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T1 colorectal cancer can be mimicked by pseudo-invasion in pedunculated polyps. British guidelines are
currently one of the few which recommend diagnostic confirmation of T1 colorectal cancer by a second
pathologist. The aim of this study was to provide insights into the accuracy of histological diagnosis of
pedunculated T1 colorectal cancer in daily clinical practice. A sample of 128 cases diagnosed as pedunculated
T1 colorectal cancer between 2000 and 2014 from 10 Dutch hospitals was selected for histological review. Firstly,
two Dutch expert gastrointestinal pathologists reviewed all hematoxylin-eosin stained slides. In 20 cases the
diagnosis T1 colorectal cancer was not confirmed (20/128; 16%). The discordant cases were subsequently
discussed with a third Dutch gastrointestinal pathologist and a consensus diagnosis was agreed. The revised
diagnoses were pseudo-invasion in 10 cases (10/128; 8%), high-grade dysplasia in 4 cases (4/128; 3%), and
equivocal in 6 cases (6/128; 5%). To further validate the consensus diagnosis, the discordant cases were
reviewed by an independent expert pathologist from the United Kingdom. A total of 39 cases were reviewed
blindly including the 20 cases with a revised diagnosis and 19 control cases where the Dutch expert panel agreed
with the original reporting pathologists diagnosis. In 19 of the 20 cases with a revised diagnosis the British
pathologist agreed that T1 colorectal cancer could not be confirmed. Additionally, amongst the 19 control cases
the British pathologist was unable to confirm T1 colorectal cancer in a further 4 cases and was equivocal in 3
cases. In conclusion, both generalist and expert pathologists experience diagnostic difficulty distinguishing
pseudo-invasion and high-grade dysplasia from T1 colorectal cancer. In order to prevent overtreatment, review of
the histology of pedunculated T1 colorectal cancers by a second pathologist should be considered with
discussion of these cases at a multidisciplinary meeting.
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Population-based colorectal cancer screening pro-
grams have been widely introduced in Western
countries.1,2 The four main difficulties in the
pathology of the screening program have been
reported to be the recognition of serrated lesions, a
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biopsy diagnosis of malignancy, determining risk
features in T1 colorectal cancer, and the recognition
of pseudo-invasion.3,4 The latter, also called epithe-
lial misplacement or pseudo-carcinomatous inva-
sion, has been advocated to be the pathologic
diagnostic conundrum of the screening program
with important consequences.4 In contrast to T1
colorectal cancer, pseudo-invasion is a benign con-
dition that lacks metastatic potential. Therefore,
inadequate recognition can lead to over diagnosis
and the subsequent risk of surgical overtreatment of
benign lesions.4

Pseudo-invasion was first described in 1973 by
Muto et al.5 It is a phenomenon in which cancer is
mimicked in a benign lesion by misplacement of
epithelium from the mucosa to the submucosa, and
rarely even in the muscularis propria.6,7 As it is
mostly seen in pedunculated polyps located in the
sigmoid colon, it is hypothesized that it is caused by
tension and shear forces leading to mucosal pro-
lapse, microtrauma, and subsequent breaks in the
muscularis mucosae.8–10 Pedunculated sigmoidal
polyps are exposed to enhanced trauma due to the
narrow lumen in which solid feces passes, the curves
the sigmoid colon makes and the relatively loosely
attached mucosa. These forces can result in epithe-
lial necrosis and subsequent hemorrhage, which can
be identified by hemosiderin deposition.

The United Kingdom guideline on colorectal
cancer screening is currently one of the few that
recommends diagnostic confirmation of T1 color-
ectal cancer by a second pathologist.3,11 This
recommendation is not yet widely followed by other
guidelines, as it is currently unknown on what scale
misclassification takes place in daily clinical prac-
tice. The aim of this study was to provide insights in
the diagnostic accuracy and reproducibility of the
histological diagnosis of pedunculated T1 colorectal
cancers in daily clinical practice, by review of the
original histological diagnosis by pathologists with
special expertize in gastrointestinal pathology.

Materials and methods

Study Population and Sample Collection

This study was conducted in a sub-cohort of the T1
colorectal cancer registration cohort, initiated by the
Dutch T1 Colorectal Cancer Working Group. This
collaboration initiative consists of 10 hospitals,
including 9 non-academic and 1 academic hospital.
All patients with T1 colorectal cancer diagnosed
between 2000 and 2014 in these hospitals were
identified using the Netherlands Cancer Registry.
The electronic medical records of all patients were
reviewed. Only cases in which the local pathologist
clearly confirmed the diagnosis pT1 colorectal
cancer in the pathology report were included, which
was defined as tumors with invasion through the
muscularis mucosa and into, but not beyond, the

submucosa. Patients with hereditary predisposition
for colorectal cancer, inflammatory bowel disease,
synchronous advanced colorectal cancer, non-cancer
related death within one year after treatment, and
non-pedunculated or unknown morphology were
excluded. Patient and polyp characteristics were
collected. In addition, follow-up data were collected
in order to correlate the diagnosis after review to the
outcome during follow-up.

A sample of cases was selected for histological
review. Selection was based on inclusion in another
study (not published yet). For that study, the
hematoxylin-eosin stained slides of all pedunculated
T1 colorectal cancer cases with either lymph node
metastasis or recurrent cancer were collected from
the participating hospitals. In addition, hematoxylin-
eosin stained slides of matched pedunculated T1
colorectal cancer cases without lymph node metas-
tasis or recurrent cancer were collected from the
same hospitals. Matching was performed based on
type of treatment and polyp location using the
method of incidence density sampling. Collection
of the slides and matching was performed by two
independent researchers who were not involved in
the review process (YB and LM). Slides were
scrambled by the same two researchers before
pathology review, so that the participating patholo-
gists remained fully blinded.

This study was approved by the Medical Ethics
Review Committee of the University Medical Center
Utrecht (approval for data-collection, reference
number: 15–487; approval for histological review,
reference number 15–716). The study was performed
in accordance with the Helsinki Declaration. All
patients’ data were coded and anonymity of patients
was guaranteed.

Pathology Review

Three pathologists from the Netherlands (ML, AM,
and JO) and a pathologist from the United Kingdom
(MN) participated in this study, all with special
expertize in gastrointestinal pathology. All patholo-
gists were blinded to the clinical characteristics (ie,
patient and polyp characteristics) and clinical out-
come (ie, lymph node metastasis or recurrent cancer
during follow-up). In order to guarantee the same
setting for the original pathologists and the pathol-
ogists that performed the review, all available
hematoxylin-eosin stained slides were provided for
reading; no additional deeper sections were
performed.

A flowchart of the study design is presented in
Figure 1. First, all slides on which the local
pathologist diagnosed T1 colorectal cancer were
mutually reviewed by two pathologists from the
Netherlands (JO and ML). In this review, the
pathologists decided together whether they could
confirm the original diagnosis of T1 colorectal
cancer. Then, a consensus meeting was held
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comprising a panel of three pathologists (JO, ML, and
AM). In this consensus meeting, all cases in which
the diagnosis of T1 colorectal cancer was not
confirmed following the review process were dis-
cussed by the three pathologists together. Equivocal
was scored when T1 colorectal cancer could not be
excluded but could not be confirmed either. When
the initial diagnosis of T1 colorectal cancer was not
confirmed, the expert panel specified whether the
revised diagnosis was low-grade dysplasia, high-
grade dysplasia or pseudo-invasion. This led to a
majority consensus histological diagnosis applying a
two out of three agreement method.

In order to validate the consensus diagnoses, all
cases in which the diagnosis of T1 colorectal cancer
was not confirmed at the consensus meeting were
independently reviewed by a fourth pathologist from
the United Kingdom with extensive experience of
difficult bowel cancer screening program polyp
histology (MN). In order to ensure cases were reported
blindly an additional 19 cases, where the consensus
diagnosis agreed with the original diagnosis, were
mixed with the cases with revised diagnoses.

Histological Definitions

The term dysplasia was used to indicate the presence
of intra-epithelial neoplastic proliferation, graded
according to the Vienna classification of gastroin-
testinal epithelial neoplasia.12 Pseudo-invasion was
defined as misplacement of epithelium from the
mucosa to the submucosa or deeper.6,7 In all cases
with a revised diagnosis of pseudo-invasion, char-
acteristics supporting the diagnosis of pseudo-
invasion as described and defined by Loughrey
et al were scored by two pathologists (ML and JO).3
T1 colorectal cancer was defined as polyps with
invasion through the muscularis mucosa and into,
but not beyond, the submucosa.13 Characteristics

supporting the diagnosis T1 colorectal cancer (ie,
lymphovascular invasion and tumor budding) were
scored by the same two pathologists (ML and JO).
Lymphovascular invasion was defined as the pre-
sence of cancer cells within endothelial-lined
channels.14 Tumor budding was defined, measured
and scored according to the method proposed by
Ueno et al.15

Statistical Analysis

Categorical data were expressed as frequencies and
percentages, continuous variables as medians with
their interquartile ranges. Primary endpoint of the
study was the agreement of pathological diagnosis of
pedunculated T1 colorectal cancer of the original
pathologist with the second review. Agreement
concerning the diagnosis of T1 colorectal cancer
was expressed in percentages. Bootstrapping was
performed to calculate 95% confidence intervals. A
sub-analysis was performed in order to explore
whether the percentage of discordant diagnoses
had improved in the latest years. The percentage of
cases in which the original diagnosis of T1 colorectal
cancer was not confirmed was compared between
patients diagnosed before 2011 and patients
diagnosed from 2011 onwards using the Pearson's
X2-test. In addition, clinicopathological characteris-
tics of discordant cases and agreement cases
were compared using the Pearson's X2-test or
Mann–Whitney U-test as appropriate. A two-sided
P-value ≤ 0.05 was considered statistically signifi-
cant. SPSS Statistics version 21 (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis.

Results

Study Population

In total, 457 cases of pedunculated T1 colorectal
cancer were identified in the participating hospitals
(Figure 2). Hematoxylin-eosin stained slides of a
sample of 128 cases were collected for histological
review. Median age of the revised cohort was 67
years (61–74) with 53% male (Table 1). Median
polyp size was 20 millimeter (15–30), with the
majority of polyps located in the sigmoid colon
(72%). Median follow-up time of the patients was
47 months (27–79).

Agreement of Review with Original Diagnosis

During review, the original diagnosis of T1 colorectal
cancer was not confirmed in 20 cases (16%; 95%
confidence interval 10–22%). In the consensus
meeting, three-way agreement on the final diagnosis
was reached in 95% (19/20) of cases. The revised
diagnosis was pseudo-invasion in 10 cases (8%; 95%
confidence interval 4–13%), high-grade dysplasia in
4 cases (3%; 95% confidence interval 1–6%) and

Figure 1 Study design.
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equivocal in 6 cases (5%; 95% confidence interval
2–9%). In a sub-analysis of cases diagnosed before
and after 2011, the original diagnosis of T1 colorectal
cancer was not confirmed in 15% (13/88) of the cases
diagnosed between 2000 and 2010 vs 18% (7/40) of
the cases diagnosed from 2011 onwards, P=0.69.

Clinicopathological Characteristics of Discordant
Cases

Cases with a revised diagnosis were compared with
the agreement cases with regard to clinicopathologi-
cal characteristics (Table 2). Lymph node metastasis
or recurrent cancer during follow-up were not
observed in any of the patients where the consensus
panel downgraded the diagnosis of T1 colorectal
cancer. The reviewed diagnosis was significantly
more often in disagreement with the original diag-
nosis in polyps located in the sigmoid colon vs other
locations (20 vs 6%, P=0.05). No difference with
regard to polyp size was observed between the
groups. In none of the discordant cases tumor
budding or lymphovascular invasion was observed.

In the 10 cases with a revised diagnosis of pseudo-
invasion, characteristics supporting the diagnosis of
pseudo-invasion were scored (Table 3). Features
present in all 10 cases included epithelial differentia-
tion similar to that of the surface epithelium, fibro-
muscular stromal proliferation and mucosal prolapse
changes. Accompaniment by non-adenomatous

Figure 2 Flowchart of inclusion.

Table 1 Baseline characteristics

N=128

Male gender, n (%) 68 (53)
Age in yearsa 67 (61–74)
Polyp size in mma 20 (15–30)

Diagnosis is based on, n (%)
Polypectomy specimen 107 (84)
Colectomy specimen 21 (16)

Final treatment strategy, n (%)
Endoscopic only 40 (31)
Surgical resection 88 (69)

Polyp location, n (%)
Coecum/Colon ascendens 1 (1)
Colon transversum/descendens 2 (2)
Sigmoid 92 (72)
Rectum 33 (26)

CRC related outcome, n (%)
Favorable 100 (78)
Lymph node metastasis 14 (11)
Recurrent cancer 13 (10)
Lymph node metastasis and recurrent cancer 1 (1)

Vital outcome, n (%)
Alive 102 (80)
Died 26 (20)

Year of diagnosis, n (%)
2000–2010 88 (69)
2011–2014 40 (31)

aMedian with interquartile ranges.
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epithelium was least often seen, only in 1 case.
Examples of the features are presented in Figure 3.

Validation of Consensus Diagnosis by Independent
Expert Pathologist

The hematoxylin-eosin stained slides of the cases in
which review did not confirm the original diagnosis
of T1 colorectal cancer were reviewed by a fourth
expert gastrointestinal pathologist from the United
Kingdom mixed with a random sample of 19
confirmed T1 colorectal cancer cases (Figure 1). In
19 of the 20 cases in which T1 colorectal cancer was
not confirmed in the consensus meeting the fourth
pathologist independently agreed (Table 4). In nine
cases the mutual revised diagnosis was pseudo-

invasion with high-grade dysplasia in a further
three cases.

In 12 of the 19 other cases of this set in which the
Dutch pathologists had agreed with the original
diagnosis of T1 colorectal cancer, the fourth pathol-
ogist independently agreed. However, in the remain-
ing 7 cases the fourth pathologist revised the
diagnosis as either pseudo-invasion (N=3), high-
grade dysplasia (N=1), or equivocal (N=3).

Discussion

In this large multicenter cohort, we observed that in
16% of patients initially diagnosed with peduncu-
lated T1 colorectal cancer the diagnosis was not
confirmed by a Dutch expert gastrointestinal pathol-
ogy team. Most often the revised diagnosis was
pseudo-invasion (8%). We validated the consensus
diagnosis by a fourth independent expert gastro-
intestinal pathologist and noted that in 95% (19/20)
of the cases all four pathologists agreed that the
diagnosis T1 colorectal cancer could not be con-
firmed. Nevertheless, even among experienced gas-
trointestinal pathologists no universal agreement
was observed, underlining the diagnostic difficulty
of these cases. Based on these results, a second
histological opinion seems advisable for cases of
pedunculated T1 colorectal cancer, especially when
surgery is considered.

Over diagnosis of T1 colorectal cancer has several
important consequences. First, it may have clinical
consequences. In our study, 55% of the patients in
which the Dutch expert panel did not confirm the
diagnosis had undergone secondary surgical resec-
tion (11/20, data not shown). Importantly, oncologi-
cal colorectal surgery carries significant risks, with
mortality percentages increasing from 4% in the
elderly up to 10% in the oldest age groups.16–18 Also,
frequency of endoscopic follow-up of non-invasive
polyps differs from colorectal cancer and thus
adequate recognition further eliminates overuse of
valuable endoscopic resources. Second, over diag-
nosis pollutes cancer registries with false incidence
rates and affects the prognosis data of early color-
ectal cancers. As can be seen in Figure 2, 40% of our
cohort consists of polyps with a pedunculated
morphology. Given the high percentage of non-
confirmed T1 colorectal cancers observed in this
study the incidence of ‘true’ pedunculated T1 color-
ectal cancers is almost certainly lower, and raises the
possibility that the prognosis of ‘true’ pedunculated
T1 colorectal cancers is probably worse than cur-
rently registered in the Netherlands Cancer Registry.
Finally, over diagnosis may also have ethical con-
sequences given that patients are erroneously bur-
dened with a diagnosis of cancer.

The diagnostic difficulty of differentiating pseudo-
invasion from true invasion might cause that
disagreement will remain even among experts and
a golden-standard diagnosis will not always be

Table 2 Clinicopathological differences between agreement and
discordant cases

Agreement
cases
N=108

Discordant
cases
N=20 P-value

Clinical characteristics
Male gender, n (%) 57 (53) 11 (55) 0.86
Age in yearsa 66 (60–74) 70 (64–77) 0.15
Polyp size ≥20 mm,
n (%)

70 (65) 16 (80) 0.18

Polyp location, n (%)
Sigmoid colon 74 (69) 18 (90) 0.05
Non-sigmoid colon 34 (32) 2 (10)

Colorectal cancer
related outcome, n (%)
Favorable 80 (74) 20 (100) 0.01
Unfavorableb 28 (26) 0 (0)

Vital outcome, n (%)
Alive 84 (78) 18 (90) 0.21
Died 24 (22) 2 (10)

Resection technique,
n (%)c

Piecemeal resection 24 (28) 3 (18) 0.38
En-bloc resection 62 (72) 14 (82)

Histological characteristics
Previous biopsy taken,
n (%)
Yes 21 (19) 1 (5) 0.12
No 87 (81) 19 (95)

Diagnosis is based on,
n (%)
Polypectomy
specimen

90 (83) 17 (85) 0.85

Colectomy specimen 18 (17) 3 (15)
Lymphovascular
invasion, n (%)
Present 53 (49) 0 (0) o0.001
Absent 55 (51) 20 (100)

Tumor budding,
n (%)
Present 29 (27) 0 (0) 0.008
Absent 79 (73) 20 (100)

Bold values indicate statistical significance.
aMedian with interquartile ranges.
bLymph node metastasis or recurrent cancer.
cOnly for cases in which endoscopic resection was performed, in four
cases resection technique was missing.

Modern Pathology (2017) 30, 104–112

Pedunculated T1 colorectal cancer

108 Y Backes et al



Table 3 Features of pseudo-invasion

Patient number 1 2 3 4 5 6 7 8 9 10 Total

Epithelial differentiation similar to that of the surface adenomatous component + + + + + + + + + + 10/10
Fibromuscular stromal proliferation + + + + + + + + + + 10/10
Mucosal prolapse changes + + + + + + + + + + 10/10
Lamina propria accompaniment + + + + + + − + − + 8/10
Haemosiderin deposition + + + + + + + − + − 8/10
Continuity with surface adenomatous component + + + − + − + + − + 7/10
Mucus cysts − + + + − + + − + − 6/10
Accompaniment by non-adenomatous epithelium + − − − − − − − − − 1/10
Number of features present 7 7 7 6 6 6 6 5 5 5

+: present; − : absent.
Bold entries indicate total number of features present per case (row) and proportion of cases in which the feature was seen (column).

Figure 3 Examples of pseudo-invasion cases. (a, b) Overview and detail. Mucosal prolapse changes, haemosiderin deposition and dilated
cystic glands. (c, d) Overview and detail. Haemosiderin deposition, mucus cysts and fibromuscular stromal proliferation. (e, f) Overview
and detail. Dilated cystic glands and fibromuscular stromal proliferation.
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reached. In our cohort, 5% of cases resulted in an
equivocal diagnosis after review by the Dutch
consensus panel. Moreover, disagreement between
the Dutch consensus panel and the British expert
pathologist on the diagnosis of T1 colorectal cancer
was observed. Discrepant diagnoses among experts
have also been reported by the Bowel Cancer
Screening Program Expert Board from the United
Kingdom comprising three experienced
pathologists.4 Of all referrals containing all kind of
polyps, 3% was judged too ambiguous to arrive at a
final consensus diagnosis. In our opinion, it is
therefore of utmost importance that these difficult
cases are discussed in multidisciplinary meetings. In
this way, other factors such as polyp location, patient
age, comorbidity and general condition might aid in
weighing the decision whether or not to proceed to
surgery.

Histological features could potentially assist
pathologists in distinguishing pseudo-invasion from
true invasion. The characteristics as scored in
Table 3 point toward pseudo-invasion; however,
none of them is pathognomonic.3–5 The presence of
lymphovascular invasion confirms malignancy, and
indeed was not observed in any of the downgraded
cases. However, it must be emphasized that diagnos-
ing lymphovascular invasion is prone to high
interobserver variation too.19–22 We observed that
epithelial differentiation similar to that of the surface
epithelium, fibromuscular stromal proliferation and
mucosal prolapse changes were present in all cases
with a revised diagnosis of pseudo-invasion. In the
absence of lymphovascular invasion and in the
presence of these three features pseudo-invasion
should always be considered, keeping in mind that
pseudo-invasion does not preclude true invasion
elsewhere in the polyp.3

Several studies have assessed the value of immu-
nohistochemical stains with collagen IV, E-cadherin,
Matrix Metalloproteinase-1, p53, Ki67, urokinase
Plasminogen Activating Receptor, α1 chain of type
XI collagen, and stromelysin-3.9,23–27 Thus far, none
of them has proven to be a true reliable biomarker.
The difficulty might be that in pseudo-invasive
polyps the mucosal component can also show an
enhanced immune-expression pattern, especially in
polyps containing intramucosal carcinoma.9,23

Although pseudo-invasion is a phenomenon most
frequently described in pedunculated polyps, it has
also been reported in sessile polyps after previous
biopsy.6,26,28 Biopsy can cause disruption of the
epithelium and herniation of glands and neoplastic
cells into the submucosa. This was reported in one-
third of the polyps previously biopsied, most often in
sessile polyps of large size located in the proximal
colon.26 Confinement of atypical epithelium to fibrin
and granulation tissue may help to identify these
polyps.26 Future studies are needed to shed light on
the rate of misdiagnosis of T1 colorectal cancer in
sessile polyps in order to explore whether a secondT
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opinion for this morphological type of T1 colorectal
cancer is advisable as well.

The strengths of our study include the large
number of pedunculated T1 colorectal cancer cases
reviewed from multiple hospitals within the Nether-
lands. Clinical characteristics and follow-up char-
acteristics were collected from all patients.
Therefore, we were able to make an extra verification
step by comparing the revised diagnosis with the
presence or absence of lymph node metastasis and
recurrent cancer during follow-up, and observed that
in none of the downgraded cases lymph node
metasisis or recurrent cancer was present. Participat-
ing pathologists from the Netherlands and the United
Kingdom reviewed the samples blinded for the
patient outcome and fully independent of each
other. They have not worked together before or
discussed this subject previously. Therefore, the
diagnosis of the British pathologist can reliably be
interpreted as a fully independent diagnosis.

Several limitations have to be acknowledged in
this study. First, review of a sample of patients
instead of the whole cohort could potentially have
resulted in a biased incidence of discordant diag-
noses given that due to the selection procedure a
relatively high proportion of patients with an
unfavorable outcome (lymph node metastasis or
recurrent cancer) were reviewed. However, if bias
had been introduced this would most likely have
resulted in an underestimation of the incidence of
misdiagnosed T1 colorectal cancers rather than an
overestimation, given that patients with an unfavor-
able outcome (lymph node metastasis or recurrent
cancer) have, by definition, a malignant diagnosis.
Moreover, we verified whether the reviewed and
non-reviewed cases had comparable baseline char-
acteristics and observed no significant differences
with regard to the clinical factors suggested to be
associated with increased risk for pseudo-invasion in
literature (ie, polyp size and location in sigmoid
colon; Supplementary Material Table 1).4,8–10
Thereby, the exact incidence of discordant diagnosis
can probably never be estimated given that a golden-
standard diagnosis does not exist. Secondly, patients
in our study were diagnosed between 2000 and 2014.
One might argue that the problem is of decreasing
significance due to improved knowledge over time.
However, we observed that even in the latest years
(2011–2014), still 18% of diagnoses of T1 colorectal
cancer were not confirmed. Moreover, the finding
that to date even expert gastrointestinal pathologists
did not agree on all cases, demonstrates that the
diagnosis of pedunculated T1 colorectal cancer is a
contemporary challenge.

In conclusion, the lack of agreement observed in
this study on the diagnosis of T1 colorectal cancer in
pedunculated polyps in a high percentage of cases
underlines the difficulty of this diagnosis. Given that
pathologists will encounter this problem with
increasing frequency due to the introduction of
colorectal cancer screening programs, it is of utmost

importance that both gastroenterologists and pathol-
ogists are aware of this problem. Until a more
objective marker is found, we strongly recommend
the use of a majority consensus diagnosis in order to
limit the risk of overtreatment of non-invasive
adenomas, pollution of cancer registries and need-
less patient burden with the diagnosis cancer.
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