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Abstract

Background & Aims: Stenosis is a common complication of Crohn’s disease (CD) that has no
effective medical therapy. Development of anti-fibrotic agents will require testing in randomized

Gastroenterology. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gordon et al. Page 3

controlled trials. Computed tomography enterography- and magnetic resonance enterography-
based technologies might be used to measure outcomes in these trials. These approaches have been
validated in studies of patients with symptomatic strictures who underwent imaging evaluations,
followed by resection with histopathologic grading of the intestinal tissue for inflammation and/or
fibrosis (the reference standard). Imaging findings have correlated with findings from quantitative
or semi-quantitative histologic evaluation of the degree of fibromuscular stenosis and/or
inflammation on the resection specimen. However, it is not clear whether histologic findings are an
accurate reference standard. We performed a systematic review of all published histologic scoring
systems used to assess stenosing CD.

Methods: We performed a comprehensive search of the Embase and Medline of studies through
March 13, 2019 that used a histologic scoring system to characterize small bowel CD and assessed
inflammatory and fibrotic alterations within the same adult subject. All scores fitting the criteria
were included in our analysis, independently of the presence of stricturing disease, as long as
inflammation and fibrosis were evaluated separately but in the same scoring system.

Results: We observed substantial heterogeneity among scoring systems, which were not derived
using modern principles for evaluative index development. None had undergone formal validity or
reliability testing. None of the existing indices had been constructed according to accepted
methods for development of evaluative indices. Basic knowledge regarding their operating
properties were lacking. Specific indices to evaluate the important pathological component of
myofibroblast hypertrophy or hyperplasia have not been proposed.

Conclusions: In a systematic review of publications, we found a lack of validated
histopathologic scoring systems for assessment of fibromuscular stenosis. Data that describe the
operating properties of existing cross-sectional imaging techniques for stenosing CD should be
questioned. Development and validation of a histopathology index is an important research
priority.

Keywords
Fibrosis; Histopathology; IBD; Stricture

INTRODUCTION

Stenosing Crohn’s disease (CD) ultimately affects more than one half of CD patients.L: 2
Although up to 20% of patients with small bowel stricturing disease are asymptomatic3,
these individuals characteristically experience severely impaired quality of life. Progression
of stenosis results in endoscopic 4 ° or surgical intervention,® despite the use of anti-
inflammatory therapies. The location of strictures follows the location of inflammation, with
small bowel strictures being the most common site2. Given this situation, considerable
interest has evolved in the development of specific anti-fibrotic therapies for the disease. In
recent years, progress has been made in developing novel therapies for several fibrosing
disorders, including those involving the liver, lung, skin, kidney, and heart.”11 Based upon
the introduction of specific anti-fibrotic agents in these conditions, controlled studies will
soon be initiated in stenosing CD.
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Success in clinical trials, however, will be predicated on development of validated endpoints.
In this regard, cross-sectional imaging is likely to play a critical role in defining treatment
efficacy.12 Accordingly, multiple computed tomography enterography (CTE) and magnetic
resonance enterography (MRE) imaging findings and measurements have been proposed as
outcome measures for stenosing CD. Typically, candidate imaging modalities are evaluated
in patients with symptomatic strictures, who undergo imaging, followed by bowel resection
with grading of the intestinal tissue for inflammation and fibrosis.13-20 Construct validity is
subsequently assessed by correlating imaging results to quantitative or semi quantitative
histologic evaluations of the degree of fibromuscular stenosis and/or inflammation on the
resection specimen. Several measurement challenges are inherent to this situation. First, CD-
associated strictures are a transmural process2! characterized by overlap between
inflammation and fibrosis including myofibroblast and myocyte hypertrophy and
hyperplasia.14 22-24 Multiple experimental imaging techniques have been tested to
accurately separate inflammation from the other pathological components with the prospect
of including them as outcome measures for future clinical trials, 22 25-27 however, none of
these modalities have been validated according to contemporary methodological standards
for assessment of validity, reliability and responsiveness.28 Second, the correlational
analyses necessary for establishing construct validity of cross sectional imaging modalities
also require validated histologic indices for independently quantifying the relative amounts
of inflammation and fibrosis present in the surgical specimen. Third, scoring of fibrosis and
inflammation should be performed without knowledge of clinical information by more than
one independent expert gastrointestinal pathologist whose intra-observer reliability for
evaluating index items is well defined. The development and refinement of non-invasive,
cross-sectional imaging methods to estimate the relative proportions and amount of
inflammation, fibrosis and muscular hypertrophy within Crohn’s disease strictures is
dependent upon reproducible histopathologic validation. A reliable and validated
histopathologic standard would provide discriminatory ability to improve and compare
developing imaging techniques in computed tomography (CT), magnetic resonance imaging
(MRI), and ultrasound.

Based upon the conclusion that development of a validated histologic scoring system for
stenosing CD is a rate limiting step to progress in this field, we established an international
working group comprised of inflammatory bowel disease pathologists and
gastroenterologists. This systematic review of all published histologic scoring systems for
small bowel CD was performed as a first step towards the development of a fully validated
histologic index for CD-associated small bowel strictures. We focused the review on small
bowel strictures only, as this is the most common site for CD-associated strictures and is
likely to be the first population to enter a clinical trial for an anti-fibrotic drug based on an
international expert consensus2.

METHODS

A formal systematic review with a comprehensive literature search, following PRISMA
guidelines, was performed on March 13, 2019 to assess all relevant citations found in
Embase and Medline (see Supplement Methods). Additionally, references of cited original
articles and reviews were reviewed for identification of additional relevant publications.
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After removing the duplicates from our search, all identified abstracts as well as full text
publications of potentially eligible studies were assessed by both D. B. and A. B.
Disagreement regarding inclusion/exclusion or extraction were resolved by F. R. In brief, the
inclusion criteria for this systematic review were solely full thickness small bowel
histopathology, which used a histologic scoring system to characterize small bowel CD
assessing inflammatory as well as fibrotic alterations within the same subject. All scores
fitting the criteria were included, independently of the presence of stricturing disease, as
long as inflammation and fibrosis were evaluated separately, but in the same scoring system.
Exclusion criteria were studies only available in abstract form, non-English language
publications, patients younger than 18 years of age, studies containing less than 3 patients,
review articles, colonic or upper Gl strictures, ileal pouch anal anastomotic strictures, non-
human subjects, full thickness histopathology not available in all patients of the study,
histological evaluation of only inflammation alone or fibrosis alone, but not both, exclusive
use of quantitative digital morphometry without histopathologic categorization, and no
evaluation of CD. If the same score was used in several publications we only included the
initial publication. The resulting studies were included in the qualitative analysis. The search
included studies from the inception to March 2019. All other studies were excluded. A total

of 13 studies satisfied these inclusion criteria (Table 1; Supplemental Figure 1).
14,17, 22, 27, 30-38

Overview of Scoring Systems

A minority of the included studies exclusively assessed patients with stricturing disease
phenotype (Supplemental Table 1).30: 34 35 Half of the studies do# 39. 36 or probably
do34 35,37 assess both, the site of the stricture and the site of the adjacent non-strictured
bowel from the same specimen (Supplemental Table 1). Most published scores included
items in addition to inflammation and fibrosis, such as edema or muscle hypertrophy,
17,22, 30, 32-36, 38 gnd half did not explicitly separate out an inflammatory score from a
fibrosis score, but comment on both within the same score.30: 32-36 A summary of the
different scoring systems can be found in Table 1.

Histopathology of Inflammation in Crohn’s Disease Strictures

Histologic features of inflammation within a stricture overlap with those observed in non-
strictured CD segments. The inflammatory elements include both active and chronic
components (Figure 1).3%-41 Activity is characterized by neutrophilic inflammation, ranging
from cryptitis, to crypt abscess, erosion and ulcer. Chronic mucosal injury comprises both
architectural distortion and chronic inflammation of the lamina propria. Paneth cell
hyperplasia*? and pyloric gland metaplasia can also be present. The mucosal surface within
a strictured segment is variable among patients, with some showing the typical chronic
active disease pattern, some being completely ulcerated, and some showing chronic
quiescent disease. Inflammation within the bowel wall includes fistula tracts, which are
often associated with strictures, and transmural inflammation, which refers to lymphoid
aggregates within the bowel wall and which are especially prominent at the interface
between the muscularis propria and the mesenteric fat.
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Additional inflammatory features which may be present in CD and CD-associated strictures
include epithelioid granulomas and prominent eosinophils within the lamina propria.43: 44
Epithelioid granulomas are well-formed and non-necrotizing and can be found in any layer
of the bowel wall. Microgranulomas, which are smaller clusters of epithelioid histiocytes not
associated with ruptured crypts, are found in the mucosa.#> Although not specifically studied
to date in strictures, inflammation of submucosal and myenteric nerves and ganglia, or
plexitis, has been identified in CD as predictors of post-operative recurrence.6-49

Histopathology of Fibrosis in Crohn’s Disease Strictures

Our review of the literature identified that in CD, normal submucosal collagen and adipose
tissue are replaced by excess extracellular matrix (ECM), leading to submucosal fibrosis
(Figure 1). In CD-associated strictures, the areas of submucosal fibrosis are pronounced and
accompanied by hyperplasia of the muscularis mucosa,> which can thicken to such a degree
that complete obliteration of the submucosa occurs, referred to as obliterative
muscularization of the submucosa (OMUS; Figure 1). In addition to hyperplasia, the
muscularis mucosa exhibits fiber disarray and ECM deposition. Collectively these changes
can represent up to 50% of the increased wall thickness in a CD small bowel stricture.>®
Within the submucosa, hypertrophic nerves are often present, and arteries and veins can
show fibromuscular hyperplasia®® (Figure 1). The muscularis propria is also thickened and
expanded by collagen septae.>1-53 Fat wrapping, or creeping fat, a major pathologic feature
frequently associated with small bowel strictures, is defined by the presence of mesenteric
fat extending along the anti-mesenteric border of the intestine.>*

Scoring Systems for Inflammation in Stricturing Small Bowel Crohn’s Disease

Substantial heterogeneity was observed in the grading schemes for inflammation used by the
studies included in this review. Most studies graded histologic inflammation using simple
ordinal three- or four-grade-scales (Table 1, Supplemental Table 2), which included items
that measure active inflammation as well as chronicity.

All scoring systems assessed inflammatory items on H&E stained sections; this was either
explicitly stated or inferred..1# 27. 32 The terminology used for inflammation varied widely
among scoring systems (Supplemental Table 3). Three studies did not specify neutrophilic or
chronic inflammation and used the general term “inflammation”.22: 27. 35 Djllman, et al. used
the general terms “leukocyte” and “inflammation” and also refers to “mononuclear cells”,
but did not specify neutrophils.3!

In the scores that assessed more detailed items in the category of active or neutrophilic
inflammation, most systems included ulcers and fissures, 14 30. 33,34, 36,37 Erosion was part
of 3 systems,33: 34 37 and aphthous ulcer was included in 2 systems.14 37 Wagner, et a/. and
Jacene, et al. only included “neutrophils”. 17: 38

Chronic inflammation items also encompassed various terminologies, including chronic
inflammatory cells/infiltrates,1: 33: 34 [ymphocytes,32 lymphoplasmacytic cells,3® and
mononuclear cells.30 31 Four systems included “lymphoid aggregates” as an item.

30,33, 34,36 Transmural inflammation was part of most of the scores.14 17. 22, 31, 33, 34,37

Gastroenterology. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gordon et al.

Page 7

Regarding other inflammatory cell types, Girlich, et al. and Chen, et al/. included
eosinophils. 30: 32 Granulomas are included in 5 scoring systems.32-34. 36, 37

Within the inflammation component of the scoring system, about a third of the studies only
included items specifically pertaining to inflammatory ce/ls (Supplemental Table 2).

14, 22,31, 38 Other items included that pertain to neither inflammatory cells nor fibrosis were
edema,22: 32. 34,36 pyloric gland metaplasia,3® villous atrophy or shortening, 36 mucin
depletion or loss of goblet cells, 31 33 crypt architectural changes,3% 32 surface epithelial
damage,3®, increased vascular density,3! and pseudopolyps, regenerative epithelium, crypt
atrophy, and hemorrhage (Supplemental Table 4).32

Pucilowska, et al., Jacene, et a/3% 38 and Pellino, et al.,2” used inflammatory scales that only
included the degree of inflammation, for example mild, moderate, severe (Supplemental
Table 2). Adler, et al. and Wagner, et a/. used inflammatory scales that only included the
depth of inflammation, for example mucosa, submucosa, etc.1”: 22 The majority of scoring
systems used inflammatory scales that include both the degree and the depth of
inflammation14: 32-34. 36, 37 \while 2 investigators did not specify.3% 31 Among these, 3 score
depth separately from degree,30: 32. 36 3 include depth with degree as one score, 143137 and
2 indicate assessment of depth only through use of the terms transmural inflammation and
fissuring ulcers.33. 34

In summary, existing scoring systems show a great heterogeneity regarding the assessment
of inflammation. The majority of proposed scoring systems differentiate active from chronic
inflammatory alterations employing a graded scoring system; however, the evaluated
characteristics including cellular infiltrates as well as various additional criteria differ widely
among published studies. Furthermore, while some studies only include the degree of
inflammation, but neglect to determine the depth of inflammation, other studies even did not
mention the use of any detailed criteria for the assessment of inflammation. Taking the latter
into account, none of the published indices for scoring inflammation in surgical resection
specimens has been created according to generally accepted principles for the development
of evaluative indices and all lack critical validation constituents. A validated index should
combine validity (measurement must assess the outcome that it is intended to determine);
responsiveness (able to identify substantial alterations according to disease status) and
reliability (stable results for repetitive measurements in patients with unchanged disease
status).>® Ideally, the evaluative tool is easy to use in clinical trials and could reduce the
number of patients needed through enhanced discriminatory capacity.?8 Additionally, the
ideal system would incorporate fundamental concepts of disease progression into item
scoring, for example cryptitis progresses to crypt abscess, then erosion, then ulceration, and
would avoid placing unnecessary limitations on unknown factors, for example that
transmural lymphoid aggregates must be present later because they are deep in the bowel
wall. Other factors that must be addressed include determining whether quasi-numeric
assessments of the amount of microscopic inflammation per low or high power field, or per
a certain number of crypts has clinical relevance. Additionally, owing to the substantial
heterogeneity that can occur along the length of a stricture, established methods to match
histopathologic grading to imaging findings (including surgical handling and potentially
processing of the specimen) should be established.
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Scoring Systems for Fibrosis in Stricturing Small Bowel Crohn’s Disease

For the assessment of fibrostenotic alterations within small bowel CD-associated strictures,
heterogeneous scoring systems are available. None of the scores are fully validated to date
(Table 1). The majority of the scoring systems use H&E stained sections to evaluate fibrosis
items (Supplemental Table 5).14. 22, 27, 30, 32-34, 36, 37 \Masson’s trichrome (MT) was used in
systems3L: 3538 and both smooth muscle actin (SMA\) staining and Sirius red (SR) was used
by one.1’. Chen et al. used MT and SMA to grade fibrosis and smooth muscle components,
respectively, and compared to grades obtained on H&E stained sections.3? Of note, many
studies did not specifically assess stricture and adjacent bowel from the same specimen
(Supplemental Table 1).17:22. 31, 33, 38 Thjs js consistent with the concept that the histologic
features of strictured small bowel CD and non-strictured small bowel CD overlap, and that
an ideal scoring system would include items that are found in both settings, in order to aid in
comparison of strictured segments to non-strictured segments.

The fibrosis scoring systems of the included studies encompassed a variety of descriptions
for location of fibrosis within the intestinal wall, how it was assessed, and where fibrosis
items presented along degree scales. Most of the fibrosis items were assessed using
dichotomic and ordinal 3 or 4 grade scales (Supplemental Table 5). One system used an
ordinal 5 grade scale.22 Two used other methods of evaluation. Specifically, Jacene, et al.
assessed the percentage of fibrosis in the area most affected by fibrosis, based on density,
intensity, and extent of involvement.38 Wagner et a/. applied SR staining and
immunohistochemical analysis of SMA expression to assess muscular hypertrophy.1” Using
these two staining techniques, they performed software-based calculations of the affected
intramural areas of the small bowel CD stricture and determined a ratio between SMA and
SR, with a ratio below one indicating increased fibrosis, and a ratio above one reflecting
increased muscular hypertrophy.1?

The most commonly included fibrosis item was submucosal fibrosis, which was included in
9 scoring systems (Supplemental Table 6).14. 22, 30, 31, 33,34, 36, 37 Mycosal fibrosis was
included in 2 scoring systems3%: 31 and subserosal fibrosis was included in 3 scoring
systems.22: 30. 36 Transmural fibrosis or scar was included as an item in 4 scoring systems.
14,22, 31, 37 gjx studies included an assessment of fibrosis without specifying which bowel
wall layer was being assessed.1”- 27: 30, 32, 35 Regarding the muscularis mucosa and
muscularis propria, 3 scoring systems include muscularis mucosa fibrosis as an item33: 34. 57
and 4 scoring systems include muscularis propria fibrosis as an item.22: 30. 36, 38 Three
scoring systems, included the items submucosal fibrosis, muscularis propria fibrosis, and
subserosal fibrosis,22: 30. 36 and three other scoring systems included the items muscularis
mucosa fibrosis and submucosal fibrosis as items.33: 34

Seven scoring systems included items related to these smooth muscle layers that were not
specifically “fibrosis” (Supplemental Table 6).14: 17. 22,30, 35,36, 38 | detail, Smedh, er al.
included mm thickening,3®¢ Pucilowska, et al, Jacene, et al. and Adler, et al. included MP
thickening,22: 35 38 Chiorean, et al. included muscle hyperplasia, but did not specify which
muscle layer was assessed,4 Wagner, et a/. included muscle hypertrophy, but did not specify
which muscle layer was assessed,1” and Chen, et a/. included muscle hypertrophy of the
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muscularis propria and muscle hyperplasia of the mucosa and submucosa, which is
presumed to be referring to the muscularis mucosa.30

The majority of scoring systems only included fibrosis and muscular items and did not
consider other ECM alterations.14 22: 27, 31-34, 37 Tyyg scoring systems included neuronal
hyperplasia as an item3% 33 and one also included adipocyte hyperplasia (Supplemental
Table 6).30

Taken together, fibrosis scoring has evolved during the last decade and current histological
scoring systems assessing the degree of fibrosis in small bowel CD-associated strictures
offer the opportunity to at least roughly estimate the degree of fibrosis. However, it has to be
taken into account that none of the above-mentioned scoring systems has been validated, and
although the analysis of collagen deposition was one of the main histological items recently
evaluated, many studies considered additional histological features, which were not
consistent among the studies (Table 1). Reliability of the items describing fibrosis has not
been determined, which is particularly important when using grades that are poorly defined,
such as ‘mild’, ‘moderate’ or ‘severe’. In the future, an advanced histological scoring system
could assess several histological features such as: the quantity and extent of collagen
deposition in each layer of the bowel wall (possibly using special stains like MT or SR,
similar to the scoring system described by Chen et a/3%), determination of the degree of
preservation or effacement of individual bowel wall layers, the evaluation of fibrotic septae
and scar development (for example, refining the concept from the fibrosis scoring system
described by Chiorean et a/14), and especially the determination of fibroblast or muscularis
propria proliferation/hyperplasia.

DISCUSSION

This systematic review demonstrates considerable heterogeneity in the histologic scoring
systems that have been used to assess the severity of the inflammatory and fibrosing
components of full thickness small intestine in CD. Importantly, none of the existing indices
have been constructed according to accepted methodological standards for the development
of evaluative indices and basic knowledge regarding their operating properties is lacking.
Furthermore, while some scores have a triple component structure (inflammation, fibrosis
and muscle hypertrophy/hyperplasia)?2 38 or include the study of the muscle in every bowel
wall layer39, specific indices evaluating the important pathological component of
myofibroblast hypertrophy/hyperplasia have not been proposed. This circumstance is
challenging given that histopathologic evaluation of inflammation, fibrosis, and
myofibroblast numbers on surgical resection specimens have and will be used to develop and
validate the non-invasive imaging modalities that are likely to be the basis for assessment of
outcomes in clinical trials in these patients. Accordingly, development and validation of a
comprehensive evaluative index to quantify the process of stenosis histologically is a rate
limiting step to future progress in this area and should be considered a top research priority.

It should be acknowledged, however, that research into the histopathology of fibromuscular
stenotic disease faces several important challenges. First, a major limitation to performance
of human studies is the transmural nature of the pathological process. Therefore, serial
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endoscopic biopsies of the mucosa will likely provide little to no information regarding
disease progression in deeper mural layers. A second challenge is that the pathological
process in stricturing CD is complex and is comprised of multiple elements that include
inflammation, fibrosis consisting of pathological deposition of ECM and myofibroblast
hypertrophy/hyperplasia. An ideal index should incorporate items that evaluate all of these
processes separately as sub-indices and collectively as a global score so that the effects of an
intervention can be specifically assessed on the component processes and the overall lesion.
Examples on how to evaluate the thickening of the muscularis mucosa or propria could
include caliper measurements of thickness, volumetric assessments of the muscle layer,
inclusion of specialty stains, such as SMA or MT. Although the concepts of muscle
hyperplasia and muscle hypertrophy are well understood, there is currently no consensus
opinion on how to quantify either entity in the muscularis mucosa or muscularis propria. In
the setting of CD, hyperplasia of the muscularis mucosa may be the only item that can be
assessed on H&E (or MT or SMA stain) due to the clearly recognizable deviation from
normal, at least in its moderate and extreme state. Automated quantification of muscle cells
in the respective layers may be the only option, although it is technically cumbersome,58-60
Given the fact that the distribution of muscularis propria thickness measurements in health
and disease have not been established, an ideal score could include comparison of the
strictured segment with a healthy adjacent bowel segment.

It is noteworthy that most of the studies we reviewed used hematoxylin & eosin (H&E)
stained sections to evaluate the inflammatory, fibrotic and muscular components of lesions.
Although H&E stained sections are optimal for evaluating inflammation, it may not be an
optimal approach for evaluating fibrotic and muscular components in the research setting,
given that more sensitive and specific methods are available. Of these methods, SR and MT
are the most widely used,17: 31 35. 38 with MT being preferable to SR given that it
distinguishes smooth muscle from collagen. Interestingly, in a recent study evaluating
fibrotic tissue changes in UC, no difference was noted for the assessment of submucosal
fibrosis when using H&E, MT or SR and all stains were highly correlated.5 Continuous
measurement of outcome histopathologic variables (as opposed to semiquantitative or
dichotomous scoring systems) would be of great benefit, as many of the imaging variables
that are emerging such as magnetization transfer ratio and ultrasound elastography provide
continuous variables.

In addition to the issue of heterogeneity in the type of pathological process, stenosis is
highly variable in the anatomical distribution of its components. Surprisingly, we found
considerable variability in the scoring systems with respect to the mural compartments that
were assessed. There is certainly agreement that fibrosis of the submucosa is an important
component, and that alterations of the smooth muscle compartment occur. The role of
mesenteric fat in structuring CD has been the subject of recent studies,>* 62 and
interestingly, only one scoring system included adipocyte hyperplasia.3 It is unclear in
which sequence bowel wall layers in CD are progressively affected by fibrosis. Hence, a
pragmatic approach would be (1) to evaluate all of the mural layers separately, (2) evaluate
the degree of correlation for each of the component pathological processes separately (e.g.
fibrosis, muscle hyperplasia, adipocyte hyperplasia, etc.) between the mural layers, and (3)
subsequently determine whether aggregate or individual scoring of layers is most
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appropriate. Ultimately, we believe, an ideal CD stenosis scoring system should account for
degree of histopathologic changes specific to each mural layer: hypertrophy/hyperplasia and
fibrosis in the muscularis mucosa, fibrosis and muscularization in the submucosa,
hypertrophy/hyperplasia and fibrosis in the muscularis propria, and fibrosis in the subserosa.
A four-tiered scoring system (e.g. none, mild, moderate, severe) applied to each site (i.e.
mucosa, muscularis mucosa, submucosa, muscularis propria, and subserosa) could be ideal.

Finally, as noted previously, none of the scoring systems that we describe have undergone
appropriate validation studies. Index validation in stenosing CD has unique challenges that
are inherent to the aforementioned sampling constraints. As an initial step reliability testing
should be performed to determine inter and intra -observer agreement by pathologists for
candidate items. To perform this study standardized item definitions generated by expert
pathologists according to a UCLA/RAND process will be required.53 Subsequently
construct validation and responsiveness studies are required to define and validate a
prototypic evaluative index. A particularly challenging aspect of this paradigm in the context
of stenosing CD is responsiveness testing. Responsiveness to change, which is a critical
operating property of an evaluative index, is measured by calculating the standardized effect
size, which is the degree of change observed following an intervention divided by the
amount of measurement variance. Ideally, the data needed to calculate a standardized effect
size should come from a placebo controlled trial of a treatment of known efficacy. However,
in the case of stenosing CD, no pharmacological agents have been shown to be effective and,
at the end of such trials, full thickness resection specimens are likely not available for all
patients. In this circumstance patients can be classified as changed and unchanged over time
using an external benchmark with face validity such as mural thickening on MRI.
Comparable heterogeneity in scoring systems of stricturing small bowel CD exists on cross
sectional imaging®. The Stenosis Therapy and Research (STAR) Consortium, consisting of a
global group of experts, industry, and regulators, is well under way standardizing and
validating novel scoring systems for MRI using the above-mentioned methodology.
Ultimately both the histopathology index and the radiology index will then be tested
together to serve as a benchmark and allow their use in clinical trials.

Appropriate recommendations for scaling will come from statistical analysis of data from a
responsiveness study. Given that CD has a patchy distribution, sampling schemes should be
included in index development to define the optimal number of cross sections per mural
segment and to determine whether sampling should be different for grossly strictured areas
and adjacent tissues. In addition, the concept of a “unified score” in distinction to multiple
sub-scores that assess different mural components and different pathological processes must
be addressed.

Placebo-controlled trials of anti-fibrotic therapy will require optimal treatment of
inflammation in both experimental groups. Therefore, it is critical to assess the
inflammatory component of a CD stricture in addition to the components of ECM, collagen
and myofibroblast hypertrophy/hyperplasia.2 The histopathologic type and severity of
inflammation in a stricture may be distinct from inflammation in non-strictured areas and
hence warrants separate consideration. Our review of inflammation scoring systems in full-
thickness CD revealed heterogeneity. This is best highlighted by grouping the scoring
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systems by assessment of the degree and depth of inflammation. The use of diverse
terminology and the inclusion of items other than specifically inflammatory cells are also
interesting aspects to consider when designing an ideal inflammation scoring system. There
is a general pathophysiologic basis for including a scaled progression of neutrophilic
inflammation starting with the lamina propria, to cryptitis (intra-epithelial neutrophils), crypt
abscess, erosion, ulcer, and fissure, although each of these items may or may not be present
simultaneously in the same histologic section. Assessment of chronic inflammation needs to
be distinguished from assessment of chronic mucosal injury, with inflammation referring to
infiltrates of inflammatory cells, and injury referring to epithelial damage such as crypt
architectural distortion, metaplastic changes, and possibly even lamina propria fibrosis.
Also, the role of other inflammatory cells, such as eosinophils, needs further study. We did
not include in our review other CD inflammation scoring systems performed in the setting of
biopsy or in the absence of concomitant fibrosis scoring, as, ultimately, radiologic
correlation will depend on both inflammatory and fibromuscular stenosis scoring in full
thickness resections.

CONCLUSION

In summary, stenosing CD is an important medical problem that is inadequately managed by
existing medical therapy. Progress in this field will require the development of specific
treatments to address the related yet distinct entities of inflammation, fibrosis and muscular
hypertrophy. Although multiple histologic scoring systems have been described to quantify
fibrosis and inflammation in small bowel CD strictures, they have not been created
according to established methods for evaluative index development, and their operating
properties are unknown. Current histologic scoring systems reveal heterogeneous definitions
of fibrosis and are incongruent as to the importance of fibrosis and mesenchymal cell
hyperplasia in each of the bowel wall layers. Furthermore, very little emphasis has been
placed on the evaluation of muscular hypertrophy as a critical pathological component.
Development of a fully validated histologic index is essential for validation of novel cross-
sectional imaging techniques that may ultimately serve as outcome measures in clinical
trials. The importance of developing endpoints for stenosing CD has been recognized by two
international working groups?® 64. Proposed endpoints?®, including a patient reported
outcome tool, an MRI index, and a histopathology score, are being developed under the
umbrella of the STAR consortium with involvement of interdisciplinary global expert
panels, industry and regulators. A clinical trial protocol has already been provided?®. This
will allow testing of anti-fibrotic drugs in small bowel stricturing CD, once these indices are
available.

An ideal histopathology index should evaluate several elements of stricturing small bowel
CD separately: inflammation, fibrosis (defined as the excessive accumulation of ECM) and
myofibroblast hypertrophy/hyperplasia. These elements should be determined independently
for each layer of the intestinal wall in the form of subscores. The above elements have not
been thoroughly defined or quantified and their variability has not been determined in the
healthy gut. The same holds true for strictured segments of the CD small intestine. It may
hence be most accurate to include a same patient control of a healthy adjacent bowel
segment and compare it to the affected segment measuring relative differences. While it
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would be ideal to propose a non-validated all-encompassing scoring system in this review
article we respectfully refrained from doing so. We feel that a standardized process with
item definitions according to a UCLA/RAND process will be required first, followed by
reliability testing, both supported by expert pathologists. It may be desirable to have a
scoring system for each part of the small bowel separately. We will, however, focus on
terminal ileal strictures as this is the likely first population to enter a clinical trial for an anti-
fibrotic drug based on an international expert consensus?®. These projects have already
begun and will be reported separately.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What you need to know:
BACKGROUND AND CONTEXT:

We performed a systematic review of all published histopathologic scoring systems used
to assess stenosing Crohn’s disease.

NEW FINDINGS:

We found a lack of validated histopathologic indices for assessment of fibromuscular
stenosis.

LIMITATIONS:
This was a review of previously published research.
IMPACT:

Data that describe the operating properties of cross-sectional imaging techniques for
stenosing CD and use the histopathology as the reference standard should be questioned.
Development and validation of a scoring system based on imaging findings is an
important research priority.
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7. Ulcer with neural hyperplasia

6. Obliterative muscularization
of the submucosa

3. Fibromuscular hyperplasia

4. Transmural inflammation 5. Transmural epithelioid

granulomas

Figure 1: Typical histopathologic features found in Crohn’s disease associated strictures.
Typical histopathologic findings are described below each histologic image and marked by

(*) and are additionally depicted in the composite illustration (center). Original
magnification clockwise from top right is: 20x, 4x, 2x, 10x, 2x, 10x, 10x, and 10x.
Abbreviations: M, mucosa; MM, muscularis mucosa; SM, submucosa; MP, muscularis
propria.
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