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Abstract

Colorectal cancer is the third most common cancer in both men and
women in the United States, with most cases arising from precursor
adenomatous polyps. Colorectal malignant polyps are defined as can-
cerous polyps that consist of tumor cells invading through the muscu-
laris mucosae into the underlying submucosa (pT1 tumor). It has been
reported that approximately 0.5-8.3% of colorectal polyps are ma-
lignant polyps, and the potential for lymph node metastasis in these
polyps ranges from 8.5% to 16.1%. Due to their clinical significance,
recognition of malignant polyps is critical for clinical teams to make
treatment decisions and establish appropriate surveillance schedules
after local excision of the polyps. There is a rapidly developing in-
terest in malignant polyps within the literature as a result of an in-
creasing number of identifiable adverse histologic features and recent
advancements in endoscopic treatment techniques. The purpose of
this paper is to have a focused review of the recent histopathologic
literature of malignant polyps.

Keywords: Malignant polyp; Diagnostic criteria; Prognostic factors;
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Introduction

Colorectal cancer is the third most common cancer in both
men and women in the United States. Fortunately, the inci-
dence of colorectal cancer has been on the decline due to the
widespread use of screening programs to detect precursor le-
sions and early cancers [1]. Most colorectal cancers arise from
adenomatous polyps, with remaining cases arising from ser-
rated polyps or de novo [2]. The adenoma-carcinoma sequence
is an indolent but progressive process, which may take many
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years after a stepwise accumulation of genetic alterations. Ap-
proximately 0.5-8.3% of colorectal polyps are reported to be
malignant polyps [3], and the potential for lymph node metas-
tasis from malignant polyps ranges from 8.5% to 16.1% [4, 5].
Therefore, careful histopathologic examination of malignant
polyps is critical to optimize treatment and surveillance plans
for patients following the initial local excision. There is grow-
ing literature regarding the different histopathologic features
of malignant colonic polyps and their management. The pur-
pose of this paper is to have a focused review on the recent
histopathology literature of malignant polyps.

Polyp Definition and Types

Colorectal polyps are masses of colonic tissue that extend from
the inner mucosa lining of the colon into the lumen, and they
may be categorized as neoplastic or non-neoplastic (hamar-
tomatous and inflammatory polyps). Neoplastic polyps have
two major histologic types: conventional adenomas and serrat-
ed polyps. Serrated polyps are further categorized into hyper-
plastic polyps, sessile serrated lesions and traditional serrated
adenomas. Endoscopically, polyps can also be morphologi-
cally described as either pedunculated or sessile polyps. Pe-
dunculated polyps are polyps that attach to the colonic mucosa
by a stalk of variable length. In contrast, sessile polyps grow in
a flattened arrangement over the mucosa with little separation
of lesional epithelium from the background normal mucosal
surface [6]. The distinction between pedunculated and sessile
malignant polyps is relevant because sessile malignant polyps
have increased risks for lymph node metastasis, positive endo-
scopic resection margins and worse outcomes compared to pe-
dunculated malignant polyps [7-10]. The question of “how to
risk stratify endoscopically resected sessile malignant polyps”
becomes a more prominent issue in clinical practice as more
morphologic and histologic features are identified in malignant
polyps and are confirmed to be associated with nodal metasta-
ses, distant metastases and/or survival.

Two Major Colorectal Cancer Pathways

Two major types of genomic instability have been described
in colorectal carcinogenesis: chromosomal instability and
microsatellite instability [11, 12]. The majority of sporadic
colorectal cancers (approximately 85%) exhibit chromosomal
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Table 1. The Paris Classification of Colorectal Neoplastic Lesions

Endoscopic appearance Description Paris classification
Protruded lesion Sessile polyps Is
Pedunculated polyps Ip
Subpedunculated polyps Isp
Flat lesion Flat elevation Ila
Completely flat 1Ib
Slight depression Ilc
Flat elevation with central depression Ia + Ilc
Central depression and raised edge Ilc + Ila
Excavated lesion Excavated/ulcerated 11T

instability, in which defective chromosomal segregation in mi-
tosis and cell cycle dysregulation leads to gains and/or losses
of chromosomal segments, chromosomal rearrangements and
loss of heterozygosity [13-17]. The chromosomal instability
pathway is characterized by the accumulation of mutations
in specific oncogenes, including KRAS proto-oncogene GT-
Pase (KRAS), B-Raf proto-oncogene serine/threonine kinase
(BRAF) and tumor suppressor genes such as adenomatous
polyposis (APC) gene and tumor protein p53 (TP53) [14, 18,
19]. Traditionally, the adenoma-carcinoma sequence first be-
gins with inactivating APC gene mutations, which translate
to low-grade conventional adenomatous dysplasia. Activating
KRAS mutations occur later in the adenomatous stage and are
associated with polyp size progression and grade of dysplasia.
Subsequent deletion of the deleted in colorectal cancer (DCC)
gene on chromosome 18q and inactivation of TP53 on chro-
mosome 17p results in malignancy [20, 21].

The remaining colorectal cancer cases are caused by
defective or loss of DNA mismatch repair (MMR) proteins,
which lead to an increased mutation rate and malignancies
characterized by high-frequency microsatellite instability
(MSI) [22]. Microsatellites are DNA sequences composed of
repetitive 1-6 base pair tandem repeats that have an increased
risk for slippage by the DNA polymerase during replication
[23]. When MMR proteins are defective or absent, the pro-
gressive erroneous insertion and/or deletions of nucleotides
within microsatellite sequences are left uncorrected by MMR
proteins and lead to longer or shorter alleles from other repair
mechanisms [24]. The aberrant DNA sequences can then be
detected by polymerase chain reaction (PCR) methods using a
panel of 5 - 10 markers. Historically, five microsatellite mark-
ers have been used to examine the microsatellite status of a
tumor. These markers include two mononucleotide (BAT26
and BAT25) and three dinucleotide (D2S123, D5S346 and
D17S250) repeats [25]. A pentaplex panel of five mononucleo-
tide repeats is commercially available, and a hexaplex panel
of six mononucleotide repeats has recently been developed
[26]. Tumors are classified as microsatellite instability high
(MSI-H) if more than 30% of the markers exhibit microsat-
ellite instability [27]. Tumors with detected instability in less
than 30% of the markers are classified as microsatellite insta-
bility low (MSI-L), and tumors with no instability are defined
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as microsatellite stable (MSS). Studies have identified four key
proteins involved in DNA mismatch repair: mutL homolog 1
(MLH1), PMS1 homolog 2 (PMS2), mutS homolog 2 (MSH2)
and mutS homolog 6 (MSH6). MLHI1 binds to PMS2 to form
a functional heterodimer involved in DNA repair. Similarly,
MSH2 and MSH6 bind to form a heterodimer. Loss of expres-
sion or function in one of these four proteins will lead to defi-
ciency in DNA mismatch repair and subsequent MSI [28-31].
While the traditional adenoma-carcinoma sequence is as-
sociated with conventional adenomatous dysplasia, a distinct
serrated pathway to colorectal cancer has also been described.
Approximately 15-30% of all colorectal cancers arise from
neoplastic serrated polyps. Sessile serrated adenoma/polyp
(SSA/P) and traditional serrated adenoma (TSA) are the two
major precursor lesions [32, 33]. In the serrated pathway, mu-
tually exclusive activating mutations of either BRAF or KRAS
initiate the development of serrated polyps. SSA/Ps are only
associated with BRAF mutations, while TSA can have either
a KRAS or BRAF mutation. SSA/P progresses to dysplasia
through epigenetic silencing of genes, specifically by hyper-
methylation of CpG islands in the promoter region of tumor
suppressor genes. Tumors that progress through this method
are described as having a CpG island methylator phenotype
(CIMP). CIMP plays a critical role in the progression of SSA/P
to invasive colorectal adenocarcinoma through inactivation of
MLHI1 transcription and aberrant activation of the WNT sign-
aling pathway. MLH1 gene promoter hypermethylation with
resultant loss of MLH1 and MSI-H is found in about 75% of
SSA/P with dysplasia [34-36]. The remaining 25% of SSA/P
that develop into colorectal carcinoma occur through altera-
tions in the WNT signaling pathway and TP53 mutations [37-
40]. In comparison, TSAs do not have hypermethylation of the
MLHI1 promoter but instead show O(6)-methylguanine-DNA
methyltransferase (MGMT) hypermethylation [41]. Progres-
sion from TSA to colorectal adenocarcinoma occurs by aber-
rant activation of the WNT pathway and CIMP [37, 42, 43].

Polyp Classification by the Paris System

Polyps can be classified by macroscopic or endoscopic appear-
ance using the Paris international classification (Table 1) (Fig.
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Figure 1. (a, b) An example of a laterally spreading Paris 0-lla lesion with slight elevation. (a) Before polypectomy. (b) Post-
polypectomy. (c, d) An example of a sessile slightly elevated lesion (Paris lla-Is). (c) Before polypectomy. (d) Post-polypectomy.

1) [44]. The inter-observer agreement among gastroenterolo-
gists and gastrointestinal surgeons using the Paris system for
polyp classification has been examined. In one study, a total
of 85 short endoscopic video clips depicting polyps were cre-
ated and assessed by seven expert endoscopists according to
the Paris classification system. The interobserver agreement of
the Paris classification among gastroenterologists and gastro-
intestinal surgeons was moderate with a Fleiss kappa of 0.42
and a mean pairwise agreement of 67%. The proportion of le-
sions assessed as “flat” by the experts ranged between 13%
and 40% (P < 0.001) [45]. In another study, an online video-
based survey was sent to gastroenterologists and gastrointesti-
nal surgeons affiliated with six tertiary academic centers. The
survey consisted of high-definition video clips (30 - 60 s) of
six complex colorectal polyps (one malignant) with associated
clinical histories. Accuracy for Paris classification was 47.5%
with moderate interobserver agreement (k = 0.48). Surgeons
had the least accuracy in assigning Paris classification com-
pared to gastroenterologists (28.7% vs. 66.0%, P < 0.0001)
[46]. These studies suggest that the use of the Paris classifica-
tion system in daily practice is questionable and unsuitable for
comparative endoscopic research. However, it is possible that
not all of the participating surgeons performed endoscopies or
made endoscopic diagnoses in routine practice. It is important
to compare the endoscopic diagnoses of pre-resection lesions
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to the histopathologic findings in endoscopic/surgical resection
specimens in order to improve endoscopic diagnostic abilities.

Endoscopic Removal of Polyps: Polypectomy
(in Whole or Piecemeal), Endoscopic Mucosal
Resection (EMR) and Endoscopic Submucosal
Dissection (ESD)

Currently, the main endoscopic techniques for the removal of
colon polyps are polypectomy, EMR and ESD. Approximately
80-90% of adenomas are less than 1 cm and, therefore, more
easily amenable to complete excision with conventional snare
polypectomy. The risk of developing advanced neoplasia fol-
lowing polypectomy was estimated at 0.6% [47]. A large retro-
spective cohort study found that malignant pedunculated colo-
rectal polyps with polyp head invasion can be safely treated by
endoscopic polypectomy alone [48]. The treatment of larger
sessile polyps can be more challenging and require more ad-
vanced techniques, such as EMR or ESD.

EMR was developed for removal of sessile polyps that are
confined to the mucosa and the submucosa, as well as dys-
plastic polyps that are larger than 1 cm but less than 2 cm in
size. Several EMR techniques have been described including
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Head

Stalk/Line of Excision

Figure 2. A gross photo of a large polyp that is cut perpendicular to the line of excision.

injection-assisted EMR, ligation-assisted EMR and underwa-
ter EMR. Among them, injection-assisted EMR 1is the most
commonly used technique. It involves an initial submucosal
injection of saline, or other suitable injectate, to elevate the
lesion and facilitate its removal from the deeper layers of the
colon by electrocautery snare [49-51].

ESD is performed for lesions with high likelihood of cancer
invading the superficial submucosa and for lesions that cannot
be removed by EMR due to fibrosis in the submucosa or post-
EMR recurrences. This procedure uses saline or other suitable
injectate to lift the polyp and then the mucosal incision and sub-
mucosal dissection are performed with specialized endoscopic
electrosurgical knives [51, 52]. These techniques are associ-
ated with a slightly higher risk of serious complications such as
bleeding and perforation compared to polypectomy [53].

Macroscopic Examination and Sampling of
Polypectomy, EMR and ESD Specimens

Proper handling of the polyp specimen is essential for thor-
ough histologic examination of the polyps. The polypectomy
specimen needs adequate formalin in the endoscopy room for
fixation, and a minimum of 2 - 3 h of fixation is required. It is
recommended that polyps larger than 1.5 cm should be fixed
overnight [54]. The deep or vertical margin needs to be identi-
fied and inked when grossing a polyp. In pedunculated polyps,
this margin is the most distal end of the stalk (Fig. 2). For ses-
sile polyps, the deep margin is the line of resection or the base
of the polyp. Polyps larger than 0.9 cm should be serially sec-
tioned through a sagittal plane that is perpendicular to the stalk
or base of excision (Fig. 2), and the sections should be care-
fully examined for invasion. Sections of the polyp should be
submitted with the cut surfaces facing down so that an entire
sagittal section of the polyp in relation to its deep/vertical mar-
gin can be visualized on the slides. Polyps less than 0.9 cm in
size should be bisected, and both halves should be submitted in
a cassette with the cut surfaces facing down. Very small polyps
can be entirely submitted in one cassette without sectioning.
ESD specimens are usually received pinned out flat on
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a cork or foam board by the endoscopist (Fig. 3). All ESD
specimens have peripheral and deep/vertical resection margins
that should be evaluated. If the specimen has been oriented
by the endoscopist or surgeon, a diagram of the specimen can
be drawn to document where sections are taken. The size of
the whole specimen and the size of the lesion should be meas-
ured, as well as the distance to the nearest peripheral margin.
If the orientation of the specimen is provided, the deep margin,
the designated peripheral mucosal margin and the opposing
peripheral mucosal margin should be inked in three different
colors, with the deep margin inked black for better visualiza-
tion. If the specimen is received unoriented, a single ink color
can be used for all the peripheral margins. The specimen needs
to be sectioned into 2 - 3 mm sections in thickness, and the
sections should be perpendicular to the long axis for greater
sampling. During serial sectioning, the deepest extent of the
lesion should be measured and documented. The distances of
the lesion to the nearest peripheral and deep margins should be

Figure 3. Endoscopic dissection specimens are usually pinned out flat
on a cork or foam board by the endoscopist. All ESD specimens have
peripheral and deep/vertical resection margins. ESD: endoscopic sub-
mucosal dissection.
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measured and documented. If the lesion is within 1 cm from a
peripheral margin, perpendicular sections of the margin should
be taken in order to show the margin in relation to the lesion. If
the lesion is greater than 1 cm away from the peripheral mar-
gin, a thin en-face section of the peripheral margin is accept-
able. The specimen should be entirely submitted if the speci-
men is not overwhelmingly large. However, if the specimen is
too large to be entirely submitted, the closest peripheral margin
and the entire blocked out lesion should be submitted at mini-
mum. For very large specimens, one representative section
per 1 cm of the lesion should be submitted, including sections
with the closest peripheral margin, the closest deep margin and
the deepest extent of invasion. If a definitive invasive compo-
nent is not identified on the initial blocks, the remaining lesion
should be entirely submitted for histological examination to
confirm the absence of invasion.

Malignant Polyp Definition and Diagnostic Cri-
teria

A malignant polyp is defined as a polyp with cancer cells invad-
ing into the submucosa through the muscularis mucosae with-
out extension beyond the submucosa [6]. Thus, a malignant
polyp may also be referred to as an early colorectal carcinoma
(T1) [55]. Diagnosis of a malignant polyp in a well-oriented
resection specimen is usually straightforward by identify-
ing malignant glands/cells infiltrating through the muscularis
mucosae into, but not beyond, the submucosa. This infiltra-
tion process is often associated with desmoplastic change of
the submucosal tissue. The glands are often irregular and in-
complete, with high-grade cytological atypia and/or complex
architecture. Tumor cells are rounded with high nuclear to
cytoplasmic (N/C) ratio, significant pleomorphism and hyper-
chromatic nuclei. Prominent nucleoli may be present, and tu-
mor cells may have marked nuclear stratification. Commonly,
there will be increased mitoses with atypical mitotic figures.
In addition to high-grade cytological atypia, the lesion may
show architectural complexity including back-to-back tubules,
cribriforming glands and/or formation of solid nests. Neoplas-
tic glands may also contain intraluminal necrosis. In cases of
invasive adenocarcinoma arising in a polyp, well-oriented sec-
tions will show glands with high-grade cytologic features and
complex architecture extending from the polyp into the sub-
mucosa. Desmoplasia is usually seen in areas where the tumor
invades through the muscularis mucosae into the submucosa.
Most cases of malignant polyps are obvious and simple to di-
agnose (Fig. 4).

One potential diagnostic pitfall in the diagnosis of a “ma-
lignant” polyp is the misplacement of dysplastic epithelium
into the submucosa of a pedunculated polyp due to mucosa
injury with epithelial herniation into the submucosa. Submu-
cosal epithelial misplacement usually occurs in pedunculat-
ed polyps that have round, smooth contours. The misplaced
glands are often round and have histomorphology similar to
the background adenomatous component of the polyp. A di-
rect connection between the misplaced glands and the surface
adenomatous component may be seen (Fig. 5). Submucosal
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Figure 4. A malignant polyp in a well-oriented specimen showing ir-
regular, ill-formed glands with luminal necrosis below the muscularis
mucosae. There is prominent desmoplasia in the deep aspect of the
lesion.

epithelial misplacement usually has lamina propria present
around the crypts and associated hemosiderin within the stro-
ma, indicative of prior chronic injury. In contrast, the glands in
an invasive adenocarcinoma are irregularly shaped with a hap-
hazard growth pattern, and show high cytologic abnormalities.
Additionally, invasive adenocarcinoma may have small abor-
tive glands, single cells and desmoplasia. Submucosal epithe-
lial misplacement may have mucin pools, and these are com-
monly round, smooth, and lined by dysplastic epithelium at the
periphery. In comparison, the presence of floating neoplastic
epithelium or single cells within pools of mucin is supportive
of an invasive mucinous adenocarcinoma. Table 2 summa-
rizes the features differentiating these two entities. In difficult
cases, deeper levels and re-embedding the block may be help-
ful. Table 3 summarizes the essential elements that should be
included in a surgical pathology report for a malignant polyp.

Prognostic Factors for Malignant Polyps That
Trigger Oncological Resection

Haggitt level

The depth of invasion in malignant polyps is an important pre-
dictive factor for lymph node metastasis. The level of invasion
in a pedunculated malignant polyp has been classified by Hag-
gitt et al in 1985 [56]. According to this classification system,
pedunculated polyps can be classified into five levels: levels 0
-4 (Fig. 6). Level 0 indicates that cancer cells are limited to the
mucosa but do not penetrate through the muscularis mucosa
(carcinoma in situ or intramucosal carcinoma). Level 1 means
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Table 3. Essential Elements in the Surgical Pathology Report for a Malignant Polyp

Features Categories Methods/criteria Required/ Clinical significance
preferably
Polyp configuration Pedunculated Well-developed stalk Yes Recurrence risk
Semipedunculated Short stalk
Sessile No stalk
Procedure Polypectomy Acquire information from Yes Recurrence risk
the endoscopic report
EMR
ESD
Specimen intactness En bloc One piece Yes Recurrence risk
Piecemeal More than one piece
Invasive adenocarcinoma  Present Infiltrative glands below MM Yes Nodal metastasis risk;
may require resection
Absent All neoplastic glands are above MM
Size of invasive Continuous variable ~ Only measure the size of Yes None
adenocarcinoma the invasive component
Grade Well > 95% glandular formation Yes Poor differentiation
prompts a resection.
Moderate 50-95% glandular formation
Poor < 50% glandular formation
LVI Small vessel LVI Tumor cells within Yes Presence of LVI prompts
endothelium lined spaces a resection.
Muscular venous Tumor cells present in a muscular vein
invasion
Deep margin status Positive Invasive carcinoma at or within Yes Positive margin prompts
1 mm from the margin a resection.
Negative Invasive carcinoma greater
than 1 mm from the margin
Indeterminate Applies to piecemeal specimen
Depth of submucosal Pedunculated polyp  From the head-stalk junction Yes Invasion > 1,000 pm into the
invasion to the deepest invasion submucosa prompts a resection.
Sessile polyp From MM to deepest invasion
From the most superficial
portion of invasion to the deepest
invasion if MM absent
Tumor budding (in an area Low level 1 - 4 tumor buds Yes Intermediate or higher tumor
measuring 0.785 mm?) budding may prompt a
resection in some practices.
Intermediate level 5 - 9 tumor buds
High level 10 or more tumor buds
Micropapillary features Present Presence of small and tight clusters of =~ Preferably  Risk for LVI and nodal
tumor cells within cleft-like spaces metastasis, poor prognosis
Absent Absence of small and tight clusters of
tumor cells within cleft-like spaces
Immunohistochemistry Intact Nuclear immunoreactivity Yes Loss of MMR leads to
for MMR proteins workup for LS.
Loss Absence of nuclear immunoreactivity

EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection; MM: muscularis mucosae; LVI: lymphovascular invasion; MMR:
mismatch repair; LS: Lynch syndrome.
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Level 0

Level 1

Level 2 Level 3

Level 4

Mucosa

Submucosa

Figure 6. An illustration of Haggitt levels for pedunculated polyps.
Level 0: tumor is limited to the mucosa without invasion into the sub-
mucosa. Level 1: tumor invades into the submucosa but is limited to
the head of the polyp. Level 2: tumor invades into the polyp’s neck (the
junction of the head and the stalk). Level 3: tumor invades into the stalk.
Level 4: tumor invades beyond the stalk of the polyp but remains above
the muscularis propria. The depth of submucosal invasion is measured
from the polyp’s neck to the deepest portion of the invasion (green
arrow).

(level 2) and stalk of the polyp (level 3). However, if the depth
of invasion reached the base of the stalk (level 4), then the in-
cidence of lymph node metastasis was up to 27%. The author
concluded that the most significant risk factor for lymph node
metastasis in a malignant polyp was tumor invasion into the

Figure 7. H&E stain of a pedunculated malignant polyp. The tumor
invades into the submucosa but is confined to the head of the polyp
(Haggitt level 1). H&E: hematoxylin and eosin.
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Muscularis Mucosae: Mucosa

Submucosa

Muscularis Mucosa

Submucosa

Figure 8. An illustration of sessile polyps and measurements for the
depth of submucosal invasion. Sessile polyps grow in a flattened con-
formation over the mucosa. (a) The depth of submucosal invasion is
usually measured from the muscularis mucosae to the deepest aspect
of invasion (green arrow). (b) However, if the muscularis mucosae layer
is completely obliterated by the tumor, the measurement is taken from
the most superficial portion of invasion down to its deepest extent of
invasion (green arrow).

submucosa of the bowel wall (level 4) [58]. Therefore, these
findings suggest that only malignant polyps with invasion into
Haggitt level 4 require a formal resection. The use of Haggitt
levels in malignant polyps has been recently succeeded by sub-
mucosal invasion measurements pioneered by Kudo et al [59]
and Kikuchi et al [60].

Submucosal invasion measurement and cutoff

Submucosal invasion of adenocarcinoma in sessile polyps is
further classified into three levels by Kudo et al [59] and Ki-
kuchi et al [60]. Sessile polyps with invasion into the upper
third of the submucosa are designated as Sm1. Sm2 indicates
that a sessile polyp has invasion into the middle third of the
submucosa. Sm3 indicates that the invasive component ex-
tends into the lower third of the submucosa. One study showed
that Sm3 sessile lesions are associated with a significantly
higher risk of lymph node metastasis, which can be up to 23%
[61]. This classification system has been further modified to be
a more practical way of measuring the degree of submucosal
invasion from the muscularis mucosae [62] (Figs. 8a and 9a).
However, if the muscularis mucosae layer is completely oblit-
erated by tumor, the measurement is taken from the most su-
perficial aspect of invasive adenocarcinoma down to its deep-
est extent (Figs. 8b and 9b). For pedunculated polyps, Haggitt
level 2 (the junction of the polyp’s head and its stalk) is used
as the baseline, and this is also referred to as the “Haggitt line”.
The depth of submucosal invasion is measured from the Hag-
gitt line to the deepest portion of invasion (Fig. 6). This study
found that the incidence of lymph node metastasis was zero for
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Figure 9. Two sessile polyps and their respective measurements for depth of submucosal invasion. (a) The muscularis mucosae
are apparent in this polyp. The depth of submucosal invasion is measured from the muscularis mucosae to the deepest invasive
component (black arrow). (b) The muscularis mucosae are obliterated by carcinoma in this polyp. Thus, the submucosal invasion
measurement is taken from the most superficial aspect of tumor invasion down to its deepest extension (black arrow).

pedunculated malignant polyps with stalk invasion and also
for cases with depth of submucosal invasion less than 3,000
um without lymphatic invasion. For nonpedunculated submu-
cosal invasive colorectal adenocarcinomas, the rate of lymph
node metastasis was zero if the depth of submucosal invasion
was less than 1,000 um [62].

A meta-analysis of the literature demonstrates that in both
sessile and pedunculated malignant polyps, a depth of submu-
cosal invasion > 1,000 um was significantly associated with
lymph node metastasis (odds ratio (OR) 3.87 (95% confidence
interval (CI) 1.50 - 10.00); P = 0.005) [63]. Another meta-
analysis study also found that an invasion depth of > 1,000 pm
into the submucosa showed a strong increase in relative risk
(RR) for lymph node metastasis (RR 5.2 (95% CI 1.8- 15.4))
[64]. One study with 116 surgically resected pT1 colorectal
carcinomas showed that the depth of submucosal invasion >
1,000 um (P = 0.04) was significantly associated with lymph
node metastasis on univariate analysis for both sessile and pe-
dunculated polyps [65]. In a retrospective multi-institutional
cross-sectional study of 806 pT1 colorectal cancer cases, the
depth of submucosal invasion > 1,000 pm (OR 5.56 (95%
CI 2.14 - 19.10)) is an independent predictor of lymph node
metastasis for both sessile and pedunculated polyps by mul-
tivariate analysis [10]. According to the Japanese Society for
Cancer of the Colon and Rectum guidelines 2019 for treatment
of colorectal cancer, if the depth of submucosal invasion is >
1,000 pum, intestinal resection with lymph node dissection is
recommended [66, 67]. The overall data and guidelines sug-
gest that a depth of submucosal invasion > 1,000 pm is signifi-
cantly associated with lymph node metastasis for both sessile
and pedunculated polyps. Due to the significance of measuring
submucosal invasion in malignant polyps, the measurements
are best performed by ocular micrometer or by images cap-
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tured on camera using software.
Differentiation

Tumor differentiation has been shown to be associated with ad-
verse outcomes in colorectal cancer. Three tumor grades have
been described for malignant colorectal tumors. Grade 1 is a
well-differentiated intestinal-type adenocarcinoma, composed
of well-formed glands with open lumina or with more than 95%
glandular differentiation. Grade 2 adenocarcinoma is a moder-
ately differentiated intestinal-type adenocarcinoma, which has
50-95% glandular differentiation. Grade 3 adenocarcinoma is a
poorly differentiated carcinoma which contains less than 50%
glandular differentiation [68] (Fig. 10). Poorly differentiated ad-
enocarcinomas are associated with significantly increased mor-
tality (OR 9.2; P < 0.05) [8]. One meta-analysis of histopatho-
logical factors contributing to the risk of lymph node metastasis
in early colorectal cancer revealed that poorly differentiated
adenocarcinomas, compared with well or moderately differen-
tiated adenocarcinoma, were significantly associated with the
incidence of lymph node metastases (OR 5.60 (95% CI 2.90 -
10.82); P < 0.00001). In contrast, well-differentiated adenocar-
cinomas had a significantly lower risk of lymph node metastases
than moderately or poorly differentiated tumors (OR 4.74 (95%
CI 3.37 - 6.67); P <0.00001) [63]. Another meta-analysis also
concluded that patients with poorly differentiated adenocarci-
noma in malignant colorectal polyps had higher rates of lymph
node metastases or hematogenous metastases. Poorly differenti-
ated adenocarcinomas in malignant colorectal polyps also had a
significantly higher cancer-related mortality compared to their
counterparts [69]. According to the Japanese Society for Cancer
of the Colon and Rectum guidelines 2019 for the treatment of
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Figure 10. H&E stain of a malignant polyp. Grade 3 adenocarcinoma
is a poorly differentiated carcinoma which contains less than 50% glan-
dular differentiation. H&E: hematoxylin and eosin.

colorectal cancer, if there is poorly differentiated adenocarci-
noma present in a polyp, intestinal resection with lymph node
dissection is recommended [66].

Deep margin status and cutoff value

The distance of invasive adenocarcinoma from the deep re-
section margin correlates closely with the risk of recurrence.
The risk of disease recurrence ranges from 0% to 2% in malig-
nant polyps if the distance of invasive adenocarcinoma from
the resection margin is greater than 1 mm. However, when the
resection margin is involved, or if the distance from tumor to
the resection margin is less than 1 mm, the risk of tumor recur-
rence ranges between 21% and 33% [70, 71]. Historically, the
cutoff for a positive margin was set at 2 mm from the tumor, as
studies have shown that the possibility of residual disease or
tumor recurrence is low [70, 72-75]. However, current College
of American Pathologists colorectal cancer protocol notes that
the presence of tumor at or less than 1 mm from the resec-
tion margin has an increased risk for an adverse outcome, and
therefore has set the cutoff at 1 mm. Malignant polyps with
invasive adenocarcinoma at the deep margin or within 1 mm
of the closest deep margin (Fig. 11) are considered incomplete
resections and need subsequent oncologic resection to reduce
the risk for local recurrence.

Lymphovascular invasion

Lymphovascular invasion has been found to be significantly as-
sociated with the risk of lymph node metastasis in many studies
[48, 76-79]. Early studies found that lymphatic channels are of-
ten present near nests of infiltrating tumors in malignant polyps
[68, 80], and that the occurrence of lymphovascular invasion is
generally found in malignant polyps with positive resection mar-
gins and/or the presence of poorly differentiated tumors [75, 81].
The prevalence of venous invasion in malignant polyps ranges
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Figure 11. H&E stain of a cauterized polyp margin with tumor. A posi-
tive deep margin in a malignant polyp is defined as the presence of
invasive adenocarcinoma within 1 mm of the inked or cauterized deep
margin. H&E: hematoxylin and eosin.

from 3.5% to 39% [82]. Venous invasion is associated with
lymphatic invasion, a resection margin of less than 2 mm and/
or poor differentiation. Although it is not recommended to rou-
tinely perform immunohistochemical staining for the detection
of the lymphovascular invasion, stains such as D2-40, CD31,
factor VIII, CD34 and ERG can be very helpful for confirming
lymphovascular invasion in equivocal cases [83, 84]. Similarly,
it is not recommended to routinely perform Verhoeff-Van Gie-
son (VVG) stain for venous invasion, but VVG stain can be used
to confirm venous invasion in equivocal cases (Fig. 12).

Tumor budding

Tumor budding is defined as the presence of single tumor cells
or small clusters of less than five tumor cells at the advancing
front of the tumor (Fig. 13). Per an International Tumor Bud-
ding Consensus Conference (ITBCC) in 2016 [85], tumor bud-
ding counts should be done on hematoxylin and eosin (H&E)
sections, and tumor budding should be reported by select-
ing a “hotspot” which is chosen after reviewing all available
slides with invasive tumor. The total number of tumor budding
should be reported in an area measuring 0.785 mm?, which
corresponds to a x 20 field in some microscopes. For a specific
microscope, the tumor bud count per 0.785 mm? can be calcu-
lated by dividing the bud count on a x 20 field by the normali-
zation factor. Both the total number of buds and a three-tier
score (based on a 0.785 mm? field area) should be reported:
low (0 - 4 buds), intermediate (5 - 9 buds) and high (10 or more
buds). Studies have shown that high tumor budding is a signifi-
cant risk factor for lymph node metastasis in adenocarcinomas
arising from polyps [64, 86-90]. One meta-analysis of histo-

www.gastrores.org



Kuo et al

Gastroenterol Res. 2020;13(5):163-183

Figure 12. VVG stain is used to evaluate for large vessel invasion.
(a) VVG stain reveals venous invasion in this case of invasive adeno-
carcinoma. (b) H&E stain demonstrates orphan arterioles associated
with adjacent venous invasion. VVG: Verhoeff-Van Gieson; H&E: he-
matoxylin and eosin.

pathological factors influencing the incidence of lymph node
metastasis in early colorectal cancer also revealed that tumor
budding is significantly associated with the risk of lymph node
metastasis (OR 7.74 (95% CI 4.47 - 13.39); P < 0.001) [63].
The Japanese Society for Cancer of the Colon and Rectum
guidelines 2019 for the treatment of colorectal cancer recom-
mends intestinal resection with lymph node if there are more
than five tumor buds at the site of deepest invasion [66, 67].

Poorly differentiated clusters (PDCs)

PDCs are defined as clusters of more than five tumor cells that
have no gland formation and show invasion into the stroma
(Fig. 13). In one study of advanced colorectal cancer, PDCs
were classified into three grades. Grade 1 PDCs are tumors
with <10 clusters in a microscopic field of a x 4 objective lens.
Grade 2 PDCs are tumors with > 10 clusters in a microscopic
field of a x 4 objective lens. Grade 3 PDCs are tumors with
poorly differentiated tumor clusters fully occupying the micro-
scopic field of a x 40 objective lens. The authors found that pa-
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Figure 13. H&E stain demonstrating tumor budding. Tumor budding is
defined as the presence of single tumor cells or small clusters of less
than five tumor cells at the advancing front of the tumor (short arrows).
Cancer clusters of more than five tumor cells showing invasion into
the stroma without gland formation are defined as poorly differentiated
clusters (long arrow). A high level of tumor budding is associated with
nodal metastasis in early colorectal adenocarcinoma. A high level of
poorly differentiated clusters is associated with a high recurrence rate.
H&E: hematoxylin and eosin.

tients with tumors showing grade 1 PDCs had a very favorable
prognosis, with a 99.3% cancer-related 5-year survival rate.
However, the 5-year survival rate was 86.0% for tumors with
grade 2 PDCs and 68.9% for tumors with grade 3 PDCs (P <
0.0001 in each group). Multivariate analysis revealed that the
grades of PDCs were an independent prognosticator [91]. A dif-
ferent study also classified colorectal cancer into three grades
according to their respective PDCs, but used different cutoff
numbers: grade 1: <5, grade 2: 5 - 9 and grade 3: > 10 PDCs.
This study showed that different tumor PDC grades were sig-
nificantly associated with recurrence-free survival rates. The
recurrence-free survival rates were 91.6% for grade 1, 75.4%
for grade 2 and 59.6% for grade 3 (P < 0.0001) [92]. Another
study found that the PDC-based grading system had a higher
weighted « coefficient for interobserver variability (five ob-
servers) compared to conventional grading systems, which are
based on degrees of tumor differentiation [93]. Furthermore,
a study suggested that grading of PDCs could be introduced
in routine histopathological reports of colorectal cancer and
be used for therapeutic decision making [94]. However, the
significance of PDCs may be overlapped with poor differentia-
tion of the tumors. Additional studies are needed to validate
the significance of PDCs, independent of other adverse factors.

Micropapillary features

Colorectal adenocarcinomas that show micropapillary features
are associated with lymph node dissection metastases. A mi-
cropapillary pattern is characterized by small, tight clusters of
tumor cells with cleft-like spaces (Fig. 14). In a study of 178
cases of colorectal carcinoma, a micropapillary component was
seen in 34 (19.1%) cases. Lymph node metastases were found
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Figure 14. Invasive colorectal adenocarcinoma demonstrating a mi-
cropapillary growth pattern. A micropapillary pattern is characterized by
small and tight clusters of tumor cells with surrounding cleft-like spac-
es. This histologic feature is associated with lymphovascular invasion
and nodal metastasis.

in 61 of 144 (42.4%) cases that did not have a micropapillary
component and in 25 of 34 (73.5%) carcinomas that contained
a micropapillary component (P = 0.001). Similarly, the rate of
lymphovascular invasion was significantly lower in carcino-
mas without a micropapillary component (20.1%) and more
frequently identified in carcinomas with a micropapillary com-
ponent (41.2%; P <0.05) [95]. Another study showed that colo-
rectal carcinomas with micropapillary architecture had higher
frequency of infiltrative features, higher rates of lymphovas-
cular and perineural invasion, greater depths of invasion, and
more positive lymph nodes compared to conventional adeno-
carcinomas [96]. Furthermore, Pyo et al reported that colorec-
tal carcinomas with micropapillary pattern had higher rates of
vascular and lymphatic invasion, higher metastatic lymph node
ratios, and higher pT stages compared to colorectal carcinomas
without a micropapillary pattern. The presence of a micropapil-
lary pattern in colorectal carcinomas was significantly corre-
lated with worse overall survival (P = 0.010) [97]. Altogether,
these studies suggest that colorectal carcinomas with micropap-
illary pattern have a worse prognosis. However, the prognostic
significance of this feature in malignant polyps is unknown,
and additional intra- and inter-observer agreement studies are
needed in the setting of malignant polyps.

Desmoplasia type

Desmoplastic reactions have been classified into three types
based on the products of activated fibroblasts: immature, in-
termediate and mature type [98]. An immature desmoplastic
reaction is defined as the presence of myxoid stroma greater
than a microscopic field of a x 40 objective lens within the
extramural tumor front. If the myxoid stroma does not cover a
x 40 field and the extramural tumor front has keloid-like col-
lagen fibers, then the stroma has an intermediate desmoplastic
reaction (Fig. 15). A mature desmoplastic reaction shows fine
collagen fibers in the absence of both myxoid stroma (greater
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Figure 15. Invasive colorectal adenocarcinoma with an intermediate
desmoplastic stromal reaction. Intermediate desmoplasia is character-
ized by the presence keloid-like collagen and myxoid stroma less than
a microscopic field of a x 40 objective lens.

than a microscopic field of a x 40 objective lens) and keloid-
like collagen. It has been reported that desmoplastic reaction
was the strongest prognostic indicator of disease-specific
survival in stage II colorectal cancer among the risk factors
examined, including tumor budding, PDCs and Crohn-like
lymphoid reaction [99]. In addition, categorization of desmo-
plastic reaction was significantly associated with tumor loca-
tion, pT and pN stages, tumor differentiation, venous invasion,
tumor budding and Crohn-like lymphoid reaction (P < 0.0001
- 0.008) in stage II and III colorectal cancer patients. Immature
desmoplastic reactions were found to have high incidences of
recurrence in the liver, lung, lymph nodes, peritoneum and lo-
coregional areas (P <0.0001 - 0.002). The 5-year disease-free
survival rate was highest in the mature desmoplastic reaction
group (87%), followed by the intermediate group (72%) and
the immature group (49%; P < 0.0001) [100]. Another study
found that the 5-year relapse-free survival rate was highest in
the mature desmoplastic reaction group (85.7%), followed by
the intermediate desmoplastic reaction (77.3%) and immature
(50.4%) desmoplastic reaction groups [98]. These studies sug-
gest that desmoplastic reaction is a strong prognostic indicator
and the immature desmoplastic reaction is associated with a
worse prognosis compared to mature and intermediate desmo-
plastic reactions. The prognostic significance of this feature in
malignant polyps and the degrees of intra- and inter-observer
agreement have not yet been studied.

Other Special Issues
Intramucosal adenocarcinoma

Intramucosal carcinoma is defined as carcinoma invading into
the lamina propria without extension through the muscularis
mucosae. It is also called carcinoma in situ (pTis) (Fig. 16).
Lymphatic channels are normally present in the superficial
submucosa and within the muscularis mucosae in the colon
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Figure 16. Colonic adenoma with focal intramucosal high-grade neu-
roendocrine carcinoma. (a, b) Tubular adenoma with a single cluster
of cells exhibiting extremely high nuclear to cytoplasmic ratio and brisk
apoptosis, breaching the basement membrane of the glands. (c) This
focus is strongly positive for synaptophysin. Ki-67 immunolabeling
showed a high proliferative index of up to 90% (not depicted).

[101]. There is a near absence of lymphatics within the colonic
mucosa. Therefore, intramucosal carcinoma in the colon is as-
sociated with negligible potential for lymph node metastasis.
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Intramucosal carcinoma in a colonic polyp with negative mar-
gins usually does not require further surgery [68]. A subset of
intramucosal adenocarcinoma can be poorly differentiated and
limited experience suggests that a conservative approach with-
out oncological resection may be adequate if the entire polyp
is removed and can be evaluated for depth of invasion [102].
However, additional larger studies are needed to truly deter-
mine the risk of metastasis of poorly differentiated intramu-
cosal adenocarcinomas of the colorectum. The World Health
Organization (WHO) recommends using the term “high-grade
dysplasia” instead of intramucosal carcinoma in the colon. Al-
though the terminology of intramucosal carcinoma is not rec-
ommended for use in completely resected polyps/lesions, some
pathologists may use this term when the intramucosal adeno-
carcinoma is poorly differentiated and the polyp is completely
removed by polypectomy. Additionally, in biopsies or partially
resected specimens, the term “intramucosal adenocarcinoma”
or “at least intramucosal adenocarcinoma’ may be used to indi-
cate the “malignant” and uncertain behavior of the lesion.

Intramucosal signet-ring cell carcinoma

Primary signet-ring cell carcinomas of the colon and rectum
were first described by Laufman and Saphir in 1951 [103].
Signet-ring cell carcinomas are characterized by tumor cells
with abundant intracytoplasmic mucin and peripherally placed
nuclei. The prevalence of signet-ring cell carcinoma is less
than 3% of colorectal cancers [104, 105], and they are usu-
ally diagnosed at an advanced stage. Intramucosal signet-ring
cell carcinoma in the colorectum is rare [102, 106-112]. It has
been reported that colorectal signet-ring cell carcinoma may
have an adenomatous component [106, 109]. Tumors show-
ing signet-ring cells without accompanying adenoma or other
types of cancer cells were also reported [113]. Due to these
conflicting reports, it is not clear whether signet-ring cell car-
cinoma arises from a pre-existing adenomatous polyp or via a
de novo pathway [114]. It has been suggested that intramucosal
signet-ring cell carcinoma in the colorectum can be managed
endoscopically [102]; however, larger studies are needed. Ac-
cording to the Japanese Society for Cancer of the Colon and
Rectum guidelines 2019 for the treatment of colorectal cancer,
after endoscopic resection of a pT1 colorectal cancer, intestinal
resection with lymph node dissection is recommended as an ad-
ditional treatment if signet-ring cell carcinoma is present [66].

Intramucosal neuroendocrine carcinoma

Intramucosal neuroendocrine carcinoma is extremely rare in
the colon. One case of intramucosal neuroendocrine carcinoma
in the rectosigmoid colon was detected by flexible sigmoidos-
copy as a 40 mm sessile polyp [115]. Histologically, it showed
fragments of tubulovillous adenoma with extensive high-grade
dysplasia, and a single 1 mm focus of intramucosal neuroendo-
crine carcinoma was identified. The tumor cells were strongly
and diffusely positive for both synaptophysin and chromogra-
nin A, with a Ki-67 proliferation index of nearly 100%. Both
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components of tubulovillous adenoma and intramucosal neu-
roendocrine carcinoma had intact expression of mismatch
repair proteins MLH1, PMS2, MSH2 and MSH6 by immu-
nohistochemistry. The patient was alive 1 year after the pol-
ypectomy. Another similar case was reported; however, details
of the treatment were not provided [102]. It is unknown wheth-
er polypectomy is an adequate treatment for intramucosal neu-
roendocrine carcinoma. Gaffey et al reported an intramucosal
neuroendocrine carcinoma removed by colectomy. No nodal
or distant metastases were identified at the time of colectomy;
however, no follow-up information for this patient was report-
ed [116]. Very little is known about colorectal intramucosal
neuroendocrine carcinomas and their biological behavior.

Gut-associated lymphoid tissue (GALT) or “dome” carci-
noma of the colon

GALT/dome-type carcinomas of the colon are thought to arise
from M cells within the lymphoglandular complex (LGC) of
the intestine. M cells are specialized columnar epithelial cells
(microfold, glycocalyx-free “M cells”) that overlie the lym-
phoid follicles of the gut and form a single cell layer. M cells
function by translocating antigens and pathogens from the gut
lumen to the underlying lymphoid population. Epithelium of
the LGC may herniate into the submucosa, forming so-called
“ectopic colonic mucosa”, more commonly seen in patients
with inflammatory bowel disease [117]. Conventional colonic
adenomatous dysplasia may extend along the mucosa and into
invaginations of the LGC within the submucosa.

Dome carcinoma was first described in a patient with ul-
cerative colitis with the coined term “GALT carcinoma”. Later,
the term “dome-type carcinoma” was used by De Petris [118].
Endoscopically, dome-type carcinomas are elevated, dome-
like, or plaque-like/sessile lesions. Histologically, dome-like
carcinomas comprise of dilated, malignant/dysplastic glands
lined by columnar epithelial cells with eosinophilic cytoplasm
and a background of prominent lymphoid tissue [118]. GALT/
dome-type carcinoma affects both genders, with wide ranges
in age of presentation (36 - 77 years) and tumor size (5 - 30
mm) [119]. All GALT/dome-type carcinomas have been found
to be microsatellite stable. Almost all GALT/dome-type car-
cinomas are limited to the submucosa, and recurrences and
metastases to lymph nodes or distant sites have not been docu-
mented. Limited experience suggests that adequate local exci-
sion is sufficient treatment for GALT/dome-type carcinomas.

GALT/dome-type carcinoma should be distinguished
from LGC involvement by conventional adenoma. The pres-
ence of dilated glands lined by eosinophilic columnar cells
and closely intermingled with lymphoid tissue favors GALT/
dome-type carcinoma. MSI-H colorectal adenocarcinoma may
have prominent lymphoid tissue, mimicking GALT/dome-like
carcinoma. Conventional dysplasia will exhibit more cytologic
atypia with vesicular nuclei and prominent nucleoli. Conven-
tional dysplasia will also not have the eosinophilic cytoplasm
or cystic dilatations seen in GALT/dome-type carcinomas. An
MSI-H status will distinguish the two entities from each other.
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Figure 17. Colonic glandular neoplasia can involve submucosal lym-
phoglandular complexes (LGCs) and pose diagnostic challenges. In
this case, the focus of submucosally located dysplastic glands is entire-
ly surrounded by lymphoid aggregates. This focus is also in continuity
with the overlying surface adenoma on additional levels (not depicted).

Colonic submucosally invasive adenocarcinoma involving
submucosal LGCs

Colonic glandular neoplasia can involve submucosal LGCs
and pose diagnostic challenges. A diagnostic pitfall would
be to diagnose a colonic adenomatous polyp involving sub-
mucosal LGCs as an invasive adenocarcinoma. Histologic
features supporting involvement of LGCs by an adenoma
include continuity of glands with the overlying surface ad-
enoma, presence of lymphoid tissue completely surrounding
dysplasia (Fig. 17) and confinement of dysplastic glands in
the LGCs to the lamina propria [120]. Some cases may show
fibrosis associated with the dysplastic glands within submu-
cosal lymphoid tissue. The fibrosis seen in these cases are
more layered, do not show an edematous appearance and
should not be in direct contact with the dysplastic glands
[120]. In contrast, invasive colonic adenocarcinomas involv-
ing submucosal LGCs often extend beyond the lymphoid ag-
gregates into submucosa, and thus are often only partially
surrounded by lymphoid aggregates [120]. In colonic glan-
dular neoplastic lesions closely associated with submucosal
LGCs, identification of single cells/small clusters, abortive/
irregular glands, solid tumor growth, desmoplasia in direct
contact with malignant glands, intraluminal necrosis and/or
lymphovascular invasion can help diagnose submucosally
invasive adenocarcinoma involving LGCs [120].

Composite intestinal adenoma-microcarcinoid

A composite intestinal adenoma-microcarcinoid is a much
rarer colorectal lesion than a microcarcinoid. It is comprised
of conventional adenomatous components intermingled with
smaller microcarcinoids [121] (Fig. 18). A total of 52 cases
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Figure 18. Composite intestinal adenoma-microcarcinoid consists of colonic adenoma and microcarcinoid. (a, b) Microcarcinoids
in these lesions are more commonly well-differentiated neuroendocrine cells arranged in small clusters, glands, or cords in the
basal lamina propria. (c, d) These cells are positive for synaptophysin (c) and have low Ki-67 immunolabeling (d).

have been reported in the literature [121-127]. In brief, com-
posite intestinal adenoma-microcarcinoids occur in a wide
age range, from 28 to 82 years of age and have a nearly equal
distribution between men (n = 28) and women (n = 24) (male/
female = 1.17:1). The size of the polyp ranges from 5 to 127
mm in greatest dimension. Histology of the glandular com-
ponent may show that of a tubular adenoma or tubulovillous
adenoma, and the glandular component is rarely composed
of an intramucosal adenocarcinoma or invasive adenocarci-
noma [122]. The microcarcinoid component of these lesions
range in size from 0.5 to 20 mm and are commonly composed
of well-differentiated neuroendocrine cells arranged in small
clusters, glands or cords. The neuroendocrine component
is often situated at the base of the lamina propria, without
submucosal involvement. There have been no cases to date
that showed significant proliferative activity in the microcar-
cinoid components by Ki-67 immunolabeling. Notably, the
neuroendocrine component can also form cellular aggregates
resembling squamous morules [125, 127]. The presence of
focal “desmoplastic” stromal change, along with individual
or small nests of infiltrating cells, can be misdiagnosed as
invasive adenocarcinoma in a polypectomy specimen and
lead to unnecessary surgery [122]. Recognition of the typical
well-differentiated neuroendocrine features, supplemented
with immunohistochemistry for chromogranin and/or synap-
tophysin, is critical for the diagnosis. Complete removal of
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composite intestinal adenoma-microcarcinoids is considered
curative, with one exceptional case showing metastatic high-
grade neuroendocrine carcinoma involving one lymph node
[123].

Changes related with tattoo and Orise gel

Endoscopic tattooing is a useful method for surgical/endo-
scopic localization of small lesions within the colon. It is com-
monly used for preoperative localization of lesions [128-130],
but may also be used to identify the sites of locally advanced
rectal cancer before neoadjuvant chemoradiation therapy. En-
doscopic tattooing is often regarded as a minimally invasive
procedure without risks for major complications. However,
few complications of endoscopic tattooing have been docu-
mented in the literature, especially with the use of India ink.
Tattooing the colon with India ink can cause fat necrosis, in-
flammatory pseudotumors [131], idiopathic inflammatory
bowel disease [132] and peritoneal tumor metastases [133].
Spot (carbon black) is a newer ink that has been approved by
the US Food and Drug Administration (FDA) for endoscopic
tattooing. Spot is composed of a sterile suspension of carbon
particles, and it has been reported to remain in tissue for up to 1
year after injection [134]. Endoscopic tattooing of tumors with
Spot can also inoculate tumor cells into the peri-colonic adi-
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pose tissue through a transmural tract [135]. Circumferential
injection of tattoo ink should be performed by the endoscopist
in order to avoid the possibility of pushing tumor cells into
benign tissue with the injection needle [135-137].

Colorectal polyps are often removed endoscopically by
first injecting a submucosal lifting agent to fully visualize and
completely remove the polyps. In the past, saline has been the
most commonly used solution for this purpose. Orise is a new
lifting agent which, unlike other submucosal lifting agents, has
the advantage of immediate availability without requiring me-
dia preparation during the procedure. Histologically, Orise at
the previous injection site has been reported to show deposi-
tion of pink, hyalinized, amorphous, ribbon-like/globular ma-
terial in the submucosa with associated foreign body giant cell
reaction and fibrosis, even in areas beyond the injection site.
These histologic features are similar in morphology to amy-
loid; however, Congo red stain will be negative for Orise [138,
139]. Compared to amyloid, the changes associated with Orise
are more cellular, denser and more deeply eosinophilic. The
histologic changes caused by Orise deposits will also show
overlap with hyalinized pulse granulomata because both may
have giant cell reactions associated with eosinophilic material.
The eosinophilic material in hyalinized pulse granulomata will
not show staining on Congo red and periodic acid-Schiff (PAS)
stains. In contrast, Orise deposits are positive for PAS with
diastase (PAS/D) [138]. The Orise deposits can also histologi-
cally mimic mucin in specimens that are immediately resected
after Orise injection (Fig. 19), and these features may cause
diagnostic challenges and lead to misdiagnosis of mucinous
adenocarcinoma. Awareness of Orise injections performed
during the procedure and the visualization of uniform gray-
pink material in the submucosa without associated stromal or
inflammatory responses are helpful clues to avoid the diagnos-
tic pitfall. In doubtful cases, a mucin stain such as PAS/D stain
will prove useful, as Orise is PAS/D negative in the polypec-
tomy specimen removed immediately after injection [140].

Conclusion

Colorectal malignant polyps are cancerous polyps that con-
sist of tumor cells invading through the muscularis mucosae
into the underlying submucosa. The potential for lymph node
metastasis in these polyps ranges from 8.5% to 16.1%. Cor-
rectly diagnosing and reporting adverse histologic features
of malignant polyps are critical for clinical teams to make
subsequent treatment decisions and establish appropriate
surveillance schedules after local excision of these polyps.
There are an increasing number of identifiable adverse his-
tologic features including Haggitt level 4, depth of invasion
>1,000 um, poor tumor differentiation, positive deep margin
(tumor at or within 1 mm of the deep margin), lymphovas-
cular invasion, tumor budding and micropapillary features
which should be reported in the pathology report in cases
of malignant polyp. There are recent advancements in endo-
scopic treatment techniques including more use of ESD. As
gastroenterologists and pathologists, we need to be aware of
all the factors and different treatment options in order to pro-
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Figure 19. Orise in the polypectomy specimen removed immediately
after Orise injection may closely mimic mucin. (a, b) Mucin associated
with crypt rupture is seen above the muscularis mucosae. Orise gel can
be seen below the muscularis mucosae.

vide patients with the best care after local excision of their
malignant polyps. Proper endoscopic/macroscopic and mi-
croscopic pathologic assessments of polyps are required in
an era of precision medicine.
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