") Check for updates

Histopathology

Histopathology 2026, 88, 868-880. DOI: 10.1111/his.70043

Interobserver variability of histopathological assessment in
pT1 colorectal carcinoma

Karmele Saez de Gordoa,'?3( Maria Daca-Alvarez,*°@ Maite Rodrigo-Calvo,*>
Ivan Archilla,’*>@ Sandra Lopez-Prades,'*>@ Jose Javier Aguirre,®”’
Lorena Alarcén-Molero,®@ Marfa Camara Jurado,’(® Adriana Canosa,
Francisco Giner,'''?@ Carmen Gonzilez-Lois,> Mireya ]imeno,M’15 Ismael ]urado,16
Isidro Machado,'”*®@ Carolina Martinez-Ciarpaglini,’*'°*°@® Eva Musulen,*'-**

Dolores Naranjo,?>( Natalia Papaleo,?*(® Cristina Pefia,?> Oria Rosifiol,?°

Rosario Sanchez-Yuste,'? Greissy Tibisay Vazquez Benitez,' > Maria Pellisé,*>*”

Miriam Cuatrecasas’*>*”(® & on behalf of the EpiT1 Consortium

TPathology Department, Hospital Clinic, *Institut d’'Investigacions Biomediques August Pi i Sunyer (IDIBAPS),
Department of Clinical Foundations, *Department of Medicine, Universitat de Barcelona, °Gastroenterology
Department, Hospital Clinic, Barcelona, ®Pathology Department, Hospital Universitario Araba, “Bioaraba HRI, Vitoria-
Gasteiz, *Pathology Department, Hospital General de Valdepeitas, Ciudad Real, °Pathology Department, Hospital
Universitario 12 de Octubre, Madrid, '°Pathology Department, Hospital Universitario de La Ribera, Alzira, ' Pathology
Department, Hospital Universitario y Politécnico La Fe, '?University of Valencia, Valencia, '>Pathology Department,
Hospital Universitario Puerta de Hierro, Majadahonda, '*Pathology Department, Hospital Universitari Germans Trias i
Pujol, PInstitut Germans Trias i Pujol (IGTP), Badalona, '®Pathology Department, Hospital Universitari Consorsi
Sanitari de Terrassa, Terrassa, '”Pathology Department, Instituto Valenciano de Oncologia, '®Pathology Laboratory,
Hospital QuirénSalud, °Pathology Department, Hospital Clinico Universitario of Valencia, 2°Biomedical Research
Institute INCLIVA, Valencia, ' Pathology Department, Hospital Universitari General de Catalunya-Grupo QuirénSalud,
Sant Cugat del Valles, >2Cancer Epigenetics Group, Josep Carreras Leukaemia Research Institute (IJC), Badalona,
23Pathology Department, Hospital del Mar, Barcelona, 2*Pathology Department, Corporacié Sanitaria Parc Tauli,
Sabadell, 2°Pathology Department, Complejo Hospitalario Universitario, Albacete, 2°Pathology Department, Althaia
Xarxa Assistencial Universitaria, Manresa and 2" Centro de Investigacion Biomédica en Red en Enfermedades Hepaticas
y Digestivas (CIBEREHD), Madrid, Spain

10

Date of submission 12 June 2025
Accepted for publication 26 October 2025

de Gordoa K S, Daca-Alvarez M, Rodrigo-Calvo M, Archilla I, Lopez-Prades S, Aguirre ] J, Alarcén-Molero L,
Jurado M C, Canosa A, Giner F, Gonzalez-Lois C, Jimeno M, Jurado I, Machado I, Martinez-Ciarpaglini C,
Musulen E, Naranjo D, Papaleo N, Pena C, Rosifol O, Sanchez-Yuste R, Benitez G T V, Pellisé M,
Cuatrecasas M, the EpiT1 Consortium

(2026) Histopathology 88, 868—880. https://doi.org/10.1111/his.70043

Interobserver variability of histopathological assessment in pT1 colorectal carcinoma

Abbreviations: AC1, Agreement Coefficient 1; CRC, colorectal carcinoma; DSI, deep submucosal invasion; ESMO, European Society of
Medical Oncology; H&E, haematoxylin-eosin; ICC, intraclass correlation coefficient; IHC, immunohistochemistry; ITBCC, International
Tumour Budding Consensus Conference; JSCCR, Japanese Society for Cancer of the Colon and Rectum; LNM, lymph node metastasis; LVI,
lymphovascular invasion; NCCN, National Comprehensive Cancer Network; PDC, poorly differentiated clusters; PNI, perineural invasion;
RCPath, Royal College of Pathologists; TB, tumour budding; WHO, World Health Organization.

Address for correspondence: Miriam Cuatrecasas, Department of Clinical Foundations, Faculty of Medicine and Health Sciences, University of
Barcelona (UB), Pathology Department, Hospital Clinic — IDIBAPS — UB, Villarroel, 170, 08036, Barcelona, Spain. e-mail: mcuatrec@clinic.
cat

Maria Pellisé and Miriam Cuatrecasas contributed equally to this work

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0001-8106-6121
https://orcid.org/0000-0001-8106-6121
https://orcid.org/0000-0001-8106-6121
https://orcid.org/0000-0001-5636-8865
https://orcid.org/0000-0001-5636-8865
https://orcid.org/0000-0001-5636-8865
https://orcid.org/0000-0001-6675-3425
https://orcid.org/0000-0001-6675-3425
https://orcid.org/0000-0001-6675-3425
https://orcid.org/0000-0002-2142-0608
https://orcid.org/0000-0002-2142-0608
https://orcid.org/0000-0002-2142-0608
https://orcid.org/0000-0001-8208-2959
https://orcid.org/0000-0001-8208-2959
https://orcid.org/0000-0001-8208-2959
https://orcid.org/0000-0001-9946-7521
https://orcid.org/0000-0001-9946-7521
https://orcid.org/0000-0001-9946-7521
https://orcid.org/0000-0003-1092-6600
https://orcid.org/0000-0003-1092-6600
https://orcid.org/0000-0003-1092-6600
https://orcid.org/0000-0003-1993-421X
https://orcid.org/0000-0003-1993-421X
https://orcid.org/0000-0003-1993-421X
https://orcid.org/0009-0004-8332-5237
https://orcid.org/0009-0004-8332-5237
https://orcid.org/0009-0004-8332-5237
https://orcid.org/0000-0003-0765-7120
https://orcid.org/0000-0003-0765-7120
https://orcid.org/0000-0003-0765-7120
https://orcid.org/0000-0003-0169-5863
https://orcid.org/0000-0003-0169-5863
https://orcid.org/0000-0003-0169-5863
https://orcid.org/0000-0001-7318-1330
https://orcid.org/0000-0001-7318-1330
https://orcid.org/0000-0001-7318-1330
https://orcid.org/0000-0002-8797-2114
https://orcid.org/0000-0002-8797-2114
https://orcid.org/0000-0002-8797-2114
https://orcid.org/0000-0002-9667-6464
https://orcid.org/0000-0002-9667-6464
https://orcid.org/0000-0002-9667-6464
https://orcid.org/0000-0002-4089-047X
https://orcid.org/0000-0002-4089-047X
https://orcid.org/0000-0002-4089-047X
https://orcid.org/0000-0001-6943-3494
https://orcid.org/0000-0001-6943-3494
https://orcid.org/0000-0001-6943-3494
https://orcid.org/0000-0002-9442-9064
https://orcid.org/0000-0002-9442-9064
https://orcid.org/0000-0002-9442-9064
https://orcid.org/0000-0001-9739-4998
https://orcid.org/0000-0001-9739-4998
https://orcid.org/0000-0001-9739-4998
https://orcid.org/0000-0003-3063-0110
https://orcid.org/0000-0003-3063-0110
https://orcid.org/0000-0003-3063-0110
mailto:mcuatrec@clinic.cat
mailto:mcuatrec@clinic.cat
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhis.70043&domain=pdf&date_stamp=2025-12-15

Aims: Pathological evaluation of colorectal carci-
noma (CRC) diagnosed at stage pT1 is challenging.
Nevertheless, it is crucial for treatment guiding and
to determine the patient’s prognosis. This study aimed
to assess the interobserver variability in the histo-
pathological evaluation of pT1 CRC.

Methods and results: A retrospective multicentre pT1
CRC cohort study was designed (EpiT1 consortium).
A task force comprising 20 experienced pathologists
conducted the histopathological evaluation using digi-
talized haematoxylin-eosin (H&E) slides. A pilot study
was performed with 10 cases, and afterwards, a con-
sensus meeting was held to assess interobserver vari-
ability. Then, a concordance study was performed by
assessing 70 new pT1 CRC cases. We used percentage
agreement and Gwet's Agreement Coefficient 1 for
categorical variables, and intraclass correlation coeffi-
cient (ICC) for continuous variables. In the pilot
study, histological grade and perineural invasion
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(PNI) demonstrated 100% agreement, with good con-
cordance for lymphovascular invasion (LVI), tumour
budding (TB), poorly differentiated clusters (PDC) and
margin assessment. The concordance study showed
high agreement (>90%) on histological grade, PDC,
PNI and LVI. Submucosal invasion depth showed
excellent reliability in the concordance study
(ICC = 0.97). Notably, in both studies, the agreement
of PDC was higher than for TB. Lower concordance
was observed on stromal lymphocytes and the status
of muscularis mucosae.

Conclusions: Our results emphasize the need for stan-
dardization in evaluating pT1l CRC to improve the
concordance among pathologists, and the precision of
digital measurements. Moreover, the addition of PDC
assessment in pT1 CRC diagnostic guidelines could
help to improve the accuracy of risk stratification and
reliably predict prognosis.

Keywords: colorectal carcinoma, concordance, interobserver, poorly differentiated clusters, T1 CRC, tumour

budding, variability

Introduction

The high prevalence and mortality of colorectal carci-
noma (CRC)' has led to the implementation of CRC
screening programs in many countries, achieving
early detection and reducing mortality rates. Approxi-
mately 40% of CRC cases detected in the context of
screening programs are diagnosed at pT1 stage.”

An accurate pT1 CRC histopathological evaluation,
particularly in the identification of risk factors for
lymph node metastasis (LNM), has significant implica-
tions for patient management.sq Recent studies have
established histological grade, tumour budding (TB)
and lymphovascular invasion (LVI) as the most signif-
icant predictors of LNM. Contrarily, deep submucosal
invasion (DSI >1000 pm) may not be an independent
risk factor.® Other histological features, such as
poorly differentiated clusters (PDC), perineural inva-
sion (PNI), muscularis mucosae disruption, stromal
lymphocytes and submucosal invasion width and
area, have also been proposed as additional risk
factors.” !>

According to the European Society of Medical Oncol-
ogy (ESMO) guidelines, surgical resection including lym-
phadenectomy is recommended for patients with pT1
CRC exhibiting at least one of the following histological

risk factors: lymphatic or venous invasion, high tumour
grade, intermediate-to-high TB (Bd2 or Bd3), or Haggitt
level 4 submucosal invasion in pedunculated polyps. In
contrast, it recommends endoscopic surveillance for
patients without risk factors or with only a positive
resection margin.’ The National Comprehensive Cancer
Network (NCCN) Guidelines follow a similar approach,
and consider histologically high-grade, angiolymphatic
invasion or a positive resection margin as unfavourable
histological features. Of note, a definition of positive
resection margin is lacking, which has been defined as
the presence of tumour <1 mm or <2 mm from the
transected margin, or tumour cells present within the
diathermy artefact. Additionally, the NCCN states that
high TB may be associated with worse outcomes.* The
Royal College of Pathologists (RCPath) dataset for histo-
pathological reporting of CRC considers LVI, high TB
(Bd2-Bd3) and high tumour grade as pT1 CRC risk fac-
tors for LNM.” The Japanese Society for Cancer of the
Colon and Rectum (JSCCR) recommends intestinal resec-
tion with lymph node dissection in cases of pT1 CRC
with an affected vertical margin, DSI (pT1b, >1000 pm),
LVI, poor differentiation, signet ring cell or mucinous
carcinoma, or high TB (Bd2-Bd3).°

As stated, the guidelines among different profes-
sional societies are not standardized. In addition, the
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significant interobserver variability impacts patient
risk classification, which could alter treatment deci-
sions from 9.7% to 30% of patients.'® Therefore,
given the reliance on pathological evaluation for ther-
apeutic decisions, a standardized and reliable histolog-
ical assessment is of utmost importance for optimal
patient managernent.17

This study aimed to assess the interobserver vari-
ability in evaluating histopathological features in pT1
CRC, with the goal of improving the reproducibility
and clinical utility of these criteria to enhance
patient’s risk stratification and reduce over- or
undertreatment.

Materials and Methods

STUDY DESIGN

This study is part of a population-based multicentre
cohort study involving 33 tertiary hospitals across 12
Spanish regions (EpiT1 consortium). All included
patients were diagnosed with pT1 CRC between 2007
and 2018, regardless of the treatment received.
K.S.G. and M.C. selected a sample of 80 cases for
pathological evaluation, based on two criteria: pres-
ence of unequivocal submucosal invasion and en bloc
resection. Cases with faint staining or marked artefact
were excluded. In those cases where the tumour was
represented in more than one slide, the most repre-
sentative section was selected. A task force was cre-
ated comprising 20 experienced pathologists, with a
median of 12 years of practice. Most pathologists
(85%) worked in tertiary or university hospitals or
were specialized in gastrointestinal pathology (75%).
All pathologists were based in hospitals involved in
CRC screening programs, diagnosing a mean of 3.78
pT1 CRC cases per month.

The histopathological evaluation was carried out
using high-resolution scanned haematoxylin-eosin
(H&E) slides (200x magnification; Pannoramic 250
FLASH II, 3DHISTECH). The slides were viewed
through a digital platform (Digital Slide Archive -
DSA: https://dsa.athenatechai.com), which enabled
making exact measurements. Each pathologist had a
personal user account which did not allow seeing the
measurements made by others. A pilot phase was first
conducted, where all 20 pathologists evaluated the
same 10 representative cases, four pedunculated and
six sessile pT1 CRC. Seven cases were initially endo-
scopically treated and ultimately underwent surgical
resection due to clinical decision, and three patients
were only surgically treated. The histological evalua-
tion was performed on the endoscopic resected

tumour in seven cases (70%). Then, a consensus
meeting was held to discuss the most discordant his-
tological features. Subsequently, an interobserver con-
cordance study was performed on 70 new cases, 34%
pedunculated and 66% sessile, including 45 endo-
scopically treated and 25 surgically resected pT1
CRC. The histological evaluation was performed on
the endoscopic resected tumour (45/70; 65%). For all
tumours, each pathologist analyzed all histological
features, made measurements on the digitized slides
and recorded the data in a database. The study was
conducted in accordance with the Declaration of Hel-
sinki, and the protocol was approved by the Ethics
Committee of Hospital Clinic de Barcelona (HCB/
2019/0224) on 21/05/2019.

CRITERTA FOR EVALUATING HISTOLOGICAL
PARAMETERS

Histological grade was determined as described in the
5th edition of the World Health Organization (WHO)
Classification of Digestive System Tumours, based on
gland formation on the least differentiated component
and divided into low and high grade.'® LVI was
defined as the presence of tumour cells in the lumen of
channels coated by endothelial cells and comprised
lymphatic or venous invasion. TB was evaluated
according to The International Tumour Budding Con-
sensus Conference (ITBCC) definition and was divided
into Bdl (low; 0-4 buds), Bd2 (intermediate; 5-9
buds) and Bd3 (high; >10 buds).'” Two cases from the
pilot phase and 15 from the concordance study
showed prominent inflammation and glandular rup-
ture, making TB not reliably assessable. These cases
were omitted from the analysis of TB, since we had no
other areas for TB assessment, as recommended by
ITBCC Reporting Consensus”’ and the RCPath, which
advise excluding areas with active inflammation.” PDC
were defined as groups of >5 tumour cells, at the infil-
trating margin or within the tumour, which were not
forming a glandular structure. PDC were counted at
the hotspot area of 0.785 mm? and classified into G1
(0-4 PDCs), G2 (5-9 PDCs) and G3 (=10 PDCs).” PNI
was defined as present when tumour cells surrounded
nerve sheaths. Stromal lymphocytes included the
mononuclear infiltrate (lymphocytes and plasma cells),
and were assessed within the entire invasive tumour
area, excluding granulocytes, necrotic areas and non-
infiltrating carcinoma. It was scored as: absent or low
(0%—10%), intermediate (15%—-50%) and high (55%—
100%).2'*? The status of the muscularis mucosae was
divided into intact, partially disrupted and completely
disrupted.'?
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The depth of submucosal invasion was assessed dif-
ferently depending on the polyp morphology. On ses-
sile or flat polyps with intact or partially disrupted
muscularis mucosae, the invasion was measured from
the lower part of the muscularis mucosae to the dee-
pest invading tumour cell (Figure 1A). When the mus-
cularis mucosae was effaced by the tumour, the depth
of invasion was measured from the surface of the
tumour to the deepest invading tumour cell
(Figure 1B).'! In well-oriented pedunculated polyps,
Haggitt’s classification was used to evaluate the level
of invasion as follows: Haggitt 1 when submucosal
invasion was limited to the head of the polyp, Haggitt
2 for tumour invasion that reached the neck of the
polyp, Haggitt 3 for invasion into the polyp stalk, and
Haggitt 4 for tumour invasion beyond the stalk,
extending to the submucosa.>® In addition, a quantita-
tive submucosal depth invasion was measured in pm
from the Haggitt line at the junction between normal
and neoplastic mucosa (Figure 1C). For (flat,
non-pedunculated carcinomas, Kikuchi’s classification
was also used to assess the level of submucosal inva-
sion only when the muscular propria was identified
and the entire submucosal layer could be evaluated. It
was divided into sm1, sm2 and sm3, corresponding to
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invasion of the superficial third, two-thirds, or the dee-
pest third of the submucosa, respectively.”* According
to the JSCCR, the European Society of Gastrointestinal
Endoscopy and European Society of Digestive Oncology
guidelines,”® a submucosal invasion of >1000 pm
was considered a risk factor for LNM. Moreover, a sub-
mucosal invasion of >2000 pm was identified as a risk
factor for LNM by Ueno et al.>> Therefore, we divided
this feature into three categories (<1000 pm,
1000-1999 pm and >2000 pm).

The width of the adenocarcinoma included the
maximum horizontal size of the malignant compo-
nent and was further divided into two categories
(<4000 pm and >4000 pm), as it has been consid-
ered to confer a higher risk for LNM.?> The polyp
width included both the adenoma and the carcinoma
components (Figure 1D).'°> The area of infiltrating
adenocarcinoma was evaluated by measuring the
total area of the submucosal invasive tumour, exclud-
ing the superficial dysplastic part.'®

In this study, the vertical or deep margin was con-
sidered affected by carcinoma when the tumour cells
presented cautery artefact, were in contact, or at less
than 0.1 mm from the inked margin.?® Free margin
was divided into three categories: at 1 mm or less, at

Figure 1. Measurement of pT1 CRC submucosal invasion on sessile and pedunculated lesions. (A) Sessile polyp with visible muscularis
mucosae. The invasion depth (black line) is measured from the lower part of the muscularis mucosae to the deepest tumour cell
(haematoxylin-eosin [H&E] 1x). (B) Sessile polyp with complete effacement of the muscularis mucosae. The invasion depth (black line) is
measured from the surface of the lesion to the deepest tumour cell (H&E 1x). (C) Pedunculated polyp. The Haggitt line (blue line) separates
the head from the stalk of the polyp. Submucosal invasion depth (black line) is measured from the Haggitt line to the deepest part of the
tumour (H&E; 1x). (D) The size of the polyp comprises the whole lesion, including both the carcinoma and adenoma components (blue line).
The width of the carcinoma only includes the carcinoma component (black line) (H&E; 1x).
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more than 1 mm, and indeterminate when there was
fragmentation or marked artefact. The horizontal
margin or lateral mucosal margin was defined as free,
indeterminate and affected by adenoma with low- or
high-grade dysplasia, in situ carcinoma or by infiltrat-
ing carcinoma.

We stratified each case according to its risk of
LNM, including the unfavourable features included in
the ESMO and NCCN guidelines. Hence, cases at risk
showed high-grade, LVI, high TB (Bd2 or Bd3) or a
positive margin (in contact with the tumour).>*

STATISTICAL ANALYSIS

The category with the highest agreement among
pathologists was considered the gold standard diagno-
sis. All clinicopathological characteristics evaluated in
both studies are shown in Table 1. The concordance
values of continuous variables were calculated using
the average intraclass correlation coefficient (ICC),
two-way random-effects model (with 95% confidence
intervals). It was interpreted as poor reliability in the
case of ICC lower than 0.50; moderate reliability
between 0.5 and 0.75; good reliability between 0.75
and 0.9; and excellent reliability with an ICC greater
than 0.9.27 The percentage agreement value (median
and IOR - interquartile range) and Gwet’s Agreement
Coefficient 1 (AC1) were employed for assessing the
concordance of categorical variables.

Results
PILOT STUDY

The evaluation of the histological grade and PNI
had 100% agreement among pathologists, with an
AC1 of 0.88 and 0.99, respectively. The agreement
on PDC (90.91%; 0.83) was higher than that for TB
(77.27%; 0.63). The evaluation of LVI, horizontal
margin and width of adenocarcinoma showed high
agreement, whereas the agreement in the assess-
ment of stromal lymphocytes, status of muscularis
mucosae, Haggitt’'s and Kikuchi's classifications for
the depth of submucosal invasion and the vertical
margin was below 75%. Finally, the percentage of
agreement for risk stratification according to the
ESMO and NCCN guidelines was 74.57% (AC1
0.36). For continuous variables, a high ICC was
reached in the evaluation of the polyp size, width of
adenocarcinoma and the area of the submucosal
invasion by the adenocarcinoma, with excellent reli-
ability. Submucosal invasion depth had moderate
reliability (Table 2).

CONCORDANCE STUDY

High agreement was achieved in the evaluation of
histological grade, TB, PDC, LVI, PNI, horizontal mar-
gin and the width of the adenocarcinoma. The evalu-
ation of stromal lymphocytes, disruption of
muscularis mucosae, vertical margin, depth of sub-
mucosal invasion, Haggitt's and Kikuchi's classifica-
tions showed poorer agreement. The agreement on
the ESMO and NCCN guidelines risk stratification was
80.65% and AC1 0.28. In the case of ICC, submuco-
sal invasion depth had excellent reliability, with ICC
of 0.97. The polyp size and the width of the adeno-
carcinoma had moderate reliability, and the area of
the infiltrating adenocarcinoma had poor reliability
(Table 2).

COMPARISON OF BOTH STUDIES

In both studies, all measurements were made on digi-
talized H&E slides; therefore, exact measurements
could be performed and were comparable. The con-
cordance of most of the histological features improved
in the second assessment. The highest improvement
was observed in the measurement of the submucosal
invasion depth as a continuous variable, reaching an
excellent reliability (ICC = 0.97). Haggitt's and Kiku-
chi’s classifications improved to 94.44% and 73.68%
of agreement, respectively. The agreement of PDC
was higher than for TB in both studies, with a higher
improvement of TB in the second study. The assess-
ment of LVI and horizontal margin had small differ-
ences, while histological grade and PNI remained the
same, with 100% agreement. Contrarily, the agree-
ment of stromal lymphocytes and disruption of mus-
cularis mucosae was lower in the second assessment.
Nevertheless, the vertical margin improved in the sec-
ond assessment. The ICC of the polyp size, width of
adenocarcinoma and area of infiltrating adenocarci-
noma was lower in the concordance study (Table 2).

Of note, cautery artefact and inflammation were
causes of discordances, especially for the assessment
of PDC, TB and margin status. In addition, tumours
with mucinous differentiation generated challenges in
the evaluation of LVI, TB and PDC (Figure 2). On the
contrary, other cases were evaluated more homoge-
neously regarding grade, TB, submucosal invasion
depth or PDC (Figure 3).

PATIENTS FOLLOW-UP AND ADVERSE OUTCOMES

All the pilot study patients ultimately underwent sur-
gical resection. Nine patients had at least 5 years of
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Table 1. Histological features of included cases in both the pilot and the concordance study
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Pilot study (10 cases)

Concordance study (70 cases)

N % N %
Histological grade
Low-grade 10 100 67 95.71
High-grade 0 0 3 4.29
Tumour budding (TB) Non-inflamed cases (8) Non-inflamed cases (55)
Bd1 (04 buds) 8 100 52 94.55
Bd2 (5-9 buds) 0 0 0 0
Bd3 (>10 buds) 0 0 3 5.45
Poorly differentiated clusters (PDC)
G1 (04 PDC) 10 100 67 95.71
G2 (5-9 PDC) 0 0 2 2.86
G3 (>10 PDC) 0 0 1 1.43
Lymphovascular invasion (LVI)
Yes 1 10 6 8.57
No 9 90 64 91.43
Perineural invasion (PNI)
Yes 0 0 0 0
No 10 100 70 100
Stromal lymphocytes
Absent/Low grade (0%—10%) 4 40 23 32.86
Intermedium (15%-50%) 5 50 43 61.43
High grade (55%-100%) 1 10 4 5.71
Status of muscularis mucosae
Intact 0 0 0 0
Incompletely disrupted 1 10 21 30
Completely disrupted 9 90 49 70
Vertical margin
Indeterminate 2 20 0 0
Free at >1 mm 6 60 52 74.29
Free between 0.1 and 1 mm 1 10 13 18.57
Positive 1 10 5 7.14
Horizontal margin
Indeterminate 2 20 0 0
Continued
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Table 1. (Continued)

Pilot study (10 cases)

Concordance study (70 cases)

N % N %
Free 8 80 68 97.14
Affected by adenoma or in situ carcinoma 0 0 1 1.43
Affected by infiltrating carcinoma 0 0 1 1.43

Haggitt's classification

Endoscopic samples (7 cases)

Endoscopic samples (45 cases)

NA (not pedunculated polyp) 4 57.14 25 55.56
Haggitt 1 2 28.57 11 24.44
Haggitt 2 1 14.29 4 8.89
Haggitt 3 0 0 5 11.11
Haggitt 4 0 0 0 0

Kikuchi's classification

Surgical samples (3 cases)

Surgical samples (25 cases)

NA (non-flat or sessile polyp) 0 0 4 16

sm1 1 33.33 4 16

sm2 1 33.33 4 16

sm3 1 33.33 13 52
Submucosal invasion depth

<1000 pm 2 20 17 24.29

1000-1999 pum 0 0 9 12.86

>2000 pm 8 80 44 62.86
Width of adenocarcinoma

<4000 pm 1 10 4 5.71

>4000 pm 9 920 66 94.29
Risk stratification

Low-risk 7 70 48 68,57

High-risk 3 30 22 31,43

follow-up, and one was lost to follow up. One case
without risk histological features had LNM and
received chemotherapy, being alive without disease
after 6 years of follow-up. No disease recurrence or
death occurred in the rest of the patients.

In the concordance study, 36 patients underwent
surgery (25 as the initial treatment and 11 after
endoscopic resection). Seven patients (19.4%) had
LNM; six of them were classified as high-risk, but
none of them recurred. Among the six high-risk

patients with LNM, the most frequent features
observed were LVI in four patients, followed by TB
in two, high grade and a positive vertical margin
in one patient, respectively. Two died due to
causes unrelated to CRC. Four other patients had
distant metastases; two of them had high-risk his-
topathological features and the two low-risk
patients died of disease at 57 and 63 months after
diagnosis. Seven additional patients died due to
other causes.
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Table 2. Concordance values on the histopathological features of the tumours included in the study

Pilot study
(N =10)
Categorical variables

Concordance study
(N =70)
Median percentage of agreement (IQR)

Pilot study
(N=10)
Gwet's AC1 (0.95 Cl)

Concordance study
(N =70)

Histological grade

100%

(88.64 to 100.00)

100%

(94.20 to 100.00)

0.88 (0.81 to 0.96)

0.84 (0.76 to 0.91)

Tumour budding (TB)?

77.27%

(67.05 to 87.01)

89.47%

(74.35 to 100)

0.63 (0.46 to 0.81)

0.66 (0.54 to 0.78)

Poorly differentiated clusters
(PDC)

90.91%

(87.39 to 95.45)

93.93%

(78.33 to 100.00)

0.83 (0.74 to 0.92)

0.73 (0.63 to 0.83)

Lymphovascular invasion (LVI)

90.91%

(85.88 to 95.45)

94.43%

(79.80 to 100.00)

0.71 (0.57 to 0.85)

0.68 (0.57 to 0.79)

Perineural invasion (PNI)

100%

(100 to 100)

100%

(100 to 100)

0.99 (0.97 to 1)

0.96 (0.95 to 0.98)

Stromal lymphocytes

61.36%

(54.55 to 71.5)

52.63%

(45.10 to 60.54)

0.23 (0.14 to 0.33)

0.26 (0.16 to 0.38)

Status of muscularis mucosae

72.73%

(63.64 to 79.46)

68.42%

(59.40 to 78.95)

0.66 (0.53 to 0.79)

0.42 (0.34 to 0.51)

Vertical margin

73.11%

(50.00 to 95.45)

78.95%

(61.11 to 94.74)

0.24 (0.16 to 0.32)

0.45 (0.40 to 0.49)

Horizontal margin

93.56%

(73.86 to 98.86)

90.19%

(81.53 to 100.00)

0.57 (0.47 to 0.67)

0.77 (0.68 to 0.81)

Haggitt's classification®

72.73%

(63.64 to 79.55)

94.44%

(68.42 to 100.00)

0.22 (0.15 to 0.29)

0.30 (0.26 to 0.35)

Kikuchi's classification®

66.67 %

(66.67 to 69.70)

73.68%

(57.89 to 89.47)

0.07 (-0.16 to 0.29)

0.13 (0.09 to 0.16)

Submucosal invasion depth

70.45%

(52.08 to 89.77)

88.85%

(75.37 to 100.00)

0.39 (0.23 to 0.55)

0.34 (0.27 to 0.42)

Width of adenocarcinoma 95.45% (77.84 to 100)

94.44% (88.89 to 94.74)

0.69 (0.56 to 0.82)

0.75 (0.69 to 0.82)

Risk stratification 76.84% (69.32 to 85.23)

82.84% (63.54 to 94.49)

0.20 (0.01 to 0.397)

0.17 (0.04 to 0.29)

Continuous variables

Pilot study
(V=10)

Average ICC (95% confidence interval)

Concordance study
(W =70)

Submucosal invasion depth

0.59 (0.12 to 0.88)

0.97 (0.96 to 0.98)

Polyp size

0.96 (0.91 to 0.99)

0.55 (0.37 to 0.69)

Width of adenocarcinoma

0.94 (0.87 to 0.98)

0.71 (0.60 to 0.80)

Area of infiltrating adenocarcinoma

0.97 (0.93 to 0.99)

0.06 (—0.30 to 0.35)

ICC, intraclass correlation coefficient; IQR, interquartile range.

Evaluated in cases without prominent inflammation (8 in the pilot phase and 55 in the concordance phase).
PHaggitt's classification was only evaluated on endoscopic samples (7 cases in the pilot study and 45 cases in the concordance study).
“Kikuchi's classification could only be assessed on surgical samples (3 cases in the pilot study and 25 cases in the concordance study).

Focusing on PDC, all patients from the pilot study
had G1 PDC. In the concordance study, three patients
had G2 or G3 PDC with other high-risk features. One
of the latter patients had distant metastasis detected
45 months after surgery. The other two patients did
not show a recurrence after 5 years of follow-up.

Discussion

An accurate histopathological assessment is determi-
nant for pT1 CRC patient management. This study
underscores the complexity of some histopathological

features that need to be assessed in pT1 CRC. This
can result in significant variability among patholo-
gists. However, it also demonstrates that high inter-
observer agreement can be achieved when clear
criteria are defined, and that the use of digital slides
improves the precision of measurements.

The three histopathological features most related to
prognosis in pT1 CRC are histological grade, LVI and
TB; thus, a precise and reproducible assessment is
essential. We found perfect agreement (100%) on his-
tological grading using a two-tiered system (low vs.
high grade), as recommended by the WHO.'® The use
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Figure 2. Difficult evaluation of tumour budding (TB) and poorly differentiated clusters (PDC) due to inflammation and cautery artefact. (A,
B) The marked cautery artefact (yellow arrows) present in this case challenged the evaluation of the deep margin and TB at the invading
front (haematoxylin-eosin [H&E]; 20x); (C) Tumour with mucinous component (black arrows), which made difficult the assessment of PDC
and TB (H&E; 10x); (D) Tumour groups surrounded by a white space (black arrows), made it difficult with H&E alone to differentiate shrink-
age artefact from lymphovascular invasion (LVI) (H&E; 20x).

Figure 3. Examples of the assessment of some histological features. (A) A tumour showing mostly glandular architecture, therefore classified
as low grade by most observers (haematoxylin-eosin [H&E]; 5x); (B) Despite the inflammatory component, most observers agreed on the
presence of high TB (black arrows) (H&E; 20x). (C) This case had surface ulceration, and submucosal invasion depth was measured from
the surface (black line) (H&E; 5x); (D) Tumour composed mostly of clusters of cells with high agreement on PDC grade (H&E; 20x).

of three or four grading tiers based on gland forma- Collaboration on Cancer Reporting have recom-
tion often leads to lower agreement.”®>° Importantly, mended grading pT1 CRC based on the least differen-
the recent WHO, RCPath and International tiated component, rather than on the predominant

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology, 88, 868-880.

85UB01 SUOWIWOD SAIER.D 3|1 dde U Aq peuAob a/e SepIe YO (88N JO S3|n Joj A%eiq 1T 8UIIUO A3]IM UO (SUO R IPUOD-PUR-SWLS} /WO AB| 1M AReiq 1[ou1 UO//SdRY) SUOIPUCD PUe SLe L 84} 885 *[9202/20/TT] uo Ariqiauliuo A1 ‘(PepIUeS 3p OLBISIUIN) UOSIAOIJ [EUOIEN URILI0D USILedS AQ £700L SIU/TTTT 0T/I0p/w0d /AB] 1M AzIq1euljuo;/SAuyY Woiy pepeojumoq ‘ ‘9202 ‘65S2S9ET



one.” 1831 Although the WHO two-tiered grading sys-
tem approach has been demonstrated to increase
interobserver agreement, it may result in tumour
upgrading and impact directly on patients’ prognosis,
compared to the 8th edition of the American Joint
Committee on Cancer.’? Thus, there is a need to reli-
ably grade CRC, and to demonstrate the WHO sys-
tem’s clinical value.>? Concerning the assessment of
lymphatic and blood vessel invasion (LVI) on H&E
stains, we obtained an almost perfect level of agree-
ment (90%), while other authors have reported slight
or fair agreement.?”> When needed, the incorpora-
tion of immunohistochemistry (IHC) markers such as
CD31, D2-40, or cytokeratins, has been shown to
improve the concordance and accuracy of LVI
assessment.’> > TB is another important prognostic
factor in pT1 CRC, strongly associated with LNM.*®
Although some studies have shown moderate to fair
agreement on TB assessment using H&E slides,>”*3
we had an almost perfect agreement after consensus
(89.47%). The ITBCC Reporting Consensus and the
RCPath dataset recommend excluding areas with
active inflammation for TB assessment, or performing
cytokeratin THC for TB visualization.”* Nevertheless,
there is still some controversy about adding cytokera-
tin IHC to improve TB detection, based on the
risk of overdiagnosis due to cytoplasmic
pseudobuds.??33373% As for TB risk classification, the
suggestion of a two-tiered classification, i.e.,
low-grade Bd1 versus high-grade Bd2/3, may further
improve interobserver concordance.?*”*° We found
PDC to be a highly reliable feature, with an almost
perfect agreement (93.93%). This is aligned with
reports of high interobserver consistency on PDC
assessment for being easier to identify on H&E
slides.*>*! In addition, PDC has been proposed as a
surrogate or even a substitute for tumour grade, due
to its reproducibility and reliable risk
stratification.**™*> Notably, the presence of G2 or G3
PDC is not frequently observed in pT1 CRC. In the
concordance study, one of the three patients with
G2-3 PDC had distant metastases. Furthermore, the
inclusion of PDC in pT1 CRC guidelines could help
improve the accuracy of risk stratification, as there is
evidence that PDC can better predict LNM in endo-
scopically resected pT1 CRC.”*'"*3 However, broader
multicentre validation and stronger evidence in this
field are needed, prior to the introduction of PDC as a
prognostic factor into clinical practice.”

Although the depth of submucosal invasion and
the width of invasion are commonly included in risk
stratification models, the assessment of these parame-
ters can be challenging. As in other studies, we

Concordance study on pT1 CRC Histopathology 877

obtained excellent agreement after consensus of stan-
dardized criteria on the measurement of submucosal
invasion depth, with substantial improvement in reli-
ability (ICC = 0.97) compared to the pilot study
(ICC = 0.59).** The width of invasion also showed
good agreement, and the use of the Ueno system for
categorizing invasion (with a 4000 um cut-off) pro-
vided robust results in our study.?’ Contrarily, we
had lower agreement on the assessment of margin
status, particularly the vertical margin. While vertical
margin assessment improved after the criteria were
clarified in the consensus meeting, it still had lower
concordance compared to horizontal margin assess-
ment, probably due to the fact that it was divided
into four categories. In previous studies, margin sta-
tus agreement was reported as moderate to very
good, but it was divided into two categories, affected
or unaffected (R1 or RO, respectively).?”>* Finally,
the features where we obtained lower agreement
were the status of the muscularis mucosae and the
assessment of stromal lymphocytes, likely due to the
infrequent reporting of these features in clinical prac-
tice. Likewise, other studies have found only fair to
moderate agreement on the evaluation of muscularis
mucosae disruption,””?° and stromal lymphocytes,
the latter having shown varying levels of concor-
dance depending on the cut-off system used.*’
Although we achieved a high overall pT1 CRC risk
stratification agreement (82.84%), the relatively low
AC1 (0.17) suggests that discordances in evaluating
some key histological parameters contributed to the
variability of patient risk assignment.>* This is con-
sistent with previous reports showing moderate to
good agreement in risk assessments using H&E.>3
Therefore, a consistent and reproducible assessment
of the most relevant pathologic parameters of pT1
CRC is paramount due to the significant clinical
implications. As we demonstrated, this can be
achieved through consensus meetings and can be
easily incorporated in guidelines. Another important
issue is the experience and subspecialty of patholo-
gists, which has been assumed to play a significant
role in enhancing agreement, particularly in TB eval-
uation. Expert pathologists had better concordance
on TB assessment with H&E alone, while junior
pathologists benefited from IHC staining.’” Similarly,
subspecialty training in gastrointestinal pathology
may improve the agreement on TB assessment.’’ In
addition, a second opinion by an experienced gastro-
intestinal pathologist has been reported to signifi-
cantly affect treatment decisions of pT1 CRC patients,
potentially altering management in up to 30% of

cases.'®*®  Expert review can also reduce
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misclassification of pseudo-invasion or high-grade
dysplasia.*” This highlights the critical need for train-
ing programmes and standardized histopathological
evaluation to avoid unnecessary over- or undertreat-
ment of pT1 CRC patients.

One of the limitations of our study could be the
small number of pT1 CRC assessed by the 20 pathol-
ogists’ task force, being infrequent features scarcely
represented or absent (e.g. perineural invasion, high
histological grade and high TB). Due to the limited
number of cases with LNM or recurrences, the corre-
lation with histological features could not be thor-
oughly assessed.'>*® However, we considered that
these 80 cases were a representative sample to
achieve our aims, which would reflect the daily prac-
tice. Moreover, pathologists were from different insti-
tutions, and no instructions for assessment were
given for the pilot study, which adds value to the
results obtained. Another advantage of the study is
the use of digitalized slides, where all measurements
and annotations were exact and comparable,
although this is not yet applicable in many institu-
tions. As this retrospective cohort included cases from
2007 onward, mismatch repair protein status was
not routinely assessed and was unavailable for many
cases.

Conclusion

This study highlights the variability in the assessment
of some histopathological pT1 CRC features and
emphasizes the need for standardized -criteria to
improve interobserver agreement. While several histo-
logical features show high agreement, others, such as
the status of muscularis mucosae and stromal lym-
phocytes, may require further refinement in reporting
methods and guidelines. The inclusion of PDC as a
new well-defined high-risk feature in future guidelines
could enhance the accuracy of risk stratification and
improve clinical outcomes for pT1 CRC patients.
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