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Bowel cancer screening-generated diagnostic
conundrum of the century: pseudoinvasion
in sigmoid colonic polyps
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The introduction of bowel cancer screening, in the United Kingdom, United States of America, and many other
Western countries, has provided considerable interest and no little diagnostic consternation for pathologists. In
the United Kingdom, the universal introduction of bowel cancer screening, initially by fecal occult blood testing
and more recently by the introduction of flexible sigmoidoscopy, has provided four main areas of pathological
diagnostic difficulty. This is the biopsy diagnosis of adenocarcinoma, serrated pathology, the diagnosis and
management of polyp cancer, and, finally, the phenomenon of pseudoinvasion/epithelial misplacement (PEM),
particularly in sigmoid colonic adenomatous polyps. The diagnostic difficulties associated with the latter
phenomenon have provided particular problems that have led to the institution of a UK national ‘Expert Board’,
comprising three pathologists, who adjudicate on difficult cases. The pathological features favoring PEM
are well recognized but there is no doubt that there can be profound mimicry of adenocarcinoma, and, as yet,
no adjunctive diagnostic tools have been developed to allow the differentiation in difficult cases. Research in

this area is proceeding and some methodologies do show promise in this difficult diagnostic area.
Modern Pathology (2015) 28, S88—-S94; doi:10.1038/modpathol.2014.138

Introduction

National bowel cancer screening was introduced in
England in 2006. Similar, but not identical, pro-
grams have been developed in Scotland, Wales,
Northern Ireland, and the Republic of Ireland, and
there are similar programs being developed, on a
national basis, in other Western European coun-
tries.! In North America, there are well-established
bowel cancer screening programs, but not on a
universal, national basis. Methodologies used for
colorectal cancer screening are predominantly based
on fecal testing and/or endoscopy. Fecal occult
blood testing remains the basis for screening in
England. However, a pilot scheme offering flexible
sigmoidoscopy in six bowel cancer screening
centers has been introduced, offered on a one-off
basis between the ages of 55 and 64 years,? to be
rolled out nationally by 2016. The success of a
screening program can be judged on the uptake
and there is considerable variation, based on socio-
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economic and ethnic factors largely, in uptake in the
five countries that comprise the British Isles.
National cancer screening had been previously
introduced, in the United Kingdom, for cervical and
breast cancer. There had been singular controversies in
these screening programs, and thus, with the establish-
ment of bowel cancer screening, intensive quality
control was introduced. Initial presumptions, as far as
pathology is concerned, were that the diagnostic
pathology associated with bowel cancer screening
would be relatively straightforward. Nevertheless, this
has shown not to be the case. The four main diagnostic
areas of difficulty in bowel cancer screening (BSCP =
Bowel Cancer Screening Program) pathology are:

The diagnosis of adenocarcinoma on biopsy.
Serrated pathology.

Polyp cancer diagnosis and its management.
The large adenomatous polyp of the sigmoid
colon with pseudoinvasion/epithelial misplace-
ment (PEM).
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Extraordinarily, the biopsy diagnosis of adenocar-
cinoma has provided particular problems in the
United Kingdom. This is because we still rely on the
demonstration of malignant cells within the sub-
mucosa (and/or an appropriate desmoplastic reac-
tion) to make the diagnosis of adenocarcinoma. This
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is based on ‘Morsonesque’ (after Dr Basil Morson,
the eminent UK gastrointestinal pathologist) dogma
that insists that, in the United Kingdom at least,
intramucosal adenocarcinoma is not an acceptable
concept as this can result in surgical overtreatment.
Practice, both in bowel cancer screening and outside
it, has been dogged by the need for multiple bio-
psies because invasion into the submucosa has not
been demonstrated. More recently, it has been
recommended, especially for colonic cancer, that if
biopsies confirm primary neoplasia (but do not
necessarily demonstrate invasive malignancy) and
the endoscopic and radiological evidence points to
a large mass requiring surgery, then the biopsy
diagnosis of definite adenocarcinoma may not be
required as long as the biopsies confirm primary
colorectal neoplasia.®*

Serrated pathology has also produced no little
consternation for pathologists reporting BCSP speci-
mens. First, as part of colorectal cancer screening,
a positive fecal occult blood test is followed by
colonoscopy and colonoscopists are under strict
instructions to ensure that all polyps are removed.
Thus, we are seeing increasing amounts of more
subtle right-sided serrated pathology, providing
particular diagnostic challenges. Serrated pathology
is covered in an accompanying article in this series,
by Dr Kenneth Batts, and the diagnostic difficulties
associated with it will not be further considered
here.

There is considerable overlap in the two final
areas of diagnostic and management difficulty asso-
ciated with BCSP. This is because of the pheno-
menon of PEM, particularly seen in larger sigmoid
colonic adenomatous polyps, which can strongly
mimic polyp cancer. Nevertheless, this does not
impinge on the particular difficulties associated
with the management of polyp cancers, both within
and without bowel cancer screening.

The malignant polyp: is it really
malignant?

There has been considerable improvement in the
diagnosis of polyp cancer endoscopically. Indeed,
pathologists are aware that many of their endoscop-
ing colleagues are confident, often based on Kudo-
type classifications of ‘pit pattern’, that they can
diagnose invasive malignancy. Furthermore, if EMR
(endoscopic mucosal resection) or ESD (endoscopic
submucosal dissection) are attempted, the tethering
associated with invasive malignancy gives a guide
to endoscopists as to whether or not a polyp is
malignant. Nevertheless, it has to be emphasized
that PEM can result in the same features, namely the
mimicry of malignancy by its surface features
(Figure 1) and by inducing tethering because of
the PEM. Histological assessment will, seemingly,
always be required to secure the appropriate
diagnosis.
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Figure 1 A large adenomatous polyp with pseudoinvasion/
epithelial misplacement (PEM) in the sigmoid colon at colono-
scopy. The macroscopic features of a polyp with PEM are quite
characteristic. There is nodulation with superficial erosions and
deep congestion.

It has to be appreciated that even the macroscopic
pathological features can mimic malignancy. Larger
adenomatous polyps in the sigmoid colon are often
nodular and ulcerated. In fact, with experience, they
have rather particular endoscopic and macroscopic
pathological features (Figure 1). Of singular impor-
tance is the fact that these polyps, showing florid
PEM, are mainly in the sigmoid colon. In our
experience, 85% of all of these polyps are in the
sigmoid colon, with about 10% in the descending
colon. PEM, in adenomatous polyps, is occasionally
seen at other sites. Nevertheless, it is important to
emphasize that the rectum is an unusual site for
PEM unless there has been previous endoscopic
or surgical intervention. In that situation, a very
characteristic feature of PEM is the fact that both
non-neoplastic and adenomatous epithelium is
often misplaced into the submucosa (Figure 2). This
appears to be a particular feature of PEM after
previous endoscopic or surgical intervention.

Epithelial misplacement in intestinal
polyps

Recognized now for many years, the characteristic
syndrome in which PEM is seen is Peutz—Jeghers
syndrome. The association of mucocutaneous pig-
mentation with ‘hamartomatous’ polyps is a rare
syndrome, afflicting about 1 in 100000 people in
Western countries. It is associated with heredi-
tary genetic mutation of the STK1 gene and the
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Figure 2 A descending colonic adenomatous polyp subject to
previous attempted endoscopic excision. At right and above is
residual surface adenoma. In the submucosa there is misplace-
ment of both non-neoplastic mucosa and adenomatous epithe-
lium. This combination of pseudoinvasion/epithelial misplace-
ment (PEM) appears to be characteristic of the effects of previous
intervention, whether endoscopic or surgical.

syndrome results in polyps throughout the gastro-
intestinal tract and in the nasopharynx and urinary
system. They are most common in the small
intestine. Presumably because of the caliber and
motor activity of the small intestine, larger polyps
are subject to intussusception and it is likely that
this is the mechanism whereby PEM occurs. PEM in
the small intestinal Peutz-Jeghers polyps can often
be significant and can involve all layers of the bowel
wall, including the subserosal tissues, where mucus
cysts may be seen.® This results in profound
mimicry of malignancy, despite the fact that the
epithelium is either normal or slightly hyperplastic,
rather than dysplastic, and it has been mooted that
the high rates of the small intestinal carcinoma, in
particular, complicating Peutz—Jeghers syndrome
can be attributed to the misdiagnosis of PEM in
the earlier literature.?® More recently, misplacement
of dysplastic epithelium in Peutz—Jeghers polyps
has been described, further heightening the diag-
nostic difficulties.”

PEM is especially seen in polypoid mucosal
prolapse, characteristically in the so-called inflam-
matory cloacogenic polyp at the ano-rectal junction,
but it is also seen elsewhere, in association with
diverticulosis, at stomas, and in the solitary ulcer
(mucosal prolapse) syndrome. In all of these situa-
tions, PEM, whether enteritis cystica profunda,
colitis cystica profunda, or proctitis cystica pro-
funda, can result in PEM and the potential over-
diagnosis of cancer. PEM is also seen in serrated
pathology. It may be seen in small hyperplastic
polyps in the left colon and rectum, but is a
particular feature, often through lymphoglandular
complexes, in sessile serrated lesions (known as
sessile serrated polyps/adenomas in the United
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Figure 3 Pseudoinvasion/epithelial misplacement (PEM) in the
submucosa of a sigmoid colonic adenomatous polyp. The
accompaniment by lamina propria, the adenomatous-type
morphology, hemosiderin deposition, and mucus cysts are all
well seen.

States of America) of the right colon. These have
been termed inverted hyperplastic polyps.®® In
adenomatous polyps of the colon, PEM can also be
seen in and through lymphoglandular complexes as
these provide a microanatomical defect in the
muscularis mucosae.

PEM was first described in adenomatous polyps
of the colon and rectum by Muto et al,!? including
Dr Basil Morson. They noted that this was the parti-
cular feature of larger polyps in the sigmoid colon
and it was recognized that there were particular
morphological features associated with PEM. First,
the adenomatous epithelium in the submucosa
appears similar, cytologically, to the surface adeno-
matous epithelium and is usually accompanied by
lamina propria (Figure 3). Hemosiderin deposition
is characteristic because a perceived mechanism of
PEM is epithelial necrosis and subsequent hemor-
rhage (Figure 3). Mucus lakes are also a charac-
teristic feature.

More recently, we recognize particular features
associated with PEM. In three dimensions, there
appears to be continuity of the epithelium with the
surface epithelium with similar cytology and archi-
tecture (Figure 4). As mucosal prolapse may be a
mechanism, muscular proliferation and pathological
mucosal prolapse changes are common (Figure 5).
There may also be evidence of acute necrosis of
the surface of the adenomatous polyp, underpinning
the perceived pathogenic mechanisms of epithelial
misplacement. On the other hand, isolated glands
without accompanying lamina propria, budding,
vascular invasion, and poor differentiation are all
features that, clearly, favor adenocarcinoma.

As far as bowel cancer screening is concerned,
patients with these larger sigmoid colonic adeno-
matous polyps are preferentially selected into
screening because the primary screening modality



Figure 4 This sigmoid colonic adenomatous polyp shows
features typical of pseudoinvasion/epithelial misplacement
(PEM) (at lower aspect), but the intervening glands (marked by a
pathologist with familiar black dots!!) are more isolated. However,
if one tries to imagine these in three dimensions, then one can
envisage continuity between the more isolated glands and those
on the surface.

Figure 5 A sigmoid colonic adenomatous polyp showing florid
mucosal prolapse changes. The muscular proliferation that
characterizes mucosal prolapse can result in considerable
isolation of adenomatous glands when pseudoinvasion/epithelial
misplacement (PEM) is associated with mucosal prolapse
changes.

is fecal occult blood and these larger polyps bleed.
In the United Kingdom, at least, the diagnostic
difficulties associated with PEM versus adenocarci-
noma have led to the establishment of a BCSP Expert
Board. There are three specialist gastrointestinal
pathologists in the Board, largely because a diag-
nostic majority is required for this high subjective
and difficult assessment. The experience of the
Expert Board is that universal agreement between
three highly experienced gastrointestinal patholo-
gists is not necessarily forthcoming because of the
diagnostic difficulties. Table 1 gives the summary of
the current status of the Expert Board assessments.
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Table 1 Summary of the current status of the UK BCSP Expert
Board assessments

Cases referred to EB 206
Complete agreement between originating pathologist 68
and EB

Original diagnosis equivocal but EB diagnosis certain 74
Diametrically opposite diagnosis: originating pathologist 49
and EB

Both epithelial misplacement and cancer 9
Too difficult for EB (little or no agreement) 6

Abbreviations: BCSP, Bowel Cancer Screening Programme; EB, Expert
Board.

Diagnostic adjuncts in PEM versus
carcinoma

As indicated previously, PEM is particularly asso-
ciated with continuity of the epithelium between
superficial and deep components (Figure 4). This is
a little difficult to appreciate in two-dimensional
slides, but an important part of the diagnostic
process is for pathologists to undertake deeper
levels through the blocks. This can aid in the
three-dimensional assessment of such polyps. More
recently, we have undertaken computerized three-
dimensional reconstruction and have demonstrated
singular continuity between the superficial and
deep components of PEM. However, our analyses,
both subjective assessment of videos and mathema-
tical modeling of continuity, have demonstrated that
early polyp cancers may also show such continuity
and there is no definitive differentiation of PEM and
early polyp cancers using three-dimensional recon-
struction. In a small series of cases, we have applied
infrared spectroscopic methodology in an attempt to
differentiate PEM from polyp cancers. This method
does show some promise and current work is
directed at analyzing large series of PEM and polyp
cancer, by infrared spectroscopic methods, to see if
this will aid the diagnostic process.

Earlier papers attest to the use of immunohisto-
chemistry in differentiating PEM from invasive
carcinoma.’> Workers from Boston, USA have
suggested that MMP-1, p53, collagen IV, and
e-cadherin (Figure 6) can aid in the distinction
between PEM and carcinoma. It is our view, and that
of other workers including the original authors
(RK Yantiss, personal communication), that these
immunohistochemical methods work very well
in classical PEM and classical polyp cancer but are
not particularly helpful in difficult cases. This is
certainly the experience in the United Kingdom.

In summary, PEM in large sigmoid colonic
adenomatous polyps, within bowel cancer screen-
ing, has become the most extraordinary diagnostic
conundrum that a senior gastrointestinal patho-
logist has seen, or perhaps recognized, in his
professional career. We have seen low levels of inter-
observer agreement among general pathologists!?
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Figure 6 E-cadherin immunohistochemistry in a sigmoid colonic
adenomatous polyp with pseudoinvasion/epithelial misplace-
ment (PEM). The prominent staining at right identifies adenoma-
tous epithelium accompanied by lamina propria with a focus
of PEM. There is a notable reduction in staining in the more
dissociated epithelium towards the left. This was interpreted as
PEM. E-cadherin is one of the better immunohistochemical
markers in these cases, but experience has indicated that it may
not be helpful in the most difficult cases.

and certainly not perfect interobserver agreement
between experts. This phenomenon is surely only
matched by the subjective diagnostic difficulties
associated with melanocytic lesions of the skin.

Polyp cancers and their management

One of the principles of bowel cancer screening is
that there is a stage shift, compared with sympto-
matic colorectal cancer, with much higher propor-
tions of early cancers. Indeed, results from BCSP
have indicated that about half of all cancers detected
in bowel cancer screening are either stage 1/Dukes A
or alternatively polyp cancers. The current propor-
tion of pT1 cancers in BCSP is about 17%. Given the
management conundra associated with polyp can-
cers, bowel cancer screening has introduced very
considerable management debates in this difficult
area. This particularly pertains to the recommenda-
tions for resection after the removal of a polyp
cancer.

What, then, are the risk factors for adenomas
undergoing malignant change? Size, villosity, and
high-grade dysplasia are all important,'® but it is
also apparent that site is important. In one study,
6.4% of right colonic adenomas showed malignant
change and 8.0% of left-sided colonic adenomas
showed malignancy, whereas 23% of rectal adeno-
mas showed malignancy.'® In terms of the patho-
logical assessment, for many years pathologists have
relied on the ‘Cooper criteria’ to make a judgment
about further management.'* Poorly differentiated
carcinoma, vascular invasion, and margin
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Figure 7 A polyp cancer. The tumor seen here is poorly differen-
tiated and there is obvious lymphovascular spread. Margin
involvement was also present. The three ‘chief’ adverse prog-
nostic parameters in polyp cancers are all present and resection
was undertaken. There was extensive mesocolic lymph node
involvement in that resection specimen.

involvement (Figure 7) are all regarded as adverse
prognostic features that may demand subsequent
resection. Logic dictates that vascular invasion and
poor differentiation are adverse prognostic para-
meters and there is good literature evidence for this.
On the other hand, there appears to be less logic for
margin involvement being an important adverse
prognostic parameter. Nevertheless, certainly the
literature indicates that margin involvement is
the most predictive parameter for adverse prog-
nosis. 1416

In terms of recommendations for further manage-
ment, perhaps the most reliable evidence is pro-
vided by a pooled-data analysis of polyp cancers
from 2005.17 In this assessment of all ‘colorectal
malignant polyps in the literature’, a positive margin
of resection is predictive of residual disease,
recurrent disease, hematogenous metastasis, and
mortality. On the other hand, poor differentiation
is only predictive of lymph node metastasis,
hematogenous metastasis, and mortality, whereas
vascular invasion only predicts lymph node meta-
stasis. Thus, despite positive margin of resection
predicting adverse results, an important issue is
the fact that, in this pooled-data analysis anyway,
it did not appear to predict lymph node metastatic
disease. Experience has indicated that the one
feature that subsequent surgical resection will
identify and potentially treat/cure is lymph node
metastatic disease. Thus, the data from this pooled-
data analysis, at least, may not too strongly support
surgical resection for a polyp cancer showing only
margin involvement, despite the fact that positive
margin may be predictive of an adverse prognosis.
One especial difficulty concerning margin involve-
ment is that many papers fail to define adequately
margin involvement histologically.



Even vascular invasion in polyp cancers is contro-
versial. There are two publications, both from the
United Kingdom and published within 2 years of
each other, which indicate that, on the one hand,
vascular invasion is a significant predictor of
metastasis,'® whereas, in a second study, in a large
series of 81 polyp cancers, vascular invasion had no
prognostic value.'®

The Haggitt classification is a time-honored and
widely promulgated system for prognostication in
polyp cancers. Rodger Haggitt introduced five
‘levels’ and indicated that level IV, invasion beyond
the stalk but above the muscularis propria, into the
neck of the polyp, was associated with significant
adverse prognosis.'® The Haggitt classification is
still widely used for polyp cancers but, in the
United Kingdom at least, it is associated with very
considerable interobserver variability and is of less
certain efficacy for patient management. In a similar
manner, the Kikuchi methodology, which divides
submucosal involvement into three layers (in the
original Kikuchi study, sm1 was associated with
a 0% lymph node metastatic rate, sm2 with a 5%
rate, and sm3 with a 22% rate), is associated with
problems, especially interobserver variation and
difficulty of application because in many polyp
cases no muscular propria is present, making it
difficult to stage and/or measure the submucosal
involvement.?? Further, the Kikuchi methodology is
usually only applied to, and applicable for, sessile
polyps, rather than pedunculated polyps.2°

The subsequent management of polyp
cancers

Whether or not to recommend surgical resection after
the endoscopic removal of a polyp cancer requires an
assessment of the balance between the risk of
metastatic disease and the risk of surgery. Margin
involvement in a polyp cancer is the most common
adverse prognostic feature and is most likely to be
isolated without evidence of either vascular invasion
or poor differentiation. Given the conundra described
above, margin involvement has become a highly
controversial indicator for subsequent surgery. We
firmly believe that it is critical that all such polyp
cancers are discussed in a Multi-disciplinary Team
Meeting and that other factors, perhaps particularly
age and comorbidity, are brought into the discussion.
Other high-risk factors to consider are poor differ-
entiation, lymphovascular invasion, Kikuchi level
sm3, Haggitt IV, sessile lesions with a width >30 mm,
tumor budding, and depth of spread. All of these
assessments are subjective and associated with
interobserver variation. However, there is no doubt
that measuring the depth and width of invasion is
predictive of lymph node metastatic disease.?!:22
There has now been considerable work on tumor
budding as an adverse prognostic parameter in
colorectal cancer.?123:24 There are certainly varying
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methods of assessment and tumor heterogeneity and
reproducibility are considerable problems with
tumor budding. Nevertheless, it is an adverse prog-
nostic parameter in polyp cancers?! and it is likely
that tumor budding will be recommended for usage
in determining prognosis, and subsequent surgery,
in polyp cancers in the future. It is emphasized that
so many of these pathological assessments are asso-
ciated with relatively poor interobserver agreement.
Indeed, in a recent study undertaken in the United
Kingdom, involving 10 expert gastrointestinal
pathologists, many of these pathological assess-
ments were associated with poor interobserver
agreement. The one area where there was good
interobserver agreement was in measurement. Thus,
in the United Kingdom at least, research indicates
that depth and width of polyp cancer may become
the most useful prognostic and management deter-
minants.

Summary

There is no doubt that the introduction of popula-
tion-wide colorectal cancer screening has driven up
overall colorectal pathology reporting quality by the
introduction of standards, changes in practice,
external quality review, and the use of performance
indicators and quality measures. As part of that
screening, polyp cancers and their mimics provide
huge consternation for pathologists, clinicians, and
patients. We firmly believe that bowel cancer
screening programs will provide answers for the
very difficult areas of management of polyp cancers.
Nevertheless, mortality data on large screening
populations will not be available for some time
and we rely on the most important surrogate marker
for cancer-related mortality, namely pathological
staging. This emphasizes the importance of exemp-
lary quality pathology, of polyps, polyp cancers,
and resection specimens, in bowel screening pro-
grams.>™* At the current time, margin involve-
ment in polyp cancers provides particular issues
in terms of its definition and implication. Measuring
the width and depth of polyp cancers, together with
budding, may provide the answers for management
decisions in malignant polyps. Even so, the
management of such polyps is best discussed in a
Multidisciplinary Team Meeting, which brings into
play all factors of relevance for further management.
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