
Contents lists available at ScienceDirect

Annals of Diagnostic Pathology

journal homepage: www.elsevier.com/locate/anndiagpath

Review Article

Diagnostic and reporting issues of preneoplastic polyps of the large intestine
with early carcinoma

Dale C. Snover
The University of Minnesota Medical School, Department of Laboratory Medicine and Pathology, 240 Delaware St SE, Minneapolis, MN 55455, USA

A R T I C L E I N F O

Keywords:
Conventional adenoma
Sessile serrated adenoma
Traditional serrated adenoma
Carcinoma arising in adenoma

A B S T R A C T

Premalignant polyps of the large intestine are common specimens in surgical pathology. They consist of several
different subtypes identifiable by histological criteria that are associated with different molecular characteristics
and with the development of different types of colorectal carcinoma. The most common of these is the con-
ventional adenoma, which most commonly leads to carcinomas with a low degree of methylation (CIMP-L) that
are microsatellite stable. In Lynch syndrome patients these polyps lead to CIMP-L carcinomas that are micro-
satellite instable. The second most common is the sessile serrated adenoma, which leads to carcinomas with a
high degree of methylation (CIMP-H) that may be either microsatellite stable or instable. The least common
premalignant polyp is the traditional serrated adenoma, which can lead to either CIMP-L or CIMP-H carcinomas,
most often microsatellite stable. This paper will review the histological features of these lesions, discuss pro-
blems in diagnosis and discuss the role of histology in management.

It is generally accepted that most if not all carcinomas of the large
intestine, excluding those arising in the background of chronic in-
flammatory bowel disease, develop in a preexisting polyp. For sporadic
carcinomas, as well as carcinomas developing in familial adenomatous
polyposis, MUTYH-associated polyposis, Lynch syndrome and serrated
polyposis, these polyps are conventional adenomas (ConA), sessile
serrated adenomas/polyps (SSA/P) and traditional serrated adenomas
(TSA). Although some polyps generally considered hamartomatous
such as juvenile retention polyps may also develop malignancy, this
almost always occurs in the setting of a polyposis syndrome. The
pathway to development of carcinoma and the types of resulting tumors
varies depending on the precursor lesion, and may have implications
for therapy [1,2]. ConAs most often produce microsatellite stable (MSS)
CpG island methylator phenotype low (CIMP-L) carcinomas, although if
the patient has Lynch syndrome conventional adenomas develop into
microsatellite instable (MSI) CIMP-L carcinomas. About 60% of all
colorectal carcinomas are MSS and CIMP-L. About 5% are MSI and
CIMP-L and occur in Lynch syndrome. SSA/P develops into CpG island
methylator phenotype high (CIMP-H) carcinomas that may be either
MSS or MSI. This pathway accounts for approximately 30–35% of all
sporadic carcinomas, as well as most carcinomas arising in serrated
polyposis. The pathway to carcinoma development in TSA is still
somewhat controversial although it appears that carcinomas arising via
this pathway can be either CIMP-H or CIMP-L and most are MSS or
show a low degree of microsatellite instability (MSI-L) [3]. This

pathway probably accounts for< 5% of all sporadic carcinomas.
This article is intended to be a “primer” of diagnostic features and

reporting suggestions for preneoplastic polyps of the large intestine and
the carcinomas that develop in them. Details of the pathophysiology
and molecular aspects of the various lesions will not be discussed except
as necessary to explain the morphology.

1. Conventional adenoma

1.1. Diagnosis

Conventional adenomas arise from a mutation of the APC gene,
which results in cellular dedifferentiation and unrestricted cellular di-
vision [4]. Hence, a required feature of these lesions should be mitotic
activity at the surface of the polyp, away from the normal proliferative
zone at the base of the crypts, in association with some degree of
dedifferentiation of the cells (Figs. 1, 2). Although the textbook defi-
nition of a conventional adenoma defines adenoma by the presence of
“dysplasia”, aside from increased mitotic activity, it is very difficult to
find a clear definition of what the minimum criteria are for the iden-
tification of dysplasia. Typically dysplastic cells are less differentiated
than normal colonic mucosa, having decreased mucin (although this is
not always the case), and have nuclei that are considered “hyperchro-
matic”, which implies being more basophilic than normal nuclei (pre-
sumably due to increased chromatin due to chromosomal instability).
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Fig. 1. Conventional tubular adenoma with low grade dysplasia. Note that the
deeper crypts are not involved with dysplasia.

Fig. 2. Conventional tubular adenoma with low grade dysplasia. The dysplastic
cells demonstrate elongated nuclei which appear stratified although the cells
themselves are not stratified (“pseudostratified”) and have uniform chromatin
with small inconspicuous nucleoli. Mitoses can be identified, along with kar-
yorrhexis from apoptotic cells.

Fig. 3. Conventional tubular adenoma with high grade cytological dysplasia. In
comparison with Fig. 2, many of the nuclei are rounded and demonstrate
prominent single nucleoli. The cells appear truly stratified and mitoses are more
numerous.

Fig. 4. Conventional tubular adenoma with abundant mucin. While most con-
ventional adenomas have decreased mucin, in some cases goblet cells are
abundant, as in this case. The diagnosis of tubular adenoma is based on the
nuclear features of the cells and the presence of mitotic activity near the lu-
minal aspects of the crypts.

Fig. 5. Conventional tubular adenoma with prominent Paneth cell metaplasia.
This is usually seen in the deeper aspects of the crypts.

Fig. 6. Conventional tubular adenoma with morule formation. These squamoid-
appearing cells with a moderate amount of eosinophilic cytoplasm can be seen
near the base or mid portion of the crypts.
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Otherwise the shape and size of nuclei and the character of the cyto-
plasm has considerable variation from adenoma to adenoma. In typical
low grade dysplasia the nuclei are elongated and pseudostratified with
small inconspicuous nucleoli (Fig. 2). In higher grade conventional
dysplasia the nuclei become round, may show true stratification and
often have prominent nucleoli. In general, mitotic activity is greater in
areas of high grade dysplasia (Fig. 3). By definition, dysplasia is found
on the luminal aspects of conventional adenoma and may or may not
involve the deep crypts (Fig. 1). Although in many conventional ade-
nomas the cytoplasm of the tumor cells has little or no mucin, in some
cases, particularly more villous tumors, there may be abundant in-
tracytoplasmic mucin (Fig. 4). Several types of metaplasia may be su-
perimposed on conventional adenomas including Paneth cell meta-
plasia (in about 20% of ConAs), morule formation (squamoid
metaplasia)(0.4%), clear cell metaplasia (< 1%) and enteric metaplasia
(currently unknown in frequency)(Figs. 5–8) [5-7]. While these various
metaplasias may have some role in development of some rare malig-
nancies of the colon (in particular, clear cell carcinoma from clear cell
metaplasia and squamous carcinoma from squamous morules), the
simple presence of these metaplasias does not play a role in manage-
ment of ConAs.

In addition to cytological variation, there is considerable archi-
tectural variation in the overall growth pattern of the neoplastic cells.

They may have the appearance of simple growth of dysplastic cells in
normal preexisting crypts (Fig. 1), or may consist of more complex
arrays of tubules the same size or smaller than normal crypts (Fig. 9).
ConAs have also have varying proportions of villous growth (Fig. 10). It
seems probable that these variations in growth pattern reflect mole-
cular differences that have yet to be well defined aside from a reported
association between KRAS mutation and villous architecture [8,9].

1.2. Classification of ConA

Conventional adenomas are generally categorized by overall growth
pattern into tubular (TA), tubulovillous (TVA) and villous (VA) ade-
nomas and by the degree of cytological dysplasia into those with and
without high grade dysplasia. Villi are defined as long fingerlike pro-
jections with the neoplastic cells being present on the outer surface of
the villi, rather than being present within crypt-like structures resem-
bling normal crypts (Fig. 10). It has been well demonstrated that lesions
with more villous architecture are more likely to harbor carcinoma at
the time of their detection and hence they are considered closer to
carcinoma along the adenoma – carcinoma sequence of Fearon and
Vogelstein [10]. Therefore, these lesions have been termed “advanced
adenoma” (i.e. adenomas more advanced toward carcinoma). It is likely
that the increased surface area generated by villous architecture leads
to a greater propensity to develop secondary mutations due to exposure

Fig. 7. Conventional tubular adenoma with clear cell change. There is a crypt
showing conventional low grade dysplasia at the left, with the other crypts
demonstrating bubbly clear appearing cytoplasm.

Fig. 8. Conventional tubular adenoma with enteric metaplasia. The crypt at the
bottom demonstrates conventional low-grade dysplasia. The one near the
center of the picture demonstrates cells with abundant eosinophilic cytoplasm,
bland nuclei and an absence of mitotic activity.

Fig. 9. Conventional tubular adenoma with low-grade dysplasia and with a
much more complex growth pattern than that seen in Fig. 1.

Fig. 10. Conventional villous adenoma. In this lesion the low grade dysplastic
epithelium is located on the outside surface of long finger-like projections of
lamina propria.
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of the proliferating population of cells to promoters present in the stool.
The division into villous subtypes is arbitrarily defined by the percen-
tage of villous component. Typically,< 25% villous is considered a TA,
25–50% TVA and over 50% VA. Many years ago there was considerable
debate regarding the possibility that any villous component, regardless
of amount, might be important (and in point of fact, there were heated
arguments during that time with some authors contending that pure
tubular adenomas had no or negligible malignant potential), and recent
data would suggest that in point of fact, even small areas of villous
architecture might be important, increasing the risk of malignancy
[11].

ConAs are also classified on the basis of the degree of dysplasia into
those with only low grade dysplasia and those with high grade dys-
plasia. High grade dysplasia is a feature found more commonly in
ConAs harboring carcinoma and hence is another feature of “advanced”
adenoma. High grade dysplasia is perhaps more difficult to define than
villous architecture. Generally both cytological and architectural fea-
tures are taken into account. Cytologically high grade dysplasia is
characterized by round somewhat pleomorphic nuclei with prominent
nucleoli, often demonstrating a higher mitotic rate than the sur-
rounding low grade dysplasia (Fig. 3). The cells demonstrate true
stratification rather than pseudostratification, and this excess growth
eventually leads to architectural complexity with the formation of back
to back glands (Fig. 11).

1.3. Problems with the diagnosis of ConA

Issues with ConA occur in relationship to diagnosis (i.e. to identi-
fication of the lesion) and more commonly in regard to subclassifica-
tion.

Most ConAs are very straightforward to diagnosis. Most under-
diagnoses relate to insufficient sectioning of the tissue. Studies have
shown that in at least 10% of cases, when the endoscopist sees a polyp
and there is no polyp on the initial histological sections, cutting addi-
tional levels will identify a lesion that was missed [12]. This is no doubt
simply due to the orientation of a small biopsy specimen in the paraffin
block. Occasional careful examination will reveal a single small crypt
with cytological dysplasia that will become more apparent on deeper
levels. Occasionally ConAs will have accompanying mucosal hyper-
plasia that will resemble a goblet cell rich hyperplastic polyp (Fig. 12).
Therefore, when there are changes in a biopsy that are marginally di-
agnostic of a GCHP additional levels may reveal a ConA. Overdiagnosis
of ConA can occur when there is reactive atypia at the edge of an ulcer
that resembles ConA. In general caution is recommended when dealing

with ulcerated lesions, since most ConAs do not ulcerate, or if they do
then one should worry about possible malignancy. Reactive epithelial
changes at the edge of an ulcer can look very much like ConA but can

Fig. 11. Conventional tubular adenoma with architectural high grade dys-
plasia. The tumor cells are arranged in a complex arrangement with multiple
lumina created by bridges of cells unsupported by stroma. In this particular
example the cytology is not particularly high grade.

Fig. 12. A. The first 3 tissue levels of a rectal polyp demonstrating increased
goblet cells, crypt elongation and subtle serration suggestive of goblet cell rich
hyperplastic polyp. B. Deeper levels demonstrated a small tubular adenoma in
the center of the lesion (arrow).

Fig. 13. Rectal biopsy from an erosion caused by a rectal stent. Although much
of the biopsy appears “dysplastic”, the right side of the biopsy demonstrates an
erosion and there are several clearly reactive crypts in close association with the
more dysplastic area (arrows). This is all considered reactive atypia.
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usually be distinguished by the presence of clearly reactive epithelium
in direct continuity with the more dysplastic appearing cells (Fig. 13).
Since ConAs are clonal processes, there should be a clear and sharp
demarcation between the adenoma and the adjacent normal mucosa,
with no transitional-appearing cells. A rare condition that can simulate
ConA is endometriosis involving the colon (Fig. 14), which can usually
be recognized by the accompanying endometrial stroma. If one thinks
about this possibility, staining for CK7 and 20 (endometrosis with be
CK7+, CK20- and ConA the reverse) as well as CD10 to identify the
stroma will solve the problem.

In regard to classification, neither villous architecture nor high
grade dysplasia has a high degree of reproducibility. In the better de-
signed reproducibility studies (i.e. those studies looking at consecutive
series of unselected specimens), the kappa statistic for both changes is
generally poor, in the range of 0.30–0.35 [13,14]. In regard to villous
architecture, defining what constitutes a “villous structure” is not easy.
Some adenomas have short “stumpy” villous structures lining the sur-
face (Fig. 15), whereas other lesions have long villi that extend from the
muscularis mucosae into the bowel lumen (Fig. 10). Some pathologists
would consider the former to constitute villi, whereas others would not,
and at this point there are no compelling data to determine which is the
correct interpretation. In addition, it is not clear what the “25%” figure
required for moving a TA to TVA refers to. Is it the surface area or the
volume of the adenoma? And how does one actually determine the

percentage of a three dimensional polyp when viewed in only 2 di-
mensions? In addition, as noted above, recent data would suggest that
any villous architecture is important to outcome, not just 25% villous
architecture [11]. Reproducibility of high grade dysplasia is even
worse, even in studies where pathologists do training to improve re-
sults. This is even more difficult to explain, since most pathologists
equate HGD with “carcinoma in situ” which one would think is gen-
erally easy to diagnose. One would think that a CIS-like degree of
dysplasia would be reproducible but tangential sectioning can produce
a false impression of stratification or architectural complexity, which
often seems to be over interpreted as high grade dysplasia. One would
hope that only diagnosing HGD when both architectural complexity
and cytological high grade changes are present would alleviate some of
the discrepancy. Regardless of the reasons, the fact that these features
are not reproducible casts significant doubt on their significance, par-
ticularly in regard to determining rescreening intervals [15]. For this
reason, some authors have recommended discontinuing subclassifica-
tion of conventional adenomas [16]. While in general I intellectually
agree with this sentiment, essentially all screening guidelines currently
require the degree of villous architecture and high grade dysplasia to be
used for rescreening decisions (despite a lack of strong data supporting
this recommendation), therefore as a practical matter pathologists
should still make a good faith effort to put these data into their reports
[17].

2. Carcinoma arising in conventional adenomas

2.1. Diagnosis

Most carcinomas arising in conventional adenomas are adeno-
carcinoma, although high grade neuroendocrine carcinomas, squamous
cell carcinoma and clear cell carcinoma also rarely are seen arising in
these lesions [18-20]. Most discussion regarding management of car-
cinomas in ConA refers to adenocarcinoma, however. This is particu-
larly true given that these rare forms of carcinoma typically have a very
bad prognosis and are rarely identified while still confined to the polyp.

Essentially all adenocarcinomas arising in ConA are found in asso-
ciation with and presumably arise from high grade dysplasia. For many
years no distinction was drawn between high grade dysplasia and in-
tramucosal carcinoma (i.e. carcinoma invading into the lamina propria
but no deeper), however this distinction is of some clinical importance
and has now been recognized in the 8th edition of the AJCC staging
manual [21]. High grade dysplasia without invasion into the lamina
propria is now classified only as HGD and is not included in the

Fig. 14. A. Biopsy of a nodule in the rectum. Note the presence of glands that
appear dysplastic near the center of the biopsy. This area is suggestive of
adenoma but the stroma is hypercellular and does not look like typical lamina
propria. B. A CD10 stain confirms the presence of endometrial stroma consistent
with endometriosis.

Fig. 15. Conventional adenoma with short villous projections on the surface.
Cases such as these are often difficult to classify and are a cause of interobserver
disagreement.
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category of Tis as had been done in prior editions of AJCC. Although it
seems somewhat oxymoronic, “Tis” now refers only to tumors with
invasion into the lamina propria or into but not through the muscularis
mucosae (Figs. 16 and 17). This is important because, contrary to much
early teaching, lymphatic vessels are present in the lamina propria of
normal colon and are even more prevalent in neoplastic polyps [22].
Therefore, tumors invasive only into the lamina propria do have access
to lymphatics and on rare occasion do result in the development of
lymph node metastases (Fig. 17). A paradox of the current AJCC clas-
sification is that, despite the fact that intramucosal carcinoma is re-
cognized as invasive, it is still stated that tumors are only considered
“invasive”, and therefore receive a designation of “T1”, when they have
invaded through the muscularis mucosae into the submucosa (Fig. 18).
The diagnosis of adenocarcinoma arising in ConA is generally not
problematic if the tumor is invasive through the muscularis mucosae
(T1), and the usual criteria for malignancy apply. The distinction of
intramucosal carcinoma from HGD can be more problematic.

2.2. Problems in diagnosis of adenocarcinoma in ConA

As noted above, identification of tumor invasion through the mus-
cularis mucosae in ConA is usually not problematic. When neoplastic
glands are seen below the muscularis mucosae the only differential
diagnosis is so-called pseudoinvasion of the stalk [23] (Fig. 19). Pseu-
doinvasion is thought to result from damage to the adenoma, usually by
torsion, with the creation of ulceration and displacement of adenoma
cells into the submucosa. It is usually recognized by the presence of
pools of mucin with or without neoplastic cells, surrounded by a cel-
lular stroma usually with chronic inflammation and almost invariably
with hemosiderin-laden macrophages indicative of the prior injury
(Fig. 20). The tumor cells typically demonstrate only low grade dys-
plasia and are not worrisome for malignancy on a cytological basis
when there is no HGD in the overlying adenoma. If pseudoinvasion
occurs in adenomas with high grade dysplasia, however, and if the HGD
is present in the pseudoinvasion, absolute diagnosis can be difficult if
not impossible. In some cases use of cytokeratin staining to look for
individual invasive cells can be of value.

Occasionally biopsy of a lesion will result in mechanical displace-
ment of small clusters of neoplastic cells into the submucosa. These are
different from pseudoinvasion in that mucin pools are usually not
present nor is there hemosiderin deposition. Recognition that the lesion
had been previously biopsied is reassuring under these circumstances
[24].

Distinction of HGD from intramucosal carcinoma can be more
problematic than identifying carcinoma in the submucosa. HGD is

defined as being confined within the basement membrane of crypts,
although extensive cribriform growth with expansion of the crypts can
sometimes cause difficulties. Usually if there is intramucosal invasion
there is a desmoplastic reaction in the lamina propria and one can also
identify small clusters of cells that are cytologically distinct from the
HGD, often having no lumen and growing in an infiltrative pattern

Fig. 16. Intramucosal carcinoma in a tubular adenoma. Note the presence of
variably sized infiltrating glands (arrows) and the desmoplastic stroma.

Fig. 17. A. Tubular adenoma with extensive high grade dysplasia and several
infiltrative glands at the base of the polyp (arrow) B. Higher power of the area
noted in A. The glands are infiltrate into the muscularis mucosae but do not
invade into the submucosa (Tis). (C) Despite the absence of submucosal inva-
sion there was evidence of lymphatic invasion and there were several lymph
nodes positive at the time of resection.
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(Fig. 16). As with pseudoinvasion, the use of a cytokeratin stain may
allow identification of these small clusters or of single cells, hence al-
lowing the diagnosis (Figs. 21, 22).

2.3. Histology in the management of carcinoma arising in ConA

Once carcinoma is identified in a ConA, histology may play a role in
determining the proper management of the lesion. If the adenoma was
simply biopsied or was resected piecemeal without a clear resection
margin, then additional resection of the lesion is generally necessary.
Grading the tumor and looking for tumor budding and lymphovascular
invasion can be important in guiding therapy, even in these partially
resected cases, since the options include immediate reexcision of the
area of the lesion (if there is a reasonable chance based on the initial
endoscopic procedure that the lesion was not completely resected)
versus reendoscopy after some interval of time to see if the lesion has
regrown (if the lesion was thought to be completely resected at the
initial visit).

For lesions that are completely resected intact at the initial endo-
scopy, a number of features are used to predict risk of recurrence and of
lymph node metastases.

The major factor predicting local recurrence is the status of the
resection margin. Although technically this refers to the carcinoma
margin more than the adenoma, the presence of residual adenoma at
the margin should also be mentioned since benign adenoma at the
margin may indicate a need for localized reexcision of the area or very
close followup. In terms of the carcinoma, any carcinoma at the margin
or within 1mm of the margin is associated with a high risk of

Fig. 18. Tubulovillous adenoma with early carcinoma invasive into the sub-
mucosa.

Fig. 19. Tubulovillous adenoma with several nests of mucin and epithelial cells
in the submucosa characteristic of “pseudoinvasion”, or displaced glands.

Fig. 20. In areas of pseudoinvasion the mucinous nests can be partially lined
with low grade dysplastic epithelium and the surrounding stroma has hemosi-
derin deposition and chronic inflammation indicative of prior injury.

Fig. 21. Tubular adenoma with intramucosal carcinoma with a high degree of
tumor budding. Large numbers of invasive single cells and clusters of cells can
be seen between the dysplastic glands.

Fig. 22. Cytokeratin AE1/AE3 stain of the polyp in Fig. 21. The stain highlights
large numbers of single invasive cells (tumor buds).
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recurrence [25]. Therefore a positive margin is considered tumor at the
margin or within 1mm of the margin. Ideally the margin will be
identified in the gross room and inked for identification, but cautery
artifact can also be used to identify the margin.

In regard to predicting lymph node metastases, several factors are
considered important. These include grade of tumor, presence of lym-
phovascular invasion, presence of a high degree of tumor budding and
the depth of invasion of the carcinoma [26].

Regarding grade of tumor, in general this is of relatively little
practical value. The vast majority of carcinoma arising in ConA are well
or moderately differentiated adenocarcinoma NOS. Only “poorly dif-
ferentiated” tumors are associated with a higher risk of metastases. This
would by definition include tumors with<50% glandular formation,
signet ring carcinoma, microsatellite stable mucinous carcinomas and
high grade neuroendocrine tumors. All of these subtypes together
probably account for< 5% of early invasive carcinomas seen.
Micropapillary carcinoma can also arise in adenomas and may be more
common than the above subtypes although it has not been extensively
reported [27] (Figs. 16 and 23). Based on the known aggressive beha-
vior of micropapillary carcinoma especially in regard to lymph node
metastases, this tumor type should probably be considered a high risk
tumor type when seen in adenomas.

Lymphovascular invasion predicts metastases and should be care-
fully evaluated. Artifactual clefting and a micropapillary growth pat-
tern can simulate invasion, therefore use of a D2–40 or ERG stain to
identify lymphatics can be of value in suspicious cases. ERG may be a
more sensitive marker since it marks venous and arterial endothelium
as well as lymphatic endothelium, and because cross reactivity may be
less of an issue, although since it is a nuclear stain I find it somewhat
harder to use to assess tumor in vascular lumena [28].

Tumor budding is now recognized as having considerable predictive
value for lymph node metastases. Tumor budding is defined as invasive
clusters of 5 or fewer tumor cells, usually evaluated at the leading edge
of resected tumors although it has been demonstrated that intratumoral
tumor budding is also significant. The currently recommended method
for assessment is to count the number of tumor buds in a single
0.785mm2

field (generally a 20× objective) in the most active part of
the tumor.> 10 buds is considered a high degree of tumor budding
(Figs. 21, 22).

Finally, assessment of depth of invasion is well recognized as a
predictor of metastases. There are several methods of assessment in the
literature. One of the oldest and best known is the Haggitt system which
classifies the depth of invasion in to 4 categories based on anatomic
subdivisions [29]. The system is mainly useful for pedunculated polyps
removed intact, and therefore is applicable to only a small fraction of

sampled specimens. The categories are also relatively crude with true
clinical significance only for Haggitt level IV. A second, commonly used
method is that of Kikuchi [30]. This system subdivides the submucosa
into thirds and assigns categories of SM1, SM2 and SM3 for tumors
invasive into the superficial, middle and deepest third of the submucosa
(Fig. 24). The system shows a significant increase in the risk of lymph
node metastases for SM3 (23%) versus SM1+ SM2 (3% and 8%).
However, in order to use this system the entire depth of the submucosa
must be included in the resection (i.e. the resection needs to include at
least the superficial portion of the muscularis propria), which limits its
applicability. Finally, a simple measurement of the depth of invasion
beneath the muscularis mucosae has been shown to be of significance
[31]. The risk of lymph node metastases is lower with invasion<1
mm, and increases significantly with deeper invasion. Of the three
systems, the simple submucosal measurement is the most generally
applicable and easiest to apply to most specimens and is the one that I
would recommend in all cases.

3. Sessile serrated adenoma/polyp

3.1. Diagnosis

Sessile serrated adenomas/polyps (SSA/P) are characterized by an
overall serrated configuration and generally a flat or sessile growth
pattern although rare large examples do occasionally appear ped-
unculated. Mechanistically it appears that SSA/P develop because of
decreased cell death associated with activating mutations of the BRAF
gene (a feature in common with the microvesicular type of hyperplastic
polyp), and movement of the proliferation zone away from its usual
location at the base of the crypts [1,32]. The decreased cell death re-
sults in an expanded population of mature or hypermature cells that
accumulate creating the serrated appearance (Fig. 25). The movement
of the proliferative zone results in bidirectional maturation of cells both
toward the surface in a normal fashion, and toward the base of the
crypts, resulting in abnormal basal maturation and in the formation of
bizarre complex crypt shapes often referred to as boot or anchor shaped
(Figs. 25 and 26). This resulting abnormal growth is often referred to as
crypt distortion and is the one criterion most often used for the

Fig. 23. Invasive micropapillary carcinoma in a tubulovillous adenoma. High
power illustration of the invasive tumor Fig. 18 demonstrates small clusters of
invasive cells within small spaces. The cells in these clusters appear to have
their “luminal” surface oriented toward the periphery of the cluster in a fashion
characteristic of micropapillary carcinoma.

Fig. 24. Tubular adenoma with adenocarcinoma invasive into the submucosa.
This illustrates subdivisions of the submucosa into thirds (SM1, SM2 and SM3).
This system cannot be used unless muscularis propria is included in the spe-
cimen.
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diagnosis of SSA/P. This downward growth also results in herniation of
epithelium through the muscularis mucosae in areas of vascular pene-
tration, creating a so-called “inverted” growth pattern in which nests of
mature epithelial cells are seen beneath the muscularis mucosae. Al-
though distorted crypts are the most obvious and easily identified cri-
terion for SSA/P, other features such as an overall more exuberant
growth pattern (compared to HPs), the presence of marked variation in
the size of the serrated crypts, and the presence of excess serration deep
in the crypts (even without boot or anchor-shaped crypts) are useful
diagnostic criteria (Fig. 25). In SSA/P not all crypts are distorted and
many areas resemble hyperplastic polyps, so only a portion of the lesion
needs abnormal crypt growth to be considered SSA/P. The number of
abnormal crypts reportedly needed for the diagnosis has been arbi-
trarily defined in different publications from 1 to 3, however this is an
oversimplification of the diagnosis and other features as mentioned
above can be used to support the diagnosis in cases of uncertainty. In
the majority of cases reliance on a single abnormal crypt is not neces-
sary for diagnosis.

As noted in the introduction, SSA/P can progress to carcinoma of
several molecular types. In general carcinomas arising from these le-
sions are BRAF mutated (about 80% have a mutation at the V600E
locus) and show a high degree of methylation (CIMP-H). They can be
microsatellite stable or instable. The first sign of progression to

carcinoma is the development of frank cytological dysplasia in the SSA/
P, at which point the lesion is diagnosed as SSA/P with cytological
dysplasia (SSA/PCD). There is some ongoing controversy about what
constitutes cytological dysplasia. There is consensus that cytological
change resembling conventional adenomas is one form of cytological
dysplasia (Fig. 27). In the past the term “mixed SSA/P – tubular ade-
noma” has been used for lesions with this type of dysplasia but that
terminology is strongly discouraged because it ignores the molecular
fact that this cytological dysplasia is occurring along a completely dif-
ferent molecular pathway than conventional adenomas (i.e. there is
presumed to be no APC mutation in these lesions) and in general SSA/
PCD is thought to be a more aggressive lesion than a conventional
adenoma, with a high risk for the rapid development of carcinoma,
even in the absence of “high grade dysplasia” from a conventional
morphological perspective. For that reason (direct progression of low
grade dysplasia to carcinoma), cytological dysplasia in SSA/P is not
necessarily subclassified into high and low grade. The second type of
dysplasia that is generally agreed upon is serrated dysplasia char-
acterized by mitotically active, moderately pleomorphic cells that are
low columnar or cuboidal and have abundant eosinophilic cytoplasm.
The nuclei are generally round and open with prominent nucleoli
(Fig. 28). These are clearly neoplastic appearing cells with high grade
cytology. Both conventional dysplasia and this form of serrated dys-
plasia are commonly seen at the interface of SSA/P and carcinoma. Liu
et al. have described another form of cytological dysplasia which they

Fig. 25. Sessile serrated adenoma. The lesion appears hyperserrated. Notice
that in addition to abnormally shaped crypts (also see Fig. 26), the entire lesion
is excessively complex with serrations that are present deeply in the crypts
rather than just at the surface, and there are many dilated crypts associated
with excess mucin production.

Fig. 26. Sessile serrated adenoma. These are “classic” anchor shaped crypts
showing lateral growth along the muscularis mucosae. Note that these crypts
are lined by abundant goblet cells.

Fig. 27. Sessile serrated adenoma with conventional cytological dysplasia.
Notice the abrupt transition from bland serrated epithelium to pseudostratified
mitotically active epithelium.

Fig. 28. Sessile serrated adenoma with serrated cytological dysplasia. The crypt
on the right is background SSA. The serrated dysplasia is cytologically high
grade with rounded stratified nuclei, abundant mitotic activity and eosinophilic
cytoplasm.
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refer to as “dysplasia NOS”, which resembles conventional dysplasia
but with more cuboidal cells [33] (Fig. 29). In their series this was the
most common type of dysplasia. Most pathologists are likely to lump
this type into conventional dysplasia. Liu et al. demonstrated a higher
incidence of microsatellite instability in this group than in the other two
groups. The final and not universally accepted change sometimes re-
ported as “serrated dysplasia” is composed of tall bland cells with eo-
sinophilic cytoplasm and oval nuclei that can appear pseudostratified
but are not hyperchromatic (Fig. 30). This changes has been referred to
previously as enteric metaplasia. These cells are not mitotically active
and do not mark with Ki-67. These are the cells commonly seen in
traditional serrated adenoma, as will be described below, and are often
incorrectly referred to as dysplastic there as well. These cells were
described many years ago as representing “enteric metaplasia” based on
morphology and ultrastructural studies [34]. Histologically they are
very similar to normal duodenal or jejunal epithelial cells and can be
seen in inflamed mucosa as well as in neoplastic and hyperplastic

polyps (Fig. 31). To the best of my knowledge no one has ever illu-
strated these cells converting directly to carcinoma and in my opinion
they should not be categorized as dysplasia, especially in SSA where the
diagnosis of cytological dysplasia implies potential for rapid progres-
sion to carcinoma. Others are in agreement with this sentiment [33]. A
recent study describing these cells as dysplastic (although not specifi-
cally separating high grade serrated dysplasia as described above from
what we would call “enteric metaplasia”) noted that this change was
much less commonly associated with malignancy than “conventional”
dysplasia, arguing against considering this change as the equivalent of
more conventional appearing dysplasia [35].

3.2. Problems in diagnosis

The biggest issue in the diagnosis of SSA/P is distinguishing SSA/P
from microvesicular hyperplastic polyps (MVHP) (Fig. 32). This pro-
blem occurs in large part because most SSA/P contain areas of growth
that do not demonstrate abnormal crypt bases but rather have normal
basal proliferation similar to that seen with MVHP. This is one of the
major arguments for suggesting the possibility of SSA/P arising in
MVHP. However there are also strong arguments against this possibility
(including disparity in distribution of the two lesions within the colon
and the occasional diagnosis of SSA/P consisting of only a few crypts

Fig. 29. Sessile serrated adenoma with unclassified cytological dysplasia ac-
cording to the scheme of Liu et al. (33). The cytologically dysplasic cells differ
from conventional cytological dysplasia in that the nuclei are more rounded
without pseudostratification and with small nucleoli but with only minimal
mitotic activity and with a small amount of cytoplasm creating a cuboidal ra-
ther than columnar cell.

Fig. 30. Enteric metaplasia in a sessile serrated adenoma. These cells are tall
cuboidal with eosinophilic cytoplasm, with oval nuclei showing some evidence
of pseudostratification but show no mitotic activity. They can be seen in tra-
ditional serrated adenoma (Fig. 36), conventional tubular adenomas (Fig. 8),
and SSA as well as sometimes in non-neoplastic or inflamed mucosa and in
hyperplastic polyps. They are nearly identical to normal small intestinal ab-
sorptive cells (Fig. 31).

Fig. 31. Normal duodenum lined with enteric absorptive cells. Note the his-
tological similarity to enteric metaplasia in a variety of polyp types.

Fig. 32. Microvesicular hyperplastic polyp. At low power the MVHP has an
orderly growth pattern with similar sized crypts showing proliferation at the
base and increasing serration toward the lumen. Compare with the disordered
overall architecture of the typical SSA (Fig. 25).
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with no obvious MVHP present). At this point the origin SSA/P is not
definitively known and it is possible that there are both de-novo SSA/Ps
and SSA/Ps that arise from MVHP. As a rule, the presence of any truly
distorted crypt should be considered enough to allow the diagnosis of
SSA/P as long as that crypt is not simply a dilated crypt. The truly
abnormal crypts of SSA/P should track laterally along the muscularis
mucosae and should be lined with mature cells (usually either goblet
cell type or gastric foveolar in appearance) without mitotic activity
(Fig. 26). Perhaps too much emphasis has been placed on this definitive
finding and other less well recognized findings are often ignored. In-
cluded among these are the presence of prominent serration in the
deeper aspects of the crypts, but not necessarily totally basal, and
marked variation in the shape and size of the crypts. HPs are usually
very uniform and most serration is present near the lumen of the crypts.
It should also be recognized that in the rectum there is often some crypt
distortion normally in the form of elongated, occasionally branched and
curved crypts that should not be mistaken for the abnormal crypts of
SSA/P.

Technical issues can also cause problems. Most common among
these are cauterized specimens, small biopsies of large lesions and
poorly oriented specimens. If the base of the crypts is not identified in
the specimen, deeper tissue levels may allow a definitive diagnosis. If
the specimen is too cauterized or otherwise inadequate to allow a final
diagnosis, cases can be reported as “serrated polyp, unclassified” with a
comment as to why it cannot be classified. Such cases in the right colon
are best managed as SSA/P and in the left colon as HPs.

3.3. Carcinoma arising in SSA/P

Carcinomas arising in SSA/P include “garden variety” adenocarci-
noma (adenocarcinoma NOS), mucinous carcinoma and serrated ade-
nocarcinoma (Figs. 33 and 34). Although carcinomas with mixed
morphology and medullary carcinoma are commonly associated with
the microsatellite instability pathway, these are not normally seen in
the small early carcinomas detected in polypectomy specimens.

Relatively little has been written about the management of these
lesions and since most SSA/P are sessile ill-defined lesion prone to in-
complete resection in most cases decisions about management do not
include the options available for conventional adenomas, particularly
pedunculated ones. Nevertheless, it seems reasonable to use criteria
similar to those for carcinomas for conventional adenoma for managing
SSA/P with invasive carcinoma until additional data are available.

4. Traditional serrated adenoma

4.1. Diagnosis

Despite disagreements in the literature about the absolute diag-
nostic criteria for TSA, in practice there seems to be perhaps less dis-
agreement in diagnosis than for SSA/P versus HP. The reason for this
may be that for a well- developed TSA there are no real differential
diagnostic possibilities except for villous adenoma, which is usually
ruled out by the absence of diffuse conventional dysplasia. TSAs are
typically sessile lesions in the left colon with an overall villous growth
pattern (Fig. 35). Often these villi are lined with enteric metaplastic
cells as described above (Fig. 36). These cells are tall columnar cells
with eosinophilic cytoplasm and bland oval elongated nuclei that are
sometimes pseudostratified but without hyperchromasia or mitotic ac-
tivity. Sometimes a brush border is seen on these cells. TSAs with en-
teric epithelium typically have a very characteristic undulating border
to the villi (Fig. 36), a pattern which is interestingly typical of normal
small intestinal epithelium as well (Fig. 31). The presence of small
abortive crypts (ectopic crypts) is a nearly ubiquitous feature (Fig. 37).
We consider the presence of ectopic crypts as a defining feature of TSA
[32], and a feature that can be used for diagnosis in those TSAs with a
predominant goblet cell rather than enteric metaplastic appearance
(Fig. 38). Although other authors have argued against ectopic crypts as

Fig. 33. SSA with early carcinoma. The tumor is arising without any evident
high grade cytological dysplasia, which is typical.

Fig. 34. SSA with early carcinoma. The tumor is already showing a serrated
growth pattern with eosinophilic cells growing in a somewhat “papillary” or
serrated pattern in a pool of mucin.

Fig. 35. Traditional serrated adenoma. This the common growth pattern with
elongated villi, often with a bulbous edematous tip.
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Fig. 36. Traditional serrated adenoma. Most often cells with an enteric ap-
pearance make up the bulk of the epithelium in these tumors, but sometimes
goblet cells make up a large part or all of the epithelium. Note that with the
enteric epithelium there is often an undulating edge to the epithelium which is
very distinctive.

Fig. 37. Traditional serrated adenoma demonstrating numerous ectopic crypts
in associated with enteric epithelium. Typically the ectopic crypts contain
goblet cells even in enteric areas. Mitotic activity in TSA is generally confined to
the base of these ectopic crypts and the deep aspects of the villi near the
muscular mucosae.

Fig. 38. Traditional serrated adenoma with preponderant goblet cells. Ectopic
crypts are still present.

Fig. 39. Traditional serrated adenoma with conventional dysplasia. Dysplasia
in TSA can be either conventional as in this case, looking like a conventional
villous adenoma, or can be serrated similar to Fig. 28.

Fig. 40. Flat traditional serrated adenoma. These lesions are at first glance
difficult to classify since they are composed almost entirely of enteric epithe-
lium but with very little crypt elongation and with no prominent villi.

Fig. 41. Flat traditional serrated adenoma. Despite the overall flat appearance,
occasional ectopic crypts can be identified.
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a defining feature, even studies that do not “require’ ectopic crypts for
diagnosis report finding them in> 90% of cases [3]. Other features
sometimes seen with TSA are bulbous somewhat edematous villi
sometimes described as “tennis racquet like”, and a hyperserrated ap-
pearance. Conventional cytological dysplasia with abundant mitotic
activity is not found in uncomplicated TSA but does develop as a step in
progression to carcinoma.

TSAs can develop cytological dysplasia usually resembling that of
conventional adenomas and therefore are reported as TSA with con-
ventional dysplasia (Fig. 39). When the conventional dysplasia is ex-
tensive the lesion takes on an appearance of a conventional villous
adenoma, but careful evaluation of the entire lesion will reveal at least
a few villi showing typical features of TSA. Development of conven-
tional dysplasia seems to be a mandatory step in progression to carci-
noma. The dysplasia can be low grade or high grade, and should be
reported as such although at this point it is not definitively known if
this distinction has clinical significance in management.

4.2. Problems in diagnosis

In general, TSA is not a difficult diagnosis. Problems usually arise in
two setting: so called “flat” TSA and TSA with extensive conventional
dysplasia. In addition, TSA occasionally arises apparently in an other-
wise characteristic SSA/P, which may lead to confusion about man-
agement.

“Flat” TSA is characterized by very little elongation of crypts and
minimal “polyp” formation. The lesion is notable as a serrated lesion
with the crypts lined with enteric metaplastic cells (Fig. 40). The usual
temptation is to consider the lesion an unusual hyperplastic polyp since
there is little crypt distortion and the regenerative compartment ap-
pears to be normal, however close examination will reveal occasional
small ectopic crypts, allowing the diagnosis (Fig. 41). These are ex-
tremely rare lesions in my experience.

TSAs with extensive conventional dysplasia are very often diag-
nosed as villous adenomas, which from a practical perspective may not
be consequential. The only way to distinguish the two is by finding a
few villi lined with enteric cell and demonstrating ectopic crypts, which
is the clue to the diagnosis. Given the frequency of KRAS mutations in
TSA, it may be that these lesions are responsible for the reported pre-
valence of KRAS in villous adenomas.

Precursor lesions for TSA have still not been well defined and one
can find lesions variously categorized as goblet cell rich or micro-
vesicular hyperplastic polyps, serrated polyps NOS or even SSA/P ad-
jacent to TSA [3]. If the lesion is predominantly TSA then the precursor
lesion is probably of little consequence. Occasionally, however, one

finds a small TSA arising from an otherwise typical SSA/P. The natural
history of such lesions is not well characterized but in my opinion if the
TSA is a minor component and does not demonstrate conventional
cytological dysplasia, these lesions should be managed as SSA/P.

4.3. Carcinoma in TSA

Carcinomas arising in TSA can be “garden variety adenocarcinoma
NOS”, but can also be mucinous or serrated adenocarcinomas (Fig. 42).
They are often CIMP-H but are essentially never MSI.

Carcinoma arising in TSA has not been specifically studied re-
garding risk factors for aggressive behavior. Therefore at this point the
criteria used to evaluate carcinomas in conventional adenomas should
be applied to management. Since many of these lesions are located in
the rectum, localized therapy is often possible.
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