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ABBREVIATIONS

CD: Crohn’s disease

CGHAS: Colonic global histological disease activity score
CRP: C-reactive protein

ECAP: Extent, chronicity, activity plus

ECCO: European Crohn’s and Colitis Organisation
FC: Faecal calprotectin

GHAS: Global Histological Disease Activity Score

Gl: Gastrointestinal

IBD: Inflammatory bowel disease

IGHAS: lleal global histological disease activity score

UC: Ulcerative colitis
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ABSTRACT

In inflammatory bowel disease [IBD], mucosal healing is a major therapeutic target and a reliable
predictor of clinical course. However, endoscopic mucosal healing is not synonymous with
histological healing, and the additional benefits of including histological remission as a target are
unclear.

In Crohn’s disease [CD], there are few studies highlighting the value of histological remission as a
therapeutic target. Histological activity can persist in CD patients who are in endoscopic remission,
and the absence of histological activity may be associated with lower relapse rates. Therefore,
standardization of procedures to evaluate CD histological activity is desirable. Topics that would
benefit from standardization and harmonization include biopsy procedures, biopsy-processing
techniques, the content of histological scores, and the definitions of histological remission,
histological response, and histological activity.

In line with these needs, the European Crohn’s and Colitis Organisation [ECCO] assembled a
consensus group with the objective of developing position statements on CD histology based on
published evidence and expert consensus.

There was agreement that definitions of histological remission should include absence of erosion,
ulceration, and mucosal neutrophils; that the absence of neutrophilic inflammation is an appropriate
histological target in CD; that CD histological scores, such as Global Histological Disease Activity
Score, lack formal validation; and that histological scoring systems for ulcerative colitis, including the
Geboes Score, Robarts Histopathology Index, and Nancy Histological Index, can be used for scoring

intestinal biopsies in CD patients.

Keywords: histology; mucosal histopathology; Crohn’s disease; standardization.
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INTRODUCTION

In inflammatory bowel disease [IBD], endoscopic mucosal healing constitutes evidence of resolution
of the inflammatory process, is a reliable predictor of clinical course, and represents an important
therapeutic target."” The depth of mucosal healing necessary to produce long-term clinical remission
is unknown and it is uncertain whether healing should be evaluated by endoscopy, histology, or both
modalities. However, histological activity may persist in patients with endoscopic mucosal healing
and histological remission may be a better predictor than endoscopic remission of clinical outcome.?

Much of the evidence is from studies of ulcerative colitis [UC].

In Crohn’s disease [CD], histological activity may be present in upto one third of intestinal biopsies
from patients with endoscopic mucosal healing. However, evidence regarding the value of
histological remission as a therapeutic target is even more sparse in CD than in UC. In some reports,
the absence of both histological and endoscopic inflammation in CD after therapy was associated
with lower relapse rates.>® Therefore, minimum standards for the assessment of histology in CD
mucosal biopsies are desirable. Aspects of randomized controlled trials and observational studies
that would benefit from standardization include biopsy strategies; the approach to the analysis of
various intestinal segments; the histological findings to be evaluated; the methods for the
calculation of ileal and colonic histology scores; and the definitions of histological response and

remission.

The European Crohn’s and Colitis Organisation [ECCO] set up a consensus group to adopt position
statements regarding CD mucosal histopathology. Details of the methodology are presented in the
Supplementary Materials. The overall aim of the group was the standardization and harmonization

on the assessment of mucosal histology in CD.

220z Aenuer 2| uo 1senb Aq £/6£059/9002¢l/20[-0008/€60 1 "0 L/I0p/a[011E-20UBAPE/22[-0008/W 02 dnoolwapede//:sdily woly papeojumoq



Manuscript Doi: 10.1093/ecco-jcc/jjac006
BIOPSY PROCEDURES AND PROCESSING

Statement 1. A reliable histological diagnosis and assessment of Crohn’s disease [CD] mucosa
requires lleocolonoscopy, with segmental biopsies from the endoscopically most
severely affected area [including the edges of ulcers] and from uninflamed segments

[EL-3].

Ileocolonoscopy, with segmental targeted biopsies, is considered the most reliable diagnostic
procedure for CD, enabling diagnosis, classification, assessment of severity, determination of extent,

and differentiation from other inflammatory conditions.

Statement 2. A minimum of two biopsies, from each segment of five sites in colorectum and
terminal ileum, in different specimen containers, should be taken and the site of

origin should be clearly identifiable [EL-3].

The current recommendation is to obtain at least two specimens at ileocolonoscopy from six
segments [terminal ileum, ascending colon, transverse colon, descending colon, sigmoid colon, and
rectum] in separate vials.” Targeted biopsies should be taken from the edge of any ulcer and from

macroscopically normal mucosa.”

There is disagreement about the benefits of routine oesophagogastroduodenoscopy with segmental
targeted biopsies in adult patients with a first diagnosis of CD and without upper gastrointestinal [Gl]

13715 A prospective registry study reported a high prevalence of upper Gl involvement in

symptoms.
asymptomatic CD patients, suggesting a role for standard upper Gl endoscopy in the evaluation of

disease extent and in guiding management.”> Upper Gl endoscopy with biopsies should be
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recommended in symptomatic patients with suspected CD, especially when there is difficulty in

reaching a diagnosis. Since upper Gl involvement by IBD, and in particular by CD, is more common in
paediatric than in adult patients, upper Gl tract endoscopy should be considered in children with

suspected I1BD.®

Statement 3.  Biopsy samples for the diagnosis of Crohn’s disease [CD] should be accompanied by
the patient’s demographic data, clinical history, symptoms, comorbidities,
microbiological and serological data, treatment history, and endoscopic findings [EL-

5].

After collection, endoscopic biopsies should be immersed immediately in a fixative solution and sent
to the pathology laboratory with adequate labelling and a detailed request form containing
demographic data, symptoms, comorbidities, endoscopic findings, drug history, and available
microbiological and serological information. Biopsy series can be mounted on cellulose acetate strips
to maintain orientation of the mucosa [submucosal side down], enabling an accurate histological
assessment." In routine practice, haematoxylin and eosin staining is appropriate and sufficient for
the diagnosis and assessment of IBD. The ideal number of levels to be analysed is not established.
Recommendations range from two to six.’” Serial sections and step sections, from different levels, are
the best method for optimizing the accuracy of assessment and for increasing the detection of focal

mucosal alterations.’
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HISTOLOGICAL ASSESSMENT: OVERVIEW

Statement 4. In Crohn’s disease [CD], it is appropriate to consider (i) the degree of architectural
change/distortion; (ii) the degree of lamina propria chronic inflammation
(lymphocytes and plasma cells); (iii) basal plasmacytosis; (iv) lamina propria and
epithelial neutrophils; (v) epithelial damage; (vi) granulomas; and (vii) erosions and

ulcers [EL-2].

In general, histological evaluation of CD biopsies considers the density and distribution of
lymphocytes and plasma cells in the lamina propria, lamina propria neutrophils, neutrophil cryptitis,
neutrophil crypt abscesses, erosion, ulceration, mucin depletion, crypt architecture, crypt atrophy,

and granulomas.™

Statement 5. When assessing histological disease activity in the observational study setting,
blinding of the pathologist to clinical and endoscopic information may help with

objective assessment [EL-3].

Several studies include blinding of the pathologist to clinical and or endoscopic information, with the

aim of achieving unbiased optimal assessment of histological changes [Supplementary Table 1]."*7%®

In some studies, pathologists were also blinded to the treatment that the patients received

29-31

[Supplementary Table 1].
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PROGNOSTIC VALUE OF HISTOLOGY

Statement 6. There is evidence that histological findings are associated with the course of Crohn’s

disease [CD] [EL-4].

Statement 7.  Lack of histological activity in an endoscopic biopsy may not reflect inactivity or

remission in Crohn’s disease [CD] patients [EL-5].

Statement 8. Histological remission in Crohn’s disease [CD] patients in endoscopic remission is

associated with better clinical outcomes [EL-4].

In UC, histological activity may predict higher rates of relapse in patients in endoscopic remission.*
However, the prognostic value, if any, of histological activity and histological remission in CD is less
clear. The presence of certain histological features is associated with poorer disease course and

>3373% Asymptomatic patients may exhibit histological disease activity,’’ and this may

prognosis.
impact disease outcomes. However, definitions of histological activity and remission differ between

studies and comparisons are difficult.

In a retrospective study of 62 patients with CD in clinical remission, those with histological activity
had a higher rate of flares.? In a retrospective study of 101 patients with isolated ileal CD, histological
remission was associated with a lower risk of clinical relapse, escalation of medication, and
corticosteroid use.® A study of 215 patients in clinical and endoscopic remission, in which all patients
achieved remission through treatment optimization, showed that histological remission was

associated with a lower risk of relapse [Supplementary Table 1].%
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Several studies evaluated the association between histological and endoscopic scores; the

19,20,29,39-53

correlation levels ranged from 0.154 to 0.86 and resulted from the application of different

scores without standardization [Supplementary Table 1 and Supplementary Table 2].**4®*

Statement 9. CD s typically discontinuous and transmural and can extend beyond the reach of the
endoscope. Therefore, a biopsy of Crohn’s disease [CD] mucosa may not be

representative of disease activity [EL-5].

The discontinuous and patchy nature of CD and the possibility of involvement of any part of the Gl

tract49,54,55

increase the risk of sampling error and create difficulties regarding access to abnormal
and clinically relevant areas during endoscopy and biopsy. Furthermore, CD is a transmural process.
Therefore, endoscopic assessment and biopsy appearances may not represent clinically relevant

changes occurring in layers beneath the mucosa.>"°

INDIVIDUAL HISTOLOGICAL FEATURES

Statement 10. Neutrophils are not normally present within the lamina propria or epithelium of the

intestinal mucosa [EL-3].

Statement 11. Histological activity in Crohn’s disease [CD] is defined by neutrophilic inflammation
of the epithelium, lamina propria, or both. The absence of neutrophilic inflammation

is an appropriate histological target [EL-3].
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Neutrophils are not normally present within the lamina propria or epithelium of the intestinal

mucosa and have been used to define active disease. Assessment of neutrophilic inflammation in

these regions may have similar reproducibility in CD and in UC, but this requires confirmation.>”*®

Statement 12. Basal plasmacytosis, mucosal eosinophils, and granulomas are not recommended as
markers of histological activity or histological remission in Crohn’s disease [CD] [EL-
4].

Statement 13. Eosinophils should not be used as a marker of histological activity for Crohn’s disease
[CD] due to the lack of reproducibility between pathologists and lack of supportive

data [EL-4].

Basal plasmacytosis is considered the earliest histological feature in CD. Although this is a predictive

marker of disease outcome in some studies, the data are not consistent.>?

Eosinophils are normally present within the ileal and colonic lamina propria, and their number
decreases gradually towards the distal colon and rectum, with possible seasonal variation.

Agreement on how to define an increase in eosinophils is difficult to achieve due to these variations,

59-61

lack of reproducibility, and suboptimal interobserver agreement. Furthermore, studies of the

prognostic value of eosinophils in IBD focused mainly on UC and yielded inconsistent results.>*%*

Statement 14. Epithelioid granulomas should not be considered as markers of histological activity

in Crohn’s disease [CD]. However, they may be used as a prognostic marker [EL-4].

Epithelioid granulomas do not represent a marker of histological activity, but they may be a

prognostic marker in CD patients. The presence of granulomas may be associated with increased use

10
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of steroids and higher rates of hospitalization and surgery.3** Higher rates of ileocolic disease,

upper Gl disease, perianal disease, and penetrating disease have been reported in patients with

granulomas.*

HISTOLOGICAL SCORES FOR CROHN’S DISEASE

Statement 15. There is no mucosal histological disease activity score that is both specific for

Crohn’s disease [CD] and validated [EL-5].

More than 14 histological indexes have been proposed for CD [Supplementary Table 2].>"*%3"

3147495162764 The jdeal histological score should be able to assess disease activity, demonstrate

restoration of chronic inflammation to normality, and distinguish between quiescent colitis and

histological normalization.

CD scores differ considerably regarding the number of segments, the anatomical location [colon vs

ileum], and the histological features that they evaluate.' The major limitation is that none of these

scores are fully validated or widely accepted as applicable to clinical trials or clinical practice.*®**

Statement 16. Histological healing in the intestine varies with the distribution of disease activity in

Crohn’s disease [CD] [EL-3].

Statement 17. In Crohn’s disease [CD], it is appropriate to score the ileum and colon separately

given that patients may present with differential involvement [EL-2].

11
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Statement 18. A histological scoring scheme for Crohn’s disease [CD] should be applicable to both

ileal and colorectal mucosa [EL-5].

Statement 19. The histological score for each segment should be based on the biopsy fragment that
is the most affected. The ideal method to calculate a global colonic score, i.e.

summing vs averaging the segmental scores, has not yet been determined [EL-4].

As histological healing and the clinical implications of healing may vary according to disease location,
assessment of the degree of disease activity in the ileum and in the different segments of the large
bowel is necessary. For example, the EXTEND trial demonstrated that patients with moderate-to-
severe active disease who received adalimumab showed better mucosal healing in the colon than in

the ileum after 52 weeks of treatment [Supplementary Table 1].%

Statement 20. The Global Histological Activity Score [GHAS], which is the most commonly used
histological scoring system in Crohn’s disease [CD], lacks formal validation studies

[EL-3].

The Global Histological Activity Score [GHAS] records the severity at each ileal and colorectal site and
documents disease extent [Supplementary Table 2].% The approach is to assess and score, at each
site, the fragment in which each feature is the most abnormal. A final score between 0 and 16 serves
as a guide to histological ‘activity’ and enables measurement of the improvement in mucosal

26,68

state. However, GHAS has not been fully validated and the inclusion of granulomas in the score

has been criticized.>

12

220z Aenuer 2| uo 1senb Aq £/6£059/9002¢l/20[-0008/€60 1 "0 L/I0p/a[011E-20UBAPE/22[-0008/W 02 dnoolwapede//:sdily woly papeojumoq



Manuscript Doi: 10.1093/ecco-jcc/jjac006
Scoring for CD should enable assessment of both ileum and colorectum, but some CD scoring

systems are specific for one anatomical site [e.g. ileum only, large bowel only, or even rectum

6,21,25,64

only]. Several other scoring systems, including GHAS and modifications of GHAS, are for

242388 GHAS, in particular, is applicable to ileum only, colon only, or both.®®

separate assessment.
However, colonic GHAS [CGHAS] may be more reliable than ileal GHAS [IGHAS], and some authors

observed higher interobserver consistency for CGHAS than for IGHAS.* Furthermore, faecal

calprotectin [FC] and lactoferrin levels correlated well with CGHAS but not with IGHAS.*

In a Cochrane review of 14 studies, one study evaluated the terminal ileum exclusively,69 while nine

. . 1 —
assessed both terminal ileum and colon.%4¢6>7077>

Other scoring systems. that may be applicable to
terminal ileum biopsies in CD include the extent, chronicity, activity plus [ECAP] score’® and Binder

score.”® In Naini and Cortina’s scoring system, the ileum and colon are scored separately.** All these

scoring systems include variables that are not necessarily indicative of active disease.

It seems appropriate to use the worst score for an item present across all segments. The most

appropriate method for calculating a global colonic score, i.e. summing the segmental scores versus

averaging the segmental scores, has not yet been agreed [Figure 1].°°

13
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Ileal
Biopsies
l - How to score?
% Most affected area
Colonic
Biopsies

-

=

‘E HYPOTHESIS o Most affected area of all segments

Mean of most affected . score 1 + score 2 + score 3 + score 4 + score 5
HYPOTHESIS o area of all segments - number of scores

How to score? HYPOTHESIS ° Sum of most affected . oo 1 4 score 2 + score 3 + score 4 + score 5

area of all segments

Figure 1. lleal and colonic biopsies

APPLICABILITY OF ULCERATIVE COLITIS HISTOLOGY SCORES TO CROHN’S DISEASE

Statement 21. Histological scoring systems for ulcerative colitis [UC], including the Geboes Score,
Robarts Histopathology Index [RHI], and Nancy Histological Index, can be used for

scoring intestinal biopsies from Crohn’s disease [CD] patients [EL-4].

14
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Histological scoring systems that were originally developed for the evaluation of UC have been

applied to CD intestinal mucosal biopsies.'®***®*74778¢ The Geboes score is the most common in

22,40,46,69,70,72-74,77,78,86,87 10,46,72,73 10,73,79
The RHI

this setting. and Nancy Histological Index are also used.
Several studies applied more than one UC score.'®*®’>”® For example, two prospective studies of
endoscopic and histological activity after treatment of CD used both the Geboes score and the
RH1.*®7? At least three studies included a paediatric population with CD, with two of them using the

69,87

Geboes score exclusively. Valid criticisms of using UC scores to assess CDare that UC scores are

designed for the large bowel only and for the assessment of UC only.

Almradi et al. conducted a study aiming to standardize CD mucosal biopsy evaluation for clinical
trials and concluded that both the Geboes score and the RHI are appropriate for assessing CD

biopsies, but were uncertain about using the Nancy Histological Index.®

Villanacci et al. studied four different UC scores (Geboes score, ECAP, Nancy Histological Index and

RHI) in 12 adults with UC and 12 with CD in endoscopic remission. The studies were performed both

before and after therapy and there was very good inter-rater variability.”

CLINICAL PRACTICE

Statement 22. The Nancy Histological Index can be used for Crohn’s disease [CD] biopsies in clinical

practice [EL-5].

A recent ECCO position paper recommended the Nancy Histological Index or a similar approach to

score UC histological inflammation in routine clinical practice.®® However, a simple validated scheme

15
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is not available for CD. The Nancy Histological Index may be the best option for clinical practice.

However, this index does not fully determine histological healing and normalization in CD.

DEFINITIONS OF HISTOLOGICAL REMISSION

Statement 23. The most stringent definition of histological remission in Crohn’s disease [CD] is

normalization of mucosal histology [EL-5].

Statement 24. Definitions of histological remission in Crohn’s disease [CD] following treatment
should include absence of erosion, ulceration, and epithelial damage; absence of
intraepithelial neutrophils; and absence of inflammation [EL-3].

Statement 25. Absence of ulceration, erosions, and mucosal neutrophils is a good definition of
histological remission and-a realistic endpoint after induction therapy in Crohn’s

disease [CD] [EL-4].

The terms to describe histological endpoints are numerous and include histological inactivity,
histological improvement, histological healing, histological mucosal healing, histological response,
and histological remission. The available studies have a wide range of criteria for defining histological
endpoints-and have different cut-off points to distinguish between remission and non-remission.
Constituent features and calculations of scores also vary between CD histology scoring schemes.
Approaches to assessment may depend on ranges of scores, dichotomised scores, or continuous
scores, or on the presence or absence of one or more histological features. Options include a binary

score, a stepwise assessment, and complex scores.4'27’49’51'54'65'89

16
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A recent consensus paper stated that histological activity in CD should be defined by the presence of

neutrophils in the mucosa, and that absence of mucosal neutrophils is an appropriate and realistic
histological target following induction therapy.®”> The same consensus concluded that appropriate
measures of activity in clinical trials should include histological disease activity, remission, and
response.®”” However, no definition of histological remission in UC or CD is widely acceptable or

validated.”

ANCILLARY TESTS AND HISTOLOGY

Statement 26. Patients with elevated C-reactive protein [CRP], faecal calprotectin, and faecal
lactoferrin are more likely to have active histological inflammation. Exact thresholds
are not known. Therefore, none of these biomarkers can be used as a surrogate for

histological activity [EL-3].

Many biomarkers may show a correlation with histological inflammation in IBD, including C-reactive
protein [CRP]****8, FC**4850708690°95 "5ng faecal lactoferrin®**®*°, among others [Supplementary
Table 3].*”°* However, these studies used a variety of histological scores and criteria to determine
histological remission or response. One study showed a correlation between FC and faecal

lactoferrin concentration and colonic disease or ileocolonic disease but not ileal disease.*

CONCLUSION

Histological remission may be a useful treatment target for CD, as it may add prognostic information
over and above endoscopy. However, the most suitable histological scoring scheme for clinical trials,
observational studies, or clinical practice. Specific CD scores are often complex or difficult to apply

and their assessment is less straightforward and possibly less meaningful than in UC.

17
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Currently, application of UC scores to CD mucosa, though not ideal, is probably the most appropriate
choice. The Nancy Histological Index appears to be the best option for clinical practice. The best
measure of histological activity in CD is the presence of mucosal neutrophils, ulceration, erosion, or
combinations thereof. Different approaches are necessary for clinical practice, observational studies,

and clinical trials.

Overall, there is a need for universal definitions. The definitions of histological inactivity and
remission in CD could be derived from the assessment of one or more individual histological features
or from the application of a histological scoring scheme. However, a simple scoring scheme for CD

may facilitate global agreement on definitions of histological remission.
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Figure Captions

Figure 1. lleal and colonic biopsies
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