carcinoma)] &4, (2) BAAxFe] AH2l7} 1
olst, 3) BZWIH Wl U&= B85 F7HIQl o] a7 JUehs & ol =4 Moo oS A5

0]

AN

o
=
17F1 mm (1,000 pm)l/d 2 ¢ F=ZH o] flgo] ot 4= A

# U= rHozHN PG EPo|A o] He Zo
TH2s,

e
}u i 1—> S rlr 2 oy

6].

Yo Aot A& Holol FHeakE Eol7] lote] 34 Wil tio =25 otgich 5478 9 F
33 EY o2 FEst, §448 B2 JUots Ho-2 Haggite level (head, neck, stalk, beyond stalk)2 =510 [27,28], &
Ol = F9(level 271 H&2 S5k 7150l Hrh(Fig. 2A,B). 77478 & 4 Hools JeolMe dudsel 2Ed 4
%, A3 7HE ofd Rl 2RE 202 St et Fo] St 01] T JuIS oz e ALY
A 9= = 7P Mg To] Fote s HARITHFg. 2C, D)[29].

Resection margin
Proximal margin
OJ Free from carcinoma
U Involved by carcinoma
Distal margin
O Free from carcinoma
U Involved by carcinoma
Circumferential margin (rectum only)
OJ Free from carcinoma
U Involved by carcinoma

Safety margin: proximal cm, distal cm, circumferential cm




sk 919k 9] BA A0 28 0] Aeafery marginy= SIPA 0.2 0] gl 71 h7ke AAGTIA 0] 4
O1% cm B9 2 E| T A0 A SAEAA HrHe Ao ol x| S ATk ABE A2 SH 4
oo, Aeho.2 ol Gl EWE FAPEA|] oh g Folatth AAE FA|0) BYEA AL elstel YA SO X
AR B0l 714 Zo] et e Ea RS ANV AulAH R 4F AL o] Qx| of g Hrtstod
H715hch SAEAI T GFE Y, A, BB $F Z3 Aolo] ARi7H0.1 am o]t B BAGE P02 715}
1,01 cmE 23 B9o] SHOR EIIRTH3AL AW 210 P PEAD Bob7} Basichn w590
E S

[Endoscopic excision (Endoscopic mucosal resection/ submucosal dissection/polypectomy) or transanal excision]
Deep margin
O Free from carcinoma
U Involved by carcinoma
[ Not applicable
Horizontal margin
O Free from carcinoma

U Involved by carcinoma

U Involved by adenoma: (specify grade: )
U Not applicable
Safety margin: deep cm, horizontal cm

:HA-I. LH;\]7:1;<4 X«”(EE] sl Xﬂ ;G ul—;<4 Xﬂ ) ul-f,‘].ﬁul-a]) gi O]—_E_%l%;a Xﬂ% _—‘TE%P’@'E]'. -@u] 7
3} e A A (horizontal margin)ye ARk 45| Hdo| Q&= 74 L
T A ARE 7|7t 2AEAE AA 5 AAAY B 7Rt HS Bt 4 gle o R ‘#7]“‘?}‘:}.

Regional lymph node metastasis

0J No metastasis in all regional lymph nodes (pNO)
[] Metastasis to out of regional lymph nodes
pN
Sl =4 Hzd ol o] Atk YA A 07 AJCC 8% WETHA]. F3t of| & W5 flaf 127 o)/l =4S FAt
5712 DA, 200t AL 0 AmAS AAt ks RE Ym Aol Aol7h girk pNoZ HT 4 9Tk 2%
A L, WA A RS T Z9ole relsls WA 47} AL 4 gk Fa YA o]glo] Ymamel Holk 9 Mol
2 Aol YA Ho| SAo EeA7]7] Qofol gt
HxA2 Adold FY2 A7]7F 2 mmBTh 23 0.2 mmOl/dQl ¢ U] A7 o] (micrometastasis) 2 E-5-5F1, 0.2 mmECH
212 85 LHF YA Z(isolated tumor cel) 2 FF-RHH4]. UM 017} 9l HZE |2 Hol7f Ql= A 02 HHgitt,
LYFTGA 2= G5 7oA HE ol 3ef Bheio] ql&o] d=iA AR AJCC 8Ho A= pNOZ B7FHeS skl 9l

w2 o] of2)7k 9, AA| AHOIAE A§317] of el ol itk T, el SN EE3}
el ok 20| Kk Sl =oAL, ol $9) 271702 mmitt} #¢ IYFPALE B2 ol v
SHaL o] LA Sntell Eeh7| S U



TS Z(tumor deposit)> Aot A7 AGFH A oA ATt FelE o] IR g =2d, @y A Y
o] ofd Y ZAE ooy, A7\ 2, A S Fejoll A o] THFtH4]. o] T¥ A Yo F¢ T= A%
TJ2Eo| IEET Y I3 Mol 417 Yo g wdfof sttt ©ElAd R 5 M(elastic stain)©] L smooth muscle actin
52 WY x25l5r Mol Zhlol =-go] F 4= Qltt T4 & Zolof Aglol, Hzd Hort gl F¥IAEC] &
A9ol= pNicE gttt 424 Hol7t 9= B¢ T2 224 /e oA =ttt 5 A T, TAMK
A 55 3t 7 SYEYol o3t HstE Hubol T2 A 22 9] Yo FYHHAEAE Bol= 497t ey Fos)
of gttt

Lymphatic (small vessel) invasion
(] Not identified
[ Present
Venous invasion
[J Not identified
[J Present
L] Intramural

[J Extramural

AL & T ¥ (lymphatic invasiony> HZA Ho| & o 23t &= 9l QAto] 31[26], A M2 ¥ (venous invasion) 2 &2 7l
534 o 5Q0Ao|tH30]. H&E G oAl EZ3Klymphatic vessel) = 37 Q5= (retraction artifact) T} ZE o] o2& 4= !
a1, o] - A 222] 2Q1-E $15l D2-40 S 22 54t M(immunohistochemistry)s 57 H= AlH S 4= QI Th(Fig 3A). H&E
Mo s Juiht g TEE 4 ¢le B97 Eob7] ol FEZ3 RAIE T H ZAE To| & Al W} Zro] 2k o
e AR A= Y O 2 (Fig 3B), ©5% Ee= ©®EHo] Q= & WahE I Fo= FuH o= Thsitt
[31](Fig. 30). A ¥ W ol AF 417} = ozt Wato] 27|17} 229 h(small vessel)0|H H Z TR 0 & TG},
I o3t ¢ SRS Felsh| gt EEMolu CD31, D2-40, smooth muscle actin?} 22> H S 22| o}t G M-S 2712
AT = ok AU S Yo AW S 2ol S5t o ¢ 3 7F Holoh At 54 o QlAto| B g e
#7|5h= A& HATTH30]

Perineural invasion

[J Not identified
[J Present

ol & 4178 3 W (perineural invasion):> W2 YoIA LRE o] &5 LHER]

£ YA o3z djA Urh32). ol
2| BaA 0] B27]A Ao 1L H&E G4 &etolmol B7Igh A7 g o] 7128 Hateia] oy, A =7 4174
Z(nerve sheath) Al % 5 o= siURIE YHaAL A7 S35 W3 4$ AW E o2 WgIITH33]. SYA 271 A7

ol 2A|5h= 7 -intraneural invasion) A17d A @0 3EFA|A 7] &5



Pre-existing adenoma
U Absent
[ Tubular/Tubulovillous/Villous adenoma
Low grade dysplasia/High grade dysplasia
[J Sessile serrated lesion (Sessile serrated adenoma/polyp)
[J Sessile serrated lesion (Sessile serrated adenoma/polyp) with dysplasia
U Traditional serrated adenoma
U Other (specify: )

SHA: A At w el = 714 8 7H| arg]of = A F 4 S (conventional adenoma)d} &1 TG ¥ (serrated lesion)©]
ATH34]. WHO 70l W29, AP 4 W52 FeEieh 0 2 3 (tubular) ¥ 23 (villous) 49| 7 H]&of whet
(SL2F H-& 25% 0|9h), BELF(EET HE 25%NA 75% Atol), FRF(TLF H& 75% 2IH9| 3714 WEoE U=
4= QIHH[5]. Belo] EH, wE AP A2 A9 o] FH(dysplasiaye LFEFH L, o] 2|3k o] B2 # 5 (low-grade) T
15 g(high-grade) 2 2 71 4= JIT}5]. AsgolFH2 BT M2 o] (intraluminal cribriforming or necrosis, back-
to-back fusion of multiple glands), 2] T+g/d, 2] /4 A4 & of A|24 H]-&2] F7} 55 EA L2 SHThFig 4A). Ao
o|gg o EA o 2= B X, S 3Kstratification), ZO]A B kO] wHAg &l FR]H M| E 4

o]}t A 5EelB 8 TES Yol M T Qotal 4 oo ol gl=
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WHO &7l 29 S FE -2 154 &S (hyperplastic polyp), 7788 & 2 W (sessile serrated lesion, SSL, 7]&
8-0] sessile serrated adenoma/polyp), %1-8-& U T Y8 E(traditional serrated adenoma)®] 37H| & e 4= QIT}[5]. 184 FYZ
FYH 2R S AW IES AL Wt $eH35,36]. 7P 23] 2019'd WHO 279 [5], 2012\ v]= A7k wid A
TARRH35] 2 20159 F=ro] 7ho| el [36]& A o2 1A Aot 9-2l= e 7] 23] A4S (pre-existing adenoma)
OS2 FYUEFEHS tha 374 &0] 5 shutz Add 25 stk (1) o]g/d0] gle #3885 HEFEHESSL), (2) ©]
B0l A= T8 THEGEH(SSL with dysplasia, SSLD), 3) A EE5HRIEE. 154 §52 vlHdd &/ ez 4
R e 7] 2 AF oA FURYEH HFoll= 26| e gt

%

BE SAMEURPEALS Ay Yo HFu ], Feety oF4o] 9e & 9 ¢ = Yrk ol@4ol 8l
L PAAEU LU ulEste] o]g4o] Yt PANEULPIEL dFoR APT JFst B Ao2 Uel
Ik RASEUBPYHE A ] BRI Serypo) ] BB B Fserration), &9 £FYF 4, vty
FATH 0] BiEFREo] SolLAL HIAE GAFE B0 SThFg 40, R EUBIY RS HYH T o4
Boli= ol shukek EAFHE 21T & 4 Glek(s 35]. F4 4 EU DR | ol thoyst Pl Lhehe 4 glo, sht
of WulolA] of2f7kx| o] Pl Bolv| Gk FRAOR §RY Wk & Lolo] A, & UEo| F7 ANHA, & U F
U] 7k 5 B 4 9, XA 02 AYH MET SR 32 Mol ALEY o] F4: incestinal dysplasia) BB ] 3
2A7E ES B8 B 4 AthEUR o4 semted dysplasia)l5]. 44 FUBFE ] oA MIHI| ¥
o] PEE 497} 3] o], MLHI We o] S EU oy el olgiS Aekshs o gl B 4= gtk
[37). PANEURPE A o] JHL SIS AAL of 2l A ubrt ek wrebA el hgre] 7] 24 BFoR
Ao B EU R HE 71T Yol o0 oftiut Yalstel B o nsict
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Az oFA AAIE B7F Qe Tk -2ls e

FEURPHE o] BEAL SIoHoH A
7 )

dhat 91 glol AEFURPHES 714okd B 202 Angich AEEURPYFS stk clelsh sel Fefol
¥

= st J [SNe) 2 T 0
AD) AEFURFUFS 55 CF2 BURFY oI HYH ML Sy Ta Yule] Fel tehd - lks)
WY 4% Y BURPENS BT Tgo1o] 2 71 o|are] 228t of@e] 2o ol Folxl WA WY A9o]
© Z%% A5 (mixed adenoma)©|2h= &0 5 AR 4= Atk
Associated findings
[J Absent

[ Tumor perforation (pT4a)

[J Perforation (non-tumor perforation)

U Metastasis to one site or organ without peritoneal metastasis (pM1a)

[ Metastasis to two or more sites or organs without peritoneal metastasis (pM1b)

[J Metastasis to the peritoneal surface with or without other site or organ metastasis (pM1c)

Specify metastatic sites or organs:

Al Fooll OJFF HT-L oAl L o] 5ok Tlo] gt R0 Lol
FE Buolu HEFS FUY 5 glo] L o] 59} Belo] gk R02 %
IV

Separate lesions
[J Absent
(] Adenoma
U Polyps
O GIST
[ Ulcerative colitis/Crohn’s disease
U Others

Specify:




A cizel M 7|xjAre

Tumor budding
U Not identified
UJ Present
[ <4 buds (low)
[J 5-9 buds (intermediate)
0 >10 buds (high)
0 Cannot be assessed (specify:

—

SHA: T obe thd 9 2ol A 2 gzl 5P Al U o eQlxtolth40]. SFHohs thadt 22 ol &2 tF
o ok AAle dAlolA At HepThe Bole td
L U o 30l 7bolth26 41 42]. Wb 4 Wols Hol=
£ grols 2ol= 97 [(pT3NO and pT4N0) tha & 274
oIt 12U R £ v FYLote S T HXQ
oA FgLote] 2= AERA 2(eed TYA
AR Aol = =go] F 4 QlTH44,45]. T2 B2 HobEAlE pTl
TFLoto] Agt FES Ye L%Xl of 7IXH ot= ﬁé st

o
N

shlhH46). (1) SFEok= 171 22 470 olste] YA Z T2 F ottt 2) SFLot= EE a}ol == 7450} T a4
e Bol= YUY ASH T SYLopE 7P & W= #2loA S45ks A AERTH0.785 mm® & BEO| AL
et &= FN A1 50 20 mm&l x 200 B AJoF). (3) SFLot= H&E Seto| Eo A F7F7t 7Hs5htt. Cytokeratin & G412
H&E €2to] EoA S¥FHo @52 o] Aol 98/ 1+ Aot 5ol Jl= 4% =8ol & & 1, o & Aqd
Aut BEAE] T E EY o UAITHAT], Al AFEA] 9 Al ZubHol| & FA s of SgHotE @ Q1E & lTh46,48].
wheba] flof 71Agt S Wotol] thet 37HA] SEAAIE SR sk S Hote] SEAlAl= Al 7]eo] ok
o, SFEote] Mg S4 -7 sk o] AEEA 59 de AT 4 St

l

E2 25 43S Bolk ZH
4%, AAZYS, IARTIYE, 2000 $UYF) 5Y Hgo}el H7ke 7012 astthig. 18D $Y Yol 4

Tumor border configuration

ShA: S HAF s gl thet HHE+= AJCC 82} College of American Pathologists (CAP) guidelines for colorectal cancers
off 25 AAIE o] A ¥, WHO 27oll ZHfoHAl AGE L ATH3-5]. ¥l 5 ¥ AT v ol tigt F7h= 41 H&E
SoholER FIFE 4= QIR Agol AAE Bogh 2d 7]E wizoll TR A go] BE5ITH49). ol gt ol =2
o[t o}k 2¢] kx| A A 2]5tH T

Completeness of total mesorectal excision
0J Complete
U Nearly complete
U Incomplete
[ Cannot be determined




SHA: 217 Fe A Al < (total mesorectal excision)©] 3 212 A A off 21747kake] v ol Laot R/ Az
2 Yol dxd-g xget AE Feikte ARZRAE A Al AT Zolths0]. MR EAlsE Aldst &
o) AESH 7Pt B9A71A] A A 6| AAotH F27t AA| o] SEE o FadEo] Fasiths Ao th4o] v F2t
AATE Soto] ¥relzl up Qi S M Al Fuko 2 dof QIR b2 ZSHof sl 2174 7tato] kel o] A E Y=A] o &
g7 oo 7] ofefj ot 2t

P Y& 3& 71202 grlota ddteto] E0stH34,7). 55
Complete: 2 77Fato] 27135 A E o] 3P m o] Qe g 5. AW E412|gho] A2 §le(ALo] gt
= A&0] Z10] 0.5 cm ©|3}.
Nearly complete: 217%87FaF Aotuio] 41218 Ado| THIS7H] FHE A S(EHEEES] 7ol 0.5 cm 27, 24 11
F5ol mE2E] A FHUYE B YL 2 29 A9,

Incomplete: 2747 ato]| Azbet A& QL& A% /5o =2H.

o

Preoperative chemoradiotherapy
OYes [ONo [ Not known
If yes) Tumor regression grade
U Grade 0: No viable cancer cells (complete response)
U Grade 1: Single cells or rare small groups of cancer cells (near-complete response)
0 Grade 2: Residual cancer with evident tumor regression, but more than single cells or rare small groups of cancer cells (partial
response)

U Grade 3: Extensive residual cancer with no evident tumor regression (poor ot no response)

Sl 21ere] 2|5 Y22 224 AA & IEshs 0] e FHE olFe AoE =4 Jgd A2 Zut
W AEe] ZHAE 9t ER AR R e A FYRsrdAMd 2] & (chemoradiotherapy) & A 2|47 abd Al g o] 2| &2o] 2 o]
th51,52]. o= A LB YAMAR] 5] S5 F(tumor regression gradey> $HAR] of & 9 Ak ZHaof wf-¢- S Q7h

3 2 Gl
o

[o] O O v
LRlolt}(53-55]. FFUSTES 2 2 3 7| dutt M= HE 27 B SEAAIE ARSSHL 9le, o|¢h B o
T =g 9 AL ol 5 AAIE A8stal o] G4 B e oAREttel SRk £ 3lHH4,53-59]. AJCC/ICAP

TFS5F EFAA= A National Comprehensive Cancer Network (NCCN) 7Ho] 2RI ol A &2 AR-E 31 Q1= 71 Hol
ARBEAL Qe ERAA A SRS E T Al FZEY EAcHL e ST U T W0l 5] ¢k
ATH4]. gty eets] 4ak7)yejet Ata]oAl= 20061 “t Y Bl BN 7IARG EE3P oA Aok vhofl whet X
& s 5t ® AR 71EcH] &1L, B A= Aeshe A AT LU e TS Al e
OJAF 2t Afol 7k A st QL L, o]t A BRAAIZE B ARSE AL QU] Fof 7]20] Atet H SaAl ALt SRt
AL Qltk, o] & FHGALAF &5 e|et AA9lo = e 582 o e MEE SST 5= 8% AJCC % CAP cancer

protocol& 7|9FS. 2 275} th(Fig. 5)[3,4].
TYY YRS e foto] SeHH o g Fofol

£ore] BYUS SFT sopo] THE| T FH ARRAT H e A HaT 4R ol of
£7 27 Tof sfolo} G AR AYEo] glol FUAYRA Yol AT QAL Y Hek olefel 4387
9 2 2 20 cm of5te] WHE A, B YFOR 04 cm YACE HA F Y AL Tofoti 2HTH4H HAE T
AT 44 A FABPPAIAR F A2 2R AL FPALI} B P HfE NBsY], UG LS
EFote] B o] GFALL Heuol Yk B B, FAWY, WA 52 2 4 U3 FPAES 9t He $Ho]
(acellular mucin) 5-& TEF 5 k. FPAE glo] Fold B WARA T B A9 el o Rt A HY W
(complete regression) 0.2 TY T 4 Ik, FUYAZe AYAE 2 4G DALN] 71o] ofelg FP, Aty U A
SPALE, A B yrokenarindt 2& WAZATSHAN 52 AYFOZA FPNSET 25 B0 222 ¥ 4

siek



EGFR immunohistochemistry

ofjd: 71 5¢ke] Aol M2 o] 25%-90% 014 epidermal growth factor receptor (EGFR) THe & o] W o] A
2] stek g Aol A =] A TH60-64]. 27100 HiE AFSolM = tiddolA Hez2 skt S 57 EGFR €@ $A47t
cetuximab ©|U panitumumab¥t 72 BGFR ¥4 2| 24| 8- Y3+ D44 Q. 4eka HZbekGThes). sk g $4& A+t
S°IA EGFR W 22 sketg A U Ao} o] 5 oFzof tigh 2| = 8ks- Atolo] Ak A7} gl&o] Brad £ H66-68]. whet
A, @A 225kt Mof| olgk EGFR W& EGFR #4 2| 24 ¥hg-2] o512k 7HpE|x] grou] EGFR #4 2| R
Aol tiet 2| A-S0ll 4= EGFR Hd & 2| & A& 7|0l 2A71A] L Qlek o A= tig e g4t A EGER 3
2 2| 2AE 28571 flsiAl= EGFR Edo] gl ojof gtk A EALARG7H 2] 2Fw0] 4-87]%0 w2t EGFR
W 22| oot o] oA 7] Al I QUX| T, W 22 oletH A Af EGFRO| Tdo] EGFR #4 2| 249 2|22 7E 4
5| ol &sheAlofl tisiAl= ZA7F ek

gz

DNA mismatch repair immunohistochemistry
MLHI: [J Positive (Retained expression)
[J Negative (Loss of expression)
MSH2: U Positive (Retained expression)
[ Negative (Loss of expression)
PMS2: [ Positive (Retained expression)
[ Negative (Loss of expression)
MSHG6: [ Positive (Retained expression)
[ Negative (Loss of expression)

Summary: DNA mismatch repair deficiency (was/was not) observed

it o 240l Al DNA mismatch repair (MMR) T2l o] tigh W o 2 2]8k6td A2 47H2] MMR R84 (MLHL,
MSH2, MSH6 ¥ PMS2) % shitoll Al 9] vjAd & H O] (germline mutation) Fi= ZE W E T Dok (promoter CpG island hy-
permethylation)©l] 2]all ‘&Y 5t= MMR Z H(MMR deficiency)5 #7g5t7| 1%t th-$- 7hekot {83k W o] th69-71].
MMR ZF-2 DNA & 0]2A|(microsatellite) 8 A G o] 24| XJHLPZJ.QE Zo] HglE Hol= 718 EZJ 0 2 = giT|
FA E2H8/d (high level of microsatellite instability, MSI-H)] 2133+ ¥ ¢1o|tH72]. MLH1- PMS28} o] @A (dimer)E ©]
20| DNA MMR 7|52 $3st02 tj&eto] A MLHI 542k Edwo] B =2 uEl W3y} eh¥sHA| =W MLHL
2 pMS29] WY 2 A slelA UL i SA) 2748 HOITHE9,70]. U FA] 2, MSH2= MSHGS} 0|4 0] 7] wj-&of,
MSH20|| 2ol & 7H]& a2 MSH2 9 MSHG B 22 8tsh Aol A =5 248 UERATH69,70]. Z2u

o A PMS2 T= MSHG #-7312ke] EdHol7F EAYsHH MLHT % MSH22] #3252 5 1 PMS2 F= MSH62] 2 tho]
24 T4 69,70].

MMR @732 U2 A3 M-S o]-g-otof T s17| ol = SHoll GAE /o] Lrefttofgt ghe, MMR Tl & 4
ol & ot7F SN2 HollA T Ado] Elof gtk MMR Z2¥ o2 HAS 57} QI thFig. 6).

MMR HE 22 SN2 A oA ARSI B AN/ MSI-H o] AEAAE 913t 243 2|sHd =

ghgElo] QItH69-71]. MMR ZH(E+ MSI-H)7F ool Al 2 o eoF fo]ek Balo] 9= 3, 5 fluorouracil (5-

FU)E 7|¥te 2 ot B2 greksstaylol tish A3 d ot wai/dol ool tlebiA Auks 2okt
Eoll oJsto] S vF ATH72-74]. EF 22| AF-E0] W MMR ZH(EE MSI-HYF AP ee £33 of2] g
oAl PD-1 Ak AHERE FUHAA 22 F T A 2YhS: oS A o] YFE AL JITH75,76]. mhebA] WY 22| 3kskel A
& 3% MMR 7} -2 DNA #41& o|-83t MSI B7h= 9| HA 0 2 AAE BE oot 3E2of tisto] ¥e| B1A
oto] 1 ATHE FAH 07 B ashe o] QUE .

o
[
1o
ia)
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o
o
)

i
of



Immunoscore

ol T 2-E Z K cumor-infilerating lymphocyte, TIL)7F TAFeF S| of S0} gt #hed o] Qlrh= Ao il
T=ol olote] = A JSE AT 77]. FAH 2= Aol A TILY 27 #2405 Y Sk o 57t Stk A
olg], @¢ AtofAl= TILO] TNM ¥ 7] W Hu]R4A E9H8 d(microsatellite 1nstab111ty, MSDYF =8 o o] T%
SOl Jokal FASFATHTS,79]. thEYollA of| oo TAH TILY & MESY T HEZ7E 8 o] F1 3ley
A CD3 ¥ CD8 WY 222}t G M-S Algoh= Z o] TIL Z78 9] F7H2 o] F1L Qlt}(78,80].

ol AAdxt] ZAtY Immunoscore 2t E9HE EFAAIE Bt = A7} o] FolA| 1L 3lot 20120 Je-
rome Galon ¥AP} 26t T4 AGARES] EjATEA ZARA| Yol 0] F014 immunoscore?t TAE A AF o] F
7] {13t Abg o] 215 1 9l Thhttp://www.immunoscore.org)[80,81]. THA ol Al immunoscoreS 8517 ] 13 ©HAl= oh23t
ok () HE $4 2He A", ) Ag9E S5 EHo diste] CD3 % CD8 HAAMS Ald, (3) U&7 Al invasive
margin, IM) ¥ &F54] Ftumor center, TC) F+ G ol thste] ZH22] CD3 &/ A2 2 CDS /3 Al229] W& 9, () ©]
2R AEEE 4714] |4 (CD3+ IM, CD3+ TC, CD8+ IM, and CD8+ TC) ZHzto]l thsto] high 22 low2 H-F5H= o] 2 ¥
FIRE AW, (5) 4714 ©4-0] A1 Fe6to] 2/ immunoscores AFE(O]l: ‘high 7} StbE §LOH 10, high'7F sHARE 91
11, high7F & 2 W 12, high7F A QLo H 13 Yl 2% high'o]H 14).

i
Jo
lo
ok o

4] & immunoscore”} tHE LA o 34 §-01/d-& Al dth= Z=lgh SAEC] EAHA| B, immunoscore®] 4-8-5, H7H
g B2 o] 0o 01011\1 xﬂﬂﬁ]?ﬁ,gg z %‘4% AN AE o] FA| = 5okl 9t @3 immunoscore®] 718 523 A

0

o 7hed OPUr~ CD3 22 CD8 ¥/d M2 Y=& high % lowZ HFSHI717] §13t 7|E¢E o 9A AT Aolvk=
TA7E ATk YA o|u] A E1F Aok FEIAIS Y ¥ (automated analysis)o] ¥ EESHE F7ES nhshEHl &
=0 2 4 e Zloltt. A4 o2 tiF Yol Al immunoscore®] F7F 3 Hil= AAAQl BoAd 9l 7o 358 Sof
Zltsto] WAE = o A FelBaA o] Z4 T Aol = ERSHA] (3%t

Microsatellite instability (MSI)

Summary: (] MSI-stable (MSS)
O MSI-low (MSI-L)
[ MSI-high (MSI-H)

A Ao RLAENE L EYA S 5 A mismatch repair gene; MLH1, MSH2, MSH6, PMS2)2] Ej 4 =& o]
(germline mutation) = MLH1 332 Z2 2 E o] 1}t S}of| 0|5 MMR ZH(MMR deficiency) 2.2 B7|AE W dojF
A o] Zol7} #lsh= @A oltH72]). NCCN 7o E2felat u]= thaet Hio] @ upA 7ho| Eefjlof A= AUl RpAll &<t
ST S fIote] B tlgUolA Al¥shs Ae ATTHS2]. ELh ol dulfpaeetdS £
o A, 5-FU 7|9ke] Bxgtelsteta Hof oot A daf ATHeth83,84]. 2o dtol A Au|RA =t
PD1 JAAE o]-83 SYHAR| 7] 2 RS ASARE ASE ATH75,85].

AU EA| EHE-S 4ok G AN (gold standardy ZA| A 7] 0]-&(capillary electrophoresis) S ©]-8-5F0] /422]
tu] SFz22 oA ] HikFEARE O] Lol HSHE vl o= WYolth = 719 B3| QEfo] & U (BAT2S, BAT26),
Al 7H9] tho] w28 2Elo] = U} (D5S346, D2S123, D175250)5 AAFSH= el ATt 2 (Bethesda panel)¥, tHAl 7H2] Tl

28 LEFO] = OFA(NR-27, NR-21, NR-24, BAT-25, BAT-26)2 ZHAloh= 2T A|(quasimonomorphic) 2= Y22 £.ELo]
E oA E S AR 4 UTHB6,87]. A BlerEe| eto| & upAuE 9] 79 AAIZE SR 4 A TS (real-time
PCR) 7| o2& HAPE 7Fssteh @ul R3] 189 & (microsatellite instability-high, MSI-high, MSI-H)& EOI‘: 73%

EYA 5T ol tigt A2 AP ARE F7H & AlJste] dA|Sea2 A sl of gtk MLH19| E@lo] &4

F_E‘.

MSI-H th#¢tol Al BRAF V6OOE EA R ol7F &/ Ql H$- dASES A = UTh8s]. Aol FrA g2 YA &
74 (mismatch repair deficiency, IMMR)Y} 455102 RATA 7|5 AN S AHES 4 Qe 49 EYX 2T A



QI MLH1, MSH2, MSH6, PMS2¢]| thet § & 22 sksh by 0 2 Z+-5ek 4= i},

dle| At g g2 oA 7S] AUl RpA] ubA F 270 ol Fe] uhA7E 2eHE S Bol= B9 MSI-H | 2Hal B sty # ol &
23 uA F g AH 9] upA7F B0k S Hol -9 @ u| B4 ALY F (microsatellite intability-low, MSI-low, MSI-Ly ©] 2}
I B gt} Ao R4A] oA F o shol A e 29 o] A ] Ohe A A0 R4A 8 B (microsatellice stable, MSSY
2}1l B 13FH87]. Quasimonomorphic mononucleotide marker®] 7-¢- MSI-HE] 7|52 0FA 370 o)/fo] 2¢H8E& EY =
SfjoF k=4, UFA 271 ool Bt & B w2 cfjof sh=A]ofl tiste] ob2] o7 o] 31TH89,90].

KRAS mutation analysis
U No mutation detected
[J Mutation detected (specify: example: ¢.35G>A. p.GlyI2Asp )

NRAS mutation analysis
U No mutation detected
[J Mutation detected (specify: example: c35G->-A, p.Gly12Asp )

3|4d: KRAS G-} NRAS -G AF ZH2E0] exon 2, 3, 491 Ti5te] Edo]o] 22 AAlsh= AL
ZALREAL 3FeHS2,91). Aol AN Eu A AR=EH] XA (BGER blocker)®] THl Q¥ /%8 0 92 Bhafo
7170 FOJoHA S7HAIZITHAL &l A QLo KRAS -2 exon 2, 3, 42F NRAS - 2F] exon 2, 3, 401 4
A 7S Hu/dRAAEA AtA o] S W= AL A A QU whebA] Hold i erto A 21/
F8A AFAA S AHSSHE = 7% BEEA] KRAS exon 2, 3, 49+ NRAS exon 2,345 25 Z3ohs 23 RAS =30l
(extended RAS mutation test)& AlY Y A& 735 Y82 (Buropean Society for Medical Oncology, ESMO) 7Fo] =2+l NCCN
7tol Bkl ul= S vto] @upA 7to]| Eriel Fo A ARSI $ITH82,91-93]. THH, KRAS F-XAHY] exon 298] =W
ol ALY 2Tt o Tot e AR delA ltH94-98].

Y RASEAHOI AR Ao A1 (Sanger sequencing), THO] 2 A4 (pyrosequencing), A AITE SR A A M 8H-5(real -
time PCR) 50| AH&E 4= ¢lon] AATAI A 1 HidS o]-&ato] FAL 7oAl E LT KRAS, N.
exon 2, 3, 4°] thsto] FEAHo|o] -7 AEd FEdrolo SH7E Bistofof ofr, 42 gyul 3QldE ¥9y
= ARl of gttt

1o

BRAF mutation analysis

[J No mutation detected

O BRAF VG600E (c.1799T > A) mutation

[ Other BRAF mutation (specify: )

SHA: BRAF V60OE =¥ ol+= MLH1 Z2 W E o] B EHIE Hol= | RpAf ety thareh $ate] 382.9] 2 71l A
YA Ao g HuE 1 9lou B2]S3 7 ol A= BRAF V6OOE S #lo] 7} 3HaE] 2] ¢k=t}[99]. wehA] dujgss
AEtd it EAfoll Al BRAF VGOOE & o] A 49l 3¢ AxSeS uiAe = glenz FUx|E 44
Ak TSk R HARS AlgoHA] oFotof FHCES).

il

HO|E4A B9 1 BRAF V60OE S| S SA0 7HA SAHMSI/BRAF-MT)S th-$- ¥353t o &8 Hol= o2
BuEQly o Eoby 24 tiddol Al BRAF V60OE S1H 0| S Hol SAAH(MSS/BRAF-MT)SE 233t o 35



Holz 7o HIEITH95-98]. mebA e exte] o & o5& HsiM BRAF & ‘ﬂol P% o Rty
AbeE @A ARE-E|ofoF Bty old v ol sl = Aol BRAF VOOOE B Hols &5t o o du= vt
[98,100].

RGP ARR-8A] AFA] 2200 Lo BRAF V600E 0|7 833 2| & wha-at dethe 817t 9oL, BRAF
VG00E = Hol7} 5 2] Q1 o SAAIA o tiai A= =3ho] AlLE 2L )1TH101,102]. 20179 NCCN guidelineol| A= 3
AAFTEA| AFA| 9] 2G50l = Hold thiged Aol Al BRAF VG0OE S ¥ ol AARS BaLstal QLo ASCP
guidelineX} ESMO guideline®l| A= HIL6HA] 3L Sl= A4 o] tH82,91].

Y o] A/ (Sanger sequencing), TO| 2A|H 4 (pyrosequencing), A AI7E F B A A4S (real-time PCR) 50 AHSE 4 9
oo, AAHHAIEAY 1P Y w22 ol-8sto] AAM 7 SHAl B /Ut BRAF exon 15 V60OE & A H o] o] EA] -7 EiIsh
ofok shtf, AL Y- AT Y-S ARSeloF gtk

|
Sled ws) E0), BAE, A, S, WA, WAL, AR, s, 787, o A5 20]el, £, ol 5,
Ao, v, 4%, 28], A4 oA, Had, §-24 WS, 7es
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Fig. 1. Histologic features of intramucosal carcinoma. (A) The in-
tramucosal carcinoma shows irregular invasive glands accompa-
nied by desmoplasia. (B) The glands show excessive budding and
luminal serration, which is highly suspicious for disruption of the
basement membrane. (C) The elongated nuclei are seen in low-
grade dysplasia, regardless of the ratio to the cell length.
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Fig. 2. Measuring depth of invasion in tumors with submucosal invasion. (A) Haggitt level of invasion is composed of head, neck, stalk, and
beyond stalk in pedunculated tumors. (B) The depth of invasion should be measured from the neck of the polyp (Haggitt level 2). (C) In cases
with disrupted muscularis mucosae, the depth of submucosa invasion is measured from a continuous line of the residual muscularis muco-
sae. (D) To highlight indistinct muscularis mucosae, immunohistochemistry for desmin may be performed.



Fig. 3. Histologic features of lymphatic invasion and venous inva-
sion. (A) Tumor clusters with retraction artifacts can be misinter-
preted as lymphatic invasion (H&E stain and D2-40 immunohisto-
chemical stain). (B) Tumor invasion of small vessels is considered
as lymphatic invasion (H&E stain and D2-40 immunohistochemical
stain). (C) Tumors involving vessels with identifiable smooth muscle
layer or elastic lamina are considered as venous invasion.
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Fig. 4. Histologic features of premalignant lesions of the colorectum. (A) Tubular adenoma with high-grade dysplasia. Note the architectural
complexity including cribriform pattern or back-to-back fusion of dysplastic glands. (B) Tubulovillous adenoma with low-grade dysplasia.
Note the retained cellular polarity with pseudostratified, elongated nuclei. (C) Sessile serrated adenoma without dysplasia. Note the dilated
base of crypts. (D) Traditional serrated adenoma. Note the deep-invaginated pattern of crypt serration with hypereosinophilic cytoplasm and
pencillated nuclei.




Fig. 5. Recommended tumor regression grading system. (A) Grade 0, complete response. No residual tumor cells are identified. (B) Grade 1,
near complete response. The tumor bed contained abundant fibrosis with only a few or scattered tumor cells. (C) Grade 2, partial response.
Residual tumor glands are easily identified in tumor bed. (D) Grade 3, poor or no response. The tumor cells do not demonstrate any response
to chemoradiotherapy because abundant residual adenocarcinoma is present.



Fig. 6. A representative case of colorectal cancer with MMR defi-
ciency (MLH1 deficiency). (A) MLH1 immunohistochemical staining
showed negativity of nuclear expression in tumor cells. Note the
retained nuclear expression in adjacent inflammatory cells. (B)
MSH2 immunohistochemical staining demonstrated positivity of
nuclear expression in tumor cells.



